Version Date : 10/31/2016

energize {:T _
CONNECTICUT EVERS=URCE » ‘
PR R N ENERGY Ul SCG CNG

smart ene 2rgy ch oices

Connecticut Program Savings Document

12" Edition for 2017 Program Year

UIL Holdings Corporation Eversource Energy
180 Marsh Hill Road PO Box 270
Orange, CT 06477 Hartford, CT 06141

877-WISE-USE www.uinet.com 877-WISE-USE www.eversource.com



http://www.uinet.com/

Version Date : 10/31/2016

{page intentionally blank}

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 2



Version Date : 10/31/2016 TABLE OF CONTENTS

TABLE OF CONTENTS
TABLE OF CONTENTS ..ottt s 3
CONTRIBUTORS ..ot e e 6
INTRODUCTION ...ttt s 7
L1 PURPOSE ...t s e 7
1.2 ORGANIZATION. ..ottt ettt ettt sttt bt ettt et be e b sae b eaeennen 8
1.3 BACKGROUND ..ottt ettt sttt st sttt et st sbe st e ennes 9
1.4 SAVINGS CALCULATIONS ....ooiiitiiiitieteeeteneeene sttt sttt sre et eanens 10
1.5 MAJOR CHANGES FROM 2016 ......oouiiiiiiieieieniiienienieeieeeeieteresre ettt sre e eanens 12
1.6 GLOSSARY ..ottt sttt st sttt et ettt 13
C&I LOST OPPORTUNITY ..ottt ettt st sttt st st st naenes 19
2.0 LIGHTING ...ttt s sttt s st 19
2.1.1 STANDARD LIGHTING ....c.cccuiiiiiiiiiiiiiiiieieeteeeceeeeece sttt 19
2.1.2 UPSTREAM LIGHTING......c..ccciiiiiiiiiiiiiiiiiiiiiteiceeeeeeee sttt s 28
2.2 HVAC & WATER HEATING. ......cccioiiiiiiiiiiiiiicicceciese et 31
2.2.1 CHILLERS ..ottt sttt s s 31
2.2.2 UNITARY AC & HEAT PUMPS ......c.ooiiiiiiiice e 35
2.2.3 WATER AND GROUND SOURCE HP ......cccciiiiiiiiiicciec e 39
2.2.4 DUAL ENTHALPY CONTROLS ... 42
2.2.5 VENTILATION CO2 CONTROLS ... 43
2.2.6  GAS FIRED BOILER AND FURNACE .......cccooiiiiiiiiiieiccieceeee e 44
2.277 GAS RADIANT HEATER ...t e 46
2.2.8 GAS FIRED DHWH ....c.cociiiiiiiiiiiiiiiiiciciet ettt s 48
2.3 MOTORS AND TRANSFORMERS ......ccoccoiiiiiiiiiiiiiiiiieceeee e 52
2.3.2 LOW VOLTAGE DRY TYPE DISTRIBUTION TRANSFORMERS ..........cccccecvvivnnnns 52
2.4 VARIABLE FREQUENCY DRIVES......ccciiiiiiiiiiiiiint e 53
2.4.1 HVAC VED .ottt s st 53
2.6 OTHER ..o ettt s et eeeeaeneae 55
2.6.1 LEAN MANUFACTURING .....cccoiiiiiiiiiiiiietct ettt e 55
2.6.2 COMMERCIAL KITCHEN EQUIPMENT .......cccecoiiiiiiiiiiieieiecre e 58
2.6.3 LOST OPPORTUNITY CUSTOM.......cociiiiiiiiieiieit ittt 60
2.6.4 COMMERCIAL CLOTHES WASHERS ......cccoiiiiiiieceeeeeee e 63
2T ENVELOPE L.ttt e s s 67
2.7.1 COOL ROOF ..ottt e 67
C&I RETROFIT ...ttt st s s et 70
BT LIGHTING . ...ttt st s s s e 70
3.1.1 STANDARD LIGHTING ......ooiiiiiiiiiiiiiieiiieenceecteee sttt 70
3.1.2 REFRIGERATOR LED ......cciiiiiiiiiiiiiiiiiieieien ettt s s 73
3.2 HVAC & WATER HEATING.....cc.ioiiiiiiiiiinicieeeeeeseete sttt st 75
3.2.1 WATER SAVING MEASURES ..ottt 75
3.2.2 PIPE INSULATION......coiiiitiii ettt et s e s 78
3.2.3 DUCT SEALING ..ottt sttt ettt ettt 81
3.24 DUCT INSULATION ..ottt sttt ettt 82
3.2.5 SET BACK THERMOSTAT ..ottt 85
3.2.6 STEAM TRAP REPLACEMENT .....ccoooiiiiiiiiiiiieieieeeete et 87
3.2.7 BLOWER DOOR TEST (SMALL C&I) ...c.ooouiririiiiiiiieieieniisineceeeeeeesiee e 90
3.2.8 ADD SPEED CONTROL TO ROOFTOP UNIT FAN.....ccccccevimininiiieieienineneeeeeeeee 93
3.2.9 COMMERCIAL KITCHEN HOOD CONTROLS ........ccccoiiiniininininieeeienieese e 95
B3 OTHER ..ot et et 97
3.3.1 CUSTOM MEASURE ......cciiiiiiiiiiieieieeen ettt s e 97
3.4 REFRIGERATION ......ooiiiiiiiiiiiitite ettt sttt 100
3.4.1 COOLER NIGHT COVERS .......cioiiiiiiiiiiiiici e 100
3.4.2 EVAPORATOR FAN CONTROLS .......cccooiiiiiiiiiiiiiccccecee e 102
3.4.3 EVAPORATOR FANS MOTOR REPLACEMENT .......ccccccooiiiiiniiiiiiiciicccccee 105

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 3



Version Date : 10/31/2016 TABLE OF CONTENTS

3.4.4 DOOR HEATER CONTROLS .....ccocciiiiiiniiiiniicerteeesiete ettt 107
3.4.5 VENDING MACHINE CONTROLS .......ccooiittiiieiniieteteneseeeiesetei e e 109
3.4.6 ADD DOORS TO OPEN REFRIGERATED DISPLAY CASES.....ccccoevininininenienne 112
RESIDENTIAL ..ottt ettt ettt bbbttt be b ebe e eneen 114
4.1 LIGHTING ..ttt sttt ettt bbbt ettt be st ebeebeenean 114
4.1.1 LIGHT BULB ...ttt sttt st sttt ebe e 114
4.1.2 LUMINAIRE .....ooiiiiiii ettt bbbttt st ebe e eaeen 125
A2 HVAC et et e 133
4.2.1 ENERGY EFFICIENT CENTRAL AC....cccccooiimiiiiniiienctieneeseeeeseeee e 133
4.2.2 HEAT PUMP ..ottt ettt sttt s 137
4.2.3 GEOTHERMAL HEAT PUMP.....cciiiiiiiiiiiiiieneeetseet et 141
4.2.6 ELECTRONICALLY COMMUTATED MOTOR .....cccoceoiiimiiiiniiiineneeeneneeeseeeeee 144
4.2.9 DUCT SEALING......cotititiiiinteiet ettt ettt sttt sttt s 147
4.2.12 HEAT PUMP — DUCTLESS ...ttt sttt 151
4.2.13 PACKAGE TERMINAL HEAT PUMP.....coiiiiiiiiiiiiiiicereeseeeeee et 156
4.2.14 QUALITY INSTALLATION VERIFICATION ....cccoociiiiiiiininieienieeeeerese e 161
4.2.15 DUCT INSULATION....ccutittiteieieeste ettt sttt st st sbe e 166
4.2.17 BOILER ...ttt sttt ettt s b e eb ettt be bt bt enean 169
4.2.17a BOILER alternate methodOlOgY ........c.cocverieiieriieiieie ettt eie e eve e seee e sseesseenne e 175
4208 FURNACE ...ttt b e sh ettt be bt b eseenean 181
4.2.18a FURNACE alternate methodology .........ccoveiieiiiiiiiiiiieieeeeeee e 186
4.2.19 BOILER RESET CONTROLS ......cooititiiiiinieieeneet ettt sttt s 190
4.2.20 ECM CIRCULATING PUMP .....cciiiiiiiiiiiiiiiie ettt sttt 191
4221 WIFITHERMOSTAT ..ottt sttt 192
4.2.22 CLEAN TUNE AND TEST ..otoiiiititetiereeree ettt sttt e 194
4.3 APPLIANCES AND CONSUMER GOODS .....c.oooiiiiiiiriiieeneeseeiteteee e 196
4.3.6 ROOM AIR CONDITIONER ....cc.cociiiiiiiiiiientierteeeeeetee ettt 196
4.3.7 CLOTHES WASHER ......ooiitiiit ettt 200
4.3.8 DISHWASHER ....ooiiiiiiiiieeee ettt ettt ettt ebe e nean 212
4.3.9 REFRIGERATOR ..ottt et sttt st s 219
4.3.10 CLOTHES DRYER ....ouiiitiitiieieee ettt st 227
4312 FREEZER ..ottt st sttt sttt 230
4.3.13 DEHUMIDIFIER ......ccoctitiiitiriiietertete ettt sttt sttt sttt 236
4.3.14 ELECTRONICS ..ottt sttt sttt sttt 241
4.3.15 ADVANCED POWER STRIPS ..ottt 243
AAENVELOPE ..ottt sttt sttt s b et sttt ee 244
441 REM SAVINGS ..ottt ettt sttt sttt sttt sttt ee 244
4.4.4 INFILTRATION REDUCTION TESTING (BLOWER DOOR TEST) ...ccccoceveverinnneee 246
4.4.8 WINDOW REPLACEMENT .....ccoiiiitiiiiieesteese ettt 250
4.4.9 THERMAL ENCLOSURE ......cccootititiiiieeeest ettt 254
4.4.10 INSTALL STORM WINDOW ....ccoiitiiiiieiieieniinie ettt sttt sae st eneeneenean 257
4.4.11 INSULATE ATTIC OPENINGS....ccoittiiiieieiteee ettt sttt s 260
4.4.13 INFILTRATION REDUCTION (PRESCRIPTIVE)......cceoceoiiiiiinieeineeeeee e 263
4.4.14 WALL INSULATION ....oooiiiiieititeriettsestett ettt sttt sttt sttt st sttt 265
4.4.15 CEILING INSULATION ..ottt sttt sttt st 270
4.4.16 FLOOR INSULATION .....cciiiiiiiiiiiieiisienteiteiete sttt sttt st sttt sne e e 275
4.4.17 NEW CONSTRUCTION DUCT AND ENVELOPE TESTING .....ccccocecvrenirenieinenn 279
4.5 WATER HEATING......oooieitiiiiettiteiete ettt sttt sttt sttt sttt ene e 285
4.5.1 WATER HEATER THERMOSTAT SETTING ....coccvtiiiieriieieecie et sveesvee e 285
4.5.2 WATER HEATER WRAP ...ttt 288
4.5.3 SHOWERHEAD......ccoiiiitiiite ettt sttt st at ettt st et sae b eseenean 290
4.54 FAUCET AERATOR ....oouiitiiieiiet ettt sttt st 293
4.5.7 FOSSIL FUEL WATER HEATER .....coiiiiiiiiiie et 297
4.5.8 HEAT PUMP WATER HEATER ....ccceoiiiiiiiiiie ettt 299
4.5.9 PIPE INSULATION ..ottt sttt ettt ettt st st 302
4.5.10 SOLAR WATER HEATER ......cccooitiiiiiiiiiieniese ettt 306
4.6 OTHER ..ottt et st 307

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 4



Version Date : 10/31/2016 TABLE OF CONTENTS

4.6.1 RESIDENTIAL CUSTOM ...ccoooiiiiiiiiiieieientestene ettt sttt s 307
4.6.2 BEHAVIORAL CHANGE ......ooiiiiiiiiiiieiceeecet ettt 308
APPENDIX 1. PEAK FACTORS ......coiiiiiiiiiiiiccctec e 311
APPENDIX 2. LOAD SHAPES ... 313
APPENDIX 3. REALIZATION RATES ..o 314
APPENDIX 4. LIFETIMES .......cciiiiiiiiiiiiiiieec e 321
APPENDIX 5. HOURS OF USE .....ccociiiiiiiiiiiiiiiice e 330
APPENDIX 6. NON-ENERGY IMPACTS .....cccciiiiiiiiiiiiiicecee e 332
APPENDIX 7. NOMENCLATURE ......cciiiiiiiiiiiininieteteetetesie ettt 333

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 5



Version Date : 10/31/2016 CONTRIBUTORS

CONTRIBUTORS

The following individuals (listed alphabetically) were the primary authors of the Program Savings Document (PSD).

Vinay Ananthachar, P.E. (Eversource Energy)
Joseph Bebrin (UIL Holding Corporation)
Philippe Huber, M.S.M.E. (UIL Holding Corporation)
Richard Oswald (UIL Holding Corporation)
Ghani Ramdani, CEM (Eversource Energy)
Joseph Swift (Eversource Energy)

In addition, the many other contributors from the Companies that provided input, technical assistance, and review of the

PSD must be acknowledged. This list includes, but is not limited to, Program Administrators, Managers, Information
Technology staff, and other project staff.

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 6



Version Date : 10/31/2016 1.1 PURPOSE

INTRODUCTION
1.1 PURPOSE

Purpose

This Program Savings Documentation (PSD) manual provides detailed, comprehensive documentation of resource and
non-resource savings corresponding to the Energy Efficiency Fund program and individual Conservation and Load
Management (C&LM) program technologies. The PSD manual fulfills the former Connecticut Department of Public
Utility Control’s (DPUC’s) requirement to develop a Technical Reference Manual (Docket NO. 03-11-01PH02, DPUC
Review of CL&P and UI Conservation and Load Management Plan for Year 2004 — Phase II, July 28, 2004). Savings
calculations detailed in this document are used by Eversource Energy (“Eversource”) of Connecticut, The United
[lluminating Company (“UI”’), Connecticut Natural Gas Corporation (“CNG”) and The Southern Connecticut Gas
Company (“SCG”), hereinafter referred to as the “Companies.”

The Companies have worked together during the past several years to develop common engineering assumptions
regarding measured savings for all types of energy-efficient measures. This manual is a compilation of those efforts. In
addition, the results of program impact evaluations have been incorporated by the Program Administrators. As a result,
all C&LM savings claims will be traceable through cross-references to this manual. The manual is reviewed annually and
updated to reflect changes in technology, baselines, measured savings, evaluation work, and impact factors.

The C&LM savings calculations in this manual represent typical measures and the prescriptive calculations used for 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
models must be used. Third-party engineering consultants may be contracted to run simulations and create these
spreadsheets; all simulations and spreadsheets are reviewed for reasonableness.

Legislative Imperative

Public Act 05-01, June (2005) Special Session, “An Act Concerning Energy Independence” (the “Act”) established a
Class III portfolio standard requirement for electric suppliers and electric distribution companies. Following the passage
of the Act, the DPUC held a proceeding to develop Class III Renewable Energy Credit standards (Docket NO. 05-07-19,
DPUC Proceeding to Develop a New Distributed Resource Portfolio Standard (Class I11)). Based on the DPUC Final
Decision in that Docket, the Energy Efficiency Fund program and C&LM’s technical reference manual must be used as
the basis to calculate energy efficiency savings for both C&LM and non-C&LM funded measures that qualify for Class
III credits. As a result, C&LM and non-C&LM funded measure savings will be determined using the same baseline and
parameters. The exception is that non-C&LM funded projects shall not incorporate free-ridership and spillover because
these factors are specific to C&LM program savings, however, other impact factors (i.e., other realization rates) that are
part of the energy savings calculations and methodologies must be incorporated into non-C&LM savings calculations.

In June 2006, FERC approved a settlement that established a redesigned wholesale electric capacity market in New
England intended to encourage the maintenance of current power plants and construction of new generation facilities.
The settlement established a Forward Capacity Market (“FCM”). ISO New England, Inc. (“ISO-NE”), operator of the
region’s bulk power system and wholesale electricity markets, will project the energy needs of the region three years in
advance and then hold an annual auction to purchase power resources to satisfy the region's future needs.

In response to ISO-NE solicitation for proposals for the first Forward Capacity Auction, (“FCA1”), Eversuorce and Ul
submitted new demand side resource projects, including energy efficiency, that will decrease electric demand. Per ISO-
NE requirements, detailed Project Qualification Packages that include Measurement and Verification Plans (“M&V™)
were submitted. The purpose of ISO-NE’s required M&V activity is to verify that energy efficiency measures promoted
by the programs were actually installed, are still in place and functioning as intended, and to validate the reduction in
electrical demand compared to some baseline pattern of use. The PSD provides the basis of the demand reduction value
calculations that will be submitted in the FCM.
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1.2 ORGANIZATION

C&LM measures in this manual are grouped by primary sector and reflect how programs and measures are
organized within C&LM. Commercial and industrial measures are also categorized as either “Lost Opportunity” or
“Retrofit”. The main sections of the manual are as follows:

Section 1: Introduction

Section 2: Commercial & Industrial Lost Opportunity
Section 3: Commercial & Industrial Retrofit

Section 4: Residential including Limited Income
Appendices

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

Description of Measure — describes the scope and basics of the measure

Savings Methodology — lists the methods, reasoning, and tools used to perform calculations

Inputs — captures required project or measure data that is used in calculations

Nomenclature — captures variables, constants, and other terminology used in the measure

Retrofit Gross Energy Savings — Electric — describes the calculations used to determine electric gross
Energy savings

Retrofit Gross Energy Savings — Fossil Fuel — describes the calculations used to determine fossil fuel gross
energy savings

Retrofit Gross Seasonal Peak Demand Savings — Electric (Winter and Summer) — describes the
calculations used to determine gross peak electric demand savings

Retrofit Gross Peak Day Savings — Natural Gas — describes the calculations used to determine gross peak
gas demand savings

Lost Opportunity Gross Energy Savings — Electric — describes the calculations used to determine gross lost
opportunity electric savings

Lost Opportunity Gross Energy Savings — Fossil Fuel — describes the calculations used to determine gross
lost opportunity fossil fuel savings

Lost Opportunity Gross Seasonal Peak Demand Savings — Electric (Winter and Summer) — describes the
calculations used to determine gross lost opportunity seasonal peak electric demand savings

Lost Opportunity Gross Peak Day Savings — Natural Gas — describes the calculations used to determine
gross peak gas lost opportunity savings

Non Energy Benefits — describes any benefits not directly associated with energy savings

Changes from Last Version — if there are any changes from the previous version, they are described in this
section

References — sources used to construct the measure are listed here

Notes — relevant comments and information is presented in this section

Subsections that do not apply to a particular measure are not included.
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1.3 BACKGROUND

In 1999, the State Legislature created the Energy Conservation Management Board, now called the Energy Efficiency
Board (“EEB”), to guide and assist Connecticut’s electric and gas distribution companies in the development and
implementation of cost-effective energy conservation programs and market transformation initiatives (CGS § 16-245m).
The Connecticut Energy Efficiency Fund (“CEEF”) created by this legislation provides the financial support for EEB-
guided programs and initiatives. The Department of Energy and Environmental Protection (“DEEP”) is responsible for
final approval of all Energy Efficiency Fund programs. Energy Efficiency Fund programs are administrated by the the
CompaniesThese programs are designed to realize the Energy Efficiency Fund’s three primary objectives:

1. Advance the Efficient Use of Energy
Energy Efficiency Fund programs are critical in reducing overall energy consumption and reducing load during periods of
high demand. They help mitigate potential electricity shortages and reduce stress on transmission and distribution lines in
the State.

2. Reduce Air Pollution and Negative Environmental Impacts
Energy 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 activities. The Environmental
Protection Agency regulates “criteria” air pollutants under the Clean Air Act’s National Ambient Air Quality Standards
(“NAAQSs”). The EPA calls these pollutants "criteria" air pollutants because it regulates them by developing human
health-based and/or environmentally-based criteria (science-based guidelines) for setting permissible levels. Energy
Efficiency Fund programs have significantly reduced two NAAQS criteria pollutants emitted in the process of generating
electricity: sulfur dioxide and nitrogen oxides. Carbon dioxide and other “greenhouse gases,” such as methane, are also
emitted 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,
the Energy Efficiency Fund programs developed by the Companies support the state’s environmental initiatives to reduce
these air pollutants as well as fine particulate emissions and ozone.

3. Promote Economic Development and Energy Security
Energy Efficiency Fund programs generate considerable benefits for Connecticut customers. These programs are tailored
to meet the particular needs of all customers, thereby benefiting all state residents and businesses. Energy efficiency
measures assist residential customers in reducing their energy costs. Other groups that benefit from energy efficiency
programs include educational institutions, non-profit organizations, municipalities, and businesses. By reducing
operating costs and enhancing productivity, Connecticut businesses remain competitive in the dynamic global economy.

Information regarding Energy Efficiency Fund programs is available at:

Connecticut’s statewide energy information portal: WWwWw.energizect.com

Eversource Energy www.Eversource.com

The United Illuminating Company: www.uinet.com

Connecticut Natural Gas Corporation: WWW.cngcorp.com

Southern Connecticut Gas Company: WWW.soconngas.com

The Energy Efficiency Board: http://www.ctsavesenergy.org/ecmb/
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1.4 SAVINGS CALCULATIONS

Consistent with Public Act 13-298, Public Act 11-80 S 33, and Connecticut General Statutes section 16-
245m(d)(4),the Energy Efficiency Board Evaluation Road Map Process provides a mechanism to conduct
independent third party evaluation studies to assess program savings. Through this process, impact evaluations are
conducted to evaluate savings for programs or measures that are delivered through C&LM programs. The results of
these evaluations are incorporated into the PSD. The results of evaluations may result in changes to savings
algorithms in the PSD and/or may results in realization rates which are used to adjust savings.

The savings results presented in this manual (both electric and non-electric) are assumed to be the savings that
would be measured at the point of use. In other words, electric savings, both energy (kWh) and demand (kW), and
natural gas savings (Ccf) are savings that would occur at the customer’s meter. Line losses are not included in the
savings values presented here. Instead, line loss effects are captured within the screening model that the Companies
use to evaluate the benefits of energy efficiency programs. (Refer to Chapter 6, Cost Benefit Analysis, for detail on
C&LM Program screening.) Additionally, the annual electric savings from measures has a specified load shape, i.e.,
the time of day and seasonal patterns at which savings occur. (See Appendix 2 for load shapes for various end-use
savings.) The load shapes are used to assign the proper value of energy savings resulting from the implementation
of C&LM measures to the corresponding time of day when those savings are realized.

Types of Savings

Energy efficiency measures are generally limited to two types:
e Replacement or “Retirement” of less efficient measures with a baseline or standard measures
e  “Lost Opportunity”, where measures are installed that are more efficient than a baseline or standard
Many energy efficiency measures consist of both a retirement component and a lost opportunity component.
This is illustrated by the chart below:

Retrofit, Retirement, and Lost Opportunity Savings

A
Existing /Old
& | " cquipment
&0
2 / Retirement /
— - d
7 Retrofit / Savings
& Saings | [Pinii « Baseline
2 cquipment
= Lost Opportunity Savings
Ju High Efficiency
T T equipment
Program Remaining Useful Life Measure >
action (RUL) Lifetime

Time

Some measures may utilize a two-part lifetime savings calculation. For example, in an “Early Retirement” case,
where the existing unit (using lower efficiency, out-of-date technology) would have 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 retirement measure life.
The residential retirement lifetime refers to how much longer the existing unit would have operated absent the
influence of the program. For example, a working heating system may be retired prior the end of its useful life as a
result of program intervention.
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Lost opportunity lifetimes apply to the portion of savings resulting from choosing a high efficiency product to replace the
retired product over a standard efficiency product available on the market. If the retired heating system in the above
example were replaced with a high efficiency 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 combined to generate total
Retrofit savings. When the retirement life is approximately zero, savings are reduced to lost opportunity savings only.
Retirement savings are acknowledged to exist but are ignored because they are assumed to be short lived.

Peak Savings

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

e A “Secasonal Peak” reduction is based on the average peak reduction for a measure during the ISO New England
definition for a Seasonal Peak Demand Resource — when the real-time system hourly load is equal to or greater
than 90 percent of the most recent “50/50” system peak load forecast for the applicable summer or winter season.

e  The “Summer Season” is defined as non-holiday weekdays during the months of June, July and August.

o The “Winter Season” is defined as non-holiday weekdays during December and January.

Typically, seasonal peaks are weather driven and occur in the mid-afternoon on summer weekdays, or for winter, in the
early evening.

Electric peak demand savings can be calculated either on a measure-by-measure basis or on a default basis. Coincidence
factors can be used to calculate demand savings based on the annual savings and load shape of the measure. Coincidence
factors are multiplied by the connected load savings of the measure in order to obtain the peak demand savings. (See
Appendix 1 for a list of default coincidence factors that are used to calculate the peak demand savings.)

For natural gas measures, the peak savings represents the estimated savings coincident with the theoretical maximum
system usage in a twenty four hour period. Since the natural gas peak is driven by cold weather, the peak savings for
heating-related measures is estimated based on degree-day data and the estimated coldest 24 hour degree period. For
measures that save natural gas continuously at an equal rate throughout the year, the peak savings is assumed to be the
annual savings divided by 365. (The calculations for peak natural gas savings are found in Appendix 1.)

Non-Electric Benefits

In addition to electric and natural gas benefits, some measures have other non-electric benefits. Where appropriate, these
benefits (or “impacts” since they can also be negative) are defined in this manual. Non-electric, non-natural gas impacts
may include quantifiable changes in other fossil fuel consumption, water use, maintenance costs, productivity
improvements, replacement costs, etc. Non-electric benefits are not included in the Electric System Test, as they are
captured in the Total Resource Cost Test.

Savings Adjustment Factors

The savings for the measures defined in this manual are gross savings. Impact factors are applied to the gross savings to
calculate the net (final) savings. Gross energy savings estimates (based on known technical parameters) represents the
first step in calculating energy savings. Gross savings calculations are based on engineering algorithms or modeling that
take into account technically important factors such as hours of use, differences in efficiency, differences in power
consumption, etc.

When calculating the total impact of energy saving measures, there are also some other factors beyond the engineering
parameters that need to be considered, such as the market effects of free-ridership, spillover or installation rate. The

equation for net savings is as follows:

Net Savings = Gross Savings x (1 + spillover — free ridership)x Installation Rate
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In some cases, evaluation work may uncover differences between calculated savings and actual (metered) savings
that may not be completely attributable to the impact factors above. These differences may arise when the savings
calculations do not accurately capture the real savings attributable to a measure. In addition to the impact factors
above, savings differences can happen for a variety of reasons such as non-standard usage patterns or operating
conditions. In these cases, overall net-to-gross ratios (realization rates) may be used in addition to or instead of the
aforementioned impact factors to bring the observed savings values more in line with the original savings
calculations.

For instance, a billing analysis may show observed savings from a refrigerator removal program to be 60 percent of
the gross (calculated) savings. In this case, the differences may be attributable to a combination of factors including
refrigerators that are not being used, free-ridership, units being improperly used (e.g., the refrigerator door left open
for long periods of time), and units that exhibit lower energy use because they are operating in cooler basement
environments. In such a case, a 60 percent realization rate would be applied to the gross (calculated) energy savings
to correct it.

Realization rates can be applied to specific measures or across programs depending on their source. Since
commercial and industrial (“C&I”) programs typically offer a wide range of diverse measures, defining specific
impact factors for C&I programs can be difficult, and therefore program specific realization rates are usually limited
to C&I programs. Appendix 3 contains a list of program specific realization rates. These rates have been updated
from 2014 based on recent completed studies.

Common Energy Conversions

Energy conversions used in this document to convert energy to a specific fuel type are summarized in the following
table:

Energy Conversion Factors

To Obtain: Multiply : | By:

BTU MMBtu 1,000,000
Ccf Of Gas MMBtu 1/0.1029
Gal Of Oil (No. 2) MMBtu 1/0.138690
Gal Of Propane MMBtu 1/0.09133
kWh Electric MMBtu 1/0.003412
kWh Electric Btu 1/3412
Ton (air conditioning) | Btu/h 1/12000

1.5 MAJOR CHANGES FROM 2016

See individual measure “Changes from Last Version” sections for details.
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1.6 GLOSSARY

The glossary provides definitions of the energy conservation terms used in this PSD. Note that some of these terms may
have alternative or multiple definitions some of which may be outside the context of the manual. Only definitions
pertaining to this manual are included in the glossary.

Annual Fuel Utilization Factor (AFUE): The thermal efficiency measure of combustion equipment like furnaces and
boilers. The AFUE differs from the true ‘thermal efficiency’ in that it is not a steady-state, peak measure of conversion
efficiency, but instead attempts to represent the actual, season-long, average efficiency of that piece of equipment,
including the operating transients. The method for determining the AFUE for equipment is based on ASHRAE standards.

ASHRAE: American Society of Heating, Refrigerating and Air-Conditioning Engineers, Inc., an international technical
society in the fields of heating, ventilation, air conditioning, and refrigeration, known for writing the industry standards
for testing and practice.

Baseline Efficiency: C&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. Contrast compliance
efficiency.

Baseline Standard: The source or document that provides the baseline efficiency values, or a means to calculate these
values. In many cases, the baseline efficiency is the minimum efficiency required by codes and standards, such as the
Connecticut Energy Code.

Behavioral Conservation: Programs that encourage customer strategies to conserve energy through changes,
modifications to standard practice, or changes or modifications to customer behavior.

Benefit-Cost Ratio (“BCR”): The efficiency programs determine cost effectiveness using either the Utility Cost Test
(Electric System, Natural Gas System) or Total Resource Test. Energy efficiency efforts are cost-effective if the benefit-
cost ratio is greater than or equal to 1.0. See Electric System Test, Natural Gas System Test, & Total Resource Test or
refer to Chapter 6 of the C&LM Plan for details regarding BCR tests.

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

Capacity: The maximum output of equipment at the standard conditions for the specific type of equipment. These are
often given in units of Btu per hour or Tons.

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

Coefficient of Performance (COP): The efficiency rating of heating or cooling equipment. The COP is, at specific
standard conditions, based on the specific type of equipment. Typically used for heat pumps in heating mode and gas
driven chillers.

Compact Fluorescent Lamp (CFL): A bulb technology that uses significantly less energy than traditional incandescent
bulbs. CFLs may be classified as either General Service or Non-General Service Bulbs. See General Service Bulb &
Non-General Service Bulb.

Coincident Demand: Demand of a measure that occurs at the same time as some other peak (building peak, system peak,
etc.). In the context of this document, coincident demand is a measure of demand savings that is coincident with ISO

New England’s Seasonal Peak definition.

Coincidence Factor: Coincidence factors represent the fraction of connected load expected to occur at the same time as
a particular system peak period on a diversified basis. Coincidence factors are normally expressed as a percent.

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 13



Version Date : 10/31/2016 1.6 GLOSSARY

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

Compliance Standard: The source or document that provides the compliance efficiency values, or a means to
calculate these values. In many cases the compliance efficiency is based on standards from recognized programs
such as ENERGY STAR®.

Connected Load: The maximum instantaneous power required by equipment, usually expressed as kW.

Cooling Degree Days (CDD): A measure of how hot a location is over a base temperature of 65°F over a year. See
also Degree Days.

Degree Days: For any individual day, degree days indicate how far that day's average temperature departed from
65°F. Heating Degree Days (HDD) measure heating energy demand and indicate how far the average temperature
fell below 65°F. Similarly, Cooling Degree Days (CDD), which measures cooling energy demand, indicates how
far the temperature averaged above 65°F. In both cases, smaller values represent less fuel demand, but values below
0 are set equal to 0, because energy demand cannot be negative. Furthermore, since energy demand is cumulative,
degree day totals for periods exceeding 1 day are simply the sum of each individual day's degree day total.

Demand: The average electric power requirement (load) during a time period. Demand is measured in kW and the
time period is usually one hour. If the time period is different than one hour, i.e., 15 minutes, the time period would
be stated as “15-minute demand.” Demand can refer to an individual customer’s load or to the load of an entire
electric system. (See Peak Demand).

Demand Reduction, Demand Savings: The reduction in demand due to installation of an energy efficiency
measure usually expressed as kW and measured at the customer’s meter. See discussion under Peak Demand
Savings.

Demand Resources: ISO New England classifies demand reduction from energy efficiency and conservation
measures into the following two categories:
e Active Resource — Demand reduction that is dispatched (i.e., demand response and emergency generation) that
must respond to the electric system operator during shortage events. For example, resources entered into the
ISO Demand Response program are active resources because they are called upon for specific shortage events.
e Passive Resource — Demand reduction that is not dispatched (i.e., energy efficiency, plus a small amount of
distributive generation) that reduces load during pre-defined hours and periods. Most C&LM measures are
passive because they reduce load across a pre-defined operating period. For example, energy-efficient lighting
will reduce load whenever lights are on throughout the year.

Diversity Factor: See Coincidence Factor.

Demand Reduction-Induced Price Effects (DRIPE): The reduction in prices in the wholesale energy and
capacity markets because of the reduction in energy and demand resulting from conservation efforts.

Early Retirement: A 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)
would have 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 retirement measure life.

Electric System (benefit-cost ratio) Test: Defined as the present value of the avoided electric costs (including energy,
capacity, DRIPE, transmission and distribution) divided by the program costs of achieving the savings. The electric
system test is a tool used to screen electric measures and programs in Connecticut. Energy efficiency efforts are cost-
effective if the benefit-cost ratio is greater than or equal to 1.0.

Emissions: The release or discharge of an air pollutant into the ambient air from any source. Please refer to Connecticut
regulations section 22a-174-1 for further clarification. Emissions reductions for fossil fuel conservation can be estimated
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based on US Energy Information Administration emissions data for fossil fuels. Emissions reductions for electric
conservation can be estimated using ISO New England marginal emissions factors which are published annually.

Emittance: The ratio of the radiant heat flux emitted by a specimen to that emitted by a blackbody at the same
temperature and under the same conditions.

End Use: Refers to a category of measures with similar load shapes. There are several different acceptable industry
standards for defining end-use categories. For the purpose of this manual, end uses are cooling, heating, lighting,
refrigeration, water heating, motors, process, and others.

Energy Conservation: Energy or peak reduction resulting from changes in customer behavior(s) or program actions.
Energy Efficiency: Reducing energy usage without reducing performance.

Energy Efficiency Ratio (EER): The performance rating of electrically operated cooling equipment. The rating is
calculated based on specific standard conditions based equipment type.

Equivalent Full Load Hours (“EFLH”): The number of hours per year that the equipment would need to draw power
at its connected (full) load rating in order to consume its estimated annual kWh. It is calculated as annual kWh/connected
kW. EFLH is the same as operating hours for technologies that are either on or off, such as light bulbs. EFLH is less
than operating hours for technologies that operate at part load for some of the time, such as air conditioners and motors.

Evaluation Study: Studies that evaluate program impacts, free-ridership, and spillover, as well as processes, specific
measures and market assessments. Results of these studies are used by program administrators to modify the programs
and savings estimates.

Free-Rider: A program participant who would have installed or implemented an energy efficiency measure even in the
absence of program marketing or incentives.

Free-ridership: The fraction (usually expressed as a percent) of gross program savings that would have occurred in the
absence of a C&LM program.

General Service Bulb: General Service bulbs are defined as standard base bulbs that are intended for general service
applications as specified in the Energy Independence and Security Act of 2007. The term ‘general service incandescent
lamp’ means a standard incandescent or halogen type lamp that is intended for general service applications, has a
medium screw base, has a lumen range of not less than 310 lumens and not more than 2,600 lumens, and is capable of
being operated at a voltage range at least partially within 110 and 130 volts. Please note that Dimmable bulbs may be
either General Service or Non-General Service bulbs. See Non-General Service Bulb for exclusions.

Gross Savings: A savings estimate, calculated from objective technical factors. The gross savings do not include impact
factors.

Heating Degree Days (HDD): A measure of how cold a location is over a base temperature of 65°F over a year. (See
also Degree Days).

Heating Seasonal Performance Factor (HSPF): A measure of a heat pump’s energy efficiency over one 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 consumed (in watt-hours) during the same period. The higher the rating,
the more efficient the heat pump.

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

Impact Evaluation: A study that assesses the energy, demand, and non-electric benefits associated with energy
efficiency measures or programs.
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Impact Factor: A number (usually expressed as a percent) used to adjust the gross savings in order to reflect the
savings observed by an impact study. Examples of impact factors include free-ridership, spillover and installation
rate.

Installation Rate: The fraction of the recorded products that are installed. For example, some screw-in compact
fluorescent lamps are bought as spares, and will not be installed until another one burns out.

Lighting Power Density (LPD): The amount of electrical power required for the installed lighting in a building
space or in an entire building, expressed as watts per square foot.

Load Factor: The average fractional load at which the equipment runs. It is calculated as average load/connected
load.

Load Shape: The time-of-use pattern of a customer’s energy consumption or measure. Load shape can be defined
as hourly and/or seasonally (winter/summer).

Lost Opportunity: Refers to 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, not replaced, until the end of its life. Contrast “retrofit”

Market Effect: A change in the behavior of a market because of conservation and energy efficiency efforts.
“Market effect savings” are the result of changes in market behaviors.

MMBtu: Millions of British Thermal Units.

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

Measure Cost: For new construction or measures that are installed at their natural time of replacement (replace
upon burn-out), measure cost is defined as the incremental cost of upgrading to high efficiency. For retrofit
measures, 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 Lifetimes: This is the average number of years (or hours) that a group of new high efficiency equipment
will continue to produce energy savings or the average number of years that a service or practice will provide
savings. Lifetimes are generally based on experience or studies. For retrofit or early retirement measures, the
measure lifetime may include a change in baseline over time, more accurately reflecting the lifetime energy savings.

Measure Type: Refers to a category of similar measures. There are several different acceptable industry standards
for defining end-use categories. For the purpose of this manual, primary end-use categories include cooling, heating,
lighting, refrigeration, water heating, motors, process, and other.

Natural Gas System (benefit-cost ratio) Test: A ratio used to assess the effectiveness of energy efficiency efforts
on the natural gas system. The natural gas system test is defined as the present value of the avoided natural gas
costs divided by the program-related costs of achieving the savings. The Natural Gas System test is the primary
evaluation tool used to screen natural gas measures and programs in Connecticut. Energy efficiency efforts are cost-
effective if the benefit-cost ratio is greater than or equal to 1.0.

Net Savings: The final value of savings that is attributable to a program or measure. Net savings differs from
“gross savings” because it includes adjustments from impact factors such as free-ridership or spillover. Net savings

is sometimes referred to as “verified savings” or “final savings.”

Net-to-Gross: The ratio of net savings to the gross savings (for a measure or program). Net-to-gross is usually
expressed as a percent.

Non-Electric Benefits: Quantifiable benefits (beyond electric savings) that are the result of the installation of a
measure. Fossil fuel, water, maintenance, and increase in productivity are examples of non-electric benefits. Non-
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electric benefits can be negative (i.e., increased maintenance or increased fossil fuel usage which results from a
measure) and therefore are sometimes referred to as non-electric impacts. This may also include non-quantifiable
benefits that are difficult or impossible to put a number on, such as increased comfort.

Non-General Service Bulb: Non-General Service CFL applications are excluded from the Energy Independence

and Security Act of 2007. Listed below are all of the applications that are excluded.
e  Reflector bulbs

3-way bulbs

Candelabra based bulbs

G type (globe) bulbs

Appliance bulbs

Black light bulbs

Bug bulbs

Colored bulbs

Infrared bulbs

Left-hand thread bulbs

Marine bulbs

Marine signal service bulb

Mine service bulb

Plant light bulb

Rough service bulb

Shatter-resistant/proof/protected bulb

Sign service bulb

Silver bowl bulb

Showcase bulb

Traffic signal bulb

Vibration service bulb

T-shape bulb

B.BA,CAF,G16-1/2,G-25,G30,S,M-14 bulbs

Please note that Dimmable bulbs may be either General Service or Non-General Service bulbs. Contrast General
Service Bulb.

Non-Participant: A customer who is eligible to participate in a program, but does not. A non-participant may
install a measure because they became aware of the benefits through program marketing or outreach, but the
installation of the measure is not through regular program channels. As a result, their actions are normally only
detected through evaluations (see spillover).

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

Participant: A customer who installs a measure through regular program channels and receives any benefit (i.e.,
incentive) that is available through the program because of his participation. Free-riders are a subset of this group.

Peak Day Factor: Multipliers that are used to calculate peak day reductions based on annual gas energy savings.
Peak Day, Gas: The one day (24 hours) of maximum system deliveries of gas during a year.

Peak Demand: The highest electric demand in a given period of time that is usually expressed in kW.

Peak Demand Savings: The 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 on-

peak coincidence factor. There is both a summer peak and a winter peak. (Coincidence factors for different
measures for each peak are shown in Appendix 1.) Two peak periods are used:
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e Seasonal Peak Hours are those hours in which the actual, real-time hourly load Monday through Friday on
non-holidays, during the months of June, July, August, December, and January, as determined by the ISO, is
equal to or greater than 90 percent of the most recent 50/50 system peak load forecast, as determined by the ISO,
for the applicable summer or winter season.

e On-Peak Hours are hours 1:00 - 5:00 p.m., Monday through Friday on non-holidays during the months of June,
July, and August and from 5:00 - 7:00 p.m., Monday through Friday on non-holidays during the months of
December and January.

The Seasonal Peak demand savings are used in the C&LM programs. See also Coincidence Factor, Demand
Savings.

Peak Factor: Multipliers 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 Savings: The ratio of actual measure savings to gross measure savings (sometimes referred to as the
“realization rate”). This ratio takes into account impact factors that can influence the actual savings of a program
such as spillover, free-ridership, etc.

Retrofit: The replacement of a piece of equipment or device before the end of its useful or planned life for the
purpose of achieving energy savings. Retrofit measures are sometimes referred to as “early retirement” when the
removal of the old equipment is aggressively pursued. Residential measures utilize a two-part lifetime savings
calculation. In certain situations, such as early retirement, savings may be claimed in two parts, where the
retirement part is additional to the lost opportunity part until the end of the remaining useful life (RUL), after which
lost opportunity savings continue until the last year of the retrofits measure’s effective useful life (EUL). Contrast
“Lost Opportunity.”

R-Value: A measure of thermal resistance of a material or system, equal to the reciprocal of the U-Value, used to
calculate heat gain or loss. The R-Value is expressed in terms of degrees Fahrenheit multiplied by hours, multiplied
by square feet per Btu.

Seasonal Energy Efficiency Ratio (SEER): The total cooling output of a central air conditioning unit in Btu
during its normal usage period for cooling divided by the total electrical energy input in watt-hours during the same
period, as determined using specified federal test procedures.

Sector: A system for grouping customers with similar characteristics. For the purpose of this manual, the sectors
are Commercial and Industrial (“C&I”), Small Business (“SMB”), Residential, Non-Limited Income (“NLI”) and
Limited Income (“LI”).

Spillover: Savings attributable to a program, but additional to the gross (tracked) savings of a program. Spillover
includes the effects of: (a) participants who install additional energy-efficient measures as a result of what they
learned in the program; or (b) non-participants who install or influence the installation of energy efficient measures
as a result of being influenced by the program.

Summer Demand Savings: Refers to the demand savings that occur during the summer peak period. See
discussion under Peak Demand Savings.

Total Resource (Benefit/Cost) Test: A test used to assess the net benefit of energy efficiency resources to society.
The total resource test is different from the electric system test in that the total resource benefit consists of the
avoided costs of all conserved energy (electric and other fuels) plus other non-energy resource impacts that may
have occurred because of efficiency efforts such as reduced maintenance or higher productivity. The cost for the
total resource benefit consists of all program-related costs and any costs incurred by the customer related to the
installation of measures.

Winter Demand Savings: Refers to average demand savings that occurs during the winter peak period. See
discussion under Peak Demand Savings.
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C&I LOST OPPORTUNITY
2.1 LIGHTING

2.1.1 STANDARD LIGHTING

Description of Measure

Installation of interior and/or exterior lighting which exceeds current energy code baseline

Savings Methodology

Interior lighting: The difference between installed lighting and code lighting power density (LPD, 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, savings are also calculated for installation of occupancy sensors and residential fixtures as applicable
(Note [1]). Reduction of lighting power reduces the cooling load and provides additional savings, which are also
calculated in this measure. This measure includes baseline lighting power densities based on 2012 IECC Standard
Section C405 and Additional Efficiency Section C406. If projects are initiated after the new code adoption then 2012
IECC is the default used to evaluate the energy savings. Code 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 code required scheduled lighting control.

Exterior lighting: The default baseline for exterior lighting is ASHRAE 90.1 — 2010 (equivalent to ASHRAE 2007).
According to the ASHRAE code, the total lighting power allowance for exterior building applications is the sum of the
base site allowance plus the individual allowances for areas listed in Table 3 for the applicable lighting zone. Trade-offs
are allowed only among exterior lighting applications listed in the Table 3.

Inputs
Symbol Description Units
Allowable LPD Allowable LPD from IECC 2012 Watts/ft”

Total fixture connected kW kW

Facility illuminated area ft”
Nomenclature
Item Description Units Values | Comments
A Facility illuminated area ft’
AKWH Annual Gross Electric Energy savings kWh
ASHRAE Amer.lcfan.80c1ety.of Heating, Refrigerating and Air-

Conditioning Engineers

CF, Lighting Coincidence Factor Appendix 1
CF s Occupancy Sensor Coincidence Factor Appendix |
CFy Residential lighting Coincidence Factor Appendix |
COP Coefficient of Performance 4.5 Note [3]

DeltaW,,,, | Delta watts of hardwired fluorescent fixtures in residential
areas as calculated per Section 4.1.2 of this document.

Fraction of lighting energy that must be removed by the

facilities cooling system.
G Estimated lighting energy heat 0.73 Note [4]
H Facility lighting hours of use Hours Site Specific
or Appendix 5
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Item Description Units Values | Comments

HVAC Heating, Ventilation and Air Conditioning

kW Electric Demand kW

LPD Lighting Power Density Watts/ft”

N Number of different fixture types with occupancy sensors

N Fixture number

0O, Quantity of fixtures of type n that have occupancy sensors

S, Energy savings from reduced cooling load kWh

Shw Energy savings from installation of hard-wired fluorescent | kWh
fixtures in residential areas

Sipd Energy savings due to lower lighting power density kWh

Sos Energy savings from use of occupancy sensors, if kWh
applicable

Sext Exterior Energy Savings kWh

\Y Fixture input wattage Watt

W, Input watts for fixture type n

Lost Opportunity Gross Energy Savings, Electric

Interior Lighting:
S=8ps+ S0 + S, +S,

Calculation of savings due to lower lighting power density

Sypa =(Allowable LPD — Actual LPD)x H x A

Allowable LPD, in W/ft%, is the value of Watts per ft* from ASHRAE for the facility type divided by 1000. The
building area lighting power densities from IECC are provided in the table below. Refer to IECC 2012for the
space-by-space method. When using the space-by-space method to calculate the LPD, an increase in the spaces’
power allowances can be used, in accordance with IECC 2012 405.5.2(2)

Actual LPD, in kW/ft’, is calculated by dividing the total Fixture Wattage by the Lighted Area, ft*, where
Fixture Wattage is the sum of the power consumed by each fixture.

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

Calculation of savings due to occupancy sensors (Note [5])

If the Actual LPD is less than or equal to the Allowable LPD, then Spg will be calculated as follows; otherwise, Sog = 0.

Explanation of numerical constants:

0.3 is the generally accepted average energy reduction fraction due to the use of occupancy sensors. See Ref [1].

1000 converts watts to kW (1/1000 is the conversion)
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Calculation of savings from hard-wired fluorescent fixtures in residential areas

Refer to PSD Section 4.1.2 “Luminaire” for this calculation. Normally the total number and type of fixtures in living
areas is not known at the time of construction, so the LPD method cannot be used to calculate these savings. Where hard-
wired fixtures are installed as 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
(Slpd + Sos + Shw)>< F

C =
COP
F = Fraction of annual kWh energy savings that must be removed by the cooling system. If the HVAC system
includes an economizer, then F = 0.35. Otherwise, use Table 1 below:
COP = 4.5 (Note: [3])

Table 1: Fraction of annual kWh energy savings that must be removed by the cooling system (See Ref [2])

Building Area, A, ft° F
<2,000 0.48
2 -2 -
,000 — 20,000 0.48 + 0.195x(A—-2,000)
18,000
>20,000 0.675
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Table 2: Lighting Power Densities Using the Building Area Method — IECC 2012 Standard Section C405.5.2(1)
(Ref [3])

Building Area Type (see note Lighting Power Density (W/ft’)
[2])
Automotive Facility 0.9
Convention Center 1.2
Court House 1.2
Dining: Bar Lounge/Leisure 1.3
Dining: Cafeteria/Fast Food 1.4
Dining: Family 1.6
Dormitory 1.0
Exercise Center 1.0
Fire Station 0.8
Gymnasium 1.1
Health care Clinic 1.0
Hospital 1.2
Hotel 1.0
Library 1.3
Manufacturing Facility 1.3
Motel 1.0
Motion Picture Theatre 1.2
Multi-Family 0.7
Museum 1.1
Office 0.9
Parking Garage 0.3
Penitentiary 1.0
Performing Arts Theatre 1.6
Police station 1.0
Post Office 1.1
Religious Building 1.3
Retail 1.4
School/University 1.2
Sports Arena 1.1
Town Hall 1.1
Transportation 1.0
Warehouse 0.6
Workshop 1.4
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Table 2A: Lighting Power Densities Using the Building Area Method — IECC 2012 Section C406.3 Additional
Efficiency Options (Ref [6])

Building Area Type® (see note Lighting Power Density (W/ft%)
[2])

Automotive Facility 0.82
Convention Center 1.08
Court House 1.05
Dining: Bar Lounge/Leisure 0.99
Dining: Cafeteria/Fast Food 0.90
Dining: Family 0.89
Dormitory 0.61
Exercise Center 0.88
Fire Station 0.71
Gymnasium 1.00
Healthcare-Clinic 0.87
Hospital 1.10
Library 1.18
Manufacturing Facility 1.11
Hotel/Motel 0.88
Motion Picture Theatre 0.83
Multi-Family 0.60
Museum 1.06
Office 0.90/0.85"
Parking Garage -
Penitentiary -
Performing Arts Theatre 1.39
Police/Fire Station 0.96
Post Office 0.87
Religious Building 1.05
Retail 1.40/1.30°
School/University 0.99
Sports Arena 0.78
Town Hall 0.92
Transportation 0.77
Warehouse* 0.6
Workshop 1.20

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

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

c.  No less than 70 percent 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.
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Exterior Lighting:

Calculation of savings due to lower lighting power

S oo™ Warrowance = Wacrua )/ 1000x H

Watts allowance is determined from table 3.

H = Hours of Use.

Table 3 — Exterior Lighting Power Allowances (Ref [5])

2.1.1 STANDARD LIGHTING

Power Allowance

Category Space Units Zonel | Zone?2 | Zone 3 | Zone 4
Base Site Allowance W 500 600 750 1300
Uncovered | Parking areas and drives | W/ft"\2 0.04 0.06 0.10 0.13
Parking
Areas
Building Walkways less than 10 W/Linear foot 0.70 0.70 0.80 1.00
Grounds feet wide
Building Walkways 10 feet wide W/HtA2 0.14 0.14 0.16 0.20
Grounds or greater
Building Plaza areas W/AHtA2 0.14 0.14 0.16 0.20
Grounds
Building Special feature areas W/AHtA2 0.14 0.14 0.16 0.20
Grounds
8 Building Stairways W/AHtA2 0.75 1.00 1.00 1.00
() Grounds
& Building Pedestrian tunnels W/AHt2 0.15 0.15 0.20 0.30
1 ] Grounds
= Building Landscaping W/f™2 0.04 0.05 0.05 0.05
w Grounds
2 Building Main entries W/Linear foot (door | 20.00 20.00 30.00 30.00
2 Entrances width)
S and Exits
Fg Building Other doors W/Linear foot (door | 20.00 20.00 20.00 20.00
(e Entrances width)
f and Exits
Building Entry canopies W/Ath2 0.25 0.25 0.40 0.40
Entrances
and Exits
Sales Canopies (free standing W/Ht2 0.60 0.60 0.80 1.00
Canopies and attached)
Outdoor Open areas (including W/tr2 0.25 0.25 0.50 0.70
Sales vehicle sales lots)
Outdoor Street frontage for W/Linear foot - 10.00 10.00 30.00
Sales vehicle sales lots in
addition to "open area"
allowance
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Table 3 — Exterior Lighting Power Allowances (Continued) (Ref [5])

2.1.1 STANDARD LIGHTING

Power Allowance
Category Space Units Zone 1 Zone 2 Zone 3 Zone 4
Building facades-ft"2 W/AHt2 - 0.10 0.15 0.20
allowance
Building facades- W/Linear foot for each | - 2.50 3.75 5.00
70! Linear foot allowance illuminated wall or
5]
< surface length
& Automated teller W per location 270 plus | 270 plus | 270 plus | 270 plus
- machines and night 90 W 90 W 90 W 90 W
= depositories peradd | peradd | peradd per add
! ATM ATM ATM ATM
2 Entrances and W/ft"2 of covered and | 0.75 0.75 0.75 0.75
= gatehouse inspection uncovered area
(a1 stations at guarded
= facilities
g Loading areas for law W/At*2 of covered and | 0.50 0.50 0.50 0.50
H enforcement, fire, uncovered area
1 ambulance and other
g emergency vehicles
Z Drive-up W/drive-through 400 400 400 400
windows/doors
Parking near 24 hour W/main entry 800 800 800 800
retail entrances
Lost Opportunity Gross Energy Savings, Fossil Fuel
Space heating energy consumption will increase due to reduced lighting load (cooler lighting fixtures).
Annual Oil Savings = -0.0007129 MMBtu per annual kWh saved and
Annual gas savings = -0.0003649 MMBtu per kWh. See Ref [4].
Note: No heating penalties are claimed in exterior lighting installation.
Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (Winter and Summer)
N
z O0nWh z DeltaW,,
- G
KW (summen =| (CF, x(AllowableLPD - Actual LPD)x A)+ CF 3 x " — 4 CF,, x I+—
1000 1000 COP
N
Z OnWo Z DeltaW,,,
KW (winter) =| (CF, x(Allowable LPD - Actual LPD)x A)+ CF 3 x "=—— + CF,  x
t %1000 " 1000

CFL, and CF, are the lighting (CF1) and occupancy sensor (CFqs) coincidence factors (summer/winter) taken

from Appendix 1.

Allowable LPD, in kW/ft* = the value of Watts per ft* from ASHRAE for the facility type divided by 1000.
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Actual LPD, in kW/ft* = Total Fixture Wattage (kW) divided by the Lighted Area, ft*
A = is calculated for each project, either from architectural drawings or by physical measurement.
CF,,, is the residential lighting coincidence factor (summer/winter) taken from Appendix 1.

DeltaW,,,, = Delta watts of hardwired fluorescent fixtures in residential areas as calculated per Section 4.1.2 of
this document.

G=0.73
COP =4.5 Note [3]

Exterior Lighting Demand Savings:

SKW =Wy owmce —Wacron )/ 1000 x CFs

WKW =Wy, owmce —Wcron )/ 1000 x CFw

Changes from Last Version

Added text in measure description to take into account any anticipated energy code changes in Connecticut. Additionally,
inserted Table 2A, lighting power density (LPD) using building are method based on IECC 2012.

References

[1] D. Maniccia, B. Von Neida, and A. Tweed. An analysis of the energy and cost savings potential of occupancy
sensors for commercial lighting systems, [lluminating Engineering Society of North America 2000 Annual
Conference: Proceedings. IESNA: New York, NY. Pp. 433-459.

[2] The source of the equation for Sc and the derivation of the values for F is from “Calculating Lighting and
HVAC Interactions,” ASHRAE Journal 11-93 as used by KCPL.

[3] 2012 International Energy Conservation Code (IECC), Table C405.5.2(1) Interior Lighting Power
Allowances: Building Area Method.

[4] Massachusetts Technical Reference Manual, 2012 Program Year, page 163.

[5T ASHRAE 90.1-2007 and ASHRAE 90.1 2010, Table 9.4.6: Individual Lighting Power Allowances for Building
Exteriors.

[6] International Energy Conservation Code (IECC), Table C406.3 Reduced Interior Lighting Power.
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Notes

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

[2] In cases where both general building area type and a specific building area type are listed, the specific building
area type shall apply.

[3] Estimated based on Connecticut Code 2009. Not updated for 2012, negligible difference between 2009 Code
and 2012.

[4] An analysis was conducted by Wood, Byk, and Associates, 829 Meadowview Road, Kennett Square, PA
19348, an engineering firm which was utilized to provide technical support for C&LM programs. The
analysis was based on a DOE-2 default analysis and information was provided to Eversource engineering staff
on August 17, 2007.

[5] IECC-2012 requires certain space types to have occupancy sensors. Savings for these occupancy sensors
required by code therefore cannot be claimed. Refer to IECC C405.2.2.2 for details.
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2.1.2 UPSTREAM LIGHTING

Description of Measure

This section describes the savings methodology for lighting technologies (linear fluorescent lamps and LEDs)
incentivized through an upstream model.

Savings Methodology

The savings methodology was developed through a collaborative approach between Eversource Energy and the United
[luminating Company. The estimated savings (i.e. delta watts) was based on the Bright Opportunities Program, an
upstream lighting initiative, in Massachusetts (Ref [1]). The final annual energy savings (i.e. kWh) was modified to suit
Connecticut program rules. All lighting products should be either ENERGY STAR (Ref[3]), Design Lights Consortium
(DLC) (Ref [4])or CEE qualified (Ref [2]).

Inputs
Symbol Description Units
No. of units sold at the point of sale
Product type
Nomenclature
Item Description Units Values | Comments
AKWH Annual energy savings kWh
B Delta Watts Watts Table 1
SKW Summer demand savings kW
WKW Winter demand savings kW
CFs Summer lighting coincidence factor Appendix 1
CFy Winter lighting coincidence factor Appendix 1

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 28



Version Date : 10/31/2016 2.1.2 UPSTREAM LIGHTING

Lost Opportunity Gross Energy Savings, Electric

Table 1: Annual Savings and Usage Data for Bulbs

Delta Watts

Product Type per Bulb Hours

(Notes [2]) (Notes [1][3]) Annual Savings per Bulb (kWh)
A B C D =B x C/1000
LED A-line 40/60W 35.0 3,748.0 131.0
LED A-line 75/100W 53.4 3,748.0 200.3
LED Decorative 21.1 3,748.0 79.1
LED Downlight kit 40.7 3,748.0 152.5
LED MR16 23.4 3,748.0 87.7
LED PAR20 29.8 3,748.0 111.7
LED PAR30 40.4 3,748.0 151.4
LED PAR38 46.8 3,748.0 175.4
Stairwell LED Kit, low-output with
sensor 24.0 6132.0 147.0
Stairwell LED Kit, mid-output with

sensor 50.0 6,132.0 306.0
T5HO 4.0 3,748.0 15.0
T8 -25 6.2 3,748.0 23.2
T8 - 28 3.5 3,748.0 13.1
T8 LED, 2 ft 6.7 3,748.0 25
T8 LED, 4ft 11.0 3,748.0 41
T8-25 U Bend 6.2 3,748.0 23.2
T8-28 U bend 3.5 3,748.0 13.1
LED 2X2 Troffer 34 3,748.0 127
LED 2X4 Troffer 57.8 3,748.0 217
LED BR30 55.6 3,748.0 208
LED BR40 74.3 3,748.0 279
LED Decorative 32.1 3,748.0 120
LED Downlight 56.5 3,748.0 212
LED Flood 162.2 3,748.0 608
LED Highbay 135.2 3,748.0 507
LED Spot 49.2 3,748.0 185
LED Surface/Wrap LED 27.5 3,748.0 103
LED Track Head 41 3,748.0 154
LED Wallpack 136.7 3,748.0 512
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Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (Winter and Summer)

skw = B*CEs
1,000

_ BxCF,
1,000

Lost Opportunity Gross Seasonal Peak Demand Savings, Example

A MR16 LED bulb is sold at retail and incentivized through the Upstream Lighting program.
For this bulb, the B (delta Watts per bulb) from Table 1 is 23.4. In the absence of specific locational data, the Office
coincidence factors from Appendix 1 of 70.2% (summer) and 53.9% (winter) are assumed.

23.4x70.2%

SKW —0.016kW
1,000
0
SKW = 234X339% _ o 6135w
1,000

Changes from Last Version

Added stairwell LED kits and LED tubes as part of Table 1.

References

[1] Commercial and Industrial Upstream Lighting Program, Mass Save.
<http://www.masssave.com/professionals/incentives/upstream-lighting> Last accessed May 19, 2015.

[2] Commercial Lighting System Initiative. Consortium for Energy Efficiency (CEE).
<http://library.ceel.org/content/commercial-lighting-systems-initiative> Last accessed May 19, 2015..

[3] Energy Star Certified Light Bulbs < http://www.energystar.gov/productfinder/product/certified-light-
bulbs/results> Last Accessed July 15, 2015.

[4] Design Lights Consortium product lists< https://www.designlights.org/qpl>

Notes

[1] Lighting hours of an office (general type) from Appendix 5 of the PSD.

[2] Delta Watts is the difference in consumption of an equivalent baseline lamp to a high efficiency replacement
lamp.

[3] For stairwell lights with occupancy sensors reduce operating hours by 30% (see Measure 2.1.2 Standard
Lighitng 8760x (1.00-.30) = 6132
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2.2 HVAC & WATER HEATING

2.2.1 CHILLERS

Description of Measure

Installation of efficient water-cooled and air-cooled water chilling packages (chillers). Chillers must use an
environmentally friendly refrigerant in order to qualify for the program.

Savings Methodology

Energy savings are custom calculated for each chiller installation based on the specific equipment, operational staging,
operating profile, and load profile. A temperature bin model is utilized to calculate the energy and demand savings for
the chiller projects. Customer-specific information is used to estimate a load profile for the chilled water plant. Based on
the loading, the chiller’s actual part load performance is used to calculate chiller’s demand (kW) and consumption (kWh)
for each temperature bin [1]. A chiller spreadsheet is used to calculate consumption for both the baseline and proposed
units. It is also used to calculate the consumption of the auxiliaries (chilled water pumps, condenser water pumps and
cooling tower fans).

Inputs

Symbol Description Units
Facility occupancy hours per week on and off-peak 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 point + (Occupied) Tons
Load at economizer set point + (Unoccupied) Tons
Load at economizer set point - (Occupied) Tons
Load at economizer set point - (Unoccupied) Tons
Load at @ 0°F outside air temp- (Occupied) Tons
Load at @ 0°F outside air temp - (Unoccupied) Tons
Chiller(s) Capacity Tons

Condenser — Air or water cooled

Compressor type

ARI part load efficiency @100% load, @75% load, @50% load, and @25% load Note [2]

Primary and secondary pumping — Brake Horsepower (BHP) Bhp
Secondary chilled water pump controls — single speed or Variable Frequency Drive

(VFD)

Condenser water pump — BHP Bhp
Tower Fan — BHP Bhp
Tower fan control — single speed, 2 speed, VFD

Percent load on lead chiller before lag chiller operation %
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Nomenclature

Symbol Description Units Values | Comments
IPLV Integrated Part Load Value Note [2]
BL100 Baseline efficiency@ 100% load Note [3]
BL75 Baseline efficiency@ 75% load

BL50 Baseline efficiency@ 50% load

BL25 Baseline efficiency@ 25% load

Lost Opportunity Gross Energy Savings, Electric

Equipment

Each chiller plant is characterized by:
e  Number of chillers,
e  Sizes, in tons (the chillers may be of different sizes),
e  Type, which may be:
o  Water-cooled centrifugal,
o  Water-cooled screw and scroll, or
o Air-cooled
Speed, constant or variable
Auxiliary equipment
o  Chilled water pumps
o Cooling tower pumps
o Cooling tower fans
o 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 can be
operated at full output while the other follows the cooling load profile.

Operating Profile

The customer’s cooling load profile, for each temperature bin, is characterized by:
e  Occupied hours the chiller is operated each week,
e  Un-occupied hours the chiller is operated each week,

Load Profile

A customer’s representative (typically design engineer) provides loads at various conditions. The customer’s load profile
is estimated by determining the load at the peak outdoor conditions and the load at the minimum conditions. For systems
with an air-side or water-side economizer, the minimum conditions are those just above the set point of the economizer.
If the customer’s load profile is not known, a default load profile will be developed; in this case it is also necessary to
determine the value of any process loads.

Savings Calculation

With the above information (chiller load and part load efficiencies) a calculation is made for each time period of the year
based on the appropriate temperature bin data. The calculation is performed once for the chillers meeting the baseline
efficiencies, Table 1, and again for the proposed chillers, and the difference determines the kWh and the kW savings for
each period. These are summed to yield the total savings. Path A is intended for applications where significant operating
time is expected at full-load and path B is intended for applications where significant operating time is expected at part-
load.
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Table 1: Baseline Efficiencies for Electric' Chillers

2.2.1 CHILLERS

Equipment Size Category Units Path A’ Path B®
Type (tons) Full load’ IPLV® Full Load® IPLV®
Air Cooled <150 EER 29562 > 12.500 NA* NA?
> 150 EER > 9562 > 12750 NA® NA*
Water Cooled | <75 kW/ton <0.780 <0.630 <0.800 <0.600
gios;t;:mem >75& <150 | kW/ton <0.775 <0.615 <0.790 <0.586
2150 & <300 | kW/ton <0.680 <0.580 <0.718 <0.540
2300 kW/ton <0.620 <0.540 <0.639 <0.490
Water Cooled | <150 kW/ton <0.634 <0.596 <0.639 <0.450
Centrifugal > 150 & <300 | kW/ton <0.634 <0.596 <0.639 <0.450
2300 & <600 | kW/ton <0.576 <0.549 <0.600 <0.400
2 600 kW/ton <0.570 <0.539 <0.590 <0.400

! For water cooled =< 300 tons positive displacement is the baseline. For = 300 tons Centrifugal is the baseline.

? Path A is intended for applications where significant operating time is expected at full load.

* Path B is intended for applications where significant operating time is expected at part load.

*NA means that this requirement is not applicable and cannot be used for compliance.

> Rated based on Note [2]

Table 2: Baseline Part Load Efficiencies- Path A

Equipment Size Category | Units Part Load Efficiencies
Type (tons) 100% Load 75% Load 50% Load 25% Load
Air Cooled <150 EER 9.562 11.191 13.501 13.575
>150 EER 9.562 11.437 13.797 13.685
Water Cooled | <75 kW/ton 0.780 0.671 0.561 0.815
Pf)SitiVG >75& <150 | kW/ton 0.775 0.655 0.547 0.799
displacement 757 = " T 200 | kWiton 0.680 0.617 0.516 0.766
2300 kW/ton 0.620 0.577 0.482 0.687
Water Cooled | <150 kW/ton 0.634 0.612 0.565 0.667
Centrifugal > 150 & <300 | kW/ton 0.634 0.612 0.565 0.667
>300 & <600 | kW/ton 0.576 0.566 0.522 0.596
Z 600 kW/ton 0.570 0.555 0.512 0.590
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Table 3: Baseline Part Load Efficiencies- Path B

2.2.1 CHILLERS

Equipment Size Category | Units Part Load Efficiencies
Type (tons) 100% Load 75% Load 50% Load 25% Load
Air Cooled <150 EER NA NA NA NA
> 150 EER NA NA NA NA
Water Cooled | <75 kW/ton 0.800 0.636 0.531 0.818
Positive >75 & <150 | kW/ton 0.790 0.619 0.517 0.827
displacement 757 " T2 00 | kWiton 0.718 0.573 0.479 0.721
>300 kW/ton 0.639 0.520 0.435 0.655
Water Cooled | <150 kW/ton 0.639 0.559 0.386 0414
Centrifugal > 150 & <300 | kW/ton 0.639 0.559 0.386 0.414
>300 & <600 | kW/ton 0.600 0.498 0.344 0.358
> 600 kW/ton 0.590 0.499 0.344 0.356

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 be 100% coincident to the ISO-NE Summer seasonal peak

demand. There are no winter peak demand savings.

Non Energy Benefits

Because the baseline and high-efficiency technology are the same for electric chillers, the majority of the projects have no
non-electric benefits.

Changes from Last Version

Modified Note[3] to include ASHRAE 90.1 - 2010

Notes

[1] The temperature bin model was originally created by Bitterli & Associates, 10 Station Street, Simsbury, CT

and has subsequently been modified by the engineering group at CL&P.

[2] Either EER for air cooled or kW/ton for water cooled, Part load performance based on ARI 550/590

[3] Developed using typical chiller part load curves and the baseline efficiencies in Table 1. Table 1 is based on
ANSI/ASHRAE/TESNA Standard 90.1-2007 with Addenda 2008 Supplement, and on ASHRAE 90.1 - 2010
Table 6.8.1C
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2.2.2 UNITARY AC & HEAT PUMPS

Description of Measure

Installation of a high-efficiency Direct-Expansion (DX) unitary or split cooling system or air source heat pump.

Savings Methodology

Savings are estimated using full load hours analysis, comparing the difference in efficiency between a baseline (code
compliant) and installed efficiency. This measure includes baseline Efficiency Values based on 2009 International
Energy Conservation Code as well as 2012 International Energy Conservation Code. If projects are initiated after the new
code adoption then 2012 International Energy Conservation Code must be used to evaluate the energy savings

Inputs
Symbol Description Units

Facility type served by equipment
CAP¢ Installed Cooling Capacity Btu/hr
CAPy Installed Heating Capacity Btu/hr
EER; EER, 2 65,000 Btu/hr — Installed (ARI 340/360) Btu/watt-hr
SEER; SEER, units < 65,000 Btu/hr — Installed (ARI 210/240) Btu/watt-hr
HSPF; HSPF, Heat pumps < 65,000 Btu/hr — Installed (ARI Btu/watt-hr

210/240)
COP; High temperature COP, Heat pumps = 65,000 Btu/hr-

Installed (ARI 340/360)
Nomenclature
Symbol Description Units Values | Comments
AKWH: | Annual gross electric energy savings - Cooling kWh
AKWHy | Annual gross electric energy savings - Heating kWh
CAP: Installed Cooling Capacity Btu/hr Input
CAPy Installed Heating Capacity Btu/hr Input
CF¢ Seasonal summer cooling coincidence factor % Appendix 1
COPy High temperature COP, Heat pumps = 65,000 Btu/h - Baseline Note [1]
COP; High temperature COP, Heat pumps = 65,000 Btu/h - Installed Btu/watt-hr Input
EER, EER , 2 65,000 Btw/h - Baseline Btu/watt-hr Note [1]
EER; EER , 265,000 Btu/h - Installed Btu/watt-hr Input
EFLH¢ Equivalent Full Load Hours - Cooling Hrs Appendix 5
EFLHy Equivalent Full Load Hours - Heating Hrs Appendix 5
HSPF, HSPF, Heat pumps < 65,000 Btu/h - Baseline Btu/watt-hr Note [1]
HSPF; HSPF, Heat pumps < 65,000 Btu/h - Installed Btu/watt-hr Input
SEER,, SEER, units < 65,000 Btu/h - Baseline Btu/watt-hr Note [1]
SEER; SEER, units < 65,000 Btu/h - Installed Btu/watt-hr Input
SKW¢ Seasonal Summer peak demand savings - Cooling kW
WKWy Seasonal Winter peak demand savings - Heating kW 0
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Lost Opportunity Gross Energy Savings, Electric

Cooling (A/C units and Air Source Heat Pumps)
kW

AKWH . = CAP., x(

1
— X
EER, EERJ 1000W

x EFLH

Reminder: SEER used in place of EER for units under 65,000 Btu/h

Heating (Air source heat pumps only)

kW

AKWH ,, = CAP, ><(

1 1
— X
HSPF, HSPF, ] 1000W

x EFLH ,,

2.2.2 UNITARY AC & HEAT PUMPS

Reminder: COP multiplied by 3.412 can be 1jsed in place of HSPF for units 2 65,000 Btu/h

Table 1: Baseline Efficiencies —Unitary and Split System AC — IECC 2009/2012 (Note [1])

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

<65,000 13.0 SEER 13.0 SEER

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

2 135,000 and <240,000 | !1.0 EER 10.8 EER

2 240,000 and <375,000 | 10.0 EER 9.8 EER

> 375,000 and < 760,000 10.0 EER 9.8 EER

2 760,000 9.7 EER 9.5 EER

Table 2: Baseline Efficiencies — Unitary and Split System Heat Pumps— IECC 2009/2012 (Note [2])

Cooling Mode Heating

Size (Btu/h) Units With Electric | Units With Heating | Mode @ 47°F
Resistance or No Section Other Than | db/43°F wb
Heating Section Electric Resistance

< 65,000 13.0 SEER 13.0 SEER 7.7 HSPF

265,000 and < 135,000 11.0 EER 10.8 EER 3.3 COP

2 135,000 and < 240,000 | 10.6 EER 10.4 EER 3.2 COP

2 240,000 and <375,000 | 9-5 EER 9.3 EER 3.2 COP

2 375,000 and < 760,000 | 9-5 EER 9.3 EER 3.2 COP

2 760,000 9.5 EER 9.3 EER 3.2 COP
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2.2.2 UNITARY AC & HEAT PUMPS

Table 1A: Baseline Efficiencies —Unitary and Split System AC— IECC 2012 (Note [3])

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

<65,000 (split) 15.0 SEER 14.8 SEER

265,000 and < 240,000 12.0 EER 11.8 EER

> 240,000 and < 760,000 10.8 EER 10.6 EER

2 760,000 10.2 EER 10 EER

Table 2A: Baseline Efficiencies — Unitary and Split System Heat Pumps— IECC 2012 (Note [4])

Cooling Mode Heating

Size (Btu/h) Units With Electric | Units With Heating | Mode @ 47°F
Resistance or No Section Other Than | db/43°F wb
Heating Section Electric Resistance

< 65,000 (split) 15.0 SEER 14.8 SEER 8.5 HSPF

265,000 and < 135,000 12.4 EER 12.2 EER 3.4 COP

2 135,000 and <240,000 | 12.4 EER 12.2 EER 3.2 COP

2 240,000 and <375,000 | 12.4 EER 12.2 EER 3.2 COP

2 375,000 and < 760,000 | 12.4 EER 12.2 EER 3.2 COP

2 760,000 12.4 EER 12.2 EER 3.2 COP

Lost Opportunity Gross Energy Savings, Example

A 120,000 Btu/hr rooftop A/C unit is installed on an office building. The new unit has a rated EER of 12.5. What are the
annual lost opportunity savings?

Cooling (A/C units and Air Source Heat Pumps)

AKWH . = CAP. x( x EFLH

I O O 14
EER, EER, ) 1000W

From Appendix 5, the cooling equivalent full load hours for an office are 797 hours.

EER,, from Table 1 = 11 EER
1 1 kW
AKWH . =120,000x| ———— [x ————x 797 = 1,043k Wh
11 12.5) 1000W
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Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (Winter and Summer)

1 leW

CF.

SKW,. = CAP, x — X X
EER, EER,) 1000W

WKWy=0

Reminder: Cooling only units have no winter demand savings since they do not operate during the winter. Air source
heat pumps have no winter demand savings because they use resistance back up at low outside air temperatures.

Lost Opportunity Gross Peak Demand Savings, Example

A 120,000 Btu/h rooftop A/C unit is installed on an office building. The unit new unit has a rated EER of 12.5. What are
the seasonal peak savings?

Lo L) kW o
EER, EER.) 1000W

SKW,. = CAP. x(

From Appendix 1 the seasonal coincidence factor for cooling = 0.82.
EER,, from Table 1 = 11 EER
1 1
SKW,. =120,000x| — ———
11 125

kW

x———x0.82 =1.07kW
1000W

WKWyu=0
Cooling only units have no winter demand savings since they do not operate during the winter.

Changes from Last Version

Updated table 1 and 2 for IECC 2012 code
Added table 1A and 2A for new IECC 2012 code

Notes

[1] Table 1 above is based on 2009 International Energy Conservation Code (CT Code) table C503.2.3(1) and
2012 International Energy Conservation Code (CT Code) table C403.2.3(1).

[2] Table 2 above is based on 2009 International Energy Conservation Code (CT Code) table C503.2.3(2) and
2012 International Energy Conservation Code (CT Code) Table C403.2.3(2).

