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Section One: Introduction
1.1 Purpose

Section One: Introduction

1.1 RJIRPOSE

¢KA& tNRBAIANFY { I @AY Indanual provitkys Sefalidd, icdnmprghersidgetdgcbnieitation of

resource and nomesource savings corresponding to the Energy Efficiency Fund programs and individual

| 2YaSNBFGA2Yy | YR [ 2)pRgrartethnaddgidSayings calculatimris detailedtive PSD

manuall N5 dzaSR 08 9OSNBR2dzZNDOS 9y SNHE 2F [/ 2yySOGAOdzi 64a¢
LEtdzYAYylFGAYyAe0E [/ 2yySOGAOdzi bl GdzNI £ DIFa / 2NLR2NFGA2Y
0a{/ D£0X KSNBA IIKISG SINJ2NER BSENSBIRbal fulfllls thelformer Connecticut Department

2F tdzofAO | GATAGE /2yGNREQa o60a5t !/ £0 NBIJdANBYSYyG ¥F2

The Companies have worked together during the past several yedess&dop common engineering assumptions

and impact factors for all types of energificient measuresind the PSD manual is a compilation of these

continued efforts. In addition, the results of program impact evaluations have been incorporated by the

Compaiies. Thus, all C&LM savings claims are traceable throughrefesences to the current PSD manual. The

PSD manual is reviewed annually, and is updated to reflect changes in technologies, baselines, measured savings.
evaluation recommendations, and impdettors. This document is treeventeenthupdate to the PSD manual

062021 PSDmanuat U @

The C&LM savings calculations in 8§21 PSDmanualrepresent typical energgfficient measures and the
prescriptive calculations used for those measuresoime cases, projects are more comprehensive and
prescriptive measure calculations are not appropriate. To accurately calculate the savings related to these types of
projects, more detailed spreadsheets or computer simulation models must be used-pahiycengineering
consultants may be contracted to run simulations and create these spreadsheets; all simulations and spreadsheets

are reviewed for reasonableness.

1.2 ORWARD CAPACITY MARKET

LY WdzyS HnncX (GKS CSRSNIft 9y R/N&E& seté@ozthat éstidhed/a2 YY A 4 a
redesigned wholesale electric capacity market in New England intended to encourage the maintenance of current

power plants and construction of new generation facilities. The settlement established a Forward Capakity M

1 Docket No. 03al1-01PHO02, DPUC Review of CL&P and Ul Conservation and Load Management Plan for ¥ @a2@04, Jul. 28,
2004.
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Section One: Introduction
1.3 Organization

OAaC/ atbiSw Lfyndf | yIRTIE LY ODPKS a2 IENT G2NJ 2F (GKS NBIA2Yy Q&
electricity markets, was made responsible for projecting the energy needs of the New England region three years

in advance and then holding an aral auction to purchase power resources to satisfy the region's future needs.

Inresponseto ISBIR&2 f AOA G GA2Yy F2NJ LINRPLRAIf& FT2NJ GKS C2NBI N
llluminating submitted new demand side resource projectduitiog energy efficiency that will decrease electric
demand. Per ISBIEY @quirements, detailed Project Qualification Packages that include Measurement and

+ SNRA FA Ol (iRads/must bsatenittéd GThe purpose of ISOD9 Q& NB |j dzA NB R esifgthat | OG A @7
energyefficiency measures promoted by the programs were actually installed, are still in place, and functioning as
intended, and to validate the reduction in electrical demand compared to some baseline pattern of use2The 20
PSDmanualprovides the basis of any demand reduction value calculations submitted by Eversource and United

llluminating in the FCM.

1.3 RGANIZATION

C&LM measures in th2021 PSD manual are grouped by primary sector and reflect how programs and measures
areorganizedii KAy [/ 3g[a® / 2YYSNOAIE YR AYRAdZAGNARIFIE 64/ 3LED
h L2 NI dzy A& é 2N awS i NR@ARBDmandakKai asrfolldwg: a SOt A2y a 27F (K

i Section 1: Introduction;

i Section 2C&ILost Opportunity;

I Section 3C&IRetrofit;

i Section 4: Residential, including Limiedome; and
9 Appendices.

Each individual measure is divided into several or all of the following subsections:

i Description of MeasureDescribes the scope and basics of the measure

i1 Savings Methodologyliststhe methods, reasoning, and tools used to perform calculations
9 Inputs. Captures required project or measure data used in the calculations

1 Nomenclature.Captures variables, constants, and other terminology used in the measure

91 Retrofit Gross Energy Savingglectric.Describes the calculations used to determine electric gross
energy savings
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Section One: Introduction
1.4 Background

1 Retrofit Gross Energy Saving$-ossil FuelDescribes the calculations used to determine fossil fuel gross
energy savings

91 Retrofit GrossSeasonal Bak Demand SavingsElectric (winter and smmer). Describes the calculations
used to determine gross peak electric demand savings

i1 Retrofit Gross Peak Day Savingblatural GasDescribes the calculations used to determine gross peak
gas demandavings

9 Lost Opportunity Gross Energy SavingElectric.Describes the calculations used to determine gross lost
opportunity electric savings

91 Lost Opportunity Gross Energy SavingBossil FuelDescribes the calculations used to determine gross
lost opportunity fossil fuel savings

9 Lost Opportunity Gross Seasona&k Demand SavingsElectric (winter and smmer). Describes the
calculations used to determine gross lost opportunity seasonal peak electric demand savings

9 Lost Opportunity Gross Peak D&avings; Natural Ga. Describes the calculations used to determine
gross peak natural gas lost opportunity savings

1 NonEnergy ImpactsDescribes any impacts not directly associated with energy savings

1 Changes from Last Versiotithere are anychanges from the previous version, they are described in this
section

1 ReferencesSources used to construct the measure are listed here
1 Notes.Relevant comments and informati@mwe presented in this section.

Subsections that do not apply to a particulaneasure are not included.

1.4 BRACKGROUND

In 1999, the State Legislature created the Energy Conservation Management Board, now called the Energy
OFFAOASYOE . 2INR 6499. 0% (2 3FdZARS FyR Faahrathe / 2yy S
development and implementation of cesffective energy conservation programs and market transformation
initiatives?¢ KS / 2y ySOGA Odzi 9y SNEE 9FFAOASYO& CdzyR 0aCdzyRE

support for EEluided programs and initiatives. The Department of Energy and Environmental Protection

2 Conn. Gen. Stat. § 3B5m.
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Section One: Introduction
1.4 Background

6a599t é0 Aa NBaLRyaAa ofpgrams RindFpkogranis are adiniNi@raddd by tte ¥ | £ € C
CompaniesndareRSa A3y SR (G2 NBIFIfAT S GKS CdzyRQa GKNBS LINRAYL N

1.

Advance the Efficient Use of Enerdgyund programs are critical in reducing overall energy consumption
and reducing load during peds of high demand. They help mitigate potential electricity shortages and

reduce stress on transmission and distribution lines in the state.

Reduce Air Pollution and Negative Environmental Impad¢tand programgroduce environmental

benefits by slowig the electricity demand growth rate, thereby avoiding emissions that would otherwise

be produced by increased power generation activities. UB8 Y A NRYYSy Gt t N2 G SO0 A
NEJdzf  §S& GONRGSNRAIF ¢ | AN Llal Amizeint Aff Qualityddgamisros) G KS /€
Oab! 1 v{£0d ¢rRKSiterd tir poll@idnts bedaush& afencyegulates them by developing

human healthbased and/or environmentalipased criteria (scienelased guidelines) for setting

permissible levels.

Fund programs have significantly reduced two NAAQS criteria pollutants emitted in the process of
generatingSf SOGUNAOAGEY &dzf FdzZNJ RA2ZEARS yR yAGNR3ISY RA
such as methane, are also emitted during the process. Greenhouse gases have been linked to global
warming and climate change. Fund programs have helped to rechrb®n dioxide emissions by reducing
electrical demand, and consequently the need for additional generation, through energy efficiency and
conservation. These programs also produce environmental benefits by reducing the consumption of

natural gas and fualil. With assistance from the EEB, thempanies have develop&dind programshat
adzLIL2 NI GKS adlFridSQa Syg@ANRYYSyGlrt AYyAGAFGAGBSa (3

ozoneemissions

Promote Economic Development and Energgcurity:Fund programs generate considerable benefits for
Connecticut customers. These programs are tailored to meet the particular needs of all customers,
thereby benefiting all state residents and businesses. Ereffipyency measures assist residehtia
customersm reducing their energy cost®ther groups that benefit from energfficiency programs
include educational institutions, neprofit organizations, municipalities, and businesses. By reducing
operating costs and enhancing productivity, Coriioet businesses remain competitive in the dynamic

global economy.

Information regarding Energy Efficiency Fund programs is availathie &illowing websites

)l

| 2YyySOGAOdziQa aidGl G§SoARSveSHBNEEN AYVTF2NXEF A2y L2 NI |
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Eversourcewww.eversource.com

United Illluminatingwww.uinet.com

CNGwww.chgcorp.com

SCGwww.soconngas.com

= =4 a4 4 -A

EEBwww.energizect.com/connectictnergyefficiencyboard

1.5 PROGRAM SAVINGS

Consistent with Public A@3-298, Public Act 80 8§ 33, and Connecticut General Statute 8246m(d)(4), the
EEBEvaluation Road Map Process provides a mechanism to conduct independerdttiycevaluation studies to
assess program savings. Through this process, impact evalsiatie conducted to evaluate savings for programs
or measures that are delivered througtundprograms. The results of these evaluations are incorporated into the
2021 PSDmanualthrough changes to savings algorithms and/or realization rates which are used to adjust

savings.

The savings results presented in 2@21 PSD manual (both electric and relectric) are assumed to be the
savings that would be measured at the point skuln other words, electric savings, both energy (kwh) and
demand (kW), and natural gas savings)(F NS al gAy3da GKIF G @2dzZ R 200dzNJ I
the annual electric savings from measures has a specified load §tepthe time of day and seasonal patterns at
whichsavings occirSee Appendix Two for load shapes for various arsk savingsLoad shapes are used to
assign the proper value of energy savings resulting from the implementation of C&LM measures to the

corresponding time of day when those savings are realized.

Types of Savings

Energyefficiency measures are generally limited to two types:

1 Retirement Wherelessefficient measuresre replaced before the end of their useful Méth energy

efficientmeasures; and

1 Lost Opportunity Where new measures are installed that are more efficient than a baseline or standard.

Many energyefficiency measures consist of bd®&etirement Savingasnd Lost @portunity SavingsThis is

illustrated by Chart 4A.
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Chart TA: Retrofit, Retirement& Lost Opportunity Savings

A

Existing /Old
£ equipment
g Retirement
..-“ Retrofit Sa\fings )
E” Savings le§cl|nc
2 cquipment
= Lost Opportunity Savings
High Efficiency
> 1 >
T T cquipment
Program Remaining Uscful Life Mcasure >
action (RUL) Lifetime
Time

Some measures may utilize a tpart lifetime saving®© | £ Odzf | GA2y ® C2NJ SEI YLX ST Ay
where the existing unitg.g., a uniusing lower efficiency, ouf-date technology) would have been operating

until failure and early retirement is stimulated by the program measBetirement Savings may be claimed

between the existing unit to the standard baseline unit (driven by the level of efficiency most standard units
achieve) for the retirement measure life. The residential retirement lifetime refers to how much longer the

exsting unit would have operated absent the influenceadfund program. For example, a working heating system

may be retired prior the end of its useful life as a result of program intervention.

Lost Opportunity Savings apply to the portion of savingsilting from choosing a higéfficiency product to
replace the retired product over a standard efficiency (baseline) product available on the market. If the retired
heating system in the above example were replaced with a-&ffijtiency model (versus asstdard baseline

model) generating additional savings, it would result in Lost Opportunity Savings.

If the retirement life is much greater than zero, the Retirement and Lost Opportunity Savinganaaedto
generate total Retrofit Savings. When theirement life is approximately zero, savings are reduced to Lost
Opportunity Savings only. Retirement Savings are acknowledged to exist; however, they are ignored because they

are assumed to be short lived.

IECC Code Change

Where applicable,ite 2021 PS¥ | Y davafug3d &ave been revised to referertbe 2018 hternationalEnergy
ConservationG2 RS 6 & H 5 Ifiayprojec@ germit is issued before this code is adopted by the State, the

previous code should be referenced.
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Peak Savings

The values for eledtr demand savings (both winter and summer) in 2821 PSD manual are given based on the
following definition:
T 1! a{Srazylf tSI1¢ NBRdAzOUAZ2Y A& o0l &aSR 2y -NKS | @St
definition for a Seasonal Peak DemdRelsource; when the redilme system hourly load is equal to or
greaterthan 92 ¥ (G KS Y2adG NBOSyld dapnkpné¢ aeaasSy LISl f:

Winter Season;

1 ¢KS a{ dzyY YSNJ { S| & zhyliday WekkddySduiring tSeRnoritha ohgidulyand August;

and

1 ¢KS a2 AydSNI { S| akoltiay whekdayR 8ufiry P&étnbér and Jaguylry.

Typically, seasonal peaks are weather driven and occur in the mid to late afternoon on Summer Season weekdays

or for the Winter Season, in thearly evening.

Electric peak demand savings is calculated on a medguneeasure basis. Coincidence factors are multiplied by
the connected load savings of the measure in order to obtain the peak demand savings. See Appendix One for a

list of default cincidence factors that are used to calculate the peak demand savings.

For natural gas measures, the peak savings represents the estimated savings coincident with the theoretical
maximum system usage in a-Bdur period. Since the natural gas peak is drivgrcold weather, the peak savings

for heatingrelated measures is estimated based on degdag data and the estimated coldest-Bdéur degree

period. For measures that save natural gas continuously at an equal rate throughout the year, the peak savings is
assumed to be thannual savings divided by 36Ehe calculations for peak natural gas savings are found in

Appendix One

Non-Energy Impacts

In addition to direct electric and natural gas benefits, some measures have othemeogy impact® ¢ b 9 L a € 0
Where appropriate, these are defined in tB621 PSD manual. NEIs may be included in the Total Resource Cost
Test and include resource impacesd, water) and norresource impactge.g.,operation and maintenance

6dhgativs Q2YF2NI= SiGOo
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Savings Adjustment Factors

The savings for thE&LMmeasures defined in th202L PSD manual are Gross Savings. Impact factors are applied
to the Gross Savings to calculéite Net Savings (final). Grosaviigs estimates (based on known technical
parametes) represent the first step in calculating energy savings. Gross Savings calculations are based on
engineering algorithms or modeling that take into account technically important factors subk asurs of use,
differences in efficiency, differences inyger consumption, etc. Gross Savings is an estimate of expected

customer savingshowever, itdoes not include program attribution factors such as freership.

When calculating the total impact of energgiving measures, there are also some other fecheyond the
engineering parameters that need to be considered, such as installation ratesidezship, and spillover. The

equation for Net Savings is as follows:

Net Savings = Gross Savings x Realization Rate x Installation RateSpi(tbwer ¢ Free Ridership)

In some cases, evaluation work may uncover differences between calculated savings and actual (metered) savings
that may not be completely attributable to the impact factors above. These differences may arise when the

savings calculations dwt accurately capture the real savings attributable to a measure. In addition to the impact
factors above, savings differences can happen for a variety of reasons suchstamaard usage p#rns or

operating conditionsln these cases, overall realiimm rates may be used in addition to or instead of the

aforementioned impact factors to align calculated savings with observed savings values.

For instance, a billing analysis may show observed savings from a refrigerator removal programoeobéh60
Gross Savingsalculated) In this case, the differences may be attributable fwanbinationof factors including
refrigerators that are not being used, units being improperly used (e.g., the refrigerator door left open for long
periods of time), andinits that exhibit lower energy use because they are operating in cooler basement
environments. In such a case, @6f@alization rate would be applied to the Gross Sav{cgkulated}o correct

the calculation

Realization rates can be applied to sfiieaneasures or across programs depending on their source. Since C&l
programs typically offer a wide range of diverse measures, defining specific impact factors for C&I programs can
be difficult, and therefore prograrspecific realization rates are usudilpited to C&I programs. Appendix Three
contains a list of program specific realization rates. T2 PSD manuahtes have been updated based on

recenty completed studies.
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Common Energy Conversions

Energy conversions used in tB621 PSDmanual thatconvert energy to a specific fuel type are summarized in

Table TA.

Table 1A: Energy Conversion Factors

To Obtain: Multiply: By:

Btu MMBtu 1,000,000

ccfof Natural Gas MMBtu 1/0.1029

ccf ofNatural Gas Therm 1/1.029
Gallon of Qil (No. 2) MMBtu 1/0.138690
Gallon of Propane MMBtu 1/0.09133
kWh (electric) MMBtu 1/0.003412

kWh (electric) Btu 1/3412

Ton (air conditioning) Btu/h 1/12000

1.6 3VINGS CALCULATIONS

Seethe individualY' S I & @haBgesifrom Last Version 8 SO0 A2y a F2NJ RSO At ao

1.7 GOSSARY

TheGossary provides definitions of the energfficiencyterms used in th021L PSD manual. Note that some of
these terms may have alternative or multiple definitions some oftlimay be outside the context of t12921

PSD manual. Only definitions pertaining to 2621 PSD manual are included in t@®ossary.

| Vdz £ CdzSE | (A f AThe thefimaléfficiencymeasiife 6f combustionéequipméke furnaces
YR 02AfSNE® ¢KS 1 C!9 RAFFSNR TNBY istas, pdaidedsurtaf K S NJY I

conversion efficiency, but instead attempts to represent the actual, selsuy average efficiency of that piece
of equipmen, including the operating transients. The method for determining the AFUE for equipment is based on
the American Society of Heating, Refrigerating and A&*Y RA G A 2 Y A Yy 3 ASHRBRSARIAd$E = Ly Od

ASHRAFAmerican Society of Heating, Refrigergtend AirConditioning Engineers, Inc., an international
technical society in the fields of heating, ventilation, air conditioning, and refrigeration, known for writing the

industry standards for testing and practice.

Baseline EfficiencyC&LM program savings are calculated from this efficiency value. It represents the value of

efficiency of the equipment that would have been installed without any influence from the prograrbo$tor
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Opportunity measures, the baseline is determined by tipplacable code or standard practice, whichever is more

stringent2 ContrastComplianceHficiency.

Behavioral ConservatiorPrograms that encourage customer strategies to conserve energy through changes,

modifications to standard practice, or changes or modifications to customer behavior.

Benefit/ 2 & i w | (: Theenergyefficienéy programs determine cosftfectiveness using the Utility Cost

Test (i.e., Electric System and the Natural Gas System), the Modified Utility Cost Test, or Total Resource Test.
Energyefficiency efforts are costffective if the benefitcost ratio is greater than or equal to 1.0.r@ntly, the

Companies use thellowingthree benefitcost tests:

1. TheUtility Cost Tesincludes the value of utilitgpecific benefits and program costs associated with those
benefits. For example, the Utility Cost Test includes enaxgyded costérom electricand natural gas
conservation measuresnd programs; and all program costs associated with acquiring those benefits. The
Utility Cost Test does not includeparticipani® outof-pocket coststhe costs or benefits associated with
oil or propane savings, oanyindirect or societal impacts, such as reductions in emissions or NEIs (e.qg.,
water savings).

2. TheModified Utility Cost Tesincludes all benefits and costs included in the Utility Cost Test, with the
addition of oil and propanavoided costs, and program costs associated with acquiring oil and propane
savings. The Modified Utility Cost Test currently applies only to residential programs that save oil or
propane.

3. TheTotal Resource Cost Teisicludes all energy and neanergy benéts, such as water savingsd
emissions, and participant benefits such as maintenance, property value, and comfort improvements. In
addition, the Total Resource Cost Test includes all costs associated with acquiring savings. This includes
program costs iad participant outof-pocket costs.

Btu (British Thermal Unit) The amount of energy needed to heat one pound of water one degree Fahrenheit
(from 39°F to 40°F).

Capacity The maximum output of equipment at the standard conditions for the specific type of equipment. These

are often given in units of Btu per hour aoris.

3 SeeEnergy Efficiency Program Impact Evaluation Gu8#&E Action, Dec. 2012 d8NE Manual for Measurement and Verification,
Revision 6Jun. 2014.
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| 2STFTAOASY O 27T :The efficiericyvrating@ieating @r/cooling eéquipment.he COP is, at specific

standard conditions, based on the specific type of equipment. Typically used for heat pumps in heating mode and

naturalgasdriven chillers.

Coincident DemandDemand of a measure that occurs at the same time as some other peak (e.qg., building peak,

system peak, etc.). In the context oetB021 PSD manuaktoincident demand is a measure of demand savings
that is coincidentwith IS®@ 9 Q& { St a2yttt t SI{ RSTFAYAIlGA2Y D

Coincidence FactoCoincidence factors represent the fraction of connected load expected to occur at the same

time as a particular system peaknod on a diversified basis. Coincidence factors are normally expressed as a

percent.

Compliance EfficiencyThis efficiency value must be achieved in order to qualify for a C&LM program incentive.

ContrastBaselineHficiency.

Compliance Standardhe source or document that provides the compliance efficiency values, or a means to

calculate these values. In maogses the compliance efficiency is based on standards from recognized programs
such as ENERGY SToARSHRAE

Connected LoadThe maximum instantaneous power required by equipment, usually expressed as kW.

[ 22f Ay 3 553 NFAmeaslre of how ot adogation is based on an average daily temperature over a

base temperature of 65°Kee also Degree Days

Degree DaysFor any individual day, degree days indicate how far that day's average temperature departed from
65°F. Heating Dege Days measure heating energy demand and indicate how far the awdadgeemperature
fell below 65°F. Similarly, CDDs, which measure cooling energy demand, indicate hovaterége daily

temperaturewasabove 65°F.

Demand The averageelectric power requirementi€.,load) during a time period. Demand is measured in kW and
the time period is usually one hour. If the time period is different than one (icur 15 minutey the time period
g2dt R 08 &YIAVIGIRS RS YBIMDRGE NBSSNY B2 Yy Ay RAOA Razant  Odza

entire electric systemSee Peak Demand.
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Demand Reduction, Demand Savindhe reduction in demand due the installation of an energgfficiency
measure This reduction issually expressed as kW aisd’ S I & dzZNB R | (i { K SSeddizéussrvufded) a

Peak Demand Savings.

Demand Resource¢SONE classifies demand reduction from eneefficiency and conservation measures into

the following two categories:

i Active Resurce Demand reduction that is dispatched (i.e., demand response and emergency generation)
that must respond to the electric system operator during shortage events. For example, resources entered
into the ISGNE Demand Response program are active resaureeause they are called upon for specific
shortage events.

1 Passive Resourc®emand reduction that is not dispatched (i.e., energy efficiency, plus a small amount of
distributed generation) that reduces load during gtefined hours and periods. Mo§&&LM measures are
passive because they reduce load across adpfened operating period. For example, enesjficient
lighting will reduce load whenever lights are on throughout the year.

Diversity FactorSee Coincidence Factor.

DemandReductionl vV RdzOS Rt NJA O S: TheTetuetion ia prices: in thelwhdlesale energy and capacity

markets because of the reduction in energy and demand resulting from conservation efforts.

Early RetirementA measure is classified as early retiremetien the participant replaces working equipment

before the end of its useful life. In the case where the existing unit (using lower efficieneyf-date technology)
would have been operating until failure and early retirement is stimulated by the anogmeasure, savings may
be claimed between the existing unit to the standard baseline unit (driven by the level of efficiency most standard

units achieve) for the retirement measure life.

Electric System (beneficost ratio) TestDefined as the presemalue of the avoided electric cosise(, energy,

capacity, DRIPE, transmission, and distribution) divided by the program costs of achieving the savings. The Electri
System Test is a tool used to screen electric measures and programs in Connectigytetfio@mcy efforts are

costeffective if theBCRs greater than or equal to 1.0.

EmissionsThe release or discharge of an air pollutant into the ambient air from any source. Pléasre
Connecticut regulationseBtion 22a174-1 for further clarification. Emissions reductions for fossil fuel
conservation can be estimated based on US Energy Information Administbatiod eniissians data for fossil
fuels. Emissions reductions for electric conservation can bmatgd using IS®IE marginal emissions factors

which are published annually.
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Emittance The ratio of the radiant heat flux emitted by a specimen to that emitted by a blackbody at the same

temperature and under the same conditions.

End UseRefers to aategory of measures with similar load shapes. There are several different acceptable
industry standardsor defining enduse categories. Examples of end uisetude:cooling, heating, lighting,

refrigeration, water heating, motors, process, and others.

Energy ConservatiarEnergy or peak demand reduction resulting from changes in customer behavior(s) or

program action(s).

Energy EfficiencyReducing energy usage without a notable reduction in functional performance.

9V SNH& 97 7TA O Aperfarmande rating of électficallypérated cooling equipment during peak

periods (defined as a 95 outside temperature, 8¢ indoor temperatte, and an indoor relative humidity of
50%) EER is the total cooling output in Btlivided by the total electrical energy input in waiburs during the

same period.

91l dzA @1 £ Sy i Cdz f:Thehumber of Rours!er yéarn thattejuipment would need to draw

power at its connected (full) load rating in order to consume its estimated annual kWh. It is calculated as annual
kwh/connected kW. EFLH is the same as operating hours for technologies that are either on or off, such as light
bulbs. EFLH is less than operating hours for technologies that operate at part load for some of the time, such as air

conditioners and motors.

Evaluation Stuies: Studies that evaluate program impacts, fradership, and spillover, as well as processes,

specific measurgsand market assessments. Results of these studies are usgédb$ / 2 Yprdgrghk S a Q

administrators to modify the programs and savings estimates.

FreeRider AC&LMprogram participant who would have installed or implemented an eneffigiency measure

even in the absence of program marketing or incentives.

FreeRidership The fraction (usually expressed as a percent) of gross program savings that would have occurred in

the absence of a C&LM program.

Gross Saving® savings estimate, lcalated from objective technical factors. Gross Savings is an estimate of what
a participant is expected to achieve, given the conservation measures being installed. The Gross Savings do not

include impact factors.
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| S| 0Ay 3 553 NEAmeasure af how cold a locationkislowa base temperature of 65°F over a year.

See also Degree Days

| STOAY3 {SlFaz2ylf t SNF2YSTHF§Fd@NB C2PiRNKSKG { LldzyiwQa Sy SN

season. It represents the total heating outpf a heat pump (including supplementary electric heat) during the
normal heating season (in Btu) compared to the total electricity consumed (inh@atts) during the same period.

The higher the rating, the more efficient the heat pump.
High EfficiencyHighefficiency equipment uses less energy than standard equipment.

Impact EvaluationA study that assesses the energy, demand, andeiectric impacts associated with energy

efficiency measures or programs.

Impact Factor A number (usually expressed a percent) used to adjust tH&ossSavings in order to reflect the

savings observed by an impact study.

Installation Rate The fraction of the recorded products that are installed. For example, some GeieD bulbs

are bought as spares and wilht be installed until another one burns out.

[ AJKOAYV I t 2SI \Thefamont of eléctricalpowerFeguired for the installed lighting in a building

space or in an entire building, expressed as watts per square foot.

Load FactorThe average framnal load at which the equipment runs. It is calculated as average load/connected

load.

Load ShapeThe timeof-dza S LJ- (0 G S Ny eRcFicalene@yzans@nptidriNdDrieasureoad shapes are
defined as follows baseoh ISGNE definitions

1 Summer OAPeak 7 am.to 11 pm., weekdays, during the months of June through September, except
ISONE holidays

1  Summer OffPeak All other hours during the months of June through September (includes weekends and
holidays)

1  Winter OnPeak 7 am.to 11 pm., weekdays, during the months of October through May, excepiNEO
holidays and

1 Winter Off-Peak All other hours during the months of October through May (includes weekends and
holidays)
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Because the value of avoided energy varies throughouye, load shapes are used to allocate energy savings

into specific time periods in order to better reflect its tindependent value.

Lost Opportunity Refers to the new installation of an enduring unit of equipment (in the case of new

construction) or theeplacement of an enduring unit of equipment at the end of its useful life. An enduring unit of

equipment is one that would normally be maintained, not replaced, until the end of it¢ ligkey (i RS (ANIR ToA (G ® €

Market Effect Alongterm change in the behavior of a market because of conservation and eegiggncy
STF2NIad adal NJSG STFFSOG al @gay3a¢e INB GKS NBadzZ & 27
MMBtu: Millions of British Thermal Units.

Measure A product (goiece of equipmat) or a process that is designed to provide energy or demand savings.

Measure can also refer to a service or a practice that provides savings.

Measure CostFor new construction or measures that are installed at their natural tinreglacement (replace
upon burnout), measure cost is defined as the incremental cost of upgrading tedfiigiencymeasures For
retrofit measuresthe measure cost is defined as the full cost of the measure. Measure cost refers to the true cost

of the measure regardless of whether an incentive was paid for that measure.

Measure LifetimesThis is the average number of years (or hours) that a group of newdifigliency equipment

will continue to produce energy savings or the average number of yeara thexrvice or practice will provide
savings. Lifetimes are generally based on experience or studies. For retrofit or early retirement measures, the
measure lifetime may include a change in baseline over time, more accurately reflecting the lifetime energy

savings.

Measure TypeRefers to a category of similar measures. There are several different acceptable industry standards
for defining enduse categories. For the purpose of @2l PSD manual, primary enge categories include

cooling, heating, ligting, motors, processiefrigeration, water heating, and other.

Natural Gas System (Benefiiost Ratio) TesiA ratio used to assess the castectiveness of energgfficiency

programs and measures on the natural gas system. The Natur&yStesn Test is defined as the present value of
the avoided natural gas costs divided by the prograhated costs of achieving the savings. The Natural Gas
System Test is the primary tool used to screen natural gas measures and programs in Conneatgut. Ene

efficiency programs and measures are cefective if theBCRs greater than or equal to 1.0.
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Net SavingsThe final value of savings that is attribble to a program or measurdlet Savings differs from
GDNR¥BA y{3ad¢ 0SSOl dza S tshfrom impac faceRsSich ad e-Bdership WrSpilover. Net
Swingi Aada d42YSGAYSa NBEFSNNBR FHIZ2A yrBa déx SNAFASR {F GAy3aé

Net-to-Gross The ratio ofNet Savings to theGrossSavings (for a mesure or program)Net-to-gross is usually

expressed as a percent. Niet-gross ratios include elements of freelership and spillover.

Nor-Electric ImpactsQuantifiable impacts (beyond electric savings) that are the result of the installation of a

measure. Fossil fuehd water savingsQ&M savings, and increases in productivity are exampleNonElectric

Impacts. NorElectric inpacts can be negative (i.e., increased maintenance or increased fossil fuel usage resulting
from a measure). NofHectric Impacts may also itiwde norrquantifiable impacts that are difficult to quantify,

such as increased comfott.b 2Eyfergympactg A & | & dEeckiShipacs That Ho2syhot include fossil

fuel savings or costs.

Non-Participant A customer who is eligible to participate in a program but does not. Apaoticipant may install

a measure because they becam@are of the benefits through program marketing or outreach, but the
installation of the measure is not through regular progranannels. As a result, their actions are normally only

detected through evaluationsSge 8illover).

hyS | dz/y RNE R / d¥00'Cubicfest ofigaspused to meéasure a quantity of natural gas.

Operating HoursThe annual amount of time, in hours, that the equipment is expected to opeCatetrast

Equivalent Full Load Hours.

Participant A customer who installs a measure through regular program channels and receives any benefit (i.e.,

incentive) that is availablthrough the program because thieir participation. Freeiders are a subset of this

group.

Peak Day FactoMultipliers that are used to calculate peak day reductions based on amatiadal gas energy

savings.

Peak Day, Natural GaThe one day (24 hours) of maximum system deliveries of natural gas during a year.

Peak DemandThe highest electric demand angiven period of time that is usually expressed in kW.
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Peak Demand SavingFhe kW demand reduction that occurs in the peak hours. The Peak Demand Savings is

usually determined by multiplying the demand reduction attributed to the measure bapipeopriate seasonal
or on-peak coinalence factorThere is both a summer peak and a winter peak. (Coincidence factors for different

measures for each peak are shown in Appef@ive) Two peak periods are used:

1 Seasonal Peak Houare those hours in whictihe actual, reatime hourly load Monday through Friday on
non-holidays, during the months of June, July, August, December, and January, as determinetBy 1SO
is equal to or greater than 90of the most recent 50/50 system peak load forecast, as deiteechby 1S©
NE, for the applicable summer or winter season.

1 OnPeak Hourare hours 1:065:00 p.m., Monday through Friday on rbolidays during the months of
June, July, and August and from 57000 p.m., Monday through Friday on nhnlidaysduring the
months of December and January.

The Seasonal Pe8lemandSavings are used in the C&LM prograf@ee also Coincidence Factor and Demand

Savings.

Peak FactarMultipliers that are used to calculate peak demand reductions for measures basée amnual

electric energy savings of the measure. The units of peak factors are W/kWh based on end use.

Realization of SavingThe ratio of actual measure savings to gross measure savings (sometimes referred to as the
GNBIF AT FAOAZ2Y Nlnid Sctohinbimgaét factorshidatican tfluénke]th® actual savings of a program

such as spillover, freedership, etc.

Retrofit: The replacement of a piece of equipment or device before the end of its useful or planned life, for the
purpose of achieving y SNH& al gAy3dad wSINRTFAG YSIFada2NBEa NB az2yvys
removal of the old equipment is aggressively pursued. Residential measures utilizgpartwietime savings
calculation.In certain situations, such as earlyiretnent, savings may be claimed in two parts: (1) where the
retirement part is additional to the lost oppontity part until the end of the Remaining UsefdlES o aw! [ € 0 X
F FGSNI 6 KAOK 280 2LILRNIdzyAdGe &l gAy 3a EfediveluseflildeS dzy G A €
6a9!/[2y00ANT ad &[ 240 hLILERZNIdzyAde oé

R-Value:A measure of thermal resistance of a material or system, equal to theroeail of the Walue, used to

calculate heat gain or loss. Thé/Rlue is expressed as degree Fahrenheit square feet hours per Btu (ft2-°F-h/Btu).
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[ Slaz2ylif 9yvSNHEe& 9 7Thetctal cooling dutputlofia centralain ¢onditioning unit tasuring

its normal usage period for cooling divided by the total electrical energy input inheatts during the same

period, as determined using specified federal test procedures.
Sector A system for grouping customensth similar characteristicgor the purpose of th&021 PSD manual, the

A80G2NR I NB /LT {YFff JdeaymyisSaRa Loya(2ay. & 0034 bw LEARES Vi GyAR

Spillover Savings attributable to @&LMprogram, butin addition to theLINE 3 Nadro¥s@adcked) &vings.
Spillover includes the effects of: (a) participants who install additional eredfigyent measures as a result of
what they learned in th&€&LMprogram; or (b) nosparticipants who install or influence the installation of energy

efficient measures as a result of being influenced by@&d¢_Mprogram.

Summer Demand SavingRefers to theDemandSavings that occur during the summer peak periSde

discussion under Peak Demand Savings.

U-Value A measure of the heat transmission through a material (such as insulation) or system. The lower the U

Value, the greater resistance to heat flow and the better its insulation value.

Winter Demand Saving®Refers to average demand savings that occurandutie winter peak periodsee

discussion under Peak Demand Savings.

2021Program Savings Document Page |18



SECTION TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

SECTION TWO: C&I LOST OPPORTUNITY

2.1 LIGHTING

2.1.1 STANDARD LIGHTING

Description of Measure

Installation of interior and/or exterior lighting which exceeds current energy code®esiign Lighting Consortium
0BG or ENERGY ST@Rpprovedlighting equipment

Savings Methodology

Interior Lighting:¢ KS RAFFSNBYOS 06Si6SSy AyaidlfttSR fAIKGAYT |y
square foot) for the facility is used to estimate energy and seasonal peak demand savings. In addition to the
savings from reduction in power density, savingsase calculated for the installation of occupancy sensors and
residential fixtures as applicablseeNote [1]). Reduction of lighting power reduces the cooling load and provides
additional savings, which are also calculated in this measure. This measure includes baseline LPDs based on 201¢
IECC standards and additional efficiency code requirements; choose trapapte table. If projects are initiated

after the new code adoption, then 2018 IECC is the default used to evaluate the energy Sawengs.ent 2018

IECC requires lighting controls for buildings over 5,000 square feet. Therefore, occupancy semgoasawnly
calculated if buildings > 5,000 square feet have occupancy sensors in addition to theguauted scheduled

lighting contros.

Exterior LightingThe default baseline for exterior lighting is ASHRAEZW@LB. According to the ASHRAE code,

the total lighting power allowance for exterior building applications is the sum of the base site allowance plus the
individual allowances for areas listedTinble 2Ffor the applicable lighting zone. Tradéfs are allowed only

among exterior lighting@plications listed iMTable 2F. The lighting zone for the building exterior is determined

from Table 2G.

Inputs

Table 2A: Inputs

Symbol Description Units
Allowable LPD Allowable LPD from 2018 IECC Watts/ft?
Totalfixture connected kW kw
Facilityilluminatedarea ft2
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SECIDN TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

Nomenclature
Table 2B: Nomenclature

Item Description Units Values Comments
A Facilityilluminatedarea ft2
AKWH Annual Gross Electric Energy Savings kwh
ASHRAE American Society of Hgating, Refrigerating, aird
Conditioning Engineers
Ck Lighting Coincidence Factor Appendix One
Chs Occupancy Sensor Coincidence Factor Appendix One
Chw Residential Lighting Coincidence Factor Appendix One
COP Coefficient of Performance 4.5 SeeNote [3]
Delta Watts ohardwiredfluorescentfixtures in
DeltaWhw residentialareas agalculated peiSection 4.1.2f the
2021PSDmanual
E Fraction oflightingenergy thatmust beremoved by the
fl OA fcovlingsy@ta@m
G Estimatedightingenergyheat 0.73 SeeNote [1]
Site Specific; Usg
Appendix Five
H Facilitylighting Hours of Use hrs only whefr? site
specific
assumptions do
not exist.
HVAC Heating, Ventilation, and Air Conditioning
kW Electricdemand kW
LPD Lighting Powebensity Watts/ft?
N Number ofdifferent fixture types withoccupancysensors
N Fixturenumber
Quantity offixtures of Type n that haveccupancy
O sensors
S Energysavings fronreducedcoolingload kwh
Energysavings frominstallation ofhardwiredfluorescent
Sw , . . . kWh
fixtures inresidentialareas
Sod Energy Savings due lkmwer LPD kWh
s, Energy Savings from;(-? ofoccupancysensors, if KWh
applicable
Sht Interior Energy Savings kwh
Sxt Exterior Energy Savings kWh
W Fixtureinput wattage Watts
Wallowance Baseline W for exterior fixture lighting power Waltts
Wh Input Watts for Fixture Type n Watts
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

Lost Opportunity Gross Energy Savings, Electric

Interior lighting
vty vty v

Calculation of savings due to lower LPD

Spe = (Allowable LPD - ActualLPD)? H 3 A

Allowable LPDin W/ft?, is the value of Watts perdfrom ASHRAE for the facility type divided by 1,000. The

building area LPDs from the 2018 IECC are provided in the tables below. Refer to 2018 IECC forllyesppaee
method. When using the spad®-space method to calculate the LPD, an increase ifla €S Q& LJ2 ¢ SNJ | f
can be used, in accordance with 2018 IECC 405.3.2(2).

1 Actual LPDin kW/ft?, is calculated by dividing the total Fixture Wattage by the Lighted Area, ft
where Fixture Wattage is the sum of the power consumed by each fixture.

1 A=k calculated (measured) for each project, either from architectural drawings or by physical

measurement.

i Calculation of savings due to occupancy sen@msNote [4]).

If the Actual LPD is less than or equal to the Allowable LPD,dkwill $e calculated as follows; otherwisesS O

_0.3H g
°% 1000,

Explanation of numerical constants

i1 0.3 is the generally accepted average energy reduction fraction due to the use of occupancy @e@sors
Ref[1]).

9 1,000 converts watts to kW (1/1,000 is tbenversion).

Calculation of savings from hawdred fluorescent fixtures in residential areas:

1 Refer to the 2021 PSBhanual) Measure4.1.1: Lightingfor this calculation. Normally, the total number

and type of fixtures in living areas is not known at the time of construction, so the LPD method cannot be

used to calculate these savings. Where hardwired fixtures are installed as part of new constithetyon
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SECTION TWO: C&I LOST OPBARTY
2.1.1 Standard Lighting

are usually shown on the building plans. Their savings are calculated per fixture according to the

residential methodology.

Calculation of savings to remove excess heat produced by the new lighting fixtures. This is due to the reduced
coolingrequired as the result of putting the new lighting in ptace

S =Savings resulting from reduced cooling:

(Sps +Sos * Swi)* F
COP
i F= Fraction of annual kWh energy savings that must be removed by the cooling system. If the HVAC
system includes an economizer, then F = 0.35. Otherwisclalde 2C

SC=

1 COP=4.5 seeNote [3]).

Table 2C: Fraction of Annual kWh Energy Savings thfaist Be Removed by the Cooling
System e Ref[2]

Building Area, A, ft | F
< 2.000 0.48
0.195% (A- 2,000
0.48+
2,000¢ 20,000 18000
> 20,000 0.675

Table 2D: Lighting Power Densities Using the Building Area MetlidéeCC 208 Standard
Section C405.3.2(1%eeRef[5] and Section C406.3 Additional Efficiency OptipsseRef[6]

Building Area Type Standard LPD Additional Efficiency Option
(seeNote [2]) (WI/ft?) (WT®)

Automotive Facility 0.71 0.64
Convention Center 0.76 0.68
Court House 0.90 0.81
Dining: Bar Lounge/Leisure 0.90 0.81
Dining: Cafeteria/Fast Food 0.79 0.71
Dining: Family 0.78 0.70
Dormitory 0.61 0.55
Exercise Center 0.65 0.59
Fire Station 0.53 0.48
Gymnasium 0.68 0.61
Health Care Clinic 0.82 0.74
Hospital 1.05 0.95
Hotel/Motel 0.75 0.68
Library 0.78 0.70
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

Table 2D: Lighting Power Densities Using the Building Area MetlidECC 2018 Standard Section

C405.3.2(1), see Ref [5] and Section C406.3 Additidffitiency Options, see Ref][6continued)
Additional Efficiency Optiondy ¥

Building Area Type (see Note [2]) Standard LPD (W/R) B )
Manufacturing Facility 0.90 0.81
Motion Picture Theatre 0.83 0.75

Multifamily 0.68 0.61
Museum 1.06 0.95
Office 0.79 0.71
Parking Garage 0.15 0.14
Penitentiary 0.75 0.68
Performing Arts Theatre 1.18 1.06
Police/Fire Station 0.80 0.72
Post Office 0.67 0.60
Religious Building 0.94 0.85
Retail 1.06 0.95
School/University 0.81 0.73
SportsArena 0.87 0.78
Town Hall 0.80 0.72
Transportation 0.61 0.55
Warehouse 0.48 0.43
Workshop 0.90 0.81

In cases where both a general building area type and a more specific building area type are listed, the more

specific building area type shalbply:.

a. First LPD value applies if no less than 30% of conditioned floor area is in a daylight zone. Automatic
daylighting controls shall be installed in daylight zones and shall meet the requirements of Section
C405.2.2.3. In all other cases, the second :&ue applies.

b. No less than 70% of the floor area shall be in the daylight zone. Automatic daylighting controls shall be
installed in daylight zones and shall meet the requirements of Section C405.2.2.3.

Exterior Lighting

Calculation of savings due lmwer lighting power

Sexi= (VVALLOWANCE - WACTUAL) /1000® H

Watts as tabulated per-E, 2F, and 2G, based on IECC 2018 (for 2B&Dmanualupdate)

H = Hours of Use
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SECTION TWO: C&lI LOST OPPORTUNITY

Table 2E: Exterior Lighting ZoneseeRef[4]

2.1.1 Standard glnting

Lighting Zone Description

1 Developed areas afational parks, state parks, forest land,
and rural areas
5 Areas predominantly consisting of residential zoning, neighborhood business distr
light industrial with limited nighttime use, and residential mixggse areas
3 All other areas notlassified as lighting zone 1, 2, or 4
4 Highactivity commercial districts in major metropolitan areas as designated by th
local land use planning authority

Table 2F: Exterior Lighting Power Allowance®2018IECC Standard Section C43(3), seeRef[7]

Power Allowance

Zone Zone Zone Zone
Category
Base Site Allowance w 500 600 750 | 1,300
Uncovz:zgspark'”g Parkingareas andirives W2 0.03 | 0.04 | 0.06 | 0.08
Building Grounds Walkwaysvlveijz than Teet W/Linear Foot | 0.5 0.5 0.6 0.7
Building Grounds | Valkways 10 featide or W2 0.10 | 0.10 | 0.11 | 0.14
greater
Building Grounds Diningareas WIft2 0.65 | 0.65 | 0.75 | 0.95
Building Grounds Stairways W/ft2 0.6 0.7 0.7 0.7
§ Building Grounds Pedestriartunnels WI/ft2 0.12 | 012 | 0.14 | 0.22
& Building Grounds Landscaping W/ft2 0.04 | 0.05 | 0.05 | 0.05
@l Building Entrance§  Pedestrian and vehicular | W/Linear Foot 14 14 21 21
% and Exits entrances and exits (door width)
@ Building Entrancesg :
e]
g and Exits Entrycanopies Wi/ft2 0.20 | 0.25 | 0.40 | 0.40
Building Entrances Loadingdocks WIit2 035 | 0.35 | 0.35 | 0.35
and Exits
Sales Canopies | Canopies (free standing ang 0o 040 | 040 | 06 | 07
attached)
Outdoor Sales | OPenareas (including vehicly 4, 0.20 | 0.20 | 0.35 | 0.50
sales lots)
Streetfrontage forvehicle
Outdoor Sales saleslots inaddition to W/Linear Foot - 7 7 21
"Open Area'allowance
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

Table 2F ¢ Exterior Lighting Power Allowances2018 IECC Standard
Section C405.4.2(3%eeRef[7] (continued)

Power Allowance

Category Units Zone 1 Zone 2 Zone 3 Zone 4
W/ft? of gross
Building Facade&”2
g abovegrade wall - 0.075 0.113 0.15
Allowance
area
Automated Teller 135 W plus | 135 W plus| 135 W plus| 135 W plus
Machines and Night W perlocation 45 W per 45 W per 45 W per 45 W per
4 Depositories add ATM add ATM add ATM add ATM
[&]
8 Entrances and
= Gatehouse Inspection Wit of covered
@ . P anduncovered 0.5 0.5 0.5 0.5
= Stations at Guarded
< s area
3 Facilities
= Loading Areas for Law
E Enfor?:ement Fire WIit*of covered
O 1 1
d d 0.35 0.35 0.35 0.35
= Ambulance, and Other anduncovere
. area
Emergency Vehicles
DriveUp .
W/D th h 200 200 200 200
Windows/Doors rive-throug
Parking Near 2#our .
g. W/Main entry 400 400 400 400
Retail Entrances

Lost Opportunity Gross Energy Savings, Fossil Fuel

Space heating energy consumption will increase due to reduced lighting load (cooler lighting fixtures).

1 Annual Oil Savings-6.000162279MMBtu per annual kWh saved; and
1 Annual Natural Gas Saving960016227MMBTU per kWh. Sdref[3].

Note: No heating penalties are claimed in exterior lighting installation.

Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (winter and summer)

& N . Q

& a owh a DeItaV\(,Wg . G s
KW (summej = §CFL 3 (AllowableLPD - Actual LPD)3 A) +CFyg3 2 +CR, 3 ———o6* @&+ —_3

® 1000 1000 g ¢ COP=+

3
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

a N v o]

e a On\Wh a Denav%wg

KW (winter) = F, 2 (AllowableLPD - ActualLPD)3 A)+ CF..3 M= +CF, 3 ——¢
(vinter) =ofCF, )2 A+ CFos 15+ O 0

@ o]

(;‘ =

1 CkandChksare the lighting (GFFand occupancy sensor @grcoincidence factorssummer/winter) taken

from Appendix One.

1 Allowable LPDin kW/ft? = the value of Watts per#from the 208 IECC for the facility type divided by
1,000.

1 Actual LPDin kW/ft2 = Total Fixture Wattage (kW) divided by the Lighted Aréa, ft
1 A=is calculate for each project, either from architectural drawings or by physical measurement.
i Chwis the residential lighting coincidence factor (summer/winter) frAppendix One

i1 DeltaW = Delta watts of hardwired fluorescent fixtures in residential areas aslatdcuperMeasure

4.1.20f the 2021 PSDmanual

1 G=0.73.
1 COP=45.SeeNote[3].

Exterior Lighting Demand Savings

SKW = (W, owance = Wactua) /1000 CFs

WKW = (\NALLOWANCE - WACTUAL) /1000® CFw

Changes from Last Version

1 Removed 203 |IECC referenceblpdated tables with new 201ECQCequirements.

References

[1] D. Maniccia, B. Von Neida, and A. Twegdanalysis of the energy and cost savings potential of
occupancy sensors for commercial lighting systéhosninating Engineering SocietyMbrth America
2000 Annual Conference: Proceedings. IESNA: New York, NY,#49433
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Notes
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[3]

[4]

SECTION TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

DNV KEMA (2014) Retrofit Lighting Controls Measures Summary of Fildiva&Rkeporfpp. 5-26, see
Table 12

2018 IECC, Table C405.5.1 (1) Extergitting Zones.

2018 IECC, Table C405.3.2 (1) Interior Lighting Power Allowances: Building Area Method.
2018 IECC, Section C406.3 Reduced Interior Lighting Power.

2018 IECC, Table C405.4.2 (2) Lighting Power Allowances for Bexigingrs.

If sensors are installed, the heat emitted from lighting affected by this measure will decrease due t
lower lighting power and use. This will result in increased space heating energy consumption.

In cases where botbeneral building area type and a specific building area type are listed; the speci
building area type shall apply.

Estimated based on 2015 Connecticut Code. An analysis was conducted by Wood, Byk, and Assc
829 Meadowview Road, Kenn&tuare, PA 19348, an engineering firm which was utilized to provid
technical support for C&LM programs. The analysis was based on-2 &€&t analysis and
information was provided to Eversource engineering staff on Aug. 17, 2007.

2018 IECC requéis certain space types to have occupancy sensors. Savings for these occupancy s
required by code therefore cannot be claimdtefer to 2018 IECC C405.2.2.1 for details.
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.2 Upstream Lighting

2.1.2 UPSTREAM LIGHTING

Description of Measure

This section describes the savings methodologERERGY STAR or bégified lighting productsincentivized

through an upstream model.

Savings Methodology

Theiy RA @A Rdzk £ o6dzf 6 2NJ FAEGdzZNBQa RSt Gl 4 G (tkamlighthg 6 | &4 SR
initiative in MassachusettdRef [1). Delta Watts are defined as the pirestallation, or baseline wattage, minus

the postinstallation wattage. The final annual energy savings (i.e., kWh) is modified to suit Connecticut program
rules. Allighting products should be either ENERGY SRARZ) 2 NJ 5SaA 3y [ A IKReB[3)/ 2y a2 |

Inputs

Table 2G. Inputs

Symbol Description Units
N No. of Units Sold at theoint of sale
Producttype
Facilitytype

Nomenclature

Table 2H: Nomenclature

ltem Description \ Units Values Comments
AKWH Annual Energy Savings kWh
LTKWH Lifetime Energy Savings kwh
Lifetime Equipment Lifetime Years Appendix 4
n 2 Delta Watts Watts (Table 2I) Note [1]
H Hours of Use Hours Appendix Five
SKW Summer Demand Savings kW
WKW Winter Demand Savings kw
Ck Summer Lighting Coincidence Factor Appendix One
Chy Winter Lighting Coincidence Factor Appendix One
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.2 Upstream Lighting

Table 2I: Delta Watts seeRef [1]

Product ProductType N Wattst
BR20/PAR20 Screwin LEDs 28.1
BR20/PAR30 Screwin LEDs 38.1
BR40/PAR38 Screwin LEDs 44.2

MR16 Screwin LEDs 22.1

Arline, 75/100V Screwin LEDs 30.5
Decoratives Screwin LEDs 13.6

LED Retrofit Kit, <25W Screwin LEDs 38.4
LEDRetrofit Kit, >25W Screwin LEDs 56.6
Stairwell Kit, LowDutput w/sensor LEDstairwell kits 19.2
Stairwell Kit, MidOutput w/sensor LEDstairwell kits 40.0

G24 LED Screwin LEDs 15.3

G23 LED Screwin LEDs 8.4
T8 TLED, 4ft Linear LEDs 13.8
T8TLED, 2ft Linear LEDs 6.9

Aline, 40/60N Screwin LEDs 21.7

2x4 LED Fixture Standard Linear LEDs 33.0

2x4 LED Fixture Premium Linear LEDs 37.0

2x2 LED Fixture Standard Linear LEDs 29.0

2x2 LED Fixture Premium Linear LEDs 33.0

1x4 LEDFixture Standard Linear LEDs 16.0

1x4 LED Fixture Premium Linear LEDs 20.0

2x4 LED Fixture Standardaghtrols Linear LEDs w/controls 42.9
2x4 LED Fixture Premium eghtrols Linear LEDs w/controls 48.1
2x2 LED Fixture Standardaghtrols Linear LEDs w/controls 37.7
2x2 LED Fixture Premiumeaghtrols Linear LEDs w/controls 42.9
1x4 LED Fixture Standardamhtrols Linear LEDs w/controls 20.8
1x4 LED Fixture Premiumawhtrols Linear LEDs w/controls 26.0

T5 LED Linear LEDs 20.0

U-Bend LED Linear LEDs 23.4

High/Low Bay 5@9W High Bay/Low Bay 174.0

High/Low Bay 10099W High Bay/Low Bay 229.0

High/Low Bay >= 200W High Bay/Low Bay 334.0

Exterior LED 209W Exterior LEDs 101.5

Exterior LED 16099W Exterior LEDs 176.5

Exterior LED >= 200W Exterior LEDs 231.5

1x4 LED Troffer Retrofit KjtPremium Linear LEDs 37.3

1x4 LED Troffer Retrofit KiStandard Linear LEDs 29.5
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2.1.2 Upstream Lighting

Table 2I: Delta Watts, see Ref [{Eontinued)

Product Product Type n 2R

2x2LED Troffer Retrofit KitPremium Linear LEDs 19.6
2x2 LED Troffer Retrofit KiStandard Linear LEDs 18.1
2x4 LED Troffer Retrofit KiPremium Linear LEDs 56.2
2x4 LED Troffer Retrofit KiStandard Linear LEDs 53.5
LEDAmbient/Strip/Wrap Linear LEDs 21.8
Mogul High Bay High Bay/Low Bay 283.6

Mogul Low Bay High Bay/Low Bay 191.0

Mogul Ext 175W Exterior LEDs 141.9

Mogul Ext 250W Exterior LEDs 184.9

Mogul Ext 400W Exterior LEDs 283.3

LED Tubes, 3ft Type A Linear LEDs 12.0

LED Tubes, 8ft Type A Linear LEDs 25.1
Parking Garage, 280W - Standard Exterior LEDs 122.9
Parking Garage, 280W- Premium Exterior LEDs 130.5
Parking Garage, 1eP9W- Standard Exterior LEDs 249.4
Parking Garagd,00-199W- Premium Exterior LEDs 253.9
Parking Garage, >= 200V8tandard Exterior LEDs 561.6
Parking Garage, >= 200MWremium Exterior LEDs 583.1
High/Low Bay LED, -B®W w/controls High Bay/Low Bay w/controls 189.5
High/Low Bay LEDRQ0O-199W w/controls High Bay/Low Bay w/controls 260.1
High/Low Bay LED, >= 200W w/controls| High Bay/Low Bay w/controls 388.4

1For bulbs dimmed based on a schedule or occupancy add an additional 15% delta watts.

Lost Opportunity Gross Energy Savings, Electric

W Yo O
OLWO —

PTTT
Where

9  N= No. of units.

1 n 2 = Delta Watts per unit.

1 H=Hours of Use are based on facility typéypendixFive

Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (winter and summer)

w. . L Yo 00
YU W

pTTT
... L Yw 00
WL W

pTTT

2021Program Savings Document Page |30



SECTIONWO: C&I LOST OPPORTUNITY
2.1.2 Upstream Lighting

Lost Opportunity Gross Savings, Example

Example: A MR16 LED bulb is sold to be installeddmalloffice at retail and incentivized through the Upstream
Lighting programFor this bulb, th®elta Watts per bulb from Massachusetts Bright Opportunities Program is 22.1
W. Thesmalloffice Hours ofUse fromAppendix Fiv€3,595) are used. For the Demaigvings the Office

Coincidence Factors froftppendix Onef 70.26(summer) and 53% (winter) are used.

0 Yo O p cHw o wdE 61 i

= = X @ UQuQ
P T Tgh, P T TgE,

00 w0

0 YO @000 @00 QQQ0 P T op WQLQ
0 Yo 60 p ¢c® wd b
) )
P T TR, P T,
0 Yo 60 p c® @b
) )
P T RTE P UG,

YO W T8 ¢ QW

WL W

T8 p QP

Changes from Last Version

1 Updated Hours oflse, CFsand CFw in the example based on the C1635 Study

References

[1] C&l Upstream Lighting Program. Mass Saves. Available at:
https://www.masssave.com/en/learn/partners/upstreaiighting/, lastaccessed Mar. 20, 2019.

[2] ENERGY STRRrtified Light Bulbs, Available at:
http://www.energystar.gov/productfinder/product/certifiedight-bulbs/results lastaccessed May
22, 2018.

[3] Design Lights Consortium product lists. Availabléébs://www.designlights.org/gpl

Notes

[1] Delta Watts is the difference in consumption of an equivalent baseline lampighaefficiency
replacement lamp.

[2] Design Lights Consortium product lists. Availablé@bs://www.designlights.org/gpl
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.1 Chillers

2.2 HVAC & WATER HEATING

2.2.1 CHILLERS

Description of Measure

Installation of efficient watecooled and aicooled water chilling packages (chillers). Chillers must use an

environmentallyfriendly refrigerant in order to qualify for the program.

Savings Methodology

Energy savings are custom calculated for eaclecliistallation based on the specific equipment, operational

staging, operating profile, and load profile. A temperature BIN model is utilized to calculate the energy and

demand savings for the chiller projects. Custorgpecific information is used to #smate a load profile for the
OKAftEtSR SN LIXIylde .laSR 2y (GKS f2FRAy3IZ GKS OKAf
OKAffSNRaE RSYFYR 06120 IyR 02y a totelfl)Mzhilerspreadsheet i astd S| C
to calculate consumption for both the baseline and proposed units. It is also used to calculate the consumption of

the auxiliaries (i.e., chilled water pumps, condenser water pumps, and cooling tower fans).

Inputs
Table 2J Inputs

Symbol Description Units
Facilityoccupancyhours perweek on andoff-peak) Hr/iweek

Chillerplant availability permonth YorN

Peakcoolingload @100°Focupied) Tons

Peakcoolingload @2100°Fufhoccupied) Tons

Economizeset point °F

Load ateconomizerset point + @ccupied) Tons

Load ateconomizerset point + (uinoccupied) Tons

Load ateconomizerset point - (occupied) Tons

Load ateconomizerset point - (unoccupied) Tons

Load at @ 0°Butsideair temp- (occupied) Tons

Load at @ 0°butsideair temp- (unoccupied) Tons

Chiller(s)xapacity Tons

Condensec, Air orwater-cooled
Compressotype

ARIpart loadefficiency @100% load, @5% load, @0% load, and @5% load| Note [2]

Primary andsecondarypumpingc BrakeH2 NB S LJ2 6 SNJ 6 & BHP
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SECTION TWO: C&lI LOST OPPORTUNITY

2.2.1 Chillers
Table 2J Inputs (continueo
Symbol Description Units
Secondaryghilled water pump controls ¢ Singlespeed orvariablefrequency
drive6 6 + C5 € 0
Condensewater pump ¢ BHP BHP
Towerfan¢ BHP BHP
Towerfan control ¢ Singlespeed, 2Speed VFD
Percentload onleadchiller beforelagchiller operation %

Nomenclature

Table 2K: Nomenclature

Symbol Description Units ‘ Values Comments
IPLV Integratedpart loadvalue Note [2]
BL100 Baselineefficiency @ 100% load Note [3]
BL75 Baselineefficiency @ 75% load
BL50 Baselineefficiency @ 50% load
BL25 Baselineefficiency @ 25% load

Lost Opportunity Gross Energy Savings, Electric

Equipment

Each chiller plant isharacterized by:
9 Number of chillers.
i Sizes, in tons (the chillers may be of different sizes).
i1 Type, which may be:
0 Watercooled centrifugal;
0 Water-cooled positive displacement (screw, scroll, and reciprocating); and
0 Aircooled.
i1 Speed, constant, or variable
9 Auxiliary equipment:
o Chilled water pumps;
o Cooling tower pumps;
o Cooling tower fans; and
o Other.
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2.2.1 Chillers

Operational staging

If more than one chiller is used, their operational relationship can be defined. When the load is high enough to
permit two chillers to operate, they can be designated to operate together at the same loading, or alternatively,

either one can be operated at full output while the other follows the cooling load profile.

Operating profile

¢KS Odzaidz2YSNRa O2a2ttdmpeatufe BINRs chah@eFized §:= T2 NJ S

9 Occupied hours the chiller is operated each week; and

1 Unoccupied hours the chiller is operated each week.

Load profile

I O0dzad2YSNR&a NBLINBaSyidliA@S o0dGe8LAOITtf & d ¢RKSAOTA 12y
profile is estimated by determining the load at the peak outdoor conditions and the load at the minimum

conditions. For systems with an @iide or waterside economizer, the minimum conditions are those just above
thesetpointofKS SO2y2YAT SN LT GKS Odzaidi2YSNNRaE f2FR LINRPFAC

developed; in this case it is also necessary to determine the value of any process loads.

Savings calculation

With the above information (chiller load and part loefficiencies) a calculation is made for each time period of
the year based on the appropriate temperature BIN data. The calculation is performed once for the chillers
meeting the baseline efficiencieBable 2L, and again for the proposed chillers, ame tifference determines the
kWh and kW savings for each period. These are summed to yield the total savings. Path A is intended for
applications where significant operating time is expected atlfatl and Path B is intended for applications where
signifcant operating time is expected at pddad. Multifamily building chiller installations are variable flow

chillers and shall apply the savings prescribed in Path B

2021Program Savings Document Page |34



SECTION TWO: C&l LOST OPPORTUNITY
2.2.1 Chillers

Table 2L: Baseline Efficiencies for ElecttiChillers seeNote [3]

Equipment  size Category e Path & Path B
Type (tons) Full Load IPLV Full Load
Air-Cooled <150 EER 10.100 13.700 9.700 15.800
150 EER 10.100 14.100 9.700 16.100
<75 kW/ton 0.750 0.600 0.780 0.500
Water-Cooled 75 &<150 kW/ton 0.720 0.560 0.750 0.490
Positive 150 &<300 | kWi/ton 0.660 0.540 0.680 0.440
Displacement 300 & 600 | kWriton 0.610 0.520 0.625 0.410
600 kW/ton 0.560 0.500 0.585 0.380
<150 kWi/ton 0.610 0.550 0.695 0.440
Water-Cooled 150 &<300 | kWi/ton 0.610 0.550 0.635 0.400
Centrifugal 300 &<400 | kWi/ton 0.560 0.520 0.595 0.390
400 kW/ton 0.560 0.500 0.585 0.380
! For water cooled 300 tons positive displacement is the baseline. BB00 tons centrifugal is the baseline.
2pPath A is intended for applications where significant operating time is expected latfill
% Path B is intended for applications where significant operating time is expected dbadrt
Rated based oNote [2].

Table 2M: Baseline Part oadEfficiencies (Path A)

Part-Load Efficiencies

Equipment Size Category

Units
Type (tons) 100% Load 75% Load 50% Load 25% Load
. XM p n EER 10.100 12.265 14.797 14.878
Air-Cooled
XMpn EER 10.100 12.648 15.258 15.134
<75 kW/ton 0.750 0.639 0.534 0.776
Water-Cooled| X T p<150 kWi/ton 0.720 0.596 0.498 0.728
Positive XMp £308 | kW/ton 0.660 0.574 0.480 0.713
Displacement| xonn 3 | kW/ton 0.610 0.556 0.464 0.662
Xcnn kWi/ton 0.560 0.534 0.446 0.636
<150 kWi/ton 0.610 0.565 0.521 0.616
XMp £308 | kWi/ton 0.610 0.565 0.521 0.616
Water-Cooled
. X 0 n AR408 | kWiton 0.560 0.536 0.494 0.565
Centrifugal
xnnn 3 | kWiton 0.560
Xcnn kWi/ton 0.560 0.515 0.475 0.547
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SECTION TWO: C&I L@HFPORTUNITY
2.2.1 Chillers

Table 2N: Baseline Part oadEfficiencies (Path B)

Equipment Type Size Category Uniits PartLoad Efficiencies
(tons) 100% Load 75% Load 50% Load 25% Load
A Cooled <150 EER 9.7 14.145 17.065 17.359
M p N EER 9.7 14.442 17.422 17.481
<75 kKW/ton 0.78 0.530 0.443 0.682
[T p<150 | kWiton 0.75 0.518 0.432 0.692
Watgz'fp?gé‘;?n':ﬂf't've % Mp A308 | kWiton 0.68 0.467 0.390 0.587
X0nn 9 | kWion | 0.625 0.435 0.364 0.548
%cnn | kWion | 0.585 0.403 0.337 0.508
<150 KW/iton | 0.695 0.547 0.377 0.405
% Mp A300 | kWion | 0.635 0.497 0.343 0.368
Wgéirmiﬁgﬁd % 0 N 400 | kWiton 0.595 0.486 0.335 0.349
xnnann 3 | kWiton 0.585
%cnn | kWion | 0.585 0.474 0.327 0.338

Lost Opportunity Gross Ener@avings, Fossil Fuel

None.

Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (winter and summer)

The peak demand savings from the spreadsheet are assumed to be 100% coincident teNiiEed@@mer peak

demand. There are no ISCE winterpeak demand savings.

Non-Energy Impacts

Because the baseline and higfficiency technology are the same for electric chillers, the majority of the projects

have zerd\Els

Changes from Last Version

1 Updated IECC references from 2015 to 2048uded newNote 4.
Notes

[1] The temperature BIN model was originally created by Bitterli & Associates, 10 Station Street, Sir
Conn. and has subsequently been modified by the engineering group at Eversource.

[2] Either EER for amooled or kW/ton foiwater cooled. Padload performance based on AHRI 550/590

[3] Developed using typical chiller part load curves and the baseline efficiendiableR-M. The tablds
based on 2018 IECC Table C403.3.2(7).

[4] Developed using typical chiller paotad curves and the baseline efficiencie§ able2-L
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SECTION TWO: C&I LOST OPPORTUNITY
H®H DH PYAGENE AN/ 2YRAGA

2.2.2 Unitany A NJ / 2 Vv RAVGE }amd\HENZUMpSs &

Description of Measure

Installation of a higkefficiency Direc@ E LJF Y &A 2y 045 - £ 0 dzy A ( | -dhbrceshéddd pamgft A G O

Savings Methodology

Savings are estimated using fidad hours analysis, comparing the difference in efficiency between a baseline
(code compliant) and installed efficiency. This measure includes baseline efficiency values L2388 HCC

standard efftiency options.

Inputs
Table 20: Inputs
Symbol Description Units
Facilitytype served byequipment
CAR Installedcooling capacity Btu/hr
CAR Installedheatingcapacity Btu/hr
EER EER 65,000 Btu/hrg Installed (ARI 340/360) Btu/watt-hr
Slazylt 9y SNHE:&EERTFnKksO66500 6ta/hrqiristallkds )
SEER (AR 210/240) Btu/watt-hr
HSPF HSPF, Heat Pump$5,000 Btu/hrg Installed (ARI 210/240) Btu/watt-hr
COP High Temperature COP, Heat Purmtib,000Btu/hr ¢ Installed (ARI
' 340/360)

Nomenclature

Table 2P: Nomenclature

Description Units Values  Comments

AKWH Annual Gross Electric Energy SavinGsoling kwh
AKWH, Annual Gross Electric Energy Savinggating kwh

CAR Installed Cooling Capacity Btu/hr Input
CAR Installed Heating Capacity Btu/hr Input

Ck Seasonal Summer Cooling Coincidence Fact( % Appendix One

High Temperature COP, Heat pu ,000
COR J P Btu/hr ¢ Baseline PUmEES Note [1]
cop Hightemperature COP, Heat pump&5,000 Btu/watt-hr Input
Btu/h ¢ Installed

EER EER 65,000 Btu/hrg Baseline Btu/watt-hr Note [1]

EER EER 65,000 Btu/hrg Installed Btu/watt-hr Input
EFLH Equivalent Full Load Hougooling Hrs Appendix Five
EFLH Equivalent Full Load HougdHeating Hrs Appendix Five
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SECTION TWO: C&I LOST OPPORTUNITY
'ANJ / 2YRAGA:

H®H DH DY AGE NE
Lost Opportunity Gross Energy Savings, Electric
Cooling (A/C units and asource heat pumps)
a1 1 8 kw
AKWH, = CAR.3 @33
¢ ¢ @Q ER EERY 1000V ¢
Reminder:SEER used in place of EER for gGif000 Btu/hr.
Heating (air source heat pumps only)
é. ~
AKWH,, =CAR, 3 1 1 §3 kW_, EFLH,,

SHSPR,  HSPF

Reminder:COP multiplied by 3.412 can be used in place of HSPF fok@5j@00 Btu/hr. There are two paths for

1000V

complyingwith the ASHRAE 90.1 2013 Standards: (1) the Baseline Efficigabies2Q) and (2) Additional
EfficienciesTable 2R).

Table 20Q: Baseline Efficiencies Unitary and Split Systerd/ C 2018 IECGeeNote [1]

Units with Electric

Size (Btu/h) Resistance or No

Heating Section

Units with Heating Section

Other Than Electric
Resistance

13.0 SEERH]it system) 13.0 SEERH|it system)
< 65,000 14.0 SEERifig|
gle 14.0 SEERIfglepackage)
package)
11.2 EER 11.0EER
%65,000 and < 135,000
12.8 IEER 12.6 IEER
11.0EER 10.8 EER
%135,000 and < 240,000
12.4 IEER 12.2 IEER
10.0 EER 9.8 EER
%240,000 anck 760,000
11.6 IEER 11.4 IEER
9.7 EER 9.5 EER
%760,000
11.2 IEER 11.0 IEER
If applicable, compare against federal requirement and use more stringent value.
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SECTION TWO: C&I LOST OPPORTUNITY
H®H DH PYAGENE AN/ 2YRAGA

Table 2R Baseline EfficienciesUnitary and Split System Heat Punip£018 IECGeeNote [2]

Cooling Mode

Heating Mode
Units with Electric Units with Heating @ 47F db/43F

Size (Btu/h) Resistance or No Section Other Than wb
Heating Section Electric Resistance

<65,000, Split Systems 14.0 SEER 14.0 SEER 8.2 HSPF
< 65,000, Single Packag| 14.0 SEER 14.0 SEER 8.0 HSPF
%65,000 and < 135,000 11.0 EER 10.8 EER 3.3 COP
%135,000 and < 240,000 10.6 EER 10.4 EER 3.2 COP
%240,000 and < 375,000 9.5 EER 9.3 EER 3.2 COP
%375,000 and < 760,000 9.5 EER 9.3 EER 3.2 COP
%760,000 9.5 EER 9.3 EER 3.2 COP

If applicable, compare against federal requirement andmsee stringent value.

Lost Opportunity Gross Energy Savings, Example

Example:A 120,000 Btu/hr rooftop A/C unit is installed on an office building. The new unit has a rated EER of 12.5.
2 KFG A& GKS YSIFaAdz2NBQa lyydzZf t2ad 2LIRNIdzyAdGe al gay

Cooling (A/C units and asource heat pumps)

11 % KW
ER EERY 1000V

AKWH,. = CAP.3 3 EFLH,

»onqﬂ; Qo

From Appendix Five, the cooling equivalent full load hours for an office are 797 hoyfsofHRble 20= 11
EER

a1 1 g kw
AKWH, =120000° &~ - ——
c =120 A1 125% 1000V

8 797=104%Wh

Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (wintesuamuier)

18, kw
ER§3 1000V

a1
SKW. = CAR. 3 - 3 CF
W, C %ER E c
WKWL=0

Reminder:Cooling only units have no winter demand savings since they do not operate during the winter.
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SECTION TWO: Q8DST OPPORTUNITY
H®H DH P'YAGENE ' ANJ/ 2YRAGA:

Lost Opportunity Gross Peak Demand Savings, Example

Example:A 120,000 Btu/hr rooftop A/C unit is installed on an offiodding. The new unit has a rated EER of 12.5.
2 KIFG A& GKS dzyAaidQa aSrazylf LISF] al@ay3ak

1 2 KW e
ERY 1000M

a1
SKW. =CAR.3 -
¢ %EEI% E
Note: FromAppendixXOng the seasonal coincidence factor for cooling = 0.82.

EERfrom Table 20= 11 EER

al 15, kw
SKW, =120000° & - — &
Ve 1" 1257 1000V

30.82=1.07kW

WKW~ 0

Note: Coolingonly units have no winter demand savings since tleegiot operate during the winter.

Changes from Last Version

1 Updated references from 201&CQGo 2018 IECC

Notes
[1] Table 2Qabove is based on 2018 IECC (CT CedeJable C403.3.2(1).

[2] Table 2Rabove is based on 2018 IECC (CT CedeJable C403.2.3(2).

2021Program Savings Document Page |40



SECTION TWO: C&I LOST OPPORTUNITY
2.2.3 Water and Ground Source Heat Pumps

2.2.3 WATER AND GROUND SOURCE HEAT PUMPS

Description of Measure

Highefficiency watersource, ground water source, and groucdupled heat pumpunits.

Savings Methodology

Savings are estimated using aHotd hour analysis, comparing the difference in efficiency between a baseline

(code compliant) and installed efficiency.

Inputs

Table 2S5 Inputs

Symbol Description Units
Facility type served by equipment asgstem type
(water source, ground water, ground loop)
CAR Installed Cooling Capacity Btu/h
CAR Installed Heating Capacity Btu/h
EER EER; Installed (ISO 1325%8) Btu/watt-hr
cop COPR Installed (ISO 13258)

Nomenclature

Table 2T: Nomenclature

Description Comments
AKWH Annual Electric Energy Savingooling kwh
AKWH] Annual Electric Energy Saving$eating kWh
CAR Installed Cooling Capacity Btu/hr Input
CAR Installed Heating Capacity Btu/hr Input
Ck Seasonal Summer Cooling Coincidence Fact % Appendix One
Ch Seasonal Summer Heating Coincidence Fact % Appendix One
COR High-Temperature COP, Heat Pumps 65,000 Note [1]
Btu/h- Baseline
COPR COPInstalled Input
EER EER Baseline Btu/watt-hr Note [1]

2021Program Savings Document Page [41



SECTION TWO: C&I LOST OPPORTUNITY
2.2.3 Water and Ground Source Heat Pumps

Table 2T: Nomenclatue (continued)

Symbol Description Units Values Comments
Btu/watt-
EER EER Installed “r‘]': Input

: . Appendix
EFLH Equivalent Full Load How€ooling Hrs Five

: : Appendix
EFLH Equivalent Full Load Howsleating Hrs _ngi?
SKW Seasonal Summer Peak Savingsoling kw
WKW Seasonal Winter Peak Savindgigeating kw

Lost Opportunity Gross Energy Savings, Electric

Cooling
AKWHC:CAFgf%El 1 §3 . 3 EFLH,
SEER EERZ 1000V
Heating
0 KW
AKWH ., =CAP,, 3 3 EFLH
H H %op co 83 412 1000V H

Table 2U: Baseline Efficienciesee Note [1]

Cooling Capacity

Btu/hr

Water- heat | I ithi
a.er.source ea pummcosed oop within a < 17,000 129 43
building, served by boiler and cooling tower)
Water-source heat pumgclosed loop within a X MT Z NN 13.0 43
building, served by boiler and cooling tower) < 135,000 ' '
ter heat t the heat
Groundwa er. ga pump(wa} er used by the hea < 135,000 18.0 37
pump is in contact with the ground)
Grounfilqop heat pump(water us.ed by the heat pum < 135,000 14.1 3.2
is isolated from contact with the ground)
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.3 Water and Ground Sourcedti Pumps

LostOpportunity Gross Energy Savings, Example

Example:A ground loop wateto-air heat pump is installed in an office building. The heating capacity is 99,000
Btu/hr with a COP of 3.5. The cooling capacity is 125,000 Btu/h with an EER of 15. What are thienahnua
Opportunity Savings?

Cooling

L 18 W opmy,
ER EERY 1000W

AKWH_ = CAR, 3

*-Orﬁﬂ Qo

From Appendix Five, the cooling equivalent full load hours for an office are 797 hours. pfheniEE&ble 2U =
13.4

KW
AKWH . =125000° 18 3 797=793kWh
e =123 6933.4 15+ 1000V
Heating
AKWHH:CAPH3 1 % L, kW 3 EFLH
op, copr 9 3.412 1000V

From Appendix Five, the heating equivalent full load hours for an offide2#8 hoursThe COHrom Table 2U =
3.1

AKWH —9900@%‘%1—1 18 1 5 KW 5548-1335

3.5+ 3412 1000V

Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (Winter and Summer)

Cooling

SKW, =CF .3 CAP_3

0
%ERJ EER g 1000N

Heating

1 1 0 1 KW
WKW, =CF ., 3 CAP,, 3 3
: H H %:OP cop, 2 83 3.412 1000V

If supplemental heating systermsuch as fossil fuel equipmerare present on site, they will kick on during peak

winter days when thdeat pumpunit cannot operate efficiently at such low temperatures. In this case, winter

peak demand savings are O.
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.3 Water and Ground Source Heat Pumps

Lost Opportunity Gross Peak Demand Savings, Example

Example:A ground loop watetto-air-source heat pump is installed in an office building. The heating capacity is
99,000 Btu/hr with a COP of 3.5. The cooling capacity is 125,000 Btu/h with an EE®/loditl&re thelost

Opportunity (seasonal demarydsavings?

Coolimy:

Q
SKW, =CF .3 CAP.3
©c e %ER, EER§31000N

From Appendix One, the seasonal coincidence factor for cooling = 0.82. {frelaHRble 2U=13.4

Qo

1 83kW

SKW, =0.82% 1250008 =0.82kW
a?g 34 15+ 1000V
Heating
~ 1 8 1 KW
WKW, =CF, ® CAR,® %OP COP. 33 3.4123 10000V

WKW, = 0 if supplemental heating system is present or

if boiler-fed hot water loop supplies heating sidewter-source heat pump

The seasonal coincidence factor is assumed to be the same as the summer factor = 0.82; fftvm Talbte 2U =

3.1

WKW, =082 99000 &1 - L& 1 . KW
031 352 3412 1000V

=0.88kW

Changes from Last Version

1 Revised IEQE&ferences from 2015 to 2018.

i Expanded description of fossil fuel boiler effects when paired grittund-source heat pumps and water
source heat pumps.

Notes

[1] Table2uA a ol aSR 2y (GKS wnmy L9//Qa ¢Fo6tS /r
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.4 Dual Enthalpy Controls

2.2.4 DUAENTHALPY CONTROLS

This measure is discontinued based on the recommendatidinedimpact study Cadmus, C1634 Impact

Evaluation of PY 2016 & 2017 Energy Conscious Blueprint Program.
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.5 Demand Control Ventilation

2.2.5 DEMAND CONTROL VENTILATION

Description of Measure

Upgrade to HVAC system to control outside air flow based oneR€ls. The proposed system monitors the;@O
the spaces or return air and reduces the outside air when possible to save energy while meeting indoor air quality

standards.

Savings Methodoloy

The energy savings are calculated based orsgigzific input for all projects. Savings are based on hours of
operation, return air dry bulb temperature, return air enthalpy, system total air flow, percent outside air,

estimated average outside air rechion, and cooling and heating efficiencies. Savings are estimated using a
temperature BIN spreadsheet that uses the reduction of outside air to calculate the energy saved by not having to
condition that air. The savings are calculated for each temperaiikewith the exception of BINs that would

include economizer cooling.

Summer seasonal peak demand savings are calculated based on the top two temperature BINs used in the
spreadsheet. Natural gas peak day savings are calculated using the peak dafpfdatoiace/boiler of 0.0152
(from Measure 2.2.6n the 2021 PSD mangaince the savings for this measure are consistent with the

furnace/boiler savings profile. The baseline for this measure is a system with.ne@iation control.

Inputs
Table 2V: Inputs
Symbol Description Units
Operation Schedule of HVAC Unit, including Days and Tin
Area Type Served by HVAC Unit
EER Cooling Efficiency Btu/watt-hr
Heating Efficiency %
Total System Air Flow CFM
Design Outside Air Percentage %
Average Expected Reduction in Air Flow %
Return Air Temperature °F
Building Balance Point °F

Changes from Last Version

I No changes.
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SECTION TWO&OLOST OPPORTUNITY
2.2.6 Natural Gas Fired Boilers and Furnaces

2.2.6 NATURAL GAS FIRED BOILERS AND FURNACES

Description of Measure

This measure encourages thestallation of higkefficiency, natural gafired, hydronic heating boilers and

furnaces.

Savings Methodology

Energy savings are calculated using the efficiency of the proposed boiler or furnace versus the baseline efficiency.
Baseline minimum efficience F2NJ 02Af SNB | YR FTdaNy I 0S&8 I NB &LISOATAS
403.2.3 (5), respectivel\bte [3]). If the boiler is used for domestic hot water, in addition to heating, the project

should be handled as a custom measure (8easure?.6.3 Lost Opportunity Custom the 2021 PShanua).

The peak day factors developed for this prescriptive approaetbased on the results from a sampling of existing
custom projects in which local BIN weather data was used to calculate savings of bed#fficighcy conventional
and condensing boilers. The data from the temperature BIN analysis was used to comjnge &avthe coldest
24-hour period of the year. The peak day factors were based on the average of these pigfet§l]). Ratios of
demand savings to annual energy savings were then developed for both conventional (0.0152) and condensing
boilers (0.013).

The peak factor for furnaces is estimated at 0.0152 since furnace savings follow the same load shape as the
conventional boilers. Although the magnitude of the demand savings for the condensing boilers was greater than
that of the conventional boiletghe condensing boiler demard-energysavings ratio was smaller. To meet the
heating load, hot water reset increases the boiler water temperature as the outside air temperature decreases.
The higher water temperature has a negative effectonthe contighisd 02 A f SNRa STFFAOASyOe

effect reduces the percent savings during the peak day.

Inputs

Table 2W: Inputs

Symbol Description | Units
Facility Type
"L Proposed Case Efficiency
CAP Boiler or Furnace Output Capacity BTU/hr
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SECTION TWO: C&l LOST OPPORTUNITY
2.2.6 Natural Gas Fired Boilers and Furnaces

Nomenclature

Table 2X: Nomenclature

Symbol Description \ Units Values Comments
ACCF Gross Annual Energy Savings ccf
. BTU/hr
CAP | Installed Boiler or Furnace Output Capac
: Table
EFLH Equivalent Full Load Hours Hours ?
OF Oversize Factor Note [2]
PD Gross Peak Day Natural Gas Savings
"0 Base Case Efficiency Percent 2018 IECC
"L Proposed Case Efficiency Percent
Lost Opportunity Gross Energy Savings, Fossil Fuel
Heating savings
6060 o000 . p p

000 0—-— ————— () —
0 "0 pnhmnano]ﬁnw(ﬁ—

Table 2Y: Equivalent Full Load Heating Hour Range (Note [1])

Equivalent FulLoad Heati
Occupancy Category quivalent FuhLoad Heating

Hours (Note 4)

Residential, Hospitals, Police, and Fire Stations 1510
(24/7 operation) '

Manufacturing 1,140

Retail Sales/Restaurants 1,170

Offices 1,306

Schools 1,176

Average Value for Upstream Program 1,100

Occupancy Category Equivalent Full Load Heatikpurs

Note: The above HHshould be used for boilers and furnaces andAmendix Fivealues Appendix Fiv@ &
heating EFLH are for heat pumps only.

Lost Opportunity Gross Peak Day Savings, Natural Gas

1 Factors based.
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.6 Natural Gas Fired Boilers and Furnaces

Conventiona{non-condensing) boiler peak day natural gas savings (CCF)

PD=0.0152 ACCF

Condensing boiler peak day natural gas savings (CCF)

PD=0.0133 ACCF

Furnace peak day natural gas savings (CCF)

PD=0.0152 ACCF

Changes from Last Version

1 Updated references to the 2021 P8anual

1 Updated refereces from 2015 IECC to 2018 IECC

Notes

[1] Peak day factors and full load hours were developed by4nifdNIi @ Sy 3Ay SSNA 6 C
Manchester, Conn.) in 2008 using a temperature BIN analysis. The engineering analysis was prt
to Eversource (natural gas), CNG, and SCG to help supporalrgdsrconservation efforts. source
(natural gas), CNG, and SCG to help support natural gas conservation efforts.

2] ¢KS 20SNBEATS FILOGU2NI 6ahCé0 A& | &dadzYSR G2 o
industry standard of instalig equipment that has an output greater than estimated peak load. The
for multiple boiler and furnace installations is 1.3 reflecting the industry practice of oversizing mu
pieces of equipment to allow for one piece of equipment to provide a lighecentage of load in
emergency situations.

[3] ASHRAE and 2018 IECC minimum efficiency requirements are based on input capacity.
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.7 Natural Gas Radiantaters

2.2.7 NATURAL GAS RADIANT HEATERS

Description of Measure

Installation of natural gafired, low-intensity, vented, radiant heaters.

Savings Methodology

Energy savings is estimated to be 25% of the consumption of a conventional natdiieddamit heater with the
same heating load (based &tef [1).

Demand savings calculation methodologpased on the results of sample savings numbers for various building
types using a temperature BIN model. To calculate the peak demand factor, the savings from the celtdest 24

period of the year was divided by the total savings (Set [1]). From thisratios of the demand savings (ccf) to

annual energy savings (ccf) were developed, resulting in the average demand savings fraction of annual savings o
0.00544.

Inputs
Table 27 Inputs

Symbol Description

CAP Installed Heating Capacity in BTU/hr
Facility Type
Nomenclature
Table 2AA Nomenclature
Symbol Description Units Values Comments
ACCF Gross Annual Gas Energy Savings ccf
CCF 100 Cubic Feet ccf
Th ivalent h hat the h I
neect 0 operate a s pestapachy n oder| Table 200
EFLH P . . P pacty . Hours Appendix Note [3]
to consume its estimated consumption :
Five
(Annual Btu/ Full Load Btu/hr)
CAP Installed Heating Capacity in Btu/hr Note [2]
OF Oversize Factor Note [2]
PD Gross Peak Day Savings ccf
SFR Savings Fraction 25% Ref [1]
"0 Base Case Efficiency 80% Ref [2]
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.7 Natural Gas Radiant Heaters

Lost Opportunity Gross Energy Savings, Fossil Fuel

Heating savings

ACCE AP gpy 1+ SFR
OF (102900btu/ Ccf 2 Ab)

Table 2BB Equivalent Full oad Heating Hour Range (Note [3])

Occupancy Category EquivalentFullLoad Heating Hours

Warehouse, Storage, and Fire Stations 1519
(24/7 operation) ’

Manufacturing 1,140

Retail Sales/Other 1,170

Lost Opportunity Gross Peak Day Savings, Natural Gas

PD= 0.00544 ACCF

Changes from Last Version

1 Updatereferences from 2015 IECC to 2018 IECC

References
[1] ASHRAE Technical Paper No. 468@aluation of an Infrared Tw8tage Heating System in a
Commercial Applicatioh, Hnno> [/ 2y Of dzaAzyas LI Moy d

[2] 2018 IECC, Table C403.2.3(4), for warm airhasiters, gas fired.

Notes

[1] Peak day factors and full load hours were developed by4hitdNIi @ Sy 3Ay SSNA
Manchester, Conn.) in 2008 using a temperature BIN analysis. The engineering analysis w
provided to Eversource (natural gas), CNG, and SCG to help suppodl gatsiconservation
efforts.

[2] Inthe case of a singleeater installation, the OF is 1.0. In the case of a muHiglater
installation, the total heater output capacity shall be used and the OF is 1.1.

[8] The EFLH range is showTable 2BB The magnitude of the EFLHSs in each occupancy cate¢
considers both hours occupied and internal heat release equipment. Refgatendix Fivéor
occupancy categories not listedTiable 2BR
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SECTION TWO: C&l LOST OPPORYUN
2.2.8 Natural Gakired Domestic Hot Water Heaters

2.2.8 NATURAL GARED DOMESTIC HOT WATER HEATERS

Desgription of Measure

Installation of higkefficiency, natural gaired, storagetype, domestic hot water heaters > 75,000 Btu/hr.

Savings Methodology

Energy savings are calculated using proposed water heater thermal efficiency and standby losses \adiises bas
efficiency and standby losses. The baseline for efficiency and standby losses were based on a natural gas storage

water heater (> 75,000 Input Btu/hr) as specified in 2018 IR€]1).

Based on facility type and square footagaeble 2EE(Note [1]) and baseline standby losses are used to estimate
the annual water heating baseline usage. Using the baseline efficiency (80%), the baseline hot water load is
calculated. Using the calculated load, the installed efficiency and standbyfiigiency consumption and savings

can be calculated.

The demand savings is calculated using a demand savings factor, which is essentially the peak day consumption
percent of the annual consumption. Multiplying annual savings by the demand savings factor detetingipeak

day savings.

Assumptions

1. Base case heater is a cedempliant, storage natural gas heater;
2. Proposed case heater is a higfficiency heater;

3. Base case and proposed case heaters have the same output capacity and address ttersastie
K24d ¢l GSNJ 6a512¢0 €2FRT YR

4. If multiple heaters are used, they are treated as a single unit, with system input capacity and standby
loss rate equal to the sum of all units.

Demand assumptions

1. Lowest cold water temperature is 44%ef [3);
2. Annud average cold water temperature is 54#ef [3); and

3. Hot water set point is 130°F.
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Inputs
Table 2CC Inputs
Symbol Description Units
CAR; Input Capacity of Proposed (installed) Water Heater MBH
CARy Water Storage Capacity of Propodatstalled) Water Heater Gallons

"0 Thermal Efficiency of Base Case Water Heater %

"L Thermal Efficiency of Proposed (installed) Water Heate %
SLR Standby Loss Rate of Proposed (installed) Water Heatg Btu/hr

A Building Floor Area in Square Feet ft2

Building Occupancy Type

Nomenclature

Table 2DD. Nomenclature

Description Units Values Comments
A Building Floor Area in Square Feet ft2 Input
ACCF Annual Natural Gas Energy Savings ccflyr
CAR ) Heat Input Capacity of Base C&¥ater Heater MBH
CAR, Heat Input Capacity of Proposed (installed) Wat MBH Input
Heater
CAR,p | Water Storage Capacity of Base Case Water Hg Gallons
CAR.; Water Storage Capacity of Proposed (installed Gallons Input
Water Heater
CChvpp Annual Base Case DHW Gas Usage ccflyr
B Annual Base Case Gas Energy Usage RateZjpg ccf/ft?/yr _Tat;l; 2 | Ref [[21]] Note
E Annual Proposed (installed) Gas Energy Usage oty
(per ft?)
GPY Annual Building Hot Water Usage Gallyr
H Number of Annual Standby Hours Hrs/yr
PD Peak Day Natural Gas Savings ccf
SF Peak Day Gas Demand Savings Factor
Ref [1], Note
SLR Base Case Water Heater Standby Loss Ratg Btu/hr (1]
SLR Proposed (installed) Water Heat8tandby Loss Btu/hr Input
Rate
ne Differential Temperature Rise °F 75°F
"0 Base Case Water Heater Thermal Efficiency % 80% Ref [1]
"L Thermal Efficiency of Proposed Water Heater %
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2.2.8 Natural Gakired Domestic Hot Water Heaters

Lost Opportunity Gross Energy Savings, Fossil Fuel

Natural gasenergy savings

/£ OdzA I GS 'y ydz f oFras OFras 512 KSI G§SNRa )/I-l'fldzNJ-f Al a
CCR,, = A*E,

Table 2EE Annual Base Case Gas Usage Rate by OccupancyetERef [2] Note [2]

Annual Base Case Gas Usage Rate

Building Occupancy Category

(Ccflft?)
Education 0.068
Food Sales 0.043
Food Service 0.382
Health Care 0.232
Inpatient Health Care 0.334
Outpatient Health Care 0.038
Lodging 0.258
Mercantile 0.103
Retail (other than mall) 0.024
Enclosed and Strip Malls 0.137
Office 0.047
PublicAssembly 0.02
Public Order and Safety 0.209
Service 0.147
Warehouse and Storage 0.028
Other 0.023
Vacant 0.013
Multifamily LowRise 0.193
Multifamily HighRise 0.176

Calculate base case heater input capacity in Btu/hr

p

CAR,, =CAR, 3 =
H,b H,I hb

Calculate thébaseline standby losses

SLR =CAR,,® %’ +110° J/CAP,; Ref[1], Note [1]
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SECTION TWO: C&lI LOST OPPORYUNIT
2.2.8 Natural Gakired Domestic Hot Water Heaters

Calculate number of standby hours/year

(87601, 2 CAR, . 1,000)- (CCF,, * 1029008t/

(cAR, 2 1,000)- S/;)R’

Calculate annual building hot water usage (gallons of hot water consumed/yr)

(CCF, ,2 1029008, Aib)- (SLR 3 H)
DT 3 8.338U,,

GPY, =

Calculate annual natural gas savings using the following equation

(GPY,, 3 DT 3 8.3384, 4 + SLR® H)

ACCF, =CCF,,, -
W Wb 1029008442 Ap

LostOpportunity Gross Energy Savings, Example

Example:A 50,000 square foot inpatient health care facility installs a new ersffigyent natural gas storage type

DHW heater with the following ratings

Capacity = 300 MBH;
Storage capacity = 100 gallons;

Thermal efficiency = 91%; and

= =4 4 =

Rated standby loss = 1,044 Btu/hr.

What is the annual energy savings?

Calculate annual base case DHW natural gas usage

66 6 O vMmMnNnmmMotpl nNanQ

Calculate base case heater input capacity in Btu/hr

CAR,, = CAR, * 7P = 3005 29 ~ 34181
' " hb 0.80
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Calculate the baseline standby losses

SLR =CAR, 2 2299, 1105 /CAP,, =300° 0%
' 800 800

+110% v100=1,475

Calculate number of standby hours/year

(876072 CAR, 2 1,000)- (CCF, 2 102900844)
SLR
Ab

(cAR, 2 1,000)-

o Ux 0 i ot ppmmm p & mmp MpNHO Q4
PP XU ol T p
0T ppTT Tt

Calculate annual building hot water usage (gallons of hot water consumed/yr)

_(cCR, ;2 102900842 Aib)- (SLR 2 H)
DT 3 8.335Y,,

GPY,

00 6 p o mmp mpnhO Y s o  pft x vl T p
50 0
XU W & ° Riip

¢lp wip o Y

Calculate annual natural gas savings using the following equation

(GPY,, 3 DT 3 8.338u/, + SLR® H)
1029008, 3 Ap

ACCF, =CCF,,, -

o o o wx v us & © G pftT Tal T p

SA— ¢htoo
p O Y o grdop

066 Opmm

LostOpportunity Gross Peak Day Savings, Natural Gas

1day? (130F - 46 F)

= /- =0.0032
365days? (130 F - 57°F)

PD = ACCF, ® SF = ACCF, 2 0.0032

00 ¢hto@mdtmnoced
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.8 Natural Gakired Domestic Hot Water Heaters

Changes from Last Version

i Updated references from 2015 IECC to 2018 IECC. Updated references

References

[1] 2018 IECOable C404.2.

US Energy Information Administration, Table lE&tural gas consumption and conditional energy

2] . . .
(2] intensities (cubic feet) by end U2912, Rel. May 2016.

[3] Tool for Generating Realistic Residential Hot Water Event Schedules, Reprint, NRER]RAug.

RECS Table CE4Anual household site endse consumption by fuel in the Northeasaverages,
[4] 2015,Available online at:
https://www.eia.gov/consumption/residential/data/2015/c&e/pdf/ce4.7.pdf

RECS Table HC10.10 Average square footage of Northeast home#\2iidb]e online at:

5 . . . .
5] https://www.eia.gov/consumption/residential/data/2015/hc/php/hcl10.10.php

Notes
[1] For instantaneous hot water heaters, the SLR = 0.

[2] Multifamily Low andHighRise Annual Base Case Gas Usage Rate, EW?(Caftftilated by dividing
RECS Annual household site end use consumption by fuel in the Northeasages 2015, Natural
Gas, Water Heating (213 ccf/unit for low rise and 147 ccf/unit for high risAyésage Square Footag
Per Multifamily Housing Unit (1,16 for low-rise and 834t for highrise)
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.9 Variable Refrigerant Flow (VRF) HVAC System

2.2.9 VARIABLE REFRIGERANT FLOW (VRF) HVAC SYSTEM

Description of Measure

Installation of a large higbfficiency Aif 2 dzZNO S R

I+

andresidentialapplications.

Savings Methodology

FNALFOfS wSTFNARAISNIYG Cf26

Savings are custom calculated for each VRF installation based on the specific equiproiinagpas, and

operating profile. A temperature BIN model is utilized to develop usage and periodic demand. Customer specific

information is used to determine a load profile for the-Ai2 dzZNOSR +wC aéaidSyo . FasSR 2

characteristics mergy (kwWh) and Demand (kW) usage is calculated for the proposed case, while 2016 ASHRAE

Code Note [1]) specifications are used to calculate baseline usage. A VRF spreadsheet calculates the difference

between the baseline and the proposed consumption (KWWY) to determine savings.

Inputs
Table 2FFE Inputs
Symbol Description Units
Facility Occupancy hours per week (On and off Peak) Hr/Week
Unit ID
Manufacturer/Outdoor Unit model
Indoor Unit Type (Ducted, Nesucted, or Mixed)
VRFClassification (Heat Recovery, No Heat Recovery, or Cooling on
Heating Capacity (65000 BTUh) Btu/hr
Cooling Capacity (65000 BTUh) Btu/hr
EER Btu/watt-hr
IEER Btu/watt-hr
High Temperature COP
Low Temperature COP
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Nomenclature

SECTION TWO: C&lI LOST OPPORTUNITY

Table 2GG Nomenclature

Symbol Description ‘ Units ‘ Values Comments
EER Energy Efficiency Ratio Btu/watt-hr
IEER Integrated Energy Efficiency Ratio Btu/watt-hr
COP Coefficient of Performance

Lost Opportunity Gross Ener@avings, Electric

Equipment
Each VRF is characterized by:

9 Indoor Unit type
0 Ducted,
o Non-Ducted; and
0 Mixed.
1 VREF Classification
0 No VRF Heat Recovery;
0 VRF Heat Recovery; and
o Cooling only.
1 Heat and Cooling Capacity, Btuh
i1 Cooling Efficiency
o EER;and
o IEER.
1 Heating Efficiency
o High Temp COP; and
0 Low Temp COP.

Operating profile

¢KS Odzali2YSNRa O22ftAy3 2R

9 Occupied hours the VRF is operated each week; and

1 Unroccupied hours the VRFaperated each week.
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.9 Variable Refrigerant Flow (VRF) HVAC System

Savings calculation

With the above information a calculation is made for each time period of the year based on the appropriate
temperature BIN data. The calculation is performed once for the VRF meeting the baseline efficiaidass,
HH and again for the proposed VRF, and the difference determines the kWh and kW savings for each period.

These are summed to yield the total savings.

Table 2HH Baseline EfficienciesElectronically Operated/ariableRefrigerantFlow and Applied Heat
PumpsseeNote [1]

Cooling Mode Heating Mode
VRF Multisplit . .
L . Heating Mode Heating Mode
Size (Cooling) VRF Multisplit System System with Heat ATE dg/43F wkc)@ 17F dg/lsF wtc)@
Recovery
Cooling . .
only Heating & Cooling
65,000 btu/h and 11.2 EER| 11.0EER 10.8 EER 2.3 COP ) 25 COP
< 135,000 btu/h | 15.5IEER| 14.6 IEER 14 4IEER ' '
%135,000 btu/h 11.0 EER| 10.6 EER 10.4 EER
and 3.2 COP 2.05 COP
< 240,000 btu/h 14.9 IEER| 13.91EER 13.7 IEER
10.0 EER| 9.5 EER 9.3 EER
%240,000 139 IEER| 12.7IEER 125 IEER 3.2 COP 2.05 COP

Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (winter and summer)

The peak demand savings from the spreadsheet are assumed to be 100% coincident teNiiEed@@mer and

winter peak demand.

Non-Energy Impacts

Because the baseline and higfficiency technology are the same for electric VRF, the majority of the projects

have zero norelectric benefits (NotEnergy Impacts).

Changes from Last Version

1 ModifiedTable 2HHG 2 Ay Of dzZRS &/ 22t Ay3 hyteé¢ @I fdzSaod
1 Updated 2016 ASHRAE code references to 2018.
Notes
[1] Table2-HHabove is based on tH2019ASHRAE Code, Table 6-801 6.8.110.
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SECTION TWO: C&I LOST OPPORTUNITY
2.3.1 Low Voltage Dry Type Distribution Transformers

2.3 MOTORS AND TRANSFORMERS

2.31 LOW VOLTAGE DRY TYPE DISTRIBUTION TRANSFORMERS

Description of Measure

Measure discontinued in 2017 due to implementatidracew Federal Energy StandaRef [1) which makes

potential savings negligible to support incentives for this program.

Savings Methodology

NotaJLX AOF6fS 6aSS 020S0® {I dAy3da KIR 0SSy olFaSR 2y

efficiency requirements; however, the CEE Initiative has been suspended.

Changes from Last Version

91 Measure discontinued.

References

[1] Federal Standard: Title 10 Part 43nergy Efficiency Program for Certain Commercial and Industri.
Equipment; Section 431.196.
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SECTION TWO: C&I LOST OPPORTUNITY
2.4.1 HVAC Variable Frequency Drives

2.4 VARIABLE FREQUENCY DRIVES

2.4.1 HVAC VARIABLE FREQUENCY DRIVES

Description of Measure

' RRAGAZ2Y 2F OFENAIFO6fS FNBIdzSyOe RNAGSa 6axC5a¢0 (G2 C
(pump) speed will be controlled to maintain the desired system pressure. The application must have a load that

varies and proper controls (i.@¢wo-way valves, Variable Air Volume boxes) must be installed.

Savings Methodology

¢tKS olaStAayS Aa | O2yadlyid &aLISSR Fry ! AN C2Af 64! C
without inlet guide vanes or a constant speed/flow cefuigial pump. ASHRAE default performance curiRes (

[1]) are utilized to calculate the power for both the baseline equipment (constant speed) and the proposed
equipment (variable speed) over the annual load profile. The difference between the bapecpusded

equipment determines the energy savings. Demand savings is the power (kW) savings at the highest load

temperature BINSs.

Inputs
Table 2II: Inputs
Symbol | Description |
BHP Brake Horsepower
EFFi Installed Motor Efficiency
H Annual Hours o©peration
Fan Type

Nomenclature

Table 2J3 Nomenclature

Description Units | Values Comments
AF Air Foil Fan Fan Type
AKWH Gross Annual Electric Energy Savings| kWh
BHP System Brake Horsepower HP Note [2]
BI Backward Incline Fan FanType
CHWP Chilled Water Pump
Ccv Constant Volume Fan
EFF Motor Efficiency Installed %
FC Forward Curved Fan Fan Type
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Table 2JJ Nomenclature (continued)

Symbol Description  Units  Values Comments
Site specific or
H Annual Hours of Operation default, Appendix
Five
HWP Hot Water Pump
Flow Control
IGV Inlet Guide Vanes o .On o
Device
Annual KilowatiHour Savings Factor Base
S . . L kKW/HP) | Table 2KK
Fewn on Typical Load Profile for Application ( )| Table 2Kk
Summer Seasonal DemaSdvings Based o
S . . . kKW/HP) | Table 2KK
Fow.s Typical Load Profile for Application ( )| Table 2Kk
Summer Seasonal Demand Savings Base
S . . o kW/HP) | Table 2KK
Fow. Typical Load Profile for Application ( )| able 2Kk
SKW Seasonal Summer Peak Savings kw
WKW Seasonal Winter Ped&avings kw
HP Nominal Horsepower
LF Load Factor 0.65 Ref [3]

Lost Opportunity Gross Energy Savings, Electric

BHP
AKWH = =3 H3 Sk
EFF K

Note: Refer toTable 2KKfor the appropriate S&vn.

Table 2KK VFED Savings Factors (See Note [1])

HVAC Fan VFD Savings Factors

Baseline Shwn Shkw,s Skw.w

AF/BI Riding the Curve 0.35407485 0.26035565 0.40781240
AF/BI with IGV 0.22666226 0.12954823 0.29144821
FC Riding the Curve 0.17889831 0.13552275 0.18745625
EC with IGV 0.09210027 0.02938371 0.13692166
cV 0.53450577 0.34753664 0.65064177

CHWP (constant flow) 0.41113751 0.299056883 0.0
HWP (constant flow) 0.42380136 0.0 0.207967853
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SECTION TWO: C&I LOST OPPORTUNITY
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Lost Opportunity Peak Seasonal Demand Savings, Electric (winter and summer)

BHP

SKW = EFF 3 SRus
BHP
WKW = 222 Sh

Changes from Last Version

i Addeddirection for BHP LF assumption if not available.

References
[1] ASHRAEO9OM by ¢p ' aSNDRA& al ydz f @

2] [F oNByOS .SNJStSe blraAz2ylrf [F02NXi2NEXZ | yR
and Drive Systera.

[3] LawrenceBerkelely G A2yl f [T 02NIG2NRZ | yR wSaz2da2NOS 5
and Drive Systen SNF 2 NX I yOST ! {2dz2NOS6221 F2N LyRdzai
Efficiency and Renewable Ener@galden, CO: National Renewable Energy Laboratory, or
https://www.energy.qgov/sites/prod/files/2014/04/f15/amo_motors_sourcebook web.pdf

Notes

[1] The constats inTable 2KKwere derived using a temperature BIN spreadsheet and typical heating,
cooling, and fan load profiles. For each pump application and fan type savings factors were devel

These were based on the difference in power based on the estimated load at eapbragore BIN
using equations fronRef [1]

[2] Use equipment specific BHP if available, else BHP = Nominal HP xfe&Rf2LF
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2.6.1 Lean Manufacturing

26 OTHER

2.6.1 LEAN MANUFACTURING

Description of Measure

Incorporating Process Rey IA Y SSNAY 3 FT2NJ LYONBIFASR al ydzZFl QG dzNAy 3 ¢
YIydzZFF OGdzNAy3IZé Ayidi2 GKS YIydzZFlF OlidzZNAYy3 LINRPOS&aod

Savings Methodology

Incorporating PRIME in the manufacturing process allows a company to elimiaste (i.e., of energy, materials,

and labor) and optimize flow in order to improve the efficiency of the manufacturing process. The savings
calculations are based dref [ and[Ref3® { | @Ay Ia I NB SadAYIFIGSR o0lFaSR 2y
electrical usage. The savings are based on estimating the production increase with and without PRIME. Savings ar

based on two concepts:

1. Producing more products in the same time period saves on thenmanufacturing consumption (mostly
lighting); and

2. Producihg more products over the same time period reduces losses in the manufacturing equipment
consumption (e.g., such as less idle time and an increase in motor efficiency).

This measure is intended for facilitidgt increase the production efficiency (i.e., more widgets per unit time).
Facilities where the production efficiency remains constant, such that Na and Ne are equal, should not use this

measure. Instead, these should be treated as custom projects.

The PRIMIgrocess also reduces waste. Since this is verydsipendent, it is not considered in this calculatiéior
projects with natural gas savings, the calculations will be doneonaoyeSd 3 S ol aA & F2NJ SI OK

manufacturing process(es).

Inputs
Table 2LL Inputs
Symbol Description Units
KWH, CrOAtAGEQA !yydzZ t [/ 2yadz kWh
PPA t SNOSyid 2F ClFLOAfAGEQA [/ %
Na Production after PRIME Units per Hour
Ne Existing Production Units perHour
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Nomenclature

Table 2MM: Nomenclature

Units Values Comments

Description

AKWH Annual Electric Energy Savings kWh
EKWH Estimated Annual Electric psage with an Increas KWh
Production
IND Annual Electric Energy Usagelependent of KWh
Production Hours and Production Quantity
LR Annual Electric Energy Usgge Dependent on Ho KWh
of Production
I OAf AleQa ! I S
KWH ClL OAt AUE .a yydzrt 9t S KWh Input
History
Units per
Na Production Rate After PRIME P Input
hour
- . Units per
Ne Existing Production Rate Input
hour
PPA t SNOSyid 2F CIFOAfAGRQA % Input
PD Annual Electric En.ergy Usage Dependent on KWh
Production Quantity
SF Savings Factor % Ref [1]
Xwop Without PRIME
Xuwp With PRIME
Lost Opportunity Gross Energy Savings, Electric
AKWH = EKWH,,,- EKWH,,
Estimated annual consumption with increase in productivity without PRIME
EKWH,,, = IND,,, + HR o + PD, ,
IND,, =0.42% PPA® KWH,
Na
HRWop =0.413 PPA3 KWH, 3 —
Ne
Estimatedannual consumption with increase in productivity with PRIME
EKWH,, = IND,, +HR,, +PD,,
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2.6.1 Lean Manufacturing

IND,,, =041 PPA> KWH,

HR,, = 0413 PPA® KWH,

PD,,, =0.18% PPA3 KWH, 3 —23 (1- SF)

e 7] e 2 e
SF=0.1168 e%u 0.3402 e%u +0.4732 e%umoou

e e e

Savings algorithms come directly frdRef [1 2].

Lost Opportunity GrosEnerqy Savings, Example

Example:A manufacturing plant that has an annual electricity consumption of 1,000,000 KWH) goes though
GKS twLa9 LINRPOSaa 2y LINRPRdAzOGA2Yy fAySa GKFG NBLINB&ASY

lines increase from 300 to 330 products per hour.
AKWH = EKWH,,,- EKWH,,

Estimated annual consumption with increase in productivity without PRIME

EKWH,,, =IND,,, + HR,,, + PD,,,
OO0 M p ™ v ph e Tthy TRGQ
0O0T
oY ™M p 8] v pht T[O— p plx LV RGQ
0 0O ™Y TV pmnmnn— 1 ® nRGQ

OVLWO prgnmpplxvmt @ TIg P L RWQ

Estimated annual consumption with increase in productivity with PRIME

EKWH,, = IND,, +HR,, +PD,,

INDwp= 041 x0.25 x 1,000,000 £02,500 kWh

HRwp=  0.41 x 0.25 x 1,000,000 = 102,500 kWh
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2.6.1 Lean Manufacturing

R 3 . 2 R
SF=0.1168 $390- 3000 3,45 €330- 3000 | ;) 4555 €330- 3008, 1y11- 45
g 300 H g 300 H g 300 H

. L COT . .
V@) ™ P T® L pthhlrnnﬁT[p TBIT U T X8 QuQ

EKWHwp=102,500 + 102,500 47,272.5= 252,272.5 kWh
AKWHo= 264,750- 252,272.5= 12,477.5 kWh

LostOpportunity Gross Seasonal Peak Demand Savings, Electric (winter and summer)

1 SKW=DO0; and
7 WKW=0.

Non-Energy Impacts

t wLa9 NBRdAzOS& 6FaidS YR AYONBFA&ASa LINPRAZOGADGAGR D ¢ KS
and reduction in scraparies considerably from project to project. Therefore, it may be calculated on ébgase

case basis.

Changes from Last Version

i Editorialchanges basedn CTX1931 Fin&eport.

References
[1] Energy & Resource SolutioPRIME Program Evaluatiddar.26, 2007, Section 4.

[2] Business and Energy Sustainability Program Impact Evaluation Energy & Resource ,Rdpti@)s
2018, Tables-5.
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SECIDN TWO: C&I LOST OPPORTUNITY
2.6.2 Commercial Kitchen Equipment

2.6.2 GOMMERCIAL KITCHEN EQUIPMENT

Description of Measure

Installation of ENERGY STARlified commercial kitchen equipment.

Savings Methodology

Energy savings for this measure are calculated using the savings calculator for ENER{bgli#édRommercial
kitchen equipment locatedn the ENERGY STAR web§&&f (1) or the Food Technology Service CentES[T€)

for the California Energy Wiseqgram(Ref [2). Note that deemed savings based on default values from ENERGY
STAR Commercial Kitchen Equipment savings calcalado€alifornia Energy Wise Commercial Kitchen Energy
Savings Calculator as referenced. The peak electric and natural gasdiseavings are calculated as specified

below. The baselines from which savings are calculated are providexbia 2NNbelow.

Table 2NN: Savings Baseline

Equipment Baseline

Oven Conventional Unit peRef [1]and Ref [2]Calculator
Dishwasher Conventional Unit peRef [1]Calculator
Freezer Ref [3]
Fryer Conventional Unit peRef [1]and Ref [2]Calculator
Griddle Conventional Unit peRef [2]Calculator
Hot Food Holding Cabinet Conventional Unit peRef [2]Calculator
Ice Machine Ref[1]
Refrigerator Ref [3]
Steam Cooker Conventional Unit peRef [2]Calculator
WaterSense PrRinse Spray Valve See3.2.1 WaterSaving Measures

Nomenclature

Table 200 Nomenclature

Description [ Values Comments
ACCb AnnualNatural Gas Savings ccf
AHAM Association of Home Appliance
Manufacturers

AKWH Annual Gross Electric Energy Saving kilowatt-hours, kWh

AKW | Average Hourly Summer Demand Sawvil kwW

kW Electric Demand kilowatts

P Peak Day Natural G&avings ccf
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2.6.2 Commercial Kitchen Equipment

Table 2PP._Deemed Savings Ref [4]

Measure CCF CCF/Day kwWh kw
Gas Combination Ovdref [2] 912 2.5
Gas Convection Ovdref [2] 295 0.8
Gas Conveyor Ovdref [2] 731 2
Gas Fryer Standard VaRef [2] 595 1.6
GasGriddle with 3ft Countertop WidtRef [2] 313 0.9
Gas PreRinse Spray Vahref [2] 94 0.3
Gas Rack Ovdref [2] 1,748 4.8
Gas SteameRef [2] 3,066 8.4
Electric Combination OveRef [2] 15,095 1.723
Electric Convection OveRef [1] 1,937 0.221
Electric Fryer Standard VaRef [2] 2,976 0.34
Electric Fryer Large VaRef [2] 2,841 0.324
9f SOUNKNORBNM RRf S océ 3,965 0.453
9f SOGUNRO DR&#RRE S 2 3SNI 7,930 0.905
Electric Hot Food Holding Cabinets Full Rigg[2] 2,737 0.312
Electric Hot Food Holding Cabinets ¥ Rie[2] 1,095 0.125
Electric Hot Food Holding Cabinets Half Bieg[2] 1,095 0.125
Electric Dishwasher High TemDoor TypeRef [1] 11,863 1.354
Electric Dishwasher High TemMulti-Tank Conveydref [1] 27,408 3.129
Electric Dishwasher High Tempot, Pan, UtensiRef [1] 3,311 0.378
Electric Dishwasher High Tem@ingle Tank ConveyBef [1] 9,212 1.052
Electric Dishwasher High Tempnder CounteRef [1] 3,171 0.362
Electric Dishwasher Low Temoor TypeRef [1] 16,153 1.844
Electric Dishwasher Low Temgpulti-Tank Conveydref [1] 18,811 2.147
Electric Dishwasher Low TemgingleTank Conveydref [1] 13,626 1.555
Electric Dishwasher Low Tempnder CounteRef [1] 2,540 0.29
Gas Dishwasher High Tempoor TypeRef [1] 285 0.781 4,840 0.553
Gas Dishwasher High TemMulti-Tank Conveydref [1] 656 1.796 11,230 1.282
Gas Dishwasher High Tempot, Pan, UtensRef [1] 85 0.234 1,204 0.137
Gas Dishwasher High Temg@ingleTank Conveydref [1] 173 0.473 4,948 0.565
Gas Dishwasher High Temf/nder CounteRef [1] 44 0.12 2,089 0.238
Gas Dishwasher Low Temoor TypeRef [1] 654.75 1.794
Gas Dishwasher Low TemMulti-Tank ConveydRef [1] 762.42 2.089
Gas Dishwasher Low TemingleTank ConveydrRef [1] 528.65 1.448 584 0.067
Gas Dishwasher Low Temp/nder CounteRef [1] 102.82 0.282
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Table 2PP._Deemed Savings Ref [4]

Measure CCF CCF/Day kWh kw
Electric Ice MachineRemoteCond./Split Unit Continuousl, 750 3,641 0.416
Ib/day Ref [2]

Electric Ice MachineSelf Contained 200 Ib/ddyef [2] 805 0.092
Electric Ice Making Head4DO0 Ib/dayRef [2] 1,117 0.127
Electric Ice MachlneRemoteRi??;./Spllt UnitBatch1,250 Ib/day 2 601 0.296
Electric Steam Cook&ef [2] 30,156 3.442

Refrigerator, Solid Door, S&bntained (<15 cubic fBef [1] 170 0.03
Refrigerator, Solid Door, Sé&bntained (159.9 cubic ftRef [1] 230 0.03
Refrigerator, Solid Door, S&ontained (3819.9 cubic ftRef [1] 818 0.093
Refrigerator, Solid Door, Sébntained (50+ cubic fBef [1] 376 0.04
Refrigerator, Glass Door, S€lbntained (<15 cubic fBef [1] 69 0.01
Refrigerator, Glass Door, S€lbntained (189.9 cubic ftRef [1] 113 0.01
Refrigerator, Glass Door, S€lbntained (3619.9 cubic ftRef [1] 883 0.101
Refrigerator, Glass Door, S€lbntained (50+ cubic fBef [1] 1,212 0.138
Freezer, Glass Door, S€lbntained (<15 cubic fief [1] 427 0.05
Freezer, Glass Door, S€lfntained (189.9 cubic ftRef [1] 681 0.08
Freezer, Glass Door, S€lbntained (3€19.9 cubic ftRef [1] 541 0.06
Freezer, Glass Do@gelfContained (50+ cubic fief [1] 589 0.07
Freezer, Solid Door, S€tbntained (<15 cubic fRef [1] 256 0.03
Freezer, Solid Door, Sébntained (159.9 cubic ftRef [1] 269 0.03
Freezer, Solid Door, Sétbntained (3649.9cubic ft)Ref [1] 1062 0.12
Freezer, Solid Door, S€tbntained (50+ cubic fRef [1] 1486 0.17

Commercial Electric Deck OvdrRef [4] 7,519 1.7
OnDemand Commercial Electric Hand Wrap Maciieé[4] 1,565 0.18
EnergyEfficient Commercial Underfired BroilRef [4] 212 N/A N/A
EnergyHficient Commercial Conveyor Broilers <20" Wik [4] 1,113 3.049 7,144 0.816
EnergyHficient Commercial Conveyor Broilers-26" WideRef [4] 1,879 5.148 6,403 0.88
EnergyEfficient Commercial Conveyor Broilers >26" \\Re [4] 3,072 8.416 23,849 3.29
4023 [ ey

Commercial Kitchen Demand Ventilation Contiés [4] 35 0.096 HP of kKW/HP of
Exh. Exh
Ultra-Low Temp FreezeRef [4] 5,737 0
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.2 Commercial Kitchen Equipment

Lost Opportunity Gross Seasorfadak Demand Savings, Electric (winter angsner)

The average hourly demand savings for refrigerators, freezers and ice machines (winter and Semmer)

AKWH
8760,

AKW =

Lost Opportunity Gross Peak Demand Savings, Natural Gas

_ ACCF,
°  365dayd yr

Changes from Last Version

i Updated savings based on CTX1931 Hepbrt.

References

[1] ENERGY STAR Commercial Kitchen Package for businesses and opesidédnig, online at:
https://energy.gov/eere/femp/energyand-costsavingscalculatorsenergyefficient-products last
accessed Jun. 3, 2018.

[2] California Energy Wise Commercial Kitchen Energy Savings CalcAlzidlet)le online at:
https://caenergywise.com/calculatorslastaccessed Jul. 30, 2019.

[3] Federal Standard: Title 10 Part 43nergy Efficiency Program for Certain Commercial and Industri.
Equipment; Section 431.66.

[4] Sep. 10, 2019 mem@020 PSManual Foodservice Equipment Update Recommendations Mesmno
Energy Solutions.

Notes

[1] The AHAM volume is the interisolume of a refrigerator as calculated by AHAM Standard Househc
Refrigerators/Household Freezers (ANSI/AHAM-HRB04).

[2] Actual full load hours should be used (when known) in the ENERGY STAR savings calculator, in
the default hours.
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.3 Lost Opportunity Custom

2.6.3 LOST OPPORTUNITY CUSTOM

Description of Measure

This measure may apply to any C&l Lost Opportunity installations whose scope may be considered custom or

comprehensive and not covered by a prescriptive measure.

Savings Methodology

EnergyanddeméR al @Ay 3a I+ NB OFf OdzZ  6SR 2y | Odzaidz2yYy ol ara
calculated as the difference between baseline energy usage/peak demand and the energy use/peak demand after
implementation of the custom measure. Energy savieginates should be calibrated against billing or metered

data where possible to test the reasonableness of energy savings. Also, the energy and demand savings analysis

must be reviewed for reasonableness by either a tiadty consulting engineer or auglified inhouse engineer.
The methodology for determining natural gas peak day savings is providggheandix One

Note: The demand savings methodologies below provide a gross, reasonable estimate based on available

information. Final reported valuese adjusted based on realization rates provideAppendix Three

Savingare calculatedasthe difference between baseline energy usage/peak demand and the energy use/peak
demand after implementation of the custom measure. The analyse®ifigperatureand nontemperature
dependent measureshould use a regression or bin analysis method and normalize for independent variables

such as temperature, production, etc.

Temperaturedependent measures

Savings from individual temperature dependeméasures are typically determined by either fiofhd hour

analysis or BIN temperature analysis.

Full load hour analysis

Summer and winter demand savings are calculated using an appropriately derived seasonal peak coincidence
factor. Coincident factorof various measures (and/or end use) are providedppendix OneDemand savings

will be determined by multiplying the connected load kW savings by the appropriate coincidence factor.
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.3 Lost Opportunity Custom

Temperature BIN analysis

A correlation was done between seasonal phakirs and outside air temperatures. Using this information, the
methodology was developed as described below. Typically, either Bridgeport or Hartford weather data is used for

the analysis.

1 The summer seasonal peak demand savings shall be the diffdoetween the weighted average
demand of the top temperature BINs that capture the majority of the-NMEDsummer seasonal peak hours
Ay GKS LINE@GA2dza GKNBS &8SINBRZ F2N GKS o6FasS FyR &
Bridgeport and 84°F Wbe used for Hartford.

1 The winter seasonal peak demand savings shall be the difference between the weighted average demand
of the bottom temperature BINs that capture the majority of the ISP winter seasonal peak hours in the
previous three years, fat KS o6l aS FyR aSFFAOASYGé¢ OFaSao ! ff K:
and 26°F will be used for Hartford.

Nontemperature dependent measures

DemandResource Seasonal Peak Hanesthose hours in which the actual, R€ame hourly load for Monday
through Friday on notolidays, during the months of June, July, August, December, and Janudeterasined

by ISONE is equal to or greater than 90% of the most recent 50/50 system loaakforecast, as determined by
ISONE for the applicablessummer or winterseasonHowever, the analysis determining the custom coincidence

factor must be performed or approved by a qualifieehimuse engineer.

The average summer and winter seasonal pgeand savings shall be determined as follows:

AnnualkWhsavings\WD - June July, Augus) . aRunhoursdunnngpm 6meDo

SKW =
EquipmentRunhours(WD - June July, Augus) g 6 -
WKW = AnnualkWhsavingsWD - DecemberJanuary) , aRun Hoursduring 4pm- 9pmWD § 0
EquipmentRunhours(WD - DecemberJanuary) g 5 +

Note: The average demand savings methodology should only be used when the coincident factor methodology

cannot be used or is not practicable.
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.3 Lost Opportunity Custom

Wholebuilding performance

Whole building performance shall be determined using a computer simulation model. Approved software and
Y2RStfAy3d NBIJANBYSyGa FNB ALISOATASR o6& GKS [/ 2YLI YAS

The methodology for determining the seasonal peakidnd savings will depend on the computer simulation
output capabilities. If the model can provide the demand for the coldest and hottest hours of the year and the

month when they occur, then that data will be used to determine demand savings.

The summeseasonal peak demand savings will be the difference between the peak demand (whole building)
from the base and design models during the hottest hours as described in the temperature dependent section
above. This assumes the hottest hours occur during Juig, and August. If the hottest hour methodology

cannot be used then the demand savings shall be determined by taking the average summer (i.e., June, July, and
August) peak demand from the base model and subtracting the average summer (i.e., JuaedJalygust) peak

demand from the design model.

The winter seasonal peak demand savings will be the difference between the peak demand (whole building) from
the base and design models during the coldest hours as described in the temperature dependentasavie.

This assumes the coldest hours occur during December or January. If the coldest hour methodology cannot be
used then the demand savings shall be determined by taking the average winter (i.e., December and January) peal
demand from the base modahd subtracting the average winter (i.e., December and January) peak demand from

the design model.

Baseline

Baseline efficiencies for individual measures are based on code or federal standards. If there is no applicable code
requirement, the assumption @uld be that no installation of any energaving measure unless there was a study
based on a statistically valid sample of similar installations to support a different baskepngects are initiated

after the new code adoption, then 2018 IET4ble @07.5.1(1)must be used to evaluate the energy savingss

applicable codes and standards.

Nomenclature

Table 20Q Nomenclature

Symbol Description Units Values Comments
WD Weekdays Days
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2.6.3 Lost Opportunity Custom

Changes from Last Version

i Updated references from 201&CC to 2018 IECC
1 Updated based on X1931 PRéEport.
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.4 Commercial Clothes Washers

2.6.4 COMMERCIAL CLOTHES WASHERS

Description of Measure

The installation of an ENERGY S@é&Rfied commercial clothes washer.

Savings Methodology

Savings for this measure are calculated ugiregappropriate water heating and dryer fuel source. The basis of the
savings is the CEE savings calcul&ef [1). The usage per load by fuel source for baseline (Federal Standard)
and ENERGY STedrtified units were calculated based dRdf [1). Using the average loads per year the annual
savings are calculated. Number of annual loads will either be based on the CEE default calculator default values
(i.e., Laundromats (2,190 loads per year) or Mattiily (1,241oads per year)) or project speciinformation for

any facility type. Installed energy use will be based on the installed modified energy factor.

Note: The Federal Standard and ENERGY $&#iRed requirements changed in 2013. There are now separate
Federal Standard levels for fronalting and top loading washers. The CEE savings calciRabfl( used for this

measure was modified based on the new Federal Standard and ENER&¥r&filédR equirements.

Inputs
Table 2RR Inputs
Symbol Description Units
N Number of Units
Water Heating Fuel Source (i.e., electric, natural gas, propane, or
Dryer Fuel Source (i.e., none, electric, natural gas, or propane)
Type of Facility (i.e., Laundromat or Midtiily)
MEFR Modified Energy Factetinstalled ft3kWh/cycle
LDS Average Number of Loads per Week Loads/wk
WK Average Number of Weeks per Year wk/yr
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Nomenclature

Table 2SS Nomenclature

Symbol ‘ Description Units Values Comments
AKWH Annual Electric Energy Savings kWh
AKWH AnnualElectric Energy Saving®Other kWh
AKWH, | Annual Electric Energy Savirggd/ater Heating kWh
ABTY Annual Btu SavingOther Btu
ABTW, Annual Btu SavingsWater Heating Btu
ACCF Annual Natural Gas Savingbotal ccf
ACCF AnnualNatural Gas Saving©ther ccf
ACCl Annual Natural Gas SavinggVater Heating ccf
APG Annual Propane Saving3otal Gallons
APG Annual Propane Saving®ther Gallons
APGy Annual Propane SavingdVater Heating Gallons
AOGy AnnualQOil Savingg Water Heating Lbs/h
. 0.872/
DKWH Dryer kWh per LoadBaseline kwh/ld 0.698 Note [1]
DKWHs Dryer kWh per Load ENERGY STAR kwh/ld 0.634 Note [1]
. 2,969/
DRBTY Dryer Btu- Baseline Btu/ld 2 376 Note [1]
DRBTL} Dryer Btuc ENERGSTAR Btu/Ild 2,160 Note [1]
. Gallons/
AGW Annual Water Savings ae(;?s y
. 26.35/
Gal Gallons of Water Baseline Gallons 171 Note [1]
Gals Gallons of Wateg ENERGY STAR Gallons 13.95 Note [1]
Input, Note
LDS Average Number of Loads per Week Loads/wk P 2]
o ft3kwh/c
MEFR Modified Energy Facterinstalled ycle Input
o ft3kwh/
MEFRs Modified Energy FactatENERGY STAR yele ¢ 2.2 Note [1]
N Number of Units Input
. Appendix
PDw Peak Day FactarWater Heating 0.00321 pgne
PD Peak Day Savings ccf
WK Average Weeks per Year WKkiyr Input
A1
WKWH Washer kWh per LoadBaseline kwh/Id % 0 96;/ Note [1]
WKBTUY Washer KBTU per LoaBaseline kWh/Id 2,597 Note [1]
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Lost Opportunity Gross Energy Savings, Electric

Electric savings will be calculated in three pieces. Electric dryer and water heating savings are present only if the

heat element fuel source is electric.
Annual Savings = Washer Savings + Water Heating Savings + Dryer Savings

AKWH = AKWHg_ yashert AKWHG_giericaner * AKWHW. electic

[0

@VKWHJ WKWH,3 F938+gVHKWHD WHKWH,? I\I<I/IEE'|:3958]

AKWH = N3 LDS? WK? & "
& MEF, 6 :

S+ EDKWH, - DKWH, 3 —— €20 u

§ ¢ MEF, 9 i

LostOpportunity Gross Energy Savings, Fossil Fuel

Fossil fuel savings will be calculated in two pieces. Fossil fuel dryer and water heating savings are only present if

the heat element fuel source is a fossil fuel.

Annual Savings = Water Heatitf8avings + Dryer Savings

ABTU = ABTUO- FossilFuetiryer + ABTUW- fossilfuel

a Q
ABTU,, = N3 LDS3 WK?3 HBTU, - WHBTU,_3
W éﬁv N *  MEF, 8
MEF.4

a
ABTU, = N3 LDS3 WK3 DRBTU, - DRBTU,? VIEF 8

Savings by Fuel Source

Water heating

ACC, = ABTU,,
102900Btu/ ccf
AOG, = ABTU,,
138690Btu/ Gal
ABTU,,
APGy = 91,330Btu/ Gal
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Dryer.
ACCF, = ABTU,
102900Btu/ ccf
_ ABTU,
© "~ 91330Btu/Gal

Lost Opportunity Gross Energy Savings, Example

Example:A new commercial laundromat installs 25 new ENERG Y-¢&Tiied frontloading washing machines
that have a Modified Energy Factor of 2.2. The laundromat has natural gas water heat and gas dryers. What are

the energy savings?

Electric savings

0 & MEF. §2
§VKWHo WKWH, 3 8 QVHKWH, - WHKWH, 3 MEF %
AKWH = N3 LDS3 WK3 & ) 5
€ GDKWH, - DKWH,,? MEF, § u
g ¢ MEF, H
i1 Dryer and Water Heater Electric Usage = 0;
1 N=25;
I LDS x WK 2,190 (default loads per year);
1 WKWH=0.093 kWh/Id;
1 WKWHs= 0.085 kWh/Id;
1 MERs=2.2; and
1 MER=2.2.
AKWH = 253 21903 %.093- 0.085° 28+(o 0)+(0- 0)f= 438&wWh
& 22+ b

Natural gas savings

ABTU = ABTUO- FossilFuetiryer + ABTUW- fossilfuel

MEFes
MER

|-O00

a
ABTU,, = N3 LDS? WK2 ZVHBTU, - WHBTU,?
¢
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ABTU,, =253 2190° 52,597~ 2,361 %8:12,9210008tus
Q L=
ACCF, = ABTU, _ 12,921,000Btus — 1256Ccfs
102900Btu/ccf 102900Btu/ ccf
a MEF.. 0
ABTU, = N3 LDS3 WK?3 RBTU, - DRBTU,_3 s
(o] é@ b es MEFl S
3 225
ABTU, = 25° 2190° 2,376~ 2160° 550=11826000Btus
g L+
ACCE, = ABTUg _ 11,826000Btus —115Ccfs

102900Btu/ ccf ~ 102900Btu/ ccf

ACCF = ACCF, + ACCF,, =1256+115= 2406Ccfs

Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (winter and summer)

Assumed to be zero.

Lost Opportunity Gross Peak Day Savings, Natural Gas

ACCF,

=————~ +PD, 3 ACCR
365dayy yr Ow w

Lost Opportunity Gross Peak Day Savings, Example

ACCF,
=———9 +pPD,3 ACCR, =PD = __ 115 +0.0032B 1256 =0.72Ccfs
365days/ yr 365days yr

Nonenerqgy impacts

ENERGY ST-A&tified washers use less water than the base unit.

Water savings

MEF,, §
MEF, 8

a
AGW = N2 LDS? WK? ZBAL, - GAL,,?
¢

Changes from Last Version

I RevisedTable 2SS Nomenclature
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.4 Commercial Clothes Washers

References

[1] Available athttps://energy.gov/eere/femp/energyand-costsavingscalculatorsenergy
efficient-products Modified based on 2013 Federal Standard and ENERGY STAR
requirements.

Notes

[1] Baseline (top loading/front loading) and ENERGY STAR usage values used in energy
calculation tool on website identified iRef [1]

[2] Default loads per year for Laundromats and Multifamily applications fRexin[1]
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SECTION THREE: C&lI RETROFIT

SECTION THREE: C&l RETROFIT

3.1.1 Standard Lighting

3.1 LIGHTING

3.1.1 STANDARD LIGHTING

Description of Measure

Replacement of inefficient lighting with efficient lighting.

SavingsMethodology

The energy and seasonal peak demand savings come from reduced fixture wattage, reduced cooling load, and use

of occupancy sensors. The baseline is the wattage and existing operating hours of the fixtures being fegptaced

Note [1]).

The heatemitted by lighting will be reduced by the installation of more efficient lighting and, if sensors are

installed, lower hours of use. This will result in increased space heating energy use and decreased cooling energy

use.

Inputs

Table 3A: Inputs

Symbol Description Units
kWs Existing Fixture Connected kW
KWa Replacement Fixture Connected kW
Hours of Operation (if available)
Nomenclature
Table 3B: Inputs
Item Description Units = Values Comments
AKWH Annual Gross Electric Energy Savings kWh
Ck Lighting Coincidence Factor from Appendix One Appendix One
Chs Occupancy Sensor Coincidence Factor from Appendix ( Appendix One
COP Coefficient of Performance 3.5
E Fraction of Lighting Energy that Must be Removed by tf
C I O A CoalifigeSPstem
2021Program Savings Document Page |83
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Table 3B: Inputs(continued)

Item Description Units Values = Comments
G Estimated Lighting Energy Heat to Space Based on Mod 0.73 Note [3]
Site Specific
H Facility Lighting Hours of Use Hours or Appendix
Five
HVAC Heating, Ventilation and Air Conditioning
kW Fixture Input kw
kW Electric Demand kw
Number of Different Fixture Types with Occupancy Seng
n Fixture Number
O Quantity of Fixtures of Type n that have Occupancy Sen
S Energy Savings due to Lighting Retrofit kWh
Ss Energy Savings from Use of Occupancy Sensors, if appli kWh
S Energy Savings from Reduced Cooling Load kWh
SKW Seasonal Summer Peak Summer Demand Savings| kW
Wh Input Watts for Fixturdype n Watts
WKW Seasonal Winter Peak Summer Demand Savings kw

Retrofit Gross Energy Savings, Electric

AKWH=S, +Sos +S;

Calculation of savings due to fixture retrofit

S = (kW - kW, )® H

1 kWs = The total power usage of the lighting fixtures that are being replacediFkY¥Energy
LYRSLISYRSYyOS | YLK -dqakiyingadidbos) Bof!th® actua d@attage is used for the
baseline e Note [1]).

1 kWa = The total power usage of the new lighting fixtures that are being installed, kW.

1 H=Facility lighting hours of use (site specific@pendix Five

Calculation of savings due to occupancy sensors

N
03 L o
1000,

i1 0.3 is the generally accepted average hour reductioa to the use of occupancy sensdref [1).
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i Additional savings maybe claimed if lighting fixtures have multiple controls (e.g. daylighting, personal

tuning or institutional tuning) anr integrated controls.

Calculation of savings to remoegcess heat produdddy the new lighting fixtureS:his is due to the reduced
cooling required as the result ofifhing the new lighting in place

(S +Ses)* F
COP

SC =
1 F=Fraction of annual kWh energy savings that must be removed by the cooling system. If the HVAC
system includes an economizer, then F = 0.35. OtherwisElable 3C

1 COP=3.5 Note [2)).

~

Table 3C: Fraction of ighting Energy thatMust Be Removed by &cilitt Q& / 22f Ay 3 {&&ad S

Building Area, A, ft F

< 2,000 0.48
0.195A- 2,000
2.000¢ 20,000 0.48+
PG 25, 18000
>20.,000 0.675

Retrofit Gross Energy Savings, Fossil Fuel

Space heating energy consumption will increase due to reduced lighting load (cooler lighting fixtures).

1 Annual Oil Savings-6.00016227MMBtu per annual kWh saved; and
9 Annual Natural Gas Savingg9-00016227MMBtu per kWh. Sedef [3).

Retrofit Gross Season8eak Demand Savings, Electric (winter angingner)

& » g
& aOanQ o G 5
SKW=gCF, 3 (3 KW, - § KW, )+ CFog® ML 5%, ° 9
%L (& ko, - & kw, )+ R 1000 8% cop?
& 0
C =
N
a oW,
WKW=CF, * (5 kw, - & kw, )+CF,.° =

1 CkandChksare the lighting (GFand occupancy sensor @grcoincidence factors (summer/winter) taken
from Appendix One.

1 G=0.73 Note [3]).
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1 COP=3.5 Note [2)).

Non-Energy Impacts

O&M savings due to the installation of new equipment.

Changes from Last Version

9 Adjusted values for fossil fuel MMBper annual kwWh impacts
1 Updated references

1 Updated based on X193port.

References

[1] DNV KEMA (2014&Retrofit Lighting Controls Measures Summary of Findifigsl Reportpp.5-26,see
Table12.

[2] dThe source of the equation faylISY R 1 KS RSNAGIF A2y 2F GKS @I f
HVAC InteractionrSASHRAE Journaip. 1193 as used by KCPL.

[3] DNV GL (2017Impact Evaluation of PY2015 Massachusetts Commercial and Industrial Upstream
Lightinglnitiative. DNVGL_2017_Upstream_Lighting_Impact_Evaluation

Notes

[1] To account for the EISA of 2007, the baseline for existing (installed) General Service bulbs shall |
on highefficiency incandescent bulbs (such as halogertsrefore, if the existing incandescent bulb |
not a halogen, 7%of actual installed wattage is used for the baseline calculation. General Service
are defined as medium base bulbs that are intended for general service applications as spedifed
EISA of 2007.

[2] Estimated based on Connecticut Code.

[3] An analysis was conducted by Wood, Byk, and Associates, 829 Meadowview Road, Kennett Squ
19348, an engineering firm which was utilized to provide technical support for @&ddviams. The
analysis was based on a D@Hefault analysis and information was provided to David Bebrin
(Eversource) on Aug. 17, 2007.
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3.1.2 REFRIGERATQED

Description of Measure

The replacement of older fluorescent lighting in commercial dispdérigerators, coolers, and freezers with LED

lighting.

Savings Methodology

The savings are based on the wattage reduction achieved by replacing fluorescent lighting with LED lighting.
Interactive refrigeration savings are also achieved due to the ratlheat loads associated with lighting power

reduction from more efficient lighting.

Inputs

Table 3D: Inputs

Symbol Description Units
EER Energy Efficiency Ratio of Refrigeration Units
h Lighting Annual Run Hours Hours
N Number of Lights
L Ballast Location Factor
Pern 1 2 Reduction in Power for Each Light kw

Nomenclature

Table 3E: Nomenclature

Symbol Description Units | Values Comments
ACOP Average Coefficient of Performance
AKWH Annual Gross Electric Energy Savings kWh
CE Seasonal Peak Demand‘Coincident Factor for Appendix
Refrigeration One
COP Coefficient of Performance Note [1]
EER Energy Efficiency Ratio Note [1]
AKW Kilowatts, Average Demand Savings for both Sumr] KW
and Winter
L Ballast Locatiofractor
N Number of Lights
Lighting Annual Run Hours
niz Reduction in Power for Each Light kw
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Retrofit Gross Energy Savings, Electric

AKWH = N3 DkW3 h® 3+ 8
o ACOP—

1 ACOR=2.03 for freezers and 2.69 for coolers (used for interactive ef{sewilote [1]).
i If existing EERs are availgltteen ACOP = Average EER/3.ANBere Average EER = Full Load EER/0.85

1 L=1if ballast is located in refrigerated area, O if not iinigerated area, and 0.5 if unknown.

i For opencase refrigerators, the coefficient of performance and ballast location factor values shown above
Ydzad 0SS dzaSR® hyfeée fAIKGAYy3I al @gay3da +FNBE Of I AYSR

Retrofit Gross Seasonal Peak Damad Savings, Electrievinter and simmer)

CF3 Lo
COP =

AKW = N3 DkW3 %+

1 COP=1.72 for freezers and 2.29 for coolers (used to calculate interactive affseeNote [1]).

1 If existing EERs are availaltheen COP = EER/3.4132 A Y OA RSy OS Qéfridiafio B 6 &/ C£ 0
assumed to be the same for both winter and summer.

1 L=1, if ballast is located in refrigerated area, O if not in refrigerated area, and 0.5 if unknown.

Changes from Last Version

i Variable nomenclature change of Lighting Run Hours (h)
Notes

[1] Refrigeration interactive factors are based on communications* with the Nicholas Group, P.C. T
and COP values are derived from ASHRAE handbook [2009 ASHRAE HaRdhdakentals, 2.3 (13
for refrigeration equipment as well as experierfoem submitted projects.
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SECTION THREE: C&I RETROFIT
3.2.1 WateiSaving Measures

3.2 HVAC & WATER HEATING

3.2.1 WATHESAVING MEASURES

Description of Measure

This measure replaces existing phese spray valves, shower heads, and faucet aeralioegisting information
not available, use default existing conditions based on the DOE's online savings calculator:

https://www.enerqgy.gov/eere/Emp/energycostcalculatorfaucetsand-showerheadO#output.

Savings Methodology

Spray valve savings are based on the results of a replacement program in CaRefrjig) ( Showerhead and

faucet aerator savings are based Raf [2]

Inputs

Table 3F: Inputs

Symbol Description | Units |
Number of Spray Valves
Number of Showerheads

Number of Faucet Aerators

Nomenclature

Table 3G: Nomenclature

Symbol Description \ Units Values Comments
Annual Gross Electric Ener

AKWH, . =nergy Kwh Ref [1]
Savingg, Water Heating

Annual Natural Gas Consumptiof

A f Ref [1
CcCk Water Heating e ef [1]
gpm Gallons per Minute
PDv Peak Day Savings ccf
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SECTION THREE: C&I RETROFIT
3.2.1 WateiSaving Measures

Retrofit Gross Energy Savings, Electric

If hot water is supplied via an electric water heater, then energy savings are as shoamar2H.

Table 3H: Energy SavingsElectric Water Heater (Spray Valves and Aerators)

Spray Valves

Facility Type AKWHy per Spray Valve

Grocery 126 kWh
Non-Grocery 957 kWh

Showerheads/Faucet Aerators (Note [1])
Type AKWHy per Unit

Showerhead 507 kWh

Aerator 309 kWh

Retrofit Gross Energy Savings, Fossil Fuel

If hot water is supplied via a natural gas water heater, then annual energy savings are as shabla Bi:

Table 3I: Energy SavingsNatural Gas Water Heater (Spray Valves and Aerators)

Spray Valves

Facility Type | ACCHy per Spray Valve

Grocery 5.3 ccf (5.5 Therms)
NonGrocery 40.8 ccf (42 Therms)

Showerheads/Faucet Aerators (Note [1])
Type | ACCHy per Unit

Showerhead 27.2 ccf (28 Therms)

Aerator 16.5 ccf (17 Therms)

Retrofit Gross Seasonal Peak Demé&®alvings, Electric (Winter and Summer)

Assumed to be zero.

Retrofit Gross Peak Day Savings, Natural Gas

PD,, = PDF,,® ACCF, =0.0032B ACCF,
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SECTION THREE: C&l RETROFIT

3.2.1 WateiSaving Measures

Table 3J: Retrofit Gross Peak Day Savings (Spray Valves and Aerators)

Spray Valves

Facility Type \ AKWHy per Spray Valve

Grocery 0.0172 ccf
Non-Grocery 0.1310 ccf

Showerheads/Faucet Aerators (Note [1])
Type | AKWHy per Unit

Showerhead 0.0811 ccf

Aerator 0.0530 ccf

Non-Energy Impacts

Water savings are estimated to be:

Table 3K: NonEnergy Impacts (Spray Valves and Aerators)

Spray Valves

Facility Type Gallons per Year
Grocery 1,496
Non-Grocery 8,603

Showerheads/Faucet Aerators (Note [1])

Type | Gallons per Year
Showerhead 3,900
Aerator 5,460

Changes fronlLast Version

I No changes.

References

[1] Impact and Process Evaluation Final Report for California Urban Water Conservation 200#&il
PreRinse Spray Valve Installation Program (Phase 2), Feb. 21 p2@®7 sed able 39.

[2] CSRSNI 9y SNHe& alylF3aSYSyd tNRBINIY 6aC9at €0
Availableonline at; https://www.energy.gov/eere/femp/energycostcalculatorfaucetsand
showerhead<).

Notes

[1]

Savings for showerheads and faucet aerators are based on the default usage assReE[2]rOn
average, faucets are assumed to run 30 minutes per day, 260 days per year. Showerheads are a
to run 20 minutes per day, 365 days per ydef [2]and atual usage values should be used, when
known, in lieu of default savings values.
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SECTION THREE: C&I RETROFIT
3.2.2 Pipe Insulation

3.2.2 PIPE INSULATION

Description of Measure

Installation of insulation on bare hydronic supply heating pipes located in unconditioned spaces.

Savings Methodology

Savings were determined using 3E Plus v4.1 softviRee[() with 50°F ambient temperature and 180°F fluid
temperature. If the differene between the actual average ambient temperature and fluid temperature varies
significantly from this difference (130°F), the savings should be scaled using linear interpolation. The hourly heat
f2aa o6al[é0 &l @Ay 3IA LISNJ latianysidds/Matefiad @elprodicedNDabfel3INFor? dza LJA L

parameter values not listed in tH2021PSDmanual heat loss values will be calculated using 3E Plus.

Table 3L: Hourly Heat Loss Savings per Linear Foot of Pipe Insulation

Insulation Insulation Insulation Insulation
pi Nominal Thickness | Thickness 1.0  Thickness 1.5 Thickness 2.0

Matzreim Pipe Size  Insulation Material 0.5(In) (In) (In) (In)

(In) HL Saving HL Savings HL Savings HL Savings

Btu/hr/ft Btu/hr/ft Btu/hr/ft Btu/hr/ft

0.5 Polyethylene Foam Tub 40 47 50 52

0.75 Polyethylene Foam Tub 50 57 61 63

1.0 Polyethylene Foam Tub 62 73 77 79

1.25 Polyethylene Foam Tub 76 88 96 98

15 Polyethylene Foam Tub 86 103 109 113

2.0 Polyethylene Foam Tub 110 127 135 139

3.0 Polyethylene Foam Tub 156 184 195 201
Cmpper - -

0.5 Mineral Fibers 46 52 54 55

0.75 Mineral Fibers 57 63 66 68

1.0 Mineral Fibers 71 79 82 84

1.25 Mineral Fibers 86 96 102 103

1.5 Mineral Fibers 97 111 115 119

2.0 Mineral Fibers 123 137 142 145

3.0 Mineral Fibers 173 196 205 209
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SECTION THREE: C&I RETROFIT
3.2.2 Pipe Insulation

Table 3L: Hourly Heat Loss Savings per Linear Foot of Pipe Insulation (continued)

Insulation Insulation Insulation Insulation
. Thickness Thickness 1.0 Thickness 1.5/ Thickness
Pipe | Romine: 0.5 (In) (In) (In) 2.0(In)
N . Pipe Size  Insulation Material . :
Material HL . . .
(p) Soviire HL Savings HL Savings  HL Savings
Btu/hr/ft Btu/hr/ft Btu/hr/ft Btu/hr/ft
0.5 Polyethylene Foam Tub 47 54 57 59
0.75 Polyethylene Foam Tub 59 66 71 73
1.0 Polyethylene Foam Tub 74 84 88 91
1.25 Polyethylene Foam Tub 91 103 111 113
15 Polyethylene Foam Tub¢ 103 120 126 130
2.0 Polyethylene Foam Tub¢ 132 149 156 160
3.0 Polyethylene Foam Tub 187 215 226 232
Steel
0.5 Mineral Fibers 54 59 62 63
0.75 Mineral Fibers 67 72 75 77
1.0 Mineral Fibers 82 91 94 96
1.25 Mineral Fibers 101 111 117 118
1.5 Mineral Fibers 114 128 132 136
2.0 Mineral Fibers 144 158 164 167
3.0 Mineral Fibers 204 227 236 240
Inputs

Table 3M: Inputs

Symbol Description Units
In Nominal Pipe Size Diameter Inches
Insulation Material
Insulation Thickness Inches
L Length of Insulation Linear Foot

Heating Fuel Type (Oil, Natural Gas
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Nomenclature

Table 3N: Nomenclature

SECTION THREE: C&I RETROFIT
3.2.2 Pipe Insulation

Symbol Description Units Values Comments
ACCF Annualnatural gassavings CCF
Multifamily chillers
EELH Equivalent Heating Ftilload Hours for Hours Appendix | should use CHW&nhd
the facility type Eive Cooling Towers EFLH
Appendix Five
HL Heatlosssavings petinearfoot of Pipe | Btu/ft/hr Table 3L
L Length of Pipe Being Insulated Linear ft
. . Use sitespecific AFUE
AFUE Annua.l Fuel U'[I.|I2atIO.n .Eff|C|ency, 0.80 it available.f
Estimatedboiler efficiency
unknown, use default
PD Peakday savingsnatural gas ccf
Hours Hours assumed faviultifamily DHW Hours 8,760
Ref [2]
Retrofit Gross Energy Savings, Fossil Fuel
Annual natural gas heating savings
HLx EFLH

ACCF=

Annual oil heating savings

X
(102,900x 0.80)

HLx EFLH

= X
(138,69(¢ 0.80)

Retrofit Gross Energy SavindSxample

Examplehy S Ay OK

OMED

(+0¢ Insifation v2a$ iBstlieSoR A0Q fedt-msulated hot water

heating supply pipe (copper). The pipe nominal size is 1 inch and is located in unconditioned space of an

office/retail typebusiness. What is the energy savings resulting from adding the insulation?

Based on the data and usiiigble 3L, the corresponding HL savings is 73 Btu/ft/hr. The length of pipe being
insulated L = 100 ft. Usikppendix Fivéhours of use)the heating EELH for an office/retail space is 1,248.

2021Program Savings Document

Page |94



SECTION THREE: C&I RETROFIT
3.2.2 Pipe Insulation

Using the savings formula

I ## &

( ,P%&, ( X PpCT )
pﬂ(ﬁlﬁlﬁwpﬁ anHMmWP]QHHPPTTSX#AﬁE

Retrofit Gross Peak Day Savings, Natural Gas

_ ACCF
EFLH

24

Changes from Last Version

9 Providedadditional direction for AFUE variable
1T ' RRSR 09b aAYdzZ A2y @I fdzSa F2NJ oé¢ RAFYSGESNI LI LYK
1 Updated based on X193&eport.

References

[1] NAIMA, 3E Plus software tool, Version 4.1, Rel. 2012.

[2] R1705/R1609 Multifamily Baseline awfeatherization Studyavailable online at:

https://www.energizect.com/sites/default/files/R17065
1609%20MF%20Bag®%20Weatherization%20Study Final%20Report 10.10.19.pdf
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SECTION THREE: C&I RETROFIT
3.2.3 Duct Sealing

3.2.3 DUCT SEALING

Description of Measure

Seal ducting located in unconditioned spaces. This measure is applicable to buildings that are similar to a

residential construction obuildings where performing duct blaster or blower door testing is practical.

Savings Methodology

Refer to the duct sealing measure in the Residential Section of theRPSR2 manuaMeasure 4.2.h

Changes from Last Version

1 Updated based on X193eport.
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SECTION THREE: C&I RETROFIT
3.2.4 Duct Insulation

3.2.4 DUCT INSULATION

Description of Measure

Installation ofR-6 insulation on ducting located in unconditioned spaces in commercial buildings.

Savings Methodology

The savings were determined using 3E Plus v4.1 softiRafe[{). Thesavings are based on insulating existing

bare ducting with F5 insulation Ref [2). Savings presented irables 3-O and 3-P are for example purposes only

and should only be used when the parameters (inputs) match the inputs here (like average air stynply/r
temperatures are 130/65°F for heating). For all other scenarios, the 3E software or a similar methodology should

be used to develop estimates of the appropriate energy savings under actual conditions.

Table 30: Assumed Temperature Conditions

Ambient | Supply

Duct Return Air
Location Season Temp Air Temp Temp (°F)
) (°F)
] Heating 30 130 65
Attic .
Cooling 120 50 80
Heating 50 130 65
Basement -
Cooling 70 50 80

Table 3P:Heat Transfer Rates per Hour pef tif Insulation

o BTUH (Bare) \ BTUH (Insulated R6)
; Heating Cooling Heating .
Location Cooling Btu/hr/ft2
Btu/hr/ft 2 Bwhriftz | Buwhmz oo oo
|
Supply 132.34 25,22 12.04 273
Basement
Return 18.12 ; 2.03 i
Basement
Supply Attic 167.14 112.11 14.67 10.42
Return Attic 45.86 61.93 4.63 6.18
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SECTION THREE: C&I RETROFIT
3.2.4 Duct Insulation

Inputs

Table 3Q: Inputs

Symbol Description |
A Insulationarea insquarefeet
Heatingfuel/Heatingsystem type (e.g., electric heat pump, naturakg
furnace)

Nomenclature

Table 3R: Nomenclature

Symbol Description - Units | Values Comments

Annual Gr Electri
AKWH ual .G 0SS : ectric KWh
Cooling Savings
Annual Gr Electri
AKWH, ual .G 0SS : ectric KWh
Heating Savings

Cooling Heat Transfer Rati

BTU _ Btu/hr/ft 2 Table 3P
ta of Insulated Ducting u -
Cooling Heat T fer Rat
BTUH, | —ooimgreat transierRall g, 2 Table 3P
of Unrinsulated Ducting -
Heating Heat Transfer Rat
BTUHh g erRAY Brushrit? Table 3P
of Insulated Ducting -
Heating Heat Transfer Rat
BTUHb ¢ "R Bt Table 3P
of Unrinsulated Ducting
Use sitespecific
1.0 for electricfurnace | heating system CO¥
Coefficient of Performance . 2.4for heat pum if available. If
COR . . Unit-less pump
of Heating Equipment 2.0 for ground-source unknown, use
heat pump default values in

values column

Equivalent Heating or
EFLH | Cooling FulLoad Hours for Hours Appendix Five
the Facility Type
Insulation Area in Square

Feet

ACCF | Annual Natural Gas Saving ccf
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SECTION THREE: C&| RETROFIT
3.2.4 Duct Insulation

Retrofit Gross Energy Savings, Electric

Annual gross electric heating savings for electridadigted buildings

Akwh. = (BTUHy, - BTUH, )3 EFLH® A
: 34123 COR,

Annual gross electric cooling savings for building equipped@gittral A/C or heat pump

AKWH. = (BTUH,, - BTUH_)3 EFLH 3 A
¢ 34128 35

3,412 = converts Btu to kWh

3.5 =Use sitespecific cooling system COP if available. If unknown, use default of &&nftoal A/C or heat

pump.

Retrofit Gross Energy Savings, Fossil Fuel

Annual gross natural gas savings, hatural gas heated buildings

(BTUH,, - BTUH,,)® EFLH 3 A
102900% 0.80

ACCF =

Where

Usesite-specific heating system efficiency if available. If unknown, use default of 80% for boilers, 78% for natural

gas and propane furnaces, and 76% for oil furnaces.

i Fornaturalgasconversiorsuse 102,900 Btu/ccf
i Foroil conversiors use 138,690 Btu/gailh; and

i For propane conversiause 91,330 Btu/gallan

Retrofit Gross Energy Savings, Example

Example:R6 insulation was installed on 10G &f bare supply ducting located in the basement of a small retail

store. This system utilizes a heat pump and jolexboth heating and coolingv/hat are the savings?
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SECTIN THREE: C&I RETROFIT
3.2.4 Duct Insulation

Annual gross electric heating savings

AKWH. = (BTUH,, - BTUH,.)3 EFLH3 A
H 34128 2

FromTable 3P. BTUR,=132.34
FromTable3-P. BTUR.=12.04
FromAppendix FiveEFLH heating =1248; hr
A= 100 f& and

= =4 4 a4 -

From Nomenclatur@able 3R CORfor heat pump = 2.0

_(13234- 12.04)% 1248 100
3412 2

=220Q09%Wh

AKWH,,

Annual gross electric cooling savings

AKWH. = (BTUH, - BTUH,_)® EFLH? A
c 34122 35

FromTable 3P BTUKL= 25.22
FromTable 3P BTUKL= 2.73

FromAppendix FiveEFLH cooling = 79and

= =4 4 =

A=100 ft.

- 3 3
AKWH, = (25227 27327972100 1) e

34128 35

Retrofit Gross Season8eak Demand Savings, Electriciter and summer)

Currently no demand savings are claimed for this measure.

Changes from Last Version

1 Updated theheat pump COP from 2.0 to 2ahd editorial changelased on theon CTX1931 Fingeport.
References
[1] NAIMA, 3E Plus software tool, Version 4.1, Rel. 2012.

[2] Minimum Duct Insulation Ralue, Table 6.8-:2, ASHRAE Standard 9.2013.
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SECTION THREE: C&| RETROFIT
3.2.5 Setback Thermostats

3.2.5 FETBACK THERMOSTATS

Description of Measure

Installation of programmable thermostats in place of pmegrammable thermostats in small business

applications.

Savings Methodology

Savings estimates below are based on computer simulation mddefq). Seen models were developed
assuming different occupancy schedules. Ad&Qree setback for unoccupied periods is assumed for both heating
and cooling modes. A relationship between hours of occupancy and savings was developed from these models
based on instided capacity (k\Aélectric heating, Tonrsooling, MBhnatural gas heat). Savings will only be realized

if the facility currently maintains a constant temperature for both occupied and unoccupied periods.

There are no electric demand savings since savioggraluring offpeak periods. Peak day savings are calculated
using a peak day factor (0.0477) calculated for setback thermostats. A tempeBiN@@alysis was used to
calculate the reduction for the temperatui®/Ns during set back period. The sum load reductions from the coldest

24 hours were divided by the total sum of load reduction for the entire year.

Inputs
Table 3S: Inputs
Symbol Descriptin | Units
CAP Output Capacity of Natural Gas Heating Equipment MBh
Hrs Occupied Hours per Week Hrs
Tons Installed Cooling Capacity Tons
Nr Nameplate Rating of Baseboard Electric Resistance He kW (Note [2])
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Nomenclature

Table 3T: Nomenclature

Description

SECTION THREE: C&| RETROFIT
3.2.5 Setback Thermiags

Units Values Comments
ACCF Annual Natural Gas Savings ccf
AKWH Annual Gross Electric Energwigs kwh
CAP Output Capacity of Natural Gas Heating Equipmen  MBh Input
Hrs Occupied Hours per Week Hours Input
MBh Thousands of Btu per Hour
Nr Nameplate Rating of Baseboard Electric Resistance kw Input
PDF Peak Day Factor 0.0477
PD Peak Day Savings ccf
Skcr ccfSavings Factor ccffMBh Note [1]
Skwh H kWh SavingBactor ¢ Electric Heat kWh/kwW Note [1]
Shkwh.c kwh Savings FactgrCooling kWh/Ton Note [1]
Tons Installed Cooling Capacity Tons Input

Retrofit Gross Energy Savings, Electric

Heating (applicable only if the facility has an existing electric resistance heat)

SRy =23948- (15569 Hrs)

AKWH,; = Nr3 SKyyny = Nr3 (23948- 1.556% Hrs)

Cooling(applicable only if the facility has an existing cooling system)

SFewnc =16701- (1092 Hrs)

AKWH¢ =Tons? SFnc =Tons? [167.01- (1.092% Hrs)]

Retrofit Gross Energy Savings, Fossil Fuel

Heating (applicable only if the facility has existing natural gas heat)

Skecr =2.79- (0.0188 Hrs)

ACCF =CAP? Sk =CAP3 [2.79- (0.0182 Hrs)|
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SECTION THREE: C&| RETROFIT
3.2.5 Setback Thermostats

Retrofit Gross Seasonal Peak Demand Savings, Eleatnitdr and simmer)

There are no demand savings since savings occurs duripgakfperiods.

Retrofit Gross Peak Day Savings, Natural Gas

PD =PDF3 ACCF=0.0477 ACCF

Changes from Last Version

9 No changes.

References

[1]

Notes

[1]

[2]

[3]
[4]

[5]

Trane System Analyzer, Version 6.1.

Ref [1]to model a number of different occupancy schedules. These results were used to develop
correlation between occupancy schedule and energy savings. These equations are used to adjus
savings for different occupancy schedules.

If nameplate kW isot available for electric baseboard, use 200 watts per foot for baseboards < 3 {
and 250 watts per foot for all other baseboards. These values are based on research of typical ex
equipment.

Steam Efficiency Improvement, Boilgificiency Institute, AL, 1987.

Steam Pressure Reduction: Opportunities and Issues, Energy Efficiency and Renewable Energy,
Department of Energy, Wash. DC, 2005.

Steam Tables, Spirax Sarco, 2G4/@ailableonline at:
http://www2.spiraxsarco.com/esc/Ss_Properties.aslast accessed on Oct. 10, 2013.
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SECTION THREE: C&I RETROFIT
3.2.6 Steam Trap Replacement

3.2.6 STEAM TRAP REPLACEMENT

Description of Measure

This measure replaces and/or repaiteam traps that are leaking or have failed open in commercial and industrial
applications. It is applicable to thermostatic, mechanical, or thermodynamic traps; and is not applicable to

venturi/orifice traps Ref [1).

Savings Methodology

The savings estimates below are based on the Grashof Equation (more information on the Grashof Equation can
be found inRef [2) which provides steam loss through orifices at various presguree steam flows derived
from the Grashof Equation are adjugstdown based on whether the trap is leaking or failed open. Not all steam

energy will be lost to the environment.

Inputs
Table 3U: Inputs
Symbol Description |
P Steam Pressure (psig)
D Orifice Diameterl()
EFLH Equivalent Full Load Hours (hrs)

Nomenclature

Table 3V: Nomenclature

SVaglele] Description ‘ Units Values Comments
ACCF Annual Natural Gas Savings ccf 102,900 Btu
D Orifice Diameter Inches

Use sitespecific boiler efficiency if
Eff Boiler Efficiency % available; if boileefficiency is
unknown, use default of 80%

EFLH Equivalent Full Load Hours | Hours See below Note [1],
Note [2]
hg Specific Enthalpy of Evaporatiol| Btu/lbm Varies based on pressure
Lbn Steam Flow through Orifice Ibm/hr
0, H .
0'Y Condensate ReturRactor % 100.0% no condensate re_turn line; Ref [4]
36.3% condensate return line systen
5 .
Steam Loss Adjustment Factor, % 55% for failed traps. Ref [4]

26% for leaking traps

P Gauge Pressure psig

. Gauge pressure in psigdtmospheric
Pa Absolute Pressure psia pressure (14.696)
PD Peak Day Natural Gas Savingy ccf
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SECTION THREE: C&l RETROFIT
3.2.6 Steam Trap Replacement

Retrofit Gross Energy Savings, Fossil Fuel

Steplc! 48 DN} aK2FQa 9ljdad A2y G2 RSGIBNMAYS G(KS adsSky Ti

G(prlsﬁtgm‘ o 08 1)
o
PTesF a |

91 Where, Ilp, = Steam flow rate, Ib/hr;

9 P.= Absolute pressure in steam trap line, psia; and

9 D = Diameter of the orifice, in
o 0.97 = empirically derived factor in Grashof Equation;
0 60 = empirically derived factor farashof Equation; and

o 0.7 = discharge coefficient (70%).

Table 3W: Enthalpy of Steam by Pressure (Ref [3])

Specific Enthalpy of
Evaporation (Btu/Ib)

Gauge Pressure (psig. Absolute Pressure (psia

2 16.70 966.07

5 19.70 960.54
10 24.70 952.56
15 29.70 945.68
25 39.70 934.09
50 64.70 912.06
75 89.70 895.16
100 114.70 881.04
125 139.70 868.68
150 164.70 857.58
200 214.70 837.95
250 264.70 820.68
300 314.70 805.03
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SECTION THREE: C&I RETROFIT
3.2.6 Steam Trap Replacement

Step 2¢ Using the following equation estimate annual savings baseth®isteam loss (Step 1), specific enthalpy

of evaporation (Table-8), equivalent full load hours, adjustment factors, and boiler efficiency

... oovboQ b 8y
000 QG - 55
0'QQp ) T H7

Retrofit Gross Peak Day Savings, Natural Gas

3
PD = ACCF3 24
EFLH
Where
EFLH- Site specific hours if available
If unknown:

1 EFLH: 7,752 for process stearNgte [1]);
1 EFLH- 3,763 for heating steam coil applicatioho{e [2]); and
1 EFLH: 5,376 for heating steam distribution applications &dltifamily common areafRef [5).

Changes from Last Version

i1 Formatting updates idescription narrative.

1 Updated direction for boiler efficiency variable.

References

[1] Steam Efficiencimprovement, Boiler Efficiency Institute, AL, 1987.

[2] E. A. Avallone, T. Baumeister Illl and A. M. Sadéatks' Standard Handbook for Mechanical Enginet
New York: McGrasill, 2007.

[3] Steam Tables, Spirax Sarco, 2(d/@Ailableonlineat:
hitp://www2.spiraxsarco.com/esc/Ss_Properties.aslast accessed on Oct. 10, 2013.

[4] Steam Trap Evaluation PhaseMassachusetts Program Administrators and Energy Efficfedsgory
Council, Mar. 8, 2017.

[5] TRC. X1941: Multifamily Impact Evaluation, PSD Savings Raue2020.

Notes

[1] Estimated.
[2] Estimated.
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SECTION THREE: C&I RETROFIT
3.2.7 Blower Door Test (Small C&l)

3.2.7 BLOWER DOOR TEST (SMALL C&l)

Description of Measure

This measure is for verifyinigfiltration reduction of older residential type construction, less than 5,080ued

for commercial occupancy (predominantly small business customers). Blower door test equipment must be used
to verify infiltration reduction For multifamily buildingshis measure should only be used for projects that

conduct a whole building leakage test. Projects that test individually dwelling units should use the Infiltration

Reduction Blower Door measure.

Savings Methodology

The savings methodology is basedon®gv LA f 2 G LINP2SOGa& O2yRdzZOGSR dzy RSNJ
pilot program in ConnecticulNote [1]). Actual blower door tests were conducted at these sites. RGimulation

and billing analyses were also performed for the pilot projects.rébelts were reviewed and verified by

Eversource engineers. The average energy savings per CFM reduction were estimated from the results of the
projects and then converted to the appropriate fuels using unit conversions. The cooling savings per CFM and
demand savings are from the 20PSDmanual) Feasure 4.4.2Residential Blower Doorhe savings would be

NEOASHGSR ¢gAGK OdzadG2YSNIoAfftAy3a REGI o6& GKS /2YLI YAS

Inputs

Table 3X: Inputs

Symbol Description
CFMre Infiltration before AirSealing at 50 Pa
CFMost Infiltration after Air Sealing at 50 Pa

Heating Fuel Type (e.g., electric resistive, HP, natural gas, oil, etq
Heating Distribution Type (e.g., forced air with fan, HP, etc.)

2021Program Savings Document Page |107



SECTION THREE: C&I RETROFIT
3.2.7 Blower Door Test (Small C&l)

Nomenclature

Table 3Y:Nomenclature

Symbol Description Units  Values ‘ Comments
AKWH Annual Gross Electric Energy Sav#@soling kWh
AKWH, Annual Gross Electric Energy Savirtgsating kWh
Infiltration After Air Sealing Measured with the
CFMost House Beinglegatively Pressurized to 50 Pa| CFM

Relative to Outdoor Conditions
Infiltration Before Air Sealing Measured with th
CFMre House Being Negatively Pressurized to 50 P{ CFM
Relative to Outdoor Conditions

0.0097 | Appendix

PDR Natural Gas Peak Day Factdeating 7 One
POy Natural Gas Peak Day Savings, Heating ccf
SKW Seasonal Summer Peak Demand Savig@g®ling| kW
WKW, Seasonal Winter Peak Demand Savittgsating kw 0
ACCFH Annual Gross Fossil Fuel Savings (Natural G oof
Heating)
AOGH Annual Gross Fossil Fuel Energy Savings (O  ccf

APGH Annual Gross Fossil Fuel Energy Savings (Prof  ccf

Retrofit Gross Energy Savings, Electric

Table 3Z: Retrofit Electric Savings per CFM Reduction (at 50 Pa)

Measure | Symbol Energy Savings Units |
Electric Resistance Heating BDueating 2.53 kwh
Heat Pump Heating BDueating 1.26 kWh
Geothermal Heating BDueating 0.84 kWh
Air Handler (fan) BDu 0.025 kWh
Cooling (centrabh/C) BDrooling 0.059 kWh

Forelectric resistive, heat pump, or geothermal heating systems

AKWH, =BD,_.;..® (CFM,. - CFM,,.)

eating Pre

For fossil fuel heating with air handler unit

AkWH,, =BD,,, 3 (CFM,_ - CFM__)
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SECTION THREE: C&I RETROFIT
3.2.7 Blower Door Test (Small C&l)

For homes wittCentral A/Gir cooling

AKWH, = BDpyy 2 (CFM,, - CFM,.,,)

ooling Pre

Retrofit Gross Energy Savings, Fossil Fuel

Table 3AA: Retrofit Fossil Fuel Savings per CRBtuction (at 50 Pa)

Measure \ Symbol Energy Savings Units
Fossil Fuel Heating
Natural Gas Heating BDue 0.11 ccf
Propane Heating BDyropane 0.12 Gallons
Oil Heating BDyi 0.07 Gallons

For homes with natural gas heating system

ACCF, =BD,. 3 (CFM,, - CFM,..)

Pre

For homes with olieating system

AOG, =BDy, ® (CFM,,, - CFM,,,)

Pre

For homes with propane heating system

APG, =BD__. 2 (CFM,.- CFM,__)

propane

Retrofit Gross Seasonal Peak Demand Savings, Electric (winter and summer)

Table 3BB: Demand Savings per CFM Reduction

Measure ‘ Symbol Energy Savings Units
Electric Resistance and Heat Pumj]  BDwkw 0.00117 kW
Geothermal Heat Pump BDOwkw 0.00039 kW
Central A/C and Heat Pump BDskw 0.00009 kw
WKWH = BQNKW 3 (CFM Pre = CFM Post)
SKV\é = BDSKW3 (CFM Pre ~ CFM Post)

Note: The demand savings are from tResidential Measure 4.4.4nfiltration Reduction Testin@lower Door

Test
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SECTION THREE: C&I RETROFIT
3.2.7 Blower Door Test (Small C&l)

Retrofit Gross Peak Dayavings, Natural Gas

For homes with natural gas heating system

PD,, = ACCF, 2 PDF,

Changes from Last Version

1 Multifamily clarification in description of measure

I Revisions tdable 3Y.

Notes

[1] ' & LI NI 2F 9O@SNE2dz2NDOSQa {YIlIff .daAaAySaa 9yS
Energy Services conducted air sealing, blower door tests;D@d&leling, and billing analysis on sev
older residential types of construction, both ballo and platform framing, that were used fi
commercial occupancy in Connecticut. The above energy savings per CFM are based on these ¢
projects.
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SECTION THREE: C&I RETROFIT
3.2.8 Add Speed Control to Rooftop Unit Fan

3.2.8 ADD SPEED CONTROL TO ROOFTOP UNIT FAN

Description of Measure

This measurénstalls speed control on existing constant speed rooftop unit evaporator and ventilation fans. In

most cases the control method will include a VFD, but the speed settings will be staged based on heating, cooling,

and ventilation modes.

Savings Methodology

The savings are determined via spreadsheet and are based on the inputs below and the following assumptions:

1. Full load cooling and heating hours from Appendix Five.
2. 13% of the fan hours are assumed to be in free cooling; based on local temperature BINSs.

3. 25% of heating/cooling equivalent fitad hours are assumed to be in Stage 2 (based on local
temperature BINS).

4. 75% of heating/cooling equivalent fdtlad hours are assumed to be in Stage 1 (50% output).
To calculate the fan hours in stage one, the eglant full load heating/cooling are multiplied by
(75% from above) then divided by 50% capacity.

Ref [1]is for information only.

Inputs
Table 3CC: Inputs
Siaglele] Description
H Fan Run Hours
EFLH Equivalent Full Load Cooling Hours
EFLH Equivalent Full Load Heating Hours
SP1 Stage 1 Fan Speed
SP2 Stage 2 Fan Speed
SPV Ventilation Only Fan Speed
HP Fan Motor Nameplate Horsepower
LF Fan Motor Load Factor
Efm Motor Efficiency
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SECTION THREE: C&I RETROFIT
3.2.8 Add Speed Control to Rooftop Unit Fan

Nomenclature

Table 3DD: Nomenclature

Description Units Values Comments
AKW Annual Summer and Wlnf[er Seasonal P¢ KW
Demand Savings
AKWH Annual Gross Electric Energy Savings kWh
AKWH Annual Gross E.IeF:trlc Energy Consumpti KWh
Existing System
AKWH Annual Gross EIectrEnergy Consumptian KWh
After Retrofit
Efm Motor Efficiency %
EFLH Equivalent Full Load Cooling Hours Hours Appendix Five
EFLH Equivalent Full Load Heating Hours Hours Appendix Five
H Total Fan Run Hours Hours Appendix Five
H Fan RurHours at Stage 1 Hours See spreadsheet
He Fan Run Hours at Stage 2 Hours See spreadsheet
Fan Run Hours in Ventilation Only Mod Hours HOL.”S when n.o
heating or cooling
Ho Fan Run Hours in Free Cooling Mode Hours 13% of total fan
hours
HP FanMotor Nameplate Horsepower Horsepower
KWe Existing Fan kW kw
LF Fan Motor Load Factor % Note [2], Ref [2]
SP1 Stage 1 Fan Speed % 75%
SP2 Stage 2 Fan Speed % 90%
SPV Ventilation Only Fan Speed % 40%
Fan Savings Exponent 2.7 Note [1]

Retrofit Gross Energy Savings, Electric

AKWH= AKWH- AKWHht

AKWH = KWH

_0.746% HP® LF

KW,
EF,

KWE3 SR].Z'73 H1 N KWEg Sm2.73 H2 N KWE3 SRLZ.73 HO . KWE3 SPV2.73 HV

AKWH., =
0.97 0.97 0.97 097
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SECTION THREE: C&I RETROFIT
3.2.8 Add Speed Control to Rooftop Unit Fan

Retrofit Gross Seasonal Peak Demand Savings, Electric (winter and summer)

AKW._ 3 SP2%7 §
AKW = KWE - £EOTB
¢ O =

It is assumed that the fan will benning at stage 2 speed during the summer/winter peak demand period and is

100% coincident.

Changes from Last Version

1 No changes.

References

[1] ! ROl yOSR w227Fi2L) / 2y TesEResults, PNMIRB56,(PacifiSNbiheBtNatgnalC
Laboratory, Jul. 2013.

2] [F 8NByOS .SNJStSe DblraAz2ytf [F02NFXi2NEZ YR w
and Drive Systetn SNF 2 NXY | yOST | {2dz2NDS06221 F2NJ LyRdzaG?
Efficiency andRenewable Energyolden, CO: National Renewable Energy Laboratory, or
https://www.enerqgy.gov/sites/prod/files/2014/04/f15/amo motors sourcebook web.pdf

Notes

[1] Exponent for fan saving that adjust ideal fan law value of 3.0 to account for fan, motor, and VFD
efficiency.

[2] Provide field measure LF if known, otherwise default to 65% for NAFRIS
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SECTION THREE: C&| RETROFIT
3.2.9 Commercial Kiten Hood Controls

3.2.9 COMMERCIAL KITCHEN HOOD CONTROLS

Description of Measure

This measure is for the installation of controls to reduce airflow in commercial kitchen exhausts hoods. These
systems can also control the airflow in dedicated mageair units associated with the kitchen exhaust hoods.
Savings are achieved by reducihg &ir flow of the exhaust and maksgp air fans when cooking is not taking place
under the hoods. Significant fan energy savings can be achieved along with reductions in heating and air

conditioning loads.

Typically, these systems will be retrofitted trigting exhaust hoods. Systems may also be installed during

construction of a new commercial kitchen.

Savings Methodology

The energy savings are calculated using a custom spreadsheet basedspesifie input for all projects. Savings
are based on hoursf kitchen operation, size of exhaust and malgair fans, size of the kitchen, ventilation rate,
and oversize factor of the exhaust hoods, cooling and heating efficiencies, and outside air temperatures.
Adjustments can be made to the savings based om tmuch conditioned air the exhaust fans are pulling for the
facility (e.qg., is the kitchen area closed off from the dining area, are there-paké fans incorporated in the

exhaust hoods or in close proximity?).

Fan energy savings are estimated base@mpirical data from studies of existing installations at a variety of types

of facilities. Heating and air conditioning savings are estimated using temperature BIN data, along with an
estimate of how much conditioned air is being exhausted. Summer selgseala electric demand savings are
assumed to be zero as most commercial kitchens are assumed to be operating during the summer seasonal peak

period.

Natural gas peak day savings are calculated using the peak day factor for furnace/boiler of 0.0152 f26¢t

PSDmanuall Bleasure 2.2.6as the savings for this measure are consistent with the furnace/boiler savings profile.

The baseline for this measure is a kitchen exhaust system without variable speed fan controls.
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SECTION THREE: C&l RETROFIT
3.2.9 Commercial Kitchen Hood Controls

Inputs

Table 3EE: Inputs

Symbol Description Units
Hr Hours of Operation hrs
HR Horsepower of Exhaust Fans HP
HRuA Horsepower of Makaip Air Fans HP
Ner Number of Exhaust Fans
Nwa Number of Makeup Air Fans
EER Cooling System Efficiency Btu/watt-hr
HEFF HeatingSystem Efficiency %
VR Kitchen Ventilation Rate CFM/fe
A Kitchen Area Fe
OF Ventilation Oversize Factor %
PR Power Reduction %
FR Flow Reduction %
MEff Motor Efficiency %
LF Motor Load Factor %
MHDD Modified Heating Degree Days °Fday
CDD Modified Cooling degree Days °Fday

Changes from Last Version

1 No changes.
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SECTION THREE: C&I RETROFIT
3.3.1 Custom Measures

3.3 OTHER

3.3.1 CUSTOM MEASURES

Descriptionof Measure

This measure may apply to any C&l Retrofit installations whose scope may be considered custom or

comprehensive and not covered by another specific measure

Savings Methodology

9y SNHE YR RSYlIYR a4l @Ay3a INB OFtOdA I GSR 2y I Odzaiz2
calculated as the difference between baseline energy usage/pealadeé and the energy use/peak demand after
implementation of the custom measure. Energy savings estimates should be calibrated against billing or metered
data where possible to test the reasonableness of energy savings. Also, the energy and demandrsaysigs a

must be reviewed for reasonableness by either a tiadty consulting engineer or a qualifiedfiouse engineer.
The methodology for determining natural gas peak day savings is providggheandix One

The demand savings methodologies below provide a gross, reasonable estimate based on available information.
Final reported values are adjusted based on realization rates provid&ggdendix ThreeElectric demand savings

methodologies are categorized adléovs:

1. Temperature dependent measures (i.e., HYAC measures that vary with ambient temperature).
2. Nontemperature dependent measures (e.g., process, lighting, and time control).

3. Computer simulation modeled measures (may include both 1 and 2).

Temperature depndent measures

Savings from individual temperature dependent measures are typically determined by either full load hour

analysis or BIN temperature analysis.

Full load hour analysis

Summer and winter demand savings are calculated using an appropdat@hed seasonal peak coincidence
factor. Coincident factors for various measures (and/or end use) are providgghendix OneDemand savings

will be determined by multiplying the connected load kW savings by the appropriate coincidence factor.
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SECTION THREE: C&I RETROFIT
3.3.1 Custom Measures

Temperatue BIN analysis

Temperature BINs shall be designated in 2 degree Fahrenheit increments.

1 The summer seasonal peak demand savings shall be the difference between the weighted average
demand of the top temperature BINs that capture the majority of the-NME3summer seasonal peak hours
Ay (GKS LINB@A2dza GKNBS &SIFENE>X F2NJ GKS oFasS IyR af
Bridgeport and 84°F will be used for Hartford.

1 The winter seasonal peak demand savings shall be the difference betweerritjieted average demand
of the bottom temperature BINs that capture the majority of the ISP winter seasonal peak hours in the
LINSOA2dza GKNBS 2SFNEZ F2N GKS o6FasS FyR aSTFFTAOAS)
and 26°F will be uskfor Hartford

NonTemperatureDependent Measures

Demand savings for measures that are not temperatependent will be determined by either the coincidence
FIOG2NA FTNRBY ! LIWSYRAE hyS 2N GKS | gSNI 38 Séréensotali SR
peak period. A custom coincidence factor may also be used for measures or end uses that are not identified in
Appendix OneHowever, the analysis determining the custom coincidence factor must be performed or approved

by a qualified irhouse emineer.

The average summer/winter seasonal peak demand savings shall be determined as follows:

AnnualkWhsavings\WD - June July, Augus) | aRunhoursdunnngpm 6meDo

SKW =
EquipmentRunhours(WD - June July, Augus) g 6 +
WKW = AnnualkWhsavingsWD - DecemberJanuary) , aRun Hoursduring 4pm- 9pmWD § 0
EquipmentRunhours(WD - DecemberJanuary) g 5 +

Note: The average demand savings methodology should only be used when the coincident factor methodology

cannot be used or is not practicable.

Computer Simulation Modeling

For certain unique or complex projects including those with interactive effects performance shall be determined
using a computer simulation model. Approved software and modeling requiresvaetspecified by the

/ 2YLI yASAQ LINPANIY FRYAYAAOGNT G2NBOD
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SECTION THREE: C&I RETROFIT
3.3.1 Custom Measures

The methodology for determining the seasonal peak demand savings will depend on the computer simulation
output capabilities. If the model can provide the demand for the coldest and hottest hothe gkar and the

month when they occur, then that data will be used to determine demand savings.

The summer seasonal peak demand savings will be the difference between the peak demand (whole building)
from the base and design models during the hoursescdbed in the temperature dependent section above. This
assumes the hottest hours occur during June through August. If the hottest hour methodology cannot be used,
then the demand savings shall be determined by taking the average summer (June, JAlygasi) peak

demand from the base model and subtracting the average summer (June, July, and August) peak demand from the
design model. If neither of these methods can be used, thdrourse engineering must review the project/model

to determine an acceptdb method.

The winter seasonal peak demand savings will be the difference between the peak demand (whole building) from
the base and design models during the coldest hours as described in the temperature dependent section above.
This assumes the coldesturs occurs during December or January. If the coldest hour methodology cannot be
used, then the demand savings shall be determined by taking the average winter (December and January) peak
demand from the base model and subtracting the average winter (Dbeeand January) peak demand from the
design model. If neither of these methods can be used, thérimse engineering must review the project/model

to determine an acceptable method.

Baseline

The baseline efficiency is the efficiency of ghésting equipment being replaced in the measure.

Nomenclature

Table 3FF: Nomenclature

Symbol Description‘ Units ‘ Values

wD Weekdays | Days

Changes from Last Version

1 No changes.
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SECTIN THREE: C&I RETROFIT
3.4.1 Cooler Night Covers

3.4 REFRIGERATION

3.4.1 COOLER NIGHT COVERS

Description ofMeasure

Installation of retractable covers for opdype multideck refrigerated display cases. The covers are deployed

during the unoccupied times in order to reduce the energy loss.

Savings Methodology

The savings values below are based on a@®ty RdzOG SR o6& { 2dzi KSNY [/ I toktfle2 Ny A |

F NI wSTNAISNI A2y ¢8OKy2ft238 RefRD ®SERKS/ By G /SNA 0 & VI X
instrumentation and data acquisition system provided detailed tracking of tiékeB SNJ G A2y &8 ad SYQ
temperature and pressure points during the test period. These readings were then utilized to quantify various
KSFG GNIFyaFSNIFYyR LRoSNI NBfIFIGSR LI NIFYYSGSNR SgAGKAY 0

three typical scenarios found mostly in supermarkets.

There are no demand savings for this measure (covers will not be in use during the peak period).

Inputs
Table 3GG: Inputs
Symbol | Description
H Hours per year the cover are in use
w Width of theopening that the covers protect, ft.

Nomenclature

Table 3HH: Nomenclature

Symbol Description \ Units Values Comments
AKWH Annual Gross Electric Energy Savi kWh/yr
h Hours per Year the Cover are in U Hours/yr

Savings Factor Based on the
Temperature of the Case
Width of the Opening that the
Covers Protect

SF kW/ft

ft
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SECTION THREE: C&l RETROFIT

Retrofit Gross Energy Savings, Electric

AKWH=W?3 h3 SF

Table 3lI: Savings Factor Based on Case Temperature (Ref [1])

Case Temperature ‘ SF (KWITt)
Low Temperature-85°F to-5°F) 0.03
Medium Temperature (0°F to 30°F) 0.02
High Temperature (35°F to 55°F) 0.01

Retrofit Gross Seasonal Peak Demand Savings, Electric (winter and summer)

There are no demand savings for this measure because the covers will not beduringethe peak period.

Changes from Last Version

1 No changes.

References

[1] d¢Effects of the Low Emissivity Shields on Performance and Power Use of a Refrigerated Digpl¢
Southern California Edison Refrigeration Technology and Test Eareryy Efficiency Division. Au¢
8, 1997.
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SECTION THREE: C&l RETROFIT
3.4.2 Evaporator Fan Controls

3.4.2 EVAPORATOR FAN CONTROLS

Description of Measure

Installation of evaporator fan controls to wailk coolers and freezers using evaporator fans that run constantly.

The evaporatorfa®2 Yy G NP f ae&adSY SAGKSNI akKdzia 2FF 2N NBRdzOS &

thermostat is not calling for cooling.

Savings Methodology

The savings from this measure are derived from a reduction in fan speed or the number of hoting that

evaporator fans are running. If fan motors are also replaced with ECM motors in conjunction with this measure,
then savings are based on the reduced fan motor wattage. Interactive refrigeration savings are also achieved due
to reduced fan speed or ruhours. The off hours, power reduction factors, and power factor are stipulated values

based on vendor experience.

Inputs
Table 3J3J: Inputs

Symbol ‘ Description
A Amperage
EER Energy Efficiency Ratio of Refrigeration Units
N Number of Fans
V Volts

Nomenclature

Table 3KK: Nomenclature

Symbol Description Units  Values Comments |
A Amperage of Existing Fans
ACOP Average Coefficient of Performance
AKWH Annual Gross Electric Energy Savings | kWh
COP Coefficient of Performance
DP PowerReduction Factor %
ECM Electronically Commutated Motor
EER Energy Efficiency Ratio

Seasonal Peak kW
Average Hourly Demand Savings for bott KW calculated using the

Summer and Winter average hourly usage ove
entire year

AkW

N Number of Fans
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SECTION THREE: C&I RETROFIT
3.4.2 Evaporator Fan Controls

Table 3KK: Nomenclature

Symbol Description Units  Values Comments |
pf Power Factor of Existing Fans
PSC Permanent Split Capacitor Motor
r Adjustment Factor for TwSpeed Controllerg 1or0.86
\% Volts of Existing Fans
h Fan Off Houréfter Measure Installation

Retrofit Gross Energy Savings, Electric

If the fan motors are singlghase, then calculate the energy savings as fotllows

AKWH = N3V3 A2 Pf3 3 (1-DP)* — 0 a4 1 8
1000%,, o ACOPS

If the fan motors are threphase, then calculate the energy savings as follows

AKWH = N3 V3 A3 /33 Pf3 13 (1- DP)s — s34 L §
1000%, ¢ ACOP=

If existing fan motors are being replaced concurrently with this measure, then DP = 0.40 for PSC motors and 0.65
for shaded pole motors. If fan motors are not being replaced or if the volt/amp readings were taken after fans

were replaced, then DP = 0. S¢ete [1].

Pf= estimated to be 0.65;
h = 3,000. Seblote [2];

r = 1 for on/off controllers and 0.86 for two speed controllers;

1
l
l
1 ACOR=2.03 for freezers and 2.69 for coolers (used for interactive affectsN&ed3];
i If existing EERs are available, t#eDOP = Average EER/3.413; and

)l

Average EER Full Load EER/0.85.

Retrofit Gross Seasonal Peak Demand Savings, Electric (winter and summer)

If the fan motors are singlehase or thregohase, then calculate the demand savings as follows

0L W
%
pxorm

0L W
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SECTION THREE: C&I RETROFIT
3.4.2 Evaporator Fan Controls

Changes from Last Version

9 Added CF to the kW calculations.

References

[1] 2010 ASHRAE Handbo#lefrigeration. Retail Food Store Refrigeration and Equipment, Chaptesel
Figure 24.

Notes

[1] Power reduction factors of existing fans d&x@sed on correspondence with a National Resource
Management NRM) representative, Mar. 3 and Jun. 6 of 2011. If motors are being replaced
concurrently with this measure, then savings calculations for this measure should be coordinated
Measure 3.4.30 ensure the ending point of one measure (fan power/hours) is the starting point fol
other.

[2] Fan offhours after measure installation (h) is based on correspondence with Nick Gianakos, Nich
Group, P.C., Jun. 27, 2010.

[3] Refrigeration interactive factors are derived frd®ef [1]and correspondence with Nick Gianakos,
Nicholas Group, P.C., Jun. 27, 2010.
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SECTION THREE: C&I RETROFIT
3.4.3 Evaporator Fans Motor Replacement

3.4.3 EVAPORATOR FANS MOTOR REPLACEMENT

Description of Measure

Installation of an electronically commutated motorplace of existing integral electric motor connected to

evaporator fans in wala coolers, freezers, and reagidisplay cases.

Savings Methodology

The savings estimates are based on the wattage reduction from replacing an existing PSC or shadetpole mo
with an electronically commutated motor. Interactive refrigeration savings are also achieved due to reduced heat
loads resulting from fan power reduction. The run hours, power reduction factors, and power factor are stipulated

values based on vendor parience(see[Ref 2).

Inputs
Table 3LL: Inputs
Symbol ‘ Description
A Amperage
EER Energy Efficiency Ratio of Refrigeration Units
N Number of Fans
V Volts

Nomenclature

Table 3MM: Nomenclature

Symbol Description ~ Units Values .~ Comments |
A Amperage of Existing Fans
Estimate from existing EEF
Average Coefficient of Performance (use when available peNote [4],
ACOP ° for interactive effects) ( otherwise: Fregzers: 2[.0]3 Notes [4], [3]
Coolers: 2.69
AKWH Annual Gross Electric Eneiggvings kWh
Seasonal Peak Demand Coincident Factol Appendix
CF . . )
Refrigeration (same for summer and winte One
. PSC motors: 0.40
DP Power Reduction Factor Shaded pole motors: 0.65 Note [1]
EER Energy Efficiency Ratio
. With existing controls: 5,50(
h Hours ofOperation Hours Without cgntrols: 8.500 Note [2]
N Number of Fans
Pf Power Factor of Existing Fans 0.65 Estimated
PSC Permanent Split Capacitor Motor
\% Volts of Existing Fans
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SECTION THREE: C&I RETROFIT
3.4.3 Evaporator Fans Motor Replacement

Retrofit Gross Energ8avings, Electric

If the existing fan motors are singtdase then calculate the energy savings as follows

AKWH =N3V3 A3 Pf3 DP3

>

1000 o ACOP—

If the existing fan motors are thrgghase then calculate the energy savings as follows

AKWH = N3V3 A3 /33 Pf3 DP3 — 3 53+
1000%,, ¢ ACOP:

h . 1 g
0

Retrofit Gross Seasonal Peak Demand Saviigdgctric (winter and summer)

If the existing fan motors are singtdase or thregohase then calculate demand savings as follows

oOvLwo .
OL W — o1 | o0
lIJX(B;f)F*

Changes from Last Version

1 Removed unused COP values froable 3MM.
1 Added CF to Ak\Wquation.

9 Added references

References

[1] 2010 ASHRAE Handbodrefrigeration Retail Food Store Refrigeration and Equipment, Chapter 1.
Figure 24.

[2] Becker, B.R, and Fricke B.A., High Efficiency Evaporator Fan Motors for CorRefigeahtion
Applications, Purdue Labs, 2Q0Hvailable online at:
https://docs.lib.purdue.edu/cgi/viewcontent.cqi?article=2588&context=iracc

Notes

[1] Power reduction factors of existing fans are based on correspondence with a National Resource
Management (NRM) representative on Mar. 3 and Jun. 6, 2011.

[2] Fanoff hours after measure installation (h) is based on correspondence with Nick Gianakos, Nict
Group, P.CJun. 27, 2010f fan controls are being installed concurrently with this measure, then
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SECTION THREE: C&l RETROFIT

savings calculation for this measure should be coordinatitlll Measure3.4.2to ensure the ending
point of one measure (fan power/hours) is the starting point for the other.

[3] Refrigeration interactive factors are derived frd®ef [1]and correspondence with Nick Gianakos,
Nicholas Group, P.Clun. 27, 2010

[4] If existing EERSs are available, then ACOP = Average EER/3.413; Average EER = Full Load EEF
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3.4.4 Door Heater Controls

3.4.4 DOOR HEATER CONTROLS

Description of Measure

Installation ofan on/off or micrepulsecontrol system to an existing facility where door heaters operate
continuously. This measure is applicable to walkoolers and freezers that have electric heaters on their doors

whose purpose is to prevent condsation from forming.

Savings Methodology

The savings from this measure result from a reduction in the operating hours of the door heaters. The off hours
are stipulated values and are overall averages based on vendor experiend¢ot8d#]). They are agjcable to

all store types and sizes.

Inputs
Table 3NN: Inputs

Symbol ‘ Description
A Amperage
N Number of Door Heaters
\% Volts
Type: Cooler or Freezer

Nomenclature

Table 300: Nomenclature

Description Values Comments
A Amperage of Door Heater
AKW Annual Summer and Winter Electric KW
Demand Savings
AKWH Annual Gross Electric Energy Savings| kWh
CE Seasonal Peak Demand Coincident Factor| Anpendix One
Refrigeration (same for Summer and Winte APPENAX N
On/Off :2786
h HeaterOff Hours After Measure Installatiorfr Hours | Micro-pulse: Note [1]
4196
kw Kilowatts
N Number of Heaters
Pf Power Factor 1 Note [2]
V Volts of Door Heater
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SECTION THREE: C&| RETROFIT
3.4.4 Door HeateControls

Retrofit Gross Energy Savings, Electric

3 3 3 3
Akwh < N2V AS PE3h
1000Y,

Retrofit Gross Seasonal PeBlemand Savings, Electric (winter and summer)

o OL®WO
00U ——7r
WX e

Changes from Last Version

1 Revised AKW equation

Notes

[1] Heater off hours after measure installation for freezers and refrigerators are basapdateto:
https://cadmusgroup.com/wpcontent/uploads/2016/02/NEEP
CRL Report FINAL clean.pdf?submissionGuid=cb2-b&h83179aa4c4-

[2] Assumes singiphase power.
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SECTION THREE: C&I RETROFIT
3.4.5 Vending Machine Controls

3.4.5 VENDING MACHINE CONTROLS

Description of Measure

This measure relates to the installation of new controls on existing refrigerated beverage vending machines, non
refrigerated snack vendingachines, and glass front refrigerated cool&sntrols can significantly reduce the

energy consumption of vending machine and refrigeration systems. This measure covers two separate methods of
on/off control of vending machines. In one method, the vemgdmnachine is controlled by occupancy sensors. In

the second method, controls operation are based on a set time schedule.

Quialifying controls must power down these systems during scheduled periods or periods of inactivity but, in the
case of refrigerated achines, must always maintain a cool product that meets customer expectations. This

measure should not be applied to ENERGY $UARied vending machines, as they already have fittontrols.

Inputs
Table 3PP: Inputs

Symbol ‘ Description
Equipment Type Type of Vending Machine
HOURGer Hours Vending Machine Turned on After Measure Installatio
N Number of Vending Machines
A Amperage of Vending Machine (if available)
Vv Voltage of Vending Machine

Nomenclature

Table 30Q:Nomenclature

Symbol Description Units Values Comments
A Amperage of Vending Machine amps
AKWH Annual Gross Electric Energy Savings KWh
. Tables 35S
ESF Energy Savings Factor and3-TT
Equipment . .
Type Type of Vending Machine
HoursVending Machine Turned on After
HOURer Measure Installation
HOURS e Hours Vending Machine Turned on Before hrs 8,760

Measure Installation
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SECTION THREE: C&I RETROFIT
3.4.5 Vending Machine Controls

Table 300Q: Nomenclaturdcontinued)

Symbol Description Units Values \ Comments
N Number of Vending/lachines
PF Power Factor 0.85
SKW Summer Demand Savings kw 0
\Y, Volts of Vending Machine volts
WATT &se Connected kW of the Controlled Equipment| W Table 3RR
WKW Winter Demand Savings kW 0

Retrofit Gross Energy Savings, Electric

AKWH=WATT&se/1000 x HOURS x ESF x N

Where

1 WATT&se= connected kW of the controlled equipment; sEagble 3RRbelow for default values by

connected equipment type: or where amperage and voltage are knowrg ke following calculation; =
V x A x PF; 1,000 = conversion factor (W/kKW);

9 Hours= operating hours of the connected equipment; in most cases, it is assumed that the equipment

operates 24 hours per day, 365 days/year or 8760; and

i ESF= Energy Savings Factor; represents the percent reduction in annual kWh consumption of the
equipment controlled; sedable 3RRbelow for OccupancBased Controls by equipment type, ahable

3-WWbelow for Time SchedulBased Controls by equipment type.

Table 3RRConnected Wattage of Vending Machines

Equipment Type WATT &use

Refrigerated Beverage Vending Maching 400 Ref[1])
Non-Refrigerated Snack Vending Machin 80 Ref[1])
Glass Front Refrigerated Coolers 400 Ref[2])

CustomCalculation V x AxPF

Table 3SSOccupancyBased Controls

Equipment Type ‘ Energy Savings Factor (ES|
Refrigerated Beverage Vending Maching 46%(Ref[1])
Non-Refrigerated Snack Vending Machin 25%(Ref[1])
Glass Front Refrigerated Coolers 35%(Ref[2])
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SECTION THREE: C&I RETROFIT
3.4.5 Vending Machine Controls

Table 3TT:Time ScheduldBased Controls

Equipment Type Energy Savings Factor (ESF)
a HOURS,. 6

All x 0.45 [Note 2

? HOURS =X 8 [ ]

Retrofit Gross Seasonal Peak Demand Savings, Electric (winter and summer)

1 SKW=0; and
T WKW=0.

Retrofit of Occupancy Controls dRefrigerated Beverage Vending Machine, Example

Add occupancy sensors to two existing soda vending machine where the amperage and voltage is unknown.
1 AKWH WATT&se/1000 x HOURS x ESF x N.
i FromTable 3RR Watts base = 400 W; Frohable 3SS ESF = 0.44.

1 AKWH =400/ 1000 x 8760 x 0.44 x 2 = 3,084 kWh.

Retrofit of On/Off Timer on a Glass Refrigerated Cooler, Example

Add a timer to an existing cooler. Electric input to cooler is measured at 120 voltRandps. Timer will shut the

cooler of for 11 hours per day

AKWH WATT&se/1000 x HOURS x ESF x N

WattSpase= V X A X PF=120 x4.2 x 0.85 =428 W

4 HOURS,, 0
ESE &- —g‘“eo x 0.45
ge HOURS 9
HOURGer= 8760¢ (365 x11) = 4,745 hrs

ESF:% 474Ehrso
c 87 6(hrs-

x 0.45 =0.2065

AKWH= 428/1000 x 8760 x 0.2065 x 1= 774 kWh
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Changes from Last Version

I No changes.

References

[1] Energy Miserg Vending Miseravailable online at:
https://www.energymisers.com/vendingmiser.php

[2] Energy MisersCooler Misersavailable online at:
https://www.energymisers.com/coolermiser.php

Notes

[1] Assumed that the peak period is coincident with periods of high traffic diminishing the demand
reduction potential of occupaneyased or tine schedulebased controls.

[2] The 45% factor to account for compressor cycling is based on NMR Group, Inc. field experience
mail communication with Nick Gianakos, Jun. 27, 2010.
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SECTION THREE: C&I RETROFIT
3.4.6 Add Doors to Open Refrigerated Display Cases

3.4.6 ADD DOORS TO OPEN REFRIGERATED DISPLAY CASES

Description of Measure

Installation of glass doors on open refrigerated display cases. The savings from this measure are based on an
ASHRAE research projeRef [1) that compared the energy consumption of a new open refrigerated display case

to that of a new refrigerated display case with glass doors. Eversource/United Illuminating engineering utilized

Table 7 oRef [1]in the analysis that provided the savingstéas below. A site inspection of a completed

Ayadlrttriaazy oe

GKS /2YLIyASaQ adal¥F ARSYGATASR

between the case and the store. This analysis assumes that the losses from the gap are equittzdeséogy

consumed by the door heat in Table 7Réf [1]

Inputs

Table 3UU: Inputs

Symbol Description
L Length of Display Case
Nomenclature
Table 3VV: Nomenclature
Symbol Description Units
ACCFk Annual Gross Natural Energy Saving ccflyr
AKWH Annual Gross Electric Energy Saving| kWh/yr
AOG, Annual Savings for Oil Heat Gallyr
APG Annual Savings for Propane Heat Gallyr
L Length of Display Case Feet
Py Peak Day Natural Gas Savings ccf
Shkwh Electric Energy Savings Factor kWh/Foot
Shccr Heating Savings Factor ccf/Foot
Sko Peak Day Savings Factor ccf/Foot
Skkw Summer Demand Savings Factor kW/Foot
Skvkw Winter Demand Savings Factor kW/Foot
SKW Summer Demand Savings kw
WKW Winter Demand Savings kw
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SECTION THREE: C&I RETROFIT
3.4.6 Add Doors to @p Refrigerated Display Cases

Retrofit Gross Energy Savings, Electric

Table 3WW: Electric Savings Factors

Door Type ‘ Skskw ‘ Skvkw ShkwH
Cooler: 182.5
Door Heater 0 0.029
Freezer: 375.3
Cooler: 182.5
Gap 0 0.029
Freezer: 375.3

AKWH= L x Sfkwn

Note: The Skalues depend owhether there is a gap between the doors or if there are door heaters. It is
assumed that the losses from the gap are equivalent to the energy consumed by the door heat so therefore

they are the same for electric savings.

Retrofit Gross Seasonal Peak DendaBavings, Electric (Winter and Summer)

1  SKW=L xSkkw and

1 WKW=L xSkvkw

Retrofit Gross Energy Savings, Fossil Fuel

Table 3XX: Natural Gas Savings Factors

Door Type Shaccr Sko
Door Heater 23.8 0.145
Gap 12.7 0.077

Note: TheSFHvalues depend on whether there is a gap between the doors or if there are door heaters.

ACCE=L x Skcr
AOG=L X Sfcex 0.742

APGi= L X Sfeex 1.1267

Retrofit Gross Peak Day Savings, Natural Gas

PDi=L x Sb
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3.4.6 Add Doors to Open Refrigerated Display Cases

Changes from Last Version

1 Nochanges.

References

[1] ASHRAE Research Project 1402mparison of Vertical Display Cases: Energy and Productivity
Glass Doors Versus Open Vertical Display @ases. NA 'y | @ CNA O] S t Kd
P.E., Dec. 18, 2009.
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This pagenitentionally blank.
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SECTION FOUR: RESIDENTIAL
4.1.1 Lighting

SECTION FOUR: RESIDENTIAL

4.1 LIGHTING

4.1.1 LUGHTING

Description of Measure

Lighting savings are based on the replacement ofdfficiency light bulbs or luminaires with higfficiency

ENERGY ST4Ralified LED bulbs or luminaires of equivalent lumen output.

Savings Methodology

The following assumptions are made to calculatéirsgs for bulbs and luminaire§.5 A NS OG Ay adl £ &
luminaires are installedybvendorsthat have verified installatordw S G A £ ¢ NBXFSNAR (2 o0dz 6 a
through retailerghat do not have verified installatiorictual rated bulb wattage and location of both the existing

and replacement bulbs is used to calculate savings for direct install. For retail, default (estimatedyadtdtand

hoursof-use are used to calculate savings.

Inputs
Table 4A: Inputs
Symbol Description Units
Rated Wattage of Installed or Purchased High
Wattpost g .. 9 Watts
Efficiency Bulb
Rated Wattage of LowEfficiency Bulb being Replace
Wattyre . Watts
by Direct Install
. Location of Direct Install BullseeTable 4Cfor
Location . .
Available Options
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SECTION FOUR: RESIDENTIAL

4.1.1 Lighting
Nomenclature
Table 4B: Nomenclature
Symbol Description Units Values Comments
AKWH Annual Electric Energy Savings kWh/yr Calculated
Average Summer Seasonal Peak Appendix One
Ck Coincidence Factor for Residential unit-less 13.0% _QpiRef 3] ’
(Lighting)
Average Winter Seasonal Peak Appendix One
Ck Coincidence Factor for Residential unit-less 20.0% _Qp—Ref 3] '
(Lighting)
Daily Hours of Use, by Room Type f
. y oY yp Table 4Cfor all
Direct Install. For Lost Opportunity or .
hq ~ . oA, Hours per day| known locations Ref ]
wSihFAf S dzas a! y1 .
RetailMeasure 2.7
Type
Lifetime Measure Life of the Bulb Years Lifetime Appendix Four
LKWH Lifetime Electric Energy Savings kwh Calculated
SKW Summer Demand Savings kW Calculated
Direct Install: baseq
. on reported value
Delta Watts, theDifference Between P V Hes
. For Retail or
the Wattage of the Lowerficiency unknown Direct
Watt,, BaselineBulb and theWattage of the Watts (W) Install: Calculated
New Bulb. If watty is Unknown, and )
Assun‘:ee 4 ¥lue 37.6Watts (bulb)
37.6Watts
(luminaire)
Wattyost Rated Wattage of Higkfficiency Bulb| Watts (W) Input
Watt Rated Watage of Existing Low Watts (W) Input Direct install onl
pre Efficiency Blb P y
WKW Winter Demand Savings kw Calculated
Retrofit and direct install savings calculation
. WOFOQ acgou W00 WWoo Q oo@u
OLWOP8IT P8t T
PTTT pPTTT

Note: 1.04 is the average energy factor due to lighting interactive eRett1] Please refer tdable 4Cfor the
correct hours of use per day by locatiog).(h
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4.1.1 Lighting

For unknown wattage, light busb

DOOOWMHOO MOOO oL OO

For unknown wattage, luminaires

DOOOBMNOO wHOO THMOOO O

Table 4C: Hours of Use per Day by Locatiop)(Ref [1

, All Customers

Location

hq

Bedroom 2.1

Bathroom 1.7

Kitchen 4.1

[ AGAY 3T w23 3.3

Dining Room 2.8

Exterior 5.6

Other 1.7

FYyly2oyh 2.7

Retrofit Gross Energy Savings, Example

Example:A45-Watt bulb is replaced with a 2@/att LED bulb in the living room of a home by direct install. ighat

the annual savings?

Using the equations from above

7AB0WMOO WOO O
WOFOQ oou
P TTT
WOV Tu pTt

00 WwOpdtT

WOFO o WMo O i

00 wOpdtt oubd)b(‘)ioarni o H_’Qc'bcbi T TWIA QU
P 6o’ *Oanif
QUQ

OLwOT @T—'{m

Retrofit Gross Season8leak Demand Savings, Electric (winter angsner)

DOOO@WHOO OO
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4.1.1 Lighting

e WOFo 00
YO w ply —
pTITT
WOFgFo 60
pTITTT

WL W
9 1.05is an average capacity factor due to lighting interactive eRet{7]

i Values for Grand Ckcan be found irAppendix Onas the Residential Lighting Coincidence Factors.

Retrofit Gross Peak Demand Savings, Example

Example:A45-Watt bulb is replaced with &0-Watt LED bulb in the living room of a home. What are the savings?
7AB00MO0 WOOO TUL PT
Watt, = 35.0 Watts

SKW=1.05% 35.0Watts® 0.130- 100(3‘/\%(\/\/
SKW = 0.005kW

WKW = 35.0Watts® 0.20- 1OOOWAW
WKW = 0.007kW

Lost Opportunity Gross Energy Savings (for rebate and upstream), Electric

For bulBluminaire:

WOFOQ ocgov o oOQuU
0L WO P8 T g @ P81 T B X ¢
PTTT PTTT

OLWOoP TQWQ

LostOpportunity Gross Energy Savings, Example

ExampleWhat are the electric energy savings when any LED bulb is purchased through a retailer?
= “—‘?ﬂ o@® TQWAQ

Lost Opportunity Gross Peak Demand Savings, Example

For bub/luminaire:

WO 0 Oi 8L o T™Oo
pPTTT pPTTT

{ L p8ru T8t 1T UG
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4.1.1 Lighting

WOFO OO0 o T T

—L— e
L PTTT PTTT T T X000

Non-Energy Benefits

Table 4D: OneTime O&MBenefit per Bulb (seeNote [4]) and

Lighting Interactive Hects, seeNote [10]

O&M Benefit $/Bulb Lighting Interactive Effect
Bulb Type
(Note 1) Penalty (Note 2)

$4.00 Only applies to fossil fuel
LED Luminaire heated homes

Changes from Last Version

i Formatting updates

i1 Update to retail lighting watts.

References

[1] Connecticut Residential Lighting Interactive EffiéfiR Group Inc., Dec. 2014, Table 1, p. 2.

[2] NMR Group Inc., Connecticut LED Lighting Study Report (R154), Jan. 28,4816,

[3] NMR Group IncNortheast Residential Lighting Heoir Use StudyMay 5, 2014, Table &ESp. VIII.

Notes

[1] Onetime O&M benefits are based on the avoided expense of replacement incandescent bulbs ov
lifetime of the new bulb. Replacement assumptions and Incandescent bulb priceR&b[8].

[2] The Lighting interactive effect penalty is based onrdsults from Connecticut Residential Lighting
Interactive Effects Memo, Completed by NMR Grdnop., Dec. 20, 2014. Penalty to be applied to-ho
electric benefits when planning.
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4.2 HVAC

4.2.1 ENERG¥EFFICIENT CENTRAL AIR CONDITIONING

Description of Measure

Instalation of an energiefficient @ntral Air @ Yy RA (i ACRpiraly/@ 0o @eaid Sy FyR NBLX | OSY

inefficient A/C system.

Savings Methodology

Lost opportunity measure

i Lost OpportunitySsavings are the difference #Energy use between a baseline new moddbie [3]) and
thechosenhig T T A OASy Oe yS¢é Y2RSt I 02y lAYy dziA YAperdig Foliri K S

Retrofit measure

i1 Uses the same methodology as a Lost Opportunity measure.

9 Inthe case of edy retirement of a working unit where the unit would have otherwise been installed until
FILAfAINBT ftAFTFSGAYS awSGANBYSyi(é¢ alr@ay3aa | NB Of | A)
(seeMeasurel.4).

1 RetirementSavings arghe difference in eergy use between the older unipte [2]) and a baseline new
model Note [3J0 £ O2y GAYydzAiy3a F2NJ 6KS wApNendixFduy 3 | aSTFdz [ A

Savings are based on tkentral A/Ampact and Process EvaluatidRef [1). This regional studyetered the
usage of recently installed residential A/C units in New England. Using these measurements, the study provided
factors and equations (see below) to calculate the savings using the installed capacity and the Energy Efficiency

wkiA2 0a99wé0d

Inputs
Table 4E: Inputs
Symbol Description Units
CAR; Installed Cooling Capacity of New Unit Tons
EER Installed EER of New Unit Btu/Watt-hr
EERe Existing EER of Old Unit Btu/Watt-hr
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4.2.1 Energ¥fficint Central Air Conditioning

Nomenclature

Table 4F: Nomenclature

Description [ Values Comments
AKWH Annual Electric Energy Saving3ooling kWh
ASF Annual Usagédractor kwh/ton 362 Ref [1]
CAR; Installed Cooling Capacity Tons Input
DSF Seasonal Demand Savings Factor kw/ton 0.45 Ref [1]
EER Baseline EERepresenting Baseline Ney Btu/Watt-hr 11.2 Note [1]
Model
EER Existing EER of Removed Unit Btu/Watt-hr Use 11.2 Note [2]
(SEER 13) fo
lost
opportunity.
Use 8 if
existing EER
is not known
EER Installed EER of New Efficient Unit | Btu/Watt-hr Input
EUL Effective Useful Life Years 11 Appendix
Four
LKWH Lifetime Electric Energy Savinrg3ooling kWh
RUL Remaining Useful Life Years 3.67 Appendix
Four
SKW Summer Seasonal Demand Savings kw
Cooling
XRetire Associated with Retirement
XLost opp Associated with Lost Opportunity
MAF Multifamily Adjustment Factor 0.4

Retrofit Gross Energy Savings, Electric

Reminder:Retrofit Savings are the sum of Retireme®vings and Lost Opportunifavings. This section presents
the Retirement portion of savings while the Lost Opportunity portion of the savings is presented further on in this

measure.

To obtain the lifetime savings, the following formula should be used

LKWHC Total = AKWHC Retire 3 RU L+ AKWHC Lost Op 3 EUL
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