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Section One: Introduction
1.1 Purpose

Section One: Introduction

1.1 Purpose

This Program Savings2 OdzY Sy G G A2y oat {560 YIydzadt LINPOARSAE RSiGFAfSRZI O2YLINBKS)
resource and nomesource savings corresponding to the Energy Efficiency Fund programs and individual

| 2yaSNBI GA2Y | yR [ 2)piegranitefhndo§ieSavhds calcalationf detailed in the

PSOmanuall N3 dza SR o6& 9 @SNBER2dz2NDS 9ySNHeE 2F /2yySOGAOdzi 649 FSNE2dAZNDOSE 0 X
/I 2YLIlye 04! YAGSR LEtdzYAYylFLGAyIeonT /2yySOGAOdzi bl GdzNI € DF & / 2NLI NI @
I 2yySOGAOdzii Dréedaw ¥ 2KYSBIB/ARY | OFGG{@ NJ2 NIRJID.FiReISBORmadual fulils G K S

GKS T2NNYSN)/ 2yySOGAOdzi 5SLI NLGYSYy(d 2F tdzotAO | GAtAGE /2yGNREQa 045
develop a Technical Reference Mariual.

The Companies have worked togetharidg the past several years to develop common engineering
assumptions and impact factors for all types of enefigient measureand thre PSD manual is a
compilation of these continued efforts. In addition, the results of program impact evaluatioriscesve
incorporated by the Companies. Thus, all C&LM savings claims are traceable througtierergses to

the current PSD manual. The PSD manual is reviewed annually, and is updated to reflect changes in
technologies, baselines, measured savings, evatugcommendations, and impact factors. This
document is thesixteenthdzLJR I G S (2 § KRG20RSDMaNUNElOYddzE f 0 @

The C&LM savings calculations in2B20PSDmanualrepresent typical energgfficient measures and

the prescriptive calculations uséor those measures. In some 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 mugti®e used. Third

party engineering consultants may be contracted to run simulations and create these spreadsheets; all
simulations and spreadsheets are reviewed for reasonableness.

1.2 Forward Capacity Market

In June 2006, the Federal Enevg$ 3 dzf | G2 NB / 2YYAdaAz2y o64aCOw/ £0 | LILINRGSR | aSidiidtSySyi
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 settlas@tished a

C2NBIFNR /LI OAGeb &d NQ BTt 106IRT éallF GIPKLY 2 IBNT (12N 2F GKS NBIA2yQa odz |
power system and wholesale electricity markets, was made responsible for projecting the energy needs of

1Docket No. 03.1-01PH02, DPUC Review of CL&P dr@dodservation and Load Management Plan for Year 20%4ase I, Jup8, 2004.
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the New England region three yearsadvance and then holding an annual auction to purchase power
resources to satisfy the region's future needs.

Inresponseto ISAEQ&EA2 t AOAGEF GA2y F2NJ LINBLRalFta F2NJ GKS C2NBIFNR /| LI Oade ! dzOi
and United Illluminating submitted neverhand side resource projects, including energy efficiency that

will decrease electric demand. Per{SER i@quirements, detailed Project Qualification Packages that

Ay Of dzRS aSt adzNBYSy (i Playsfustb8ubdified. Ohe pukppsé of i9M@atsd+ ¢ 0

required M&V activity is to verify that energfficiency 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 pattefruse. The 200 PSDmanualprovides the basis of any

demand reduction value calculations submitted by Eversource and United llluminating in the FCM.

1.3 Organization

C&LM measures in ti020PSD manual are grouped by primary sector and reflect hayvgons and
YSI &dzNBa NB 2NHFYAT SR gAGKAY /g[ad [/ 2YYSNOAFE FYR AYRAZABONAEFE o6da/
SAGKSNI a[ 2ali hLILRNIdzyAleé 2090P8OwSaduslRre asdotioivs: ¢ KS YAy &aS0GA2ya 2F (KS

Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Tab
after: 0.5" + Indent at: 0.5"

Section 1: Introduction; “«
Section 2C&ILost Opportunity; :
Section 3C&lRetrofit;

Section 4: Residential, including Limitedome; and

Appendices.

= =4 -4 —a -9

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

1.1 Description of Measur@®escribes the scope and basicthef measure; “« z?rrga;ted Bulleted + Level: 1+ Alignedat: 0.25" + Indent |

2.1 Savings Methodologyiststhe methods, reasoning, and tools used to perform calculations;

3.1 Inputs.Captures required project or measure data used in the calculations;

4.1 NomenclatureCaptures variables, constants, and other terminology ustg imeasure;

5.1 Retrofit Gross Energy SavikgslectricDescribes the calculations used to determine electric gross
energy savings;

6. Retrofit Gross Energy Savikngsossil FueDescribes the calculations used to determine fossil fuel
gross energy savings;

Z1 Retrofit Gross Seasonab&ik Demand SavingElectric (winter andusnmer).Describes the
calculations used to determine gross peak electric demand savings;

8.1 Retrofit Gross Peak Day Savinfkatural GasDescribes the calculations used to determine gross
peak gas demand savings;

9.9 Lost Opportunity Gross Energy Savingtectric.Describes the calculations used to determine
gross lost opportunity electric savings;
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109 Lost Opportunity Gross Energy Savingessil FueDescribes the calculations used to
determinegross lost opportunity fossil fuel savings;

119 Lost Opportunity Gross SeasonashlPDemand SavingElectric (winter andusnmer).
Describes the calculations used to determine gross lost opportunity seasonal peak electric demand
savings;

129 LostOpportunity Gross Peak Day Saviniyatural Ga. Describes the calculations used to
determine gross peak natural gas lost opportunity savings;

139 Non-Energy Impactdescribes any impacts not directly associated with energy savings;

149 Changes from Last Versidithere are any changes from the previous version, they are
described in this section;

159 ReferencesSources used to construct the measure are listed here; and

161 Notes.Relevant comments and informatiane presented in this section.

Subsections that do napply to a particular measure are not included.

1.4 Background

In 1999, the State Legislature created the Energy Conservation Management Board, now called the Energy

9FFAOASYOe . 2INR 06a99. ¢03 (2 nazaldasSdistribtton dodpadiea i / 2y y SOl A Odzi Qa St SO
in the development and implementation of cedtective energy conservation programs and market

transformation initiatived¢ KS / 2y y SOGA Odzi 9y SNAé 9FFAOASYyO& CdzyR 64aCdzyRé0 ONBLF (S
provides the finarial support for EEBuided programs and initiatives. The Department of Energy and

OYDBANRBYYSyGlf tNRGSOGARZY 646599t ¢é0 Aad NBaLRyaAotS T2NJ FAyYyLE | LILINROG

Energy Efficiency Fund programs are administrated by the Comp@hé&se programs are designed to
NEBFEtATS GKS 9ySNHe 9FFAOASYyOe CdzyRQa GKNBS LINAYIFINE 202S0GA@Say

1. Advance the Efficient Use of Energgergy Efficiency Fund programs are critical in reducing -
3,é + Startat: 1 + Alignment: Left + Aligned at: 0.25" +
Tab after: 0.5" + Indent at: 0.5"

overall energy consumption and reducing load during periodglfd@mand. They help mitigate |
potential electricity shortages and reduce stress on transmission and distribution lines in the state.

Formatted: Numbered + Level: 1 + Numbering Style: 1, 2, ‘

2. Reduce Air Pollution and Negative Environmental Impactsgy Efficiency Fund programs <
produce environmental benefits by slowing the electricity demand growth rate, thereby avoiding
emissions that would otherwise be produced by increased power generation activiti€sS The
9YPBANRBYYSyillt tNRGSOGAZY ! 3Sia@dundérdhe Clead fir NS 3dzf  6Sa GONRGSNRI € |
10GQa bl dAaz2ylt !'YOASY(d ! ANJ vdz rhdiérdaaidpdliutsh®F NRad oab! ! v{é0d ¢KS 9t
becausehe agencyegulates them by developing human hedtised and/or environmentatly
based criteria (sciendeased guidelinedpr setting permissible levels.

3, é + Startat: 1 + Alignment: Left + Aligned at: 0.25" +
Tab after: 0.5" + Indent at: 0.5"

Formatted: Numbered + Level: 1 + Numbering Style: 1, 2, ‘

2Conn. Gen. Stat. § @5m.
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1.5 Program Savings

Energy Efficiency Fund programs have significantly reduced two NAAQS criteria pollutants emitted

in the process of generating electricity: sulfur dioxide and nitrogen dioxide. Carbon dioxide and

2 1 KSNJ & 3 NB S sushasimethang, laré &sb &nditted during the process. Greenhouse

gases have been linked to global warming and climate change. Energy Efficiency Fund programs

have helped to reduce carbon 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 fuel oil. With

assistance from the EEB, tBempanies have developE&tergy Effiency Fund prograntkat

AddzLILI2 NI GKS adlriasSQa Sy@ANByYyYSyGlt AyAGAlFIGAGSa G2 NBRIzOS (KSas
particulate and ozonemissions

3. Promote Economic Development and Energy Sechrigrgy Efficiency Fund programs generate | Formatted: Numbered + Level: 1 + Numbering Style: 1, 2,
. . . . 3,é + Startat: 1 + Alignment: Left + Alignedat: 0.25" +
consideral® benefits for Connecticut customers. These programs are tailored to meet the | Tabafter: 0.5" + Indent at: 0.5"
particular needs of all customers, thereby benefiting all state residents and businesses. Energy
efficiency measures assist residential custonrersducing their energy cos®ther groups that
benefit from energefficiency programs include educational institutions,-poofit organizations,
municipalities, and businesses. By reducing operating costs and enhancing productivity,

Connecticut businegs remain competitive in the dynamic global economy.

Information regarding Energy Efficiency Fund programs is availabéefalowing websites

Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"

[ 2yyS0GA0dziQa aidl §SgARE .cSyiSNER AYTF2NYEGAR2Y
Eversourcewww.eversource.com

United llluminatingwww.uinet.com

CNGwww.cngcorp.com

SCGwww.soconngas.com

EEBwww.energizect.com/connecticignergyefficiencyboard

1
1
1
1
1
1

1.5 Program Savings

Consistent with Public At8-298, Public Act 2808 33, and Connecticut General Statute 8 16

245m(d)(4), theEEEEvaluation Road Map Process provides a mechanism to conduct independent third
party evaluation studies to assess program savings. Through this process, impact esateatio

conducted to evaluate savings for programs or measures that are delivered through C&LM programs. The
results of these evaluations are incorporated into2020PSDmanualthrough changes to savings

algorithms and/or realization rates which are useddjust savings.

The savings results presented in #8820PSD manual (both electric and relactric) are assumed to be
the savings that would be measured at the point of use. In other words, electric savings, both energy
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(kwh) and demand (kW), and natural gas saviugsdre savings that would occur at theici 2 Y S N &
meter. Additionally, the annual electric savings from measures has a specified loafl.shdpe time of

day and seasonal patterns at whzvings occlrSee Appendix Two for load shapes for variousused
savingsLoad shapes are used tesign 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:

i1 Retirement Wherelessefficient measureare replaced before the end of their useful \ifith “ 'Forrgatted: Bulleted + Level: 1+ Alignedat: 0.25" + Indent |
.. at: 0.5"
energyefficientmeasures; and : ’
i Lost Opportunity\WWherenewmeasures are installed that are more ééfit than a baseline or
standard.

Many energ\efficiency measures consist of bdletirement SavingadLost @portunity SavingsThis is
illustrated by Chart-A.

Chart 1A: Retrofit, Retiremen Lost Opportunity Savings

A

Existing /Old
cquipment

Retirement
Retrofit Savings
Savings }

Baseline
cquipment

Energy Usage

Lost Opportunity Savings
High Efficiency
T equipment

Program Remaining Uscful Life Measure o
action (RUL) Lifetime

Time

Some measures magilizeatwelLdr NIi f AFSGAYS &l BOAy3& OFf Odzf FGA2yd C2NJ SEFYLX S5 Ay |
case, where the existing uné.g., a unitusing lower efficiency, owtf-date technology) would have been

operating until failure and early retirement is stimulatedh®/program measureRetirement 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 existing unit would have operated absent the influence of an Energy Efficiency Fund

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 Séngs apply to the portion of savings resulting from choosing eeffiglency product
to replace the retired product over a standard efficiency (baseline) product available on the market. If the
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1.5 Program Savings

retired heating system in the above example were repladttdanhighefficiency model (versus a
standard 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 Savings are
combinedto geneate total Retrofit Savings. When the retirement 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.

Peak Savings

The values for electric demand savings (both winter and summer) 2020°SD manual are given based
on the following definition:

! G{Srazylft tSI1¢ NBRdOGAZ2Y A& o6l a&a8SR 2y -4K izgm&a;‘ed: Bulleted + Level: 1 + Alignedat: 0.25" + Indent |
NE definition for a $sonal Peak Demand Resource; when thetial system hourly load is :
equalto orgreaterthan 92 ¥ (G KS Y2aid NBOSy( dpnkpné aeaidsSy LISFH]1 t2FR FT2NBOI
applicable Summer or Winter Season;

29¢KS a{ dzyYSNJI { S| a sheliday weakdaysSdum tieSri@nthis &f Juyfe2 Jiand
August; and

31¢KS a2 AyidSNI {SI amhfdy waekdayR Qufing Pedinbdr @nd JaRuglry.

Typically, seasonal peaks are weather driven and occur in the mid to late afternoon on Summer Season
weekdays, or for the Winter Season, in the early evening.

Electric peak demand savings is calculated on a mebgumeasure basis. Coincidence factaes a
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 coincidence factors that are used to calculate the peak demand savings.

For natural gas measures, the peak saviegesents the estimated savings coincident with the
theoretical maximum system usage in ah@ir period. Since the natural gas peak is driven by cold
weather, the peak savings for heatirggated measures is estimated based on deglag data and the
edimated coldest 24our degree period. For measures that save natural gas continuously at an equal
rate throughout the year, the peak savings is assumed to bentihgal savings divided by 3@Hhe
calculations for peak natural gas savings are found iermgip One

Non-Energy Impacts
In addition to direct electric and natural gas benefits, some measures have othenergly impacts.
Where appropriate, these are defined in #@20PSD manual. Né@y SNEH& A YLI Oia 6ab9Laéd0v YlIeé& 068

included in the Total Resadr Cost Test and include resource impaeg, (water) and nofesource
impacts(e.g.,2 LISNI GA2y YR YIAY(iSy)l yOS 6ahgaédor O02YF2NIx Si0Oo
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1.5 Program Savings

Savings Adjustment Factors

The savings for the&LMmeasures defined in thi2020PSD manual are Gross Savings. ¢hfpators are

applied to the Gross Savings to calculageNet Savings (final). Groswifigs estimates (based on known
technical parameters) represent the first step in calculating energy savings. Gross Savings calculations are
based on engineering algihms or modeling that take into account technically important factors such as

the hours of use, differences in efficiency, differences in power consumption, etc. Gross Savings is an
estimate of expected customer savingewever, itdoes not include program attribution factors such as
free-ridership.

When calculating the total impact of energgving measures, there are also some other factors beyond
the engineering parameters that need to be considered, such as installatiorfnegegjership, and
spillover. The equation for Net Savings is as follows:

Net Savings = Gross Savings x Realization Rate x Installation R&ulloyere Free Rdership)

In some cases, evaluation work may uncover differences between calculatgs senractual (metered)
savings that may not be completely attributable to the impact factors above. These differences may arise
when the savings calculations do not accurately capture the real savings attributable to a measure. In
addition to the impactdctors above, savings differences can happen for a variety of reasons such as non
standard usage ptrns or operating conditionfn these cases, overall realization rates may be used in
addition to or instead of the aforementioned impact factors to ategjoulated savings with observed

savings values.

For instance, a billing analysis may show observed savings from a refrigerator removal prograrfoto be 60
of the Gross (calculated) Savings. In this case, the differences may be attributatdentoreationof

factors including refrigerators that are not being used, units being improperly used (e.qg., the refrigerator
door left open for long periods of time&)nd units that exhibit lower energy use because they are

operating in cooler basement environments. In such a casépeedfization rate would be applied to the
Gross (calculated) Energy Savings to cothectalculation

Realization rates can lagplied to specific measures 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 prograpecific realizationates are usually limited to C&I

programs. Appendix Three contains a list of program specific realization rates202@B88D manual

rates have been updated based on re¢goompleted studies.

Common Energy Conversions

Energy conversions used in 2@20PSDOmanual thatconvert energy to a specific fuel type are summarized in
Table 1A
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1.6 Savings Calculations

Table 1A: Energy Conversion Factors

To Obtain: Multiply: By: |
Btu MMBtu 1,000,000
ccfof Natural Gas MMBtu 1/0.1029
ccf of Natural Gas Therm 1/1.029
Gallon ofOil (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 Savings Calculations

SeetheA Y RA @A Rdzk t  YSI &dzNB a4/ KFy3Sa FTNRBY [ a0 +SNBAZ2YE

1.7 Glossary

TheGlossary provides definitions of the enegfficiencyterms used in the020PSD manual. Note that
some of these terms may have alternative or multiple definimnse of which may be outside the
context of the2020PSD manual. Only definitions pertaining to2B20PSD manual are included in the
Glossary.

'yydzt £ CdzSt ! G Af Nlelkhérka afficiahty éaduxd obcdmbGstiod éqoiprise

FdzNYyIF OSa YR 02AT{SNE® ¢KS 1 C!9 RAFFSNE FawPY GKS GNUHzS WGKSNYFe STF

peak measure of conversion efficiency, but instead attempts to represent the actual,-Ewag@verage
efficiency of that piece of equipmgnincluding the operating transients. The method for determining the
AFUE for equipment is based on ASHRAE standards.

ASHRABsmerican Society of Heating, Refrigerating an€Airditioning Engineers, Inc., an international
technical society in the field$ heating, ventilation, air conditioning, and refrigeration, known for writing
the industry standards for testing and practice.

Baseline Efficienc&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
program. Fotost Opportunity measures, the baseline is determined by thaieable code or standard
practice, whichever is more stringentontrast compliance efficiency.

3 SeeEnergy Efficiency Program Impact Evaluation G8EE Action, Dec. 2012.
ISGNEManual for Measurement and Verification, Revisiafué. 2014.
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Behavioral ConservatioRrograms that encourage customer strategies to conserve energy through
changes, modifications to standard practice, or changedifitations to customer behavior.

Benefit/ 23 G wl ( Ahe effiliéncy/prgrain¥ determine cesectiveness using the Utility Cost

Test (i.e., Electric System and the Natural Gas System), the Modified Utility Cost Test, or Total Resource
Test. Energgfficiency efforts are cosdffective if the benefitost ratio is greater than or equal to 1.0.
Currently, the Companies use tfilowingthree benefitcost tests:
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Btu (British Thermal Unitfthe amount of energy needed to heat one pound of water one degree
Fahrenheit (from 39°F to 40°F).

CapacityThe maximum output of equipment at the standard conditions for the specific type of
equipment. These areften given in units of Btu per hour or Tons.

ccf 100 Cubic feet of gas; used to measure a quantity of natural gas.

| 28FTFAOASYd 27T ThESaEiehdyvating @Gditing ax ¢oblihgéeduipmerithe COP is, at
specific standardonditions, based on the specific type of equipment. Typically used for heat pumps in
heating mode and natural gasiven chillers.

Coincident Demand?emand of a measure that occurs at the same time as some other peak (e.g.,
building peak, system peakgceét In the context of #8122020PSD manuatoincident demand is a measure
of demand savings that is coincident with18@ Qa { Sl a2yt t SI'1 RSTAYAGAZ2Y D
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Coincidence FactoEoincidence factors represent the fraction of connected load expected to ocber at t
same time as a particular system peak period on a diversified basis. Coincidence factors are normally
expressed as a percent.

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

Compliance Standar@he source or document that provides the compliance efficiency values, or a means
to calculate these values. In marases the compliance efficiency is based on standards from recognized
programs such as ENERGY STiARSHRAE

Connected Load’he maximum instantaneous power required by equipment, usually expressed as kW.

/22t Ay3 583 NB SeaSuredBhowshat/a B&gon i¥ based on an average daily temperature
over a base temperature of 65%ee also Degree Days

Degree Days:or any individual day, degree days indicate how far that day's average temperature
departed from 65°F. Heating Degree Days measure heating energy demand and indicate how far the
averagedailytemperature fell below 65°F. Similarly, CDDs, which measulieg.eaergy demand,

indicate how far thewverage dailyemperaturewasabove 65°F.

Demand:The average electric power requiremeint.(load) during a time period. Demand is measured in

kW and the time period is usually one hour. If the time periodfereht than one houfi.e., 15 minutes

GKS GAYS LISNAR2R W2ystiZRSORSXUOUYBROSR BEYHh YR Oy NBTSNI (2 |y AYRAQGARdZ €
load or to the loadf an entire electric systeree Peak Demand.

Demand Reduction, Demand Savifige reductia in demand due tthe installation of an energy

efficiency measureThis reduction igsually expressed askW d@aty S| a dzNBR & (KS Odzad2YSNRa YSiSN®
See discussion under Peak Demand Savings.

Demand ResourceSONE classifies demand reduction fremergyefficiency and conservation
measures into the following two categories:

101 Active Resourc&emand reduction that is dispatched (i.e., demand response and -« ( zgrrga;:ed: Bulleted + Level: 1+ Alignedat: 0.25" + Indent |
emergency generation) that must respond to the electric system operator during shortage events: ’
For example, resources entered into the-l©Demand Response program are active resources
because they are called upon for specific shortage events.

2-01 Passive Resourd@emand reduction that is not dispatched (i.e., energy efficiency, plus a
small amount bdistributed generation) that reduces load during-gefined hours and periods.
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Most C&LM measures are passive because they reduce load acrostefin@eé operating period.
For example, energgfficient lighting will reduce load whenever lights ard¢tooughout the year.

Diversity FactoiSee Coincidence Factor.

Demand Reductich y RdzZOS R t NA O S The redu&idniindpricésdnsthw viol@ skl ehergy and
capacity markets because of the reduction in energy and demand resultingdnservation efforts.

Early RetirementA measure is classified as early retirement when the participant replaces working
equipment before the end of its useful life. In the case where the existing unit (using lower efficiency, out
of-date technology) wodlhave been operating until failure and early retirement is stimulated by the
program measure, 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 retiremeasure life.

Electric System (benefibst ratio) TestDefined as the present value of the avoided electric costs (
energy, capacity, DRIPE, transmission, and distribution) divided by the program costs of achieving the
savings. The Electric Syst&est is a tool used to screen electric measures and programs in Connecticut.
Energyefficiency efforts are cosffective if the benefitost ratio is greater than or equal to 1.0.

EmissionsThe release or discharge of an air pollutant into the amieritom any source. Pleasdee

to Connecticut regulationse8tion 22a174-1 for further clarification. Emissions reductions for fossil fuel
conservation can be estimated based on US Energy Information Administration emissions data for fossil
fuels. Enssions reductions for electric conservation can be estimated usifgES@arginal emissions

factors which are published annually.

EmittanceThe ratio of the radiant heat flux emitted by a specimen to that emitted by a blackbody at the
same temperatte and under the same conditions.

End UseRefers to a category of measures with similar load shapes. There are several different acceptable
industry standardéor defining enduse categories. Examples of end usekide:cooling, heating,
lighting, refrgeration, water heating, motors, process, and others.

Energy ConservatioBnergy or peak demand reduction resulting from changes in customer behavior(s) or
program action(s).

Energy EfficiencjReducing energy usage without a notable reduction in iiomat performance.

9y SNH& 9 7F7FA OALSpedanamsd ritihgdf etedr@hwedatddycooling equipment during
peak periods (defined as a°®outside temperature, 88 indoor temperature, and an indoor relative
humidity of 5086) EER is thital cooling output in Btdivided by the total electrical energy input in watt
hours during the same period.
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9ljdzAa g £ Sy d Cdzt f The uinbier of hdwzNEr yedrdhat@he éqéigimént would need to

draw power at its connected (full) load ratim 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 thatat parat

load for some of the time, such as air conditioners and motors.

Evaluation Stuids Studies that evaluate program impacts, freiership, and spillover, as well as
processes, specific measurasd market assessments. Results of these studéessad bythe
/ 2 Y LJ grdgfar &iministrators to modify the programs and savings estimates.

FreeRider:A C&LMprogram participant who would have installed or implemented an ereffigyency
measure even in the absence of program marketing or incentives

FreeRidershipThe fraction (usually expressed as a percent) of gross program savings that would have
occurred in the absence of a C&LM program.

Gross SavingA: savings estimate, calculated from objective technical factors. Gross Savings is & estima
of what a participant is expected to achieve, given the conservation measures being installed. The Gross
Savings do not include impact factors.

I SIFGAy3a 58S3NB\Snedikraedoihow apltl & I8cétiorMsowa base temperature of 65°F over
a year See also Degree Days

I SFGAYy3a {Staz2ylf t SNFZNNEWEMNE @IFOG2 NS dil {Lidovdidvd Sy SNHe SFFAOASyOe
heating season. It represents the total heating output of a heat pump (including supplementary electric

heat) during the normal heating season (in Btu) compared to the total electricity consumett{in wa

hours) during the same period. The higher the rating, the more efficient the heat pump.

High Efficiency:lighefficiency equipment uses less energy than standard equipment.

Impact Evaluatiom study that assesses the energy, demand, anekteaniric inpacts associated with
energyefficiency measures or programs.

Impact FactorA number (usually expressed as a percent) used to adjust the gross savings in order to
reflect the savings observed by an impact study.

Installation RateThe fraction of theecorded products that are installed. For example, some sicr&&D
bulbs are bought as spares and will not be installed until another one burns out.

[ATKGAYT t 26 SNk andyhtiohdiedtrical gojver ®quided for the installed lighting in a
building space or in an entire building, expressed as watts per square foot.
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Load FactorThe average fractional load at which the equipment runs. It is calculated as average
load/connected load.

Load Shapéthe timeof-dza S LJ- G G S NJ/ eldcKicalener@ydzansugnptiSri\alieasuteoad
shapes are defined as follows based SONE definitions.

I Summer OfPeak: 7 an.to 11 pm., weekdays, during the months of June through September, 'Forrga;ted: Bulleted + Level: 1+ Aligned at: 0.25" + Indent |
at: 0.5"
except ISENE holidays

1 Summer OfPeak: All other hours duritige months of June through September (includes
weekends and holidays)

1 Winter OnPeak: 7 an. to 11 pm., weekdays, during the months of October through May, except
ISONE holidaysand

1 Winter OffPeak: All other hours during the months of October thradgly (includes weekends
and holidays)

Because the value of avoided energy varies throughout the year, load shapes are used to allocate energy
savings into specific time periods in order to better reflect its-tiegendent value.

Lost OpportunityRefergo the new installation of an enduring unit of equipment (in the case of new
construction) or the replacement 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, notgeg)auntil the end of its
life./ 2 y (i R (BNIR ToA G £

Market EffectA longterm change in the behavior of a market because of conservation and energy
STTAOASYyOe STF2NIacd dal Ny SG STFSOG ar@iay3aaée INB GKS NBadzZ & 2F OKI
MMBtu: Millions of British Thermal Units.

Measure:A product (giece of equipment) or a process that is designed to provide energy or demand
savings. Measure nalso refer to a service or a practice that provides savings.

Measure Cost=or new construction or measures that are installed at their natural time of replacement
(replace upon burout), measure cost is defined as the incremental cost of upgradimghefficiency
measuresFor retrofit measureshe 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 thewverage number of years (or hours) that a group of newdtdiigtiency
equipment will continue to produce energy savings or the average number of years that a service or
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practice will provide savings. Lifetimes are generally based on experience or. Siodiesrofit 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 endse categories. For the purpose of 2820PSD manual, primary ende
categories includecooling, heating, lightingpotors, processsefrigeration, water heating, and other.

Natural Gas System (BeneZibst Ratio) Tesk ratio used to assess the cestectiveness of energy

efficiency programs and measures on the natural gas system. The Natural Gas System Test is defined as
the presen value of the avoided natural gas costs divided by the progetated costs of achieving the
savings. The Natural Gas System Test is the primary tool used to screen natural gas measures and
programs in Connecticut. Energfficiency programs and measui@® costeffective if the beneficost

ratio is greater than or equal to 1.0.

Net Savingsthe final value of savings that is atttéhle to a program or measuret Savings differs
froma DNB 3 y{3ad¢ 0SO0FdzaS Al Ay Of daRsBch asiERlesbipof Sy ia FNBY AYLIF OG FIF OG2NJ
spillover. Net&ingt A& &a2YSGAYSa NBFTSNNBRIDAyE&H dESNATASR { I GAy3aé 2N ACAYl

Netto-GrossThe ratio of net savings to the gross savings (for amear program)Net-to-gross is
usually expressed as a perce¥et-to-gross ratios include elements of fredership and spillover.

Non-Electric ImpactQuantifiable impacts (beyond electric savings) that are the result of the installation

of a measure. Fossil fuel and water savi@gayl savings, and increasesproductivity are exampteof

Non-Electric inpacts. NorElectric inpacts can be negative (i.e., increased maintenance or increased fossil

fuel usage resulting from agasure). NotfHectricimpacts may also include nguantifiable impacts that

are difficultto quantify, such as increased comfdrtb 2Eyfergympacts A a | a-&eéckiSdi 2F b2y
Impacts that does not include fossil fuel savings or costs.

Non-ParticipantA customer who is eligible to participate in a program but does not. famtinipant
may install a measure because they becamare of the benefits through program marketing or
outreach, but the installation of the measure is not through regular pnogteannels. As a result, their
actions are normally only dstted through evaluationsée Billovel).

Operating Hoursthe annual amount of time, in hours, that the equipment is expected to operate.
Contrast Equivalent Full Load Hours.

ParticipantA aistomer who installs a measure through regular program channels and receives any
benefit (i.e., incentive) that is available through the program becaubeioparticipation. Freegiders are
a subset of this group
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Peak Day Factaviultipliers that are used to calculate peak day reductions based on aratugdlgas
energy savings.

Peak Day, Natural Gasie one day (24 hours) of maximum system deliveries of natural gas during a year.
Peak Demandthe highest electric demandargiven period of time that is usually expressed in kW.

Peak Demand Savingste 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 by the
appropriate seasonal or epeak coinaence factorThere is both a summer peak and a winter peak.
(Coincidence factors for different measures for each peak are shown in ApperdiXwo peak periods
are used:

e Seasonal Peak Hourse those hours in which the aetl, realtime hourly load Monday < Z{f”‘c‘,‘fﬁ?d: Bulleted + Level: 1 + Alignedat: 0.25" + Indent
through Friday on nceholidays, during the months of June, July, August, December, and January,
as determined by ISNE, is equal to or greater than%0f the most recent 50/50 system peak
load forecast, as determined BYONE, for the applicable summer or winter season.

211 On-Peak Hourare hours 1:06:00 p.m., Monday through Friday on Heolidays during
the months of June, July, and August and from-3:00 p.m., Monday through Friday on ron
holidays during the monthd ®@ecember and January.

The Seasonal Peak demand savings are used in the C&LM pr&pamalso Coincidence Factor and
Demand Savings.

Peak Factomtlultipliers that are used to calculate peak demand reductions for measures based on the
annual electric energy savings of the measure. The units of peak factors are W/kWh based on end use.

Realization of Savingghe ratio of actual measure savings tosgrmeasure savings (sometimes referred

G2 Fa GKS GNBFEATIGAZ2Y NI GS¢0d ¢KAA NIGA2 G11S8a Aydz2 002dzyd A YL
savings of a program such as spillover -firgership, etc.

Retrofit: The replacement of a piece of equiprhen device before the end of its useful or planned life,

F2N) GKS LJdzN1J2&S 2F +OKASOGAy3 SySNHe al @Aay3dasd wSGNBTFAG YSIFadaNBa | N
NBGANBYSyilé¢ 46KSy GKS NBY2@If 2F GKS 2f R SligadzA LIYSyd A& | 33INBaairgsSte
a two-partlifetime savings calculatiom certain situations, such as early retirement, savings may be

claimed in two parts: (1) where the retirement part is additional to the lost oppigytpart until the end

of the Remaining UseflA LF S 6 anav(2) [aféerowdich lost opportunity savings continue until the last

@SN 2F GKS HEedwRFIuAT SSb/amsNENIasri [ 2ad hLILI2 NIdzy A Geé oé
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RValue:A measure of thermal resistance of a material or system, equal to the reciprocalbV#iue,
used to calculate heat gain or loss. THéaRie is expressed as degree Fahrenheit square feet hours per
Btu (ft2-°F-h/Btu).

{Sraz2yltt 9y SNHE& 9 FHE ol kdlifidatpuivds dickrral dirccgnitdning OnY irsBtu
during ts normal usage period for cooling divided by the total electrical energy input khevatt during
the same period, as determined using specified federal test procedures.

Sector:A system for grouping customewith similar characteristicgor the purpose of the020PSD
YIydz 2 GKS aSOG2NB FINB /3L [AWKRIISR dzy0pyYBa o@dd LOES FwRa AR
LyO2YS oa[LEéEOOD

W SIRE =

Spillover Savings attributable to@&LMprogram, butin addition tothe LINR 3 Naro¥s@wacked)
Savings. Spillover includes the effects of: (a) participants who install additional-effeignt measures
as a result of what they learned in t8&LMprogram; or (b) nofparticipants who install or influence the
installaion of energyefficient measures as a result of being influenced byC&keMprogram.

Summer Demand Savingefers to the demand savings that occur during the summer peak fgeied.
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 Saving3efers to average demand savings that occursgltine winter peak periosee
discussion under Peak Demand Savings.
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SECTION TWO: C&| LOST OPPORTUNITY

2.1 LIGHTING

2.1.1 Standard Lighting

Description of Measure

Installation of interior and/or exterior lighting which exceedsent energy code with DLGr

EnergyStaeapproved lighting equipmefirentenergy-code baseline

Savings Methodology

1 Interior LightingThe difference between installed lighting and code lighting power dedsRi «
watts per 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, savirgjsacalculated for
the installation of occupancy sensors and residential fixtures as applibaitée[{). Reduction of

Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"

lighting power reduces the cooling load and provides additional savings, which are also calculated

in this measure. This measure imds baselinéPD$ased on 2015 IEG@andard andadditional
efficiency code requirements; choose the appropriate table. If projects are initiated after the new

code adoption, then 2015 IECC is the default used to evaluate the energy $2wireys 2015

IECCode requires lighting controls for buildings over 5,000 square feet. Therefore, occupancy
sensor savings are only calculated if buildings > 5,000 square feet have occupancy sensors in

addition to the codeequired scheduled lighting control.

i Exteror LightingThe default baseline for exterior lighting is ASHRAE20Q3. 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 hseain Table -E for the
applicable lighting zone. Tradés are allowed only among exterior lighting applications listed in
Table 2F. The lighting zone for the building exterior is determined from TeBle 2

Inputs
Table 2A: Inputs
Symbol \ Description \ Units
Allowable LPD Allowable LPD from0152018IECC Watts/ft2
Total Fixture Connected kW kW
Facility llluminated Area ft?
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

Nomenclature
Table2-B: Nomenclature

Item Description Units Values Comments
A Facility llluminated Area ft2
AKWH Annual Gross Electric Energy Savings kWh
American Society of Heating, Refrigerating, A&n€onditionin
ASHRAE v g, Reirigerating 9
Engineers
Ck Lighting Coincidence Factor Appendix Oneg
% Oeeupaney—%enser—@eineidenee—l;éctor Appendix-Ond Commented [SK4]: ~ Recommended to create a separate
Chw Residential Lighting Coincidence Factor Appendix One E:gissucffsfs"é dLgh;'/’ig fr‘]’ggt‘l’rz(‘ifgﬁgﬁgi}ésﬁg;";{:h a
COP Coefficient of Performance 4.5 Note [3] occupancy sensors may be installed independently of other
Delta Watts of Hardwired Fluorescent Fixtures in Residential A lighting upgrades. -
DeltaWiw . Other TRMs list Occupancy Sensors or Lighting Controls as
_as Calculated per Section 4-'1-2 of the%&"DA an independent measure (e.g., MA and Rl TRMs).
CN} OQuAzy 2F [ATIKUAYIT 9YSNHE Recommend calling the new measure "Lighting controls” as
F Cooling System opposed to "occupancy sensors" to allow for future addition of
- - 9 = Y other types of controls, like advanced lighting controls (ALCS)
G Estimated Lighting Energy Heat 0.73 Note [4] - which could provide deeper savings. Could add photo
[T=y] Ty sensors to this new measure and include approaches from
Site Specific
Use A endi;< MA TRM in the new measure. Creating a new measure for
Use Append lighting controls would not encourage more replacements,
Five onl although more savings could be achieved if a clear path for
ﬁy ALCS is developed. There are 3 options:
Wis egCISfIICe t: l;l];) change and keep occupancy sensors in Standard
- " p ighting.
H Facility Lighting Hours of Use hrs assumptions 2.gCree?te new "Lighting Controls” measure and move existing
do not language from Standard Lighting to this new measure.
Uo 1ot 3. Option 2, and enhance this measure by adding photo
iisdgj;e sensors, approaches from MA TRM, and/or ALCS path.
e TRC recommends option 2 for now, and that a separate study
Speemc—or conduct secondary research to implement Option 3
s
HVAC Heating, Ventilation, and Air Conditioning Commented [SK5]:  No changes needed here but see
kwW Electric Demand kW recommended MF hours change in Appendix Five: MF hours d¢
LPD Lighting Power Density Watts/ft? gpdatclle 368
N i i i nsor Commented [SK6]:  Update Comments field for H - Facility
s Lighting Hoursof Usef r om 6 Si te Speci fi
N Fixture Number 'Site Specific; Use Appendix Five only when site-specific
(o} nso assumptions do not exist. 6
S Energy Savings from Reduced Cooling Load kWh Commented [KR7]:  Recommended to create a separate
Energy Savings from Installation of Hamkd Fluorescent Fixture measure for Lighting controls (occupancy sensors). See
S in Residential Areas kwh comment above.
Spd Energy Savings due to Lower nghtlng Power Density kwWh Commented [KR8]: Recommended to create a separate
Energy-Savings-from Use of Occupancy-Sensors_iapplical  kwWh measure for Lighting controls (occupancy sensors). See
Sext ExteriorEnergy Savings kWh COMENtabove;
w Fixure Input Wattage wats O o o ey s o
Wh Input Watts for Fixture Type n Watts SO Al '
W_allowance Baseline W for exterior fixture lighting pomwe Watts
Lost Opportunity Gross Energy Savings, Electric
Interior lighting:
S int=S Ipd+S hw+S ¢ < [Formatted: Centered ]
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Formatted: No underline

Formatted: Normal

[S:Spd +Sos+shw+scl

S hw+S ¢

Calculation of savings due to lower LPD: Commented [KR11R10]:  Remove occupancy sensor and

create separate measure savings for occupancy sensor.

{Commented [SK10]:  Algorithm update to: S_int=S_Ipd + }

Spa = (Allowable LPD - Actual LPD)? H3 A

Allowable LPDn W/ft2, is the value of Watts perfirom ASHRAE for the facility type divided by 1,000.

The building area LPDs froine 2015IECC are provided in the tables below. Refer to 2015 IECC for the

spaceby-space method. When using the spdiyespace method to calculate the LPD, an increase in a

st 6S0a LIReSNI Fift26ly0OSa Oy 6S dz&aSRI Ay | OO0O2NRIFIYyOS G6AGK wnmp L9/ /

1 Actual LPDin kW/f&, is calculated by dividing the total Fixture Wattage by the Lighted Area, Forrga;tsd: Bulleted + Level: 1 + Alignedat: 0.5" + Indent
at: 0.75"
ft?, where Fixture Wattage is the sum of the power consumed by each fixture.

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

cupaney {Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent }
at: 0.5"

Commented [SK12]:  Create separate measure for Occupanc
Sensor See comment above.

9 1,000 converts watts to kW (1,00 is theconversion).

Calculation of savings from hard-wired fluorescent fixtures in residential areas:

| Refertothe2020 PSDESOGA2Y noOMOH G dzYAYyF ANBE F2N 6K )\{Formatfsd: Bulleted + Level: 1 + Aligned at: 0.25" + Indent }I
and type of fixtures in living areas is not known at the time of construction, so the LPD method at 09
cannot be used to calculate these savings. Where-Wwaedt fixtures are installeals part of new
construction, they 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 cooling required as the result of putting the new lighting in place:

S = Savings resulting from reduced cooling:
S c=(S Ipd+S hw)xF/COP
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(Sp 4 +S.+ S“N)s E (commented [SK13]:  S_c = (S_lpd + S_hw) x F / COP )
’ SC = Commented [SK14R13]:  Remove occupancy sensor and
l CoP create separate measure savings for occupancy sensor.

1.1 F= Fraction of annual kWh energy savings that must be removed by the cooling system. Ifthe {
HVAC system includes an economizer, then F = 0.35. Otherwise, useTable 2
2.1 COPR= 4.5 Note: [3).

Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent }
at: 0.5"
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

Table 2C: Fraction of Annual kWh Energy SavingsMinat B2 Removed by the Cooling
System(See Ref [2])

Building Area, A&t | F
< 2,000 0.48
0.195 (A- 2,000
048+ ——2 U 20
2,000¢ 20,000 18000
> 20,000 0.675

Table 2D: Lighting Power Densities Using the Building Area Metl&d®@0152018 Standard Section
C405.4.2(1) Ref [5]) and Section C406.3 Additional Efficiency Options (Ref [6])

Building Area Typ@ee Note [2]) | Standard_PD(W/ft?) AdditionalEficiencyOption (0 7'® )
Automotive Facility 0.80 0.710-72 < Formatied Table
Convention Center 1.01 0.760-91

Court House 1.01 0.900:91
Dining: Bar Lounge/Leisure 1.01 0.908-91
Dining: Cafeteria/Fast Food 0.9 0.79-81

Dining: Family 0.95 0.783-86

Dormitory 0.57 0.610.51
Exercise Center 0.84 0.653-76
Fire Station 0.67 0.53:60
Gymnasium 0.94 0.583-85
Health Care Clinic 0.9 0.820:81
Hospital 1.05 1.053-95
Hotel/Motel 0.87 0.753-78
Library 1.19 0.78-067
Manufacturing Facility 1.17 0.901-05
Motel 0.87 deletedd-#8
Motion Picture Theatre 0.76 0.830-68
Multi-Family 0.51 0.680-46
Museum 1.02 1.069-92
Office 0.82 0.79-#4
Parking Garage 0.21 0.153:19
Penitentiary 0.81 0.759-73
Performing Arts Theatre 1.39 118525
Police/FireStation 0.87 0.80-78
Post Office 0.87 0.670-78
Religious Building 1.0 0.940.9
Retail 1.26 1.06L13
School/University 0.87 0.810-78
Sports Arena 0.91 0.870-82
Town Hall 0.89 0.800-8
Transportation 0.70 0.610-63
Warehouse 0.66 0.483-59
Workshop 1.19 0.901.07
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

fa. In cases where both a general building area type and a more specific building area type are liste Formatted: Numbered + Level: 1 + Numbering Style: a, b, ¢,
Lo - é + Startat: 1 + Alignment: Left + Aligned at: 0.25" +
the more specific building area type shall apply.

Indent at: 0.5"
9b. First LPD value applies if no less tha#&0conditioned floor area is in a dayit zone. Automatic
daylighting controls shall be installed in daylight zones and shall meet the requirements of Section
C405.2.2.3. In all other cas#se second LPD value applies.

fic. No less than @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 to lower lighting power:

Y W W To 1 1t TOSe=MWarrowance— WacTuaD++006H

Watts as tabulated per 2-E, 2-F, and 2-G, based on IECC 2018 (for PSD 2021 update)allowaneceis  « ( Formatied: Centered

determinedfrom Table 2-F]

H= Hours of Use

Table 2E Exterior Lighting Zones (Ref [4])

Lighting Zone ‘ Description
1 Developed areas of national parks, state parks, forest land
and rural areas
Areas predominantly consisting of residential zoning,
2 neighborhood business districts, lighdustrial with limited
nighttime use, and residential mixede areas
3 All other areas not classified as lighting zone 1, 2, or 4
a Highactivity commercial districts in major metropolitan areas g
designated by the local land use planranghority
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SECTION TWO: C&I LOST OPPORTUNITY

2.1.1 Standard Lighting

Table 2F; Exterior Lighting Power Allowanag80152018IECC Standard Section C405.5.(K2J [7])

Power AIIowance

O]
| Caegoy | Space | Unis | Zone 1] Zone2 Zone3| Zone4

35(5@ 40%9 50045 | 90013
Base Site Allowance w 0 0 0 00
Uncovered . . ) 0.03- | 0.040- | 0.089- | 0.083-
Parking Areas Parking Areas and Drives Wit 04 05 10 13
Building - . 0.509: | 0.508: | 0.609- | 0.70%
Grounds Walkways less than 10 Feet Wid{ W/Linear Foot 20 20 20 00
Walkways 10 feet Wide @reater; 0.100: | 0.10%- | 0.119. | 0.140-
Building plaza areas; special feature Wit 14 14 16 20
Grounds area®alkways-10-feet-Wide or
Greater
Building 2 remov ( remov | remov | remov
Grounds Plaza Areas Wikt ed0-14 | edo.14 | edo.16 | ed6.20
Building . 2 remov | remov | remov | remov
Grounds Special Feature Areas Wi/t ed0.14 | edod4 | edo16 | edo.20
Building . 2 0.609: | 0.70L | 0.70L | 0.70L
Grounds Stainways i i) 00 00 00
Building ) ) 0.120. | 0.1, | 0.1%- | 0.216.
{ Grounds Pedestrian Tunnels Wit 15 15 20 30
Building ) ) 0.0%- | 0.04- | 0.0%- | 0.0%-
ﬂ Grounds Landscaping Wit 04 o5 o5 o5
1 EntBr ::ggsganc Pedestrian and vehicular entrancg W/Linear Foot —lt_%@ —149'_%(2 —zt_%cg —22_%(3
Exits and exitd4ain-Entries (door width) ) ' ) ’
Building WiLinear Eoot 0.3520 | 0.3520 | 0.3520 | 0.3520
Entrances ang Loading DoclatherDBosors ) 0 0 0 0
Exits (door width)
Building 0.0 | 0.25. | 0.4M- | 0.400:
Entrances ang Entry Canopies Wift? 25 25 40 40
Exits
. Canopies (free standing and 2 0.040. | 0.046- | 0.609- | 0.70%
Sales Canopie attached) W/t 50 0 a0 00
Open Areas (including vehicle sal 5 0.029. | 0.020. | 0.35) | 0.053
Outdoor Saleg lots) W/t 25 Y 50 20
Street Frontage for Vehicle Sale -- 7.00t0 | 7.0010 | 21.008
Outdoor Sales  Lots in Addition to "Open Area" | W/Linear Foot 0 0 9.0
Allowance
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

] Table 2G ¢ Exterior Lighting Power Allowanee20152018 IECC Standard Section C405.5.2(2) (continued)

(Ref [7])
Power Allowance
Category its Zone 1 Zone 2 Zone 3 Zone 4
- W/ft? of gross
B S R 2 abovegrade wall - 0.075 0.113 0.15
Allowance
area
135 Wper 135 W per 135 W per 135 W per
location plus | location plus | location plus | location plus 45
Automated Teller 45 W per 45 W per 45 W per W per additional
17 Machines and Night W per Location additional additional additional ATM per
3 Depositories ATM per ATM per ATM per locatior270W
% P locatior270W | locatior270W | locatiorR70W | plus-90- W per-ad(
t?) ple 0o pop| ploe 00 pey| plus 00 M par ATM
i) adebatyg A A L adelaiy
ﬁ Entrances and Gatehous| W/ft2 of Covered 0.59-75 0.50-75 0.50-75 0.50-75
B Inspection Stations at | and Uncovered
|§ Guarded Facilities Area
‘ ° Loading Areas fo_r Law WIft2of Covered 0.359-50 0.33:50 0.353-50 0.3593-50
z Enforcement, Fire, and Uncovered
Ambulance, and Other
; Area
Emergency Vehicles
. . . 200460 200400 200400 200460
‘ DriveUp Windows/Doors| W/DriveThrough
Parking Near 24 Hour ) 400860 400860 400800 400800
g W/Main Entry
RetailEntrances

Lost Opportunity Gross Energy Savings, Fossil Fuel

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

1.5 Annual Oil Savings8:00016227%129MMBtu per annual kWh saved; and «
2.9 Annual Natural Gas Savirg.00052279%75 MMBTU per kWiSeeRef B4].

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

Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (winter and summer)
kW(summer) = ((CF_L x (Allowable LPD - Actual LPD)xA)+( CF_hw x FDeltaW hw)/ 300

«

kW(winter) = ((CF_L x (Allowable LPDOG dzZl £ [t 50 E '0 b 6/ CyKg <«E
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.1 Standard Lighting

a N . Q Commented [SK19]:  kW(summer) = ((CF_L x (Allowable
& 8 Ok aDe'ta\ng Y LPD-Actual LPD) x + (CF_hw
KW (summgr=aCF, * (AllowabldPD- ActualLPD)? A)+CFo® ™= +CF,, 5 — &2 8+ § G/CoP)
& 1000 1000 5 ¢ COP= Commented [SK20R19]:  Remove occupancy sensor and
g—l‘ o create separate measure savings for occupancy sensor.
a N m a Commented [SK21]:  kW(winter) = ((CF_L x (Allowable -PD
& a Onh aDeltang Actual LPD) X A) + (CF_Bw | 5 St (i 2 yKSOKMA N
KW (winten) = o4CF, * (AllowabldPD- ActualLPD)® A)+CFog® nziooo +CF® — o050
& 0 Commented [KR22R21]:  Remove occupancy sensor and
ge o create separate measure savings for occupancy sensor.
1. Ck ardChsaresthe lighting (Cl and{eeeu-paney—senser—(@ﬁcoincidence factors « Commented [KR23]:  Remove occupancy sensor and create
o . separate measure savings for occupancy sensor.
(summer/winter) taken from Appendix One. .
. Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
2.7 Allowable LPDn kW/f£ = the value of Watts per4from the 2015 IECC for the facility type {at: 05" }

divided by 1,000.
3.1 Actual LPDin kw/f£ = Total Fixture Wattage (kW) divided by the Lighted Area, ft
4.1 A=is calculat for each project, either from architectural drawings or by physical measurement.
5.1 Chwis the residential lighting coincidence factor (summer/winter) from Appendix One.
6.1 DeltaWw = Delta watts of hardwired fluorescent fixtures in residential areas adatatcper
Section 4.1.2 of the 20 PSD.
Z1G=0.73.
8.1 COP- 4.5 Note [3]

Exterior Lighting Demand Savings

YO W Tp o CSKW=0A e W 000 CRs
wlw ® To 107t 18 OMWKMW-=MW,rowance WacTuaD 1000 CRw

Changes from Last Version

1 Removed012|ECQCeferences. < Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 05"

References

ual Conference: Proceeding SNA: A a) =0

2] |¢ KS a2d2NDOS 2F GKS Sldzr G6A2y F2NJ { Oalculafiryg Lighkirgy
and HVAQnteractiong ¢ ! { | w! 9 @3 dgNdéd iy KCPLILIJ® mM ™

Commented [KR24]:  Remove occupancy sensor and
create separate measure savings for occupancy sensor.
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SECTION TWO: C&I LOST OPPORTUNITY

2.1.1 Standard Lighting

(23]

DNV KEMA (2014) Retrofit Lighting Controls Measures Summary of Findings FINAL RER&R

table 1Massachusetts Fechnical-Reference-Manual—2015 Program-Year p. 215.

[34]

2015IECC, Table C405.5.2 (1) Exterior Lighting Zones.

[48]

2015 IECC, Table C405.4.2 (1) Interior Lighting Power Allowances: Building Area Method.

(€]

2015 IECC, Section C406.3 Reduced Interior Lighting Power.

(67

2015 IECC, Table C405.5.2rf@jvidual Lighting Power Allowances for Building Exteriors.

Notes

[22]

In cases where both general building area type and a specific building area type arg
the specific building area type shall apply.

(23]

Estimated based on 2015 Connecticut Code. An analysis was conducted bBykpod,
and Associates, 829 Meadowview Road, Kennett Square, PA 19348, an engineerin
which was utilized to provide technical support for C&LM programs. The analysis w.
based on a DGEdefault analysis and information was provided to Eversource
engineeing staff on Aug. 17, 2007.
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Commented [KR25]:  Update reference: DNV KEMA (2014)
Retrofit Lighting Controls Measures Summary of Findings
FINAL REPORT. Pg 5-26, table 12

[ Formatted Table ]
Commented [KR26]:  Remove occupancy sensor and
create separate measure savings for occupancy sensor.

Commented [KR27]:  Remove occupancy sensor and
create separate measure savings for occupancy sensor.




SECTION TWO: C&I LOST OPPORTUNITY
2.1.2 Upstream Lighting

2.1.2 Upstream Lighting

Description of Measure

This section describes the savings methodologgNERGY STAR or-Béified lighting productéor
I:ED—Mgh&ing—teehnelegi-bu:entivized through an upstream model. {Commented [SK28]: S p e c ENER®Y STAR or DLC-
certified lighting productso

Savings Methodology

Theiy RA @A Rdzl f 0dzf 6 2 Nbaded dn thdBHBhOG@ppoRBities Progeain, (ari upstréahss
lighting initiative in MassachusetRdf [1). Delta Watts are defined as the pnstallation, or baseline
wattage, minus the poshstallation wattage. The final annual energy savings (i.e., kWibjlied to suit
Connecticut program rules. All lighting products should be either ENERGR&T2f0( Design Lights

| 2ya2NIARS[BPaS[/ £0 6

Inputs
Table 2H: Inputs

Symbol Description Units
N No. of Units Sold at the Point of Sale

Product Type

Facility Type

Nomenclature
Table 21: Nomenclature

Item 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[f]K)Note
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
HVAC int] HVAGQnteractive Factor
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SECTION TWO: C&I LOST OPPORTUNITY

2.1.2 Upstream Lighting

Table 2} Delta WattRef [1]
BR20/PAR20 Secrewin LEDs 281
BR20/PAR30 Screwln LEDs 381
BR40/PAR38 ScrewnLEDs 442
MR16 Serewn-LEDs 2241
Adine75/100w SerewinLEDS 305
Decoratives Screwin LEDs 136
LED Retrofitkit<25W Screwn-LEDs 384
LED Retrofitkit>25W SerewinLEDs 56.6
Stairwell-Kit-LovDutput-wisenseor LED StairwellKits 192
i it-Mi r LED StairwellKits 40.0
G24LED Screwin-LEDs 153
G23LED SerewlnLEDs 84
F8TFLEDAft LinearLEDs 138
T8 TFLED2ft LinearLEDs 69
Adine40/60w Serewin-LEDS 237
2x4-LED-Fixture-Standard LinearLEDs 330
2x%4-LED Fixture-Premium LirearLEDs 379
2x2-LErixture-Standard LinearLEDs 290
2x%2-LED Fixture Premium Linear LEDs 330
Ax4-LED Fixture-Standard Linear LEDs 16.0
Ix4- LED Fixture Premium Linear LEDs 200
2x4-LED Fixture-Standard-w-Controls Linear LEDsw Controls 429
2x4-LED Fixtuferemivim-w-Controls Linear LEDsw Controls 481
2x2 LED Fixture-Standard-w-Controls Linear LEDsw Controls 37
2x2 LED Fixture Premium-w-Controls Linear LEDs-w-Controls 429
Ix4-LED Fixture-Standard-w-Centrols Linear LEDs-w-Controls 208
x4 LEBixture- Premium-w-Controls Linear LEDs-w-Controls 26-0
F5LED LinearLEDs 20.0
U-BendLED LinearLEDs 234
High/Low Bay 509W High Bay/Low Bay 174.0
High/Low-Bay-10099W High-Bay/Low-Bay 229.0
High/lLow Bay >=200W High-Bay/Low Bay 3340
ExteriorLED-209W/ ExteriorLEDs 1045
Exterior LED-10099W Exterior LEDs 1765
Exterior LED>=200W Exterior LEDs 2315
Ix4-LED Troffer Retrofit KiRremium Linear LEDs 373
x4 LED Troffer Retrofit Kistandard LinearLEDs 295
22 LEOroffer Retrofit Kit Premium Linear LEDs 196
2%2 LED Troffer Retrofit Kistandard LinearLEDs 184
2x4-LED Troffer Retrofit KRRremium LirearLEDs 56.2
2x4-LED Troffer Retrofit Kistandard LinearLEDs 53.5
LEBAmbient/StripMirap LirearLEDs 218
MogulHigh-Bay High-Bay/Low Bay 283.6
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SECTION TWO: C&l LOST OPPORTUNITY
2.1.2 Upstream Lighting

e-delta watts.

The tracking system savings do not account for interactive effects. Include the energy and demand interactive «
factors in the PSD from C1635 evaluation. Update energy and demand savings algorithms to include
interactive factors in calculations.

Product Type Energy Summer
Interactive Demand

Eactor Interactive

Eactor

Category 1 LED Linear 1.081* 1.199*
Category 3 LED Downlights 1.023 1.189*
Category 4 LED A -line/Deco 1 1.176*
Category 7 LED High/Low Bay 1.008 1.047*
Overall 1.024 1.152*

Lost Opportunity Gross Energy Savings, Electric

AKWH = N x oW x H x HVAC int X | SR <
5y gy 01
s PRI T

Where:

1 N= No. of units. .
1 p 2= Delta Watts per unit.
1 H=Hours of Use are based on facility typ&ppendixFive.
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Commented [SK32]:  Update- if using MA evaluated results,
could keep the delta W value and use CT-specific hours
results from CT evaluation. However, will need to include a
cooling interactive effect multiplier- recommend as shown in
MA table under "hvac Interactive effect".

AKWH = N x oW x H x HVAC_int
Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"




SECTION TWO: C&l LOST@®PRUNITY
2.1.2 Upstream Lighting

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

SKW = N x oW x CF s x | SR [/ 1000 < [Formatted: Font: Not Bold, Not Italic ]
l [Formatted: Normal, Centered ]
L —Ye—619 (commented [sk33. SKW = N x @W x CF |
' P T Commented [SK34R33]:  If using MA evaluation results,
should follow MA upstream savings methodology (in-service
rate is rolled into the Watts_EE portion of the MA algorithm)
0o e Y Yoo 00w OYY (commented [SKk35:. WKW = N x @W x CF |
pMTT Commented [SK36R35]:  If using MA evaluation results,

should follow MA upstream savings methodologysgnvice rate is

[Lost Opportunity Gross Savings, Example ] rolled into the Watts_EE portion of the MA algorithm)

Update example to reflect new

ExampleA MR16 LED bulb is sold to be installed in an office at retail and incentivized through the {cOmmemed [KR37]:
Upstream Lighting prograrRor this bulb, thelelta Watts per bulfrom Massachusetts Bright parameters
Opportunities Program is 22.1 W. The Office hours of use from Appendix Five of 3,748 are used. For the

Demand saving¢he Office Coincidence Factors from Appendix One o#4@@mmer) and 53%

(winter) are used.

()

Yoo O ® oxT@PEOl i .
50 ®0 — L (2( b ¥ @060
P T T, P T il
D YO 008 0 0D QQQO PR T 0 oHQEQ
6 Yo 60 b .
VO - p ¢& Q)E B 81 p @0
P T T P T T,
6 Yo 60 L @b o
GO W - P co® - 8t p Q6
P T R, P T Ry,
Changes from Last Version
1 Included Mass Sasdelta watts table « {Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent }
at: 0.5"
References
[1] | C&I Upstream Lighting Program. Mass Saves. Available at: “« ( Formatied Table )

https://www.masssave.com/en/learn/partners/upstredighting/. Last accessed Mar. 20, 2014

[2] | ENERGY STERrtified Light Bulbs, Available at:
http://www.energystar.gov/productfinder/product/certifietight-bulbs/results Last Accessed

May 22, 2018.

[3] | Design Lights Consortium product lists. Availabletiats://www.designlights.org/qpl

[4] | C1635 Impact Evaluation of PY 2016 & 2017 Energy Opportunities (EO) Program. Review| <

[ Formatted: Left ]

Report.Prepared for CT EEB, June 2020.
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SECTION TWO: C&I LOST OPPORTUNITY
2.1.2 Upstream Lighting

Notes

[1] | Delta Watts is the difference in consumption of an equivalent baseline lamp to-effibigncy “ ( Formatied Table

replacement lamp.
[2] | Design Lights Consortium product lists. Availabletiats://www.designlights.org/gpl
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SECTION TWO: C&l LOST OPPORTUNITY
2.2.1 Chillers

2.2 HVAC & WATER HEATING

2.2.1 Chillers

Description of Measure

Installation of efficientvater-cooled 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 each chiller installation batedsprecific equipment,

operational staging, operating profile, and load profile. A temper&iNenodel is utilized to calculate

the energy and demand savings for the chiller projects. Custspeeific information is used to estimate

aload profilefofi KS OKAff SR gl GSNI LI Fyded . FaSR 2y GKS f2FRAy3AT GKS OKAf t SN
dzZaSR G2 OFtOdA I GS (GKS OKAffSNNaA RSYI yBRNNoOtd[A)W FyR O2yadzYLliAzy 612 K0
A chiller spreadsheet is used to calculate consumptiobdtbr 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 2K: Inputs

FacilityOccupancy Hours per Week (On andRa#ik) Hr/week
Chiller Plant Availability per Month YorN
Peak Cooling Load @100°F (Occupied) Tons
Peak Cooling Load @100°F (Unoccupied) Tons

Economizer Set Point °F

Load at Economizer Set Poir{Oecupied) Tons
Load at Economizer Set Point + (Unoccupied) Tons
Load at Economizer Set Poii©ccupied) Tons
Load at Economizer Set Poiftynoccupied) Tons
Load at @ 0°F Outside Air Teng@ccupied) Tons
Load at @ 0°F Outside Air Tenfpnoccupied) Tons
Chiller(s) Capacity Tons

Condensect, Air or WaterCooled
Compressor Type
ARI Part Load Efficiency @100% load, @75% load, @50% load, and @25% lo Note [2]
Primary and Secondary Pumping N> 1S |1 2NBSLI2 6 SNJ 9 BHP
Secondary Chilled Water Pump ContgdBingle Speed or Variable Frequency Drive

Condenser Water PunpBHP BHP
Tower Farg BHP BHP
Tower Fan Contral Single Speed, 2 Speed, Variable Frequency Drive
Percent Load on Lead Chiller before Chijler Operation %
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SECTION TWO: C&I LOST OPPORTUNITY

2.2.1 Chillers
Nomenclature
Table 2L.: Nomenclature
Symbol Description Units Values Comments
IPLV Integrated Part Load Value Note [2]
BL100 Baseline Efficiency @ 100% loa Note [3]
BL75 Baseline Efficiency @ 75% load
BL50 BaselineEfficiency @ 50% load
BL25 Baseline Efficiency @ 25% loag
Lost Opportunity Gross Energy Savings, Electric
Equipment:
Each chiller plant is characterized by:
[11T1Number of chillers. « {Formatted: Bulleted + Level: 1+ Alignedat: 0.25" + Tab }
after: 0.5" + Indent at: 1"

[211Sizes, in tons (the chillers may be of different sizes).
211 Type which may be:
2.0 Water-cooled centrifugal; « {Formatted: Bulleted + Level: 2 + Aligned at: 0.75" + Tab }
b.0 Water-cooled positive displacement (screw, scroll, and reciprocating); and after: 1"+ Indent at: 1'
€0 Air-cooled.

& Speed, constant, or variable. « Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Tab
L . after: 0.5" + Indent at: 1"
e Auxiliary equipment:
£0 Chilled water pumps; « Formatted: Bulleted + Level: 2 + Aligned at: 0.75" + Tab
_ after: 1" + Indent at: 1"

g0 Cooling tower pumps;
k-0 Cooling tower fans; and
ko Other.

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 cabe operated at full output while the other follows the cooling load profile.

Operating profile:
¢tKS Odzali2YSNRa 022f Ay3 {BNishadd@iFeddy:S> T2NJ S OK G SYLISNI (i dzNB

o1 _Occupied hours the chiller is operated each week; and “ Forrgatted: Bulleted + Level: 1 + Alignedat: 0.25" + Indent
at: 0.5"
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SECTION TWO: C&I LOST OPPORTUNITY

2.2.1 Chillers
o Unroccupied hours the chiller is operated each week.
Load profile:
I Odzai2YSNNa NBLINBaSyidldA@S oldeLmmoOrtte + RSaA3IYy SyaaAySSNDL LINBODARS

OdzaG2YSNRa f2FR LINPTFAES Aa SalGAYlFGSRnsmRdthRBadSNYAYAyYy3I GKS f2FR Fid
at the minimum conditions. For systems with arsa@e or watesside economizer, the minimum

O2yRAGARZY & NB (K2aS8S 2dzad 0208 (GKS aSi LRAYyG 2F GKS SO02y2YAl SN
known, a default load profile will be dewpéd; in this case it is also necessary to determine the value of

any process loads.

Savings calculation:

With the above information (chiller load and pladd efficiencies) a calculation is made for each time
period of the year based on the appropriggenperatureBINdata. The calculation is performed once for
the chillers meeting the baseline efficiencies, Takl& 2nd again for the proposed chillers, and the
difference determines the kWd kW savings for each peridthese are summed to yield the total
savings. Path A is intended for applications where significant operating time is expectddaat &t

Path B is intended for applications where significant operating ti\mepix:ted apart-load, Multifamily
building chiller installations are variable flow chillers and shall apply the savings prescribed in Path B

Table 2M: Baseline Efficiencies for Eleét@hillers (Note 3)

Equipment Size Category s Fatn A
Type (tons) Full Loa8 IPLY Full Loa8l
<150 EER 10.100 13.700 9.700 15.800
Air-Cooled
150 EER 10.100 14.100 9.700 16.100
<75 kWi/ton 0.750 0.600 0.780 0.500
Water-Cooled 75 &<150 kWi/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 kW/ton 0.610 0.520 0.625 0.410
600 kWi/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 kWi/ton 0.560 0.500 0.585 0.380
1 For water cooled 300 tons positive displacement is the baseline >Rf0 tons Centrifugal is the baseline.
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SECTION TWO: C&ET OPPORTUNITY

2.2.1 Chillers
2path A is intended for applications where significant operating time is expecteel@dull
3Path B is intended for applications where significant operating time is expected-atapart
Rated based oNote [2]
Table 2N: Baseline Part Load Etfitcies (Path A)
guipme e Catego Pa oad e e
pe 0 00% Load % Load 0% Load % Load
. 50 EER 10.100 12.265 14.797 14.878
Air-Cooled
X150 EER 10.100 12.648 15.258 15.134
<75 kW/ton 0.750 0.639 0.534 0.776
Water-Cooled| %75 &<150 kwi/ton 0.720 0.596 0.498 0.728
Positive #150 &<300 kW/ton 0.660 0.574 0.480 0.713
Displacement| »300 & <600 | kW/ton 0.610 0.556 0.464 0.662
#6500 kW/ton 0.560 0.534 0.446 0.636
<150 kWi/ton 0.610 0.565 0.521 0.616
X150 &<300 kWi/ton 0.610 0.565 0.521 0.616
Water-Cooled
) #300 &<400 kW/ton 0.560 0.536 0.494 0.565
Centrifugal
xnnn 3 kWi/ton 0.560
*600 kW/ton 0.560 0.515 0.475 0.547
Table 20: Baseline Part Lo&ilficiencies (Path B)
guipme e Catego Pa oad e e
pe O 00% Load % Load 0% Load % Load
) <150 EER 9.7 14.145 17.065 17.359
Air-Cooled
X150 EER 9.7 14.442 17.422 17.481
<75 kW/ton 0.78 0.530 0.443 0.682
WaterCooled | %75 &<150 kWi/ton 0.75 0.518 0.432 0.692
Positive #150 &<300 kW/ton 0.68 0.467 0.390 0.587
Displacement| »300 & <600 | kW/ton 0.625 0.435 0.364 0.548
*600 kW/ton 0.585 0.403 0.337 0.508
<150 kWi/ton 0.695 0.547 0.377 0.405
WaterCooled | 150 &<300 kW/ton 0.635 0.497 0.343 0.368
Centrifugal #300 &< 400 kW/ton 0.595 0.486 0.335 0.349
xnnn 3 kWi/ton 0.585
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SECTION TWO: C&l LOST OPPORTUNITY
2.2.1 Chillers

600 ‘ kWiton ‘ 0.585 0.474 0.327 0.338

Lost Opportunity Gross Energy Savings, Fossil Fuel

None.

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

The peak demand savings from the spreadsheet are assumed to%edifbident to the ISOIE
summer peak demand. There are IBDNEwinter peak demand savings.

Non-Energy Impacts

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

projects have zero neelectric benefitsNon-Energylmpacts).

Changes from Last Version

o Corrected Table-® partt 2 R ST T 50D foS1g09Idad. T 2 NJ %

Notes

(1]

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

[2] | Either EER for aiooled or kW/ton for watecooled. Padoad performance based on AHR
550/590.
[3] [Developed using typical chiller part load curves and the baseline efficiencies in Tbles

The tables are based é9152018IECC Table C403.2.3(7).
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SECTION TWO: C&l LOST OPPORTUNITY
2.2.2 Unitary A/C and Heat Pumps

2.2.2 Unitary A/C and Heat Pumps

Description of Measure

HighefficiencyDirectd E LJ- VY AA2Y 685 - ¢ 0 dzy A (i -deidirce Beltpdmipintlidingd2 2 f Ay3 ae&adsSy 2N I AN
cold-climate ASH ' igleffici j ELJ 3 W ¢ AGFNE 2N aL)X AdG Oz2fAy3

gr—al-pseu;ee-heat—pu-m-b, Commented [SK40]:  iHigh-efficiency Direct-Expansion

(ADXO0) wunitary tenrorag-polrcetheacpanpl
(including cold-climate ASHP).o

Savings Methodology

Savings are estimated using-folkd hours analysis, comparing the difference in efficiency between a
baseline (code compliant) and installed efficiency. This measure includes baseline efficiency values based
on 2015 IECC standard efficiency options.

Inputs
Table 2P: Inputs
Symbol Description Units
Facility Type Served by Equipment
CAR Installed Cooling Capacity Btu/hr
CAR Installed Heating Capacity Btu/hr
EER EER 2 65,000 Btu/hrg Installed (ARI 340/360) Btu/watt-hr
SEER SEER, Unit65,000 Btu/hr; Installed (AR210/240) Btu/watt-hr
HSPF HSPF, Heat Pumps$5,000 Btu/hr Installed (ARI 210/240) Btu/watt-hr
COPR | High Temperature COP, Heat Purhi5,000 Btu/hrg Installed (ARI 340/360

Nomenclature
Table 2Q: Nomenclature
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SECTION TWO: C&I LOST OPPORTUNITY

2.2.2 Unitary A/C and Heat Pumps

Symbol Description Units Values Comments
AKWH Annual Gross Electric Energy Sawirgsoling kWh
AKWH Annual Gross Electric Energy Sawuirtgsating kWh
CAR Installed Cooling Capacity Btu/hr Input
CAR Installed Heating Capacity Btu/hr Input
Seasonal Summ@ooling Coincidence Factor|  44% .
Cre For Multifamily 50% Appendix One
COR High Temperature COP, Hgat Purﬁpas,ooo Note [1]
Btu/hr ¢ Baseline
cop High Temperature COP, Heat Pur%pas,ooo Btu/watt-hr Input
Btu/h ¢ Installed
EER EER 2 65,000 Btu/hrc Baseline Btu/watt-hr Note [1]
EER EER 2 65,000 Btu/hrg Installed Btu/watt-hr Input
EFLH Equivalent Full Load How€ooling Hrs Appendix Five
EFLH Equivalent Full Load Hour$leating Hrs Appendix Five

Lost Opportunity Gross Energy Savings, Electric

Cooling (A/C units and air-source heat pumps):

AKWHC = EFLHC * CAPC * (1/EERbD - 1/EERI) * (1/1000)

if CAPC < 65,000 kBtu/hr:

AKWHC = EFLHC * CAPC * (1/SEERD - 1/SEERI) * (1/1000)

if CAPC > 65,000 kBtu/hr and IEER is known:

AKWHC = EFLHC * CAPC * (1/IEERD - 1/ISEERI) * (1/1000)

Qo

1 1 0, kW

3

AKWH, =CAR 3 - EFLH,
" ¢ G%ER, EEREf 1000V ¢

Reminder SEER used in place of EER for units under 65,000.Btu/hr

Heating (air source heat pumps only):

AKWHH = EFLHH * CAPH * (1/HSPFb - 1/HSPFi) * (1/1000)

If heating efficiency is in COP:

AKWHH = EFLHH * CAPH * (1/COPb - 1/COPI) * (1/1000) * (1/3.412)

CAPH = 0.9 * CAPC for non cold-climate ASHP units AND supplemental heating source is present
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Commented [SK42]:  No change to the actual algorithm.
Recommend explicitly listing out which baseline efficiency
terms to use based on different equipment capacities and
available information. The IEER usage algorithm aligns with
Mid-Atlantic and NY TRMs

AKWHC = EFLHC * CAPC * (1/EERb - 1/EERi) * (1/1000)

if CAPC < 65,000 kBtu/hr:
AKWHC = EFLHC * CAPC * (1/SEERD - 1/SEERI) * (1/1000)

if CAPC > 65,000 kBtu/hr and IEER is known:
AKWHC = EFLHC * CAPC * (1/IEERbD - 1/ISEERI) * (1/1000)
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SECTION TWO: C&l LOST OPPORTUNITY
2.2.2 Unitary A/C and Heat Pumps

CAPH =1.0 * CAPC for cold-climate ASHP units

where
CAPC = Cooling Capacity of efficient ASHP unit (kBtu/h)

i [Formatted: No underline

A

[ Formatted: Normal, Centered, SpaceAfter: 0 pt

L _ — -
BIUER LS __“.H,I. ﬂ.(#.

a 1 1 0, kW

KWH=CAR, (%JSPE, HSPE_S o0y T

Reminder COP multiplied by 3.412 can be used in place of HSPF foT 68j800 Btu/hrThere are two
paths for complyingvith the ASHRAE 90.1 Z8tandards(1) he Baseline Efficienci€Bable 2R) and(2)
Additional Efficiencies (Tablesp

Table 2R Baseline EfficienciesUnitaryandSplit SysterhC20152018 IECC (Notel])

Unitswith Electric Unitswith Heating Section

Size (Btu/h) Resistance or No Heatin Other Than Electric

Section Resistance

65.000 13.0 SEESplit System) 13.0 SEEESplit System)
< 1
14.0 SEEESingle Package 14.0 SEEESingle Package)

11.2 EER 11.0 EER
%65,000 and < 135,000

128IEER 126 IEER

11.0 EER 10.8 EER
%135,000 and < 240,000

12.4 |EER 12.2 IEER

10.0 EER 9.8 EER
%240,000 and 760,000

11.61EER 11.4 IEER

9.7 EER 9.5 EER

X760,000
11.2 IEER 11.0 IEER
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SECTION TWO: C&l LOST OPPORTUNITY
2.2.2 Unitary A/C and Heat Pumps

Table 2S BaselineEfficienciegUnitary and Split System Heat Pum@€152018 IECC (Note?])

Cooling Mode
Unitswith Electric  Unitswith Heating Section Heating Mode @
Size (Btu/h) Resistance or No Other Than Electric 47 F db/43F wb
Heating Section Resistance
<65,000, Splig/stems 14.0 SEER 14.0 SEER 8.2 HSPF
<65,00Q Single Package 14.0 SEER 14.0 SEER 8.0HSPF
%65,000 and 435,000 11.0EER 10.8EER 3.3COP
%135,000 anck 240,000 10.6EER 10.4EER 3.2 COP
%240,000 anck 375,000 9.5EER 9.3EER 3.2 COP
%375,000 anck 760,000 9.5EER 9.3EER 3.2 COP
760,000 9.5EER 9.3EER 3.2 COP
LLost Opportunity Gross Energy Savings, Example Commented [KR44]

parameters

Update Example to reflect new

ExampleA 120,000 Btu/hr rooftop A/C unit is installed on an office building. The new unit has a rated EER
of 12.5. Whatsthe Y S I & dahtiBafidist opportunity savings?

Cooling (A/C units and air-source heat pumps):

a1 1.8 kw
AKWH. =CAR 3 - 3 EFLH
e © Q%ER, EER§3 1000 ¢

From Appendix Five, the cooling equivalent full load hours for an office are 797 hours. EERb from Table
2-R =11 EER:

a1 1.9, kw
AKWH, =120000° &~ - ——
e =120 A1 125:83 1000V

3 797=1,04%Wr

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

a4 1 18, kw
SKW. =CAR 3 . 3CF
W ¢ %9 ER EERY 1000V ~ °

WKW = 0 if installed unit is a unitary AC or ncASHP « [ Formatted: Centered

WKW = CARe* (1 - 1/COR, 59 *(12/3.412) * CFif installed unit is ccASHP
where,
CAR se= Heating capacity of installed ccASHP at 5F (kBtu/h)
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SECTION TWO: C&l LOST OPPORTUNITY
2.2.2 Unitary A/C and Heat Pumps

COR se= Coefficient of performance of installed ccASHP at 5F
12 = Conversion factor from kBtu/h to kW
3.412 = Conversidiactor from COP to HSPF
CI = Winter coincidence factor (Heating) = 0.44 (KEMA 2011 Load shape study)

MHWi=0

Reminder Cooling only units have no winter demand savings since they do not operate during the winte
Air-source heat pumps have no winter demand savings becthegeise resistance bacip at low
outside air temperatures.

LLost Opportunity Gross Peak Demand Savings, Example

ExampleA 120,000 Btu/hr rooftop A/C unit is installed on an office building. The new unit has a rated E
of 12.5. Whatsthe dzy’ AséaSoaal peak savings?

2

a1 1 0, kw
SKW. =CAR?3 -— 3 CR
W ¢ %Q ER EERY 1000v €

Note: \From Appendi®ne, the seasonal coincidence factor for coolh@gz._ﬁbr Multi-family
applications, if installed units serve common area and dwelling unit spaces, apply residential cooling
Coincidence Factor = 0.59.

[EERs from Table 2-R = 11 EER;

al 1§ kw
SKW. =12000¢° - 30.82=1.07kW
Ve a (ﬁl 12523 100wV
WKW~ 0

Coolingonly units have no winter demand savings since tleeyot operate during the winter.
Changes from Last Version

o Removed references @012|IECC.

Notes

[1] | Table 2R above is based @3152018 IECC (CT Code) Table C403.2.3(1).

[2] | Table 2S above is based @3152018 IECC (CT Code) Table C403.2.3(2).
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Commented [SK45]:
non-ccASHP

WKW = 0 if installed unit is a unitary AC

WKW = @Ry s* (1 - 1/COR;s) *(12/3.412) * Ckif installed unit is
CCASHP

where,

CAR s= Heating capacity of installed ccASHP at 5F (kBtu/h)
COR sr= Coefficient of performance of installed ccASHP at 5F
12 = Conversion factor from kBtu/h to kW

3.412 = Corersion factor from COP to HSPF

CF = Winter coincidence factor (Heating) = 0.44 (KEMA 2011 L
shape study)

Commented [SK46]:  This (WKW = 0) is a commonly
adopted value because:

1. The peak savings in winter are a fraction of the peak
savings in Summer

2. The non-cold-climate ASHP unit will have a backup heat
source (fossil fuel furnace/electric heat) which will kick on
during the coldest peak winter day, thereby minimizing the
operation of the ASHP unit.

However, if the installed unit is a cold-climate ASHP unit, it is
designed to meet the heat load even at the coldest
temperature. In this case the winter peak demand savings will
be non-zero and can be calculated by an algorithm similar to
the one used to calculate summer demand savings. This
algorithm is based on the performance of the ccASHP unit at
low temperatures. The ccASHP unit should be NEEP rated
and the HSPF at 5F is used in the winter peak demand
savings calculations.

Commented [KR47]:
parameters

Update example to refenct new

Commented [KR50]:
parameters

Update example to reflect new

{

|

Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
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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 growcalipled heat pump units.

Savings Methodology

Savings are estimated using a-fodld hour analysis, comparing the difference in efficiency between a
baseline (code compliant) and installed efficiency.

Inputs
Table 2T: Inputs
Symbol Description Units

Facility type served mquipment and system type
(water source, ground water, ground loop)
CAR Installed Cooling Capacity Btu/h
CAR Installed Heating Capacity Btu/h
EER |EEIRInstaIIed (Iso 1325ﬂ Btu/watt-hr Commented [SK51]:  EER is used as a placeholder for
cop COPInstalled (ISO 1325H (Unts < SSMEBH) and IEER (units  SSMBRD). Additonal

language to explain the application of SEER/IEER in the
savings equation would clarify the intention of the efficiency
Nomenclature variable as applied here.

Table 2U: Nomenclature

Description i Values  Comments
AKWH AnnualBectric EnergySavings- Gooling kWh
AKWH AnnualBectric EhergySavings Heating kwWh
CAR Installed Cooling Capacity Btu/hr Input
CAR Installed Heating Capacity Btu/hr Input
SeasonalummerGoolingGoincidenceFactor 44% .
ICE For Multifg:lmily 5—90/‘t AppendiOne
SeasonaBummer Heatingoincidenceractor 44% .
e | For Multifz?ri)ily ch?/o AppendiOne
COR HighTemperature COP, Hemmps 65,000 Btuh Note [1]
Baseline
COPR COPInstalled Input
EER EER Baseline Btu/watt-hr Note [1]
EER EERInstalled Btu/watt-hr Input
EFLH Equivalent Full Load Hour€ooling Hrs AppendixFive
EFLH Equivalent Full Load Hoursleating Hrs AppendixFive
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SECTION TWQ&I LOST OPPORTUNITY
2.2.3 Water and Ground Source Heat Pumps

SKW SeasonaBummerPeakSavings- Gooling kw
WKW Seasonal WintdPeakSavings- Heating kw

Lost Opportunity Gross Energy Savings, Electric

Cooling:
AKWH. =CAR 3 3%& Eé gz 15&3 EFLH,
Heating:
0 kw
AKWH, =CAP, 3%0}3 co % 3412 1000V T

Table 2V: Baseline Efficiencies (See Note [1])

Type Cooling Capacity Btu/hr EER COR ‘
Water Source Heat P_ump (Close(_i loop within a building, serve| < 17,000 122 43
boiler and cooling tower)
Water Source Heat Pump (Closed loop within a building, serve X MTand nn 13.0 43
boiler and cooling tower) <135,000 ' ’
Ground Water Heat Pump ('I_'he water used by the heat pump i <135.000 18.0 31
contact with the ground)
Ground Lo_op Heat Pump (The wa_ter used by the heat pump <135,000 14.1 3.2
isolated from contact witthe ground)

Lost Opportunity Gross Energy Savings, Example

ExampleA ground loop water to 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 capadi26i900 Btu/h with an EER of 15. What are the
annual lost opportunity energy savings?

Cooling:
AKWH, =CAR3 G~ - L & KW ,pp
Fer  EErY 1000V

From Appendix Five, the cooling equivalent full load hours for an office are 797 hours. The EERy is from
Table 2-V =13.4:

%kW

3 797=79KWF
8‘334 15: 1000V

AKWH_ =12500C
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.3 Water and Ground Source Heat Pumps
Heating:

AKWH,, =CAPH3%: ; g kw
2COR, CORY 3412 1000

3 EFLH,,

From Appendix Five, the heating equivalent full load hours for an office are 1,248 hours.
The COPy is from Table 2-V = 3.1:

al 1q 1 kW

3

31 357 3412 1000V

AKWH,, =99,00C¢ 31,248=1335

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

A h [ Formatted: Font: Not Bold, Not Italic

[ Formatted: Normal

Cooling:
a1 1 48 kw
SKW, =CF.3 CAP.3 -
c e ¢ %g ER, EER Y 1000V
Heating;|

If supplemental heating systems such as fossil fuel equipment is present on site, they will kick on during peak «
winter days when the HP unit cannot operate efficiently at such low temperatures. In this case, winter peak
demand savings are 0.

[ Formatted: Normal, Centered

WKWH = CAPH * (1/COPb - 1/COPi) *CFH * (1/3.412) * (1/1000)

WKW _H = 0 if supplemental heating system is present or if boiler-fed hot water loop supplies heating side of

WSHP
. “ [Formatted: No underline
é 1 1 o 1 KW [Formatted: Normal

WKW, =CF, 3 CAP, 3 - 3

] " 4 " G%OPB COPiQ3 3.412 1oo<w\

| | |
Lost Opportunity Gross Peak Demand Savings, Examplel {Commemed [KR58]:  Update example to reflect new

parameters

ExampleA ground loop water tair-sourceheat 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 BERabf 15.
are the lost opportunity seasonal demand savings?

Cooling:
kw

Q
SKW, =CF.3 CAP, 3% EER 83 1000V
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SECTION TWO: C&I LOST OPPORTUNITY

2.2.3 Water and Ground Source Heat Pumps

[From Appendix One, the seasonal coincidence factor for cooling = 0.82. The EERDb is from Table 2-V =
13.4:. For Multi-family applications with HVAC impacts in common area and in-unit spaces, apply
residential seasonal coincidence factor for cooling = 0.59. The EERDb is from Table 2-V = 13.4:

SKW, =0.82% 12500¢° %1— 1 kw

- = =0.82kW
cl34 15: 1000V

Heating:
1 1, kw

OPR X 3.412 1000V

(ele]

a 1
WKW, =CF,,3 CAP, 3 -
" " " é%opb C

The seasonal coincidence factor is assumed to be the same as the summer factor = 0.82. The COPb
from Table 2-V = 3.1. For Multi-family applications with HYAC impacts in common area and in-unit
spaces, apply residential winter factor = 1.0. The COPb from Table 2-V = 3.1:

a1 1g 1 , kw

WKW, =0.82% 99,000 a? 3 =0.88kW
¢31 35+ 3412 1000
Changes from Last Version
o _Removed any references toZDIECC “
Notes
‘[1]‘\ is based on th@0152018L. 9/ / Q& ¢ 6fS /nno®uHdo 6/ ¢ / a‘
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.4 DubkEnthalpy Controls

2.2.4 Dual Enthalpy Controls

Description of Measure

Upgrade to a dual enthalpy economizer insteadrofutside air drjpulb economizer. The system will
continuously monitor the enthalpy of both the outside air and return air while controlling system damper
to adjust the outside quantity based on the two readiMyben the measured enthalpy of the outdoor air

is greater than the enthalpy of the return,dive enthalpy economizer will disengage.

Commented [SK60]:  Remove the dual enthalpy economizer
measure from PSD. Recent evaluations found that dual
enthalpy economizer measures exhibit little to no savings for
facilities in Connecticut based on energy model simulation of
sampled measures.

Savings Methodology

Wood, Byk and Associat®éote [1) modeled the savings achieved by upgrading from singlleudioyto

dual enthalpy economizer control for a variety of typ@&lfacility types and sizes using the hourly
building simulation tool DGE Simulation results were reviewed and annual eledtsavings per ton
calculated. The simulation revealed that summer and winter peak demand savings were zero because
economizer cooling does not occur during the seasonal peaks.

Inputs
Table 2W: Inputs

Description
CAR InstalledCooling Capacity Controlled by EconomiZ7 Tons

Nomenclature
Table 2¢ Nomenclature

Symbol Description Units Values Comments
ADET | Annual Differential Electrical Energy Savings per| kWh/Ton 276 Note [2]
AKWH Annual Electric Energy Savingsoling kWh
CAPR Installed Cooling Capacity Controlled by Economi Tons Input
SKW Summer Demand Savings kw 0 Note [3]
WKW Winter Demand Savings kw 0 Note [3]

Lost Opportunity Gross Energy Savings, Electric

AKWH; = ADET? CAR
AKWH, =276 CAR

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

1.9 SKW = 0 (SeNote [3). .
1.1 WKW = 0 (Seote [3).
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Commented [SK61]:  The last two ECB evaluations
recommended removing this measure due to code
requirements for a single point drybulb temperature
economizer. The incremental savings for a dual enthalpy
economizer are minimal. The NY TRM measure is based on
a "no economizer" baseline and is not comparable to this
measure. Recommend removing.
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.4 Dual Enthalpy Controls

Changes from Last Version

e No changes. « {Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"
Notes
[1] | Wood, Byk, & Associates, Consulting Engineers, 829 Meadowview Road, Kennett Sq « [Formaned Table ]
19348.

[2] | Results are from the modeling performed by Wood, Byk, and Associates in 2001. The
provided savings for several locations throughout the Northeast. Savings for this meag
based on Hartford, Conn.

[3] | Since economizers save whartdoor air temperature is relatively low (< 70°F) and the
seasonal peak is expected to occur at high outside air temperature, the seasonal peal
savings for this measure are assumed to be 0.
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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

Commented [SK62]:  Recommend offering this measure
both as lost opportunity and retrofit options. Aligns with other
jurisdictions.

Upgrade to HVAC system to control outside air flow based ple@Ds. The proposed system monitor
the CQin the spaces or return air and reds¢be outside air when possible to save energy while
meeting indoor air quality standards.

Savings Methodology

The energy savings are calculated based orspéeific 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 averagoutside air reduction, and cooling and heating efficiencies. Savings are estimated
using a temperatur8INspreadsheet that uses the reduction of outside air to calculate the energy saved
by not having to condition that air. The saviagscalculated fo each temperatur@INwith the

exception oBINs that would include economizer cooling.

Summer seasonal peak demand savings are calculated based on the top two temjshstused in the
spreadsheet. Natural gas peak day savings are calculatedhesimgak day factor for furnace/boiler of
0.0152 fromMeasure 2.2.6 since the savings for this measure are consistent with the furnace/boiler
savings profile. The baseline for this measure is a system withowve@iation control.

Inputs

Symbol |

Table 2Y: Inputs

Description
Operation Schedule of HVAC Uinitluding Days and Time

Units

Area Type Served by HVAC Unit

EER

Cooling Efficiency

Btu/watt-hr

Heating Efficiency

%

Total System Air Flow

CFM

Design Outside ARercentage

%

Average Expected Reduction in Air Flow

%

Return Air Temperature

°F

Building Balance Point

°F

Changes from Last Version

o{_Nochanges

2020Program Savings Document
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SECTION TWO: C&I LOST 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 the installation of {efficiency naturalgasfired, 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-efficiencies for boilers-and-furnaces-are-specifles 20 SCrbalies

2 2 ! -If the boiler is used for domestic hot water, in addition
to heating, the project should be handled as a custom measure (See 2.6.3 Lost Opportunity Custom in the
2020PSD).

The peak day factors developed for this prescriptive approach are based on ttefresua sampling of
existing custom projects in which loBdNweather data was used to calculate savings of both high
efficiency conventional and condensing boilers. The data from the tempeBitamalysis was used to
compute savings for the coldez4-hour period of the year. The peak day factors were based on the
average of these projecthi¢te [1). Ratios of demand savings to annual energy savings were then
developed for both conventional (0.0152) and condensing boilers (0.0133).

The peak factofor 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 boilers, the condensirigbdemandto-energysavings ratio was

smaller. To meet the heating load, hot water reset increases the boiler water temperature assttie out

air temperature decrease$. K S KA IKSNJ g+ G SN GSYLISNI GGdzNB KFa | yS3aFaAags
efficiency at those conditions. The effect reduces the percent savings during the peak day.

w
-+
-+
w
O«
=

Inputs
Table 2Z Inputs
Symbol Description Units
Facility Type
'L Proposed Case Efficiency
CAP Boiler or Furnace Output Capacity BTUhr
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SECTION TWO: C&I LOST OPBARTY
2.2.6 Natural Gas Fired Boilers and Furnaces

Nomenclature
Table 2AA Nomenclature

Symbol Description Units Values Comments
ACCF Gross Annual Energy Savings ccf

Use 1.0 fonon-

. 1.0o0r . .
AF Adjustment Factor ‘ condensing units and
0.971' Commented [SK63]:  Other TRMs do not consider the AF in

£ q f P

0.97 for condensing unit the savings calculation. The PSD does not provide a source

BTUhr and/or explanation on how the AF is calculated. Recommend
providing a source for AF.

CAP Installed Boiler or Furnace Output Capaci

EFLH Equivalent Full Load Hours Hours Table

OF Oversize Factor |Note [2] [Commented [KR64]:  No source for oversize factor

PD Gross Peak Day Natural Gas Savings!

For Firnaces

Warm Air, Gafired <225

MBH = 85% AFUE
Warm Air, Oifired <225

MBH = 83% AFUE
Warm Air Ducted, Gas
fired <225 MBH = 85%
- - AFUE
0 Base CasEfficiency Percent IECC 2015 Table 403.2

(4) (IECC 2018 starting

2020)
ASHRAE 962013 Table
6.8.15 (ASHRAE 90.1
2016 starting in
2020)20151ECC
For Boilers use IECC 20|

LI Proposed Case Efficiency Percent

Lost Opportunity Gross Energy Savings, Fossil Fuel

Heating savings:
=1l Fid 3 €CAP, 4  EFLH 8, & 1

— _ra=a _ R — al A
FFI T e R EOF ﬁ; 0290(Btu/ccf§3_§zb AF3 fp

Table 2BB Equivalent Full Load Heating Hour Range (Note [1])
Equivalent Fulload Heating Hours|

Occupancy Category (Note 4)

Residential, Hospitals, Police, and Fire Stations 1,519
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.6 Natural Gas Fired Boilers and Furnaces

(2417 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 Fulload Heating Hour

Note: The above EFLH should be used for boilers and furnaces and not AppevalxeSivappendix
Five ldeating EFLH are for heat pumps only.
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.6 Natural Gas Fired Boilers and Furnaces

Lost Opportunity Gross Peak Day Savings, Natural Gas

o Factors based. < Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"

Conventional (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

o1 _Updated referencéo the 2020 PSD < {Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent }
at: 0.5"
Notes
(1] i Qb S “« [Formatted Table ]
Manchester, Conn.) in 2008 using a temperature BIN analysis. The engineering analy:
provided to Eversource (natural gas), CNG, and SCG to help support nahmabgazation {Commemed [SK65]:  This study is not available for review. }
Provide a reference link.
efforts.
o -

Commented [SK66]:  Other TRMs do not consider the oversiz

] - - . = factor in the savings calculation because the factor should be
[23] [ASHRAE arii152018 IECC minimum efficiency requirements laased on input capamty. N o ﬂ?e EFLH. Recommeadhove if this factor if

accounted for in EFLH based on recommended update.

[ Commented [SK67]:  Update to 2018 IECC. ]
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.7 NaturbGas Radiant Heaters

2.2.7 Natural Gas Radiant Heaters

Description of Measure

Installation ofhaturalgasfired, lowintensity, vented, radiant heaters.

Savings Methodology

Energy savings is estimated to b&@8 the consumption of a conventional natural §jasd unit heater
with the same heating load (based Ref [1).

Demand savings calculation methodology is based on the results of sample savings numbers for various
building types using a temperatuBdNmodel. To calculate the peak demand factor, the savings from the
coldest 24hour period of the year was divided by the total savingsN®é&=[1). From this, ratios of the
demand savinge¢f to annual energy savingsf) were developed, resulting the average demand

savings fraction of annual savings of 0.00544.

Inputs
Table 2CC Inputs

Symbol Description
CAP Installed Heating CapacityBi Uhr
Facility Type
Nomenclature
Table 2DD Nomenclature
Symbol Description \ Units Values Comments
ACCF Gross Annual Gas Energy Saving ccf
CCF 100 Cubic Feet ccf
The equivalent hours that the heate
would r.lee.d to operate at its pgak Table 20D,
EFLH capacity in order to consume its Hours . Note [3]
: ) Appendix Five
estimated consumption (Annual Btu
Full Load Btu/hr)
CAP Installed Heating CapacityBtu/hr Note [2]
OF Oversize Factor Note [2]
PD Gross Peak Day Savings ccf
SFR Savings Fraction IZS% 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:

AcCR “APugp s SFR
OF (102900btu/ Ccf 3 /1b)

Table 2EE Equivalent Fulload Heating Hour Range (Note [3])

Occupancy Category Equivalent Fulload Heating Hours

Warehouse, Storage, and Fire Stations (2f&tation) 1,519
Manufacturing 1,140
Retail Sales/Other 1,170

Lost Opportunity Gross Peak Day Savings, Natural Gas

PD= 0.00544 ACCF

Changes from Last Version

of Nochanges
References
[1] | ASHRAE Technical Pader4643, 'Evaluation of aftnfrared TweStage Heating System in
Commercial Applicatigh, HnnoX /2y Of dzZAA2Yy&as LJd Moy d
[2] Lz@-152018IECC, Table C403.2.3(4), for warm air unit heaters, gab fired.
Notes
[1] | Peak day factors and full load hours were developed byliiirdNIi @ Sy 3Ay SS
Manchester, Conn.) in 2008 using a temperature BIN analysis. The engineering analy,
provided to Eversource (natural gas), CNG, and SCG to help supp@it gedioonservatior
efforts.
=i
[22] [¢ KS SljdA @l £ Syd FdzA t € 2F R KSI {-E Bhe mayoizdde
of the EFLHs in each occupancy category considers both hours occupied and internal
release equipment. Refer to Appendix Five for occupancy categories nonlistdae 2EE.
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SECTION TWO: C&I LOST OPPORTUNITY

2.2.8 Natural GaBired Domestic Hot Water Heaters

2.2.8 Natural Gas-Fired Domestic Hot Water Heaters

Description of Measure

Installation of higkefficiency haturalgasfired, storagetype, domestic hot water heaters75,000 Btu/hr.

Savings Methodology

| Formatted:  Font color: Text 1

Energy savings are calculated using proposed water heater thermal efficiency and standby losses versus

baseline efficiency and standby losses. The baseline for efficiency and standby losses wereabased on

natural gas storage water heater75,000Input Btu/hn as specified iR0151ECCRef [1].

Based on facility type and square footage, Taii&(Note [1) and baseline standby losses are used to
estimate the annual water heating baselmsageUsing the baseline efficiency @0the baselie hot
water load is calculated. Using the calculated load, the installed efficiency and staneiffidiegicy
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 determines the peak day savings.

Assumptions:

1
2.
3.

Base case heater is a cettampliant storage naturafjas heater; “«
Proposed case hesx is ahigh-efficiency heater;

Base case and proposed case heaters have the same output capacity and address the same
R2YSadGAO K2 {loadladdSNI 6451 2 ¢ 0

If multiple heaters are used, they are treated as a single unit, with system input capacity

and standby lossate equal to the sum of all units.

Demand assumptions:

1.
2.
3.

Lowest cold water temperature is 44Ref [3]; “«
Annual averageold water temperature is 54{Ref [3]}; and
Hot water set point is 130°F.
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.8 Natural GaBired Domestic Hot Water Heas

Inputs
Table 2FE Inputs
Symbol Description Units
CAR; Input Capacity of Proposed (installed) Water Heater MBH
CARY;i Water Storage Capacity of Proposed (installed) Water Hea| Gallons
"0 Thermal Efficiency of Base Case Water Heater %
'L Thermal Efficiency of Proposed (installed) Water Heater %
SLR Standby Loss Rate of Proposed (installed) Water Heate Btu/hr
A Building Floor Areia SjuareFeet ft2
Building Occupancy Type

Nomenclature
Table 2GG Nomenclature

Symbol Description Units Values \ Comments
A Building Floor Area in Squdteet ft2 Input
ACCF Annual Natural Gas Energy Savings ccflyr
CAR Heat Input Capacity of Base Case Water Heate] MBH
Heat Input Capacity of Proposed (installed) Watg
CAR, put Lapactty posed (installed) MBH Input
Heater
CAR/p Water Storage Capacity of Base Case Wdater Gallons
Water Storage Capacity of Proposed (installed) W
CARV,i 9 pacity P ( ) Gallons Input
Heater
CChvp Annual Base Case DHW Gas Usage ccflyr
Table2- | Ref[2], Note
Annual Base Case Gas Energy Usage Rate)per ccfft?/yr
& u gy Usage Rate)p Y| hiree [1]
E Annual Proposed (installed) Gas Energy Usage H ccfft?lyr
(per f6)
GPY Annual Building Hot Water Usage Gallyr
H Number of Annual Standby Hours Hrslyr
PD Peak Day Natural Gas Savings ccf
SF Peak Day Gas Demand Savings Factor
SLR Base Case Water Heater Standby Loss Rate| Btu/hr Ref [[:ll,]Note
SLR Proposed (installed) Water Heater Standby Loss f  Btu/hr Input
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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Lost Opportunity Gross Energy Savings, Fossil Fuel

Natural gas energy savings:

Calculate annual base caBEIWK S | (in&tdtdD gas usage:

CCF,, = A% E,

Table 2HH Annual Base Case Gas Usage Rate by Occupan¢Raijad)

SECTION TWO: C&I LOST OPPORTUNITY
2.2.8 Natural GaBired Domestic Hot Water Heaters

Building Occupandyategory ‘

Annual Base Case Gas Usage Rate

(Ccftft?)

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

Public Assembly 0.02
Public Order and Safety 0.209
Service 0.147
Warehouse and Storage 0.028
Other 0.023

Vacant 0.013
Multi-family LowRise 0.193
Multi-family HighRise 0.176

Calculate base case heater input capacity in Btu/hr:

CAR,, =CAR, 2 P

Calculate the baseline standby losses:

1,000

SLR =CAR,,?
R %° 300

2020Program Savings Document
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.8 Natural GaBired Domestic Hot Water Heaters

Calculate number of standby hours/year:

(8760, 2 CAR, ,2 1,000)- (CCF, 3 1029008%,)

(AR, = 1009- =28

H =

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

(CCFR,,2 10290082 Ab)- (SLR2 H)

GPY, =
DT 2 8.3385,_

Calculate annual natural gas savings using the following equation:

(GPY, ® DT 3 8.338, s + SLR3 H)
10290083 p

ACCF, =CCF,, -

Lost Opportunity Gross Energy Savings, Example

ExampleA 50,000 squaréoot inpatient health care facility installs a new enegfficient natural gas
storage type DHW heater with the following ratings:

;:ﬂ_(:apacity = 300 MBH < ( Zgrn(m)a;ed: Bulleted + Level: 1 + Aligned at: 0.25" + Indent )
2.1 Storage capacity = 100 gallpns ‘

3.1 Thermal efficiency = 91%nd

4.1 Rated standby loss = 1,044 Btu/hr

Whatisthe annual energy savings?

Calculate annual base case DHW natural gas usage:

66@ 6 O viIMNMNMM oTp X MAR'Q

Calculate base case heater input capacity in Btu/hr:

hp 0.91
CAPR,, =CAPR, 33— =300 — =341MBH
Hb " o 0.80
Calculate the baseline standby losses:
SLR=CAR,,® ]"8%°0°+1103 JCAP,, =300° %%1108 J100=1,475
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.8 Natural GaBired Domestic Hot Water Heate

Calculate number of standby hours/year:
(8760, 2 CAR, 2 1,000- (CCF,,3 1029008

SL
(caR,.2 1000- 528
Ux o i otppinm p@nmmpmMpnKO § .y
K¢} afx T p
ot ppmmm %U
Calculate annual building hot water usage (gallons of hot water consumed/yr):
GPY, = (CCRy,,® 102900842 /ib)- (SLR® H)
DT 3 833845
x Ttrp o %0 Q . . ft xvolx t o
o & p & p 3o  pltxuolx pdpwhpcw

xu w8 ° Homp

Calculate annual natural gas savings using the following equation:

_ (GPY,® DT 8338, + SLR® H)
1029008, hp

ACCF, =CCF,,

¢ip wip o Yy v wébpodﬂ‘ﬁ) pitt tofxtp

6686 0pmT _ — ¢maoe
p Tty Tt O 8 & QT P
Lost Opportunity Gross Peak Day Savings, Natural Gas
_ lday (130F- 46F) - 0,0032
365days (130F - 57F)
PD = ACCF,, ® SF = ACCF,,® 0.0032
00 ¢ito emst o ced
Changes from Last Version
o{ Updated examples. -« [ Formatted: ~Bulleted + Level: 1 + Alignedat: 025" + Indent |

at: 0.5"
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SECTION TWO: C&I LOST OPPORTUNITY

2.2.8 Natural GaBired Domestic Hot Water Heaters

References
’ [1] | 20152018 IECCTable C404.2. «
) US Energy Information Administration, TableNgBural gas consumption and conditional energy
(2] intensities (cubic feet) by endg 2012, Rel. May 2016.
[3] | Tool for Generating Realistic Residential Hot Water Event Schedules, Reprint, NREL, Aug. 201(
RECS Table CE4.7 Annual household sitasendonsumption by fuel in the Northemstverages, <.
[4] | 2015 .
https://www.eia.gov/consumption/residential/data/2015/c&e/pdf/ce4.7.pdf
51 RECS Table HC10.10 Average square footage of Northeast homes, 2015 <
https://www.eia.gov/consumption/residential/data/2015/hc/php/hc10.10.php
Notes
[ || l :
Multi-family Lowand HighRise Annual Base Case Gas Usage Rate, Eb (Ccf/ft2) calculated by diy
2 RECS Annual household site end use consumption by fuel in the Northesrages 2015, Natural Ga
Water Heating (213 ccf/unit for low rise and 147 ccf/unit for high rise) by Average Square Footag
Multi-family Housing Unit (1,105ft2 for lenige and 834ft2 for highise)
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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

llnstallatlon of a large hlgh"flmency AuSourced Variable Refrlgerant FIoWRE) HVAC System for

commerciabnd residentia

residentialtype-oceupangy

Savings Methodology

Savings are custom calculated for each VRF installation based on the specific equipment specifications
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 treliced VRF system. Based

2y G(KS

+wCQa LISNF2NYIyOS OKIFNIOGSNRa

ix04a SySNHR

proposed case, while 2016 ASHRAE (volke (l]) spedications are used to calculate baseline usage. A
VRF spreadsheet calculates the difference between the baseline and the proposed consumption (kWh,
kW) to determine savings.

Inputs

Symbol

Table2-II: Inputs

Description
FacilityOccupancy hours per week (On and off Peak)

Units
Hr/Week

Unit ID

Manufacturer/Outdoor Unit model

Indoor Unit Type (Ducted, Natucted, or Mixed)

VRF Classification (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

Nomenclature

Table 213 Nomenclature

Description Units Values Comments

EnergyEfficiency Ratio Btu/watt-hr

Integrated Energy Efficiency Ratio Btu/watt-hr

Coefficient of Performance
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Lost Opportunity Gross Energy Savings, Electric

Equipment:

Each VRF is characterized by:

1 _Indoor Unit type
k0 Ducted
Lo Non-Ducted and
0 Mixed
-1 VRF Classification
0.0 No VRF Heat Recovgry
-0 VRF Heat Recoveand
&0 Cooling only
+{ Heat and Cooling Capacity, Btuh
s Cooling Efficiency,
t0 EERand
w0 IEER
v.{ Heating Efficiency,
W-0 High Temp CORNd
0 Low Temp COP

Operating profile:

¢ KS O dzidolny I8adJrdfile, for each temperature BIN, is characterized by:

o1 Occupied hours the VRF is operated each week; and
o1 _Unoccupied hours the VRF is operated each week.

Savings calculation:

With the above information a calculation is made for d@amk period of the year based on the
appropriate temperature BIN data. The calculation is performed once for the VRF meeting the baseline

SECTION TWO: C&I LOST OPPORTUNITY
Variable Refrigerant Flow (VRF) HVAC System
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efficiencies, Table-2K!, 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.
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SECTION TWO: C&I LOST OPPORTUNITY
2.2.9 Variable Refrigerant Flow (VRF) HVAC System

Table 2KK Baseline EfficienciesElectronically Operated VariatiRefrigeraniFlow and Applied Hea
Pumps(Note P])

Heating Mode
Cooling Mode @ 47F db/43F

wb

Size (Cooaling)

Heating Mode
@ 17F db/15F

wb

VRF Multsplit VRF Multsplit System
System with Heat Recovery

%865,000 btu/h and 11.0 EER 10.8 EER 11.2 EER 3.3 COP
< 135,000 btu/h 14.6|EER 14.4[EER 15.5 IEER 2.25 COP
%135,000 btu/h and 10.6 EER 10.4 EER 11.0 EER 3.2 COP
< 240,000 btu/h 13.9 IEER 13.7 IEER 14.9 IEER 2.05 COP
9.5 EER 9.3 EER 10.0 EER 3.2 COP

%240,000
12.7 IEER 125 [EER 13.9 IEER 2.05 COP

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

The peak demand savings from the spreadsheet are assumed to%edifi6ident to the ISDIE
summer 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 neelectric benefits (NofEnergy Impacts).

Changes from Last Version

Qj]_MeaSurecreated « {Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent }
at: 0.5"
Notes
] KHl above is based on tH&162018 ASHRAE Code, Table 6801 «
B [Formatted Table ]
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SECTION TWO: C&I LOST OPPORTUNITY
2.3.1 Low Voltage Dry Type Distribution Transformers

2.3 ‘M OTORS AND TRANSFORMERS‘ Commented [SK78]:  Savings were based on CEE tier level

efficiency requirements; CEE initiative has been suspended.
Recommend remawg from PSD.

2.3.1 Low Voltage Dry Type Distribution Transformers

Description of Measure

Measurediscontinued in 2017 due to implementatiohaonew Federal Energy StanddRef([1) which
makes potential savings negligible to support incentives for this program.

Savings Methodology

Not gpplicable (see above). Savings had been baséddy 4 2 NI A dzY T2 NJ 9y SNH& 9FFAOASyO& o6d4/ 990 ¢A
efficiency requirements; however, the CEE Initiative has been suspended.

Changes from Last Version

oY Measure discontinued. « {Formatted: Bulleted + Level: 1+ Alignedat: 0.25" + Indent }
at: 0.5"
References
[1] | Federal Standard: Title 10 Part 4&Energy Efficiendyrogram for Certain Commercial and « ( Formatted Table )

Industrial 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

' RRAGAZY 27F @I NR I 0 ft&cordlB fardedplidmpsysieiNin BNAL applizatidd5 & £ 0
The fan (pump) speed will be controlled to maimthie desired system pressufhe application must

have a load that varies and proper controls (fveo;way valves, Variable Air Volume boxes) must be
installed.

ISavi ngsl Methodology Commented [SK79]:  New methodology update: Please
review recommendations made for the measure PSD2.4.1.
Utilities reviewing recommendations. Did not redline

¢KS o6laStayS Aa | Ozzyaidlyild adoSR TSy |yl RA NI 20N3AL f| measure for the 2021 PSD update.

with or without inlet guide vanes or a constapeed/flow catrifugal pump ASHRAE default
performance curveRef [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 base and proposed equipment determines the energy savings. Derragelisa
the power (kW) savings at the highest load temperaBINs.

Inputs
Table 2L Inputs

Symbol Description

BHP Brake Horsepower
EFFi Installed Motor Efficiency
H Annual Hours of Operation
Fan Type
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SECTION TWO: C&OST OPPORTUNITY
2.4.1 HVAC Variable Frequency Drives

Nomenclature
Table 2MM: Noménclature|

Symbol Description Units Values Comments
AF Air FoilFan Fan Type
AKWH Gross Annual Electric Energy Savings| kWh
Use
equipment
specific
BHP if
BHP System Brake Horsepower HH’ available,
else BHP 3
Nominal
HP x 65%
LF
Bl Backward InclinEan Fan Type
CHWP Chilled Water Pump
Ccv Constant Volume Fan
EFF Motor Efficiency Installed %
FC Forward Curveéfan Fan Type
Site specific or
H Annual Hours of Operation default, Appendix
Five
HWP Hot Water Pump
IGV Inlet Guide Vanes Flow Control Device
Annual KilowatHour Savings Factor Base Table2-
S on Typical Load Profile f?)r Application (kW/HP) NN
SFws Summer. Seasonal Demand Savi.ngs. Baseg (KW/HP) Table 2
Typical Load Profile for Application NN
SFuw Summer. Seasonal Demand Savi.ngs. Baseg (KW/HP) Table 2
Typical Load Profile for Application NN
SKW Seasonal Summer Peak Savings kw
WKW Seasonal Winter Peak Savings kw
HP Nominal Horsepower
LF Load Factor 0.65

Lost Opportunity Gross Energy Savings, Electric

BHP
AKWH " EFF S H3 SRy,

Note: Refer to Table-2J for the appropriate &k
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SECTION TWO: C&I LOST OPPORTUNITY
2.4.1 HVAC Variable Frequency Drives

Table 2NN VFOSavings Factors (See Note [1]) Commented [SK82J: For Supply & Return Fans -
\ Recommend change in methodology from Savings Factors to

HVAC Fan VFD Savings Factors a Part Load Ratio for the baseline and proposed system. This
allows for different VFD control strategies while not making

. overly complex savings factor tables. Fundamentally it is the
Baseline Skwn Skw.s Skww same apprgach but displayed differently.
AF/BI Riding the Curve 0.35407485 0.26035565 0.40781240 For Pumps - Consider creating a separate measure to reduce
confusion with the supply and return fans.
i 0.22666226 0.12954823 0.29144821
AF/BI with IGV Cooling Tower - Recommend research the addition of cooling
" tower fans. These fans are fundamentally different from the
FC Riding the Curve 0.17889831 0.13552275 0.18745625 supply and return fans in both type and gperation.
EC with IGV 0.09210027 0.02938371 0.13692166 Commented [SK83R82]:  For Part Load Ratio: Recommend
research on ISO-NE specific PLR factors for the summer
cv 0.53450577 0.34753664 0.65064177 peak.
Commented [SK84]:  Include additioml fan control types as
CHWP (constant flow) 0.41113751 0.299056883 0.0 shown in the IL and MidAtlantic TRM.
HWP (constant flow) 0.42380136 0.0 0.207967853 Commented [SK85R84]:  The IL and MidAtlantic TRM provid

different values for VFDs depending upon their control strategy.

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

BHP
EFF,

SKW=

3 SFIﬂ(W,S

WKW=¥3 SR

Changes from Last Version

of No changes_ « Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"
References
[1] LASHRAE By p ! as ND a al ydz t « Commented [SK86]:  The ASHRAE 90.1-1989 Reference
was not verified. The ASHRAE reference provided in the IL
and MidAtlantic TRMs is newer but specific to VAV systems
which is appropriate. Recommend additional research for this
N load profile to make it CT specific.
otes [Formatted Table ]
[1] | The constants in TableNlNwere derived using a temperature BIN spreadsheet and typical hea{ -« [Formaned Table ]

cooling, and fan load profiles. For each pump application and fan type savings factors were
developed. These were based on the difference in poasedon the estimated load at each
temperature BIN using equations frdvef [1]
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.1 Lean Manufacturin

2.6 OTHER

2.6.1 Lean Manufacturing

Description of Measure

Incorporating Process ey AA Y SSNA Y I FT2NJ LYONBF&aSR al ydzFl OlGdzNAy3I 9FFAOASYyOe oat w
Gt Sty YIEydFFOldaNAy3IZé AyidE2 GKS YIFydzZFlF OlGdz2NAy3 LINROSaaod

'Savings Methodology

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

materials, and labor) and optimize flow in order to improve the efficiency of the manufacturing process.

The savings calculations are baseRef[][Refd® { I Ay 3a I NB SaidAYlFIGSR o {
actual annual electrical usage. The savings are based on estimating the production increase with and

without PRIME.

Savings are based on two concepts:

1. Producing more products in the same tipgriod saves on the nemanufacturing consumption
(mostly lighting); and

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

This measure is intended for facilities who 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. Instéathese should be treated as custom projdtsducing-moreproductsin-the
i - ) i i i - ; L lighting)-and

“« [ Formatted:  No bullets or numbering ]
« Formatted: Numbered + Level: 1 + Numbering Style: 1, 2,
3, é + Startat: 1 + Alignment: Left + Aligned at: 0.25" +
Indent at: 0.5"

The PRIME process also reduces waste. Since this is vegpsitelent, it is not considered in this
calculation.

For projects with natural gas savintige calculations will be done on a céigecase basis for each
Odza i 2 YSNR&a &ALISOATAO YIydzZFlI OGdzZNAy3 LINRBOSaasSaood
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SECTION TWO: C&l LOST OPPORTUNITY
2.6.1 Lean Manufacturing

Inputs
Table 20Q Inputs
Symbol ‘ Description ‘ Units ‘
e i§ a -1 1 .
KWH CIOAfAueQa lLyydz £ [/ 2y KWh
History
PPA | PercentolClF OAf A& Qa [/ 2y adzyl %
Na Production after PRIME Units per Hour
Ne Existing Production Units per Hour
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SECTION TWO: C&l LOST OPPORTUNITY
2.6.1 Lean Manufacturing

Nomenclature
Table 2PP Nomenclature

Symbol Description Units Values Comments
AKWH Annual Electric Energy Savings kWh
EKWH Estimated Annual Electric _Usage with an Increas KWh
Production
IND Annual Electric Energy Usage Independent of] KWh
Production Hours and Production Quantity
HR Annual Electric Energy Usa_ge Dependent on Hou KWh
Production
. A~ Y ~ | 3 =
KWH CIOAf)\ueQ_a l'yydzl £ 9f S KWh Input
History
Na Production Rate After PRIME Urrl:;sufer Input
Ne Existing Production Rate Ur;:ts per Input
our
PPA t SNOSyid 2F Cl OAfAlEQA % Input
Annual Electric Energy Usage Dependent on
PD Production Quantity kWh
SF Savings Factor % Ref [1]
Xwop Without PRIME
Xwp With PRIME
Lost Opportunity Gross Energy Savings, Electric
00 ®OO0UL W 00 O -AKWH-=EKWH - EKWH

Estimated annual consumption with increase in productivity without PRIME:

‘00 D ‘o oY 0o op— Wop op \wop

0 M@ p 0060 0 INDyey=0413 PPA KWH

. N
oY m p 006U WO 55— 0423 3 3 4
Ne
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SECTION TWO: C&l LOST OPPORTUNITY
2.6.1 Lean Manufacturing

Estimated annual consumption with increase in productivity with PRIME:

‘00 O Kold) oY 00 o w5 5 s
Kel) @ p 00060 WO MNDg=0.413 PPAI KWH
oY n&pﬁﬁbow'oH%:&mppN—KANHﬁ

. . N
00 ®MYOo0doEO — p "YERPD, =018 3 3 a3
Ne
YOm@poYy— TWINC—— T8 XO0C(—— T@Inpp
N 3 N 2 N
_ eN_ - N o éN_- N g eN_- N @
- . e’\ N u' 0 e’\ N u o e’\ N l;l .
e e U e e U e e U

Savings algorithms come directly fr&ef [12].

Lost Opportunity Gross Energy Savings, Example

ExampleA manufacturing plant that has an annual electricity consumption of 1,000,00CKKVMH) (

goes though the PRIME process on production lineNBM.INBE 4 Sy & wp: 2N ndup 66t t !

production. Production of those lines increase from 300 to 330 products per hour.

AKWH = EKWH .- EKWH

wop

Estimated annual consumption with increase in productivity without PRIME:

‘00 O "o oY i)e} Wop— wWop op \wop
000 ™ p M v phhwT e mhy TRGQ
oY ™ i e " p pix U G0
p T8 v pfit AT N_— p Pk U
00 ™Y Vv plnmnn— 1 o nRGQ

OV WO prignmnppkovnt dnng ey vRGQ

Estimated annual consumption with increase in productivity with PRIME:

‘0L O No](D) oY vo -EKWH w5 = Il\IhWp + I—II?.?Wp + anp

INDwp= 041 x0.25 x 1,000,000 02,500 kWh
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SECTION TWO: C&l LOST OPPORTUNITY
2.6.1 Lean Manufacturing

HRwp=  0.41 x 0.25 x 1,000,000 = 102,500 kWh

N 3 N 2 N
SF=0116g 303008 2,0z €330- 3000 /505 €330- 3008, ) 1)1 1— 45
& 300 Y g 300 H g 300 H

- L oo . .
0O ™Y e v phInm[nnﬁn p THTU T jg X& QuQ

EKWHwp =102,500 + 102,50@&#,272.5= 252,272.5 kWh

AKWHo = 264,750- 252,272.5=  12,477.5 kWh

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

Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"

o SKWE 0; and «
o WKW=0. :

Non-Energy Impacts

twLa9 NBRdzOSa 61 a0GS FyR AyONBlI aSa LINRPRdAOGAGAGEDd ¢KS Odzaliz2YSNRa 02
productivity and reduction in scrap var@msiderably from project to project. Therefore, it may be

calculated on a cadey-case basis.

Changes from Last Version

Gﬂ_NO ChangeS. « {Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"
References
[1] | Energy & Resource Solutiof®RIME Program EvaluatjoMar. 26, 2007, Section 4. « [Formaned Table ]

Business anBnergy Sustainability Program Impact Evaluation Energy & Resource S&8apos

1| 2018, Tables-s.
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SECTION TWO: C&ISTOOPPORTUNITY
2.6.2 Commercial Kitchen Equipment

2.6.2 Commercial Kitchen Equipment

Description of Measure

Installation of ENERGY STHRlified commercial kitchen equipment.

Savings Methodology

Energy savings for this measure are calculated using the savings calculator for ENER@GYfBRTUAR

commercial kitchen equipment located the ENERGY STAR webRigf [1) or the Food Technology

Service CentedifSTE) for the California Enerdlyise progran{Ref [2]. Note that deemed savings based

on default values from ENERGY STAR Commercial Kitchen Equipment savingsaradcGhttornia

Energy Wise Commercial Kitchen Energy Savings Calculator as referenced. The peak electric and natural
gas demand savings are calculated as specified below. The baselines from which savings are calculated are
provided in Table-®Q below.

Table 20Q Savings Baseline

Equipment Baseline
Oven Conventional Unit peRef [1Jand Ref [2]Calculator
Dishwasher Conventional Unit peRef [1]Calculator
Freezer Ref [3]
Fryer Conventional Unit peRef [1Jand Ref [2]Calculator
Griddle Conventional Unit peRef [2]Calculator
Hot Food Holding Cabinet Conventional Unit peRef [2]Calculator
IceMachine Ref [1]
Refrigerator Ref [3]
Steam Cooker Conventional Unit peRef [2]Calculator
WaterSense PfRinse Spray Valve See WateiSaving Measures 3.2.1

Nomenclature
Table 2RR Nomenclature

Symbol Description \ Units  Values Comments
ACCB Annual Natural Gas Savings ccf
AHAM Association of Home Appliance
Manufacturers
AKWH Annual Gross Electric Energy Savill kilowatthours, kWh
Average Hourly Summer Demang
AKW verage Houry st KW
Savings
kw Electric Demand kilowatts
Py Peak Dafatural Gas Savings ccf
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SECTION TWO: C&I LOST OPPORTUNITY

2.6.2 Commercial Kitchen Equipment

Table2-SSDeemed Savings Ref|[4]

Measure CCF CCF/Day kwh kKW
912407 | 2.529
Gas Combination OvéRef [2] —2 = «
Gas Convection Ové&ef [2] 295347 | 0.8L0
Gas Conveyor OviRef [2] 731859 224
Gas FryerStandard VaRef [2] 595761 | 1.622
Gas Griddle with 3ft Countertafiidth Ref [2] 313368 | 0.910
Gas PreRinse Spray ValRef [2] 94111 0.30:3
1,7480
Gas Rack Ovdref [2] 53 4556
3,0663;6
Gas SteameRef [2] 03 8.49.9
Electric Combination OvéRef [2] 15,095 1.723
1,932.7 | 0.2215-3
Electric Convection Ovéef [1] | T
87 18
Electric Fryer Standard VaRef [2] 2,976 0.340
Electric FryerLarge VaRef [2] 2,841 0.324
9t SOG N ORDERK RRf S océ 3,965 0.453
9f SOGNRO DRERIRt S 23SNJI 7,930 0.905
Electric Hot Food Holding Cabinets Full Bé&fd2] 2,737 0.312
Electric Hot Food Holding Cabinets ¥ Ré&fd2] 1,095 0.125
Electric Hot Food Holding Cabinets Half Refd2] 1,095 0.125
11,863+ | 1.354.5
Electric Dishwasher High T TypeRef [1, = T
ectric Dishwasher High Tempoor Typ [1] 5a3 23
27,4082 | 3.12%-9
Electric Dishwasher High TeqMulti Tank ConveydRef [1] = —
;013 38
3,314.0 | 0.3781
Electric Dishwasher High Tempot, Pan, UtensRef [1] _‘?2 —;8
21 1.0523-
Electric Dishwasher High Temfingle Tank ConveyRef [1] &6_26%6 ngzg_g
3,171697 | 0.36D-0
Electric Dishwasher High Tempnder CounteRef [1] I —89
— 16,1534 | 1.844.5
Electric Dishwasher Low Tempoor TypeRef [1] 961 6
18,8118 | 2.1421
Electric Dishwasher Low TemMulti Tank Conveydref [1] I .
;998 69
13,6262 | 1.555L4
Electric Dishwasher Low Tempingle Tank ConveyRef [1] — I
384 14
s 2,54010 | 0.290-1
Electric Dishwasher Low Tempnder CounteRef [1] 20 —%
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SECTION TWO: C&I LOST OPPORTUNITY

2.6.2 Commercial Kitchen Equipment

Measure CCF CCF/Day kwh kKW
2836 | 0.7810.-3| 4,848:3 | 0.5538-3
Gas Dishwasher High Tempoor TypeRef [1] — “?3 —89
656109 | 1.7963-0 | 11,2344 | 1.282-6
Dishwasher High T Iti Tank '
Gas Dishwasher High Templulti Tank ConveydRef [1] 5 185 10
.2340- 1,2041.2 .13%-
Gas Dishwasher High Tempot, Pan, UtensRef [1] 8586 | 0.2302 4304 ' %;;—1
173661 A73E 4,94 . :
Gas Dishwasher High Temgingle Tank ConveyRef [1] - 04735 —‘% %&2
4415 0.1285-0 | 2,089t90 | 0.238-0
Gas Dishwasher High Tempnder CounteRef [1] - - I T
654.72 | 1.7948-6 | 13,851 Lo
Gas Dishwasher Low Tempoor TypeRef [1] E — '
762.48 | 2.082.4 | 16131 1841
Gas Dishwasher Low Templulti Tank Conveydref [1] E -
528.6% | 1.448L.6 | 5841168 | 0.064-3
Gas Dishwasher Low Temgingle Tank ConveyRef [1] ? — _5 —34
102.82 .28 2178 0249
Gas Dishwasher Low Tempnder CounteRef [1] 0—18 0.282-4 '
Electric Ice MachineRemote Cond./Split UniContinuousl,
3,641 0.416
750 Ib/dayRef [2]
Electric Ice MachineSelf Containe@00 Ib/dayRef [2] 805 0.092
Electric Ice Making Heaed00 Ib/dayRef [2] 1,117 0.127
Electric Ice MachineRemote Cond./Split UniBatchl,250Ib/day Ref [2] 2,601 0.296
Electric Steam CookRef [2] 30,156 3.442
Refrigerator Solid Door, Se@ontained (<15ubic ft)Ref [1] 170 0.3
Refrigerator Solid Door, Se@ontained (1£9.9 cubic ftRef [1] 230 0.03
81845 | 0.099-0
Refrigerator, Solid Door, S€lbntained (3@9.9 cubic ftRef [1] - _3 «
Refrigerator, Solid Door, S€lbntained (50+ cubft) Ref [1] 376 0.04
Refrigerator Glass Door, Seélfontained (<18ubic ft)Ref [1] 69 0.01
Refrigerator Glass Door, Selfontained (1£9.9 cubic ftRef [1] 113 0.01
Refrigerator, Glass Door, S8intained (3@19.9 cubic ftRef [1] 883 %JQTQ
1,21210 13-
Refrigerator, Glass Door, S8intained (50+ cubic Ref [1] I %&LQ
Freezer, Glass Door, Sebintained (<18ubic ft)Ref [1] 427 0.05
Freezer, Glass Door, Seintained (1£9.9 cubic ftRef [1] 681 0.08
Freezer, Glass Door, Sebintained (3@19.9 cubic ftRef [1] 541 0.06
Freezer, Glass Door, Sebintained (50+ cubic Ref [1] 589 0.07
Freezer, Solid Door, S€lbntained (<18ubic ft)Ref [1] 256 0.03
Freezer, Solid DodBelfContained (1£9.9 cubic ftRef [1] 269 0.03
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.2 Commercial Kitchen Equiprhen

Measure CCF CCF/Day kwh kKW
Freezer, Solid Door, S€bntained (3219.9 cubic ftRef [1] 1062 0.12
Freezer, Solid Door, S€lbntained (50+ cubic fgef [1] 1486 0.17
7,51945 | 1.70-858
Commercial Electric Deck Ové&ef [4] —‘:g N « { Formatted Table
On-Demand Commercial Electric Hand Wrap MacRiek{4] 1,565 0.18
Energy Efficient Commercial Underfired BrdRef [4] 212 0581 N/A N/A
Energy Efficient Commercial Conveyor Broilers <20" Réti] 1,113 3.049 7,144 0.816
Energy Efficient Commercial Conveyor Broilerd620VideRef [4] 1,879 5.148 6,403 073188
24228.2
Energy Efficient Commercial Conveyor Broilers >26" Ré&tip] 3,072 8.416 23,849 9 —
a3 | O
Commercial Kitchen Demand Ventilation ConfRelis[4] 35 0.096 | kWh/HP kVW—iP
f Exh.
orEx of Exh
4,423 0555015
Commercial Kitchen Demand Ventilation ConfReifs[4] 35 0.096 | kWh/HP kVW—|P
of Exh of Exh
0.9970.6
UltrarLow Temp FreezeRef [4] 5,737 550

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

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

AKWH

AKW = 20
8760,

Lost Opportunity Gross Peak Demand Savings, Natural Gas

_ ACCF,
°  365dayy yr
Changes from Last Version
o _Correcteddeemed savings tabte use valuefrom the Memorandum:2020PSD Foodservice -« Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent

at: 0.5"

Equipment Update Recommendations Medated September 102019 from Energy Solutions
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SECTION TWO: C&I LOST OPPORTUNITY

2.6.2 Commercial Kitchen Equipment

References
ENERGY STAR Commercial Kitchen Package for businesses and operators,
[1] | https://energy.gov/eere/femp/energand-costsavingscalculatorsenergyefficientproducts Last
Accessed Jun. 3, 2018.
5 California Energy Wise Commercial Kitchen Energy Savings Calculators,
(2] https://caenergywise.com/calculatorkast Accessed July 30, 2019.
. FederalStandard: Title 10 Part 43Energy Efficiency Program for Certain Commercial and Indy
(3] Equipment; Section 431.66.
4 [Sep 10, 2019 mema2020PSD Foodservice Equipment Update Recommendations fitemo
(4] Energy Solutions
Notes
! The AHAMolume is the interior volume of a refrigerator as calculated by AHAM Standard
[1] Household Refrigerators/Household Freezers (ANSI/AHANI-2IRRE).
5 Actual full load hours should be used (when known) in the ENERGY STAR savings calculato
(2] 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

Energy and demand savings are calculated on a custom basis for da¢h¥IBE NN & A LISOAFAO aAlidzr GA2y ®
Savings are calculated as the difference between baseline energy usage/peak demand and the energy

use/peak demand after implementation of the custom measure. Energy savings estimates should be

calibrated against billing or metat data where possible to test the reasonableness of energy savings.

Also, the energy and demand savings analysis must be reviewed for reasonableness by eitkgarsythird

consulting engineer or a qualifiedhouse engineer.

The methodology for determing natural gas peak day savings is provided in Appendix One.

Note: The demand savings methodologies below provide a gross, reasonable estimate based on available
information. Final reported values are adjusted based on realization rates provided in Appendix Three.

Savings are calculated as the difference between basefieryy usage/peak demand and the energy
use/peak demand after implementation of the custom measure. The analyses for temperature and non

temperature dependent measures should use a regression or bin analysis method and normalize for
independent variablesush as temperature, production, etlElectric demand-savings-methodelegies are

eategen-z—ed—as—ie#ewb: Commented [KR90]:  Savings are calculated as the

difference between baseline energy usage/peak demand and
the energy use/peak demand after implementation of the

“ custom measure. The analyses for temperature and non-
temperature dependent measures should use a regression or
bin analysis method and normalize for independent variables
eaee rature); “ such as temperature, production, etc.

[ Formatted: Justified ]

Formatted: Justified, Indent: Left: -0.25", Outline numbered
+ Level: 1 + Numbering Style: 1, 2, 3, é + Startat: 1 +
“ Alignment: Left + Aligned at: 0.25" + Indent at: 0.5"

Temperature dependent measures: [Formatted: Justified, Indent: Left: 0" ]

Savings from individusgmperature dependent measures are typically determined by eitheloadl
hour analysis oBINtemperature analysis.

Full load hour analysis:

Summer and winter demand savings are calculated using an appropriately derived seasonal peak
coincidence factor. Coincident factors for various measures (and/or end use) are provided in Appendix
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.3 Lost Opportunity Custom

One. Demand savings will be determined by multiplying the connected load kW savings by the appropriate
coincidence factor.

Temperature BIN analysis:

Acorrelation was done between seasonal peak hours 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.

1.9 The summer seasonatéak demand savings shall be the difference between the weighted average{ Formatted: Bulleted + Level: 1 + Alignedat: 0.25" + Indent
demand of the top temperaturBINs that capture the majority of the ISTE summer seasonal 20
LIS K2dzZNA Ay (GKS LINS@A2dza GKNBS 2SI NBGwllT2NJ 6KS 61FaS FyR aSTFFA
be used for Bridgeport and &will be used for Hartford.

2.1 The winter seasonal peak demand savings shall be the difference between the weighted average
demand of the bottom temperaturBINs that capture the majority of the ISCE winter seasonal
LIS K2dzZNA Ay (GKS LINS@GA2dza GKNBS &SI NBGillF2NJ 6KS 6148 FyR aSTFFA
be used for Bridgeport and ZBwill be used for Hartford.

INon-temperature dependent measures:|

Demand Resource Seasonal Peak Hours are those hainislinthe actual, Redlime hourly load for
Monday through Friday on ndmlidays, during the months of June, July, August, December, and Januar
as determined by the ISQ, is equal to or greater than 90% of the most recent 50/50 sydtémaghea

forecast, as determined by the I1SO, for the appllcable summer or winter Qamd—savmgs-for

from

RUZEYBMP 2N gAYy GSNI aStaz
at are not

must be

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

O & Hﬁ Eﬁ

SKW= AnnualkWhsavinggWD - June July, Augus} , aRunhoursdunnngpm 6meDo
EquipmenRunhours(WD- June July, Augus} g 6 =
e i
WL W

i
AnnualkWhsavinggWD- DecembegrJanuary , aRunHoursdurlng4pm 9pmWDg
EquipmenRunhours(WD- DecemberJanuary g 5

WK/ =

Q
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.3 Lost OpportunitZustom

Note: The average demand savings methodology should only be used when the coincident factor
methodology cannot be used or is prdcticable.

Whole building performance:

Whole building performance shall be determined using a computer simulation model. Approved software
FYR Y2RStAy3 NBdANBYSyida I NB ALISOAFTASR o6& GKS /2YLIyYyASaQ LINRINIY

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 hours of
the year and the month when they occur, then that dathlvélused 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 hottest hours as described in the temperature
dependent section abové his assumes the hottest hours occur during June, July, 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 medbtracting the
average summer (i.e., June, July, and August) 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 coldesslas described in the temperature
dependent section above. 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., Dember and January) peak demand from the base model and 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 standardsisiithere

applicable code requirement, the assumption would be that no installation of any esasiigg measure

unless there was a study based on a statistically valid sample of similar installations to support a different
baselinelf projects are initiatedfter the new code adoptid)rlhen%@lECO’able C407.5.1(1)

must be used to evaluate the energy savimgas applicable codes and standairds.

Nomenclature
Table ZTT. Nomenclature

Symbol Description Units ‘ Values Comments
WD Weeldays Days
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.3 Lost Opportunity Custom

Changes from Last Version

a1 No Changes. « Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"

2020Program Savings Document Page |82



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 Seiftied commercialclotheswasher

Savings Methodology

Savings for this measure are calculated usingipeopriate water heating and dryer fuel source. The

basis of the savings is the CEE savings calciRafdi]. The usage per load by fuel source for baseline
(Federal Standard) and ENERGY -8@®iRed units were calculated based dRef [1). Using lhe 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) eFamily (1,241 Loads per
year)) or project specific infmation for any facility type. Installed energy use will be based on the

installed modified energy factor.

Note that the Federal Standard and ENERG Y-&F#fied requirements changed in 2013. There are now
separate Federal Standard levels for front loading and top loading washers. The CEE savings Refculator (
[1]) used for this measure was modified based on the new Federal Standard and ENERE&MEHAR
requirements.

Inputs
Table 2UU: Inputs

Symbol Description Units
N Number of Wits
Water Heating Fuel Source (i.e., electric, natural gas, propane, o
Dryer Fuel Source (i.e., none, electric, natural gas, or propang
Type of Facilityi.e., Laundromat or Mufttamily)

MER Modified Energy Facternstalled ft3/kWh/cycle
LDS Average Number of Loads per Week Loads/wk
WK Average Number of Weeks per Year wkiyr
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Nomenclature

SECTION TWO: C&I LOST OPPORTUNITY
2.6.4 Commercial Clothes Washers

Table 2vV: Nomenclature

Symbol Description Units ~ Values  Comments
AKWH Annual Electric Energy Savings kWh
AKWH Annual Electric Energy Savigd3ther kWh
AKWH, Annual Electric Engrgy Savigg¥ater KWh
Heating
ABTY Annual Btu Saving®©ther Btu
ABTW, Annual Btu SavingsWaterHeating Btu
ACCF Annual Natural Gas Savingtal ccf
ACCE Annual Natural Gas Savingsther ccf
ACCl | Annual Natural Gas Savimgd/ater Heating ccf
APG Annual Propane Savingotal Gallons
APG Annual Propane Saving®ther Gallons
APGy Annual Propane Saving$Vater Heating Gallons
AOGy Annual Oil SavingsWater Heating Lbs/h
0.872/
DKWH Dryer kWh per LoadBaseline kwh/Id 0.698 Note [1]
DKWHs Dryer kWh per LoagENERGY STAR kwh/Id 0.634 Note [1]
2,969/
DRBTY Dryer Btu- Baseline Btu/ld 2376 Note [1]
DRBTL) Dryer Btug ENERGY STAR Btu/ld 2,160 Note [1]
AGW Annual Water Savings Gallons/year
. 26.35/
Gal Gallons of WaterBaseline 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 pu[2]
MER Modified Energy Facteinstalled ft3/kWh/cycle Input
MEFs Modified Energy FactafENERGY STAR ft3kWh/cycle 2.2 Note [1]
N Number of Units Input
. Appendix
PDv Peak Day FactqrWater Heating 0.00321 pgne
PD Peak Day Savings ccf
WK Average Weeks per Year WKk/yr Input
0.116/
WKWH Washer kWh per LoaBaseline kWh/Id 0.093 Note [1]
WKBTUW WasherkBTUper Load Baseline kwh/Id 2,597 Note [1
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.4 Commercial Clothes Washers

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 Heatingsse\Dryer Savings

AKWH = AKWH} Washer+ AKWl_b eletricdrer + AKWF\;V— electric

& 0 & o

ERVKWH - WKWH,? MEFES§+§\/HKW|-A-WHKWI-453 MEFes%

~ & MER ¢ & MEFR &
AKWH=N? LDS? WK3 & u
& 3DKWH, - DKWH,? MEFesd u

4 et ;

Lost Opportunity 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 sourceaifossil fuel.

Annual Savings = Water Heating Savings + Dryer Savings

ABTU = ABTL{)— FossiIFutdryer"' ABTuN- fossilfue

a MEF,. 0

ABT =N3 LDS® WK3 HBTY - WHBTU3 £s
Uy direTY W 8
a MEF,. 8

ABTUy = N3 LDS® WK:3 gbRBTU, - DRBTU,¢® s
W PReT Wet 8

Savings by Fuel Source

Water heating:

ACCE, =—~BTUy
102900Btu/ ccf
AOG, = ABTU,
138690Btu/ Gal
_ ABTU,
APGy = 91330Btu/Gal
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SECTION TWO: C&I LOST OPPORTUNITY
2.6.4 Commercial Clothes Washers

Dryer:
ACCR, = _ ABTW,
102900Btu/ ccf
APG, = ABT Uy
91330Btu/Gal

Lost Opportunity Gross Energy Savings, Example

ExampleA newcommercialaundromat installs 25 new ENERGY SEARedfront loading washing
machines that have addified Energy Factof @.2. Thdaundromat has natural gas water heat and gas

dryers. Whagarethe energy savings?

Electric savings:
E MEF,

MEF,

MEF,, 0
© 0+ BVHKWH - WHKWH,?
¢

&
SRVKWH - WKW H,?

AKWH= N3 LDS3 WK3 &
grgaKWH) - DKWH,3

¢

MEF,

MEF. 8
MEF, 8

o Dryer and Water Heater Electric Usage = 0
o] N=25

of LDS x WK 2,190 (default loads per year)
o1 WKWH=0.093 kWh/lId

o WKWHs= 0.085 kWh/Id

o1 MERs= 2.2 and

o] MERF=2.2

AKWH = 253 2190° ?;@.093- 0.0853 %& (0- 0)+(0- o)'g: 43%Wh
& 2% u

Natural gas savings:
ABTU = ABTL‘!)— FossiIFuelryer+ ABTUN- fossilfue

4

86" 0 0OYou ®O8TY «w0s°Y —— ABTUy = N3 LDST WG VHBTY - WHBTU 3 —— &9
g MEF, ¢

06 cuchon cﬁuwxcﬁﬁ(pp—: p Gw¢hp ndmo o i
ABTU. =253 21003 % 597 2361 228-1292100Btus

C ’ 22+
ABTUy  _ 12921000Btus

Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"

06® _ 1 h O &)"@(‘(‘IZ =
7 7 PG W 102900Btu/ccf | 102900Btu/ ccf
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SECTION TWO: C&I LOST OPPORTUNITY

2.6.4 Commercial Clothes Washers

MEF., &
MEF,

ABTU, = N3 LDS? WK? ?@RBTL{, - DRBTU,?
¢

ABTU, =25°% 2190° %,376- 2160 %8=1182600(Btus
c 2+

h
h T h T

ABTU,  _ 11826000Btus
102900Btu/ccf  102900Btu/ ccf

PCH PPUCTED O RecE = ACCR + ACCH, =1256+115= 2406Ccts

=115C¢fs

606®

p pl O "ACCR, =
00® 00® 00®
|Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (winter and summer)l

Assumed to be zero.

Lost Opportunity Gross Peak Day Savings, Natural Gas

ACCE,

=————=—+PD, 3 ACCF,
365ayd yr B w

Lost Opportunity Gross Peak Day Savings, Example

00 ——— 00 06® 00 —— mnocPpcH TG OQ
PD ACCFO +PD _3 Af‘f‘E\N =-PD = 115 +0.003231 ’)I-'\R—ﬁ_7')f‘r-ﬁ:
365days/ yr 365ays/ yr

Non-energy impacts:

ENERGY STégttifiedwashers use less water than the base unit.

Water savings:
MEF,, &
MEF, 8

AGW = N3 LDS® WK3 z%BALb - GALyg?
%
Changes from Last Version
o{ _Nochanges

References

[1] https://enerqgy.gov/eere/femp/energand-costsavingscalculatorsenergyefficient
products Modified based on 2013 Federal Standard and ENERGY STAR requirements.
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Commented [SK94]:  Consider updating demand savings
algorithm based on mid-Atlantic TRM.

Other TRMs have considered demand savings for this
measure. CT PSD does not provide any explanations for the
zero savings assumption.

The Mid-Atlantic TRM provides coincidence factors for
residential clothes washer applications, which is used as a
proxy for laundromats and multifamily buildings. This value is
likely low for commercial applications like Laundromats as
they operate various times of the day, so there will demand
savings based on an updated coincidence factor. See
PSD2.6.4 Supporting Info.
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SECTION TWO: C&I LOST OPPORTUNITY
2.7.1 Cool Roof

Notes

[1] | Baseline (top loading/front loading) and ENERGY STAR usage values used in energy saving| -« [Formaned Table

calculation tool on website identified Ref [1]
[2] | Default loads per year flvaundromats and Mufimilyapplicationdrom Ref [1]

27 ‘E NVELOPE‘ [Commented [KR95]:  Remove from PSD

2.7.1 Cool Roof

Changes from Last Version

o1 This measure was discontinued in 2019 due to increase in code for baseline roof thermal « Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent

: 05"
emittance is now 0.75 sin@151ECC. The savings calculations no longer are applicable. =
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SECTN THREE: C& RETROFIT
3.1.1 Standard Lighting

SECTION THREE: C&| RETROFIT

3.1 LIGHTING

3.1.1 Standard Lighting

Description of Measure
Replacement of inefficient lighting with efficient lighting.
Savings Methodology

The energy and seasonal peak demand savings come from reduced fixture wattagduced cooling

load-and-use-of-occupancy-sensorhe baeline is the wattage and existing operating hours of the
fixtures being replacedNote [1]

The heat emitted by lighting will be reduced by the installation of more efficient lighting and, if sensors
are installed, lower hours of use. This will resuilténeased 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)
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Nomenclature

Table 3B: Inputs

SECTION THREE: C&l RETROFIT
3.1.1 Standard Lighting

ltem Description ~ Units  Values Comments
AKWH Annual Gross Electric Energy Savings kWh
\CE |Lighting Coincidence Factor from Appendix On Appendix Ode
ok [@eeupaney—Senseme;f;;denee—Faeter—#em—Appe —
COP Coefficient of Performance 3.5
F Fraction of IjightiAng Energy that lest be Remove(
UKS ClLOAfAUGEQa [ 2
G Estimated Lighting Energy Heat to Space Based 073 Note [3]
Modeling
H Facility Lighting Hours bfse Hours li';ep::;)c(llcl \g
HVAC Heating, Ventilation and Air Conditioning
kw Fixture Input kw
kW Electric Demand kw
N Number of Different Fixture Types with Occupan
Sensors
n Fixture Number
o Quantity ofFixtures of Type n that have Occupan|
Sensors
S Energy Savings due to Lighting Retrofit kWh
S Energy Savings from Qse of Occupancy Sensor KWh
applicable
S Energy Savings from Reduced Cooling Load| kWh
SKW Seasonal Summer Peakmmer Demand Savingy kW
Wh Input Watts for Fixture Type n Watts
WKW Seasonal Winter Peak Summer Demand Savin| kW

Retrofit [Gross Energy Savings, Electric

AKWH = Sr + Sc

AKWH=S, +Sos + S

Calculation of savings due to fixture retrofit:

S =(kW, - kKW, )* H

2020Program Savings Document
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Commented [SK97R96]:  Update reference: Source: C1635
Impact Evaluation of PY 2016 & 2017 Energy Opportunities (EC
Program. Review Draft Report. Prepared for CT EEB, June 202

Commented [SK96]:  C1635 evaluation report provides
updated summer and winter coincidence factosee Appendix.

{ Commented [SK99R98];

Commented [SK98]:
Sensor

Create separate measure f@rccupancy

Commented [SK102]:  For Multifamily: Hours = 6388; site
specific or default hours from Appendix 5
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SECTION THREE: C&l RETROFIT
3.1.1 Standard Lighting

o kWs = The total power usage of the lighting fixtures that are being replacedrdt\Energy “ {Formatg'ed: Bulleted + Level: 1 + Aligned at: 0.25" + Indent }
LYRSLISYRSYOS | v R-qyaSydgnubsiBof thdattuabviaBage(id used for the
baseline e Note [1).

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

o{_H=Facility lighting hours of use (site specific or Appendix Five)

ICaleulation-of savings-due-to-occupancy-sensers: Commented [SK105]:  Recommendation of moving this to
its own measur e, titled, ALi
_ 0.3H a [Commented [SK106]:

Commented [SK107R106]: Create separate measure for

Occupancy Sensor

TRC recommendation.

Commented [SK108]:  Update from 0.3 to 0.28 to align with }

{Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"

Commented [SK109]:  Add language: If a lighting control is
. . . . X P installed with a lighting retrofit, the new fixture wattage is used
Calculation of savings to remove excess heat produced by the new lighting fixtures. This is due to the G W i e i ST i 2 (e @)

reduced cooling required as the result of putting the new lighting in place:

Sc= Sx F/ICOP
A “ [Formatted: No underline ]
[Formatted: Normal, SpaceAfter: 0 pt ]
o -SSP F
_—___CopP

o F= Fraction of annual kWh energy savings that must be removed by the cooling system. If the {Fgrrga;ged: Bulleted + Level: 1 + Aligned at: 0.25" + Indent }
HVAC system includes an economizer, then F = 0.35. Othersdskable &. =
o1 COP= 3.5 Note [2).

Table 3C: Fraction okightingEnergy thaMustBe Removed bydeilid Q& [/ 22f Ay3d {28aGSY o6wST @HBDV

Building Area, A4t F

< 2,000 048
0.195A- 2,000
048+ —— " S
2,000¢ 20,000 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).

o{_Annual Oil Savings8.00016227®7129MMBtu per annual kwWh saved; and “ F?rrgastted: Bulleted + Level: 1 + Alignedat: 0.25" + Indent
at: 0.5"
o7 Annual Natural Gas Saving9000L.62273649MMBtu per kWh. Sedref [3].
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SECTION THREE: C&l RETROFIT
3.1.1 Standard Lighting

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

SKW = [CFL x (kWb - kWa) + (O x W /1000)] x (1 + G/COP)
WKW = [CFL x (kWb - kWa) + (O x W /1000)]

A

a N o]
e aOang ° G &
SKW=TF, 3 (5 kW, - 8 KW, )+CFogd ™2 s %+ = 8
%L (a. W - a A) os® 1000 g ? cop’
& 0
C -
N
aOan
WKW =CF, 2 (4 kw, - & kw,)+CF, .2 TS

ej]_]CEanGGEs—a#e'_sthe lighting (Clf and-eceupaney-sensor{fgreoincidence factaﬂ

(summer/winter) taken from Appendix One.

o G=0.73 Note [3).
o1 COP= 3.5 Note [2).

Non-Energy Impacts

0O&M savings due to the installation of new equipment.

Changes from Last Version

of Nochanges

References

AN

| Formatted Table

[ Formatted: Centered ]
[Formatted: Font: Not Bold, Not Italic ]
[Formatted: Normal, Centered, SpaceAfter: 0 pt ]

Commented [SK112]:  If a new measure is created for
occupancy sensors, this should move with it

{Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
at: 0.5"

{Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent }
at: 0.5"

Formatted: Font color: Text 2

Formatted: Line spacing: single

dThe source of the equation fetSy R i K S

2] RSNAGI GA2Yy 2F (GKS @l
and HVAC Interactiobs ! { | w! 9 \@3 dgNded iy KCPLILI® M ™
[3] | DNV GL (2017). Impact Evaluation of PY2015 Massachusetts Commercial and Industrial Upstred

Lightinglnitiative. DNVGL 2017 Upstream_Lighting_Impact Evalldéssachusetts Technical

Reﬁerenee—Manual—%%Z—ng;am#ear—p—[ 170.
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Commented [SK113]:  Reference update: DNV KEMA (2014)
Retrofit Lighting Controls Measures Summary of Findings FINA
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SECTION THREE: C&l RETROFIT

Notes

[1] | To account for the EISA of 2007, the baseline for existing (installed) General Service bulbs sf < ( Formatied Table

based orhigh-efficiency incandescent bulbs (such as halogens). Therefore, if the existing
incandescent bulb is not a halogen%@& actual installed wattage is used for the baseline
calculation. General Service bulbs are defined as medium base bulbs that are intended for gg¢
service applications as specified in the EISA of 2007.
[2] | Estimated based on Connecticut Code.

[3] | An analysis was conducted by Wood, Byk, and Associates, 829 Meadowview Road, Kennett
PA 19348, an engineering firm which was utilized to provide technical support for C&LM prog
The analysis was based on a E2Gfefault analysis and informatiaras provided to David Bebrin
(Eversource) on Aug. 17, 2007.
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3.1.2 Refrigerator LED

Description of

The replacement of older fluorescent lighting in commercial display refrigerators, coolers, and freezers

Measure

with LED lighting.

Savings Methodology

The savings are based on the wattage reduction achieved by replacing fluorescent lighting with LED

SECTION THREE: C&| RETROFI
3.1.2 Refrigerator LED

lighting. Interactive refrigeration savings are also achieved due to the reduced heat loads associated with
lighting power reduction from moreféfient lighting.

Inputs

Table 3D: Inputs
Symbol Description Units
EER Energy Efficiency Ratio of Refrigeration Units|
Hh Lighting Annual Run Hours Hours
N Number of Lights
L Ballast Location Factor
ni? Reduction in Power for Each Light kw

Nomenclature

Table 3E: Nomenclature

Symbol Description Units | Values Comments
ACOP lAverage Coefficient of Performance
AKWH Annual Gross Electric Energy Savings kwh
CE Seasonal Peak De.mand.Coincident Factor for Appendix
Refrigeration One
COP Coefficient of Performance Note [1]
EER Energy Efficiency Ratio Note [1]
AKW Kilowatts, Average Demapd Savings for both Sum KW
and Winter
L Ballast Location Factor
N Number of Lights
Hhh Lighting Annual Run Hours
ni?2 Reduction in Power for Each Light kw
2020Program Savings Document Page |94
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SECTION THREE: C&l RETROFIT
3.1.2 Refrigerator LED

Retrofit Gross Energy Savings, Electric

AKWH= N3 DkWe hs S+—= 8
¢ ACOP=
o ACOR- 2.03 for freezers and 2.69 for coolers (used for interactive effiits).[1] - 'Forrga;ted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent |
at: 0.5"
o If existing EERs are availatiien ACOP = Average EER/3.¥18ere Average EER = Full Load : ’

EER/0.85
of L= 1if ballast is located in refrigerated area, 0 if not in refrigerated area, and 0.5 if unknown.
o _For open case refrigerators, the coefficient of performance and ballast locattonvalues
AK2gy 0208 Ydzali 068 dzaSR® hyteé tAIKGAYy3I aldgay3ada NS OtlFAYSR |y

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

. I
AKW = N3 Dkws 4+ CF° L8
¢ COP=:

a1 COP= 1.72 for freezers and 2.29 for coolers (used to calculate interactive affatis)1] - Formatted: Bulleted + Level: 1 + Alignedat: 0.25" + Indent
at: 0.5"

b.1 If existing EERs are availathen COP = EER/3.4132 A Y OA RSy OS CI QG 2N& 6
assumed to be the same for both winter and summer.
e L=1, ifballast is located in refrigerated area, O if not in refrigerated area, and 0.5 if unknown.

Changes from Last Version

o No changes. < Formatted: Bulleted + Level: 1 + Alignedat: 0.25" + Indent
at: 0.5"
Notes
[1] | Refrigeration interactive factors are based on communications* with the Nicholas Group, P.C. | (Formatted  Table )

and CORalues are derived from ASHRAE handbook [2009 ASHRAE Harfelnoddmentals, 2.3 (13
for refrigeration equipment as well as experience from submitted projects.
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SECTION THREE: C&l RETROFIT
3.2.1 WateiSaving Measures

3.2 HVAC & WATER HEATING

3.2.1 Water-Saving Measures

Description of Measure

[Thismeasure replaces«stingxisting prerinse spray valves, shower heads, and faucet aerators. If existing
information not available, use default existing conditions based on the DOE's online savings calculator:
https://www.energy.gov/eere/femp/energgostcalculatorfaucetsandshowerhead€#output pre-rinse

a L valua hower head nd Laaaio with-uniteh have -an-averaaeflow “Wa 6-apn (Or

Savings Methodology

Commented [SK117]:  Use actual installed GPM. If actual
. ) . installed GPM is not available, use minimum program
Spray valve savings are based on the results of a replacement program in C&ébfdia Showerhead requirements value.

and faucet aerator savings are basedRefi [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 Energy Sav

AKW] .
e ¢ Water Heating

KWh Ref [1]

Annual Natural Gas Consumption|
RO Water Heating ccf Ref [1]

gpm Gallons per Minute
POy Peak Dagavings ccf
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SECTION THREE: C&l RETROFIT
3.2.1 WateiSaving Measures

[Retrofit Gross Energy Savings, El ectric\ Commented [SK118]:  Recalculate savings based on the
updated baseline and installed GPM vali@mvide a default

. . . . . . deemed savings value where project/sitpecific information is no
If hot water is supplied via an electric wateater, then energy savings are as shmaw Table 2H. available.

Table 3H: Energy Saving<lectric Water Heater (Spray Valves and Aerators)

Spray Valves
Facility Type AKWH, per Spray Valve
Grocery 126 kWh
Non-Grocery 957 kWh
Showerheads/Faucet Aerators (Note [1])
Type AKWH, per Unit
Showerhead 507kWh
Aerator 309 kWh
IRetrofit Gross Energy Savings, Fossil Fuel\ Commented [SK119]:  Recalculate savings based on the
updated baseline and installed GPM values. Provide a default
. . ) ) i deemed savings value where project/sipecific informatioris not
If hot water is supplied via a natural gas water he#ite@n annual energy savings @®shown in Table 3 available.

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

Spray Valves

Facility Type ACCly per Spray Valve

Grocery 5.3ccf(5.5 Therms)
Non-Grocery 40.8ccf(42 Therms)

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

Showerhead 27.2ccf(28 Therms)

Aerator 16.5ccf(17 Therms)

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

Assumed to be zero.

Retrofit Gross Peak Day Savings, Natural Gas

PD,, = PDF,,® ACCF,, =0.0032F ACCF,,
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SECTION THREE: C&l RETROFIT
3.2.1 WateiSaving Measures

Table 33: Retrofit Gross Peak Day Savings (Spray Valves and Aerators)

Spray Valves

Facility Type AKWH, per Spray Valve
Grocery 0.0172ccf
Non-Grocery 0.1310ccf

Showerheads/Faucet Aerators (Note [1])

Type AKWH, per Unit
Showerhead 0.0811ccf
Aerator 0.0530ccf

Non-Energy Impacts

Water savings are estimated to be:

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

Facility Type
Grocery

Spray Valves

Gallons per Year
1,496

Non-Grocery

8,603

Showerheads/Faucet Aerators (Note [1])

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

Changes from Last Version

of Nochanges

References

(1]

Impact and Process Evaluation Final Report for California Urban Water Conservatior2Go4&ci
PreRinse Spray Valve Installatrogram (Phase 2), Feb. 21, 2007. Tal8le 26.

(2]

CSRSN}If 9ySNHe& alyl3aSySyid tNRIANIY o6acC9at £
Showerheads. Available atips://www.energy.gov/eere/femp/energgostcalallator-faucetsand
showerhead<).

Notes

(1]

Savings for showerheads and faucet aerators are based on the default usage asfReh§2] i@n
average, faucets are assumed to run 30 minutes per day, 260 days per year. Showerheads ar
assumed to run 20 minutes per day, 365 days per Refr[2Jand actual usage values should be
used, when known, in lieu of default savings values.
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SECTION THE: C&l 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 softRafd1] with 50°F ambient temperature and 180°F
fluid temperature. If the difference between the actual average ambient temperature and fluid
temperature varies significantly from this difference (130°F), the savings should be scal]hdeming
interpolation® ¢ KS K2dzNI & KSI G f2aa 664l [£0 &F@Aay3a LISI
sizes/material are provided Table 3. For parameter values not listed in the PSD, heat loss values will
be calculated using 3E Plus.

Table 3L: Hourly Heat Lo&avings per Linear Foot of Pipe Insulation

0.5 Polyethylene Foam Tube 40 47 50 52
0.75 Polyethylene Foam Tube 50 57 61 63
1.0 Polyethylene Foam Tube 62 73 77 79
1.25 Polyethylene Foam Tube 76 88 96 98
1.5 Polyethylene Foam Tube 86 103 109 113
Cpper 2.0 Polyethylene Foam Tube 110 127 135 139
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
15 Mineral Fibers 97 111 115 119
2.0 Mineral Fibers 123 137 142 145
0.5 Polyethylene Foam Tube 47 54 57 59
0.75 Polyethylene Foam Tube 59 66 71 73
1.0 Polyethylene Foam Tube 74 84 88 91
1.25 Polyethylene Foam Tube 91 103 111 113
Steel 15 Polyethylene Foam Tube 103 120 126 130
2.0 Polyethylene Foam Tube 132 149 156 160
0.5 Mineral Fibers 54 59 62 63
0.75 Mineral Fibers 67 72 75 7
1.0 Mineral Fibers 82 91 94 96
1.25 Mineral Fibers 101 111 117 118
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15 Mineral Fibers 114 128 132 136
2.0 Mineral Fibers 144 158 164 167
Inputs
Table 3M: Inputs
Symbol Description Units
Nominal Pipe Size Diameter Inches
Insulation Material
Insulation Thickness Inches
L Length of Insulation Linear Foot
Heating Fuel Type (Oil, Natural Gas

Nomenclature

rTabIeS-N: Nomenclatuﬂe Commented [SK121]:  For multifamily: General
recommendations include expansion of the measure to

- ! incorporate DHW and chiller pipe insulation savings. If
expansion agreed -

ACCF Annual Natural Gas Savings CCF Add rows for MF DHW and Chiller efficiency defaults:
- n DHW Efficiency (thermal efficiency) = 92%
Multifamily Chiller Efficiency (EER) = 11.4

chillers should

EELH Equivalent Heating Ftilbad Hours for the Hours %ppendlx use CHWP &

Facility Type F'wd Cooling Towers
EFLH ir\ppendix
Five
HL Heat Loss Savings per Linear Foot of P{  Btu/ft/hr Table 3L
L Length of Pipe Being Insulated Linear ft

Use sitespecificAnnual Fuel Utilization
Efficiency AFUE) if available. In unknow

AFUE .
v use defauldnnual-Fuel-Utilization [0 8Q
Efficiencyalug Estimated Boiler Efficienc
PD Peak Day Savings Natural Gas ccf

Hours Hours assumed for Multifamily DHRéf [2] Hours 8,760
Retrofit Gross Energy Savings, Fossil Fuel
Annual natural gas heating savings:

' ##&(,Pﬂ@&, (n ACCE= HLx EFLH L
b e hRrew (102,906 0.80)
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Annual oil heating savings:

U ( poge HXEFLH |

pouhmenwt - (138,6960.80)

Retrofit Gross Energy Savings, Example

Examplehy S Ay OK 6 mé 0 (-04infulationigas idstaltedoh A00 feétimsnlated hot
water heating supply pipe (copper). The pipe nominal size is 1 inch and is located in unconditioned space
of an office/retail type business. Whathe energy sa@ngs resulting from adding the insulation?

Based on thelata and using Tablel3 the corresponding HL savings is 73 Btu/ft/hr. The length of pipe
being insulated E100 ft. Using Appendix Five (hours of use), heating EFLH for an officepatait
1,248.

Using the savings formula:

(P&, ( xXFpcry X
!##&pncﬁmmwe‘[ pmﬁm@wlipnnppn&Bx#AﬁE
_ HLxEFLH _ 73x1248

(102,9060.80) (102,906 0.80)

Retrofit Gross Peak Day Savings, Natural Gas

| ## ACCF
0% — =
&, }% EFLH
Changes from Last Version
oY No changes_ « {Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent }
at: 0.5"
References
[1] NAIMA, 3E Plus software tool, Version 4.1, Rel. 2012. I
[Formatted Table ]
[2] R1705/R1609 Multifamily Baseline and Weatherization Study [« [Fo,maned; Left ]
https://www.energizect.com/sites/default/files/R1705
1609%20MF%20Baseline%20Weatherization%20Study Final%20Report 10.1
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3.2.3 Duct Sealing

Description of Measure

Seal ducting located in unconditioned spaces. This measapplisable to buildings that are similar to a
residential construction or buildings where performing duct blastdslower door testing is practical.

Savings Methodology

Refer to the duct sealing measure in the Residential Secttbe 8020 PSDmanual(Measure 4.29).

Changes from Last Version

o1 No changes - {Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent ]
at: 0.5"
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3.2.4 Duct Insulation

Description of Measure

Installation oB—GinsuIation on ducting located in unconditioned spaces in commercial buildings.

Savings Methodology

The savings were determined using 3E Plus v4.1 softRefl]. The savings are based on insulating
existing bare ducting with-®insulation Ref[2]). Savings presented in Tat$O and 3P are for example
purposes only and should only be used when the parameters (inputs) match the inputs here (like average
air supply/return temperatures are 13065°F for heating). For all other scenarios, thes8ffware or a

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

Table 30: Assumed Temperature Conditions

Supply Return

Duct Season Ambient Air Air
Location Temp (°F) Temp
(°F)
. Heating 30 130 65
Attic
Cooling 120 50 80
Heating 50 130 65
Basemen -
1 Cooling 70 50 80

Table 3P:Heat Transfer Rates per Hour pé&rok Insulation

Duct BTUH (Bare) | BTUH(Insulated F5)
Location | Heating Btu/hr/®  Cooling Btu/hr/ft ‘ Heating Btu/nr/ft = Cooling Btu/hr/it

ST 132.34 25.22 12.04 2.73
Basement

Return 18.12 ; 2.03 ;
Basement

Sy 167.14 Ll Ll 14.67 10.42

Attic

Return 45.86 61.93 4.63 6.18

Attic
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Inputs
Table 30Q: Inputs
Symbol Description
A Insulation Area in Square Feet

Heating Bel/Heating System type (e.g., electric heat pump, natasaiugnace)

Nomenclature

Table 3R: Nomenclature

Symbol Description Units Values Comments

AKWH Annual Gross Electric Cooling Savings kWh

AKWH Annual Gross Electric Heating Savings kWh

BTUK, Cooling Heat Transfer Rate of Insulated Ductin| Btu/hr/ft? Table 3P

BTUH, Cooling Heat Transfer Rate of-idaulated Ducting | Btu/hr/ft? Table 3P

BTUHa Heating Heat Transfer Ratelon$ulated Ducting Btu/hr/ft? Table 3P

BTUH, Heating Heat Transfer Rate of-sulated Ducting | Btu/hr/ft? Table 3P
Use sitespecific
heating system COHR
if available. If
unknown, use
default of

COR Coefficient of Performance of Heating Equipmer  Unit-less = ) LOfor e [ Formatted: _SpaceAfter: 0 pt. No bulets of numbering
Electricrurnace
2 2.4 foffer “l { Formatted: SpaceAfter: 0 pt, Add space between
Heat Pump paragraphs of the same style, No bullets or numbering
3 Qfor | [ Formatted: SpaceAfter: 0 pt, No bullets or numbering
GroundSource Heat
Pump

EFLH Equivalent Heating or 900I|ng Hidd Hours for the Hours Foenhs She

Facility Type
A Insulation Area in Square Feet
ACCF Annual Natural G&8avings CCF

Retrofit Gross Energy Savings, Electric

Annual gross electric heating savings for electrically-heated buildings:

AKwH, = (BTUR,- BTUH,) EFLH? A
3412 COP,
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Annual gross electric cooling savings for building equipped with central A/C or heat pump:

(BTUH,, - BTUH,)3 EFLH3 A

AKW
e = 3412 35
Where:
3412= converts Btu to kWh
4.3.5 = Use sitespecific cooling svstem COP if avallable If unknown, use default of 3.5 forcentr Formatted:  Outline numbered + Level: 2 + Numbering Style:

OP 1,2,3,é + Startat: 5+ Alignment: Left + Aligned at: 0.25"

A/C or heat pum + Indent at: 0.5"
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Retrofit Gross Energy Savings, Fossil Fuel

Annual gross natural gas savings, natural gas heated buildings:

Where: ‘

W%ﬁma&ed—hea&h;g—eqmpmem—eﬁieie]ncy < Commented [SK131]:  Use site-specific heating system

. e . . . . . efficiency if available. If unknown, use default of 80% for
Use sitespecific heating system efficiency if available. If unknown, use default of 80% for boilers, 78% for| piers, %’8% for natural gas and propane furnaces, -

natural gas and propane furnaces, and 76£il furnaces. for oil furnaces.
[Formatted: Heading 5, Left ]

For Natural Gas Conversion use 102,900 Btu/ccf

For Qil Conversion use 138,690 Btu/gallon

For propaneconversion use 91,330 Btu/gallon

Retrofit Gross Energy Savings, Example

ExampleR6 insulation was installed on 108 éf bare supply ducting located in the basement of a small
retail store. This system utilizes a heat pump andigesvboth heating and cooling/hatisthe savings?

Annual gross electric heating savings:

e From Table &: BTUR=132.34 < Formatted: Bulleted + Level: 1 + Aligned at: 0.25" + Indent
t 0.5"

o From Tabl&-P: BTUK=12.04 z

o1 _From Appendix Five: EFLH heating =1248 hr

of A= 100 f& and

o{_From Nomenclaturd@able 3R: COFfor heat pump = 2.0

Annual gross electric cooling savings:
- 3 3
AKWH, = (BTUH,, - BTUH_,)3 EFLH3 A
3412 35

e From Table ®: BTUR= 25.22 « Formatted: Bulleted + Level: 1 + Alignedat: 0.25" + Indent

at: 0.5"

e From Table ®: BTUH=2.73
o{_FromAppendix Five: EFLH cooling =; 29

2020Program Savings Document Page |106
















































































































































































































































































































































































































































































































































































































































































































































































































































