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New Jersey Clean Energy Program
Protocols to Measure Resource Savings

I ntroducti on

[Formatted: Space Before: 6 pt, After: 6 pt

These protocols have been developed to measure resource savings, isthaiitg -
enggy capacitypatural gasand other resource savingsd to measure electric energy
and capacity from renewable energy and distributed generation sysSSeersfic
protocols for determination of the resource savimggeneratiorirom each program are
presented for each eligible measure and technology.

[Formatted: SpaceBefore: 6 pt, After: 6 pt

These protocols use measured and customer data as input values in-acegited -
algorithms. The data and input values for the algorithms come from the program
application forms or from standard uak.-The standard input values are based on the
recent impact evaluations ahdst available measured or industry data applicable for the
New Jersey programghen impact evaluations are not available

Purpose

These protocols were developed for the purpose of determining energy and resource ( Formatted: _ SpaceBefore: 6 pt, Afer: 6 pt

savings for technologies and measures supportétldoyy J er seyés Cl ean Energy
Program-The protocols will be updated from time to time to reflect the addition of new

programs modifications to existing programs, and the results of future program

evaluations-The protocols will be used consistently statewide to assess program impacts

and calculate energy and resource savings to:

F d: S Before: 6 After: 6
1. Report to the Board on program performance < [ Formated: _spaceefore: 6 pt, Afer: 6

2. Provde inputs for planning and cestfectiveness calculations

3. Provide information to regulators and program administrators for determining
eligibility for administrative performance incentives (to the extent that such
incentives are approved by the BPU)

4. Assess the environmental benefits of program implementation

. . . . F d: S Before: 6 After: 6
Resource savings to be measured include electric energy (kWh) and capacity (kW) [ Formatted: _Space Before: 6 p, Afer: 6 p

savings, natural gas savings (therms), and savings of other resources (oil, propane, water,
and maintenance), where dippble.-In turn, these resource savings will be used to
determine avoided environmental emissiomie Protocols are also utilized to support
preliminary estimates of the electric energy and capacity from renewable energy and
distributed generation syshs and the associated environmental bendfitde,

NewJ e r s éegn&Energ@rogram Page7
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however, that renewable energy protocols are different from those required for REC
certification in the state of New Jersey

[ Formatted:

SpaceBefore: 6 pt, After: 6 pt

The protocols in this document focus on the determination of the pesawimigs for the®
energy efficiency measureand the per unit generation for the renewable energy or
distributed generation measures, included in the current programs approved by the Board.
The number of adopted units to which these per unit saving®ided generatioapply

are captured in the program tracking and reporting process, supported by market
assessments for some prografie unit count will reflect the direct participation and,
through market assessments, the number of units due to mifekét @ comparison to a
baseline level of adoptiond.he protocols report gross savings and generation -¢mge

riders and free drivergre not addressed in the@®tocols- Further research in this area

is planned

[ Formatted:

SpaceBefore: 6 pt, After: 6 pt

The outputs of the Protocols arsed to support: *

RegulatoryRepertingeporting
CostEffectiveness-Analysisffectiveness analysis
Programievalduatiorevaluation

Performancenrcentiveincentivesfor the Market-Managemmarket managers

f
f
f
f

[ Formatted:

SpaceBefore: 6 pt, After: 6 pt

TheseProtocolsprovide the methods to measure per unit savings for program tracking

and reporting-An annual evaluation plan prepared by @mterfor-Energy—Economic
and-Environmental-Poliey-(CEEERJCEP Evaluation Contractoutlines the plans for

assessing markeitscluding program progress in transforming markets, and to update key
assumptions used in the Protocols to assess program energy infpembsting provides

formats and definitions to be used to document program expenditures, participation rates,
and progam impacts, including energy and resource saviiigge program tracking

systems, that support program evaluation and reporting, will track and record the number
of units adopted due to the program, and assist in documenting the resource savings using
theper unit savings values in tiReotocols.-Cost benefit analyses preparedds=EP
and-other-evaluation-contractbi3CEP Evaluation@ntractorsassesses the impact of
programs, including market effects, and their relationship to costs in ayeaiti

analsis.

Types of Protocols

In general, energy and demand savings will be measured using measured and custome Formateed:

SpaceBefore: 6 pt, After: 6 pt

data as input values in algorithms in the protocols, tracking systems, and information
from the program application forms, worksheets, and fieltsto

The following table summarizes the spectrum of protocols and approaches to be used ft.

LFormatted:

SpaceBefore: 6 pt, After: 6 pt

measuring energy and resource savifgs.one protocol approach will serve all
programs and measures.
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Summary of Protocols and Approaches

Type of Type o
Measure Protocol General Approach Examples
1- Standard Standard formulg Number of installed | Residential lighting
prescriptive and standard units times standard | (number of units
measures input values savings/unit installed times
standard savings/unit]
2-Measures Standard formulg Standard formula in

with important

with one or more|

the protocols with one

Some prescriptive “

lighting measures

variations in one| site-specific or more input values | (delta watts on the
or more input input values comingfrom the application form timeg
values (e.g., delt application form, standard operating
watts, efficiency worksheet, or field hours in the protocols
level, capacity, tool (e.g., delta watts,
load, etc.) efficiency levels, unit i i i
capacity, sitespecific Residential Eleqtrlc “
load) H\(AC (change in
efficiency level times
site-specific capacity
times standard
operating hours)
Field screening tools |
that use sitespecific
input values
Customer OrfSite
Renewable Energy
3.-Custom or Site-specific Greater degree of sitd cystom “«
site-specific analysis specific analysis,
measures, either in the number o )
or measures site-specific input Industrial process | *
in complex values, or in the use ¢
comprehensive special engineering | Complex “
jobs algorithms including | comprehensive jobs

building simulation
programs

(P4P)

CHP

CustomefTailored <

Pilot

NewJ e r s éegn&Energ@rogram
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Three or four systems will work together to ensure accurate data on a given measure: (Fomated: _spaceBefore: 6 pt, Afer: 6 p

1. The application form that the C U'St O niFormatied: SpaceBefore: 3pt, After: 3 pt

information.

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

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

4. Protocols that contain algorithms and relystandard or sitspecific input values
based on measured daarts or all of the protocols may ultimately be
implemented within the tracking system, the application forms and worksheets,
and the field tools.

Algorithms

The algorithms that have been dieped to calculate the energy and or demand savings ( Formatted: _SpaceBefore: 6 pt, After: 6 pt

are driven by a change in efficiency level for the installed measure compared to a
baseline level of efficiencyThis change in efficiency is reflected in both demand and

energy savings for electric messs and energy savings for ga&sHewing-are-the-basic
oloerthas,

Specific algorithms for each of the program measures may incorporate additional factorLmea“Ed: SpaceBefore: 6 pt, After: 6 pt

to reflect specific conditions associated with a program or meashis may include
factors to account for coincidence of multiple installations, or interactiorebatw
different measures.
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[Formatted: SpaceBefore: 6 pt, After: 6 pt J

When building simulation software programs are used to develop savings estimatés for
several measures in a comprehensive project, as in the Pay for Performance Program, the
specific algorithms used are inherent in the softwareaandunt for interaction among
measures by desigiDetailed Simulation Guidelines have been developed for the Pay for
Performance Program and are included in the Pay for Performance Program Guidelines.
These Guidelines should be followed when buildingutation is used to develop

savings estimatesAs-stated-in-the-Guidelinessimulation-seftware-must-be-cempliant

WItR-ASHRAE-90-1-2004-Section-1l-or-Appendix G
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Data and Input Values

The input values and algorithms in the protocols and on the proggicedion forms -~ ( Formatted: _ SpaceBefore: 6 pt, After: 6pt |
are based on the best available and applicable data for the New Jersey pragpams.

input values for the algorithms come from the program application forms or from

standard values based on measured or industry data.

. . . . . . F tted: S Before: 6 pt, After: 6 pt
Many input valuesincluding sitespecific data, come directly from the program «—{ Fomatieet _spacepetore: 6 pt. Ater: 6pt ]

application forms, worksheets, and field toeBite-specific data on the application forms
are used for measures with important variations in one or more input values (e.g., delta
watts, efficency level, capacity, etc.).

Standard input values are based on the best available measured or industry data, inclu g aied: SpaceBefore: 6 pt After: 6 pt J

metered data, measured data from prior evaluations (applied prospectively), field data
and program results, and standards from industry associafitiesstandardalues for

most commercial and industrial measurestaged omecent impacevaluations of New
Jersey Programs

[Formatted: SpaceBefore: 6 pt, After: 6 pt J

For the standard input assumptions for which metered or measured data were not'
available, the input values (e.dgheD watts,delizD efficiency, equipment capacity,
operating hours, coincidence factors) were based on the best available industry data or
standards.These input values were based on a review of literature from various industry
organizations, equipment manufacturers, ampkers.

[Formatted: SpaceBefore: 6 pt, After: 6 pt J

For larger, comprehensive projects, as in thefBaPerformance Program, measurenient
and verification (M&V) protocols are followed to better estimate-sitecific energy use
for the pre and postretrofit conditions:-Guidelines for developman M&V plan and
protocols to follow for conducting M&V are included in the Pay for Performance
Program Guidelinesavailable on the NJ Office of Clean Energy website at
www.hjcleanenergy.comThese guidelines and protocols should be followed when
M&V is conducted to determine energy use for either thegoneostretrofit period.

Program evaluation will be used to assess key data and input values to either confirm f Formatied: _SpaceBefore: 6 pt, After: 6pt ]

current values should continue to be used or update the values going forward.

Baselne Estimates

For mostefficiencyprogramsand measureshe DkW, D kWh, and gas energy savings' ( Formatted: _SpaceBefore: 6 pt, After: 6pt |
values are based on the energy use of standard new products vs. the high efficiency

products promoted through the program$he approach used for the nevegrams

encourages residential and business consumers to purchase and install high efficiency

equipment vs. new standard efficiency equipmditite baseline estimates used in the
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protocols are documented in the baseline studies or other market infornizaiselines
will be updated to reflect changing codes, practices and market transformation effects.

[ Formatted:

Space Before:

6 pt, After:

6 pt

For theDirect Installand Low Income programsomeD kW, D kWh, and gas energy ~
savingsvalues are baseth high efficiency equipmentersusexisting equipment, where
the prograns specificallytarget early retiremermtr upgrades that would not otherwise
occur. -Protocolsfor the Direct Install Programmclude degradation tables to calculate the
efficiency of the replaced unit.

Formatted:

Space Before:

6 pt, After:

6 pt

The Pay for Brformance Program is a comprehensive program that requires participants
to implement energy efficiency improvements that will achieve a minimum of 15%
reduction in total source energy consumpti®ue to the building simulation and
measurement and vegfition (M&V) requirements associated with this Program, the
baseline is the existing energy consumption of the facility, as reported through the U.S.
EPAG6s Portfolio Manager benchmarking softwa

re.

[ Formatted:

Space Before:

6 pt, After:

6 pt

Renewable energy and distributed generation programamistassume that any electfic
energy or capacity produced by a renewable energy or distributed generation system
displaces electric energy and capacity from the PIM grid.

Resource Savings in Current and Future Program Years

The Protocols support trackingdireporting the following categories of energy and -« ( Formatted:

Space Before:

6 pt, After:

6 pt

resource savi ngs:

1. Savingsor generatiorirom installations that were completed in the program year [ Formatted:

Space Before:

3 pt, After:

3pt

)

and prior program years due to the progr
market effects.

2. Savings or generatiorirom program participant future adoptions due to program
commitments.

3. Savingsor generatiorirom future adoptions due to market effects.

Prospective Application of the Protocols

The protocols will be applied prospectiveljhe input valuesire from the program
application forms and standard input values (based on measured data including metered
data and evaluation resultshhe protocols will be updated periodically based on
evaluation results and available data, and then applied prosghg&tir future program

years.
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Resource Savings

Electric

Protocols have been developed to determine the electric energy and coincident peak [ Formatted:

Space Before: 6 pt, After: 6 pt J

demand savings.

Annual Electric energy savings are calculated and then allocated separately by season
(summer and winter) and time of day {peak and ofppeak).-Summer coincident peak
demand savings are calculated using a demand savings protocol for each measure that
includes a coincidence facteApplication of this coincidence factor converts the

demand savings of the measure, which may not occur at time of system peak, to demand
savings that is expected to occur during the SummeP&ak period-These periods for

erergy savings and coincident peak demand savings are defined as:

“ Formatted:

Keep with next, Allow hanging

best fit the seasonal avoided cost patterns for electric energy and capacity that were us( Formatted:

SpaceAfter: 2 pt

Energy Savings | Comcident Peak |t s soweveon Lan
Demand Savmgs and numbers, Font Alignment: Auto

Summer May through Septembe| June through August - ( Formatted: Font: Bold )
Winter October through April | NA “ [Formatted: SpaceAfter: 1 pt ]
On Peak (Monday- | 8:007 a.m. t08:0011 | 12:00p.m. to 800 p.m. < [Formatied Table )
Friday) p.m. \ [Formatted: Font: Bold J
Off Peak M-F 8:0011 p.m. to NA <« [Formatted: SpaceAfter: 2 pt J
8:007 a.m. [Formatted: Font: Bold J
All day weekends and [Formatted: SpaceAfter: 2 pt J
hoIidays [Formaned: Font: Bold }
[Formatted: SpaceAfter: 2 pt J
The time periods for energy savings and coincident peak demand savings were chosen[ Formatted: Font: Bold %
J

for the energy efficiency program cost effectiveness purpdsasenergy, ta summer

[ Formatted:

SpaceBefore: 6 pt, After: 6 pt

period May through September was selected based on the pattern of avoided costs for
energy at the PJM leveln order to keep the complexity of the process for calculating
energy savings benefits to a reasonable level by using two time peneésge periods

for spring and fall were split approximately evenly between the summer and winter
periods.

Formatted:

SpaceBefore: 6 pt, After: 6 pt J

For capacity, the summer period June through August was selected to match the higheit
avoided costs time period for capacifijhe experience inJM and New Jersey has been
that nearly all system peak events occur during these three m@aimeidence factors

are used tealculateenergy efficiency factors on peak demaienewable energy and
distributed generation systems are assumed to betimgecaincident with the PIJM

system peakThis assumption will be assessed in the impact evaluation.

NewJ e r s éegn&Energ@rogram
Protocols to Measure Resource Savings

Pagel5



Natural Gas

Protocols have been developed to determine the natural gas energy savings on a-seasd Formatted: _SpaceBefore: 6 pt, After: 6pt |
basis-The seasonal periods are defined as:

Summeri_April through September

< [Formaned: SpaceBefore: 6 pt, After: 6 pt ]

Winter-i_ October through March

[Formatted: SpaceBefore: 6 pt, After: 6 pt J

The time periods for gas savings were chosen to best fit the seasonal avoided gas cost
pattern that was used for calculating energy efficiency program benefits for cost
effectiveness purposesiowever, given the changing seasonal cost patterns for gas
supply, different time periods may be more appropriate to reflect a current outlook for the
seasonal pattern, if any, at the time that the avoided cost benefits are calélieted.
seasonal factsrused in the following protocols that correspond to the above time periods
reflect either base load or heating load usdgehe case of base load, one twelfth of the
annual use is allocated to each moriththe case of heating load, the usage isgteakto

each month based on the number of normal dedmgs in each monthThis approach

makes it relatively easy to calculate new seasonal factors to best match different avoided
cost patterns.

Other Resources

Some of the energy savings measures asdtra environmental benefits and the saving
of other resourcesEnvironmental impacts are quantified based@atewideconversion
factorssupplied-by-the-NJDEfor electric, gasand oil energy savings. Where

identifiable and quantifiable these otheykesource savings, suchails will be
estimated-Oil andpropane savings are the major resources that have been idertified.
other resources are significantly impacted, they will be included in the resource savings
estimates.

[Formatted: SpaceAfter: 0 pt J

Adjustments to Energy and Resource Savings

< [Formatted: SpaceBefore: 6 pt J

Coincidence with Electric System Peak

Coincidence factors are used to reflect the portion of the connected load savings
generatiorthat is coincident with the electric system peak.
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Interaction of Energy Savings

Interaction of energy savings is accounted for in certain prograappaspriate-For all « ( Formatted:

Space Before:

6 pt,

After:

6 pt

other programs and measures, interaction of energy savings is zero.

For the Residential New Construction program, the interaction of energy savings i3

[ Formatted:

Space Before:

6 pt,

After:

6 pt

accounted for in the home energy rating tool that compares the efficienhuddihe
baseline or reference building and calculates savings.

For theResidential an€Commercial and Industrial Efficient Construction program, the
energy savings for lighting is increased by an amount specified in the protocol to account
for HVAC interaction.

. . : : . : Formatted
For commercial and industrial custom measures, interaction where relevant is accbunteL ormatte

:  SpaceBefore:

6 pt,

After:

6 pt

for in the sitespecific analysisin the Pay for Performance Program, interaction is
addressed by the building simulation software program.

Calculation of the Value of Resource Savings

The calculation of the value of the resources saved is not part of the proftleels. - ( Formatted:

Space Before:

6 pt,

After:

6 pt

protocols are limited to the determination of the per unit resource savings in physical
terms.

[ Formatted:

Space Before:

6 pt,

After:

6 pt

In order to calculate the value of the egesavings for reporting and other purposes,“the
energy savings are determined at the customer level and then increased by the amount of
the transmission and distribution losses to reflect the energy savings at the system level.
The energy savings at tegstem level are then multiplied by the appropriate avoided

costs to calculate the value of the benefits.

System Savings = (Savings at Customer)T&D Loss Factor)

Value of Resource Savings = (System Savixgs]System Avoided Costs +
Environmental Ader) + (Value of Other Resource Savings)
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. . . . F tted: S Before: 6 pt
The value of the benefits for a particular measure will also include the value of the‘watei, ormated: SpaceBelore: O P )

oil, maintenance and other resource savings where approgvlatetenance savings will
be estimated in annual dollaevelized over the life of the measure.

Transmission and Distribution System Losses

The protocols calculate the energy savings at the customer-Tewete savings need to
be increased by the amount of transmission and distribution system losses in order t
determine the energy savings at the system leMet following loss factors multiplied

by the savings calculated from the protocols will result in savings at the supply level.

Electric Loss Factor

The electric loss factor applied to savings at theotnst meter i4.676081 for both
energy and demanedlhe electric system loss factor was developed to be applicable to

stateW|de programﬁhe#e#e#e—a%#age—sys%em%ma@#%based—ena—k@—year

Gas Loss Factor

The gas loss factor is 1.0 he gas system does not have losses in the same sense that {H Formatied: _SpaceBefore: 6 pt, After: 6pt |
electric system doedill of the gas getsfromth Aici ty gatedo (delivery point to th
distribution system) to the point of use except for unaccounted for gas (such as theft), gas

lost due to system leakage or loss of gas that is purged when necessary to make system
repairs-Since none of thesetypesfof osseso i s affected by a decrease in ¢
energy efficiency at the customer, there are no losses for which to make any adjustment.

Therefore, a system loss factor of 1.0 is appropriate for gas energy efficiency savings.

. . F d: S Before: 6 pt, After: 6
These electric and gésss factors reflect losses at the margin and are a consensus of fhe Formated: _SpaceBefore: 6 pt, After: 6pt ]

electric and gas utilities.

Calculation of Clean Air Impacts

The amount of air emission reductions resulting from the energy savings are calculated | Formatted: _SpaceBefore: 6 pt, After: 6pt |
using the energy savings at the systewel and multiplying them by factors developed

by the-New-Jersey-Department-of- Environmental-Protection(NJDER)sylvanidNew

JerseyMaryland Interconnection (PJMpr electric emissions and US EPA for natural
gas emissions

1 JPC&L, Summary of reconciliation factors January 1, 20D&cember 31, 2017.
2 PSE&G Rate Class & Loss Factor Information
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o U A U

Systemaveragenarginalon-peakair electricemissions reduction factors providedtby (Formatic: _spaceBefore: 6 pt. Afer: 6 pt
NJDEFPIMare:
Electric Emissions Factors < (Formatted: Table Caption, Left
Emissions Jan-2004June 2002 July 2003February Mareh-2014-
Produet 2014 Present
CO2Emission 1—1—|—b§2ﬂ- 201@:1—1—177—9-98 < [Formatted Table
S Lbs per k\Wh 145201bs2015 Lbs per MWh <. [Formatted: Font: 12 pt
Product savedMWh Lbs per MWh-saved saved | [ Formatied: Table Header
NOxCOp 6-42lbs-permetrictor]  2:81bsperMWh 0:95lbs-per-MWh<| | Formatted: Table Header
ef—GQz—saveQ,G_él(i Saved-_:6_47 Saved-_:G_l? [ Formatted: Table Header
@ m @ % [ Formatted: Table Header
SO 4:9.—264-9—5—99!’—%#& 6%4bs—per—MWh 2—.2—1—Ibs—per—MWh* ‘ [Formatted: Centered, SpaceAfter: 2 pt
te#e#@&sayeds_z S&W&@ﬁ- saved_S [Formatted Table
Hg 979999549—5—991’—%”& 979999356—'-95—991’ 2—1—1—mg-per—MWh ‘[Formatted: Centered, SpaceAfter: 2 pt
fopet o0 soved DA e saved

System natural gas emissions reduction factors provided by US EPA are

o U A

Natural Gas Emissions Factors < (FGOLTatted: Table Caption, Left, Space Before:
Emissions «_{ Deleted cells
Product Jan200+June200Lurrent. ; (Formatted: Table Header, Left
CO2 NA118 Lbs/MMBtu - [ Formatted Table
(Formatted: SpaceAfter: 2 pt
NOx NA 0-00921bspertherm-save2 Lbs/MMBtl[ Deleted Cells
i)z 0.0006 Lbs/MMBtu L Formatted: SpaceAfter: 2 pt ‘

Measure Lives

Measure lives are provided in Appendix A for informational purposes and for use in other
applications such as reporting lifetime savingsdrenefit cost studies that span more

than one yearThe Pay for Performance Program uses the measure lives as included in
Appendix A to determine meastievel and projectevel cost effectiveness.

SPJM r epoiPO6CORSO2A NOX Emi ssi on .Rtpt/ivewsvpjimcomar ch 2017
Imedia/library/reportsiotices/speciateports/2017031-2016-emissionsreport.ashx?la=en

4 US EPA AR42: AP-42, Compilation of Air Pollutant Emission Factors, 5th Edition, Chapter 1.4 Natural

Gas Combstionhttps://www3.epa.gov/ttnchiel/ap42/ch01/final/c01s04.pdf
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Protocols Revision History

Revision History of Protocols

Date Issued Reviewer Comments
October 2017 ERS SeeERS MemoNJCEP Protocols
Comparative Measure Life Study and
Summary of Measure Changes to NJCE
Protocols, September 5, 2017. Updated
Octoberl6,2017 January 12, 2018
May 2018 Program Revisions to the January 12, 2018 versid
Administrator in | issued by ERS to reflect discussions at
consultation with | Utility Working Group Meetings,
Board Staff additional comments from Rate Counsel
and further review of public comments.

Protocolsfor Program Measures
| The following pages present measargrojectspecific protocols In those instances <

[Formatted: SpaceBefore: 6 pt, After: 6 pt J

where measures are applicable to more than one program, the measures apply to all such

programs unless otherwise specified.
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[ Formatted:

Keep with next

Resident i WMACEIl ectr i C

[Formatted

Protocols )
The measurement plan for residential high efficiency cooling and heating equipment is ( Formatted: _SpaceBefore: 6 pt, After: 6 pt
based on algorithms that determine a centralaiditioneror heat pumpdés
cooling/heating energy use and peak demdnput data is based both on fixed
assumptions and data supplied from the high efficiency equipment rebate application
form.-The algorithms also include the calculation of additional energy and demand
savings due to the required proper sizing of high efficiency units.
The savings will ballocated to summer/winter and-peak/offpeak time periods based (Formatted: _Spacesefore: 6 p, Afer: 6
on load shapes from measured data and industry sodrbesallocation factors are
documented below in the input value table.
The protocols applicable for this program measure the esaxdygs directly related to ( Formatted: _ SpaceBefore: 6 pt, After: 6
the more efficient hardware installaticBstimates of energy savings due to the proper
sizing of the equipmerarealso included.
The following is an explanation of the algorithms used and the nature and source of all ( Fomatted: _SpaceBefore: 6 pr. After: 6 pt
required input data.
Central Air Conditioner (A/C) & Air Source Heat Pump (ASHR Mini -split (AC or
HP)
Algorithms [Formatted: English (U.S.)

: iy L& A )

Cooling Energycensumptiorand Peak Demand SaviAgSentraltA/C-&ASHRHigh -

Formatted:

Font: Not Italic

Efficieney-Equipment-Only)
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Indent: Left: 0"
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Font: Not Italic

__EnergylmpacSavingskWh)}=CAPY/1000-4yr) = Tons * 12 kBtuh/Tor¥ «

Formatted:
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Heating Energy Savings(ASHP and MiniSplit): -
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EnergytmpacSavingg KWh)}=CAPY/10080-X4yr) =Tons * 12 kBtuh/Torr -
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(
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Peak Demané#npaeSavingskW) = CARY/1000-XTons * 12 kBtuh/Torf (1/EER « E
(
(
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CoolingProper Sizing an@uality Installation Verification@IV):
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Energy SavingésrPreper-Sizing-and-QlV

(KWh-y=kWh/yr) = kWh, * ESF

Cooling-DemandEnergySavingsferProper-Sizing-and-QIV

KW, =(KW/yr) = kWg* DSF
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During Existing System Maintenance

Energyhmpact{(kWh)=(CARPY/1000->Savings(kWh/yr) = (Tons * 12 kBtuh/Ton
* SEER)-X) * EFLH)-X * MF

Peak Deman#mpacSavingskW) =({CAPYH1000->(Tons * 12 kBtuh/Torf
EERm)-X) * CR-% * MF
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EnergylmpacSavings(kWh)y=(CARY/{1000-Xyr) = (Tons * 12 kBtuh/Torf
SEEB‘»—X-)_* EFLH; X* DuctSF Formatted: Subscript
Peak DemanénpaeSavingskW) = {CARPY/{1060-XTons * 12 kBtuh/Tort
EER)X) * CH-X* DuctSF [Formatted: Subscript
Ground Source Heat Pumps (GSHP)
Algorithms Formatted: English (U.S.)

A

CoolingEnergykWh)Savings=—CARY/1000-(kWh/yr) = Tons * 12 kBtuh/Ton* <
(1/(EERypX* GSER)i (1/ (EERX* GSER)))X* EFLH,

Peak Deman&avings(kW) = Tons * 12 kBtuh/Ton* (1/EERbi (1/ (EER*
GSPK))* CF

* (1/(CORybX* GSOPY (1/ (COR X* GSOP)))%* EFLH;,

Peak-Demand-mpact-(KA) = CAPY/1000 X{I/EER(I/H{EER X-GSPK)))
X-CF

GSHP Desuperheateiinactive 2017, Not Reviewed]

Energy (kwh) Savings = EDSH .«

Peak Demand Impact (kW) = PDSH -

Furnace High Efficiency Fan

Algorithms
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Heating EnergyWh)-Savings—{CAP Y XEFLHL1)/100,000-BTU/therm) -
X(kWhtyr) = (Cap, /3.412kWh/Btu) * EFLH, * FFSyr

Cooling Energytk\Wh)-SavingskWh/yr) = FF&,, -

Solar DomestidHot Water (augmenting electric resistance DHWWhactive 2017, Not
Reviewed]

Heating Energy (kWh) Savings = ESaMw <

Peak Demand Impact (kW) = DSaviw *¥* CFspaw -

Heat PumpHot Water(HPHW)

Heating Energyk\Wh)-Savings kWh/yr) = ESayipuw -
Peak DemanémpacSavings(kW) = DSaviprw ¥* CRiprwy «

Drain Water Heat Recovery (DWHRInactive 2017, Not Reviewed]

Heating Energy (kWh) Savings = ESamr “«
Peak Demand Impact (kW) = DSawir ¥* CFownr -«

Definition of Terms

CAPRY¥Tons= Theratedcooling capacitfeutput)of the central-airconditioner-or-heat -
pumpunit being installed-This data is obtained from the Application Form based on the
model number.

SEER =The Seasonal Energy Efficiency Ratio of the Baseline Unit. -

SEER, = The Seasonal Energy Efficiency Ratio of the qualifying unit being installed.
This data is obtained from the Application Form based on the model number.

SEER, = TheSeasonal Energy Efficiency Ratio of the Unit receiving maintenance -«

EER. = TheEnergy Eficiency Ratio of the Unit receiving maintenance
EER = The Energy Efficiency Ratio of the Baseline Unit. “

NewJ e r s éegn&Energ@rogram Page25
Protocols to Measure Resource Savings

[Formatted: Indent: Left: 0.25", First line: O"}

[ Formatted: Subscript

[Formatted: Indent: Left:

0"

[Formatted: Keep with next

[Formatted: Indent: Left:

o

[Formatted: Indent: Left: 0", Firstline: 0.25“}

Formatted: Don't keep with next

)

next

Formatted: Indent: Left: 0", Don't keep with }

Don't keep with next

0", First line:

il

Formatted: Indent: Left:

0", First line:

E
{Formatted: Indent: Left:
(
(

Formatted: Subscript

0.25"
)

[Formatted: Indent: Left:

0"

)

[Formatted: Indent: Left:

Q", First line:

0.25" J

[ Formatted: Space Before:

3 pt, After:

3 pt J

[ Formatted: Space Before:

3 pt, After:

3pt J

[ Formatted: Space Before:

3 pt, After:

3pt J

[ Formatted: Space Before:

3 pt, After:

3pt J

[ Formatted: Space Before:

3 pt, After:

3pt ]




EERy = The Energy Efficiency Ratio of the unit being installed. This data is obtained ( Formatted: _SpaceBefore: 3 pt, After: 3 pi
from the Application Form based on the model nhumber.

EERyq = The EER of the ground source heat pump being instaete that EERs of - ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt
GSHPs are measured differently than EERs of air source heat pumps (focusing on

entering water temperatures rather than ambient air temperatlifesequivalent SEER

of a GSHP an be estimated by multiplying EERy 1.02.

EERyb= The EER of a baseline ground source heat pump “ ( Formatted: _SpaceBefore: 3 pt, After: 3 pt
GSER = The factor to determine the SEER of a GSHP based on its EER - Formatted: _SpaceBefore: 3 pt, After: 3 pt
EFLH = The Equivalent Full Load Hours of operation for the average(aniiling @+ Formatted: _SpaceBefore: 3 pt, After: 3 pt
heating)

ESF = The Energ$avingsFactor or the assumed saving due to proper sizing and p’roper[Ff"ma“ed: SpaceBefore: 3 pt, After: 3 pt
installation.

MF = The Maintenance Factor or assumed savings due to completing recommended Formatted: _SpaceBefore: 3 pt, After: 3 pt
maintenance on installed cooling equipment

DuctSF = The Duct&ling Factor or the assumed savings due to proper sealing ofall (Formatted: _SpaceBefore: 3 pt, After: 3 pt
cooling ducts

CF = The coincidence factor which equ a t [[Formatied: _SpaceBefore: 3 pt, After: 3 pt
demand at time of system peak.

DSF = The Deman8avingsFactor or the assumed peak dethaapacity saved due to* Formatted: _SpaceBefore: 3 pt, After: 3 pt
proper sizing and proper installation.

HSPR = The Heating Seasonal Performance Factor of the Baseline Unit. N (Formatted: _SpaceBefore: 3 pt, After: 3 pt
HSPR = The Heating Seasonal Performance Factor of the unit being installed. This datd Formatted: _SpaceBefore: 3 pt, After: 3 pt
is obtained from the Application Form.

COP_:],Q = Coefficient of Performancef a GSHP < [Formatted: SpaceBefore: 3 pt, After: 3 pt
CORyb = Baseline Coefficient of Performance of a GSHP - ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt
GSOP = The factor to determittee HSPF of a GSHP based on its COP - ( Formatied: _ Space Before: 3 pt, After: 3 pt
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GSPK = The factor to convert EEB the equivalent EER of an air conditioner to enable (Formatted: _ SpaceBefore: 3 pt, After: 3 pt

comparisons to the baseline unit.

EDSH = Assumed savings per desuperheater.
PDSH = Assumed peak demand savings per deswgierhe

ESawpnw = Assumed energy savings per installed solar domestic hot water system with
electric resistance heater backup.

DSawpnw = Assumed demand savings per installed solar domestic hot water system Wil Formatted: _SpaceBefore: 3 p, After: 3 pt
electric resistance heater backup.

CARYY,Cap, = Output capacity of the qualifying heating unit in BTUs/hour “ (Formatted: _ SpaceBefore: 3 pt, After: 3 pt
EFLH.-EFLH = The Equivalent Full Load Hours of operation for the average heating [ Formatted: _SpaceBefore: 3 pt, After: 3 pt
unit

FFS{T = Furnace fan savings (heating mode) < [Formatted: SpaceBefore: 3 pt, After: 3 pt
FF&L = Furnace fan savings (cooling mode) < [Formaned: SpaceBefore: 3 pt, After: 3 pt
KWh,=-Annual-kWh-due-to-proper-sizing

kth = Annual kWhusagepost—program < [Formatted: SpaceBefore: 3 pt, After: 3 pt
KW=AnnbaH\WW-due-to-prepersizing

qu = Annual kWusagqx)st-program « [Formatted: SpaceBefore: 3 pt, After: 3 pt
ESawpnw = Assumed energy savings per installed heat pump Wwegeter “ (Formatted: _ SpaceBefore: 3 pt, After: 3 pt
DSawpnw = Assumed demand savings per installed heat pump hedger N  Formatied: SpaceBefore: 3 pt, After: 3 pt
ESawwnr = Assumed energy savings per installed drain water heat recovery unit in a ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt
household with an electric water heater.

DSawwnr = Assumed demand savings per installed drain wateréeatery unitin a - ( Formatted: _SpaceBefore: 3 pt, After: 3 pt

household with an electric water heater.
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The 1000-used-inthe denominatoris-used-to-convertwatts-to-kilowatts.

A-summary-of-the-input-values-and-their-data-sourcesfollows:

Summary of Inputs

Residential Electric HVAC

Component Type Value SourcesSed¥ « Formatted: Table Header, Don't keep with
eces next
CAPRYTons Variable Rated CapacityTons Rebate |  [Fomated Table
App"caﬁon [ Formatted: Table Header
SEER Fixed SQ“'[ Qgstems A/C—B&—SG#F\Q la le [Formatted: Table Header, Indent: Left: 0"
=13 1baHl e [Formatted: Subscript
ASH—FLB&SGH-HSQHT ggstems [Formatted: Centered, SpaceAfter: 2 pt
(HP) =14 [Formatted: Centered, Space After: 2 pt
Sinq|ePackaqe (A/C) =14 [Formatted: Centered, Space After: 2 pt
Sinqle Packaqe (HP) =14 [« [Formatted: Centered, SpaceAfter: 2 pt
SEER Variable Rebate [Formatted: Centered, SpaceAfter: 2 pt
Application
ixe N Formatted: Centered, SpaceAfter: 2 pt
SEERn Fixed 1013 151 ( p p
EER Fixed Baseline =11.3 2 [« [Formatted: Centered, SpaceAfter: 2 pt
EER1 Fixed = (11.3/13))({ SEER] 2 I [Formatted: Centered, SpaceAfter: 2 pt
EERy Variable Rebate | [Formatted: Centered, Space After: 2 pt
Application
EEF%Y[) Fixed 11.2 281_2 [« [Formatted: Centered, SpaceAfter: 2 pt
EERn Fixed 8.69 192 e [Formatted: Font: Italic, Subscript
GSER Fixed 1.02 3 e [Formatted: Centered, SpaceAfter: 2 pt
EFLHEFLH. o1y Fixed Cooling =600Hours 411 « ( Formatted: _Font: alic
Heating =065Hour065 {Formatted: Centered, SpaceAfter: 2 pt
HOUI’§ [Formatted: Centered, SpaceAfter: 2 pt
ESF Fixed 9.2% 2210 le { Formatted: Subscript
DSF Fixed 9.2% 2210k ( Formatted: Highlight
kKWh Variable Rel:;te le [ Formatted: Centered, SpaceAfter: 2 pt
d Application [Formatted: Centered, SpaceAfter: 2 pt
kW Variable Rebate k [Formatted: Centered, SpaceAfter: 2 pt
d Application [Formatted: Centered, SpaceAfter: 2 pt
MF Fixed 10% -2—93 I [Formatted: Centered, SpaceAfter: 2 pt
DuctSF Fixed 18% 1413 o [Formatted: Centered, SpaceAfter: 2 pt
CF Fixed +069% 84 o [Formatted: Centered, SpaceAfter: 2 pt
DSF Fixed 2.9% ¥§ I [Formatted: Centered, SpaceAfter: 2 pt
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[ Formatted:

Keep with next

[ Formatted:

Table Text, Left
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Component Type Value SourcesSedr - Formatted: Table Header, Don't keep with
ces next
HSPR Fixed Baseline=88-2Split Systems 81 < ( Formatted: _Table Header )
(HP) =8.2 [Formatted: Table Header, Indent: Left: 0" J
Single Package (HP) = 8. < [ Formatted_Table )
HSPFq Variable Rebate k [Formatted: Centered, SpaceAfter: 2 pt J
App"C&tiOﬂ [Formatted: Centered, SpaceAfter: 2 pt J
COF?; Variable Rebate [Formatted: Centered, SpaceAfter: 2 pt J
Application [Formatted: Centered, SpaceAfter: 2 pt J
COFg,b Fixed 2.9 2812 [ [Formatted: Centered, SpaceAfter: 2 pt J
GSOP Fixed 3.413 96 k[ Formatted: Subscript )
GSPK Fixed 0.8416 103 e [Formatted: Centered, SpaceAfter: 2 pt J
EDSH Fixed 1842 kWh 143 le [Formatted: Centered, SpaceAfter: 2 pt J
PDSH Fixed 0.34kW }25 le [Formatted: Centered, SpaceAfter: 2 pt J
Esa\éDHW Fixed 3100 kWh 2_11_4 le [Formatted: Centered, SpaceAfter: 2 pt J
DSavS Fixed 0.426 KW 2_15_ [Formatted: Centered, SpaceAfter: 2 pt ]
DHW . 14 fe
. o " [ Formatted: Centered, SpaceAfter: 2 pt }
CFSDHW F!Xed 20% 2_]1_4 Formatted: Centered, SpaceAfter: 2 pt,
%&-\QprESAVE Fixed 1687 kWh 231_5 [« Don't keep with next
HW, [ Formatted: Subscript J
DSaviprw Fixed 0.37 kW 2416 [ [Formatted: Centered, SpaceAfter: 2 pt J
CFHPHV\( Fixed 70% 241_6 Nl {Formatted: _Centered, Space After: 2 pt, }
ESavwrrESAV) Fixed 1457 kWh 2623518 || (oot keep wih next
WHR o [ Formatted: Centered, SpaceAfter: 2 pt J
Dsa\bWHR Fixed 0.142 KW 2—7@ ‘ [Formatted: Subscript ]
CPowrr Fixed 20% 2719 ||| [Fomatet, contredspmconter: 25, |
COOI'ng‘L CAC F|Xed Summer/OFPeak 649% g%z ‘ [ Formatted: Subscrip[ }
Time Period Summer/OffPeak 35.1% [Formatted: Centered, SpaceAfter: 2 pt J
Allocation Factors Winter/OnPeak 0% {Formaned: Centered, SpaceAfter: 2 pt, }
Winter/Off-Peak 0% Don't keep with next
Coolingi ASHP Fixed Summer/OrPeak 59.8% 137k (Formaned: _subsoro )
Time Period Summer/OffPeak 40.2% [Formatted: Centered, SpaceAfter: 2 pt ]
Allocation Factors Winter/OnPeak 0% {Ezmalgeeedp wnct??]f;? ¢ SpaceAfier: 2 pt J
Winter/Off-Peak 0% [Formatted: Centered, SpaceAfter: 2 pt J
CooIingT GSHP Fixed Summer/OrPeak 51.7% 137 [ {Formatted: Centered, SpaceAfter: 2 pt, J
Time Period Summer/OffPeak 48.3% Don't keep with next
Allocation Factors Winter/OnPeak 0% [Formatted: Centered, SpaceAfter: 2 pt J
Winter/Off-Peak 0% %Eormaﬁej S —— [ﬁ]
T . tted: 1 , : t
Heatingi ASHP & Fixed Summer/OrPeak 0.0% 137 [ SR OTRIRn, opane m <P
GSHP Summer/OffPeak 0.0% [Format’[ed: Centered, SpaceAfter: 2 pt J
Time Period Winter/OnPeakd7.9% [Formatted: Centered, SpaceAfter: 2 pt J
Allocation Factors Winter/Off-Peak 52.1% [Formatted: Centered, SpaceAfter: 2 pt J
. [ Formatted: Centered, SpaceAfter: 2 pt J
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X

x

Component Type Value Sourceseur
ces
GSHP Fixed Summer/OrPeak 4.5% 137
Desuperheater Summer/OffPeak 4.2%
Time Period Winter/OnPeak 43.7%
Allocation Factors Winter/Off-Peak 47.6%
SDHW Time Fixed Summer/OrPeak 27.0% 2114
Period Allocation Summer/OffPeak 15.0%
Factors Winter/OnPeak 42.0%
Winter/Off-Peak 17.0%
HPWH Time Fixed Summer/OrPeak 21% 2517
Period Allocation Summer/OffPeak 22%
Factors Winter/OnPeak 28%
Winter/Off-Peak 29%
DWHR Time Fixed Summer/OrPeak27.0% 2114
Period Allocation Summer/OffPeak 15.0%
Factors Winter/OnPeak 42.0%
Winter/Off-Peak 17.0%
Capy Variable Rebate
Application
EFLHG Fixed 965-heurs 16
FFSiT Fixed 0.5kWh 178
FFSL Fixed 105kwh 189
Sources

1. US Government Publishing Officdune 2017Electronic Code of Federal

Requlationd Title 10, Chapter Il, Subchapter D, Part 430, Subparg4€30.32.

Available at:https://www.ecfr.gov/cgbin/text

:  Table Header, Don't keep with

:  Table Header

. Table Header, Indent: Left: 0"

Formatted

Table

Centered, SpaceAfter: 2 pt

Formatted:

Centered

Formatted:

Centered, SpaceAfter: 2 pt

Formatted:

Centered, SpaceAfter: 2 pt

Formatted:

Centered, SpaceAfter: 2 pt

| Formatted:

(
(
(
[ Formatted:
(
(
(
(
(

Centered, SpaceAfter: 2 pt

o U G G U L )

[ Formatted:

Centered, SpaceAfter: 2 pt

[ Formatted:

Centered, SpaceAfter: 2 pt

Formatted:

Centered, SpaceAfter: 2 pt

Formatted:

Centered, SpaceAfter: 2 pt

Formatted:

Centered, SpaceAfter: 2 pt

Centered, SpaceAfter: 2 pt

Formatted

Table

Formatted:

(
(
(
[ Formatted:
(
(

Centered, SpaceAfter: 2 pt

[ Formatted:

SpaceAfter: 3 pt

idx?S1D=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&r

an=div8

n

units applied to SEER 10 unifSER, = (11.3/13) * 10

> w

\#Eteesumate

VEIC estimate:Extrapolation of manufacturer data.
NEEP, |\/|Id Atlantic Technical Reference Manu‘dl? Mav 2017.

5—Xenergy,
Mloshingten Do plevembor B 2007,
i Adlant ool Ref \

+5 —X—e—n—e—r—g—y—n—N—e—Wt—B—a—l’—s—bi—y—A—R—e—Ra @(energy Méashiagtom,d y
D.C., November 16, 200Iable E8.
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Average EER fo6EER 13 unitsThe same EER to SEER ratio used for SEER 13

Page30

Formatted:

Indent: Left: 0", SpaceBefore: 3

pt, After: 3 pt

Formatted:

Indent: Left: 0", SpaceBefore: 3

pt, After: 3 pt, Tab stops: 2.19", Left

[ Formatted:

Indent: Left: 0", SpaceBefore: 3

pt, After: 3 pt



https://www.ecfr.gov/cgi-bin/text-idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&rgn=div8
https://www.ecfr.gov/cgi-bin/text-idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&rgn=div8
https://www.ecfr.gov/cgi-bin/text-idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&rgn=div8

< ~| Formatted: Indent: Left: 0", SpaceBefore: 3
pt, After: 3 pt

137. Time period allocation factors used in ceffectiveness analysis. “ ;:”fogfdig p't”de"t: Left: 0", Space Before: 3}
%N—e—%h—e—a—s—t—’éne—#g—y—%###c—#e—n—c—y—P—a—%neranps, rnc., nBe
Fahinrgo—(Februvary—2006)r+—Appendi x C Benefits of HYV

990 and

8. Review of Emer gi ng HVAC TSTAGOd Brmemigg es and Practiceso
Technologies Report, October 2005, John ProctorpP&a

179. Scott Pigg (Energy Center of Wi sAc o n'S{Formatted: Indent: Left: 0", Space Before: 3}
Wisconsin Field Study,, Bechnical Report 23, October 2003. Pt After: 3 pt

10.KEMA, NI Clean Energy Program Energy Impact Evaluation Protocol Reve8.

11.VEIC Estimate. Consistent with analysis of PEPCo and LIPA, and conservative | Formatted: Indent: Left: 0", SpaceBefore: 3
relative to ARI. pt, After: 3 pt, Tab stops: 2.19", Left

12.AHRI directoryba s el i ne val ues ar e thWatekcaiAist ef ficient AGeot h
Heat Pumpsod act dowdoadechMay 18,2018.i r ect or vy,

13.NEEP, fBenefits of HVAC Contractor Training, o Appendi

retrefiteontest
21.14. Energy savings are estimated based on 2008 SRCC OG300 ratings for a typical [Ff"ma“‘?di Indent: Left: 0, SpaceBefore: 3
panel system with solar storage tank in Newark, NJ with electric DHW backup. pL After: 3 pt
Demand savings are estimated based on an estimated elecfadBridand of
2.13kW with 20% CF. Load shape and coincidence factors were developed by VEIC
from ASHRAE Standard 90.2 Hot Water Draw Profile and NREL Red Book
insulation data for Newark, NJ.

2009.
2315. Table 1.(Page 2)F r o IHeatiPump Water Heaters Evaluation of Field Installed
Performance Steven Winter Associates, Inc. (2012). http://www-ma

eeac.org/Docs/8.1_EMV%20Page/2012/2012%20Residential%20Studies/MA%20RR
&L1%20-
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%202011%20HPWH%20&d%20Evaluation%20Report%20FINAL%206_26_2012

.pdf
24-16. VEIC Estimate based uporange derived from FEMP Federal Technology Alert:
S9508031.3gnhttp://wwwl.eere.energy.gov/femp/pdfs/FTAsr heat_pump.ppf ( Formatted: Default Paragraph Font )
2517. A El ectri cal Us e, Efficiency, and Peak Demand of EI e
Desuperheater, and Solar Hot Water Systemso,
AhttpZ//WWW.fSGC.UCf.edLl/eﬂ/pUb|iCﬂtiS/hthFSEGP|:-2:|.5-90/ [Formatted: Default Paragraph Font ]
2618.30% savings (from Zal oum, C. Lafrance, M. Gusdor f,
Recovery Characterization and Modelingo Natur al Resou

vary due to a number of factors including make, model, instaltajosm and
household behaviors.) multiplied by standard electric resistance water heating
baseline annual usage of 4,857 kWh cited in source #23 above.

| 2719. Demand savings are estimated based on electric DHW demand of 2.13kW and

20% CF as in cited source #21 adjusfimgthe proportional difference of 30%
savings relative to the 70% solar fraction: 0.426*0.3/0.9 = 0.142.

28AHR}I—direectory—Baseline—valiletedtoare t he | east effic
Aitr—Heat Pumpso6—active—in—-the directory, downloaded
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Resi denti al Gas HVAC

Protocols
The followingtwe-algerithmsectiors detail savinggalculationdor gasspaceheating
andgaswater heating equipmeit residential applicationg hey are to be used to
determine gas energy savings between basellne standard units and the hlgh efficiency
units promoted in the progra. FRe /oigstion

Furnaces
This section provides energavings algorithms for gualifying gas and oil furnaces

installed in residential settings. The input values are based on the specifications of the
actual equipment being installed, federal equipment efficiency standards, and the most
recent impact evaluatn of the residential Warm and Cool Advantage programs (2009).

This measure applies to replacement of failed equipment or end of useflihéfe.
baselineunitis a code compliant unit with an efficiency as requiredl§C 2015, which
is thecurrentresidential code aghted by the state of New Jersey

Algorithms .«

SooscHeaiers
Algorithms

‘Gaguel Savings= [{Capy,(MMBtu/yr) = Cap, * EFLHy * ((AFUE/AFUES) i {Capy/
AFUEQ]* EFLH /100,000 BTUs/therm

LowHheome-Gas-Savings—=HCapiEPE-—{(Capyyt1) [ ARDEQEFEH-/-100;000
e

Circulator Pumps-Savings-(kWh)-=HoursWatisas—Watteg)/1000kBtu/MMBtU *
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(
[ Formatted: Heading 4
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(

Formatted: Font: Not Bold
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Formatted: Indent: Left: 0.25", Space
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Definition of Variables

Capy—=OutpuCap, = Inputcapacity of qualifying unibutputin BFJskBtu/hour <« '{FOfmaﬁedi Indent: Firstline: 0.25", Space J

Before: 3 pt, After: 3 pt

EFLHEFLH, = The Equivalent Full Load Hours of operatiosr yearfor the average {FOfma“Edi Indent: Left: 0.25", Space }
. . - . Before: 3 pt, After: 3 pt
unit: during the heating season

DuetSk-=The Duct Sealing-Factor-or-the-assumed-savings-due-to-proper-sealing of all
heating-duets

AEUE = tanuol Focl Uilizotion Slicions retthe nvorncotummascorbholler

AFUEg = Annual Fuel Utilization Efficiency of the qualifyingaselingfurnaceer < ( Formatted: _Engish (U.S) )
boiler Formatted: Indent: Firstline: 0.25", Space
Before: 3 pt, After: 3 pt

AFUEb = Annual Fuel Utilization Efficiency of the baseline furnaedseiler ( Formatted: English (U.S.) ]

of typical
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Component Type Value Sourece
84%
Steani-82%
Electric Resistance
AFUEL Variable Applicationor .
EFLEP Fixed 965-hours 3
Avg-Heating-Usage Fixed 860-therms 5
. . Summer=12%
Al ionF S Fixed Winter=88% 4
WattBase Eixed 878 8
WattEE Fixed 144 8
Hours Fixed 2350 9
meeting current federal equipment
Seurees
bl Recidonin AT Bosnline Shudy
2. Federalminimunstandardss-of2015 - [Formaﬁed: English (U.S) ]
it analvsic of haating omae e ] | Formatted: Body Text Indent 3, Indent: Left:

1 0.25", SpaceBefore: 3 pt, After: 3 pt, No
HRer perlod bullets or numbering

er ships, Il nc. , i Be
g

Algorithms [Formaned: Font: Not Bold J
CosSovines=UER-ERER S Baselne Water Heater Usage

B [ Formatted: Heading 3 J
CosSovingseolar DML = Cony S HW [Formaned: Font: Bold, Italic ]

valuations.
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Usage

h '[Formatted: Normal

Component Type Value Source <} (Formatted: ~Table Header, Left
EFqCapn Variable Application </ (Formatted Table
Form-confirmed k [Formatted: SpaceAfter: 2 pt
with
Manufaeturer
Data

non-th itio a i EVRYY amount of
preredH 5 * i ifi BTU/Ib
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Component Type Value Source « [Formatted: Table Header, Left
App#eatien [Formatted Table
Eeomsenismad
T—EEFLHD FixedVariable 965 hours with D — [Formatted: SpaceAfter: 2 pt
Mepuraeturer
DBatal
AFUEqStdby Variable Application <« [ Formatted: SpaceAfter: 2 pt
Sorreenteacd
s
= el
Bata
EFs Variable ForElectric Resistance | Application
{only):35% Form;-eonfirmed
VR
Manufacturer
bata
LECas
Weatherized gas: 81%
AFUEnBaseline Weatherized oil: 78% « [ Formatted: SpaceAfter: 2 pt
WaterHeater Fixed Mobile home gas: 80% 2 [Formaned Table
Usage Mobile home oil: 75%
Nonweatherized gas: 80%
Nonweatherized oil: 83% < - [Formatted: SpaceAfter: 2 pt
Fime-Perod Fixed Summer—=50% 3
Adlecotion hnter="C004
Faetors
Coove A Fheed = 4
GSavwrr Fixed 30% 5
Sources - [ Formatted: Heading 4, SpaceAfter: 6 pt

1. NJ utility analysis of heating customers, annual gas usage.

2. US Government Publishing Officdune 2017Electronic Code of Federal

Requlationd Title 10, Chapter Il, Subchapter D, Part 430, Subpar8430.32

available at:https://www.ecfr.gov/cgbin/text

)

idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430 132&r

an=div8

Boilers

This sectiomprovides energy savings algorithms for qualifying boilers installed in

residential settings. The input values are based on the specifications of the actual

equipment being installed, federal equipment efficiency standards, and the most recent

impact evalution of the residential Warm and Cool Advantage programs (2009).
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https://www.ecfr.gov/cgi-bin/text-idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&rgn=div8
https://www.ecfr.gov/cgi-bin/text-idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&rgn=div8
https://www.ecfr.gov/cgi-bin/text-idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430_132&rgn=div8

This measure applies to replacement of failed equipment or end of useful life. The
baseline unit is a code compliant unit with an efficiency as required by IECC 2015, which
is the current reidential code adopted by the state of New Jersey

- [ Formatted: Normal
Algorithms [Formatted: Font: Bold
Fuel Savings (MMBtu/yr) €ap, * EFLHy * ((AFUE/AFUE;)-1) / 1000
kBtu/MMBtu
« [ Formatted: Normal

Definition of Variables
Cap,__= Input capacity of qualifying unit in kBtu/hour
EFLH, = The Equivalent Full Load Hours of operation for the averadieduring the
heating season in hours
AFUEq = Annual Fuel Utilization Efficiency of the qualifying boiler
AFUEb = Annual Fuel Utilization Efficiency of the baseline boiler

Summary of Inputs

Space Heating Boiler Assumptions

Component Type Value Source
Cam Variable Application
EFLH;, Fixed 965hours 1
AFUEq Variable Application

. Gas fired boilei 82%
AFUE: Fixed Oil fired boileri 84% 2

Sources [Formatted: Font: Not Bold

1. NJ utility analysis of heatingustomers, annual gas usage.
2. US Government Publishing Officdune 2017Electronic Code of Federal
Regulationd Title 10, Chapter I, Subchapter D, Part 430, Subpart C, §430.32

available at:https://www.ecfr.gov/cgbin/text
idx?SID=2942a69a6328c23@612378a0725e60&mc=true&node=se10.3.430 132&r

gn=div8
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CombinationBoilers

This section provides energy savings algorithms for gualifying gas combination boilers
installed in residential setting&.combination boiler is defined as a boiler that provides
domestic hot water and space heatirie input values are based on the specifications of
the actual equipment being installed, federal equipment efficiency stanD&#g,2
simulations completed by the New York State Joint Utilitind regional estimaseof
average baseline water heating energy usage.

This measurassumes thexistingboiler systenhasfailed oris atend of useful lifeand

is replaced with a combinatidooiler. The baselindoiler unit has an efficiency as

required bM ECC 2015, whichs thecurrentresidential code adopted by the s@itdew
JerseyFor the water heating component, this measure assumes that the baseline water
heater is a storage water heasér customers replacing existing tankless water heaters

are not eligible.

Note, that as of June 12, 2017, the Federal Trade Commission has published a final rule
updating the EnergyGuide label to reflect recent changes by the Department of Energy to
the Code of Federal Reqgulations regarding the use of uniform enerqy factor (tHeF) ra
than the traditional energy factor (EEr consumer and commercial water heaféhe

UEF isnewest measure of water heater overall efficiency. The higher the UEF value is,
the more efficient the water heater. UEF is determined by the Departntemt efr gy 6 s
test method outlined in 10 CFR Part 430, Subpart B, Appendix E

« "[Formatted: Normal (Web)

Algorithms [Formatted: Font: Bold

somed,
Fuel SavingsflMMBtu/yr) = MMBtu/yr Boiler Fuel Savings + M&tu/yr DHW Fuel

Savings

MMBtu Boiler FuelSavingéyr = Cap, * EFLH, * ((AFUE//AFUE)-1) /1,000
kBtu/MMBTU

MM Btu DHW Fuel Savings/yr = (1 (UER/ UER)) x Baseline Water Heater Usage
Capn_ = Input capacity of qualifying unih kBtu/hr

EFLH, =TheEquivalentFull LoadHours of operation for the average whitring
the heating season

8 The final ruling on this change is available at
https://energy.gov/sites/prod/files/2016/12/f34/WH_Conversion_Final%20Rule.pdf
9 https://www.energystar.gov/products/water_heaters/residential water_heaters_key product_criteria
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AFUEq = Annual fuel utilization efficiency of thgualifying boiler

AFUEbr = Annual fuel utilization efficiency of the baseline boiler
UER = Uniform enerqy factor of the qualifying energy efficient water heater.
UER = Uniform enerqy factor of the baseline water heater. In New Jersey the

2015 Interntdional Energy Conseration 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.

Baseline Water Heater Usage = Annual usage of the baseline watedéeatelr

Summary of Inputs

Combination Boiler Assumptions

Component Type Value Source
Cap, Variable Application
EFLH;, Fixed 965hours 1
AFUEq Variable Application

. Gas fired boilei 82%

ARUE Fixed Qil fired boileri 84% 2
UER, Fixed Storage Water Heat&r0.657 2
UEF, Fixed 0.87 3

Baseline Water Fixed 23.6 MMBtu/yr 4

Heater Usage -

Thereferenced federal standards for the baseline UEF are dependent on both draw
patternand tank size. A weighted average baselif# was calculatedvith a medium
draw patterrfrom the referencetederal standardsnd water heating equipment market
data from the Energy Information Associat@®09residential energy consumption
surveyfor NJ° assuming tank sizes 86 galonsfor small units, 40 gédnsfor medium
units, and 55 gédnsfor large units

Sourcet)S-DOE estimates forthe SEEARPNERGY-STAR®

1. NJ utility analysis of heating customers, annual gas usage.

2. US Government Publishin®ffice, June 2017Electronic Code of Federal
Regulationd Title 10, Chapter Il, Subchapter D, Part 430, Subpart C, §430.32
available athttps://www.ecfr.gov/cgbin/text
idx?SID=2942a69a6328c23266612378a0725e60&mc=true&node=se10.3.430 132&r

an=div8

1 Available at:https://www.eia.gov/consumption/residential/data/2009/hc/hxi8.8.
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https://www.eia.gov/consumption/residential/data/2009/hc/hc8.8.xls

3. Minimum UEF for instantaneous (tankless) water heaters from Energy Star

https://www.energystar.gov/products/water_heaters/residential_water _heaters key pr

oduct_criteria
4. US Energy Information AssociatipR009ResidentiaEnergy Consumption Survey

[Formatted: Font: Italic

Data'’; available at:
https://www.eia.gov/consumption/residential/data/2009/c&e/ce3.2.xIsx

Boiler Reset Controls

The followingalgorithmdetaik savings foiinstallation of boiler reset control on

residential boilersEnerqgy savings are realized through a better control of boiler water

temperature. Through the use of software settings, boiler reset controls use outside or
return water temperature to control boiler firing and in turn the boiler water temperature.

Theinput values are based on datgplied by the utilities and customer information on

the application form, confirmed with manufacturer déhait savings are based on study
results.

Fuel Savings (MMBtu/yr¥ (% Savings) *EFLH, * Capy) / 1,000kBtu/MMBtu

-

Definition of Variables «_

% Savings = Estimated percentage reduction in heatingioadoboiler reset
controls

EFLH, = The EquivalentFull LoadHours of operation for the average wthiring the

heating season
Capn_ = Input capacity of qualifying unih kBtu/hr

Summary of Inputs

Boiler Reset Control Assumptions

Component Type Value Source
% Savings Fixed 5% 1
EFLH, Fixed 965hours 2
Cam, Variable Application
Sources

S [ Formatted: Indent: Left: 0", Firstline: 0"

)

[ Formatted: (none)

)

[Formatted: Level 4, Keep with next

)

[Formatted: Font: Not Bold

1. GDS Associates, IncNatural Gas Enerqgy Efficiency Potential in Massaektiss
2009 p. 38, Table 64, http://maeeac.org/wordpress/wipntent/uploads/5 Natural
GasEE-Potenialin-MA.pdf.

2. NJ utility analysis of heating customeasinual gas usage.

1 Data for 2015 will be available in 2018.
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4. Stand AloneStorageWater HeatersFinal-Criteria-Analysis)

numbering

- . { Formatted:

Heading 3, No bullets or

This section provides energy savings algorithms for qgualifgiagd alonetorage hot

water heaters installed in residential settings. This measure assumes that the baseline
water heater is eodestorage water heater. The input values are based on federal
equipment efficiency standards and regional estimates of average baseline water heating
energy usage.

Note, that as of June 12, 2017, the Federal Trade Commissipaliiegshed a final rule

updating the EnergyGuide label to reflect recent changes by the Department of Energy to

the Code of Federal Reqgulations regarding the use of uniform energy factor (UEF) rather

than the traditional energy factor (Effor consumer andommercial water heaterEhe

UEF isnewest measure of water heater overall efficiency. The higher the UEF value is,

the more efficient the water heater . UEF i s
test method outlined in 10 CFR Part 430, Subpartghehdix E=

det er mi

ned

Algorithms « [ Formatted: Heading 4

N [Formatted: Font: Bold
Fuel Savings (MMBtu/yr) = (1 (UER/ UER)) x Baseline Water Heater Usage ( Formatted: ~ No underline

Definition of Variables -« [ Formatted: Heading 4

U L J

UER = Uniform energy factor of the gualifying enerqy efficient water heater.

UER = Uniform energy factor of the baseline water heater. In New Jersey the 2015
International Energy Conseration Code (IECC) generally defines the residential
energy efficiency code requirements, but the IECC does not include residential
service water heatinprovisions, leaving federal equipment efficiency standards to
define baseline.

Baseline Water Heater Usage = Annual usage of the baseline water heater

Summary of Inputs

StorageWater Heater

Component Type Value® Sources
UEF, Variable Application
UER, Variable If gas &less than 55 gal: UEE 0.6483 1

(0.0017xV)
If gas &more than 55 galJER, = 0.7897
(0.0004xV)
Baseline Fixed 23.6 MMBtu/yr 2
Water

'2 The final ruling on this change is available at:
https://energy.gov/sites/prod/files/2016/12/f34/WH_ Conversiamal#%20Rule.pdf
13 https://www.energystar.gov/products/water_heaters/residential_water_heaters_key product_criteria
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Component Type

Value®

Sources

Heater
Usage

2V refers to volume of the installed storage water heater tank in gallons

[ Formatted: Underline

AThe referenced federal standards for the baseline UEF are dependent on both draw
pattern and tank size. The baseline UEF formulas shown in the table above are associated

with medium draw patterns.

Sources

1. US Government Publishing Officdune 2017ElectronicCode of Federal

Requlationg Title 10, Part 430, Subpart;@vailable at:

https://www.ecfr.gov/cgbin/text

idx?SID=2942a69a63288266612378a0725e60&mc=true&node=se10.3.430 13

2&rgn=div8.

N

. _US Energy Information Associatipp009 Residential Energy Consumption

Survey Daty" available at:

| *Data for 2015 will be available in 2018.
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InstantaneousWaterHeaters

This section provides energy savings algorithms for qualifying instantaneous hot water

heaters installed in residential settings. This measure assumes that the baseline water

heater is either eodestand alonstorage water heater, an coddénstantaneous water

heater. The input values are based on federal equipment efficiency standards and regional

estimates of average baseline water heating energy usage.

Note, that as of June 12, 2017, the Federal Trade Commission has published a final rule

updating the EnergyGuide label to reflect recent changes by the Department of Energy to

the Code of Federal Reqgulations regarding the use of uniform energy factor (UEF) rather

than the traditional energy factor (EFjor consumer and commercial water heat€he

UEF isnewest measure of water heater overall efficiency. The higher the UEF value is,

t he mor e

eff

icient the water

heater . UE

test method outlined in 10 CFR Part 430, Subpart B, Appentfix E

Algorithms

F is deter mined

~

Formatted: English (U.S.)

Formatted: Don't keep lines together

A 4\‘1 \ [
Fuel Savings (MMBtu/yr) = (1 (UER/ UER)) x Baseline Water Heater Usage (

Definition of Variables

Formatted: Underline, (none)

Formatted: Indent: Firstline: 0.25", Don't
keep lines together

|
|
|
|

UER = Uniform energy factor of the gualifying enerqy efficient water heater.

UER = Uniform enerqy factor of the baseline water heater. In New Jdree30tL5

International Energy Conseration 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

definebaseline.
Baseline Water Heater Usage = Annual usage of the baseline water heater

Summary of Inputs

InstantaneousWater Heaters

Component Type Value Source
UERK Variable Application
UER Variable Storage water heater0.657 1

Instantaneous water heate®.81
Baseline Water| Fixed 23.6 MMBtu/yr 2
Heater Usage

15 The final ruling on this change is available at:

https://energy.gov/sites/prod/files/2016/12/f34/WH_Conversion_Final%20Rule.pdf

*8 https://www.energystar.gov/products/water_heaters/residential_water_heaters_key product_criteria
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The referenced federal standards for the baseline UEF are dependent on both draw
pattern and tank size. A weighted average basEliiewas calculatedvith a medium
draw patterrirom the referencefederal standardsnd water heating equipment market
data from the Energy Information Associat@®®09residential energy consumption
surveyfor NI’ assuming tank sizes 80 galonsfor small units, 40 gédnsfor medium
units, and 55 gédnsfor large units

Sourcegatloum—C—lLafrance —M—Gusdor f, J . iDrain Water He
Characterization—and Modelingd Natyral Resources Canad

1. US Government Publishing Officdune 2017Electronic Code of Federal

Requlationd Title 10, Part 430, Subpart;@vailable athttps://www.ecfr.gov/cgi
bin/text
idx?SID=2942a69a6328¢c23266612378a0725e60&mc=true&node=se10.3.430 132&r
gn=div8

2. US Energy Information AssociatipA009 Residential Energy Consumption Survey
Data'®, available at:
https://www.eia.gov/consumption/residential/data/2009/c&e/ce3.2.xIsx

5. “ [ Formatted: ~ No bullets or numbering J

7 Available at:https://www.eia.gov/consumption/residential/data/2009/hc/hc8.8.xls
18 Data for 2015 will be available in 2018.
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Residenti al Low I ncome Program

Protocols

The Protocols set out below are applicable to both the Comfort Partners component of t{ Formatted:

SpaceBefore: 6 pt, After: 6 pt J

Low-income Program currently implemented by theestats el ect ri ¢ and gas
the Weatherization Assistance component of the-ltmeme Program implemented by
the New Jersey Department of Community Affairs (DCA).

ut il

it

es

[ Formatted:

SpaceBefore: 6 pt, After: 6 pt J

The savings protocols for the lemcome program are based upon estimated per unit
installed savingsin some cases, such as lighting and refrigerators, the savings per unit
estimate is based on direct observation or monitoring of the existing equipment being
replaced-For other measures, for example air sealing and insulation, the@isot
calculation is based on an average % savings efratment consumption.

Base Load Measures

[ Formatted

Efficient Lighting
Savings from installation of screin CFLs, high performance fixturgliuorescent
torchieres LEDs and LED nightlightare based on a straightforward algorithm that
calculates the difference between existing and new wattage, and the average daily hours
of usage for the lighting unit being replaced.

Algorithm
Compact Fluorescent Screw In Lamp « [Formatted: SpaceBefore: 3 pt, After: 3 pt
Eleetrieity-tmpacEnergy Saings (KWh/yr) = ((CFLyattg %* (CFLnours%*
365))/1000
Peak Demandm-paeﬁavings(kW) = (CFLwattQ X* Light CF « [Formatted: SpaceBefore: 3 pt, After: 3 pt
Efficient Fixtures « [Formatted: SpaceBefore: 3 pt, After: 3 pt
Energy SavinggkWh/yr) = ((Fixtwang % (FiXthours X*
365))/1000
Peak DemanénpaeSavings(kW) = (Fixtyang %* Light CF N ( Formatted: ~SpaceBefore: 3 pt, After: 3 pt
Efficient Torchieres « [Formatted: SpaceBefore: 3 pt, After: 3 pt
Energy SavinggkWh/yr) = ((Torchyang X* (TorchyoursX<*
365))/1000
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Peak DemanémpacSavings(kW) = (Torchyar) %* Light CF

LED Screw In Lamp

—gy—gEner Savin $kWh[y_I’) = ((LEDWattQ Xi (LEDhoursxi
365))/1000

Peak DemanénpaeSavings(kW) = (LEDyang %* Light CF

LED Nightlight

Energy SavinggkWh/yr) = ((LEDNyatg ** (LEDNnours%*

365))/1000
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« [ Formatted: Page break before

Hot Water Conservation Measures

The protocols savings estineatare based on an average package of domestic hot water
measures typically installed by lewcome programs.

Low Flow Showerheads

[Formatted: Space Before: 6 pt, After: 6 pt

Savings for lowflow showerhead measures are determined using the total change‘in
flow rate (gallons per minute) from thaseline (existing) showerhead to the efficient

showerhead.
%% “ Formatted: Font: Bold
Algorithms « Formatted: Heading 4

Formatted: Underline

Electricity-tmpacEnergy SavingékWh/yr) = %Electric DHW * (GPM_basg <
GPM_ee) * kWh/ &eGPM

[Formatted: SpaceBefore: 6 pt, After: 3 pt
[Formatted: SpaceBefore: 3 pt, After: 3 pt

O U

PeakElectricDemandmpacSavings(kW) = Electricity Impact (kWh) * Demand ( Formatted: _SpaceBefore: 3 pt, After: 3 pt

Facor

Natural Gas Impact (therm) = %Gas DHW * (GPM_basPM_ee) * - ( Formatted: _SpaceBefore: 3 pt, After: 3 pt

t her m/ &GP M
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Definition of Variables
%Electric DHW =proportion of watr heating supplied by electricity “

Formatted: SpaceBefore: 3 pt, After: 3 pt

Formatted: Indent: Left: 0", Firstline: 0"

Formatted: Level 4, Keep with next

GPM_base= Flow rate of the baseline showerhead (gallons per minute) < Formatted: SpaceBefore: 3 pt, After: 3 pt

Formatted: SpaceBefore: 3 pt, After: 3 pt

(
(
[ Formatted: (none)
(
(
(

GPM_ee = Flow rate of the efficient showerhead (gallons per minute) “

k Wh / 2GP M = El ectr | c ener g y sav | n g s o[Formatted: SpaceBefore: 3 pt, After: 3 pt

minute (GPM)

Demand Factor ®nergy to demand factor « ( Formatied: _SpaceBefore: 3 pt, Afer: 3 pt
%Gas DHW =proportion of water heating supplied bgtural gas - ( Formatted: _SpaceBefore: 3 pt, Afer: 3 pt
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therm/ &@GPM = natural gas energy savi[FOfTaﬁedi

minute (GPM)

Low Flow Showerheads -~
Component | Type Value Sources “
% Electric . Electric DHW = 100% <
DHW Variable Unknown = 13% 1
Natural Gas DHW =
%Gas DHW | Variable 100% 1 <
Unknown = 81%
GPM_base | Variable Rebate Application 2 -
Unknown = 2.5
. Rebate Application
GPM_ee | Variable Unknown = 1.5 2
SF =360.1
k Wh/ &G Fixed MF = 336.9 3 -
Unknown = 390.1
SF=155
t her m/ Fixed MF =16.9 3,4 -
Unknown = 16.8
Demand | g 0.00008013 3 :
Factor
Sources <

1. Unknown hot water heating fuel assumption taken from 2009 RECS data for New
JerseySee =2eTable HC8.8WVater Heating in U.S. Homes Mortheast Region,
Divisions, and States

2. Flow rate specification taken from rebate applicati®efault defaultassumption for
unknown flow rate taken frofAennsylvanid echnical Reference Manudlffective

effective June 2016pagep. 120ff-Available availableat
http://www.puc.pa.gov/pcdocs/1370278.docx

3. Default assumptions frofennsylvania Technical Reference Mar(ilat).

4. lllinois Statewide Technical Reference Manual for Energy EffigieR@rsion 4.0

Effective, effective June 12015pagespp. 657ff-DBefaulf defaultassumptions for
housing demographic characteristics taken from PA TRM.
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Low Flow Faucet Aerators

Savings for lowflow faucet aerator measures are determined usingtilechange in

[ Formatted:
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flow rate (gallons per minute) from the baseline (existing) faucet to the efficient faucet.

Algorithms
Energy Savingdlgesithm

Electricity-tmpact(kWh/yr) = %Electric DHW * (GPM_base GPM_ee) *
k Wh/ &GP M

PeakElectricDemandimpaeSaving (KW) = Electricity Impact (kwh) * Demand +

Factor

Natural Gas Impact (therm) = %Gas DHW * (GPM_baseP M_ e e )

ADefinition of Variables
%Electric DHW =proportion of watr heating supplied by electricity
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GPM_base= Flow rate of the baseline faucet (gallons per minute) “ ( Formated:
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kWh/ &GPM = El ectri c ene peggalospenvminotg s ol Formatted:
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Demand Factor = energy to demand factor “ ( Formatted:
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therm/l &GPM = natural gas energy savi[FO’Ta“edi
minute (GPM)

Low Flow Faucet Aerators “ ( Formatted:
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Component Type Value Sourcese -
weses

% Electric Variable Electric DHW = 100% 1 >

DHW Unknown = 13%
Natural Gas DHW =

% Gas DHW | Variable 100% 1 <
Unknown = 81%

GPM_base | Variable Rebate Application 2 -
Unknown = 2.2

GPM_ee | Variable Rebate Application 5 .
Unknown = 1.5

SF=60.5

k Wh/ a&G| Fixed MF =71.0 3 -

Unknown = 63.7
SF=4.8

t her m/ | Fixed MF = 6.5 3,4 .
Unknown = 5.0

Demand | g 0.0000801800134 3 :

Factor
Sources «
Seurees «

1. Unknown hot water heating fuel assumption taken from 2009 RECS data for New
JerseySee 2eTable HC8.8Nater Heating in U.S. Homes in Northeast Region,
Divisions, and States

2. Flow rate specification taken from rebate applicati®efault defaultassumption for
unknown flow rate taken frofAennsylvanid echnical Reference Manudlffective

effective June 2016pagepp. 114ff-Available availableat
http://www.puc.pa.gov/pcdocs/1370278.docx

3. Default assumptions frofAennsylvania Technical Reference Man(ilzit).

4. lllinois StatewideTechnical Reference Manual for Energy Efficiency, Version 4.0

Effective, effective June 12015pagespp. 648ff-bBefault defaultassumptions for
housing demographic characteristics taken from PA TRM.
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(:0019xvolume))=.58 [ Formatted: Table Cells J
Thermsgrank Thermsused by standard tank 223 « (‘Formatted: _Table Cells )
Standbyy Standby loss from standard water heatel 434 BFYIBtu/hr* - ( Formatted: Table Cells )
AFUEsy Efficiency (AFUE) of standard water heate 80% < [Formatted: Table Cells }
Standby Standby loss from efficient water heater 397BFUBtuhr=* < ( Formatted:  Table Cells )
AFUEgx Efficiency (AFUE) ofefficient water heater 93% “« ( Formatted:  Table Cells )
r'ne cadmus Group, Inc. AFinal Rewad mtg s F dbdepegedjf@eithe ®ner gy Eval uated Deemed S

| Public Service Commission of Wisconsiovember 26, 201%RagePp. 15-16.
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WL LU J

Term Definition Value <« [ Formatted: Table Header, Left
Volstg Volume of standard water heater (gallons 63.50 <] {Formatted: Table Cells
Vol gg Volume of efficient water heater (gallons) 51.20 <l (Formatted: Table Cells
°Flhrag Heat lost per hour I;(;rlr: standard water heg 0.8 | (Fomated: Tabe Cels
°F/hrgg Heatlost per hour I;(:H(] efficient wateeater 0.93 o [ Formatted: Table Cells
Conversion factor: density of water ,
8.33 « [Formatted: Table Cells
(Ibs./gallon)

*AHRI Database. **Data model loelps of AHRI Certifications.

Water heater pipe wrap
This section provides energsngngs algorithms for insulation on domestic hot water

heater ghes.Un-insulated hot water carrying pipes lose considerable heat to outside air

due to high thermatonductivity.In order to reduce this heat loss, pipes lsa covered
with a layer ofinsulation, which will reduce source heating demand, resulting in

significant energy savingsThe baseline case assumesnsulated copper pipes and the

qualifying condition assumes polyolefin (Polyethylene) Foam Tube insulation at 3/8"

thick for 1/2" pipe and 1/2" thick for 3/4" pipe.

Algorithms

AEnerqvSavinqs (KWhyr) = AKW % L

Fuel Savings (Ccflyr) = ACGEx* L

Definition of Variables

AKW v = Annual electric savings per linear foot of heating pipe insulation

ACCRy = Annual gas savings per linear foot of heating pipe insulation

L = Length of heating pipmsulation in ft

Summary of Inputs

Water Heater Pipe Wrap

Component Type Value Source
AKWw Variable See Table Below 1
ACCHy Variable See Tabldelow 1

L Variable Application
Insulation Savings by Pipe Diameter
Pipe Diameter (in) | AKW w (kWh/ft) | ACCFw (Ccf/ft) |
NewJ e r s ¢egn&Eserg®Program Page53
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Pipe Diameter (in) | AKW w (kWh/ft) | ACCFEw (Ccf/ft)
0.50 10.4 0.55
0.75 15.9 0.85

Sources

1. NAIMA, 3E Plus software tool, Version 4.0, Released 2005; available from:

https://insulationinstitute.org/toclesources/fre@e-plus/

Efficient Refrigerators

The eligibility for refrigerator replacement is determined by comparing monitored
consumption for the existing refrigerator with the rated consumption of the eligible

replacementEstimated savings are directly calculated based on the difference between
these two valuesNote that in the case where an undglized or unneeded refrigerator

unit is removed, and no replacement is installed, thg.Refm of the equation will be

Zero.

Algorithm

Eleetrieity-tmpacEnergy SavinggkWh/yr) = Refgi Refew

Peak DemanénpacSavings(kW) = (Refqi Refew) *(Ref DF)

Space Conditioning Measures

When available, gas heat measure savings will be based on heatiijamde total gas
use is known, heating use will be estimated as total use less 808.the

Air Sealing

It is assumed that air sealing is the first priority among candidate space conditioning

-

-

[ Formatted

[Formatted: SpaceBefore: 3 pt, After: 3 pt

J

Formatted: Indent: Left: 0", SpaceBefore: 3
pt, After: 3 pt

|

[Formatted: SpaceBefore: 6 pt, After: 6 pt

)

[ Formatted

)

measuresExpected percentage savings is based on previous experiences with measured
savings from similar programd\ote there are no summer coirgid electric peak
demand savings estimated at this time.

Aloertam
Algorithm

Electricity- tmpacEnergy Saving$kWh/yr) = ESGyeX* 0.05

MMBtu savings = (GHpre<* 0.05)
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https://insulationinstitute.org/tools-resources/free-3e-plus/

[ Formatted:

Heading 3, Tab stops: Not at

J

Furnace/Boiler Replacement at 0.5"

- { Formatted:

Heading 3, None, Tab stops: Not }

Quantification of savings due to furnace and boigacements implemented under the
low-income program will be based on the algorithms presented in the Residential Gas
HVAC section of these Protocols.

[Formatted: Space Before: 18 pt
Duct Sealing and Repair
The second priority for homes with either Central Air Conditioning (CAC) or suther
form of ducted distribution of electric space conditioning (electric furnace, gas furnace or
heat pump) is ensuring integrity and effectiveness of the ducted distribution system.
Algorithm
Algorithm
With CAC
Eleemeity—tmpaeEnerg}{ Saving(;kWh/)Lr) = (ECOOLre) X‘i 0.10 < [Formatted: SpaceBefore: 3 pt, After: 3 pt
Peak DemanémpacSavings(kW) = (Ecoope %* 0.10) / EFLHX* AC CF - ( Formatted: _SpaceBefore: 3 pt, After: 3 pt
MMBtu savings - (GHprsX* 0_02) < [Formatted: SpaceBefore: 3 pt, After: 3 pt
No CAC < [Formatted: SpaceBefore: 3 pt, After: 3 pt
Eleetricity-tmpacEnergy SavinggkWh/yr) = (ESGye) X%* 0.02
MMBtu savings = (GHpreQ 0.02) < [Formatted: SpaceBefore: 3 pt
« [Formatted: Indent: First line: 0"

Insulation Up-Graded)pgrades « ( Formatted:

Space Before:

0 pt

For savings calculations, it is assumed that any applicable air sealing and duct
sealing/repair have ba done, thereby reducing the space conditioning load, before
consideration of upgrading insulatioAttic insulation savings are then projected on the
basi s of t-lbassdvings av®sorhewtaigreater, as homes with gas heat
generally have legasulation.

NewJ e r s éegn&Energ@rogram Pageb5
Protocols to Measure Resource Savings



Algorithm
Eleetrieity-tmpaetEnergysavings(kWhiyr) = (ESGye)%* 0.08

MMBtu savings =GHpeX* 0.13

Thermostat Replacement

-

[Formatted: SpaceBefore: 3 pt, After: 3 pt J

[Formatted: SpaceBefore: 3 pt, After: 3 pt J

[Formatted: Heading 3, Indent: First line: 0" ]

[ Formatted

J

Thermostats are eligible for consideration as an electric space conditioning measure only

| after the first three priority itemsSavings projections are based on a conservative 3% of
any of the top

the Ainewo | oad after install &$i on of
Algorithm
Eleetricity-tmpacEnergy SavinggkWh/yr) = (ESGye)x* 0.03

MMBtu savings = (Glge %* 0.03)

Heating and Cooling Equipment Maintenance Repair/Replacement

Savings projections for heat pump charge and air flow correeostocol savings
account for shell measures having haestalled that reduce thee-existingpreexisting
load.

A

Algorithm
Algorithm
Eleetrieity-tmpacEnergy Saving$kWh/yr) = (ESGye)x* 0.17

Peak DemanémpacSavings(kW) = (Capy/EER%* 1000)%* HP CFX* DSF

GasHVAC Repairs

This section provides energsngngs algorithms for existing gas HVAC repairs in

furnace efficiencyefore and afterepairsusing an electronic combustion analyzer.

described in ANSI/ASHRAE Standat®3-2007, Method of Testing for Annual Fuel

efficiency must not exceed equipment nameplate efficieheghnicians performing
repairsmust providedocumentation of beforand aftercombustion analysis results

A

residential applications. The savings calculatiguires measurement of steady state
Alternatively, before and afteepair efficienciesnay be measured following the method

Utilization Efficiency of Residential Centraufhacesand BoilersMaximum post repair
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Formatted: Level 4, Keepwith next

Algorithms «

AFueISavinqs (MMBtuyr) = Capn X EFLH, x (1/SSE 1 1/SSE) / 1,000kBtu/MMBtu '

(

[Formatted: (none)

(
A * [Formatted: Font: 12 pt, Not Bold

(

Formatted: Indent: Firstline: 0.25"

L X ‘| Formatted: Normal, Left, Right: 0", Line
Definition of Variables spacing: single
Capn = input capacity of existing unit in kBtu/hr
EFLH, = equivalent full load heating hours
SSh = Steady state efficiency of baseline gas HVAC equipment

SSHK = Steady state efficienayf repaired gas HVAC equipment

o JC JU

Formatted: (none)

Summary of Inputs

Gas HVAC Repairs

Component Type Value Source - { Formatted: SpaceAfter: 1 pt, Don't keep J
Furnace rating| Variable Application Wih next
EFLH, Fixed 965 NJ utility analysis of heating customers, | [ Formatied Table
n annual gas heatinq usage {Formatted: SpaceAfter: 1 pt ]
SSh Variable Application
SSh Variable Application
Example: If a furnace has a 90 kBtu/hr input capacity, baseline efficiency of 85%, and
post repairs efficiency of 90%, the fuel savings would be calculated as FS = 90kBtu/hr
965 hrx (1/0.85i 1/0.90)/1,000kBtu/MMBtu = 5.67 MMBtyf.
.« [ Formatted: Indent: Firstline: 0" ]
- {Formatted: Heading 3, Indent: Left: 0", First J
line: 0", Tab stops: Not at 0.5"
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-

[ Formatted: Page break before

Ot her fiCust omd Measures

In addition to the typical measures for which savings algorithms have been developed, it
is assumed that there will be niche opportunities that should be identified and addressed.
The savings for these custom measures will be reported based on the individual
calculations supplied with the reportings necessary the program working group will
develop specific guidelines for frequent custom measures for use in reporting and
contracor tracking.

Definition of Terms

CFLyats= Average watts replaced for a CFL installation. - ( Formatted: _SpaceBefore: 3 pt, After: 3 pt
CFLnours= Average daily burn time for CFL replacements. - ( Formatted: _SpaceBefore: 3 pt, After: 3 pt
Fixtyans= Average watts replaced for an efficient fixture installation. - (Formatted: _SpaceBefore: 3 pt, After: 3 pt
Fixthours= Average daily brn time for CFL replacements. N Formatted: _SpaceBefore: 3 pt, After: 3 pt
Torchvans= Average watts replaced for a Torchiere replacement. “ ( Formatied: _SpaceBefore: 3 pt, After: 3 pt
Torchous= Average daily burn time for a Torchiere replacements. - ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt
LEDwars= Average watts replaced for an LED installation. - (Formatted: _SpaceBefore: 3 pt, After: 3 pt
LEDnours= Average daily burnime for LED replacements. - Formatted: _SpaceBefore: 3 pt, After: 3 pt
LEDNwats= Average watts replaced for an LED nightlight installation. - [ Formatted: _SpaceBefore: 3 pi, After: 3 pi
LEDNhours= Average daily burn time for LED nightlight replacements. - ( Formatted: _SpaceBefore: 3 pt, After: 3 pt
Light CF = Summer demand coincidence factor for all lighting measures. Currently fixed Formatied: _SpaceBefore: 3 pt, After: 3 pt
at 5%.

HWe.avg= Average electricity savings from typical electric hot water measure package. ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt
HWogavg= Average natural gas savings from typical electric hot watesuore package. - ( Formatted: _SpaceBefore: 3 pt, After: 3 pt
HW..as= Connected load reduction for typical hot water efficiency measures - Formatted: _SpaceBefore: 3 pt, After: 3 pt
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HW CF = Summer demand coincidence factor for electric hot water measure package. ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt

Currently fixed at 75%.

Refs= Annual energy consumption of existing refrigger based on esite monitoring. ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt

Ref,ew= Rated annual energy consumption of the new refrigerator. “ ( Formatted: _SpaceBefore: 3 pt, After: 3 pt

RefDF = kW /kWh of savings-Refrigerator demand savings factor. - ( Formatted: _SpaceBefore: 3 pt, After: 3 pt

Ref CF = Summer demand coincidence factor for refrigeration. Currently 100%, diversit| Fomatted: _SpaceBefore: 3 pt, After: 3 pt

accounted for in the Ref DF factor.

ESGye= Pretreatment electric space conditioning consumption. - ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt

ECoole= Pretreatment electric cooling consumption. ) ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt

EFLH = Equivalent full load hours of operation for the average uhhiis value is - (Formatted: _ SpaceBefore: 3 pt, After: 3 pt
currently fixed at 650 hours.

AC CF= Summer demand coincidence factor for air conditioning. Currently 85%. - ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt

Capy = Capacity of Heat pump in Btuh < [Formatted: SpaceBefore: 3 pt, After: 3 pt

EER = Energy Efficiency Ratio of average heat pump receiving charge and air flow ( Formatted: _SpaceBefore: 3 pt, After: 3 pt
serviceFixed at 9.2

HP CF = Summer demand coincidence factor for heat pump. Currently fixed at 70%. [ Formatted: _ SpaceBefore: 3 pt, Afer: 3 pt

DSF = Demand savings factor for charge and air flow correc@umrently fixed at 7%.+ ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt

GGyre= Pretreatment gas consumption. « [Formatted: SpaceBefore: 3 pt, After: 3 pt

GHpre= Pretreatment gas space heat consumption (7£88s 300 therms if only total* ( Formatted: _ SpaceBefore: 3 pt, After: 3 pt
gas use is known.

WS = Water Savings associated with water conservation measures. Currently fixed at ( Formatied: _SpaceBefore: 3 pt, After: 3 pt

3,640 @llons per year per home receiving lelow showerheads, plus30
gallons saved per year aeraitwstalled
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[ Formatted [ﬁ

[ Formatted ﬁ

[ Formatted [—i

[ Formatted Table [—i

Residential Low Income ) (Fomated C]

[ Formatted [—i

[ Formatted [ﬂ

Component T_ype Value SedreesSouree [ —— [ﬁ

CFLwatts Fixed 42 Wattsvatts 1 < [ ——— [_i

CFLours Fixed 2.5 hours 1 < [Formaned [ﬁ

Fixtwas Fixed 1004 120 Wattawatts 1 < | {Fomates =

FiXthours Fixed 3.5 hours 1 « [Formamd [ﬁ

Torchyats Fixed 245Wattavatts 1 - (Formatted -

Torchyours Fixed 3.5 hours 1 - [Formaned [ﬁ

LEDWatts Fixed 52 Wattawatts 14« | (Formatted =

LEDHours Fixed 2.5 hours 14 <« |(Fomated ]

LEDNWatts Fixed 6.75Wattayatts 14 < | (Formated ]

LEDNHours Fixed 12 hours 15 + [ Formatted [ﬂ

Light CF Fixed 5% 2 < |[Fomated ]

Elec. Water Heating Fixed 178 kWh 3 %F"’ma“ed Q
Savings Formatted

Gas Water Heating Fixed 1.01MMBTUMM Btu 3 « ( Formated )

Savings [ Formatted [ﬁ

WS Water Savings Fixed 3,640 gal/year per hom 12« ( Formatted ]

receiving low-flow ( Formatted -

shower heads, plus 1,4¢ ( Formatted -

gallyear per home ( Formatted )

receiving aerators. ( Formatted )

HWyatts Fixed 0.022 kW 4 - [Formatted [ﬂ

HW CF Fixed 75% 4 “ [ Formatted [ﬁ

Refq Variable Contractor % Formatted Q
Tracking Formatted

Refew Variable Contractor, | [ Formatted .

Tracking and | ( Formatted .

Manufacturer datal [pormaﬁed [ﬂ

Ref DF Fixed 0.000139 kW/kWh 5 “ [Formatted [—i

savings Formatted

RefCF Fixed 100% 6 - % Formatted Q

ESCpre Variable 7 « [ Formatted [—i

ECOOLre Variable 7 - [ Formatted [—i

ELFH Fixed 650 hours 8 < |[Formated =

AC CF Fixed 85% 4 < | [Fomated (]

Capy Fixed 33,000 Btu/hr 1 <[ Formated =

EER Fixed 11.3 g - | [Fomated ]

HP CF Fixed 70% g | (Fomated ()

DSF Fixed 7% 10 <] [Fomates C]

[ Formatted [—i

[ Formatted [—i
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| -
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Formatted

Formatted

Formatted

Formatted

Formatted

Formatted
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o

Component Type Value SeureesSouree [Formaned: Table Header
GCpre Variable 7 « [Formatted: Table Header, Indent: Left: 0"
GHpre Variable 7 « [Formatted Table
Time Period Fixed Summer/OrPeak 21% 11 - ( Formatted: _ Table Cells
Allocation Factors Summer/OffPeak 22% ( Formatted: ~ Table Cells
1 Electric Winter/OnPeak 28% [Formatted: Table Cells
Winter/Off-Peak 29%
Time Period Fixed AHeating: 13 < [Formatted: Font: Bold
Allocation Factors Summer 12% [Formatted: Table Cells
I Gas Winter 88%
Non-Heating: - [Formatted: Font: Bold
Summer 50% [Formaned: Table Cells
Winter 50%
Sources/Notes < [Formatted: SpaceAfter: 6 pt
1. Working group expected averages for product specific measures. . {Formatted: Indent: Left: 0", SpaceBefore: 3
2. Efficiency Vermont TechnicaReferencéJserManual 20161 average for lighting pL After: 3 pt
products.
3. Experience with average hot water measure savings from low income and direct
install programs.
4. VEIC estimate.
5. Ul Refrigerator Load Data profile, .16 kVBgrb p.m. July) and 1,147 kWh annual
consumption.
6. Diversity accainted for by Ref DF.
7. Billing histories and (for electricity) contractor calculations based on program
procedures for estimating space conditioning and cooling consumption.
8. Average EER for SEER 13 units.
9. Analysis of data from 6 utilities by Proctor Engiriegr

10.From Neme, Proctor and Nadel, 1999.

11.These allocations may change with actual penetration numbers are available.

12.VEIC estimate, assuming 1 GPM reduction fori%4-5-minute showers per week
for shower heads, and 4 gallons saved per day for aerators.

13.Heating: Prorated based on 12% of the annual degree days falling in the summer

period and 88% of the annual degree days falling in the winter period.
Non-Heating: Prorated based on 6 months in the summer period and 6 months in the

winter period.
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14.fNJ Comfort Partners Energy Saving Protocols and Engineering EstimatesAp pr i s e,

June 2014 -Available-at

hito/AAAAAEA e

te%20Summaryptib Appr i s e availdbleate 2014
http://www.njcleanenergy.com/files/file/Protocol%20and%20Engineering%20Estima
te%20Summary.pdf

15.Pennsylvania Technical Reference Manuhlne 2016Pagep. 27-Available;
availableat

http/Anarpue-pa-govpedeesti370278-dinttp://www.puc.pa.gov/pcdocs/137027

8.docxt

«
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http://www.njcleanenergy.com/files/file/Protocol%20and%20Engineering%20Estimate%20Summary.pdft
http://www.njcleanenergy.com/files/file/Protocol%20and%20Engineering%20Estimate%20Summary.pdft
http://www.puc.pa.gov/pcdocs/1370278.docxt
http://www.puc.pa.gov/pcdocs/1370278.docxt

Residenti al New Construction Progr an

Protocols

EnergyWhole building @ergysavings due téhermal-shell-and-mechanieal-equipment

i mprovements in residential new construction and figut o
calculated using outputs froRyE-M/—R-RESINET accredited Home EnerBating
System (HERSimodeling softwar®. -All program homes armodeledn

REM/Rataising accredited softwate estimate annual energy consumpfimnheating,
coolingand hot water-, and other end uses within the HERS asset reftiagdards for
energyefficient new construction in New Jersanebased on national platforms
including IECC 2015, EPA ENERGY STAR® Certified New Homes Program, EPA
ENERGY STAR Multifamily HighRise Program (MFHR), and the DOE Zero Energy
Ready Home (ZERH) PrograrAll of these pathways are based on and incorporate by
reference the applicable HERS standards, including but not limited to, the Mortgage
Industry National Home Energy Rating System Standard & Addenda
ANSI/RESNET/ICC Standard 30

Single-Family, Multi-Single (ftownhomes), LowRise Multifamily

The program home is then modeled to a baseline specificationrigrig/—Rat e 0 s
programspecific referencenome(referred to in some software ablser Defined

Reference Homé&r UDRH) feature:The UBRHprogram referenceome specifications
are set according to the lowest efficiency specified by applicable codes and standards,

thereby representing a New Jersey spebdiselinespecificationisferhome against
which the improved efficiency of progralnemespermitted-pricis measured.

The NJCEP reference home shall be updated as necessary overdirdeflect the
efficiency values of HERS Minimum Rated Features based on:

9__The prescriptive minimum values of tHeCC 2015/ersion applicable to the
homefor which savings a& being calculated;
1 The Federal Minimum Efficiency Standards applicable to each rated feature at the
time of permitting (e.g. minimum AFUE and SEER ratings for heating and air
conditioningequipment, etc;)
1__An assessment of baseline practice, as availebire event that either of the
above standards referencea#sopeci f i c value (e.g. #@Avisual i nspectio
9__Exclusion of specific rated features from the savings calculation in order to
remove penalties for building science based best practice requirevhégs

20 Accredited Home Energy Rating Systems (HERS) software,
http://www remrate-centesnet.us/professional/programs/software
2 hitp://www.resnet.us/professional/standards
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program (e.g. by setting the reference and rated home to the same value for
programrequired mechanical ventilation);
1 Other approved adjustments as may be deemed necessary.

The RNC program currently specifies three standardgfogram qualificaon:
1 IECC 2015 Energy Rating Index (fhbomes permittedn orafterMarch 21,
2016-)
1 _ENERGY STAR Certified Hon®v3.1
__Zero Energy Ready Home &Zero Energy Home + RE

The difference inmodeled annuanergy consumption between th@gram and
UBRHapplicablebaselingeferencehome isthe projecprojeced savings fomheating, hot

water, cooling lightingand-apphancend-uses, appliancs, and otheend usei the
HERS Minimum Rated Features, as well assite renewable gereration, when

applicale. Coincident peak demand savings are also derived ®&Biv/Ratgated
modeled outputs

The followingtable describes the baseline characteristics of Climate Zone 4 and 5
reference homes for singtamily, multi-single and lowrise multifamily buildings.
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REM/Rate User Defined Reference Homes Definition

Applicable to buildings permitted prior to March 21, 201

6-- Reflects IECC 2009

Formatted: Don't allow hanging punctuation,
Don't adjust space between Latin and Asian
text, Don't adjust space between Asian text
and numbers, Font Alignment: Baseline

( Formatted: Left

ote|Data Point Climate Zone 4 Climate Zone 5 -«

(1) |Ceiling Insulation U=0.030 U=0.030

Radiant Barrier None None
(1) |Rim/Band Joist U=0.082 U=0.057
(1) |Exterior Walls- Wood U=0.082 U=0.057
(1) |ExteriorWalls - Steel U=0.082 U=.057

Foundation Walls U=0.059 U=0.059
(1) |Doors U=0.35 U=0.35
(1) |Windows U=0.35, SHGC=NR U=0.35, SHGC=NR
(1) [Glass Doors U=0.35, SHGC=NR U=0.35, SHGC=NR
(1) [Skylights U=0.60 , SHGC=NR U=0.60 , SHGC=NR
(2) [Floor U=0.047 U=.033

Unheated Slab on Grade |R-10, 2 ft R-10, 2 ft

Heated Slab on Grade R-15, 2 ft R-15, 2 ft

Air Infiltration Rate 7 ACH50 7 ACH50

Duct Leakage

8 cfm25 per 100ftCFA

8 cfm25 per 100ftCFA

Mechanical Ventilation

None

None

Lights andAppliances

Use RESNET Default

Use RESNET Default

Thermostat Manual Manual
Heating Efficiency
(3) | Furnace 80% AFUE 80% AFUE
Boiler 80% AFUE 80% AFUE
Combo Water Heater 76%_ AFUE (Recovery 76%_ AFUE (Recovery ( Formatted Table
Efficiency) Efficiency)
Air Source Heat Pump  [7.7 HSPF 7.7 HSPF
Cooling Efficiency
Central Air Conditioning &
Window AC units 13.0 SEER 13.0 SEER
Air Source Heat Pump  |13.0 SEER 13.0 SEER
(4) |Domestic WH Efficiency
Electric stanehlone tank [0.90 EF 0.90 EF
Natural Gas stanrdlone
tank 0.58 EF 0.58 EF
Electric instantaneous  [0.93 EF 0.93 EF
Natural Gas instantaneou{0.62 EF 0.62 EF
\Water Heater Tank InsulatiiNone None
Duct Insulation, attic supplyR-8 R-8
Duct Insulation, all other |R-6 R-6
IActive Solar None None
Photovoltaics None None
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UDRH Table Notes < [Formatted: Don't keep with next

(1) |U values represent total wall system U value, including all components (i.e., clearw Formatted: Indent: Left: 0"

windows, doors).

Type A1 - Detached one and two family dwellings.

Type A2 - All other residential buildings, three stories in height or less.

(2) All frame floors shall meet this requirement. There is no requirement for floors over
basements and/or unvented crawl spaces when the basement and/or unvented cra|
walls are insulated.

(3) [MEC 95 minimum requirement is 78 AFUE. However, 80 AFUE is adopted for New
Jersey based on typical minimum availability and practice.

(4) [Based on the Federal Government standard for calculating EF (50 gallon assumed)
A G dired Storagetype EF: 0.67 (0.0019 x Rated Storage Volume in gallons)

AEIl ect r-ype EB 0.9Z(09182 x Rated Storage Volume in gallons)

Al nst ant-fred€p: 0.62- (I x Rated Storage Volume in gallons)

Al nstant ane o us(0.B13xRatadiStage Edfume i0 galbs
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REM/Rate User Defined Reference Homes Definition
Applicable to buildings permitted on or after March 21, 2016-- Reflects IECC 2A.5

NoteData Point Climate Zone 4 Climate Zone 5« [Formatted Table
(1) [Ceiling Insulation U=0.026 U=0.026 [ Formatted: ~ Left
Radiant Barrier None None
(1) |Rim/Band Joist U=0.060 U=0.060
(1) [Exterior Walls- Wood U=0.060 U=0.060
(1) [Exterior Walls- Steel U=0.060 U=0.060
Foundation Walls U=0.059 U=0.050
(1) |Doors U=0.35 U=0.
(1) Windows U=0.35, SHGC=0 U=0.32, SHGC=NR
(1) [Glass Doors U=0.35, SHGC#0 U=0.32, SHGC=NR
(1) [Skylights U=0.55, SHGC=0 U=055, SHGC=NR
(2) [Floor U=0.047 U=.033
Unheated Slab on Grade |R-10, 2 ft R-10, 2 ft
Heated Slab on Grade R-15, 2 ft R-15, 2 ft
(3) |Air Infiltration Rate 7 ACH50 7 ACH50

Duct Leakage

4 cfm25 per 100ftCFA

4 cfm25 per 100ftCFA

Mechanical Ventilation

Exhaust only

Exhaust only

Lighting 75% efficient 75% efficient
Appliances Use RESNET Default Use RESNET Default
(4) [Thermostat Manual Manual
HeatingEfficiency
(5) | Furnace 80% AFUE 80% AFUE
Boiler 80% AFUE 80% AFUE

Combo Water Heater

76% AFUE (Recovery
Efficiency)

76% AFUE (Recovery
Efficiency)

Air Source Heat Pump

Cooling Efficiency 8.2HSPF 8.2HSPF
Central Air Conditioning & -« Formatted Table
Window AC units 13.0 SEER 13.0 SEER [
Air Source Heat Pump  [14.0 SEER 14.0 SEER
(6) |Domestic WH Efficiency
Electric stanehlone tank [0.90 EF 0.90 EF
Natural Gas standlone
tank 0.60EF 0.60EF
Electric instantaneous  |0.93 EF 0.93 EF
Natural Gas instantaneou/0.82 EF 0.82 EF
\Water Heater Tank
Insulation None None
Duct Insulation, attic R-8 R-8
Duct Insulation, all other |R-6 R-6
/Active Solar None None
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REM/Rate User Defined Reference Homes Definition
Applicable to buildings permitted on or after March 21, 2016-- Reflects IECC 205

IPhotovoltaics None None
UDRH Table Notes
“ Formatted: Normal J
(1) |U values represent total system U value, including all components (i.e., clear wall,
windows, doors).
Type A1 - Detached one and two family dwellings. « Formatted: Indent: Left: 0" )

Type A2 - All other residential buildings, three stories in height or less.

(2)

All frame floors shall meet this requirement. There is no requirement for floors over|
basements and/or unvented crawl spaces when the basement and/or unvented cra
walls are insulated.

()

BasedomNe w J er s ey Onsaking the IERCCMR@16 tequirentdor air leakage
testingoptional there is no empirical evidence that baseline new construction is achi
the 3 ACH50 tightness leviirough a visual inspection of checklist air sealing items

(4)

\While the code requires a programmable actual pragring is an occupant behavior, t
the rated home and reference home are set at fixed temperatures of 68 heating anc
cooling, so that no savings are counted or lost

(5)

MEC 95 minimum requirement is 78 AFUE. However, 80 AFUE is adopted for New
Jersg based on typical minimum availability and practice.

(6)

Based on the Federal Government standard for calculating EF (50 gallon assumed]
A G dired Storagetype EF: 0675- (0.005 x Rated Storage Volume in gallons)

AEI| ect r-ype EB 0.9Z(0§182 x Rated Storage Volume in gallons)

Al nst ant-fired€b: 082 - (01D x Rated Storage Volume in gallons)

Al nstant aneous(0.8M13exRatediStorage Falumdin gal®ns

Multifamily High Rise (MFHR)-Protocols

il Hick R

Annual energy and summer coincident peak demand sdeaingsalifying MFHR *
construction projectgi-6-steriesshall be calculated from theRA-Project Submittal
decument—ASBuiltEnergy StaPerformance PatBaleutateiCalculator(PPG-)?% The
PPC captures outputs from@uesEPA approveanodeling softwareCoincident peak
demand is calculated only ftire following end uses: spaceating, lighting, and
ventilation -Clotheswasher data cannot be parsed ouhePPC "Misc Equip' field
RNC coincident factors argpplied to the MFHR demand savings.

Energy and demand savings are calculated using the following equations: -

%2 https://www.energystar.gov/index.cfm?c=bldrs_lenders_raters.nh_mfhr_guidance
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[ Formatted: Heading 3 J

[Formatted: SpaceBefore: 6 pt, After: 6 pt J

[Formaned: SpaceBefore: 6 pt, After: 6 pt J




[Formatted: SpaceBefore: 3 pt, After: 3 pt J

Energy Savings = Average Baseline energy (kwand/or thermsr) - Proposed Design
energy kWh/yr and/or thermigr)

[Formatted: SpaceBefore: 3 pt, After: 3 pt J

Coincident peak demand = (Average Baseline-cmincident peak demand’roposed
Design norcoincident peak demand) * Coincidence Factor
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«

(Formatted: Left: 125, Right: 1.25"

ENERGY $hiAeR gy [Pfrfoiddlied+gtr a m

[ Formatted

-

Protocols

The following sectioadetail savings calculatioENERGY STAR Appliances
ENERGY-STAR andLighting; ENERGY-STAR Windows,-and-ENERGY-STAR-Audit

Productsn residential and muHliamily sectors

[ Formatted: Heading 3

ENERGY STAR Appliances

[ Formatted

—Protocsls *

The general form of the equation for the ENERSW¥AR Appliance Program measure: ( Formatted: _ SpaceBefore: 6 pi, After: 6 pt

savings algorithms is:

Number of Units* Savings per Unit < [Formatted: Space Before: 6 pt, After: 6 pt

|ﬂplled [ Formatted: SpaceBefore: 6 pt, After: 6 pt

'IED determme resource savings, the @t estlmates in
the protocols WI|| be multmlled by the number of appliance umt® number of units

will be determined using market assessments and market tracking.

ENERGY STAR Refriqerator's CEE Tier 1 « Formatted: Heading 4
Electricity bmpaeSavings(kWh/yr) = ESawker: - Formatted: Normal, Indent: First line: 0.25",

SpaceBefore: 3 pt, After: 3 pt

Formatted: Normal, Indent: First line: 0.25",
SpaceBefore: 3 pt, After: 3 pt

PeakDemandimpacSavings(kW) = DSawer ¥ CFrer N

Formatted: Subscript

ENERGY STAR Refrigerators CEE Tier 2 -

Formatted: Heading 4

Electricity kmpacSavingskWh/yr) = ESaver, «

Formatted: Normal, Indent: First line: 0.25",
SpaceBefore: 3 pt, After: 3 pt

SpaceBefore: 3 pt, After: 3 pt

ENERGY STAR Clothes WasheirsCEE Tier 1 «— Formatted: Heading 4
Electricity bmpaeSavings(kWh/yr) = ESavw: - Formatted: Normal, Indent: First line: 0.25"

SpaceBefore: 3 pt, After: 3 pt

Formatted: Normal, Indent: First line: 0.25",
SpaceBefore: 3 pt, After: 3 pt

PeakDemandimpacSavings(kW) = DSawvw: ¥* CFew “

Formatted: Normal, Indent: Firstline: 0.25",

Gas I Sa_vings(Therms_&)Lr) = EGsa\tV\ﬂ ) SpaceBefore: 3 pt, After: 3 pt

Formatted: Indent: Firstline: 0.25", Space
Before: 3 pt, After: 3 pt

E

(

E
PeakDemandI-mpaeSavings(kW) = Dsa\éEmXi CFREF - {Formatted: Normal, Indent: First line: 0.25",

E

WaterimpacSavings(gallongyr) = WSavew: “

. __J __J __ J_  Jo JC JC A J L
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ENERGY STAR Clothe§Vashersi CEE Tier 2
Electricity tmpaeSavings(kWh/yr) = ESagw;

PeakDemandimpaecSavings(kW) = DSawvw, ¥* CFew

GashmpacSavingyThermgyr) = EGSavw:

WatertmpaeSavingg(gallonsyr) = WSawvw,

ENERGY STAR Set Top Boxdsnactive 2017, Not Reviewed]

Electricity Impact (kwh) = ESays
Demand Impact (kW) = DSagvs x* CFsts

Advanced Power Strip Tier 1
Electricity Impact (kWh) = ESaps

Demand Impact (kW) = DSays** CFaps

Advanced Power Strip Tier 2
Electricity Impact (kWlyr) = ESayps;

Demand Impact (kW) = DSays,%* CFaps

ENERGY STAR ElectricClothesDryersi Tier 1
Electricity kpaeSavings(kWh/yr) = ESavpe1

PeakDemandimpacSavings(kW) = DSavpe1 ¥* CFep

ENERGY STAR Gas Clothes DryeisTier 1
Electricity tpacBSaving(kWh/yr) = ESavpe1

PeakDemandinpacSavinggkW) = DSawpe1 ¥* CFep

GashmpacSavingyThermgyr) = GSavpe:

ENERGY STAR 2014 EmergingFechnology-AwaFlectric Clothes Dryers Tier 2

[ Formatted: Heading 4

SpaceBefore: 3 pt, After: 3 pt, Don't keep
with next

Formatted: Normal, Indent: First line: 0.25",

| Formatted: Normal, Indent: First line: 0.25",

SpaceBefore: 3 pt, After: 3 pt, Don't keep
with next

SpaceBefore: 3 pt, After: 3 pt, Don't keep
with next

Formatted: Normal, Indent: First line: 0.25",

Formatted: Indent: Firstline: 0.25", Space
Before: 3 pt, After: 3 pt

Formatted: Subscript

Formatted: Heading 4

Formatted: Indent: Firstline: 0.25"

Formatted: Indent: Firstline: 0.25"

Formatted: Heading 4

Formatted: Indent: Firstline: 0.25"

Formatted: Normal

Formatted: Indent: Firstline: 0.25"

Formatted: Indent: Firstline: 0.25"

Formatted: Heading 4

Formatted: Normal, Indent: First line: 0.25",

SpaceBefore: 3 pt, After: 3 pt

|
(
(
(
(
(
( Formatted:  Indent: First line: 0.25"
(
(
(
(
(
{
(

Formatted: SpaceBefore: 3 pt, After: 3 pt

[ Formatted: Heading 4

{Formatted: Normal, Indent: First line: 0.25",

SpaceBefore: 3 pt, After: 3 pt

[Formatted: SpaceBefore: 3 pt, After: 3 pt

Formatted: Normal, Indent: First line: 0.25",

SpaceBefore: 3 pt, After: 3 pt

Formatted: Heading 4

Electricity fmpaeSavings(kWh/yr) = ESavpe2

PeakDemandimpacSavingg kW) = DSavpez ¥* CFcp
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Formatted: English (U.S.)

Formatted: Normal, Indent: First line: 0.25",

SpaceBefore: 3 pt, After: 3 pt
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(
[ Formatted: English (U.S.)
(

Formatted: SpaceBefore: 3 pt, After: 3 pt
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ENERGY STAR 2014 Emerging-TFechnology-Awaflsas Clothes DryerisTier 2 <
Eleetrieity-tmpacEnergy SavingékWh/yr) = ESavpe2 “

Formatted: Heading 4

Formatted: Normal, Indent: First line: 0.25
SpaceBefore: 3 pt, After: 3 pt

Formatted: Indent: Firstline: 0.25", Space

PeakDemandmpaeSavingskW) = DSavpe2* CFep N Beforo: 3 pt. After: 3 pt

Formatted: Normal, Indent: First line: 0.25
SpaceBefore: 3 pt, After: 3 pt

GashmpacSavings(Thermg-—=GSavoci/yr) = GSavoe, *

ENERGYSTAR Room ACI Tier 1[Inactive 2017, Not Reviewed] < {Formatted: Heading 4
Electricity Impact (kWh) = ESayc: “ e { Formatted: Normal, Indent: First line: 0.25

SpaceAfter: 3 pt

Demand Impact (kW) = DSaxc1 « Formatted: Indent: First line: 0.25", Space
After: 3 pt
ENERGY STAR Room ACI Tier 2[Inactive 2017, Not Reviewed] . Formatted: Heading 4
Electricity Impact (kwh) = ESayc2 “ Formatted: Normal, Indent: First line: 0.25"
SpaceBefore: 3 pt, After: 3 pt
Demand Impact (kV\/) - Dsa)ﬂ(cz < ggngteg:pt’lgizr::t: l3=i;t line: 0.25", Space
ENERGY STAR Room Air Purifie [Inactive 2017, Not Reviewed] < [ Formatted: Heading 4
Electricity Impact (kWh) = ES&MR ‘- { Formatted: Normal, Indent: First line: 0.25"
Demand Savings (kW§ DSawkacz is based orthe CADR in thelable below o { Formatted:  Subscript
WhereESawkap is based on the CADRiitablebelow < | Formatted: Left, Indent: Firstline: 0.25",

SpaceBefore: 0 pt, After: 0 pt,
Widow/Orphan control, Keep with next

J
|
|
|
J
|
|
J
|
|
J
|
|
|

Formatted: Font: Times New Roman, German
(Germany), Not Superscript/ Subscript

Room Air Purifier Deemed kWh Table

Baseline Unit ENERGY STAR

Clean Air CADR used Energy Unit Energy

DERTE[REHS o . Consumption ~ Consumption

(CADR) calculation (KWhiyear) (KWhiyear)
CADR 51-100 75 441 148 293
CADR 101150 125 733 245 488
CADR 153200 175 1025 342 683
CADR 201250 225 1317 440 877
SPDR Over 275 1609 537 1072
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Room Air Purifier Deemed kW Table
Clean Air Delivery Rate

CADR 51100 0.034
CADR 10%150 0.056
CADR 151200 0.078
CADR 201250 0.101
CADR Over250 0.123
‘ENERGYSTAR Freezeflnactive 2017, Not Reviewed] .
-Electricity Impact (kWh) = ESawz «
Demand Impact (kW) = DSayz based on table below ~n
ENERGY STAR Soundbafinactive 2017, Not Reviewed] .«
Electricity Impact (kWh) = ESaws .
Demand Impact (kW¥ DSawpg ~

ADefinition of Variables

A

it E

A

ESawer: = Electricity savings per purchasBdERGY STAR refrigeratori CEE Tier 1.

DSaker: -Summer demand savings per purchad@eeRGy STAR refrigeratori CEE Tier
1.

ESawker, = Electricity savings per purchasENERGY STAR refrigeratori CEE Tier 2.

DSawker, -Summer demand savings per purchd@eeRGY STAR refrigeratori CEE Tier
2.

ESaww: = Electricity savings per purchasENERGY STAR clothes washer. “
DSawwi= Summer demand savings per purchd®eeRGY STAR clothes washer. N
GSawwi = Gas savings per purchased clothes waSherRGY STAR clothes washer. <
WSaww: = Water savings per purchased clothes waBRERGY STAR clothes washer. <

ESawvw; = Electricity savigs per purchase@EETier 2 ENERGY STAR clothes washer. <
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DSaww, = Summer demand savings per purchaseé& Tier 2 ENERGY STAR clothes -~
washer.

GSawvw; = Gas savings per purchase8ETier 2 ENERGY STAR clothes washer “

WSaww, = Water savings per purchasg&ETier 2 ENERGY STAR clothes washer. <

ESawrs = Electricity savings per purchasENERGY STAR set top box. “
DSawrs= Summer demand savings per purchd®eERGY STAR set top box. “
ESawvps = Electricity savings per purchased advanced power strip. “
DSawps; = Summer demand savings per purchased advanced power strip. “
ESawps, = Electricity savings per purchased Tier 2 advanced power strip. “

DSawpsz= Summer demand savings per purchased Tier 2 advanced power strip. *
ESavpe: = Electricity savings per purchasENERGY STAR electric clothes dryer. -
DSawpe - Summer demand savings per purchdSeeRGy STAR electric clothes dryer:
ESawpc: = Electricity savings per purchasBdERGY STAR gas clothes dryer. “

DSawpg; = smmeBumner demand savings per purcha$8d:RGY STAR gas clothes -~
dryer.

GSavpa = Gas savings per purchadenERGY STAR gas clothes dryer. “

ESa\CDEz = Electncny savmgs per purchaséder 2 ENERGY STAR electrlc clothes dryer

ESa\(;DGZ = Electr|C|ty savmgs per purchas@dar 2 ENERGY STAR qasclothes dryer -
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After: 3 pt J

DSa\(;DGg Demand savings per purchased Tas 2 ENERGY STAR qasclothes dryer + (Formatied: _SpaceBefore: 3 pt

GSavpg2= Gas savings per purchasgdr 2 ENERGY STAR gas clothes dryeneeting < (Formatied: _SpaceBefore: 3 pt, After: 3pt |
o bpERe S 200 S sine Soehasloc s el enitaya
ESawaci = Electricity savings per purchasESERGY STAR room air conditioner. N (Formatied: _SpaceBefore: 3 pt, After: 3pt |
DSavrac1= Summer demand savings per pusgdENERGY STAR room air conditioners (Formatted: _SpaceBefore: 3pt, After: 3pt |
ESawac: = Electricity savings per purchased Tieo®m air conditioner. “ (Formatted: _SpaceBefore: 3pt, After: 3pt |
DSavracz= Summer demand savings per purchased Tier 2 room air conditioner. + (Formatted: _SpaceBefore: 3pt, After: 3pt |
ESawac: = Electricity savings per purchasENERGY STAR roomair purifier. N (Formatied: _SpaceBefore: 3 pt, After: 3pt |
DSavgrap= Summer demand savings per purchd3eeRGY STAR room air purifier - (Formatted: _SpaceBefore: 3pt, After: 3pt |
ESavrz = Electricity savings per purchasENERGY STAR freezer. - (Formatted: _SpaceBefore: 3pt, After: 3pt |
DSavrrz= Summer demand savings per purchd@eeRGY STAR freezer. - (Formatted: _SpaceBefore: 3pt, After: 3pt |
ESawpg = Electricity savilgs per purchasdeNERGY STAR soundbar. - (Formatted: _SpaceBefore: 3pt, After: 3pt |
DSawps= Summer demand savings per purchd@eeRGY STAR soundbar - (Formatted: _ SpaceBefore: 3pt, After: 3pt |
TAF = Temperature Adjustment Factor « [Formatted: SpaceBefore: 3 pt, After: 3 pt J
LSAF = Load Shape Adjustment Factor < [Formaﬁed: SpaceBefore: 3 pt, After: 3 pt }
CFrer,CFew, , CFon, CRrac, , CFsts,, , , CFaps, CRep= Summer demand coincidence < ( Formatted: _ Not Superscript/ Subscript )
factor. [Formatted: SpaceBefore: 3 pt, After: 3 pt }
Formatted: Table Caption, Left, Space Before:
Summarv of Inputs 6 pt, Don't keep with next
ENERGY STAR Appliances “ [Formaned: Table Header }
Component Type Value Sources | [ Formatted Table )
EsaYzEFl Fixed 59 kWh 5 le [Formaned: Table Cells J
[Formatted: Subscript J
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Component Type Value Sources
DSaker1 Fixed 0.007 kW 5 [
ESawker Fixed 89kWh 5
DSaker Fixed 0.01 kW 5 [«

REF Time Period Fixed Summer/OrPeak 20.9% 1
Allocation Factors Summer/OffPeak 21.7%
Winter/OnPeak 28.0%
Winter/Off-Peak 29.4%
ESayw: Fixed 55 kWh 2
Gsayw Fixed 4.8 therms 2
DSaww: Fixed 0.005 kw 2
WSaww: Fixed 2175 gallons 2
ESawvw, Fixed 61 kWh 2 [
Gsavwe Fixed 9.00 therms 2
DSawew: Fixed 0.006kW 2
WSawew: Fixed 2966gallons 2
CW, CD Electricity Fixed Summer/OrPeak 24.5% 1
Time Period Allocation Summer/OffPeak 12.8%
Factors Winter/OnPeak 41.7%
Winter/Off-Peak 21.0%
CW, CDGas Time Fixed Summer 50% 3 [
Period Allocation Factor Winter 50%
CFREF,CFCW, CFSTB, Fixed 1010101010, 4 [

CFaps,CFcp 101.0

CFacChrac Fixed 0.31 14 2
ESawts Fixed 44 KWh 67 [
DSawTs Fixed 0.005 kW 87 e
ESawps Fixed 102.8 kWh 8 I
DSawps Fixed 0.012 kW 8 o

ESawps, Fixed 346 kWh 9 [
DSawpsy Fixed 0.039 kW 9 I

APS, STB Time Period Fixed Summer/OrPeak 16% 10 o
Allocation Factors Summer/OffPeak 17%
Winter/OnPeak 32%
Winter/Off-Peak 35%
ESavpe: Fixed 186 kWh 12 s
DSawper Fixed 0.016 kW 12 k|
ESawpc1 Fixed 9 kWh 12 *‘j
DSape1 Fixed 0.001 kW 12 |
GSavper Fixed 5.8 therms 12 «
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Component Type Value Sources [Formaned: Table Header
ESawoe Fixed 388 kWh 12,13 [ (Fomated Table
DSawpe2 Fixed 0.029 kW 12,13 |~ (Formatted: Table Cells
ESapc: Fixed 42 .94 KkWh 14 e [Formatted: Table Cells, Indent: Left:
Dsa\bDGZ Fixed 0.003 kW 14 le. [ Formatted: Table Cells
Gsa\éDGz Fixed 7.69 therms 14 le. [Formatted: Table Cells, Indent: Left:
Esa\hAC1 Fixed 9 kWh 14 le. [ Formatted: Table Cells
Dsa\hACl Fixed 0.008 14 . [Formatted: Table Cells, Indent: Left:
Esa\éACZ Fixed 19.3 kWh 14 i %:::::zji ::E:: z:::z Indent: Left:
DSawkacz Fixed 0.018 14 N [ Formatted: Table Cellsy
[E)ga\kAp xar!ag:e Bepengeni on gﬁgg ) [Formatted: Table Cells, Indent: Left:
a\kap ariable ependent on e :
ES&V:RZ Fixed 41.2 kwh 14 X %:::ZZZ:: ::E:: z:::z Indent: Left:
DSavrz Fixed 0.0067 kW 14 e : ’ —
ESa\gDB Fixed 44 KWh -1—5M l [ Formatted: Table Cells
DS&\SDB Fixed 0.0005 kW ‘]5& le [Formatted: Table Cells, Indent: Left:
TAF Fixed 1.23 14 (“ [ Formatted: Table Cells
LSAF Fixed 1.15 14 ““ [ Formatted: Table Cells, Indent: Left:
\ [ Formatted: Table Cells
Sources - [ Formatted: Table Cells, Indent: Left:
1. Time period allocation factors used in ceffectiveness analysigzrom ) %:Z:Zzz z::::sz
residential appliance load shapes. (Formatted: _Centered
2. Clothes washer energy and water savings estimatémsed on clothes wasker (Formatted: Centered
Fhatexceedhe f_e'deral standandith a shipment Weighted/aragemeasured (Formated: _Centered
integrated modified energy facttMEF) of 1.66andintegratedvater factor
(IWF) of 5.92 versus that of ENERGY STAR models with IM&F2.26and of [ Formated: _centered
3.93 and CEE Tier 2 models at IMEF of 2.74 and WF of 3B2&Mid-Atlantic ( Formatted: _Table Cels
Techmcal Refr:‘ence Manual VersmEQApHLzOl%page%QQavaﬂable at ( Formatted: _Table Cels, Indent: Left
yivy [ Formatted: Table Cells
assumes 87% of part|0|pants have gas water heatlng and 56% have gas drying ({ Formatted: Table Cells, Indent: Left: 0"
balance being electric) based on 2009 RECS data for New Jeesagnd [pormaned; Heading 4, SpaceAfter: 6 pt
savings are calculated based3diT annual cycles from 2@0RECS data foNew (Formatied: _SpaceBefore: 3 pt, After: 3 pt

)
)
)
)
)
)
)
)
)
)
J
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
J
)

JerseySee 2009 REC3%able HC8.8Water Heating in U.S. Homes in Northeas
Region, Divisions, and States ahdble HC3.8Home Appliances in Homes in
Northeas Region, Divisions, and States.

3. Prorated based on 6 months in the summer period and 6 months in the winter
period.

4. The coincidence of average appliance demand to summer system peak equals 1
for demand impacts for all appliances reflecting embedded coincidence in the
DSav factor.

5. ENERGY STAR and CEE Tier 2frigerator savings ateased on refrigerators
that exceed thiederal standard with a shipment weighted average 2014 measured
energy use of 592 kWh versus 533 kWh and 503 kWh respectively for eligible
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ENERGY STAR and CEE Tier 2 modelBemand savingsstimated based on a
flat 8760 hours of use during the ye&mergy StaRef:
https://data.energystar.gov/Acti@pecifications/ENERGYSTAR-Certified
ResidentialRefrigerators/p5sher9CEE Tig 2 Ref:
refrigeratorittp://library.ceel.org/content/qualifyifroductlists-residential
refrigerators
6. Energy savingsepresent the difference between weightedaverageeligible
ENERGY STAR V4.1 model6l32kWh) andminimum requirements of th2012
voluntary agreement established by the cable industry and tied to ENERGY
STAR V3.0(88 kwWh).-Demand savings estimated based on a flat 8760 hours of
use during the yeaOn average, demand savings are the same for both Active and
Standby states and is based on 8760 hours usage.
7. Set top box lifetimes: National Resource Defense CouBsableand Satellite
SetTop Boxes Opportunities for Energy Saviri2305.
http://www.nrdc.org/air/energy/energyeff/stb.pdf
8. 2010 NYSERDA Measure Characterization for Advanced Power S8ipgy - ( Formated: _SpaceBefore: 3 pt, After: 3pt |
study based on review of:
a. Smart Strip Electrical Savings and Usability, Power Smart Engineering,
October 27, 2008.
b. Final Field Research Report, Ecos Consulting, October 31; 2006
Preparedprepared or Cal i fornia Energy Commi ssionés Pl ER |
c. Developirg and Testing Low Power Mode Measurement Methods,
Lawrence Berkeley National Laboratory (LBNL), September 2004
Preparedpreparedor California Energy
Commi ssionds Public I nterest Energy Research (Pl
d. 2005 Intrusive Residential Standby Sur#sport, Energy Efficient
Strategies, Margt2006.
9. Energy savings estimates dr@sed on &alifornia Plug Load Research Center
r e p oren2 Advéinced Power Strip Evaluation for Energy Saving Incentive
Demand savingsstimated based on a flat 8760 toaf use during the year.
Savings for Tier 2 APS are temporarily included pending additional support.
10.2011 Efficiency Vermontoad shapdor Advanced Power Strips

11. Advanced Power Strip Measure Life: David Rogers, Power Smart Engineering,
October 2008: "Sma Strip electrical savmgs and usabmt)p%z_u

savmgs are calculated basedm? annual cycles frorﬁOOQRECS data foNew
Jersey (See RECS 200able HC3.8Home Appliances in Homes in Northeast
Region, Divisions, and Statesiid an average 10.4 Ib load based on paired
ENERGY STAR washersivailable athttp://www.neep.org/migatlantic
technicalreferencemanualvé.
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https://data.energystar.gov/Active-Specifications/ENERGY-STAR-Certified-Residential-Refrigerators/p5st-her9
https://data.energystar.gov/Active-Specifications/ENERGY-STAR-Certified-Residential-Refrigerators/p5st-her9
http://library.cee1.org/content/qualifying-product-lists-residential-refrigerators
http://library.cee1.org/content/qualifying-product-lists-residential-refrigerators
http://www.nrdc.org/air/energy/energyeff/stb.pdf

13.Savings for clothes dryers meeting the 2014 Emerging Technology Award eriterig Formatied: SpaceBefore: 3 pt, After: 6pt |
assime an average of measured performance and a 50% usage of both normal and
most efficient dryer settings for eligible models.

14 -NEEP,Mid-Atlantic FRM-\/5 [Formatted: Font: Italic J
15.14. Mid-Atlantic TRMTechnical Reference Manu&6-Braft, May 2016. “ (Formatted: ~SpaceBefore: 3 pt, After: 3pt |
« Formatted: SpaceAfter: 10 pt, Line spacing:
Multiple 1.15 li, Allow hanging punctuation,
Adjust space between Latin and Asian text,
h Adjust space between Asian text and numbers,
Font Alignment: Auto
[Formatted: Table Caption, Space Before: 6 J
-
Protoeols [ Formatted: Heading 2 ]
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Residential ENERGY STAR Lighting

Savings frontheinstallation of screwn ENERGY STAR CFLs, ENERGY STARED
lamps, ENERGY STAHRluorescent torchieres, ENERGY STARJeerspecialty LED
fixturesand ENERGY STAReutdeerfixtures are based on a straightforward algorithm
that calculates the difference betwesistinghe baseline lanifixture wattageand new
lamp/fixture wattage, and the average daily hours of usage for the lighting unit being
replaced-An- 0

Using the talds providedn-s—e—+—vi—<cthisdsection, the baseline lam@attagereflects
the input wattagassociated with a lamp thistusedcompliant with the corresponding
standards included in the Energy and Independence and Security Act of 2007.

The coincidence factor (CF) discounts the peak demand sdwineffect thefact-thatnet

alHighting-productspurchased-are-actually-instdideduction realized during the

summer orpeak demand period. This is based on typical operating schedulles for
geographical area covered by the program

HVAC interactive factors are applied to capture the additional savings or penalty
associated with the i mpact of 1l ighti
reduction in lighting load will result inadditional cooling savings during the summer
period, and a gas heating penalty during the winter period.

ng

Algorithms

Formatted: SpaceAfter: 10 pt, Line spacing:
Multiple 1.15 li, Allow hanging punctuation,
Adjust space between Latin and Asian text,
Adjust space between Asian text and numbers,
Font Alignment: Auto

measures on the

[ Formatted: English (U.S.) J
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[Formatted: Underline, (none) J

Watts = Wattage of baseline connected fixtoresther-high-efficienelamp

Watts, = Wattage of qualifying connected fixture or lamp
Qtyy = Quantity of baseline fixtures or lamps

Qtyy = Quantity of energfficient fixtures or lamps

Hrs = Annuallighting operating hours
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CE = Coincidence factor

HVACeneat= HVAC interaction factor for annualoolingenergy savingslgerithmis:  « { Formatted: ~SpaceBefore: 3 pt, After: 3 pt,
HVACec00 = HVAC interaction factor for annu@lectric heatinggnergy savings Tab stops: 069" Left

HVACJ =HVAC interaction factor for peak demand reductiofh - (HF /¢ "OQ)% 0

%ElecHeat))

HF = Heating factor, or percentage of lighting savings that must be heated
¢ "'0Q & o= Efficiency of heating system

Summary of Inputs

-« "[Formatted: Table Caption, Space Before: 6 ]

Residential ENERGY STAR Lighting -

Component Type Value Source
Watts, Variable See Tables below 1
Watts, Variable Actual Lamp/Fixture Wattage | Application

Qtyp Variable Actual Lamp/Fixture Quantity Application

Otyy Variable Actual Lamp/Fixture Quantity | Application

Interior: 1,205 hrs
H Variabl . ' 2
ors Variable Exterior: 2,007 hrs =
CF Fixed 0.08 3
HVACeheat .

HVACeco Variable See Table below 1
HVACd Variable See Table below 1
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Component Type Value Source
: Interior: 0.47
HE Fixed Exterior: 0.00 1
€ '0QMo Fixed 0.72 1
%ElecHeat Fixed 1.0 Default

HVAC Interactive Factors

HVACeheat | HVAC ool HVAC4
Building with cooling -0.17° 012 0.24°
Building without cooling 0.0 0.0 0.0
or exterior
Unknown -0.17°7 0.10° 0.21°

Standardfer-General-Service Bulbs

Efficacy Ranges
Effective Date (lumens per
Eu)

Maximum Minimum

Rated Lumen Rarges

Rate Wattage Rate Lifetime

14902600 (~90Wi

150W) 72 1000 hrs 1/1/2012 2171 36
10501489 (~75Wi 90W) 53 1000 hrs 1/1/2013 207 28
750-1049 (~60WI 75W) 43 1000 hrs 1/1/2014 177 24
310-749 (~30Wi 60W) 29 1000 hrs 1/1/2014 117 26

24 From NEEP MigAtlantic TRM V6, p g Cal&ilateddusing defaults; 1 -((0.47/1.67) * 0.375) 6
% From NEEP MidAtlantic TRM V6, p g TRe3alue & estimated at 1.12 (calculated as 1 +
(0.33/ 2.8)). Based on cooling loads decreasing by 33% of the lighting savings (average result
from REMRate modeling of several different building configurations in Wilmington, DE,

Baltimore, MD and Washington, DC), assuming typical cooling system operating effi ciency of 2.8
COP (starting from standard assumption of SEER 10.5 central AC unit, converted to 9.5 EER
using algorithm (-0.02 * SEER2) + (1.12 * SEER) (from Wassmer, M. (2003); A Componeitased
Model for Residential Air Conditioner and Heat Pump Energy Calculations. Masters Thesis,
University of Colorado at Boulder), converted to COP = EER/3.412 = 2.8COP).6

2 From NEEP MidAtlantic TRM V6, p g TBe3alue i estimated at 1.24 (calculated as 1 +
(0.66 / 2.8)). See footnote relating to WHFe for details. N _ote the 66% factor represents the
Residential cooling coincidence factor calculated by dividing average load during the peak

hours divided by the maximum cooling load (i.e. consistent with the PIM coincident

definition). 6

2" From NEEP MieAtlantic TRM V6, pg . 2Calculatéd using defaults; 1 -((0.47/1.67) * 0.375) 6
% From NEEP MigAtlantic TRM V6, pg. 23 0The value is estimated at 1.10 (calcul a
(0.89*(0.33 / 2.8)). Based on assumption that 89% of homes have central cooling (based on
KEMA MarylandEnergy Baseline Study. Feb 2011.)6

2% From NEEP MidAtlantic TRM V6,  p g . Th@\alue istestimated at 1.21 (calculated as 1 +
(0.89 *0.66 /2.8)). 6
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EMERCMY STARCFEL StondarandSoesialy2ulbs

Standard-CFELED Lamp Wattage Equivalencyt

Minimum Maximum
Lumens Lumens Wattsy

4000 6000 300
3001 3999 200
2550 3000 150
2000 2549 125
1600 1999 72
1100 1599 53
800 1099 43
450 799 29
250 449 25

Decorative and ne40 Globe

SpeeialtyCFL and LED Lamp Wattage Equivalency-2

Minimum Maximum
Wattsy
Lumens Lumens —
Decorative 500 699 43
500 574 43
Non-G40 575 649 53
Globe 650 1099 72
1100 1300 150

<«

NewJ e r s ¢egn&Eserg®Program
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250 449 25

459 asl] 49

800 1099 60

3-Way 1100 1599 75

1600 1999 100

2000 2549 125

2550 2999 150

Globe 90 79 10
{medium-andintermediate basesles 180 249 15
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thanr 750 lumens) 250 249 25

350 749 40

. wis] 89 10

andHntermediate baseslessthan 75 150 299 25

tumens) 300 749 40

90 179 10

Globe 189 219 L=

{eondalnbr-basestasehan 1050 250 349 25

lumens) 350 499 40

500 1049 60

s} 89 L0

Pecorative Q0 149 15

{ShapesBBALCADCF, G, 150 299 25

jumens) 20 300 499 40

500 1049 0

400 449 49

Reflestor with-medium-serew-bases| 450 499 45

550 1199 EE

640 739 49

740 849 45

850 1179 50

R-PAR-ER,BBRAR or simitar-bulb 189 g 65

shapes-with-medium-screw bases-w| 1420 1789 75

diameter=2.5" (*sea axceptions-belo 1790 2049 90

2050 2579 100

2580 3429 120

3430 4279 150

540 629 40

630 719 45

+20 L0989 50

exceptionsbelow) 1520 29 %0

1730 2189 100

2190 2899 120

2900 3850 150

. 400 449 40
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8
Z

*BR30._BR40-orER40 650 1419 65

s20 400 449 49

450 749 45

“Alireflectortamps 200 299 20
belowlumenranges-specified-above 300 399639™ 30

. WR) OFL O Lpacdi CFLo/1000)X CFLyoureX 365X
CFLisr

c S avingSIOW) = ([CFLyed CFLJCFL, e/ 1000) X CF X CF!

ENERGY STARLED Recessed Downlight&ntegral Lamp#Fixtures [Formaned: (none)

Some LED products do not allow for a fixtuiefixture comparison due to unigue form
factors,such as LED rope lights, sign lighting, and cove lighting.

In these instances, a similsavingsand demand algorithm may be used, however with a
different metric other than fixture quantity entered. For example, a comparison of watts
per linear foot betwen LED and incandescent technologies would result in accurate
enerqgy savings calculations.

[Formaned: Underline, (none)

Algorithms [ Formatted: English (U.S.)

[Formaned: Underline, (none)
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The remaining variables are unchandyedn those presented abowethe Summary of
Inputs

Sources

1. NEEP,Mid-Atlantic TechnicaReferencéManual V6. May 2016.p.21,pp.30i 31,
38139, 4647, 5152,and59 60. Fromthe NEEP Midht | anti c TRM: fiBase wattage
is based upon the post first phase of EISA wattage and wattage bins consistent with
ENERGY STAR, vi1.1.0

2. Efficiency Vermont Technical Reference User Manual, 2046265.The hours of
use for this measure are based on the assuntptitthese will be installed in the
highest use locations due to their high cBstsidentiahours of use are based on
average daily hours of use of 3.3, from Table ®age 43, value for Living Space for
Upstate New York, from NMR Group, Inc., Northeast Residential Lighting Holdrs
Use Study, prepared for (HnergyEfficiency Board, Cape Lighttompact,
Massachusetts Energy Efficiency Advisory Council, National Grid MA, National
Grid RI, NYSERDA, Northeast Utilities, May 5, 2014.

3. NY, Standard Approach for Estimating Energy Savijngs April 2016, p.133.From
the NYTRM:AFr om NY T RNYC2elofroxiniitpto NJ. From the NY
TRM: fiThe coincidence factors were derived from an e X
throughout New England that calculated coincident factors based on the definition of
system peak period at the time, as specified by the Neakd Power Pool and
later,ISONew Engl and. o
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Protocols to Measure Resource Savings

Program

Appliance Recycling
Protocols )
EED-Eidure M adiage-Eauivalency
400 449 49
Reflectorwith-medium-screw-bases| 450 499 45
550 1109 65
540 =20 49
749 849 45
850 1179 50
R-PAR ERBR BRAR orsimilar b 1180 1449 65
shapes-with-medium-screw bases-wj| 1420 1789 7S
chameter=25" (=soc-excoptonsbhbele 1790 2049 90
2050 2579 100
B2 3429 420
2420 A2 fR=te)
5490 629 49
630 A9 45
20 009 £0
WWW 1200 1519 75
oxcophonsholow) 1520 29 9
+730 2489 1080
2190 2899 120
2000 2289 fR=)
400 449 49
ZERZ0-BR20 BRAD o ER40 459 409 45
500 6491179” 50
*BR30BR4Q or ER40 656 1419 65
220 400 449 49
450 ARe] 45
“Ali-reflectortamps 200 299 20
below-lumen-ranges-specified-abovd 300 399639 30
wattage, which
NewJ e r s ¢egn&Eserg®Program Paged8
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LEDFsr

{AGEOA)-= (JLEDF i LEDF.J /1000 X CF X LEDF,
Energy-Saving$kWh)=({EED,aus/H000)XEEDHous-365X-EEB sk
Bemand-SavirgdMMO)—=(EED, s/ 009X CFXEED sk

The following sections detail savings calculatiGiidERGY STARLED Standard-and

Specialty Bulbs

LED Waltage Equivalency

NewJ e r s ¢egn&Eserg®Program
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| 350 499 49
| 500 1049 60
70 89 10

Decorative 90 149 15

lumens) 300 499 49

500 1049 60

| 400 449 40
Reflestor withmedium-screw-bases-w 450 499 45
diameter<=2.25" 500 649 50

| 650 1199 65
| 640 739 40
| 740 849 45
| 850 1179 50
‘ R-PAR-ER-BRBPARor-similar b 180 419 65
chopesuii-modimnserou basesw| 420 1789 5
diameter=2 5" (*cno e I‘prir‘\ne bhealoy 1790 2049 a0

| 2050 2579 100
| 2580 3429 120
| 3430 4270 150
| 540 629 40
| 630 749 45
| 720 999 50
RPARARBRABPAR Gr-sHHar b 1000 1199 65
exeoptienshelaw) 1520 429 90

1730 2189 100

| 2190 2899 120
| 2900 3850 150
| 400 449 40
| *ER30, BR30-BRA4G, 6-ER40 450 499 25
| 500 6491179" 50
| *BR30_BRAQ or ER40 650 1419 65
. 400 449 49

‘ R0 450 79 45
| Allrefloctorlamps 200 299 20

wattage, which
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% As-above.
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Component Type Value Sourees
CELyase Varable Based-onlumens 8
CFLee Variable Actual-bulb-wattage

CFLours Fixed 28 6
CFLsr Eheed 2240 5
Chaup Fixed 9.9% 4
LEEDyans Variable Based-onlumens 8
=R Meadakle Lebunlsulbawntinge

EEDpours Fixed 28

LEDisr Fixed 100% 7
Chep Fixed 82%

EEDFaus Madeble Eoscdendumns 8
LEDF.. Variable ActualHixture-wattage

EEDE Ebeed 28 6
LEDFisr Fixed 106% 7
Chepr Fized 8:2%

Seureces

—Nexds—Market Researech,—Almpaecet—Evaluation of the Ma

a—n—d—\/—e—r—me—n—t—Q—G—O%—R—e—s—l—d—e—n—t—l—a—l—lri—ghtlng Progr amso, F

3—N—e+u—s—Ma—r—|ee—t—R—e+e—a—|Lc—h—.n—Fm1a—a—c—t—E=valuat|on of the Ma

4 REW—AnRatyties—ADbevelopment—oef Common Demand | mpact
ici i (FCM) o
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ers

regular bill
red to

S
Component Type Value Sourees
GSaViers Fheed 13.1-therms 1

Seudrees [ Formatted: Underline ]

Refrigerator/Freezer RetirementProgram

—Protoceols

retirement prograrthe general form of the equation for fRefrigeratofFreezer + [ Formatied: _SpaceBefore: 6 pt, After: 6pt |
Retirement Program savings algorithm is:

Number of Units¢ Savings per Unit -« "[Formatted: SpaceBefore: 6 pt, After: 6 pt J

To determine resource savings, the per unit estimates in the protocols will be multiplied
by the number of appliance units.

B ; [Formatted: Pattern: Clear (Light Yellow) J
b Formatted: Body Text, Justified, Right:
0.09", Line spacing: At least 12 pt
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Algorithm

| ‘- [Formatted: Heading 4, SpaceAfter: 6 pt J

Formatted: Normal, Indent: First line: 0.25",
SpaceBefore: 3 pt, After: 3 pt

EMWWMQWWA&) = ESa“ﬁe1Fridge-g’a'\l§-»‘3e9,‘§a‘\91€|=lRetFreezer4

Formatted: Normal, Indent: First line: 0.25",
SpaceBefore: 3 pt, After: 3 pt

PeakDemandimpacSavings(kW) = DSakerridge Retrreezel CFrefridge h

Formatted: Font: 10 pt, Bold

[ |
{ )
( o )
{ Formatted: Body Text, Justified, Right: }
( )
[ |
( )

ADefinition of Terms

A

0.09", Line spacing: At least 12 pt

Formatted: Font: 12 pt, Not Bold

finiti ¢
Formatted: Normal, Left, Right: 0", Line
spacing: single
ESawerriage= Gross annual energy savings per unit retiefdgerator * Formatted: (none)
Formatted: Normal, Left, Indent: First line:
_ . : : 0.25", Right: 0", SpaceBefore: 3 pt, After: 3
ESawkerreee— Gross annual energy savings per unit retired freezer < pt. Line spacing:  single
Formatted: Normal, Left, Indent: First line:
. - : H H < 0.25", Right: 0", SpaceBefore: 3 pt, After: 3
DSakerridge = Summer demand savings per retired refrigerator ot Line spacing, single
{Formatted: Indent: First line: 0.25", Space }
DSa\kerreeze— Summer demand savings per retifiesbzer “ Before: 3 pt, After: 3 pt
Formatted: Indent: Firstline: 0.25", Space
Before: 3 pt, After: 3 pt
CFReFfidge: Summer demand coincidence factor. * Formatted: Indent: Firstline: 0.25", Space
Before: 3 pt, After: 3 pt

Summary of Inputs

Refrigerator/Freezer Recycling - [ Fomated: ot Smalcaps )
Formatted: Table Caption, Left, Don't keep

[with next }

Component Type Value _SOUI‘C%@H% N [ Formatted: Table Header }

_ es [ Formatted: Table Cells J

ESawerridge F!XEd #641,098kWh 1 " [ Formatted: Table Cells, Left, Indent: Left: 0"

Esa\éeﬁeezer Fixed 63'97—15 KWh 1 * [ Formatted: Table Cells J

ESawac F’*ed 166-kWh 4 [Formatted: Table Cells, Left, Indent: Left: 0" J

ESaven Fixed i 169-kWh 5 [ Formatted: Table Cells }

Dsa\heFfidge F!Xed 0'1_]:41—6 kw 3L2 * [Formatted: Table Cells, Left, Indent: Left: 0" J

DSakefreezer Fixed 0.134107kW 31.2 * [ Formatted: Table Cells J

BSavac Eheed 0-16-kW 4 [Formatted: Table Cells, Left, Indent: Left: 0" J
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Component Type Value Sourcesedre [«
es
DBSawey 5
CI:ReiFridge Fixed 1 4:_L le.
Sources «

1—Northeast-Energy-Efficiency-Partnershigd EEP Mid-Atlantic Technical
ReferencéManuab—Version-4-0June 2014, p-96-—Savings-inrcorporate
mg%esaen&nalysr&msuﬁ&eﬁEmP@NepMawland—evaluaﬂenmhe 2013

Ma—n—u—a—l—ee;%@%mﬁ@%—ﬁ& V7. May 20]7

3.2.Coincidence factor already embedded in summer peak demand reduction
estimates

[ Formatted:

Table Header ]

| Formatted:

Table Cells

Formatted:

Table Cells, Left, Indent: Left: 0"

Heading 4, SpaceAfter: 6 pt
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' [ Formatted:
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Font: Italic
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Home Performance with ENERGY STAR Prog

. . . F : Before: After:
In order to implement Home Performance with Energy Star, there are various starfdardg Formated: _SpaceBefore: 6 pt Aflr. 6pt |

program implementer must adhere to in order to deliver the programprogram
implementer must use software that meets a national standard for savings calculations
from wholehouse approaches such as home performanoe difference imodeled
annualenergy consumption between th@gram and existing hometh;e pr0|ectsavmqs

for heating, hot water, cooling, Ilqhtlnq and appllance end.® ;

The software the program implementer uses must adhere to at least one of the following
standards:

1 A software tool whose performance has passed testing according to the National
Reneva bl e Energy Laboratory6s HERS BESTEST software el
testing protocof®

T Software approved by the US Department of Energyos
Progrant’

f RESNET approved rating softwafte.

< [Formatted: SpaceBefore: 6 pt J

There are numerous software packages that conifhytiese standardsSome
examples of the software packages are REM/RReeal Home AnalyzelEnergyGauge,
TREAT, and HomeCheck.

38 Information about BESTESEX can be found at - [Formatted: SpaceBefore: 3 pt, After: 2 pt }

http:Hwarrw-nrel-gevibuildingstbestest—ex-hthitp://www.nrel.gov/buildings/bestesex.html

37A Ilstlng of the approved software avallable at

Waptac orq/data/flles/Websﬂe Docs/technlcal tooIs/Enerquud|tMatr|xTabIe2 pdf
38 A listing of the approved software availablenétp:/resnet.us
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http://www.nrel.gov/buildings/bestest-ex.html
http://www.waptac.org/data/files/Website_Docs/technical_tools/EnergyAuditMatrixTable2.pdf
http://www.waptac.org/data/files/Website_Docs/technical_tools/EnergyAuditMatrixTable2.pdf
http://resnet.us/
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[ Formatted: Centered

Commercial and I ndustrial Energy Efficie

Cé&l-Eleetrie—Protocols
Baselines-and-Cede-Changes

[Formatted: SpaceBefore: 6 pt, After: 6 pt J

In generalefficiencybaselines are designed to refleatrentmarket practice- *
typically, the higher ofpplicablecodes or the minimum efficiencyof availablenew
equipment andare updated periodically to reflect upgrades in code or information from
evaluation results-Fhere-are-exceptions-to-this-approachas-in-the Direct-iastalprogram
oo-belaun),

[Formatted: SpaceBefore: 6 pt, After: 6 pt J

Baseline data reflect ASHRAE 962D07for existing building retrofit and ASHRAE *
90.1-:2013 for new constructigmeplacement of failed equipmeendof useful life and
entire facility rehabilitatiorn-t+e-ss—eothe+rwise—noted—Ff.or applications des

- "

[Formatted: SpaceBefore: 6 pt, After: 6 pt J

Building shell measures identified &am approved.ocal Government Energy Audit (or*
equivalentlare eligible for incentives thugh the Custom ahPay for Performance
program-Savings for these measures will vary from project to project based on factors
such as building size, existing levels of insulation and infiltration lexsls result,

energy savings for these installedlbirg shell measures will be taken from what is
provided in theapprovedduditenergyAudit and/orenergyanalysis provided with the
application submission

C&I Electric Protocols

The followingmeasures are outlidén this sectionPerformance Lighting, Prescriptive
Lighting, Refrigerated Case LED Lightkighting Controls ECMs for Refrigeration,
Electric HVAC Systems, Fuel Use Economizers, Dual Enthalpy Economizers,
Occupancy Controlled Thermostaiectric Chillers VFDs,and Conmercial

Refrigeration

PerformanceLighting

For new construction and entire facility rehabilitation projesésings are calculatdy
comparinghelighting power density of fixturgbeing installed to the baselipewer
densities-fredighting powerda s i t vy , or Al i gh fromrihg bugdonger al | owance, 0
code. For the state of New Jersey, the applicable building c&&HRAE 90.12013
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Lighting equipment includes fluorescent fixtures, ballasts, compact fluorescent fixtures, { After:
LED fixtures andlamps, and higintensity discharge fixtures such metal halide

1999and high pressure sod|um luminaires.

Algorithms
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Definition of Variables -«

Alessines

Pk~ = Change in connected load from baseline to efficient lightingk “

EPDyascWatts = Wattage of existing baseline and qualifying equipment
LPD,  =Baseline Ilghtlng)ower densny in Watt per square foot of space floar
LPDg = Lighting power density aofhstalledjualifiedfixtures, equal to the sum t)f
installed fixture wattage divided by floor area of the space where the
f|xtures are |nstalledA#attageLef—msta#ed—ﬁm+Fe&+s—based—en—table at
__ SF=spaee = Spacdloor areaSquare-Fodh square feet <
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Education 0.44 0.44 0.10 -0.19 -0.04 -0.29

Warehouse 0.22 0.23 0.02 -0.25 -0.11 -0.27
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Interactive Factor (HVAG) for Annual Fuel Savings
Project | Fuel | Impact
Type |Type [( MMBt u/ &

Large | C&l |-0.00023
Retrofit | Gas
Heat

““perthe NEEP MicAt | ant i c TRRMAOY herd building type should be used when th
is known but not explicitly listed above. A description of the actual building type sheuiecorded in the

project documentationTo encourage the use of building tygeecific values, the assumed lighting

coincidence factorfor unknown building types have been set equal to the lowestsfatue the tabled

“1 per the NEEP MieAtlantic TRM,v 7 Thedthebuilding type should be used when the building type

is known but not explicitly listed above. A description of the actual building type should be recorded in the

project documentatiod.
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Large il -0.00046
Retrofit
Small | Gas |-0.001075
Retrofit | Heat
Small | Qil -0.000120

Retrofit | Heat

Sources—*NoteFigures-initaliecsare ( Formatted:  Font: Not Bold

1. Device Codes and Rated LightiBystem Wattage Table Retrofit Program, National
Grid, January 13, 2015.
https://www1.nationalgridus.com/files/AddedPDF/POA/RILightingRetrofitl.pdf

2. ASHRAE Standard90.1-2013, Energy Standard for Buildings Except Low Rise
Residential BuildingsTable 9.6.%.available at: https://www.ashrae.org/standards
researchtechnology/standardguidelines.

3. Average HVAC interactive effects by building tyderived fromthe NEEPMid-
Atlantic TRM 2017, NEEP,Mid-Atlantic Technical Reference Manu&l7. May
2017, pp.464465.F r o m N E E EmARWR Maryland DRAFT Final Impact
EvaluationReporti—July-2011{seurce-#Eyaluation Year 4 (June 1, 2001 May 31,
2013) Commercial &ndustrial Prescriptive & Small Business Programs, Navigant,
March 31, 2014Values for Washington, D.C. and Delaware assume values from
Maryland, Pepco and Maryland, DPL, respectively.

4. NEEP MidAtlantic TRM 2017, NEEP,Mid-Atlantic Technical Reference Maal,
V7. May 207, pp.462-463

MassachusetfSRM, 20162018 Program Years, October 2015. Original saUD$V <« | Formatted: SpaceAfter: 10 pt, Line spacing:
Multiple 1.15 li, Allow hanging punctuation,
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P—a—t:—|—f—|—¢:—Ga—s—&—El—e—(:—t—H—620109re$u|atlneng ingl 997 Commerci al

Installations. Prepared for MassachusEtiergyEffici encytncentives-Program:

Formatted: Font: Not Italic

LightingFechnolegige—Ma—+—<ech 1, 1999

ProtocolReview200Administrators and Massachusetts Energy Efficiency

Formatted: Font: Not Italic

Advisory Council
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5.6.Northeast Energy Efficiency PartnershipiKEMA-fer-NEEPR, C&I Lighting Load
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Prescriptive Lighting

This is a fixture replacement program for existing commercial customers tafgeted
facilities performing efficiency upgrades to their lighting systems.

New fixtures and technologies available after publication will be periodically updated. (Fomatied: _spaceBefore: 6

Baselines will be established based on the guidelines noted below.
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Definition of Variables

 DKW) XA+ IR X% EFLH X (1 +(0.28 XEf))

ik E ables

Dkw- = Change in connected load from baseline to efficient lighting level.

CF__ = Coincidencd=actefactor
EFLH=Equivalent Full-Load-Heurs
IF=Interactive-Factor
028 =Copenslonropadi e tone [oe e oenon)

= Effici ¢ tvpicdrefri . il N

Hrs = Annual hours of operation

HVAC,4 = HVAC interactive factor for peak demasdvings
HVAC. = HVAC interactive factor for annual energy savings
HVAC, = HVAC interactive factor for annuéliel savings

Summary of Inputs

Prescriptive Lighting for Commercial Customers
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DkW Fixedvariable SeelLightingNGrid FixtureWattage

type, floor area
https://www1.nationalgridus.com/files/Add| from customer

dPDF/POA/RILightingRetrofitl.pdf
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Component Type Value Souree | Formatted: Table Header ]
087D-284842DFA52A- Formatted Table ]
BDBALAO9BF8D/Q/SCE B StandardH
xtureWatts010108 pilf

formula above -« Formatted: Font: Not Italic J
CF Fixed Tableby Building in Performance 3 [ Formatted:  Table Cells J
Lighting Section Above |

CFHrs Fixed Seelighting Table by Building’n ~_ { Formatted: Table Cells, Left, Right: 0", Don't J

PerformanceLighting Section Above 23« |keepwith next
EFLHHVAC Fixed Seekighting Table by BuildingTypein « |\ Lrormatted Table )
d PerformanceLighting Section Above 342 g Formatted: Table Cells )
JEAVAC, Fixed SeeLighting Table by Building Type in| 3 S\ | omatie: TableCoe Rt o Dont eep |
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Ef#HVAC, Fixed 1.6See Table by Building Type in 54 “ with next

Performance.ighting Section Above | [ Formatted: ~Table Cells ]
[Formatted: Table Cells, Right: 0" J
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SourcestNotes “ [ Formatted: Table Cells ]
1. Device Codes and Rated Lighting System Wattage Table Retrofit Program, National Formatted: Table Cells, Right: 0" )
Grid, January 13, 2015; available at: Formatted:  Table Cells, Right: 0" ]
https://www1.nationalgridus.com/files/AddedPDF/POA/RILightingRetrofitl. pdf ( Formatted: ~ Table Cells ]

2. Average HVAC interactive effects by building type derived from the NEEP Mid [Formatted: Table Cells, Left, Right: 0" ]

Atlantic TRM 2017, NEEP ,Mid-Atlantic Technical Reference Manu&l7. May ( Formatted: ~ Table Cells ]
J

2017, pp.464-465. Fr om NEBE#WOWHERNtaryland DRAFT Final Impact

[ Formatted:

Heading 4, SpaceAfter: 6 pt

Evaluation Report Evaluation Year 4 (June 1, 20May 31, 2013) Commercial &
Industrial Prescriptive & Small Business Praas, Navigant, March 31, 2014
Values for Washington, D.C. and Delaware assume values from Maryland, Pepco and
Maryland, DPL, respectively.

3. NEEP MidAtlantic TRM 2017, NEEP,Mid-Atlantic Technical Reference Manual
V7. May 20T/

4. Massachusetts TRM, 20418 Program Years, October 2015. Original source:
DNV KEMA (2013). Impact Evaluation of 2010 Prescriptive Lighting Installations.
Prepared for Massachusetts Endgdficiency Program Administrators and
Massachusetts Energy EfficienAdvisory Council

Refrigerated Case LED Lights

This measure includes the installation of LED lamps in commercial display refrigerators,
coolersor freezers. The display lighting in a typical cooler or freezer add to the load on
that unit byincreasingpower consumption of the unit when the lamp is on, and by adding
heat to the insidef the unit that must be overcome through additional cooling.

Replacing fluorescent lamps with low heat generating LEDs reduces the energy
consumption associated with tlighting components and reduces the amount of waste
heat generated from the | amps that must

b e
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Definition of Variables

Units = Number of LED linealamps or fixtures installed
kKW, = Baseline fixture wattage
kW, = Qualified LED fixture wattage

Lighting kWhpase = Total energy usage of lighting fixtures being replaced

Lighting kWh.. = Total energy usage of new LED lighting fixtures are being
installed

Compactor = Compressor factor for cooler or freezer, depending on location of
install
Compy = Compressor efficiency for cooler or freezer; the efficiency factors in
portion of saved energy eliminated via the compressor
CF = Coincidence factor

Summaryof Inputs

Refrigerated Case Assumptions

Component| Type Value Methodology Source

Lighting Variable | Variable| Total lighting operating hours per year| Application
kKWhpase wattage of baseline lightingise 2 x LED
watts as default

Lighting Variable | Variable | Total lighting operating hours per year| Application

KWhee wattage of LED lighting.
Hrs Fixed 6,205 2
Comps 1 Fixed 0.41 Value is calculated by multiplying 0.51 1,3
cooler (compressor efficiency for cooler) by 0.§

(portion of saved energy eliminated

the compressor

Compy 1 Fixed 0.52 Value is calculated by multiplying 0.65 1
freezer (compressor efficiency for cooler) x 0.8
(portion of saved energy eliminated vig
the compressor
NewJ e r s ¢egn&Eserg®Program Pagel08
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Component| Type Value Methodology Source

CoMmpPaciori- Fixed 0.40 Based on EER value of 1k8V/ton x 1
cooler 0.285 tonkW x 0.8 (20% of case lighting
load not converted into case cooling |03
=0.40
Compactorl Fixed 0.51 Based on EER value of 2K8V/ton x 1
freezer 0.285 tonkW x 0.8 (20% of case lighting
load not converted into case cooling loa
=0.51
CF Fixed 0.92 2
. -« [Formatted: Font: Bold, Italic J
Formatted: SpaceAfter: 10 pt, Line spacing:
« Multiple 1.15 li, Allow hanging punctuation,
Adjust bet Lati d Asian text,
Sources e e e Aot s st
Font Alignment: Auto
1. NY, Standard Approach for Estimating Energy Saviigs April 2016, pages [ Formatted }
22322
2. Pennsylvania PUCechnical Reference Manudline2016 page258 From PA
TRM: NfMet hodol ogy adapted from Kuiken et al , AStat e
Service Commission of Wisconsin Focus on Energy Evaluation Business
Programs: Deente  Savi ngs Parameter Devel opmento, KEMA, Nove

2009, assuming summer coincidenap@eriod is defined as June through August
on weekdays between 3:00 p.m. and 6:00 p.m., unless otherwise noted.
https://focusonenergy.com/sites/def#ilis/bpdeemedsavingsmanuavl10 evaluati
onreport.pdd

3. PATRM, p.258.Values adopted from Hall, N. et al, New York Standard
Approach for Estimating Energy Savings from Energy Efficiency Measures in
Commercial and Industrial Programs, TecMarket Works,e®eipér 1, 2009.
http://www3.dps.ny.gov/W/PSCWeb.nsf/0/06f2fee55575bd8a852576e4006f9af7/
$FILE/TechManualNYRevised105-10.pdf

Specialty LED Fixtures

Some LED fixtures do not adhere to the Prescriptive Lighting algorithm due to unique
form factors that do not lend to a fixtui@fixture comparison, such as LED rope lights,
cove lighting, and so on.

In these instances, a similar algorithm may be used, with a different metric other than
fixture quantity entered. For example, a comparison of watts per linear foot between LED
and incandescent technologies would result in accurate energy savings calsulati

« '[Formatted: Right: 0" J
Algorithms
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Definition of Variables [Formatted: English (U.S.) J

Pacifie Gas & Electri e GCompanyobdbs 1997 Commerci al En

] —| Formatted: List Paragraph, Space Before: 6
pt, Numbered + Level: 1 + Numbering Style:
1, 2,3, é + Start at: 1 + Alignment: Left +

o . . o . [ Aligned at: 0.25" + Indent at: 0.5"

The remaining variables are unchanged from those presented in the Prescriptive Lighting

section:

Summary of Inputs

Specialty Lighting for Commercial Customers

Component Type Value Source
DkW Variable See algorithm above Application
CF Fixed See Lighting Table by Building in 1
Performance Lighting Section
Above
Hrs Variable See Lighting Table by Building 1

Type in Performance Lighting
Section Above

HVAC Fixed See Lighting Table by Building 2
Type in Performance Lighting
Section Above
HVAC. Fixed See Lighting Table by Building 2
NewJ e r s ¢egn&Eserg®Program Pagell0
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Component Type Value Source

Type in Performance Lighting
Section Above

HVAC, Fixed See Lighting Table by Building
Type in RescriptivelLighting
Section Above

lw

< | Formatted: Don't allow hanging punctuation,
Don't adjust space between Latin and Asian
text, Don't adjust space between Asian text
and numbers, Font Alignment: Baseline

. NEEP,Mid-Atlantic Technical Reference Manu&l7. May 20T .

2. Average HVAC interactive effects by building type derived from the NEER Mid

Atlantic TRM 2017, NEEP,Mid-Atlantic Techital Reference ManuaV7. May

2017, pp.464-465. Fr om NEBEWOWHERMaryldhd DRAFT Final Impact
Evaluation Report Evaluation Year 4 (June 1, 20May 31, 2013) Commercial &
Industrial Prescriptive & Small Business Programs, Navigant, March 31, 2014

Values for Washington, D.C. and Delaware assume values from Maryland, Pepco and
Maryland, DPL, respectively.

. Massachusetts TRM, 20418 Program Years, October 2015. Original source:

DNV KEMA (2013). Impact Evaluation of 2010 Prescriptive Lighting lfiateons.
Prepared for Massachusetts Enefdficiency Program Administrators and
Massachusetts Energy Efficiency Advisory Council
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[ Formatted: Page break before

Lighting Controls

[Formatted: SpaceBefore: 6 pt

Lighting controls include occupancy sensors, daylight dimmer systems, and occupancy
controlled hilow controls for fluorescent,ED and HIDfixtures -The measurement of
energy savings is based on algorithms with key variables (i.e., coincidence factor,
equivalent full load hours) provided through existing ars# metering of a sample of
facilities or from other utility programs with experience with these measures (i.e., % of
annual lighting energy saved by lighting contrdpr lighting controls, the baline is a
manual switch, based on the findings of the New Jersey Commercial Energy Efficient
Construction Baseline Study.

Algorithms
% AGQUWEFCEGE723672Z(00p Owd b
OAART ABAOEETCSEE723672#& p "Owo 6

&OAIAOEI—%%— E7*2362 (06 (6! #

« - [Formatted: Right: 0"

Definition of Variables

Demand-SavingsW X-SVEH-CR XL+
EncrgrSodnes =R S e e L ERL L

[ Formatted: Underline

A
Definition of Variables < (Formatted: Normal
SVG -= % of annual lighting energy saved by lighting control; reféalde by < Formatted:  Indent: Left: 0.25", Hanging:
0.75", SpaceBefore: 3 pt, After: 3 pt, Tab
control type stops: 0", Left
KW, = kW lighting load connected to control « ( Formatted: _subscript

)

Formatted: Indent: Firstline: 0.25", Space
Before: 3 pt, After: 3 pt, Tab stops: 1", Left

|

0w 0 & Interactive Factor This applies to C&l interior lighting onlyThis
represents the secondary demandn reduced HVAC consumption
resulting from decreased inddarhting wattage.

"‘Ow 0 0 = Interactive Factoi This applies to C&I interior lighting onlyThis .«
represents the seconda&myergy savings in reduced HVAC consumption

stops: 1", Left

Formatted: Indent: Left: 0.25", Hanging:
0.75", SpaceBefore: 3 pt, After: 3 pt, Tab

resulting from decreased indoor lighting wattagéis-value-will-be-fixed
obsle

CF=CoincidencéOn 0 6 = InteractiveFactori Thisvalueapplies to C&I interior
lighting only. This represents thpercentage-of-the-tetaHead-whichis on stops: 1", Left

Formatted: Indent: Left: 0.25", Hanging:
0.75", SpaceBefore: 3 pt, After: 3 pt, Tab

du+ri+ng—etlectriec—secygnsarngnendy savimpgeia k  wi ndow.
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reduced HVAC consumption resulting from decreased indoor lighting

wattage.
EFLH =Equivalentfullload-hours.
CE = Coincidence factor
Hrs = Annual hours of operation prior to installation of controls

Summary of Inputs

Lighting Controls

| Formatted:

Left

Keep with next, Tab stops: 1",

Formatted:

Table Caption

Component

Type

Value

Source -

kWc

Variable

Load connected to control

Application <«

| Formatted:

Table Cells, Keep with next

SVG

Fixed

See-sources-below

SVG

Fixed

Occupancy Sensor, Controlled-Hi

Low Fluorescent ControLED and
controlled HID =31%

Daylight Dimmer System#40%

Fixed

See Table by Buildinm
Performancelighting Section
Above

=

Fixed

See Table by Buildinm
Performancelighting Section
Above

=

HVACq

Fixed

SeeTable by BuildingTypein
Performancelighting Section
Above

HVAC,

Fixed

See Table by Buildin@ype in

Performance Lighting Table Abov

N
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HVAC, Fixed See Table by Buildin@ype in
Performance Lighting Table Abov

[e8)

Sources

Technical Reference Manuan May 207T.

2. Average HVAC interactive effects by building tyderived from the NEEP Mid

Atlantic TRM 2017, NEEP,Mid-Atlantic Technical Reference Manu&l7. May

2017, pp.464-465. Fr om NEB##WOWHERNMtaryland DRAFT Final Impact

Evaluation Report Evaluation Year 4 (June 1, 20May 31, 2013) Commercial &

Industial Prescriptive & Small Business Programs, Navigant, March 31,.2014

- [ Formatted: Heading 4, SpaceAfter: 6 pt

J

Values for Washington, D.C. and Delaware assume values from Maryland, Pepco and

Maryland, DPL, respectively.

3. Massachusetts TRM, 204218 Program Years, October 2015. Original source:

DNV KEMA (2013). ImpaciEvaluation ofP-a-¢—i—f—i—¢—Gas—& —E}—e c t r{Fomated Font: Not talic

Commercial010 Prescriptive Lighting Installations. Prepared for Massachusetts

[EnergyEfficiency treentivesProgranProgram Administrators and Massachusetts

[ Formatted:

Font: Not Italic

Energy EfficiencyAdvisory Council

24 A Meta-Analysis of Energy Savings frohighting Fechnolegieoc——Ma r ¢ h

-

1999Controls in Commercial Buildings, Lawrence Berkeley National Laboratory,

September 2011

: - - f

5. LBNL, Quantifying Natlonal Energy Savings PotentiélLighting Controls in

Commercial Buildings, May 2012.

6. Unified Facilities Criteria (UFC), Design: Interior, Exterior, Lighting and Controls.

UFC 353001. September 2012.

Motors]lnactive 2017, Not Reviewed]

For premiumefficiency motors 12200 HP.

Algorithms

From application form calculatekW where:
DkW =0.746 *HP * IFyrp * (1/dpasel 1/ b
Demand Savings =DkW) X* CF
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| Moters -

Component Type Value Source <

HP Variable NameplatéManufacturen Application
Spec. Sheet

LF Fixed 0.75 1

hpoase Fixed ASHRAE 90.32013 ASHRAE
Baseline Efficiency
Table

hpPorem Variable NameplatéManufacturer Application
Spec. Sheet

IFvep Fixed 1.00r 0.9 3

Efficiency - dee Variable NameplatéManufacturer Application
Spec. Sheet

CF Fixed 0.74 1

HRS Fixed Annual Operating Hourg 1
Table

NewJ e r s ¢egn&Eserg®Program Pagell5

Energy Savings =0kW)*HRS * LF

Definition of Variables

DkW = kW Savings at full load

HP = Rated horsepower of qualifyingptor, from nameplatmanufacturer specs.

LF = Load Factor, percent of full load at typical operating condition

IFvep = VFD Interaction Factgrl.0 without VFD, ® with VFD

doase= Efficiency of the baseline motor

dprem= Efficiency of the energefficient motor

HRS= Annual operating hours

CF = Coincidence Factor

Protocols to Measure Resource Savings
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| Baseline Motor Efficiency Table

Motor 1200 RPM (6 pole) 1800 RPM (4 pole) 3600 RPM (2 pole)
Horsepower ODP TEFC ODP TEFC ODP TEFC
1 0.8 0.8 0.825 0.825 na 0.755
15 0.84 0.855 0.84 0.84 0.825 0.825
2 0.855 0.865 0.84 0.84 0.84 0.84
3 0.865 0.875 0.865 0.875 0.84 0.855
5 0.875 0.875 0.875 0.875 0.855 0.875
7.5 0.885 0.895 0.885 0.895 0.875 0.885
10 0.9002 0.895 0.895 0.895 0.885 0.895
15 0.902 0.902 0.91 0.91 0.895 0.902
20 0.91 0.902 0.91 0.91 0.902 0.902
25 0.917 0.917 0.917 0.924 0.91 0.91
30 0.924 0.917 0.924 0.924 0.91 0.91
40 0.93 0.93 0.93 0.93 0.917 0.917
50 0.93 0.93 0.93 0.93 0.924 0.924
60 0.936 0.936 0.936 0.936 0.93 0.93
75 0.936 0.936 0.941 0.941 0.93 0.93
100 0.941 0.941 0.941 0.945 0.93 0.936
125 0.941 0.941 0.945 0.945 0.936 0.945
150 0.945 0.95 0.95 0.95 0.936 0.945
200 0.945 0.95 0.95 0.95 0.945 0.95

*Note: For the Direct Install Program, different baseline efficiency values are used.
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NEMA ASHRAE 90.1-2013 Motor Efficiency Table i General Purpose Subtype |

Motor 1200 RPM (6 pole) 1800 RPM (4 pole) 3600 RPM (2 pole)
Horsepower ODP TEFC ODP TEFC ODP TEFC
1 0.825 0.825 0.855 0.855 0.77 0.77
1.5 0.865 0.875 0.865 0.865 0.84 0.84
2 0.875 0.885 0.865 0.865 0.855 0.855
3 0.885 0.895 0.895 0.895 0.855 0.865
5 0.895 0.895 0.895 0.895 0.865 0.885
7.5 0.902 0.91 0.91 0.917 0.885 0.895
10 0.917 0.91 0.917 0.917 0.895 0.902
15 0.917 0.917 0.93 0.924 0.902 0.91
20 0.924 0.917 0.93 0.93 0.91 0.91
25 0.93 0.93 0.936 0.936 0.917 0.917
30 0.936 0.93 0.941 0.936 0.917 0.917
40 0.941 0.941 0.941 0.941 0.924 0.924
50 0.941 0.941 0.945 0.945 0.93 0.93
60 0.945 0.945 0.95 0.95 0.936 0.936
75 0.945 0.945 0.95 0.954 0.936 0.936
100 0.95 0.95 0.954 0.954 0.936 0.941
100 0.95 0.95 0.954 0.954 0.941 0.95
150 0.954 0.958 0.958 0.958 0.941 0.95
200 0.954 0.958 0.958 0.962 0.95 0.954
Annual Operating Hours Table
Motor Operating
Horsepower [Hours, HRS
1to 5 HP 2,745
6 to 20 HP 3,391
21 to 50 HP 4,067
51 to 100 HP 5,329
101 to 200 HP 5,200
NewJ e r s ¢egn&Eserg®Program Pagell7
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Formatted: Heading 3, None, Space Before:

Electronically Commutated Motors for Refrigeration ) Eptv Afiﬁ" Otptv Page break before, Don't
eep wi nex

This measurés applicable to existingialk-in, multi-deck and free standing coolers and
freezers with shaded pole or permanent split capacitor (PSC) mdtwse fractional
horsepower motors are significantly more efficient than mechanically commutated,
brushed motors, particularly at low speeds or partial Id&demploying variablespeed
technology, EC motors are able to optimize fan speeds for changing load requirements.
Because these motors are brushless and utilize DC power, losses due tcafnidjirase
shifting are eliminatedCalculations of savings for this measure take into account both
the increased efficiency of the motor as well as the reduction in refrigeration load due to
motor heat loss.
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| EC Motorretrefits Retrofitsin Walkin Coolers and Freezers

| Algorithms

akW = ((Ampsr * Voltsgr * (Phaser) ¥2)/1000) * PR * LR65%

GrosskWhEnergySavinggkWh/yr) = kWh Savings + kWh Savingg,

kWhSavingse - ((Ampsee * Voltsge* (Phaser) ¥%)/1000)* PRz * OperatingHours <

* LR65%
kWh Savingg, = kWh Savingsg* 0.28 * 1.6

PLEASE NOTE:

A (( Asptp/eltses * (Phaser) ¥9)/1000) *PRed i s equi val ent

Definition of Variables

akKW- = Demand Savings due to EC Motor Retrofit

kWh Savings = Savings due to Evaporator Fan Motors being replaced

kWh Savingg, = Savings due to reduced heat from Evaporator Fans
Ampssr = Nameplate Amps of Evaporator Fan

Voltser = Nameplate Volts of Evaporator Fan

Phaser = Phase of Evaporator Fan

PR = Evaporator FaRPower Factor

Operating Hours = Annual operating hours Evaporator Fan Control

LR = Percent redudn of load by replacing motors
0.28 = Conversion fronkW to tons(Refrigeration)
1.6 = Efficiency of typical refrigeration systeim kW/ton

NewJ e r s éegn&Energ@rogram
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| Case Motor Replacement

Algorithms

GrosskWhEnergySavings(kWh/yr) = kWh Savingss + kWh Savings,

|  kWh Savingsy = kW * ER* RTS8, 500

| kWh Savings; = kWh Savingsg * 0.28 * Eff

Definition of Variables
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kWh Savingsy = Savings due t€aseMotors being replaced

kWh Savingg, = Savings due to reduced heat fr@ase Motors

Summary of Inputs

kw = Metered loaadf Case Mtors

ER = Energy eduction if a motors being replaced

RT = Average runtime o€aseMotors

0.28 = Conversion fronkW to tons(Refrigeration)

Eff = Efficiency of typical refrigeration systeim kwW/ton

ECM Fraction HP Motors
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Component Type Value Source < [Formaned: Table Header
Amps:r Variable Nameplate/Manufacturg  Application - ( Formatted Table

Spec. Sheet [Formatted: Table Cells

| Voltsge Variable Nameplate/Manufacturg  Application -« ( Formatted: ~ Table Cells
Spec. Sheet

| Phaser Variable Nameplate/Manufacturg ~ Application < ( Formatted:  Table Cells
Spec. Sheet

| PR Fixed 0.55 1 « [Formatted: Table Cells

Operating Hours Fixed Not Installed = 8,760 “« ( Formatted:  Table Cells

Installed = 5,600
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Component Type Value Source [ Formatted: Table Header }

LR Fixed 65% 2 « [ Formatted Table J

ER Fixed Shaded Pole Motor 3 <« (Formatied: Table Cells )
Replaced =53% [Formatted: Table Cells J

PSC Motor Replaced =
29%
RT Fixed 8500 « [ Formatted: Table Cells J
Eff Fixed 1.6 “ [ Formatted: Table Cells }
sSources < [ Formatted: English (U.S.)

1. Select Energy Services,IncCool er Contr ol

Manud-, 2004.

Measur e

2. This value is an estimate by NRM based on severalgme: post meter readings of«

installations. Thi s i s

supported by RLW

Services, Custom Measure Impact Evaluatigrivarch 23, 2007.
3. Based omumerous preand postmeterings conducted by NRM
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