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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.
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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:

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 17



Version Date : 10/31/2016 1.6 GLOSSARY

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
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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).

[3] Table 1A above is based on 2012 International Energy Conservation Code (CT Code) table C406.2(1)

[4] Table 2A above is based on 2012 International Energy Conservation Code (CT Code) table C406.2(2)
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2.2.3 WATER AND GROUND SOURCE HP

Description of Measure

High Efficiency water-source, ground water source, and ground-coupled heat pump units.

Savings Methodology

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

Inputs
Symbol Description Units
Facility type served by equipment and system type (water
source, ground water, ground loop)
CAPc Installed Cooling Capacity Btu/h
CAPy Installed Heating Capacity Btu/h
EER; EER - installed (ISO 13256-1) Btu/watt-hr
COP; COP-Installed (ISO 13256-1)
Nomenclature
Symbol Description Units Values Comments
AKWH¢ Annual electric energy savings - cooling kWh
AKWHy Annual electric energy savings - Heating kWh
CAPc Installed Cooling Capacity Btu/hr Input
CAPy Installed Heating Capacity Btu/hr Input
CF¢ Seasonal summer cooling coincidence factor % Appendix 1
CFy Seasonal summer Heating coincidence factor % Appendix 1
COP, High temperature COP, Heat pumps 65,000 Btu/h- Note [1]
Baseline
COP; COP- installed Input
EER, EER - Baseline Btu/watt-hr Note [1]
EER; EER- installed Btu/watt-hr Input
EFLH¢ Equivalent Full Load Hours - Cooling Hrs Appendix 5
EFLHy Equivalent Full Load Hours - Heating Hrs Appendix 5
SKW¢ Seasonal summer peak savings - cooling kW
WKWy Seasonal Winter peak savings - Heating kW

Lost Opportunity Gross Energy Savings, Electric

Cooling

AKWH . = CAP, x ! — ! X kW x EFLH .
EER, EER,) 1000W

Heating

AKWH ,, =CAP ,, x ! — ! X ! X kW x EFLH
COP, COP, | 3.412" 1000W
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Table 1: Baseline Efficiencies (Note [1])

Water Source Heat Pump

(Closed loop within a building, served by boiler and cooling tower)

Cooling Capacity Btu/hr EER, Cop,
< 17,000 11.2 4.2

> 17,000 <135,000 12.0 4.2
Ground Water Heat Pump

(The water used by the heat pump is in contact with the ground)

Cooling Capacity Btu/hr EER, Cop,
<135,000 16.2 3.6
Ground Loop Heat Pump

(The water used by the heat pump is isolated from contact with the ground)
Cooling Capacity Btu/hr EER, COopP,
<135,000 13.4 3.1

Lost Opportunity Gross Energy Savings, Example

A 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 capacity is 125,000 Btu/h with an EER of 15. What are the annual lost opportunity energy savings?

Cooling

x EFLH

AKWH, = CAP. x| —— L | KW
EER, EER.) 1000W

From Appendix 5 the cooling equivalent full load hours for an office are 797 hours.
EER, from table 1 = 13.4

AKWH . =125,000x S X kW x797=793kWh
13.4 15) 1000W

Heating

AKWH ,, =CAP , x ! — ! X ! X kW x EFLH
COP, COP, | 3.412" 1000w

From Appendix 5 the heating equivalent full load hours for an office are 1,248 hours.
COP,, from table 1 = 3.1

AKWH ,, =99,000x i_L)
3135

1 kW
X X
3.412 1000W

x 1,248 =1,335
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Lost Opportunity Gross Seasonal Peak Demand Savings, Electric (Winter and Summer)

Cooling

SKW .=CF o x CAP x| —— ——1_ |, KW
EER, EER,) 1000W

Heating

WKW, =CF , x CAP, x| ————L |1, W
COP, COP.) 3412  1000W

Lost Opportunity Gross Peak Demand Savings, Example

A 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 capacity is 125,000 Btu/h with an EER of 15. What are the lost opportunity seasonal demand
savings?

Cooling

SKW ,=CF .x CAP ox| —— — 1|, KW
EER, EER,) 1000W

From Appendix 1 the seasonal coincidence factor for cooling = 0.82.
EER, from table 1 =13.4

SKW . =0.82x 125,000x —— — L |« W __o 805w
134 15)" 1000w
Heating
1 1 1
WKW ,, =CF , x CAP,, - L kW
COP, COP.) 3412  1000W

The seasonal coincidence factor is assumed to be the same as the summer factor = 0.82.
COP,, from table 1 = 3.1

WKW , =0.82x 99,000x| ——— L |« L KW __4 egrw
31 35) 3412 1000

Changes from Last Version

No Changes between 2009 IECC and 2012 IECC
Notes

[1] Table 1 is based on 2009 and 2012 International Energy Conservation Code table C403.2.3 (CT Code)
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224 DUAL ENTHALPY CONTROLS

Description of Measure

Upgrade to a dual enthalpy economizer instead of outside-air dry-bulb economizer. The system will continuously
monitor the enthalpy of both the outside air and return air while controlling system dampers to adjust the outside quantity
based on the two readings.

Savings Methodology

Wood, Byk and Associates (Note [1]) modeled the savings achieved by upgrading from single dry-bulb to dual enthalpy
economizer control for a variety of typical commercial and industrial facility types and sizes using the hourly building
simulation tool DOE-2. Simulation results were reviewed and annual electrical savings 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

Symbol Description Units

CAP; Installed cooling capacity controlled by economizers Tons

Nomenclature

Symbol Description Units Values Comments
ADET Annual differential electrical energy savings per ton kWh/Ton 276 Note [2]
AKWH¢ Annual Electric Energy Savings, Cooling kWh

CAP; Installed Cooling capacity controlled by economizers 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 x CAP,
AKWH,. =276 x CAP,

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

SKW =0 (See Note [3])
WKW = 0 (See Note [3])

Changes from Last Version

No changes.
Notes
[11 Wood, Byk, & Associates, Consulting Engineers, 829 Meadowview Road, Kennett Square, PA 19348
[2] Results are from the modeling performed by Wood, Byk, and Associates in 2001. The model provided savings
for several locations throughout the Northeast. Savings for this measure is based on Hartford, CT.

[3] Since economizers save when outdoor air temperature is relatively low (<70 °F) and the seasonal peak is
expected to occur at high outside air temperature, the seasonal peak savings for this measure are assumed to be 0.
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2.2.5 VENTILATION CO2 CONTROLS

Description of Measure

Upgrade to HVAC system to control outside air flow based on CO2 levels. The proposed systems monitor the CO2 in the
spaces or return air and reduce the outside air when possible to save energy while meeting indoor air quality standards.

Savings Methodology

The energy savings are calculated based on site specific input for all projects. Savings are based on hours of operation,
return air dry bulb temperature, return air enthalpy, system total air flow, percent outside air, estimated average outside air
reduction, cooling and heating efficiencies. Savings are estimated using a temperature bin spreadsheet that uses the
reduction of outside air to calculate the energy saved by not having to condition that air. The savings is calculated for
each temperature bin with the exception of bins that would include economizer cooling.

Summer seasonal peak demand savings are calculated based on the top two temperature bins used in the spreadsheet.
Natural gas peak day savings are calculated using the peak day factor for furnace/boiler of 0.0152 from measure 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 with no CO2 ventilation control.

Inputs

Symbol Description Units
Operation Schedule of HVAC Unit including days and time
Area type Served by HVAC Unit

EER Cooling Efficiency Btu/watt-hr
Heating Efficiency %
Total System Air Flow CFM
Design Outside Air percentage %
Average Expected Reduction in Air Flow %
Return Air Temperature °F
Building Balance Point °F

Changes from Last Version

No changes.
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2.2.6 GAS FIRED BOILER AND FURNACE

Description of Measure

This measure encourages the installation of high-efficiency, gas-fired, 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 specified in ASHRAE 90.1-2007 or ASHRAE 90.1-2010",
Tables 6.8.1F and 6.8.1E, respectively (Note [3]). If the boiler is used for Domestic Hot Water in addition to heating the
project should be handled as a custom measure (2.6.3 LOST OPPORTUNITY CUSTOM).

The Peak day factors developed for this prescriptive approach are based on the results from a sampling of existing custom
projects in which local bin weather data was used to calculate savings of both high-efficiency conventional and
condensing boilers. The data from the temperature bin analysis was used to compute savings for the coldest 24-hour
period of the year. The peak day factors were based on the average of these projects (Note [1]). Ratios of demand
savings to annual energy savings were then developed for both conventional (0.0152) and condensing boilers (0.0133).
The peak factor for furnaces is estimated at 0.0152 since furnace savings follow the same load shape as the conventional
boilers. Although the magnitude of the demand savings for the condensing boilers was greater than that of the
conventional boilers, the condensing boiler demand-to-energy-savings ratio was smaller. To meet the heating load, hot
water reset increases the boiler water temperature as the outside air temperature decreases. The higher water temperature
has a negative effect on the condensing boiler’s efficiency at those conditions. The effect reduces the percent savings
during the peak day.

Inputs
Symbol Description Units
Facility type

np Proposed case efficiency

CAP Boiler or furnace output capacity Btu/hr

Nomenclature

Symbol Description Units Values Comments

ACCF Gross annual energy savings CcF

AF Adjustment Factor 1.0 or Use 1.0 for non-

0.97 condensing units and 0.97

for condensing units

CAP Installed boiler or furnace output capacity. Btu/ hr

EFLH Equivalent Full Load Hours hours Table 1 See Appendix 5 for
occupancy categories not
listed below

OF Oversize Factor Note [2]

PD Gross Peak Day Natural Gas Savings

nb base case efficiency ASHRAE 90.1-2007 or
ASHRAE 90.1-2010

np proposed case efficiency

! Note, the baseline standards for furnaces and boilers have not changed in ASHRAE Standard 90.1-2010

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 44



Version Date : 10/31/2016 2.2.6 GAS FIRED BOILER AND FURNACE

Lost Opportunity Gross Energy Savings, Fossil Fuel

Heating Savings

ACCF - CAPX( EFLH jX(L_ 1 j
OF \102,900Btu / ccf nb  AF xnp
Table 1: Equivalent Full Load Heating Hour Range (Note [1])
Occupancy Category Equivalent Full-Load Heating Hours”
Residential, Hospitals, Police & Fire Stations (24/7 1,519
operation)
Manufacturing 1,140
Retail Sales/Restaurants 1,170
Offices 1,306
Schools 1,176
Average Value for Upstream Program 1,100

Lost Opportunity Gross Peak Day Savings, Natural Gas

Factors based

Conventional (non-condensing) boiler peak day gas savings (Ccf)

PD =0.0152x ACCF

Condensing boiler peak day gas savings (Ccf)
PD =0.0133x ACCF

Furnace peak day gas savings (Ccf)

PD =0.0152x ACCF

Changes from Last Version
Referenced ASHRAE 90.1-2010 baseline which is equivalent to ASHRAE 90.1-2007

Notes

[1] Peak day factors and full load hours were developed by third party engineers (Fuss & O’Neill, Manchester, CT)
in 2008 using a temperature bin analysis. The engineering analysis was provided to LDCs to help support
natural gas conservation efforts.

[2] The oversize factor (OF) is assumed to be 1.15 for single boiler/furnace installations reflecting the industry
standard of installing equipment that has an output greater than estimated peak load. The oversizing factor for
multiple boiler and furnace installation is 1.3 reflecting the industry practice of oversizing multiple pieces of
equipment to allow for one piece of equipment to provide a higher percentage of load in emergency situations.

[3] ASHRAE- Minimum Efficiency requirements are based on input capacity

2 The above EFLH should be used for boilers and furnaces and not Appendix 5 values. Appendix 5 heating EFLH are for
heat pumps only.
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2.2.7 GAS RADIANT HEATER

Description of Measure

Installation of gas-fired, low-intensity, vented, radiant heaters.

Savings Methodology

Energy savings is estimated to be 25% of the consumption of a conventional gas fired unit heater with the same heating
load (based on Ref[1]).

Demand savings calculation methodology is based on the results of sample savings numbers for various building types
using a temperature bin model. To calculate the peak demand factor the savings from the coldest 24-hour period of the
year was divided by the total savings (See Note [1]). From this, ratios of the demand savings (Ccf) to annual energy
savings (Ccf) were developed, resulting in the average demand savings fraction of annual savings of 0.00544.

Inputs
Symbol Description
CAP Installed heating Capacity in Btu/hr
Facility type

Nomenclature
Symbol Description Units Values Comments
ACCF Gross annual gas energy savings Cef
Ccf 100 Cubic Feet Ccf

The equivalent hours that the heater would need to operate Table 1, Note [3]
EFLH at its peak capacity in order to consume its estimated Appendix

consumption (Annual Btu/ Full Load Btu/hr) hours 5
CAP Installed heating Capacity in Btu/hr Note [2]
OF Oversize Factor Note [2]
PD Gross peak day savings Cef
SFR Savings Fraction 25% Ref[1]
nb Base case efficiency 80% Ref [2]

Lost Opportunity Gross Energy Savings, Fossil Fuel

Heating Savings

ACCF = CAP * EFLH * SFR
(102,900btu / Ccf xnb)
Table 1: Equivalent Full-Load Heating Hour Range (Note [3])
Occupancy Category Equivalent Full-Load Heating Hours
Warehouse, Storage, Fire Stations (24/7 operation) 1,519
Manufacturing 1,140
Retail Sales/Other 1,170
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Lost Opportunity Gross Peak Day Savings, Natural Gas

PD=0.00544 x ACCF

Changes from Last Version

Referenced ASHRAE 90.1-2010 baseline which is equivalent to ASHRAE 90.1-2007.

References

[1] ASHRAE Technical Paper #4643, "Evaluation of an Infrared Two-Stage Heating System in a Commercial
Application”, 2003, Conclusions page 138.

[2] ASHRAE Standard 90.1-2007 and ASHRAE Standard 90.1-2010, Table 6.8.1E, for warm air unit heaters.
Notes

[1] Peak day factors and full load hours were developed by third party engineers (Fuss & O’Neill, Manchester,
CT) in 2008 using a temperature bin analysis. The engineering analysis was provided to LDCs to help support
natural gas conservation efforts.

[2] In the case of a single-heater installation, the oversize factor is 1.0. In the case of a multiple-heater installation,
the total heater output capacity shall be used and the oversize factor is 1.1.

[3] The equivalent full-load heating hour (EFLH) range is shown in Table 1. The magnitude of the EFLH’s in

each occupancy category considers both hours occupied and internal heat release equipment. Refer to
Appendix 5 for occupancy categories not listed in Table 1.
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2.2.8 GAS FIRED DHWH

Description of Measure

Installation of high-efficiency, gas-fired, storage-type, domestic hot water heaters>75,000 Btu/hr.

Savings Methodology

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 were based on gas storage water heater,
>75,000 Input Btu/hr as specified in ASHRAE 90.1-2007 (Ref [1]).

Based on facility type and square footage, Table 1 (Note [1]) and baseline standby losses are used to estimate the annual
water heating baseline usage. Using the baseline efficiency (80%) the baseline hot water load is calculated. Using the
calculated load, the installed efficiency and standby high efficiency 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. Base case heater is a code-compliant storage gas heater.

2. Proposed case heater is a high-efficiency heater.

3. Base case and proposed case heaters have the same output capacity and address the same DHW load.

4. If multiple heaters are used, they are treated as a single unit, with system input capacity and standby loss rate

equal to the sum of all units.

Demand Assumptions:

1. Lowest cold water temperature is 44°F. (Ref[3])

2. Annual average cold water temperature is 54°F. (Ref[3])

3. Hot water set point is 130°F.

Inputs

Symbol Description Units

CAPy; Input capacity of proposed (installed) water MBH
heater

CAPy; Water Storage capacity of proposed (installed) Gallons
water heater

nb Thermal efficiency of base case water heater %

np Thermal efficiency of proposed (installed) water | %
heater

SLR; Standby loss rate of proposed (installed) water Btu/hr
heater

A Building floor area, square feet ft’
Building Occupancy Type
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Nomenclature

Symbol | Description Units Values Comments

A Building floor area in square feet ft” Input

ACCF Annual Natural Gas Energy Savings Ccflyr

CAPyy Heat Input capacity of base case water heater MBH

CAPy; Heat Input capacity of proposed (installed) water heater MBH Input

CAPy,;,, | Water Storage capacity of base case water heater Gallons

CAPy; Water Storage capacity of proposed (installed) water heater Gallons Input

CCFy, | Annual base case DHW Gas usage Ccflyr

E, Annual base case gas energy usage rate (per ft”) Ccf/ft’/yr Table 1 Ref [2],
Note [1]

E; Annual proposed (installed) gas energy usage rate (per ft”) Ccf/ft’/yr

GPYw Annual Building Hot Water Usage Gal/yr

H Number of annual standby hours Hrs/yr

PD Peak Day Natural Gas Savings Cef

SF Peak Day Gas Demand Savings factor

SLR, Base case water heater standby loss rate Btu/hr Ref[1]

SLR; Proposed (installed) water heater standby loss rate Btu/hr Input

AT Differential Temperature rise °F 75°F

nb Base case water heater thermal efficiency % 80% Ref [1]

np Thermal efficiency of proposed water heater %

Lost Opportunity Gross Energy Savings, Fossil Fuel

Natural Gas Energy Savings

Calculate annual base case DHW gas usage:

CCFy, , = AXE,

Table 1: Annual Base Case Gas Usage Rate by Occupancy Type (Ref [2])

Building Occupancy Annual Base Case Gas Usage Rate,

Category E, (Ccf/ft?)
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
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Calculate base case heater input capacity in Btu/hr:

CAP,, = CAP, , x Z_fz

Calculate the baseline standby losses:
SLR, = CAP, ; x % +110x~/CAP ,,; Ref[1]

Calculate number of standby hours/year:
(87607, x CAP, , x1,000)—(CCF,, , x102,900 5, )
SLR,
nb

(CAP, , x1,000)-

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

(CCF, , x102,90054/, . x7b)~(SLR, x H )
AT x 83354/,

GPY,, =

Calculate annual gas savings using the following equation:

(GPY,, x AT x8.3354/, ..+ SLR x H)
102,900 2z x mp

ACCF,, = CCF,,, -

Lost Opportunity Gross Energy Savings, Example

2.2.8 GAS FIRED DHWH

A 50,000 square foot inpatient health care facility installs a new energy efficient gas storage type domestic hot water

heater with the following ratings:

e Capacity =300 MBH

e  Storage capacity = 100 gallons

e  Thermal Efficiency = 91%

e Rated standby loss = 1,044 Btu/hr
What are the annual energy savings?

Calculate annual base case DHW gas usage:

CCF,,, = AxE, = 50,000x0.357 = 17,850Ccf

Calculate base case heater input capacity in Btu/hr:

CAP,, = CAP,, Xﬂ_l; = BOOx% =341 MBH
n .

Calculate the baseline standby losses:

SLR, = CAP, <1000y 10x/cap i =300x 1,000
© 800 800
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Calculate number of standby hours/year:

(87607, x CAP,, , x1,000)—(CCF,, , x102,9005,)

(cap, , x1,000)— *L5s
o (876077, x 341x1,000) (17,?1(; >5< 102,900, ) 339
(341x1,000)—
0.80

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

(CcCF, , x102,90054,, . x b )~ (SLR, x H )

GPY,, =
v AT x8.33Bu/. ..

(17,850 102,900 5/, x 0.8)— (1,475 % 3,392)
75x8.33 50 op

GPY, = = 2,343,992

Calculate annual gas savings using the following equation:

Btu
ACCF,, = CCFW’b - (GPY, x Alj(;; 2-553[“ Garer +SLR, x H')
> cer X 1P

9 5 X X 6. BmGal~°F+ 5 X3,
(2,343,992 x 75x8.33 1,044 x 3,392)

ACCF,, =17,850
102,900 51/, % 0.91

=2,173

Lost Opportunity Gross Peak Day Savings, Natural Gas

oo | dayx (130°F — 46°F)

- =0.0032
365 days x(130°F —57°F)

PD = ACCF,, x SF = ACCF,, x0.0032

Changes from Last Version

Updated Table 1 in accordance with 2012 Commercial Buildings Energy Consumption Survey (CBECS) data provided
by the U.S. Energy Information Administration

References

[17 ASHRAE 90.1-2007 and ASHRAE 90.1-2010, Table 7.8.

[2] U.S. Energy Information Administration, Table E8. Natural gas consumption and conditional energy
intensities (cubic feet) by end use, 2012, Released May 2016..

[3] Tool for Generating Realistic Residential Hot Water Event Schedules, Reprint, NREL, August 2010.
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2.3 MOTORS AND TRANSFORMERS

23.2 LOW VOLTAGE DRY TYPE DISTRIBUTION TRANSFORMERS

Description of Measure

Measure discontinued in 2017 due to implementation on New Federal Energy Standard which makes potential savings
negligible to support incentives for this program. .

Savings Methodology

Not Applicable (see above). Savings had been based on CEE Tier level efficiency requirements however CEE Initiative
has been suspended.

Changes from Last Version

Measure discontinued for 2017

References

[1] Federal Standard: Title 10 Part 431 - Energy Efficiency Program for Certain Commercial and Industrial
Equipment; Section 431.196.
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2.4 VARIABLE FREQUENCY DRIVES

24.1 HVAC VFD

Description of Measure

Addition of variable frequency (VFD) control to a fan or pump system in a HVAC application. The fan (pump) speed
will be controlled to maintain the desired system pressure. The application must have a load that varies and proper
controls (i.e. two-way valves, Variable Air Volume boxes) must be installed.

Savings Methodology

The baseline is a constant speed fan (Air Foil (AF), Backward incline (BI), Forward Curved (FC)) with or without inlet
guide vanes or a constant speed/flow centrifugal pump. ASHRAE default performance curves (Ref [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.
Demand savings is the power (kW) savings at the highest load temperature bins.

Inputs
Symbol Description
BHP Brake Horsepower
EFFi Installed motor efficiency
H Annual hours of operation
Fan type

Nomenclature
Symbol | Description Units Values | Comments
AF Air Foil Fan Type
AKWH Gross Annual Electric Energy Savings kWh
BHP System brake horsepower HP
BI Backward incline Fan Type
CHWP Chilled Water Pump
Cv Constant Volume Fan
EFF; Motor Efficiency - installed %
FC Forward Curved Fan Type
H Annual Hours of operation site specific or default Appendix 5
HWP Hot Water Pump
IGV Inlet Guide Vanes Flow Control Device
SFywn Annual kilowatt hour savings factor based on | (kW/HP) | Table 1

typical load profile for application
SFiw.s Summer seasonal demand savings based on (kW/HP) | Table 1

typical load profile for application
SFiw.w Summer seasonal demand savings based on (kW/HP) | Table 1

typical load profile for application
SKW Seasonal Summer Peak Savings kW
WKW Seasonal Winter Peak Savings kW
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Lost Opportunity Gross Energy Savings, Electric

AKWH = BHP
EFF

x H xSF,,

Refer to Table 1 below for the appropriate SFyyp.

Table 1: VFD Savings Factors (See Note [1])

HVAC Fan VFD Savings Factors

Baseline SFiwh SFiw.s SFiw.w
AF/BI riding the curve | 0.35407485 | 0.26035565 0.40781240
AF/BI with IGV 0.22666226 | 0.12954823 0.29144821
FC riding the curve 0.17889831 | 0.13552275 0.18745625
FC with IGV 0.09210027 | 0.02938371 0.13692166
(9% 0.53450577 | 0.34753664 0.65064177
HVAC Pump VFD Savings Factors

Baseline SFiwn SFiw.s SFww
CHWP (constant flow) | 0.41113751 | 0.299056883 | 0.0

HWP (constant flow) | 0.42380136 | 0.0 0.207967853

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

BHP

SKW = 5 SFy s
BHP

WKW == SFyy

1

Changes from Last Version

No changes.

References

[1] ASHRAE 90.1-1989 User’s Manual

Notes

2.4.1 HVAC VFD

[17 The constants in Table 1 were derived using a temperature BIN spreadsheet and typical heating, cooling and fan
load profiles. For each pump application and fan type savings factors were developed. These were based on the
difference in power based on the estimated load at each temperature BIN using equations from Ref [1].
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2.6 OTHER

2.6.1 LEAN MANUFACTURING

Description of Measure

Incorporating Process Re-engineering for Increased Manufacturing Efficiency (PRIME), also known as “lean
manufacturing,” into the manufacturing process.

Savings Methodology

Incorporating PRIME in the manufacturing process allows a company to eliminate waste (i.e. of energy, materials, labor)
and optimize flow in order to improve the efficiency of the manufacturing process. The savings calculations are based on
Ref [1]. Savings are estimated based on facility’s existing 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 time period saves on the non- manufacturing consumption (mostly
lighting).
2. Producing more products over the same time period reduces losses in the manufacturing equipment consumption
(such as less idle time and increase in motor efficiency).

The PRIME process also reduces waste. Since this is very site dependent it is not considered in this calculation

For projects with gas savings, the calculations will be done on a customer basis for that specific manufacturing process.

Inputs
Symbol Description Units
KWH;, Facility’s annual consumption based on billing history | kWh
PPA Percent of facility’s consumption effected by PRIME | %
Na Production after PRIME units per
hour
Ne Existing Production units per
hour
Nomenclature
Symbol | Description Units Values | Comments
AKWH | Annual Electric Energy Savings kWh
EKWH | Estimated annual electric usage with increase in production kWh
IND Annual electric energy usage independent of production hours kWh
and production quantity
HR Annual electric energy usage dependent on hours of production kWh
KWH,; | Facility’s annual electric usage based on billing history kWh Input
N, Production rate after PRIME units per hour Input
N, Existing Production rate units per hour Input
PPA Percent of facility’s energy usage effected by PRIME % Input
PD Annual electric energy usage dependent on production quantity kWh
SF Savings factor % Ref[1]
-+ ewop Without PRIME
T With PRIME

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 55



Version Date : 10/31/2016

Lost Opportunity Gross Energy Savings, Electric

AKWH = EKWH,, — EKWH,

Estimated annual consumption with increase in productivity without PRIME:

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

wop

IND,,, = 0.65x PPAx KWH,

HR,, =0.20x PPAx KWH, x 1]:]]“

wop

e

PD, =0.15x PPAxKWH, x 1]:[’

wop
e

Estimated annual consumption with increase in productivity with PRIME:

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

IND,, =0.65x PPAx KWH,
HR,, =0.20x PPAx KWH,

PD,, :O.15><PPAxKWHh><N“ x(1-SF)
N

e

3 2
SF=01168x| Ye=Ne | _03400x| Na=Ne | 1 04732x] Na=Ne
N N N

e e

Savings algorithms come directly from Reference [1].

Lost Opportunity Gross Energy Savings, Example

2.6.1 LEAN MANUFACTURING

}+0.0011

A manufacturing plant that has an annual electricity consumption of 1,000,000 kWh (KWHy,), It goes though the PRIME
process on production lines that represent 25% or 0.25 (PPA) of their production. Production of those lines increase from

300 to 330 products per hour.
AKWH = EKWHWOP - EKWHWP

Estimated annual consumption with increase in productivity without PRIME:

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

wop

IND, = 0.65x0.25x1,000,000 =162,500kWh

wop
HR, =0.20x0.25x1,000,000 x % = 55,000k Wh

wop

PD,, =0.15x0.25x1,000,000 x % =41,250kWh

EKWH,,,, =162,500+ 55,000+ 41,250 = 258,750k Wh
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Estimated annual consumption with increase in productivity with PRIME:

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

IND,,, = 0.65x0.25x1,000,000 = 162,500k Wh
HR,, =0.20x0.25x1,000,000 = 50,000k Wh

3 2
SF =0.1168x 330-300 —0.3402 x 330-300 +0.4732 % 330-300 +0.0011=.045
300 300 300

PD,, =0.15x0.25x1,000,000x % x (1-0.045) = 39,394k Wh
EKWH,,, = 162,500+ 50,000+ 39,394 = 251,894k Wh

AKWH , =258,750—251,894 = 6,856k Wh

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

SKW =0

WKW =0

Non Energy Benefits

PRIME reduces waste and increases productivity. The customer’s cost savings from the increase in productivity and
reduction in scrap varies considerably from project to project. Therefore, it may be calculated on a case-by-case basis.

Changes from Last Version

No changes.

References

[11 Process Reengineering for Increased Manufacturing Efficiency (PRIME) Program Evaluation, Energy &
Resource Solutions, March 26, 2007, Section 4.
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2.6.2 COMMERCIAL KITCHEN EQUIPMENT

2.6.2 COMMERCIAL KITCHEN EQUIPMENT

Description of Measure

Installation of ENERGY STAR qualified commercial kitchen equipment.

Savings Methodology

Energy savings for this measure are calculated using the savings calculator for ENERGY STAR qualified commercial
kitchen equipment located on the ENERGY STAR website (Ref [1]). Note that the input and equipment tabs within the
spreadsheet have default values that can be overridden by the user when project specific details are available. The peak
electric and gas demand savings are calculated as specified below. The baselines from which savings are calculated are

provided in Table below.

Table 1: Savings Baseline

Equipment

Baseline

Oven Conventional unit per Reference [1] calculator
Dishwasher Conventional unit per Reference [1] calculator
Freezer Reference [3]

Fryer Conventional unit per Reference [1] calculator
Griddle Conventional unit per Reference [1] calculator

Hot Food Holding Cabinet

Conventional unit per Reference [1] calculator

Ice Machine

Reference [2]

Refrigerator

Reference [3]

Steam Cooker

Conventional unit per Reference [1] calculator

WaterSense Pre-Rinse Spray Valve

See Water Savings Measures 3.2.1

Nomenclature

Symbol Description Units Values Comments
ACCFq Annual Natural gas savings Cef
AHAM Association of Home Appliance Manufacturers
AKWH Annual Gross Electric Energy savings kiloWatt-

hours, kWh

AKW Average Hourly Summer Demand Savings kW
kW Electric Demand kiloWatts
PDo Peak day gas savings Ccf

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

The average hourly demand savings for refrigerators, freezers and ice machines (winter and summer) are:

_ AKWH
87605,

Lost Opportunity Gross Peak Demand Savings, Natural Gas

_ ACCF,
365days /| yr

o
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Changes from Last Version

Accessed Energy Star Spreadsheet, added Watersense Spray Valve.

References

[1] ENERGY STAR Commercial Kitchen Package for businesses and operators,
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=CKP
Last Accessed Sept 6, 2016.

[2] Federal Standard: Title 10 Part 431 - Energy Efficiency Program for Certain Commercial and Industrial
Equipment; Section 431.136

[3] Federal Standard: Title 10 Part 431 - Energy Efficiency Program for Certain Commercial and Industrial
Equipment; Section 431.66

Notes

[1] The AHAM volume is the interior volume of a refrigerator as calculated by AHAM Standard Household
Refrigerators/Household Freezers (ANSI/AHAM HRF-1-2004).

[2] Actual full load hours should be used, when known, in the savings calculator in lieu of the default hours.

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 59


http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=CKP

Version Date : 10/31/2016 2.6.3 LOST OPPORTUNITY CUSTOM

2.6.3 LOST OPPORTUNITY CUSTOM

Description of Measure

This measure may apply to any C&I 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 each customer’s specific situation. 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 metered data
where possible to test the reasonableness of energy savings. Also, the energy and demand savings analysis must be
reviewed for reasonableness by either a third party consulting engineer or a qualified in-house engineer.

The methodology for determining gas peak day savings is provided in Appendix 1.

Note that 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 3.

Electric demand savings methodologies are categorized as follows:
1. Temperature dependent measures (HVAC measures that vary with ambient temperature)
2. Non-temperature dependent measures (process, lighting, time control)

3. Whole building performance.

Temperature dependent measures:

Savings from individual temperature dependent measures are typically determined by either full load hour analysis or bin
temperature analysis:

Full Load Hour Analysis

Summer and winter demand savings are calculated using an appropriately derived seasonal peak coincidence factor.
Coincident factors for various measures (and/or end use) are provided in Appendix 1. Demand savings will be determined
by multiplying the connected load kW savings by the appropriate coincidence factor.

Temperature Bin Analysis

A correlation 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.

* The summer seasonal peak demand savings shall be the difference between the weighted average demand of the top
temperature bins that capture the majority of the ISO-NE summer seasonal peak hours in the previous three years, for the
base and “efficient” cases. All hours above 80 degrees will be used for Bridgeport and 84 degrees will be used for
Hartford.

* The winter seasonal peak demand savings shall be the difference between the weighted average demand of the bottom
temperature bins that capture the majority of the ISO-NE winter seasonal peak hours in the previous three years, for the
base and “efficient” cases. All hours below 30 degrees will be used for Bridgeport and 26 degrees will be used for
Hartford.
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Non-temperature-dependent measures:

Demand savings for measures that are not temperature-dependent will be determined by either the coincidence factors
from Appendix 1 or the average estimated week day (WD) savings over the summer or winter seasonal peak period. A
custom coincidence factor may also be used for measures or end uses that are not identified in Appendix 1. However, the
analysis determining the custom coincidence factor must be performed or approved by a qualified in house engineer.

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

SKW = Annual kWh savings (WD — June, July, August) y Run hours during 12 pm — 6 pm WD
Equipment Run hours (WD — June, July, August) 6

WKW — Annual kWh savings (WD — December , January) g (Run Hours during 4 pm —9 pm WD)
Equipment Run hours (WD — December, January) 5

Note that the average demand savings methodology should only be used when the coincident factor methodology cannot
or is not practicable.

Whole Building Performance:

Whole building performance shall be determined using a computer simulation model. Approved software and modeling
requirements are specified by the program administrators.

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 data will be used to determine demand savings.

The summer seasonal peak demand savings will be the difference between the peak demand (whole building) from the
base and design models during the hours as described in the temperature dependent section above. This assumes the
hottest hours occur during June through August. If the hottest hour methodology cannot be used then the demand savings
shall be determined by taking the difference in the peak demand between the base and design models for the summer
month (June through August) with the highest cooling load in the base model. If neither of these methods can be used
then in house engineering must review the project/model to determine an acceptable method.

The winter seasonal peak demand savings will be the difference between the peak demand (whole building) from the base
and design models during the coldest hours as described in the temperature dependent section above. This assumes the
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 (December, January) peak demand from the base model and
subtracting the average winter (December, January) peak demand from the design model.

Baseline:

Baseline efficiencies for individual measures are based on code or federal standard. If there is no applicable code
requirement, the assumption would be that no installation of any energy saving measure unless there was a study based on
a statistically valid sample of similar installations to support a different baseline.

If projects are initiated after the new code adoption then IECC 2012 TABLE C407.5.1(1) must be used to evaluate the
energy savings, otherwise the baseline for whole building performance is ASHRAE 90.1-2007 with the 2008 supplement
Addenda. Modeling shall be performed in accordance with Appendix G in ASHRAE 90.1.
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Nomenclature
Symbol Description Units Values | Comments
WD Week Days Days

Changes from Last Version

Updated to reference to IECC 2012 in the event Connecticut adopts IECC 2012 in the next PSD year.

Clarified the parameters of any baseline other than code
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2.64 COMMERCIAL CLOTHES WASHERS

Description of Measure

The installation of an ENERGY STAR Commercial Clothes Washer.

Savings Methodology

Savings for this measure are calculated using the appropriate water heating and dryer fuel source. The basis of the
savings is the Consortium for Energy Efficiency (CEE) savings calculator (Ref [1]). The usage per load by fuel source
for baseline (Federal Standard) and ENERGY STAR units were calculated based on (Ref [1]). Using the average loads
per year the annual savings are calculated. Number of annual loads will either be based on the CEE default calculator
default values (Laundromats (2,190 loads per year) or multi-family (1,241 Loads per year)) or project specific
information for any facility type. Installed energy use will be based on the installed modified energy factor. Note that the
Federal Standard and ENERGY STAR requirements changed in 2013. There are now separate Federal Standard levels for
front loading and top loading washers. The CEE savings calculator (Ref [1]) used for this measure was modified based on

the new Federal Standard and ENERGY STAR requirements.

Inputs
Symbol Description Units
N Number of units
Water heating fuel source (Electric, natural gas, propane, oil)
Dryer Fuel Source (none, electric, natural gas, propane)
Type of facility (Laundromat or Multi-family)
MEF; Modified Energy Factor - installed ft'/kWh/cycle
LDS Average number of loads per week loads/wk
WK Average number of weeks per year wk/yr
Nomenclature
Symbol Description Units Values | Comments
AKWH Annual electric energy savings kWh
AKWHq Annual electric energy savings - other kWh
AKWHy Annual electric energy savings — water heating kWh
ABTUq Annual Btu savings - other Btu
ABTUyw Annual Btu savings — water heating Btu
ACCF Annual natural gas savings - total Ccf
ACCFq Annual natural gas savings - other Ccf
ACCFy Annual natural gas savings — water heating Ccf
APG Annual propane savings - total Gallons
APGq Annual propane savings - other Gallons
APGy Annual propane savings — water heating Gallons
AOGw Annual Oil savings — water heating Lbs/h
DKWH, Dryer kWh per load - baseline kWh/Id 0.872/ Note [1]
0.698
DKWH,, Dryer kWh per load - ENERGY STAR kWh/ld 0.634 Note [1]
DRBTU, Dryer Btu - baseline Btu/ld 2,969/ Note [1]
2,376
DRBTU, Dryer Btu — ENERGY STAR Btw/ld 2,160 Note [1]
AGW Annual water savings Gallons/year
Gal, Gallons of water - baseline Gallons 26.35/ Note [1]
17.1
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Symbol Description Units Values | Comments

Gal Gallons of water —- ENERGY STAR Gallons 13.95 Note [1]

LDS Average number of Loads per week Loads/wk Input, Note [2]

MEF; Modified energy Factor - installed ft'/kWh/cycle Input

MEF, Modified energy factor - ENERGY STAR f'/kWh/cycle | 2.2 Note [1]

N Number of units Input

PDy Peak day factor — water heating 0.00321 | Appendix 1

PD Peak day savings Ccf

WK Average Weeks per year Wk/yr Input

WKWH, Washer kWh per load - baseline kWh/Id 0.116/ Note [1]
0.093

WKWH, Washer kWh per load - ENERGY STAR kWh/Id 0.085 Note [1]

WHKWH, Hot Water kWh per load - baseline kWh/Id 0.949/ Note [1]
0.760

WHKWH,, | Hot Water kWh per load — ENERGY STAR kWh/Id 0.690 Note [1]

WHBTU, Hot Water Btu - baseline Btw/ld 3,246/ Note [1]
2,597

WHBTU, Hot Water Btu — ENERGY STAR Btu/ld 2,361 Note [1]

Lost Opportunity Gross Energy Savings, Electric

Electric savings will be calculated in three pieces. Electric dryer and water heating savings are present only if the heat
element fuel source is electric.
Annual savings = Washer savings + Water heating savings + Dryer Savings

AKWH =AKWH,,_,,.,..+ AKWH, + AKWHy, _jpepic

—eletricdryer

MEF,, MEF,,
WKWH, ~-WKWH,, x —< | +| WHKWH, —WHKWH, x —-—
MEF, MEF,

AKWH = N x LDS xWK x

MEF
+ (DKWHb — DKWH, x —— J

i

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 source is fossil fuel.

Annual savings = Water heating savings + Dryer Savings

ABTU = ABTUO*FossilFueldryer + ABTUWﬁfossilfuel

MEF,
ABTUy, = N x LDS xWK x| WHBTU, —WHBTU,,, x ——<
MEF,
MEF
ABTU,, = N x LDS xWK x| DRBTU, — DRBTU ,; x ——<
MEF,

Savings by fuel source:

Water Heating
ABTUy,

ACCFy =——— W
Y 102,900Btu / cof
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_ ABTU,,
"~ 138,690Btu / Gal
_ ABTU,,
~ 91,330Btu/Gal

w
w

Dryer

ABT
ACCF, = Yo

ABTU,,

0 = 91.330Bmu/ Gal

Lost Opportunity Gross Energy Savings, Example

102,900Btu / ccf

2.6.4 COMMERCIAL CLOTHES WASHERS

A new Laundromat installs 25 new ENERGY STAR front loading washing machines that have an MEF of 2.2. The
Laundromat has natural gas water heat and gas dryers. What are the energy savings?

Electric savings:

AKWH = N x LDS x WK x

+| DKWH, — DKWH,,, x
MEF,

Dryer and Water heater electric usage = 0

N=25

LDS x WK = 2,190 (default loads per year)

WKWH, = 0.093 kWh/ld
WKWH,,= 0.085 kWh/ld
MEF,, = 2.2

MEF; = 2.2

MEF,
(WKWH[, ~WKWH,, x —J + (WHKWHI, ~WHKWH, x
MEF,

MEF,,
MEEF,

1

AKWH = 25x2,190 x {(0.093 —0.085x% %) +(0-0)+(0 —0)} = 438kWh

Natural Gas savings:

ABTU = ABTUO*FossilFueHryer + ABTUWﬁfossi[fuel

ABTUy, = N x LDS xWK x (WHBTUl7 -WHBTU, x

ABTU,, =25%2,190 x (

ABTU,,

2,597 -2,361x Ej =12,921,000Btus

_12,921,000Brus

ACCF,, =

ABTU, = N x LDS xWK x [DRBTU,, —DRBTU ,, x VEF
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ABTU , =25x2,190 x [2,376 -2,160x %) =11,826,000Brus

ABTU _ 11,826,000 Btus

ACCF,, = =
© 7 102,900Btu/ cf ~ 102,900Btu / ccf

=115Ccfs

ACCF = ACCF,, + ACCF,; =125.6+115 = 240.6Ccfs

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

Assumed to be zero.

Lost Opportunity Gross Peak Day Savings, Natural gas

ACCF,

=—————~ +PDy, x ACCEF,
365days / yr v v

Lost Opportunity Gross Peak Day Savings, Example

ACCEF,
=————0 4 PDy, x ACCF,, =PD = s +0.00321x125.6 =0.72Ccfs
365days / yr 365days / yr
Non Energy Benefits

ENERGY STAR washers use less water than the base unit.

Water savings:

MEF
AGW = N x LDS xWK x| GAL;,, — GAL ,; x

MEF,

Changes from Last Version

No changes.

References

[1] http://www.ceeforum.org/sites/default/files/ CEE_CommCW _SpecSavingsCalc_2011.xIs (modified based on
2013 Fed Standard and ENERGY STAR requirements)

Notes

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

[2] Default loads per year for Laundromats and Multi-family from Ref [1]
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2.7 ENVELOPE

2.71 COOL ROOF

Description of Measure

Install a qualifying cool roof surface with high reflectance (Note [4]) and high emittance (Note [5]).

Savings Methodology

Wood, Byk and Associates (Note [1]) developed a number of typical HVAC system scenarios using the hourly building
simulation tool DOE-2. Savings were calculated using a baseline reflectance of 0.3 (Note [2]), a high efficiency roof
reflectance of 0.70, and a high efficiency roof emittance of 0.75, as certified and labeled by the Cool Roof Rating Council
(CRRC). Simulation results were separated into two categories based on the location of the cooling equipment’s
condenser. Based on the study results, savings ratios were developed per square foot of “cool” roof over electrically air
conditioned space, which can be applied to estimate energy savings. The reflectance and emittance requirements in
ASHRAE 90.1-2007 (Note [6]) are the same as 90.1-200. Therefore, this analysis is still valid.

Inputs
Symbol Description Units
Location of air conditioning systems (Rooftop vs. other).
Heating Fuel
Aqc Area of upgraded roof that is over electrically air conditioned spaces ft?
Nomenclature
Symbol Description Units Values Comments
Aqe Area of upgraded roof that is over electrically air conditioned spaces | ft” Input
ABTUy Annual Btu savings — Heating Btu
ACCFqy Annual natural gas savings —Heating Ccf 102,900 Btu
AKWH¢ | Annual Electric Energy Savings —Cooling kWh
AOGy Annual oil savings — Heating Gal 138,690 Btu
APGy Annual propane savings — Heating Gal 91,330 Btu
Fc Cooling Factor KWh/ft" | 0.29872 or Note [3]
0.08145
Fu Heating Factor Btw/ft’ | -17000 Note [3]
SKF Summer Factor KW/t 0.00045 or Note [3]
0.00019
SKW Seasonal Summer Peak Demand Savings kW
WKW Seasonal Winter Peak Demand Savings kW
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Lost Opportunity Gross Energy Savings, Electric

When air conditioning equipment is located on the roof (rooftop units, split systems, air cooled chillers), the savings
are calculated as follows:

F.=0.29872

AKWH . =F.xA,

AKWH . =0.29872x A,

Reminder: This does not include cooling towers that serve water cooled chillers. Water cooled chillers are grouped with
cooling equipment that is not located on the roof.

When air conditioning equipment is not located on the roof (split systems, air cooled chillers, water cooled chillers),
the savings are calculated as follows:

F.=0.08145
AKWH,_ =F.x A,
AKWH . =0.08145x A,

Lost Opportunity Gross Energy Savings, Fossil Fuel

F,; = —17000
ABTU, = Fy X Ag,
ABTU, = —17000 X A,,

ACCE. — ABTU,
H7102,900 btu/Ccf
206 — ABTU,
"™ 138,690 btu/gal
PG = ABTU,
H™91,330 btu/gal

Reminder: Increasing the reflectance of a roof causes an increase in heating energy usage (thus the negative factor
above) because it will decrease the temperature of the roof which will result in higher heating loads.

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

When air conditioning equipment is located on the roof (rooftop units, split systems, air cooled chillers), the demand
savings are as follows:

SKF,. =0.00045
SKW,. = SKF.. x A,
SKW,. =0.00045x A,,

WKW, =0

Reminder: This does not include cooling towers that serve water cooled chillers. Water cooled chillers are grouped with
cooling equipment that is not located on the roof.
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When air conditioning equipment is not located on the roof (split systems, air cooled chillers, water cooled chillers),
the savings are as follows:

SKF,. =0.00019
SKW,. = SKF. x A,
SKW,. =0.00019x A

WKW, =0

Changes from Last Version

Converted the Heating factor to units of btu/ft?, so the lost opportunity fossil fuel savings will be in the correct units.
Note on measure applicability going forward.

Notes

[1] Wood, Byk, & Associates, Consulting Engineers, 829 Meadowview Road, Kennett Square, PA 19348
[2] ASHRAE 90.1-2001, Energy Cost Budget Method.

[3] Results from the modeling done by Wood, Byk, and Associates.

[4] Reflectance — Solar reflectance is the portion of the sun’s radiation that is reflected by the surface.

[5] Emittance — Emittance is the ability of a surface to radiate heat.

[6] If new code is adopted cool roof savings will be determined on a project-by-project basis
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C&I RETROFIT

3.1 LIGHTING

3.1.1 STAN

DARD LIGHTING

Description of Measure

Replacement of inefficient lighting with efficient lighting.

Savings Methodology

3.1.1 STANDARD LIGHTING

The energy and seasonal peak demand savings come from reduced fixture wattage, reduced cooling load, and use of
occupancy sensors. The baseline is the wattage and existing operating hours of the fixtures being replaced. Note [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 result in increased space heating energy use and decreased cooling energy use.

Inputs

Symbol Description Units

kWg Existing fixture connected kW

kW4 Replacement Fixture connected kW

Hours of operation (if available)

Nomenclature

Item Description Units | Values | Comments

AKWH Annual Gross Electric Energy savings kWh

CFL Lighting Coincidence Factor from Appendix 1 Appendix 1

CF Occupancy Sensor Coincidence Factor from Appendix 1 Appendix 1

COP Coefficient of Performance 3.5

F Fraction of lighting energy that must be removed by the

facility’s cooling system.

G Estimated lighting energy heat to space based on modeling 0.73 Note [3]

H Facility lighting hours of use Hours Site specific or
Appendix 5

HVAC Heating, Ventilation and Air Conditioning

kW Fixture input kW

kW Electric Demand kW

N Number of different fixture types with occupancy sensors

n Fixture number

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

S, Energy savings due to lighting retrofit kWh

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

S, Energy savings from reduced cooling load kWh

SKW Seasonal Summer Peak Summer Demand Savings kW

W, Input watts for fixture type n Watts

WKW Seasonal Winter Peak Summer Demand Savings kW

Retrofit Gross Energy Savings, Electric

AKWH =S, + S, +S¢
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Calculation of savings due to fixture retrofit
S, =(kW, —kW,)x H

kWpg = The total power usage of the lighting fixtures that are being replaced, kW (For EISA qualifying bulbs
75% of the actual wattage is used for baseline, see Note [1]).

kW 4 = The total power usage of the new lighting fixtures that are being installed, kW.

H = Facility lighting hours of use (site specific or Appendix 5)

Calculation of savings due to occupancy sensors

S . _03H S Zonwn
1000

0.3 is the generally accepted average hour reduction due to the use of occupancy sensors (Ref [1]).

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.

(Sr + SOS )X F

S . =
¢ cor

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 = 3.5 (Note [2])

Table 1: Fraction of lighting energy that must be removed by the facilities’ cooling system (See Ref [2])

Building Area, A, ft> F
< 2,000 0.48
2,000 — 20,000 . _
0.43 4 0195(A~2.000)
18,000
>20,000 0.675

Retrofit 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 [3]).

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

oW,

Skw =| cF, x (S kw, - kw, )+CFOSXW X(HWJ

ZOW

WKW = CF, x(> kW, -3 kW, )+ CF,, T
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CFp, and CF, are the lighting (CF) and occupancy sensor (CFqg) coincidence factors (summer/winter) taken
from Appendix 1.

G =0.73 (Note [3])
COP = 3.5 (Note [2])

Non Energy Benefits

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

Changes from Last Version

No changes.
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 Illuminating Engineering Society of North America 2000 Annual
Conference: Proceedings. IESNA: New York, NY. Pp. 433-459.

Accessed online at http://www.Irc.rpi.edu/resources/pdf/dorenel.pdf

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

[3] Massachusetts Technical Reference Manual, 2012 Program Year, page 170

Notes

[1] To account for the Energy Independence and Security Act of 2007 the baseline for existing (installed) General
Service bulbs shall be based on high efficiency incandescent bulbs (such as halogen). Therefore, if the
existing incandescent bulb is not a halogen, 75% of actual installed wattage is used for the baseline calculation.
General Service bulbs are defined as medium base bulbs that are intended for general service applications as
specified in the Energy Independence and Security Act of 2007.

[2] Estimated based on Connecticut Code.
[3] 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 David Bebrin (CL&P) on
August 17, 2007.
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3.1.2 REFRIGERATOR LED

Description of Measure

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

Savings Methodology

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

Inputs

Symbol Description Units

EER Energy Efficiency Ratio of Refrigeration Units

H Lighting annual run hours Hours

N Number of lights

L Ballast location factor

AKW Reduction in power for each light kW

Nomenclature

Symbol | Description Units Values | Comments
ACOP Average Coefficient of Performance

AKWH Annual Gross Electric Energy savings kWh

CF Seasonal peak demand coincident factor for refrigeration Appendix 1
COP Coefficient of Performance Note [1]
EER Energy Efficiency Ratio Note [1]
AKW Kilowatts, average demand savings for both summer and winter | kW

L Ballast location factor

N Number of lights

h Lighting annual run hours

AKW Reduction in power for each light kW

Retrofit Gross Energy Savings, Electric

AKWH = N xAkW xhx| 1+ L
ACOP

ACOP =2.03 for freezers and 2.69 for coolers (used for interactive effects). Note [1]
If existing EER’s are available then ACOP = Average EER/3 413
Where Average EER = Full Load EER/0.85

L= 1 if ballast is located in refrigerated area, 0 if not in refrigerated area and 0.5 if unknown.

For open case refrigerators, the coefficient of performance and ballast location factor values shown above must
be used. Only lighting savings are claimed and no “refrigeration” savings.
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Retrofit Gross Seasonal Peak Demand Savings, Electric (Winter and Summer)

AKW:NxAka(H&j

Ccop

COP = 1.72 for freezers and 2.29 for coolers (used to calculate interactive affects). Note [1]
If existing EER’s are available then COP = EER/3.413
Coincidence Factors (CF) for refrigeration is assumed to be the same for both winter and summer.

L= 1 if ballast is located in refrigerated area, 0 if not in refrigerated area and 0.5 if unknown.

Changes from Last Version

Added note on open case refrigerators
Notes

[1] Refrigeration interactive factors are based on communication with the Nicholas Group, P.C. The EER and
COP values are derived from ASHRAE handbook [2009 ASHRAE Handbook — Fundamentals, 2.3 (13)] for
refrigeration equipment as well as experience from submitted projects.
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3.2 HVAC & WATER HEATING

3.2.1 WATER SAVING MEASURES

Description of Measure

This measure replaces existing pre-rinse spray valves, shower heads and faucet aerators with units that have an average
flow rate of 1.6 gpm (or less), 2.0 gpm and 1.5 gpm respectively.

Savings Methodology

Spray valve savings are based on the results of a replacement program in California (Ref[1]). Showerhead and faucet
aerator savings are based on Ref [2]).

Inputs
Symbol | Description Units

Number of Spray Valves

Number of Showerheads

Number of Faucet Aerators
Nomenclature
Symbol | Description Units | Values Comments
AKWH,, | Annual Gross Electric Energy savings — water heating | kWh Ref[1]
ACCF,, Annual natural gas consumption- water heating Ccf Ref[1]
gpm Gallons per minute
PDy Peak Day Savings Ccf
PDF,, Peak Day Factor — water heating 0.00321 Appendix 1

Retrofit Gross Energy Savings, Electric

If hot water is supplied via an electric water heater then energy savings are:

Spray Valves

Facility Type AKWHyy, per Spray Valve
Grocery 126 kWh

Non-grocery 957 kWh

Showerheads/Faucet Aerators (Note [1])

Type AKWHyy, per Unit
Showerhead 475 kWh

Aerator 309 kWh
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Retrofit Gross Energy Savings, Fossil Fuel

If hot water is supplied via a gas water heater then annual energy savings are:

Spray Valves
Facility Type ACCFy per Spray Valve
Grocery 5.3 CcF (5.5 Therms)

Non-grocery

40.8 CcF (42 Therms)

Showerheads/Faucet Aerators (Note [1])

Type ACCFy per Unit
Showerhead 25.3 CcF (26 Therms)
Aerator 16.5 CcF (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,, x ACCF,, = 0.00321x ACCF,,

Spray Valves

Facility Type PDy per Spray Valve
Grocery 0.0172 CcF
Non-grocery 0.1310 CcF

Showerheads/Faucet Aerators (Note [1])

Type PDy per Unit
Showerhead 0.0811 CcF
Aerator 0.0530 CcF
Non Energy Benefits
Water savings are estimated to be:

Spray Valves
Facility Type Gallons per year
Grocery 1,496
Non-grocery 8,603

Showerheads/Faucet Aerators (Note [1])

Type Gallons per year
Showerhead 3,650
Aerator 5,460
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Changes from Last Version

No changes.

References

[1] Impact and Process Evaluation Final Report for California Urban Water Conservation Council, 2004-5 Pre-
Rinse Spray Valve Installation Program (Phase 2), February 21, 2007. Table 3-9 page 26

[2] Federal Energy Management Program (FEMP) Energy Cost Calculator for Faucets and Showerheads.
http://www]1.eere.energy.gov/femp/technologies/eep faucets showerheads calc.html

Notes

[1] Savings for showerheads and faucet aerators are based on the default usage assumed in Ref [2]. On average,
faucets are assumed to run 30 minutes per day, 260 days per year. Showerheads are assumed to run 20 minutes
per day, 365 days per year. Ref [2] and actual usage values should be used, when known, in lieu of default

savings values.

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 77



Version Date : 10/31/2016 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 software (Ref [1]) 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 scaled using linear interpolation. The hourly heat loss savings per
linear foot for various pipe and insulation sizes/material are provided in Table 1 below.

Tablel: Hourly Heat Loss Savings per Linear Foot of Pipe Insulation

Insulation | Insulation | Insulation | Insulation
- Nominal Thick'ness Thick.ness Thickfless Thickpess
Ml;g:ial .Pipe Insulation Material Ofl(in) 1 ';_)I(IIJH) 1 'f{(lin) 2'(1)_1211)
Size (In) . . . .
Savings Savings Savings Savings
Btu/hr/ft | Btu/hr/ft | Btu/hr/ft | Btu/hr/ft
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
“é 2.0 Polyethylene foam tube 110 127 135 139
S 0.5 Mineral fibers 46 52 54 55
© 0.75 Mineral fibers 57 63 66 68
1.0 Mineral fibers 71 79 82 84
1.25 Mineral fibers 86 96 102 103
1.5 Mineral fibers 97 111 115 119
2.0 Mineral fibers 123 137 142 145
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
1.5 Polyethylene foam tube 103 120 126 130
el 2.0 Polyethylene foam tube 132 149 156 160
7 0.5 Mineral fibers 54 59 62 63
0.75 Mineral fibers 67 72 75 77
1.0 Mineral fibers 82 91 94 96
1.25 Mineral fibers 101 111 117 118
1.5 Mineral fibers 114 128 132 136
2.0 Mineral fibers 144 158 164 167
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Inputs
Symbol Description Units
Nominal Pipe size diameter Inches
Insulation Material
Insulation Thickness Inches
L Length of Insulation Linear foot
Heating Fuel Type( Oil, Gas)
Nomenclature
Symbol Description Units Values Comments
ACCF Annual Natural Gas Savings Cef
EFLH Equivalent heating full load hours for the facility type hours Appendix 5
HL Heat loss savings per linear foot of pipe Btu/ft/hr | Table 1
L Length of pipe being insulated Linear ft
AFUE Annual Fuel Utilization Efficiency, estimated boiler efficiency 0.80
PD Peak day savings natural gas Cef

Retrofit Gross Energy Savings, Fossil Fuel

Annual Gas Heating Savings

ACCF HLx EFLH

= X

(102,900x 0.80)
Annual Oil Heating Savings
HLx EFLH

= X
(138,690 x0.80)

Retrofit Gross Energy Savings, Example

One inch (17) thick polyolefin C1427-04 insulation was installed on 100 feet un-insulated 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. What are
the energy savings resulting from adding the insulation?

Based on these data and using tablel above, the corresponding HL heat loss savings is 73 Btu/ft/hr. The length of pipe
being insulated L=100 ft. Using Appendix 5, (hours of use), heating EFLH for an office/retail is 1248. Using the savings
formula:

ACCF = HLx EFLH L 73x 1248

X =
(102,900x 0.80) (102,900x0.80)

x100=110.7Ccf

Retrofit Gross Peak Day Savings, Natural Gas

b ACCF
EFLH

24

Changes from Last Version

No changes.
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References

[1] NAIMA, 3E Plus software tool, Version 4.1, Released 2012.
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3.2.3 DUCT SEALING

Description of Measure

Seal ducting located in unconditioned spaces. This measure is applicable to buildings that are similar to residential
construction or buildings where performing duct blaster/blower door testing is practical.

Savings Methodology

Refer to the duct sealing measure in the residential section of this document (Measure 4.2.9).

Changes from Last Version

No changes.
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324 DUCT INSULATION

Description of Measure

Installation of insulation on ducting located in unconditioned spaces in commercial buildings.

Savings Methodology

The savings were determined using 3E Plus v4.1 software (Ref [1]). The savings are based on insulating existing bare
ducting with R-6 insulation (Ref [2]). Savings presented in table 1 below 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 130deg F/
65deg F for heating). For all other scenarios, the 3E software or a similar methodology should be used to develop
estimates of the appropriate energy savings under actual conditions.

Table 1: Assumed temperature conditions

Duct Location Season Ambient Temp (°F) | Supply Air Temp (°F) | Return Air Temp (°F)
Attic Heating 30 130 65
Cooling 120 50 80
Basement Heating 50 130 65
Cooling 70 50 80
Table 2: Heat transfer rates per hour per ft of insulation
BTUH, (Bare) BTUH, (Insulated R-6)
Heating Cooling Heating Cooling
Duct Location Btu/hr/ft’ Btu/hr/ft’ Btu/hr/ft’ Btu/hr/ft’
Supply Basement 132.34 25.22 12.04 2.73
Return Basement 18.12 - 2.03 -
Supply Attic 167.14 112.11 14.67 10.42
Return Attic 45.86 61.93 4.63 6.18
Inputs
Symbol Description

A

Insulation area in square feet

Heating Fuel /Heating system type (Elect Heat Pump, Gas Furnace, ...)
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Nomenclature

Symbol Description Units Values Comments

AKWH¢ | Annual gross electric cooling savings kWh

AKWHy | Annual gross electric heating savings kWh

BTUH,, | Cooling heat transfer rate of insulated ducting Btu/hr/ft’ Table 2

BTUH,, Cooling heat transfer rate of un-insulated ducting Btu/hr/ft’ Table 2

BTUH,;, | Heating heat transfer rate of insulated ducting Btu/hr/ft” Table 2

BTUH,, | Heating heat transfer rate of un-insulated ducting Btu/hr/ft’ Table 2

COPy Coefficient of Performance of heating equipment Unitless 1.0 for Elect furnace
2.0 for Heat Pump
3.0 for Ground Source

Heat Pump
EFLH Equivalent heating or cooling full load hours for the | hours Appendix 5
facility type
A Insulation area in square feet

Retrofit Gross Energy Savings, Electric

Annual gross electric heating savings for electrically heated buildings:

Akwiy . — (BTUH,, — BTUH, ) x EFLH x A
" 3412x COP,

Annual gross electric cooling savings for building equipped with Central AC or Heat pump:

AKWEH . — (BTUH,, — BTUH,,)x EFLH x A
¢ 3412x3.5

Where:
3412 = converts Btu to kWh
3.5 = estimated cooling equipment efficiency, COP

Retrofit Gross Energy Savings, Fossil Fuel

Annual gross gas savings Gas heated buildings:

(BTUH,,— BTUH, ) x EFLH x A
102,900 x 0.80

ACCF =

Where:
0.80 = estimated heating equipment efficiency

Retrofit Gross Energy Savings, Example

R-6 Insulation was installed on 100 ft* of bare supply ducting located in the basement of a small retail store. This system
is utilizes a heat pump and provides both heating and cooling. What are the savings?
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Annual gross electric heating savings:

AKWH . (BTUH,, — BTUH, ) x EFLH x A
" 3412 %2

From Table 2: BTUH,,=132.34

From Table 2: BTUH,,=12.04

From Appendix 5: EFLH heating=1248 hr

A= 100 ft’

From Nomenclature table: COPy; for Heat pump = 2.0

AKWH ) = (132.34-12.04) x1248 x100 — 9200.09% Wh

3412x2

Annual gross electric cooling savings:

AKWH. (BTUH,, — BTUH,,)x EFLH x A
¢ 3412x3.5

From table 2 BTUH4,=25.22

From table 2 BTUH_,=2.73

From Appendix 5 EFLH cooling=797
A=100 ft*

AKWH, = (25.22-2.73)x797x100 _, 0100

3412x3.5

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

Currently, no demand savings are claimed for this measure.

Changes from Last Version

Added reference [2]

References

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

[2] Minimum Duct Insulation R-Value, Table 6.8.2B, ASHRAE Standard 90.1 — 2010.
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3.2.5 SET BACK THERMOSTAT

Description of Measure

Installation of programmable thermostats in place of non-programmable thermostats in small business applications.

Savings Methodology

Savings estimates below are based on computer simulation models (Ref [1]). Seven models were developed assuming
different occupancy schedules. A 10 degree setback for unoccupied periods is assumed for both heating and cooling
modes. A relationship between hours of occupancy and savings was developed from these models based on installed
capacity (kW-electric heating, Tons-cooling, MBh-gas heat). Savings will only be realized if the facility currently
maintains a constant temperature for both occupied and unoccupied periods.

There are no electric demand savings since savings occur during off peak periods. Peak day savings are calculated using
a peak day factor (0.0477) calculated for setback thermostats. A temperature bin analysis was used to calculate the
reduction for the temperature bins during set back period. The sum load reductions from the coldest 24 hours were
divided by the total sum of load reduction for the entire year

Inputs
Symbol Description Units

CAP Output capacity of gas heating equipment MBh

Hrs Occupied Hours per week Hrs

Tons Installed Cooling Capacity Tons
Nr Nameplate Rating of baseboard electric resistance heat kW (Note [2])
Nomenclature

Symbol Description Units Values Comments
ACCF Annual Natural Gas Savings Cef

AKWH Annual Gross Electric Energy savings kWh

CAP Output capacity of gas heating equipment MBh Input
Hrs Occupied Hours per week Hours Input
MBh Thousands of Btu per hour
Nr Nameplate Rating of baseboard electric resistance heat kW Input
PDF Peak Day Factor 0.0477

PD Peak Day Savings Ccf

SFccr CcF savings factor Ccf/MBh Note [1]
SFywh.n kWh savings factor — electric heat kWh/kW Note [1]
SFiwh.c kWh savings factor — cooling kWh/Ton Note [1]
Tons Installed cooling capacity Tons Input

Retrofit Gross Energy Savings, Electric

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

SFyyn =239.48—(1.5569 x Hrs)

AKWHy; = Nrx SFyy, i = Nrx(239.48—1.5569 x Hrs)

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 85



Version Date : 10/31/2016 3.2.5 SET BACK THERMOSTAT

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

SFiaync =167.01—(1.0929 x Hrs)
AKWH . =Tons x SFyyy, ¢ =Tonsx[167.01—(1.0929 x Hrs )]

Retrofit Gross Energy Savings, Fossil Fuel

Heating (Applicable only if the facility has an existing gas heat)

SFpcp =2.79—(0.0181x Hrs)
ACCF = CAP x SFc = CAPx[2.79—(0.0181x Hrs )|

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

There are no demand savings since savings occurs during off peak periods

Retrofit Gross Peak Day Savings, Natural gas

PD = PDF x ACCF =0.0477x ACCF

Changes from Last Version

No changes.

References

[1] Trane System Analyzer version 6.1

Notes

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

occupancy schedules.

[2] If nameplate kW is not available for electric baseboard use 200 watts per foot for baseboards < 3 feet and 250
watts per foot for all others. These values are based on research of typical existing equipment.
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3.2.6 STEAM TRAP REPLACEMENT

Description of Measure

This measure replaces steam traps that are leaking or have failed open in commercial and industrial applications. It is
applicable to thermostatic, mechanical or thermodynamic traps and not applicable to venturi/orifice traps (Ref [1]).

Savings Methodology

The savings estimates below are based on Napier’s equation, which provides steam loss through orifices at various
pressures. The steam flows derived from the Napier’s equation are adjusted down based on whether the trap is leaking or
failed open. Not all steam energy will be lost to the environment.

Inputs
Symbol Description
P Steam Pressure (psig)
D Orifice diameter (in)
EFLH Equivalent full load hours (hrs)
Nomenclature
Symbol | Description Units Values Comments
ACCF Annual natural gas savings Ccf 102,900 Btu
D Orifice diameter Inches
Eff Boiler efficiency % 80%
EFLH Equivalent full load hours Hours See below Note [1]
Note [2]
hy, Specific Enthalpy of Evaporation Btu/ b, Varies based on pressure.
Lb,, Steam flow through orifice Ib,/hr
L; Steam loss adjustment factor % 50% for failed traps.
12.5% for leaking traps.
P Gauge Pressure psig
Pa Absolute pressure psia Gauge pressure in psig +
Atmospheric pressure
(14.696)
PD Peak day natural gas savings Ccf

Retrofit Gross Energy Savings, Fossil Fuel

Step 1 — Use Napier’s equation to determine the steam flow rate in the orifice (Ref [2]).

b, =24.24xP, x D?

Where, Ib,, = Steam flow rate, 1b/hr
P, = Absolute pressure, psia
D = Diameter of the orifice, in
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Table 1: Enthalpy of Steam by Pressure (Ref [3])
Gauge Absolute Specific
Pressure Pressure Enthalpy of
(psig) (psia) Evaporation
(Btu/Ib)
2 16.70 966.07
19.70 960.54
10 24.70 952.56
15 29.70 945.68
25 39.70 934.09
50 64.70 912.06
75 89.70 895.16
100 114.70 881.04
125 139.70 868.68
150 164.70 857.58
200 214.70 837.95
250 264.70 820.68
300 314.70 805.03

3.2.6 STEAM TRAP REPLACEMENT

Step 2 — Using the following equation estimate annual savings based on the steam loss (Step 1), specific enthalpy of
evaporation (Table 1), equivalent full load hours, adjustment factors and boiler efficiency:

b, xh;, x EFLH x L,
Eff x102,900

ACCF =

Retrofit Gross Peak Day Savings, Natural Gas

1, _ ACCF x24
EFLH

Where,
EFLH = Site specific hours if available

If unknown,
EFLH = 7,752 for process steam (Note [1])

EFLH = 3,763 for heating steam coil applications (Note [2])
EFLH = 5,376 for heating steam distribution applications

Changes from Last Version

No Changes
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References

[1] Steam Efficiency Improvement, Boiler Efficiency Institute, Alabama, 1987.

[2] Steam Pressure Reduction: Opportunities and Issues, Energy Efficiency and Renewable Energy, U.S.
Department of Energy, Washington DC, 2005.

[3] Steam Tables, Spirax Sarco, 2013. < http://www2.spiraxsarco.com/esc/Ss_Properties.aspx > Last accessed on
Oct 10, 2013.
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3.2.7 BLOWER DOOR TEST (SMALL C&I)

Description of Measure

This measure is for verifying infiltration reduction of older residential type construction, less than 5,000 ft*, used for
commercial occupancy (predominantly small business customers). Blower Door test equipment must be used to verify
infiltration reduction.

Savings Methodology

The savings methodology is based on seven pilot projects conducted under CL&P’s small business air sealing pilot
program in Connecticut (Note [1]). Actual blower door tests were conducted at these sites. DOE-2 simulation and billing
analyses were also performed for the pilot projects. The results were reviewed and verified by the utility engineers. The
average energy savings per CFM reduction were estimated from the results of the projects and then converted to the
appropriate fuels using unit conversions. The cooling savings per CFM and demand savings are from residential blower
door measure (Measure 4.4.4). The savings would be reviewed with customer billing data by utility staff.

Inputs
Symbol Description
CFM,,;. Infiltration before air sealing at 50 Pa
CFM 0t Infiltration after air sealing at 50 Pa
Heating fuel type (e.g. electric resistive, HP, gas, oil, etc...)
Heating distribution type (e.g. forced air with fan, HP, etc...)
Nomenclature
Symbol Description Units Values | Comments
AKWH: | Annual gross electric energy savings - Cooling kWh
AKWHy | Annual gross electric energy savings - Heating kWh
CFMost Infiltration after air sealing measured with the house being CFM
negatively pressurized to 50 Pa relative to outdoor conditions.
CFM. Infiltration before air sealing measured with the house being CFM
negatively pressurized to 50 Pa relative to outdoor conditions.
PDFy Natural gas peak day factor, Heating 0.00977 | Appendix 1
PDy Natural gas peak day savings, Heating CCF
SKW¢ Seasonal Summer peak demand savings - Cooling kW
WKWy Seasonal Winter peak demand savings - Heating kW 0

Retrofit Gross Energy Savings, Electric

Table 1: Retrofit electric savings per CFM reduction (at 50 Pa)

Measure Symbol | Energy Units
Savings

Electric Resistance Heating BDyeating | 2.53 kWh

Heat Pump Heating BDyeating | 1.26 kWh

Geothermal Heating BDyeating | 0.84 kWh

Air Handler (fan) BDy 0.025 kWh

Cooling (Central Air) BDcgoling | 0.059 kWh
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For electric resistive, heat pump or geothermal heating systems,

AkWHH =BD ><((jfrj‘4])re_(jlrMPoxt)

Heating

For fossil fuel heating with air handler unit,

AkWH,, = BD ,, x(CFM,., —CFM ,, )

Pre

For homes with central air cooling,

AkWH . = BD x(CFM,,,—CFM ,, )

Cooling

Retrofit Gross Energy Savings, Fossil Fuel

Table 2: Retrofit fossil fuel savings per CFM reduction (at 50 Pa)

3.2.7 BLOWER DOOR TEST (SMALL C&l)

Measure Symbol | Energy Units
Savings

Fossil fuel heating

Natural Gas heating BDng 0.11 CCF

Propane heating BDpropane | 0.12 Gallons

Oil heating BDg; 0.07 Gallons

For homes with natural gas heating system,

ACCF,, = BDy, x (CFM,,, —CFM ,, )

For homes with oil heating system,

AOG,, = BD,, x(CFM

Pre

—CFM p,,,)

For homes with propane heating system,

APG, =BD,  x(CFM,,

propane

- CFMPost)

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

Table 3: Demand savings per CFM reduction

Measure Symbol | Energy Units
Savings

Electric Resistance and Heat Pump BDwkw 0.00117 kW

Geothermal Heat Pump BDwkw 0.00039 kW

Central AC and Heat Pump BDgkw 0.00009 kW

WKWH = BDWKW X (CFMPre - CFMP()SY)
SKWC = BDSKW X (CFMPre - CFMP()SI)

Note: The demand savings are from the residential measure 44 4 Infiltration Reduction Testing (Blower Door Test).

Retrofit Gross Peak Day Savings, Natural Gas

For homes with natural gas heating system,

PD,, = ACCF,, x PDF,,
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Changes from Last Version

None

Notes

[1] As part of CL&P’s Small Business Energy Advantage (SBEA) Air Sealing Pilot, in 2012 EcoSmart Energy Services
conducted air sealing, blower door tests, DOE-2 modeling and billing analysis on seven older residential type
construction, both balloon and platform framing, that are used for commercial occupancy in Connecticut. The above
energy savings per CFM are based on the pilot projects.
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3.2.8 ADD SPEED CONTROL TO ROOFTOP UNIT FAN

Description of Measure

This measure installs speed control on existing constant speed rooftop unit evaporator/ventilation fans. In most cases the
control method will include a variable frequency drive but the speed settings will be staged based on heating, cooling and
ventilation modes.

Savings Methodology

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

1) Full load cooling and heating hours from appendex 5

2) 13% of the fan hours are assumed to be in free cooling -Based onlocal temperature bins

3) 25% of heating/cooling equivalent full load hours are assumed to be in stage 2 —(Based on local temperature bins)
4) 75% of heating/cooling equivalent full load hours are assumed to be in stage 1 (50% output)

5) To calculate the fan hours in stage one, the equivalent full load heating/ cooling are multiplied by (75% from above)
then divided by 50% capacity.

Reference 1 is for information only.

Inputs

Symbol Description

H Fan run hours

EFLH¢ Equivalent full load cooling hours

EFLHy Equivalent full load heating hours

SP1 Stage 1 fan speed

SP2 Stage 2 fan speed

SPV Ventilation only fan speed

HP Fan motor nameplate horsepower

LF Fan Motor load factor

EFy Motor Efficiency

Nomenclature

Symbol Description Units Values | Comments

AKW Annual Summer and Winter Seasonal peak demand savings kW

AKWH Annual gross electric energy savings kWh

AKWHg | Annual gross electric energy consumption-Existing System kWh

AKWHg | Annual gross electric energy consumption- After Retrofit kWh

EFy Motor Efficiency %

EFLH¢ Equivalent full load cooling hours Hours (Appendix 5)

EFLHy Equivalent full load heating hours Hours (Appendix 5)

H Total fan run hours Hours (Appendix 5)

H, Fan run hours at stage 1 Hours See
spreadsheet

H, Fan run hours at stage 2 Hours See
spreadsheet

Hy Fan run hours in ventilation only mode Hours Hours when
no heating or
cooling

Ho Fan run hours in free cooling mode Hours 13% of total
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Symbol | Description Units Values | Comments
fan hours
HP Fan motor nameplate horsepower Horsepower
KWg Existing Fan kW kW
LF Fan motor load factor % 80%
SP1 Stage 1 fan speed % 75%
SP2 Stage 2 fan speed % 90%
SPV Ventilation only fan speed % 40%
Fan Savings Exponent 2.7 Note [1]

Retrofit Gross Energy Savings, Electric

AKWH = AKWHg - AKWHg

AKWHg = KWg*H

KW, = 0.746 x HPx LF
EF,,
ARWEH . — KW, xSP1*" xH, N KW, xSP2*" xH, N KW, xSP1*7 xH,, N KW, xSPV* xH,
R

0.97 0.97 0.97 0.97

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

P22.7

0.97

It is assumed that the fan will be running at stage 2 speed during the summer/winter peak demand period and is 100%
coincident.

Changes from Last Version

Add Note regarding 2.7 exponent for fan savings
Clarified savings methodology
Add fan motor load factor assumption

References

[1] Advanced Rooftop Control (ARC) Retrofit: Field-Test Results, PNNL-22656, Pacific Northwest National
Laboratory, July 2013.

Notes
[1] Exponent for fan saving that adjust ideal fan law vale of 3.0 to account for fan, motor and VFD efficiency
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3.2.9 COMMERCIAL KITCHEN HOOD CONTROLS

Description of Measure

This measure if for the installation of controls to reduce airflow in commercial kitchen exhausts hoods. These systems can
also control the airflow in dedicated make-up air units associated with the kitchen exhaust hoods. Savings are achieved by

reducing the air flow of the exhaust and make-up air fans when cooking is not taking place under the hoods. Significant
fan energy savings can be achieved along with reductions in heating and air conditioning loads.

Typically these systems will be retrofit to existing exhaust hoods or installed. Systems may also be installed during
construction of a new commercial kitchen.

Savings Methodology

The energy savings are calculated using a custom spreadsheet based on site specific input for all projects. Savings are
based on hours of kitchen operation, size of exhaust and make-up air fans, size of the kitchen, ventilation rate and
oversize factor of the exhaust hoods, cooling and heating efficiencies and outside air temperatures. Adjustments can be
made to the savings based on how much conditioned air the exhaust fans are pulling for the facility (is the kitchen area
closed off from the dining area, are there make-up air fans incorporated in the exhaust hoods or in close proximity?).

Fan energy savings are estimated based on empirical data from studies of existing installations at a variety of types of

facilities.

Heating and air conditioning savings are estimated using temperature bin data, along with an estimate of how much
conditioned air is being exhausted.

Summer seasonal peak electric demand savings are assumed to be zero as most commercial kitchens are assumed to be
operating during the summer seasonal peak period.

Natural gas peak day savings are calculated using the peak day factor for furnace/boiler of 0.0152 from measure 2.2.6

since the savings for this measure are consistent with the furnace/boiler savings profile.

The baseline for this measure is a kitchen exhaust system without variable speed fan controls.

Inputs

Symbol Description Units
Hr Hours of Operation hrs
HPgr Horsepower of Exhaust Fans HP
HPypa Horsepower of Make-up Air Fans HP

NEr Number of Exhaust Fans

Npa Number of Make-up Air Fans

EER Cooling System Efficiency Btu/watt-hr
HEFF Heating System Efficiency %

VR Kitchen Ventilation Rate CFM/ft’
A Kitchen Area Ft’

OF Ventilation over size Factor %

PR Power Reduction %

FR Flow Reduction %
MEff Motor Efficiency %

LF Motor Load Factor %
MHDD Modified Heating Degree Days °F-day
CDD Modified Cooling degree Days °F-day
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Changes from Last Version

No changes
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3.3 OTHER

3.3.1 CUSTOM MEASURE

Description of Measure

This measure may apply to any C&I Retrofit installations whose scope may be considered custom or comprehensive and
not covered by a another specific measure.

Savings Methodology

Energy and demand savings are calculated on a custom basis for each customer’s specific situation. 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 metered data
where possible to test the reasonableness of energy savings. Also, the energy and demand savings analysis must be
reviewed for reasonableness by either a third party consulting engineer or a qualified in-house engineer.

The methodology for determining gas peak day savings is provided in Appendix 1.

Note that 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 3.

Electric demand savings methodologies are categorized as follows:
1. Temperature dependent measures (HVAC measures that vary with ambient temperature)

2. Non-temperature dependent measures (process, lighting, time control)

3. Computer simulation modeled measures (may include both 1 and 2)

Temperature dependent measures:

Savings from individual temperature dependent measures are typically determined by either full load hour analysis or bin
temperature analysis:

Full Load Hour Analysis
Summer and winter demand savings are calculated using an appropriately derived seasonal peak coincidence factor.

Coincident factors for various measures (and/or end use) are provided in Appendix 1. Demand savings will be
determined by multiplying the connected load kW savings by the appropriate coincidence factor.
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Temperature Bin Analysis
Temperature Bins shall be designated in 2 degree Fahrenheit increments.

e  The summer seasonal peak demand savings shall be the difference between the weighted average demand of the
top temperature bins that capture the majority of the ISO-NE summer seasonal peak hours in the previous three
years, for the base and “efficient” cases. All hours above 80 degrees will be used for Bridgeport and 84 degrees
will be used for Hartford.

e The winter seasonal peak demand savings shall be the difference between the weighted average demand of the
bottom temperature bins that capture the majority of the ISO-NE winter seasonal peak hours in the previous
three years, for the base and “efficient” cases. All hours below 30 degrees will be used for Bridgeport and 26
degrees will be used for Hartford.

Non-temperature-dependent measures:

Demand savings for measures that are not temperature-dependent will be determined by either the coincidence factors
from Appendix 1 or the average estimated week day (WD) savings over the summer or winter seasonal peak period. A
custom coincidence factor may also be used for measures or end uses that are not identified in Appendix 1. However, the

analysis determining the custom coincidence factor must be performed or approved by a qualified in house engineer.

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

SKW = Annual kWh savings (WD — June, July, August) y (Run hours during 12 pm — 6 pm WD)

Equipment Run hours (WD — June, July, August) 6

WKW =

5

Note that the average demand savings methodology should only be used when the coincident factor methodology cannot
or is not practicable.

Annual kWh savings (WD — December , January) 9 Run Hours during 4 pm —9 pm WD
Equipment Run hours (WD — December, January)

Computer Simulation Modeling:

For certain unique or complex projects including those with interactive effects performance shall be determined using a
computer simulation model. Approved software and modeling requirements are specified by the program administrators.

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 data will be used to determine demand savings.

The summer seasonal peak demand savings will be the difference between the peak demand (whole building) from the
base and design models during the hours as described in the temperature dependent section above. This assumes the
hottest hours occurs during June through August. If the hottest hour methodology cannot be used then the demand
savings shall be determined by taking the difference in the peak demand between the base and design models for the
summer month (June through August) with the highest cooling load in the base model. If neither of these methods can be
used then in house engineering must review the project/model to determine an acceptable method.

The winter seasonal peak demand savings will be the difference between the peak demand (whole building) from the base
and design models during the coldest hours as described in the temperature dependent section aboveof . This assumes the
coldest hours occurs during December or January. If the coldest hour methodology cannot be used then the demand
savings shall be determined by taking the average winter (December, January) peak demand from the base model and
subtracting the average winter (December, January) peak demand from the design model.
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Baseline:

The baseline efficiency is the efficiency of the existing equipment being replaced in the measure.

Nomenclature
Symbol Description Units Values | Comments
WD Week Days Days

Changes from Last Version

No changes
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3.4 REFRIGERATION

341 COOLER NIGHT COVERS

Description of Measure

Installation of retractable covers for open-type multi-deck refrigerated display cases. The covers are deployed during the
unoccupied times in order to reduce the energy loss.

Savings Methodology

The savings values below are based on a test conducted by Southern California Edison (SCE) at its state-of-the-art
Refrigeration Technology and Test Center (RTTC) in Irwindale, CA (Ref[1]). The RTTC’s sophisticated
instrumentation and data acquisition system provided detailed tracking of the refrigeration system’s critical temperature
and pressure points during the test period. These readings were then utilized to quantify various heat transfer and power
related parameters within the refrigeration cycle. The results of SCE’s test focused on three typical scenarios found
mostly in supermarkets.

There are no demand savings for this measure (covers will not be in use during the peak period).

Inputs

Symbol | Description

h Hours per year the cover are in use

\\% Width of the opening that the covers protect, ft

Nomenclature

Symbol Description Units Values Comments
AKWH Annual gross electric energy savings kWh per year

h Hours per year the cover are in use Hours/yr

SF Savings factor based on the temperature of the case kW/ft

W Width of the opening that the covers protect ft

Retrofit Gross Energy Savings, Electric

AKWH =W xhx SF

Table 1: Savings Factor based on case temperature (Ref [1])

Case Temperature SF (kW/ft)
Low temperature (-35F to -5F) 0.03
Medium temperature (OF to 30F) 0.02
High temperature (35F to 55F) 0.01

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

There are no demand savings for this measure because the covers will not be in use during the peak period

Changes from Last Version

No changes.
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References

[1] “Effects of the Low Emissivity Shields on Performance and Power Use of a Refrigerated Display Case”
Southern California Edison Refrigeration Technology and Test Center Energy Efficiency Division August 8§,
1997.
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34.2 EVAPORATOR FAN CONTROLS

Description of Measure

Installation of evaporator fan controls to walk-in coolers and freezers using evaporator fans that run constantly. The
evaporator fan control system either shuts off or reduces the speed of the evaporator fans when the cooler’s thermostat is
not calling for cooling.

Savings Methodology

The savings from this measure are derived from a reduction in fan speed or the number of hours that the evaporator fans
are running. If fan motors are also replaced with ECM motors in conjunction with this measure then savings are based on
the reduced fan motor wattage. Interactive refrigeration savings are also achieved due to reduced fan speed or run-hours.
The off hours, power reduction factors and power factor are stipulated values based on vendor experience. Fans with two
speed controllers are assumed to operate at approximately 52% speed when on the low speed setting. This assumption is
based on data provided by one of the controller manufacturers.

Inputs
Symbol Description

A Amperage
EER Energy Efficiency Ratio of Refrigeration Units
N Number of fans
\ Volts
Nomenclature

Symbol Description Units Values Comments
A Amperage of existing fans
ACOQOP Average Coefficient of Performance
AKWH Annual Gross Electric Energy savings kWh
CF Seasonal peak demand coincident factor for refrigeration Appendix 1
COP Coefficient of Performance
DP Power reduction factor %
ECM Electronically Commutated Motor
EER Energy Efficiency Ratio
AkW Average hourly demand savings for both summer and winter | kW
N Number of fans
Pf Power factor of existing fans
PSC Permanent Split Capacitor motor
r Adjustment factor for two speed controllers 1 or 0.86
\Y Volts of existing fans
h Fan off hours after measure installation

Retrofit Gross Energy Savings, Electric

If the fan motors are single-phase then calculate the energy savings as follows:

AKWH:NxV><Afoxrx(l—DP)x—x(1+—
1000%/ ACOP
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If the fan motors are three-phase then calculate the energy savings as follows:

AKWH=NxVxAxJ§foxrx(l—DP)xLx(H ! j
1000%,, ACOP

If existing fan motors are being replaced concurrently with this measure then DP = 0.40 for PSC motors and 0.65 for
shaded pole motors. If fan motors are not being replaced or if the volt/amp readings were taken after fans were replaced,
then DP = 0. See Note [1].

Pf = estimated to be 0.65.

h =3,000. See Note [2].

r=1 for on/off controllers and 0.86 for two speed controllers.

ACOP =2.03 for freezers and 2.69 for coolers (used for interactive affects). See Note [3].

If existing EER’s are available then ACOP = Average EER/3.413

Average EER = Full Load EER/0.85

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

If the fan motors are single-phase then calculate the demand savings as follows:

AKW =CF x N xV x Ax Pf xrx (I_DP) x(1+ ! j
1000%;y, COP

If the fan motors are three-phase then calculate demand savings as follows:

AKW=CF><N><V><A><\/§><Pf><r>< (I_DP)X(IJr ! j
1000%;,, CcoP

If existing fan motors are being replaced concurrently with this measure then DP = 0.40 for PSC motors and 0.65 for
shaded pole motors. If fan motors are not being replaced or if the volt/amp readings were taken after fans were replaced,
then DP = 0. See Note [1].

Pf = estimated to be 0.65

r= 1 for on/off controllers and 0.86 for two speed controllers.

COP = 1.72 for freezers and 2.29 for coolers (used to calculate interactive affects).

If existing EER’s are available then COP = EER/3.413

CF for refrigeration is the same for both winter and summer.

Changes from Last Version

No changes.
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References

[1] 2010 ASHRAE Handbook - Refrigeration. Retail Food Store Refrigeration and Equipment, Chapter 15,
Figure 24.

Notes

[1] Power reduction factors of existing fans are based on correspondence with a National Resource Management
(NRM) representative, March 3 and June 6 of 201 1. If motors are being replaced concurrently with this
measure then savings calculation for this measure should be coordinated with 3.4.3 to ensure the ending
point of one measure (fan power/hours) is the starting point for the other.

[2] Fan off hours after measure installation (h) is based on correspondence with Nick Gianakas, Nicholas Group,
P.C., June 27, 2010.

[3] Refrigeration interactive factors are derived from Reference [1] and correspondence with Nick Gianakas,
Nicholas Group,P.C., June 27, 2010.
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34.3 EVAPORATOR FANS MOTOR REPLACEMENT

Description of Measure

Installation of an electronically commutated motor in place of existing integral electric motor connected to evaporator
fans in walk-in coolers, freezers and reach-in display cases.

Savings Methodology

The savings estimates are based on the wattage reduction from replacing an existing PSC or shaded pole motor with an
electronically commutated motor. Interactive refrigeration savings are also achieved due to reduced heat loads resulting
from fan power reduction. The run hours, power reduction factors and power factor are stipulated values based on vendor
experience.

Inputs

Symbol Description

A Amperage

EER Energy Efficiency Ratio of Refrigeration Units

N Number of fans

\Y Volts

Nomenclature

Symbol | Description Units | Values Comments
A Amperage of existing fans

ACOP Average Coefficient of Performance Estimate from existing EER when Notes [4], [3]

(used for interactive affects) available per Note [4], otherwise:
Freezers: 2.03
Coolers: 2.69

AKWH | Annual Gross Electric Energy savings | kWh

CF Seasonal peak demand coincident Appendix 1
factor for refrigeration (Same for
Summer and Winter)

COP Coefficient of Performance (used to Freezers: 1.72
calculate interactive affects) Coolers: 2.29

DP Power reduction factor PSC motors: 0.40 Note [1]
Shaded pole motors:0.65

EER Energy Efficiency Ratio

h Hours of operation hours | With existing controls: 5,500 Note [2]
Without controls: 8,500

N Number of fans

Pf Power factor of existing fans 0.65 Estimated

PSC Permanent Split Capacitor motor

\Y Volts of existing fans

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 105



Version Date : 10/31/2016 3.4.3 EVAPORATOR FANS MOTOR REPLACEMENT

Retrofit Gross Energy Savings, Electric

If the existing fan motors are single-phase then calculate the energy savings as follows:

AKWH = N xV x Ax Pf x DPx f x| 1+ !
1000 ACOP

If the existing fan motors are three-phase then calculate the energy savings as follows:

AKWH=N><V><A><\/§><H><DP>< h x(1+ ! )
1000%;, ACOP

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

If the existing fan motors are single-phase then calculate demand savings as follows:
DP y h 4 CF x1
1000%;,, (8760, COP

AKW = N xV x Ax Pf x

If the existing fan motors are three-phase then calculate demand savings as follows:
DP h CF x1

AKW:NxVxAx\/gfox X +
1000%;,, | 8760%, COP

Changes from Last Version

No changes.

References

[1] 2010 ASHRAE Handbook - Refrigeration. Retail Food Store Refrigeration and Equipment, Chapter 15,
Figure 24

Notes

[1] Power reduction factors of existing fans are based on correspondence with a National Resource
Management (NRM) representative on March 3 and June 6 of 2011.

[2] Fan off hours after measure installation (h) is based on correspondence with Nick Gianakas, Nicholas
Group,P.C., June 27, 2010. If fan controls are being installed concurrently with this measure then savings
calculation for this measure should be coordinated with 3.4.2 to ensure the ending point of one measure (fan
power/hours) is the starting point for the other.

[3] Refrigeration interactive factors are derived from Reference [1] and correspondence with Nick Gianakas,
Nicholas Group,P.C., June 27, 2010.

[4] Ifexisting EER’s are available then ACOP = Average EER/3.413
Average EER = Full Load EER/0.85
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344 DOOR HEATER CONTROLS

Description of Measure

Installation of a control system to an existing facility where door heaters operate continuously. This measure is applicable
to walk-in coolers and freezers that have electric heaters on the doors whose purpose is to prevent condensation from
forming. The control system shuts off the door heaters when the facility’s humidity is too low to allow condensation to
occur.

Savings Methodology

The savings from this measure result from a reduction in the operating hours of the door heaters. The off hours are
stipulated values and are overall averages based on vendor experience (See Note [1]). They are applicable to all store
types and sizes.

Inputs
Symbol Description
A Amperage
N Number of Door heaters
\Y Volts

Type: Cooler or Freezer
Nomenclature
Symbol | Description Units | Values Comments
A Amperage of door heater
AKW Annual summer and winter electric demand savings | kW
AKWH Annual Gross Electric Energy savings kWh
CF Seasonal peak demand coincident factor for Appendix 1

refrigeration (Same for Summer and Winter)
h Heater off hours after measure installation hours | Coolers: 6,500 | Note [1]
Freezers: 4,070

kW KiloWatts
N Number of heaters
Pf Power Factor 1 Note [2]
\Y Volts of door heater

Retrofit Gross Energy Savings, Electric

_ NxVxAxPfxh
1000%,,

AKWH

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

_ CFxNxVxAxPf
1000%,,
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Changes from Last Version

No changes.

Notes

[1] Heater off hours after measure installation for freezers and refrigerators are based on correspondence with a
National Resource Management (NRM) representative, June 8, 2011. For the purposes of electric demand
savings calculations, CF for refrigeration is assumed to be the same for both winter and summer.

[2] Assumes single phase power.
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34.5 VENDING MACHINE CONTROLS

Description of Measure

This measure relates to the installation of new controls on existing refrigerated beverage vending machines, non-
refrigerated snack vending machines, and glass front refrigerated coolers.

Controls can significantly reduce the energy consumption of vending machine and refrigeration systems.

This measure covers two separate methods of on/off control of vending machines. In one method the vending machine is
controlled by occupancy sensors. The second method controls operation based on a set time schedule.

Qualifying controls must power down these systems during scheduled periods or periods of inactivity but, in the case of
refrigerated machines, must always maintain a cool product that meets customer expectations.

This measure should not be applied to ENERGY STAR qualified vending machines, as they already have built-in controls.

Inputs

Symbol Description

Equipment Type Type of Vending Machine

HOURS 4er Hours vending machine turned on after measure installation

N Number of vending machines

A Amperage of vending machine ( if available)

\Y Voltage of Vending machine

Nomenclature

Symbol Description Units | Values | Comments
A Amperage of vending machine amps

AKWH Annual Gross Electric Energy Savings kWh

ESF Energy Savings Factor Tables 2 & 3
Equipment Type of Vending Machine

Type

HOURS 4er Hours vending machine turned on after measure installation

HOUR Scfore Hours vending machine turned on before measure installation hrs 8,760

N Number of vending machines

PF Power factor 0.85

SKW Summer Demand Savings kW 0

\Y Volts of vending machine volts

WATTS6 Connected kW of the controlled equipment \\% Table 1
WKW Winter Demand Savings kW 0
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Retrofit Gross Energy Savings, Electric

AKWH = WATTS 4. /1000 x HOURS x ESF x N
Where:

WATTSy,s. = connected kW of the controlled equipment; see Table 1 below for default values by connected equipment
type:

or where amperage and voltage are known using the following calculation;

=VxAxPF
1,000 = conversion factor (W/kW)

HOURS = operating hours of the connected equipment; in most cases it is assumed that the equipment operates 24 hours
per day, 365 days per year or 8760.

ESF = Energy Savings Factor; represents the percent reduction in annual kWh consumption of the equipment controlled;
see Table 2 below for Occupancy Based Controls by equipment type, and Table 3 below for Time Schedule Based
Controls by equipment type.

Table 1: Connected Wattage of Vending Machines

Equipment Type WATTS, . (Ref[1])

Refrigerated Beverage Vending Machines 400

Non-Refrigerated Snack Vending Machines 85
Glass Front Refrigerated Coolers 460
Custom Calculation VxAxPF

Table 2: Occupancy Based Controls

Equipment Type

Energy Savings Factor (ESF) (Ref[1])

Refrigerated Beverage Vending Machines

46%

Non-Refrigerated Snack Vending Machines

46%

Glass Front Refrigerated Coolers

30%

Table 3: Time Schedule Based Controls

Equipment Type

Energy Savings Factor (ESF)

All

HOURS,,,
I ———— | x0.45 [Note 2]
HOURS

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

SKW =0
WKW =0

Retrofit of Occupancy Controls on Refrigerated Beverage Vending Machine, Example

Add occupancy sensors to two (2) exiting soda vending machine where amperage and voltage is unknown.

AKWH = WATTS,,,. /1000 x HOURS x ESF x N

From Table 1 Wattsbase = 400 W
From table 2 ESF= 046

AKWH =400/ 1000 x 8760 x 0.46 x 2 = 3,224 kWh
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Retrofit of on/off timer on a Glass Refrigerated Cooler, Example

Add a timer to an existing cooler. Electric input to cooler is measured at 120 volt and 4.2 Amps. Timer will shut
the cooler of for 11 hours per day.

AKWH = WATTS,,,. /1000 x HOURS x ESF x N

Wattsype= VXA Xx PF=120x4.2x 085 = 428 W

HOURS,

after

HOURS

HOURS, s = 8760 — (365 x11) = 4,745 hrs

4745hrs
ESF=|1——| x0.45 =0.2065
8760hrs

AKWH =428/1000 x 8760 x 0.2065 x 1= 774 kWh

Changes from Last Version

No Changes.

References

[1] USA Technologies Energy Management Product Sheets, July 2006; cited September 2009.
<http://www.usatech.com/energy_management/energy productsheets.php>

Notes

[1] Assumed that the peak period is coincident with periods of high traffic diminishing the demand reduction
potential of occupancy based or time schedule based controls.

[2] The 45% factor to account for compressor cycling is based on NRM field experience and email
communication with Nick Gianakos, June 27, 2010.
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34.6 ADD DOORS TO OPEN REFRIGERATED DISPLAY CASES

Description of Measure

Installation of glass doors on open refrigerated display cases.

3.4.6 ADD DOORS TO OPEN REFRIGERATED DISPLAY CASES

The savings from this measure are based on an ASHRAE research project (Ref [1]) that compared the energy
consumption of a new open refrigerated display case to that of a new refrigerated display case with glass doors. CL&P/UI
engineering utilized Ref [1] data (Table 7) in the analysis that provided the savings factors below. A site inspection of a
completed installation by utility staff identified a gap (approx %) between the doors that allowed infiltration between the
case and the store. This analysis assumes that the losses from the gap are equivalent to the energy consumed by the door
heat in Table 7 of Ref[1].

Inputs
Symbol Description
L Length of display case
Nomenclature
Symbol Description Units Values | Comments
ACCFy Annual Gross Natural Energy Savings Ccflyr
AKWH Annual Gross Electric Energy Savings kWh/yr
AOGy Annual Savings for Oil Heat Gal/yr
APGy Annual Savings for Propane Heat Gal/yr
L Length of display case Feet
PDy Peak day gas savings Ccf
SF axwH Electric Energy Savings Factor kWh/Foot
SF accr Heating Savings Factor Ccf/Foot
SFpp Peak Day Savings Factor Ccf/Foot
SFskw Summer Demand Savings Factor kW/Foot
SFwkw Winter Demand Savings Factor kW/Foot
SKW Summer Demand Savings kW 0
WKW Winter Demand Savings kW
Retrofit Gross Energy Savings, Electric

Table 1 Electric Savings Factors
Door Type SFskw SFwkw SF axwi
Door Heater 0 0.029 202.7
Gap 0 0.029 202.7

AKWH=Lx SFAKWH
Note:  The SF values depend on whether there is a gap between the doors or there are door heaters. It is assumed that
the losses from the gap are equivalent to the energy consumed by the door heat so therefore they are the same for
electric savings.
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Retrofit Gross Seasonal Peak Demand Savings, Electric (Winter and Summer)

SKW =L x SFSKW
WKW =L x SFWKW

Retrofit Gross Energy Savings, Fossil Fuel

Table 2 Natural Gas Savings Factors
Door Type SFACCF SFpD
Door Heater 23.8 0.145
Gap 12.7 0.077

Note: The SF values depend on whether there is a gap between the doors or there are door heaters.
ACCFH =Lx SFACCF
AOGH: Lx SFACCF x 0.742

APGy=L x SFpccr x 1.1267

Retrofit Gross Peak Day Savings, Natural Gas

PDH =Lx SFPD

Changes from Last Version

No Changes.

References

[1T ASHRAE Research Project 1402 - "Comparison of Vertical Display Cases: Energy and
Productivity of Glass Doors Versus Open Vertical Display Cases.
by Brian A. Fricke, Ph.D and Bryan R. Becker, Ph.D, P.E. 18-Dec-2009
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RESIDENTIAL
4.1 LIGHTING

4.1.1 LIGHT BULB

Description of Measure

Lighting savings defined in this section are for the replacement of low efficiency screw-based light bulbs with high
efficiency screw-based bulbs of equivalent lumen output. This also includes luminaires with screw-based connections.
Examples of efficient lighting technologies may include Solid State Lighting (SSL), Light Emitting Diode (LED),
Induction Lamps, and Compact Fluorescent Lamps (CFL).

Savings Methodology

The following assumptions are made to calculate savings for bulbs:
e  Measure lives vary according to the type of bulb and its rated lifetime hours (found in Appendix 4)

e  The baseline for all bulbs is a screw-base incandescent bulb

Direct install bulbs are different than “retail bulbs” because their installation is performed or verified (in the situation that
the builder installs the bulbs) by a professional home energy assessor. Actual rated bulb wattage and location of both the
existing and replacement bulbs should be used to calculate savings for direct install bulbs.

General Service bulbs are defined as medium base bulbs that are intended for General Service applications as specified in
the Energy Independence and Security Act of 2007 (EISA 2007, Ref [4]). Non-General Service bulbs include, but are not
limited to, reflector bulbs, 3-way bulbs, globe bulbs, and candelabra based bulbs. (See Compact Fluorescent Lamp in
Glossary, Section 1.6). LED down light savings are separate from other Non-General Service LEDs as the directionality
of a down light gives the LED technology an efficiency advantage over non-directional technologies.

Certain General Service bulbs are required to comply with EISA standards according to Table 5 (Note [9]). The baseline
for these bulbs at the reduced savings level is based on high-efficiency incandescent bulbs (such as halogen) having 75%
of the wattage of the previous (non-EISA compliant) bulb (Ref [4]). This baseline change is being phased in throughout
the 2012-2015 program years and will impact the Watt ratio component of the savings calculation (see Note [7]). Watt
ratios given in Tables 2, 2A, and 3 reflect the equivalent value of savings taken over the lifetime of the bulb. Please refer
to Note [9] for further details.

Inputs

Symbol Description Units

Watt, o Rated wattage of installed or purchased high efficiency bulb. Watts

Watt,, Rated wattage of low efficiency bulb being replaced by direct install. If this input is not collected | Watts
then an assumed Watt,,, is used instead.

Location Location of direct install bulb. See Table 1 for available options.

Bulb Type | Technology of new bulb. Used primarily to determine measure life.

Rated Life | Rated lifetime of the bulb in hours. This value is not the same as the measure life, but is used to Hours
determine the measure life for Non-General Service bulbs.
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Nomenclature

Symbol | Description Units Values Comments

AKWH Annual Electric Energy Savings kWh/yr Calculated

CFs Average summer seasonal peak coincidence factor | unit-less 13.0.% Appendix 1, Ref [3]
for Residential (Lighting)

CF, Average winter seasonal peak coincidence factor unit-less 20.0% Appendix 1, Ref [3]
for Residential (Lighting)

hy Daily hours of use, by room type for direct install. Hours per | Table 1 for all Ref [4]
For Lost Opportunity or Retail, use “Unknown” as | day known locations
the room type. Retail: 2.90

LI Corresponding to the Low Income sector

Lifetime | The measure life of the bulb Years Lifetime The measure life of the

bulb

LKWH Lifetime Electric Energy Savings kWh Calculated

Lumens | Lumen output of installed or purchased light bulb. 310-2600 Lumen output of
This input is optional. installed or purchased

light bulb.

NLI Corresponding to all Non-Low Income sector

RP Corresponding to the Retail Products sector

SKW Summer Demand Savings kW Calculated

Watt, Delta Watts, the difference between the wattage of | Watts (W) Calculated
the lower efficiency baseline bulb and the wattage
of the new bulb.

Watt, o Rated wattage of high efficiency bulb. Watts (W) | Input

Watt, Rated wattage of existing low efficiency bulb. Watts (W) | Optional Input Direct install only

Watt o Wattage ratio between low efficiency bulb and high | unit-less Tables 2, 2A,3 Tables 2, 2A for
efficiency bulb. Defined as Watt,,,./Watt,, or if Retrofit, Table 3 for
Watt,,. unknown, an assumed value. Retail

WKW Winter Demand Savings kW Calculated

Retrofit Gross Energy Savings, Electric

Watt, = Watt,,,, —1)xWatt ,,,,

AKWH = 1.04 Watty, X hg X 365

= 1. X
. 1 O 0 O . . . .

1.04 is an average energy factor due to lighting interactive effect Ref [7]

LKWH = AKWH x Lifetime

Please refer to Table 1 for the correct hours of use per day by location (hy):
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Table 1: Hours of Use per Day by Location (hg)*

All
Location Customers

hq
Bedroom 23
Bathroom 20
Den/Officet 35
Garaget 1.9
Hallway* 1.9
Kitchen 4.2
Living Roomt 35
Dining Room 30
Exterior 58
Basementt 1.9
Closett 1.9
Other 1.9
Householdt 29

* Ref [4]

TNote [2’ 10]

Please refer to Table 2 for the appropriate Watt,,;, to be used in calculations.

Table 2: Retrofit and Direct Install Watt,,;, Values

4.1.1 LIGHT BULB

. . 7L Wattraﬁo
Existing New High Efficiency Bulb (EISA Compliant) Notes
Bulb All Bulbs
Install Type Bulb Type Bulb Watt, .
General |  Doth Non-Low CFL/LED/ | For CFLs. see Table 2A
. Income and Low- . Note [1]
Incandescent, Service Income Induction For LEDs, see Table 2B
Known
wattage Non-General Both Non-Low CFL/LED/ Wanme
Service Income and Low- Induction —W Note [5]
Income art post
General | | Iﬁgﬁ?;ﬁ&%‘:’v CFL/LED/ For CFLs, see Table 24 | Ref[2]
Service Induction For LEDs, see Table 2B | Ref(1]
Income
I d ¢ CFL/Non-
neandescent, Non-Low Income | Directional LED/ 4.00
Unknown .
Induction Ref [2]
wattage Non-General —
Service Non-Low Income Directional/ 5.00
oW Downlight LED :
Low Income CFL/LED/ 3.40 Ref[1]
Induction

7 For High Efficiency bulb types not listed use the Watt, ., values for CFL bulbs

Table 2A presents the Watt ratios to be used for bulbs impacted by EISA standards. Please note that Lumen ranges are
provided for reference.
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4.1.1 LIGHT BULB

Table 2A: Watt,,;, Values for CFL General Service Bulbs, Existing Incandescent Wattage

New High Efficiency Bulb 2014 Watt,,;, (EISA Compliant)
Lumen,,,, CFLB ’flbs : Known Wattage: Unknown Wattage: Notes
Range Approximate
Equivalent Wattage CFL Bulbs Watt,;,
Above 2600 | Above 30W or below Waitt,,,, Non-Low Income: 4.0 Ref[1.2]
or below 310 | 9W Watt,,, Low Income: 3.4 ’
0.75xWatt .
pre Non-Low Income: 3.0 Ref[1,2],
310-2600 IW-<30W Watt[mt Low-Income: 2.55 Notes [1,6,9]

Table 2B: Watt,,;, Values for LED General Service Bulbs, Existing Incandescent Wattage

New High Efficiency Bulb 2014 Watt,.;, (EISA Compliant)
Lumen,,,, LED B 'f”’s-' Known Wattage: Unknown Wattage: Notes
Range Approximate
Equivalent Wattage LED Bulbs Watt, s,
Above 2600 | Above 30W or below Watt,,, 40
or below 310 | 6W Wart,,,
0.75xWatt,,,
310-2600 6W - <30W — 3.4 Ref[6]
Wait ,,, Notes [1,6,9]

Retrofit Gross Energy Savings, Example

Example 1. A 60-Watt General Service incandescent bulb is replaced with a 10-Watt General Service LED bulb in

the living room of a Non-Low Income home by direct install in 2017. What are the annual savings?

Using the equations from above:

Wartt, = (Wattmn.a —1)x Wart

post

WattA X hd X 365

= 1. X
AKWH = 1.04 1000

This bulb is affected by the EISA standards. From Table 1 we obtain hy for the Non-Low Income location given. Tables
2 and 2A provide the appropriate Watt,,,. Since Watt,, is known we can calculate directly:

60 Watts

WattA=|.75 X ——
@ ( 20 Watts
WattA= 35 Watts

— 1) X 10 Watts

hrs days
AKWH = 1.04 x (35 Watts) x 3.5 —— x 365 —— =+ 1000 W /kw
day year
kwh
AKWH = 46.5——
yr

Example 2. A 19-Watt General Service LED bulb is installed in the kitchen of a Low-Income home by direct install.
The wattage of the incandescent bulb that was replaced is not known. What are the annual savings?
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Using the equations from above:

Wart, = (Wattmn.o - 1) x Watt

post

Watt, X hy X 365

AKWH = 1.04 x 1000

This bulb is affected by the EISA standards. From Table 1 we obtain hy for the Low-Income location given. Table 2A
provides the Watt,,, to be used in calculations for unknown Watt,:
Watt, = (3.4 — 1) X 10 Watts
Watt, = 35 Watts
hrs days
AKWH = 1.04 x (35 Watts) x 3.5 — X 365 —— =+ 1000 W /kw
day year

kwh
AKWH = 46.5——
yr

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

KW — 1.05 x Watt, x CF
o 1000
WattA X CFW
KW =
WKW 1000

1.05 is an average capacity factor due to lighting interactive effect Ref [7
Note: General Service Bulbs affected by EISA compliance will utilize the same calculation methodology as described for

annual and lifetime savings.
Values for CF; and CF,, can be found in Appendix 1 as the Residential; Lighting Coincidence Factors.
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Retrofit Gross Peak Demand Savings, Example

4.1.1 LIGHT BULB

Example 3. A 60-Watt General Service incandescent bulb is replaced with a 15-Watt General Service LED bulb in

the living room of a Non-Low Income home. What are the savings?

60 Watts
15 Watts
Watt, =30.0 Watts

Wartt, = (0.75 X - lj x 15 Warts

_ 1000W
SKW =1.05x30.0 Waits x 0.130 +1000 4W

SKW =0.00409 kW

_ 1000W
WKW = 30.0 Waits x 0.20 =1000 4W
WKW = 0.006k W

Lost Opportunity Gross Energy Savings, Electric
Wart, = (Watt 1) x Watt

ratio post

Watt, X hy X 365

= 1. X
AKWH = 1.04 1000

If the location of the installed bulb is known, use the value from Table 1. Otherwise, use hy = 2.9 (“Unknown” from
Table 1, as it cannot be verified where a purchased bulb is installed).

Please refer to Table 3 for the appropriate Watt,,;, to be used in all Lost Opportunity, Residential New Construction, and

Retail Product calculations.

Table 3: Lost Opportunity and Retail Watt,.;, Values

Bulb7t Watt, i, Notes
Ref[8]

CFL 3.6 Note [11]

LED 3.7 Ref][8]
Notes [11]

7 For bulb types not listed use the Watt,,;, values for CFL bulbs

Lost Opportunity Gross Energy Savings, Example

Example 4. What are the electric energy savings when a 12.5 Watt LED is purchased through a retailer?

Watt,, = (3.7-1)x12.5 Watts
Watt, =33.75 Watts

AKWH = 1,04 (32.5Waits) x 2.9/75/, ><365da)7 ~1000W / kw
ay year

AKHW = 37.15kW7
yl"
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Example 5. What are the electric energy savings from an 11-Watt LED bulb rated for 15,000 hours purchased
through a retailer?

WattA = (3.7 — 1) x 11 Watts
WattA= 29.7

AKWH =1.04x (29.7 Watts) x 2.9 h%ay %365 d"yy ~ 1000 Watts

year Watt — hr
AKHW =32.7k W7
yr

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

KW — 1.05 x Watt, x CF
o 1000
WattA X CFW
KW =
WKW 1000

Note: General Service Bulbs affected by EISA compliance will utilize the same calculation methodology as described for
annual and lifetime savings.
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Lost Opportunity Gross Peak Demand Savings, Example

4.1.1 LIGHT BULB

Example 6. What are the electric energy savings when a 12.5-Watt LED is purchased through a retailer in 2017?

Watt, = (3.7-1)x12.5 Watts

Watty = 33.8 Watts

_ 1000W
SKW =1.05x33.8 Watts x 0.13 = 1000 4W

SKW =0.0046 kW

_ 1000W
WKW = 33.8Waits x 0.20 +1000 4W

WKW =0.0067 kW

Non Energy Benefits

Table 4: One time O&M benefit per bulb (Note [4]) and Lighting Interactive effect Note (10):

Bulb Type O&M Benefit Lighting Interactive
$/Bulb (note4) Effect Penalty $/Kwh

(note 10)

General Service CFL bulb $ 1.50 | $-0.048

Non-General Service CFLbulb | $ 5.00

LED General Service bulb $ 3.00

LED Non-General Service bulb | $ 10.80

LED Directional/Downlight $ 7.50

Changes from Last Version

Updated Table 3 based on R154 Lighting study. Updated O&M benefits based on Ref[11] Recalculated interactive effects
table based on new fuel prices note[10].

References

[1] KEMA, Evaluation of the Weatherization Residential Assistance Partnership (WRAP) and Helps Programs,
September 10, 2010. Table 22, page 7-2.

[2] Nexus Market Research (NMR), Residential Lighting Markdown Impact, January 20, 2009. Table 5-17, page 56.

[3] NMR Group Inc., Northeast Residential Lighting Hour-of Use Study, May 5, 2014, Table ES-7, page X VIII.

[4] NMR Group Inc., Northeast Residential Lighting Hour-of Use Study, May 5, 2014, Table 3.8, page 53.
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[5] US Congress, Energy Independence and Security Act of 2007 (EISA), Title III, "ENERGY SAVINGS
THROUGH IMPROVED STANDARDS FOR APPLIANCE AND LIGHTING," January 4, 2007.

[6] ENERGY STAR Certified Light Bulbs, website, last accessed February 6, 2014.
http://www.energystar.gov/productfinder/product/certified-light-bulbs/results

[71 CT Residential Lighting interactive effect NMR Group Inc Dec 2014 Table 1 Page 2

[8] NMR Group Inc.,Connecticut LED Lighting Study Report (R154), January 28, 2016, pg 30.

[9] Weekly Heating Oil and Propane Prices (October — March)
<https://www.eia.gov/dnav/pet/PET PRI _WFR_DCUS SCT_W.htm>, last accessed Sept 12, 2016.

[10] Residential Natural Gas Prices, <http://www.eia.gov/dnav/ng/ng_pri_ sum dcu SCT_ m.htm>, last accessed
Sept 12, 2016.

[11] California LED Workpaper Update Study, August 28, 2015. Tables AS & A7

Notes

[1] The Watt ratio is modified to reflect the (to be implemented 2012 through 2014) 2007 EISA federal standards (Ref
[4]) which will require new General Service incandescent bulbs to have about 75% lower wattage. Non-General
Service bulbs continue to use the established Watt ratio, while all General Service bulbs use 75% of this established
Watt ratio.

[2] The hq value for “Unknown” location is the average hours per day across all locations. This may not be used for
direct install after installation, since location must be verified by the installer. It is most applicable for retail bulbs
since the final location is unknown.

[3] The EISA federal standard requires incandescent bulbs to use 75% of the wattage of standard General Service
incandescent bulbs.

[4] One time O&M benefits are based on the avoided expense of replacement incandescent bulbs over the lifetime of the
new bulb. Replacement assumptions and Incandescent bulb prices from Ref[11]

[5] In the case of Non-General Service bulbs where existing wattage is known, the Delta Watts calculation simplifies to
its definition of Watt, = Watt,,. — Watt,. .

[6] LED Watt ratios based on an analysis of Ref [3].

Ul/Eversource C&LM Program Savings Documentation - 2017 Page 122


http://www.energystar.gov/productfinder/product/certified-light-bulbs/results
https://www.eia.gov/dnav/pet/PET_PRI_WFR_DCUS_SCT_W.htm

Version Date : 10/31/2016 4.1.1 LIGHT BULB

[7] Note that the baseline does not change until the second year of the standard; this is due to several factors causing a
delay in the immediate effects of the standard such as the lifetime of existing incandescent bulbs being about a year,
stockpiling, and other unknowns.

[8] Years at full and reduced level are based on the implementation schedule of EISA compliance (Ref [2]).

[9] Table 5 shows the EISA schedule and number of years at full savings level for certain General-Service bulbs, all
programs, for the benefit of the reader:

Table 5: EISA Schedule and Number of Years at Full Savings Level for Certain General-Service Bulbs, All
Programs

Approximate Year EISA

CFL Wattage standard Baseline Number of Years at Full Savings

within lumen becomes Implementation | Level (YRy,y) in Each PSD Year
Lumen Ranges range effective Year (BIY) 2012 2013 2014 2015
1490-2600 23W to 30W 2012 2013 1 0 0 0
1050-1489 18W to <23W 2013 2014 2 1 0 0
310-749, 750-1049 | 9W to <18W 2014 2015 3 2 1 0

The weighted average Watt ratios presented in this measure serve as a means to simplify calculation of annual and
lifetime savings. Values presented for General Service CFL bulbs in the EISA Lumen range are based on a 4 year
lifetime while those presented for General Service LED bulbs are based on a 10 year lifetime (from Appendix 1).

For 2015 the EISA standard for General Service bulbs, 25% greater efficiency, has been fully implemented so

adjustments to watt ratios are not needed. Therefore for baseline for existing bulbs is 75% for the existing bulb wattage
(note 3).

[10] The Lighting interactive effect penalty was based on the results from CT Residential Lighting Interactive Effects
Memo completed by NMR Group Inc. December 20, 2014 Table shown for illustrative purposes
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Lighting interactive effect penalty
Fuel Mix factor IE Net fuel
Fuel Type . btu/kwh | Efficiency . IE cost$/kwh IE Average fuel cost /kwh
IAssumptions consumption /kWh
(notel)
oil 0.50 1902 0.7 0.02 0.05 $0.023
propane 0.05 1902 0.7 0.03 0.07 $0.004
gas 0.30 1902 0.75 0.02 0.04 $0.011
electric 0.15 1902 1.5 0.37 0.07 $0.010
Fuel Rates (Note 12)
Average IE cost/kwh $0.048
Electric 0.18 $/kwh
Oil 2.3 $/gal
Gas 1.5 $/100 ccf
Propane 2.5 $/gal

[11] Watt ratios in table 3 developed using the delta watts in ref [3] and installed bulb data from Connecticut Retail
Products Programs

[12]Lighting Interactive Effect Penalty calculated using 2015-2016 Average Cost of Oil, Propane, and Natural Gas from
Rev[9] and Rev[10]. Electricity Cost/kwh is a standard utility assumption.
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4.1.2 LUMINAIRE

Description of Measure

Replacement of low efficiency hardwired or portable luminaires/lighting fixtures with luminaires/lighting fixtures
incorporating high efficiency lights, excluding those with screw-based lampholders (which are treated as light bulbs in
Measure 4.1.1 for savings calculations). An efficient luminaire is a complete lighting unit that meets ENERGY STAR
specifications, and consists of all the parts designed to distribute the light, position and protect the lamps, and connect to
the power supply.

Savings Methodology

The savings methodology can be applied to the following examples of fixture types: hardwired exterior, security exterior,
hardwired indoor (such as recessed downlights, fan lighting kits-separate or included with fan), portable lamps (such as
table lamps, desk lamps, floor lamps), torchieres. Multiple pin-based or integrated lighting technologies are covered that
might include Solid State Lighting (SSL, LED), Induction Lamp, Fluorescent, and Compact Fluorescent Lamp (CFL).
Fixtures with screw-based lampholders are not included here in order to ensure that only qualified high-efficiency bulbs
will be used in the fixture. See Note [5] for restrictions to Torchieres.

High efficiency Lighting products are those that meet the ENERGY STAR specification for Luminaires.

Note that only the energy savings from the light is considered. Therefore, savings for this measure is based on the total
light wattage of the assembly. Any fan motor savings (e.g. from ceiling fans) are negligible, and cooling savings have not
been determined.

A lighting project should be custom only if it clearly exhibits outlier type behavior which would clearly make the existing
savings algorithms inappropriate to use and if the existing savings assumptions would produce an error of unacceptable
magnitude. In such a case, the energy and demand savings should be well documented. Since linear fluorescent fixtures
are less common in a residential setting, they shall be treated as a custom measure, as well as any other technology not
specifically referenced in this document.
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Inputs

Symbol Description Units

Watto Rated wattage of installed or purchased high efficiency fixture. For fixtures with multiple | Watts
bulbs, this is the total wattage (not the wattage of