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The Technical Reference Manual (TRM) was developed to measure the resource savings from
standard energy efficiency measures. The savings’ algorithms use measured and customer data
as input values in industry-accepted algorithms. The data and input values for the algorithms
come from Alternative Energy Portfolio Standards (AEPS) application forms', EDC program
application forms, industry accepted standard values (e.g. ENERGY STAR standards), or data
gathered by Electric Distribution Companies (EDCs). The standard input values are based on the
best available measured or industry data.

Some electric input values were derived from a review of literature from various industry
organizations, equipment manufacturers, and suppliers. These input values are updated to
reflect changes in code, federal standards and recent program evaluations.

1.1 Purpose

The TRM was developed for the purpose of estimating annual electric energy savings and
coincident peak demand savings for a selection of energy efficient technologies and measures.
The TRM provides guidance to the Administrator responsible for awarding Alternative Energy
Credits (AECs). The revised TRM serves a dual purpose of being used to determine compliance
with the AEPS Act, 73 P.S. §§ 1648.1-1648.8, and the energy efficiency and conservation
requirements of Act 129 of 2008, 66 Pa.C.S. § 2806.1. The TRM will continue to be updated on
an annual basis to reflect the addition of technologies and measures as needed to remain
relevant and useful.

Resource savings to be measured include electric energy (kWh) and electric capacity (kW)
savings. The algorithms in this document focus on the determination of the per unit annualized
energy savings and peak demand savings for the energy efficiency measures. The algorithms
and methodologies set forth in this document must be used to determine EDC reported gross
savings and evaluation measurement and verification (EM&V) verified savings.

For an Act 129 program, EDCs may, as an alternative to using the energy and demand savings
values for standard measures contained in the TRM, use alternative methods to calculate ex ante
savings and/or ask their evaluation contractor to use a custom method to verify ex post savings.
The EDCs, however, must track savings estimated from the TRM protocols and alternative
methods and report both sets of values in the quarterly and/or annual EDC reports. The EDCs
must justify the deviation from the TRM ex ante and ex post protocols in the quarterly and/or
annual reports in which they report the deviations. EDCs should be aware that use of a custom
method as an alternative to the approved TRM protocol increases the risk that the PA PUC may
challenge their reported savings. The alternative measurement methods are subject to review
and approval by the Commission to ensure their accuracy after the reports are filed to the
Commission.

" Note: Information in the TRM specifically relating to the AEPS Act is shaded in gray.
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1.2 Using the TRM

This section provides a consistent framework for EDC Implementation Conservation Service
Providers (ICSPs) to estimate ex ante (claimed) savings and for EDC evaluation contractors to
estimate ex post (verified) savings for Act 129 Energy Efficiency & Conservation (EE&C)
programs.

1.2.1Measure Categories “ il ‘[Formatted: Font Alignment: Baseline

The TRM categorizes all preseriptivenon-custom measures into two categories: deemed
measures and partially deemed measures. Methods used to estimate ex ante and/or ex post
savings differ for deemed measures and partially deemed measures.

e Deemed measure protocols have specified “deemed energy and demand savings
values” 2; no additional measurement or calculation is required to determine deemed
savings. These protocols also may contain an algorithm with “stipulated variables™ to
provide transparency into deemed savings values and to facilitate the updating of
deemed savings values in future TRMs. Stipulated variables should not be adjusted using
customer-specific or program-specific information for calculating ex ante and/or ex post

savings.

e Partially deemed measure protocols have algorithms with stipulated* and “open
variables™, that require measurementcustomer-specific input of certain parameters to
calculate the energy and demand savings. Customer-specific or program-specific
information is used for each open variable, resulting in multiple savings values for the
same measure. Some open variables may have a default value to use when the open
variable cannot be collected. Only variables specifically identified as open variables may
be adjusted using customer-specific or program-specific information.

Note that Custom measures® are considered too complex or unique to be included in the list of
standard measures provided in the TRM and so are outside the scope of this TRM. Custom
measures are determined through a custom-measure-specific process, which is described in
Section 1.16 in this TRM.

1.2.2Customer and Program Specific Data il = = { Formatted: Font Alignment: Baseline

The EDCs and their contractors (ICSPs and ECs) are encouraged to collect and apply customer-
specific or program-specific data in the ex ante and/or ex post savings calculations for as many
open variables as possible to reflect most accurate savings values. Site-specific data or

2 A stipulated value for a variable refers to a single input value to an algorithm, while a deemed savings estimate is the
result of calculating the end result of all of the stipulated values in the savings algorithm.

® A stipulated value for a variable refers to a single input value to an algorithm.

* Ibid

® Open variables are listed with a “default value” and an option for “EDC Data Gathering” in the TRM. When a measure
indicates that an input to a prescriptive saving algorithm may take on a range of values, an average value is also provided
in many cases. This value is considered the default input to the algorithm, and should be used when customer-specific
information is not available.

® This TRM does not provide calculations or algorithms for custom measures since the category covers a wide range of
equipment, approaches, and measures. Where custom measures are discussed, the TRM requires site specific
equipment, operating schedules, baseline and installed efficiencies, and calculation methodologies to estimate energy
and demand savings.
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information should be used for measures with important variations in one or more input values
(e.g. delta watts, efficiency level, equipment capacity, operating hours). Customer-specific data
comes directly from the measure application form or application process and/or EDC data
gathering, such as, facility staff interviews, posted schedules, building monitoring systems (BMS),
panel data, or metered data. In addition, standard input values for stipulated variables and default
values for some open variables provided in this TRM are to be based on evaluations completed in
Pennsylvania or best available measured or industry data, available from other jurisdictions or
industry associations. The EDCs may use default values for open variables in the TRM if
customer-specific or program-specific information is unreliable or the EDCs cannot obtain the
information.

Values for exact variables that should be determined using customer-specific information are
clearly described in the measure protocols in this TRM. This methodology will provide the EDCs
with more flexibility to use customer-specific data, when available obtained from their application
process and evaluations to improve the accuracy and reliability of savings.

1.2.3End-use Categories & Thresholds for Using Default Values - {Formatted; Font Alignment: Baseline

The determination of when to use default values for open variables provided in the TRM in the ex
ante and/or ex post savings calculations is a function of the savings impact and uncertainty
associated with the measure’. The default values are appropriate for low-impact and low-
uncertainty measures such as lighting retrofits in a small business facility. In contrast, customer-
specific values are appropriate for high-impact and high-uncertainty measures, such as HVAC or
lighting retrofits in universities or hospitals that have diverse facilities, and where those types of
projects represent a significant share of program savings for a year.

The TRM putsorganizes all measures® into various end-use categories9 (e.g. lighting, HVAC,
motors & VFDs). The-kWh savings thresholds are established at the end-use category level and
should be used to determine whether customer-specific information is recessaryrequired for
estimating ex ante and/or ex post savings. If a project involves multiple measures/technologym
types that fall under the same end-use category, the savings for all those measures/technology
types should be grouped together to determine if the project falls below or above a particular

" While the EDCs are required to collect and apply customer specific or program specific data for projects with savings at
or above the established kWh thresholds in the TRM, they are allowed to use either default values or customer specific or
program specific data for projects with savings below the thresholds.

A..-

baseline-efficieney—_A measure is defined as a new installation, the replacement of an existing installation, or the
retrofitting/modification of an existing installation of a building, of a system or process component, or of an energy using
device in order to reduce energy consumption. e.g., the installation of a 14W CFL is one measure, and the installation of a

21W CFL is a separate measure; the installation of wall insulation, or the modification of an existing building to reduce air
infiltration are two other measures..

An-end e eaonrde bes-the eaories-of equipment-that-provide envice-to-an-individ or-build

use is defined as the grouping of related technology types all associated with a similar application or primary function.
E.q., CFLs, LEDs, fluorescent lamps, and lighting controls are all within the lighting end-use category; efficient water
heaters, water heater blankets, water heater setback, and faucet aerators are all within the domestic hot water end-use
category.

1% A technology is defined as the grouping of related measures in order to differentiate one type of measure from another.
Each technology type may consist of multiple measures. e.g., CFLs, LEDs, and VFDs are all different technology types. A
14W CFL and a 21W CFL are different measures within the CFL technology type.
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particular end-use category.

" For example, linear fluorescent lighting, CFL lighting and LED lighting are individual measures within the Lighting end-
use category.

SECTION 1:
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Table 4-4: End-Use.C . m inthe TRM2
Table 1-1: End-Use Categories and Measures in the TRM"

|
|
|| Lighting 2.4,2.7,2.29,2.35,2.36
|| HVAC 2.1,2.5,2.10,2.15, 2.16, 2.19, 2.28
} 2.3,2.6,28, 209, 213, 2.14, 2.17, 2.18, 2.37,
| Domestic Hot Water > 41
Appliances 2.2, 211, 2.21, 2.23, 2.24, 2.25 2.26, 2.27,
Applances 2.42
|| Building Shell 2.20,2.22,2.30, 2.40
|| Electronics 2.12,2.33,2.34
|| Miscellaneous 2.31,2.32,2.38,2.39
| e e e
|| Lighting 3.2,3.29
|| HVAC 3.5,3.6,3.17, 3.18, 3.32, 3.34, 3.39
|| Motors & VFDs 3.3,34
|| Domestic Hot Water 3.27, 3.28, 3.30, 3.31, 3.37, 3.38
Refrigeration 3.7, 3.8, 3.9, 3.10, 3.16, 3.20, 3.22, 3.23, 3.24,
3.25, 3.33, 3.35, 3.36
|| Appliances 3.26
|| Eood Service Equipment 3.13,3.14, 3.19
|| Building Shell 3.15
|| Electronics 3.11,3.12, 3.21
|
|

Agricultural Equipment 4.1,42,43,44,45,46,4.7,4.8

? Please note that this is not an exhaustlve list of end -uses and that others ma be |nc|uded in future TRM u dates

1
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HVAGC 3536, 3.717—31483193.33323.3534;
3:4039
Motors-& \FDs- 33,3435
Appliances 3.2726
Building-Shelt 31615
Agricultural Sector—
AgriculturalEquipmeny, || 444243 4445464748 __ __— { Formatted: Font: Bold, Not Italic

Table 1-2 shows the kWh thresholds' for various end-use categories. For projects with savings
of established kWh thresholds or higher, the EDCs are required to collect site-specific information
for open variables used in the calculation of energy and demand savings. If savings for individual
end-use categories within projects fall below the threshold, the EDCs may gather customer-
specific data, or may use the default stipulated value for each open variable. The thresholds
below are subject to review and adjustment by the EDC ECs in coordination with SWE to
minimize the uncertainty of estimates. End-use metering is the preferred method of data
collection for projects above the threshold, but trend data from BMS or panel data and billing
analysis'® are acceptable substitutes. The EDCs are encouraged to meter projects with savings
below the thresholds that have high uncertainty but are not required i-e~where data is unknown,
variable, or difficult to verify. Exact conditions of “high uncertainty” are to be determined by the
EDCs to appropriately manage variance. Metering completed by the ICSP may be leveraged by
the evaluation contractor, subject to a reasonableness review'®. This approach is intended to
determine values for key variables and verify savings at a high level of rigor for projects that
account for majority of the programs expected savings.

Table 1-24-2: kWh Savings Thresholds

End-Use Category Expected kWh/yr Savings Threshold"™
Ca&l Lighting >= 500,000 kWh
C&l HVAC >= 250,000 kWh

" These end-use specific thresholds were developed by the SWE based on review of methods used by other jurisdictions.
In addition, the SWE also performed a sensitivity analyses using different threholds based on all the energy efficiency
projects (partially deemed/non-custom) implemented in Phase | (PY1 through PY4) of Act 129 Programs among all the
EDCs.

» Billing analysis should be conducted using at least 12 months of billing data (pre- and post-retrofit).

'8 EDC evaluation contractors must verify the project-specific M&V data (including pre and post metering results) obtained
by the CSPs, as practicable, for projects in the evaluation sample. If the evaluation contractor determines that data
collected by the CSPs are not reasonably valid, then the evaluator must perform measurements consistent with IPMVP
options to collect post-retrofit information for projects that have estimated end-use savings above a threshold kWh/year
level. The SWE reserves the right to audit and review claimed and verified impacts of any project selected in the
evaluation sample.

"7 In situations where an ICSP meters a project because the expected kWh savings are above the established threshold
and then realizes that the actual savings are below the threshold, metered results should be used for reporting claimed
and verified savings.
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C&l Motors & VFDs >= 250,000 kK\AWh-
C&l Building Shell >= 250,000 kWh
Agricultural Equipment >= 250,000

1.2.4Applicability of the TRM for estimating Ex Ante (Claimed) savings b
For replacements and retrofits, the applicable date for determining which TRM version to use to
estimate EDC claimed savings is the “in-service date” (ISD) or “commercial date of operation”
(CDO) — the date at which the measure is “installed and commercially operable,”® and when
savings actually start to occur. This is analogous to when a commercial customer’s meter “sees”
the savings under expected and designed-for operation. For most projects, this is obvious. For
projects with commissioning, the CDO occurs after the commissioning is completed. For incented
measures that have been installed, but are not being used because there is no occupant, or will
not be used until another, unrelated installation/project is completed; the equipment is not
“commercially operable.” For these projects, the CDO is the date at which the customer begins
using the incented equipment, not the date at which the equipment is energized. For new
construction, the appropriate TRM must be based on the date when the building/construction
permit was issued (or the date construction starts if no permit is required) because that aligns
with codes and standards that define the baseline. Savings begin to accrue at the project’s ISD.

1.3 Definitions

The TRM is designed for use with both the AEPS Act and Act 129; however, it contains words
and terms that apply only to the AEPS or only to Act 129. The following definitions are provided
to identify words and terms that are specific for implementation of the AEPS:

e Administrator/Program Administrator (PA) — The Credit Administrator of the AEPS program
that receives and processes, and approves AEPS Credit applications.

e AEPS application forms — application forms submitted to qualify and register alternative
energy facilities for alternative energy credits.

e Application worksheets — part of the AEPS application forms.

e Alternative Energy Credits (AECs) — A tradable instrument used to establish, verify, and

measure compliance with the AEPS. One credit is earned for each 1000kWh of electricity
generated (or saved from energy efficiency or conservation measures) at a qualified
alternative energy facility,,

'8 pennsylvania Public Utility Commission Act 129 Phase Il Order, Docket Number: M-2012-2289411 and M-2008-
2069887, Adopted August 2, 2012, language in Section K.1.b.
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e Direct Install (DI) Measure — A prescriptive measure implemented on site during an energy
audit or other initial visit without the requirement of a diagnostic testing
component. Examples of these DI measures that can be installed directly include the
changing of an incandescent bulb to a CFL or LED or the installation of faucet aerators.

e Early Retirement (ERET) Measure — The removal of equipment from service that is not
scheduled to be replaced by either a more efficient option or a less efficient option and is
deemed to be eligible for savings due to the nature of reduction in energy use by taking the
equipment out of service.

e EDC Reported Gross Savings — Also known as “EDC Claimed Savings” or “Ex Ante - ‘{Formatted: List Paragraph Close, No bullets

Savings”. EDC estimated savings for projects and programs of projects which are completed or numbering
and/or M&Ved. The estimates follow a TRM er-GMP-method- or Site Specific M&V Protocols

(SSMVP). The savings calculations/estimates follow algorithms prescribed by the TRM or

CMPSite Specific M&V Protocols (SSMVP) and are based non-verified, estimated, stipulated,

EDC gathered or measured values of key variables.

o RetrofitEfficiency Kits (KIT) — A collection of energy efficient upgrade measure materials that
can be delivered to and installed by the end-user. Examples of these items are CFL light
bulbs, LED nightlights, or faucet aerators.

e Replace on Burnout (ROB) Measure — The replacement of equipment that has failed or is at
the end of its service life with a model that is more efficient than required by the codes and
standards in effect at the time of replacement, or is more efficient than standard practice if
there are no applicable codes or standards. The baseline used for calculating energy
savings for retrefitreplace on burnout measures is the applicable code, standard or industry
standard practice-_in the absence of applicable code or standards. The incremental cost for
retrofitreplacement on burnout measures is the difference between the cost of baseline and
more efficient equipment. Examples of projects which fit in this category include replacement
due to existing equipment failure, or imminent failure, as judged by a competent service
specialist, as well as replacement of equipment which may still be in functional condition, but
which is operationally obsolete due to industry advances and is no longer cost effective to
keep.

+—New Construction Measure, (Substantial Renovation Measure) — The substitution of efficient ~ _ - {Formatted: Underline

equipment for standard baseline equipment which the customer does not yet own-—_or during
the course of a major renovation project which removes existing, but operationally functional
equipment. The baseline used for calculating energy savings is the construction of a new
building or installation of new equipment that complies with applicable code, standard andor
industry standard practice in the absence of applicable code or standards in place at the time
of construction/installation-/substantial renovation. The incremental cost for a new
construction or substantial renovation measure is the difference between the cost of the

baseline and more efficient equipment. Examples of projects which fit in this category include
installation of a new production line, construction of a new building, er-an addition to an
existing facility-
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efficient-equipment—Examples-include, renovation of a plant which replaces an existing
production line with a production line for a different product, substantial renovation of an
existing building interior, replacement of an existing standard HVAC system with a ground
source heat pump system.

o VerifiedRealization Rate — The ratio of “Verified Savings” to “EDC Reported Gross Savings”.

o Retrofit Measure (RET) — Measures which modify or add on to existing equipment with
technology to make the system more energy efficient. Retrofit measures have a dual
baseline: for the estimated remaining useful life of the existing equipment the baseline is the
existing equipment; afterwards the baseline is the applicable code, standard, or industry
standard practice expected to be in place at the time the unit would have been naturally
replaced or retrofit. If there are no known or expected changes to the baseline standards, the
standard in effect at the time of the retrofit is to be used. Incremental cost is the full cost of
equipment retrofit. In practice, in order to avoid the uncertainty surrounding the determination
of "remaining useful life" retrofit measure savings and costs sometimes follow replace on
burnout baseline and incremental cost definitions. Examples of projects which fit this category
include installation of a VFD on an existing HVAC system, or installation of wall or ceiling
insulation.

e Early Replacement Measure (EREP) — The replacement of existing equipment, which is
functioning as intended and is not operationally obsolete, with a more efficient model
primarily for purposes of increased efficiency. Early replacement measures have a dual
baseline: for the estimated remaining useful life of the existing equipment the baseline is the
existing equipment; afterwards the baseline is the applicable code, standard, or industry
standard practice expected to be in place at the time the unit would have been naturally
replaced. If there are no known or expected changes to the baseline standards, the standard
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in effect at the time of the early replacement is to be used. Incremental cost is the full cost of
equipment replacement. In practice, in order to avoid the uncertainty surrounding the
determination of "remaining useful life" early replacement measure savings and costs
sometimes follow replace on burnout baseline and incremental cost definitions. Examples of
projects which fit this category include upgrade of an existing production line to gain
efficiency, upgrade an existing, but functional, lighting or HYAC system that is not part of a
renovation/remodeling project, or replacement of an operational chiller with a more efficient
unit.

e Time of Sale (TOS) Measure — A measure implemented, usually incentivized at the retail
level, that provides a financial incentive to the buyer or end user in order to promote the
higher efficiency of the measure product over a standard efficiency product. Examples
include the low-flow pre-rinse sprayers available to commercial kitchens and their applicable
incentives to be purchased over standard flow sprayers.

e Verified Gross Savings — Evaluator estimated savings for projects and programs of projects
which are completed and for which the impact evaluation and EM&V activities are
completed. The estimates follow a TRM er-CMP-method-_or Site Specific M&V Protocols
(SSMVP). The savings calculations/estimates follow algorithms prescribed by the TRM or
CMPSite Specific M&V Protocols (SSMVP) and are based on verified values of stipulated
variables, EDC or evaluator gathered data, or measured key variables.

o Lifetime — The number of years (or hours) that the new high efficiency equipment is expected
to function. These are generally based on engineering lives, but sometimes adjusted based
on expectations about frequency of removal, remodeling or demolition. Two important
distinctions fall under this definition; Effective Useful Life and Remaining Useful Life.

o Effective Useful Life (EUL) — EUL is based on the manufacturers rating of the effective useful
life; how long the equipment will last. For example, a CFL that operates x hours per year will
typically have an EUL of y. A house boiler may have a lifetime of 20 years but the EUL is
only 15 years since after that time it may be operating at a non-efficient point. It is an
estimate of the median number of years that the measures installed under a program are still
in place and operable.

e Remaining Useful Life (RUL) — It applies to retrofit or early replacement measures. For
example, if an existing working refrigerator is replaced with a high efficiency unit, the RUL is
an assumption of how many more years the existing unit would have lasted.

1.4 General Framework

In general, energy and demand savings will be estimated using TRM stipulated values, measured
values, customer data and information from the AEPS application forms, worksheets and field
tools.

Three systems will work together to ensure accurate data on a given measure:

The application form that the customer or customer’s agent submits with basic information.

Application worksheets and field tools with more detailed, site-specific data, input values and
calculations.

Introduction
General Framework



(DRAFT)

Algorithms that rely on standard or site-specific input values based on measured data. Parts or
all of the algorithms may ultimately be implemented within the tracking system, application forms
and worksheets and field tools.

1.5 Algorithms

The algorithms that have been developed to calculate the energy and or demand savings are
typically driven by a change in efficiency level between the energy efficient measure and the
baseline level of efficiency. The following are the basic algorithms.

AkW = kWhase - kWee
AkWpea = AkW X CF
AkWh = AkW X EFLH
Where:
AkW = Demand Savings
AkWpeak = Coincident Peak Demand Savings
AkWh = Annual Energy Savings
KWhase = Connected load kW of baseline case.
kWee = Connected load kW of energy efficient case.
EFLH = Equivalent Full Load Hours of operation for the installed
measure.
CF = Demand Coincidence Factor-defined-as-Factors « I
represent the fraction of the-tetal-technology-demand-that

isconnected load expected to be coincident with the utility-

system-summerPJM peak; demand period as defined by-Ast
429.in Section 1.104-16.

Other resource savings will be calculated as appropriate.

Specific algorithms for each of the measures may incorporate additional factors to reflect specific
conditions associated with a measure. This may include factors to account for coincidence of
multiple installations or interaction between different measures.

1.6 Data and Input Values

The input values and algorithms are based on the best available and applicable data. The input
values for the algorithms come from the AEPS application forms, EDC data gathering, or from
standard values based on measured or industry data.

Many input values, including site-specific data, come directly from the AEPS application forms,
EDC data gathering, worksheets and field tools. Site-specific data on the AEPS application forms
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and EDC data gathering are used for measures with important variations in one or more input
values (e.g., delta watts, efficiency level, capacity, etc.).

Standard input values are based on the best available measured or industry data, including
metered data, measured data from other state evaluations (applied prospectively), field data, and
standards from industry associations. The standard values for most commercial and industrial
measures are supported by end-use metering for key parameters for a sample of facilities and
circuits.

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

1.7 Baseline Estimates

The savings methods and assumptions can differ substantially based on the program delivery
mechanism for each measure type. Within each of the measure protocols in the TRM, there is a
definition for the measure’s baseline efficiency, a critical input into the savings calculations. For
most measures there will be at least two baselines that are most commonly used:

e One for market-driven choices -- often called “lost opportunity” and either replacing
equipment that has failed (retrofit on burnout) or new installations (new construction)

e One for discretionary installations — often called early replacement

For all new construction (NC) and retrefitreplace on burnout (ROB) scenarios, the baseline may
be a jurisdictional code, a national standard, or the prevailing level of efficiency in the
marketplace. The AkW and AkWh savings calculations are based on standard efficiency
equipment versus new high-efficiency equipment. For all early replacement (EREP) scenarios,
the baseline may be the existing equipment efficiency, but at some point the AkW and AkWh
savings calculations must incorporate changes to the baseline for new installations, e.g. code or
market changes. This approach encourages residential and business consumers to replace
working inefficient equipment and appliances with new high-efficiency products rather than taking
no action to upgrade or only replacing them with new standard-efficiency products. The baseline
estimates used in the TRM are documented in baseline studies or other market information.
Baselines will be updated to reflect changing codes, practices and market transformation effects,
and will be handled in future versions of the TRM by describing the choice of and reasoning
behind a shifting baseline assumption.

1.8 Resource Savings in Current and Future Program Years

AECs and energy efficiency and demand response reduction savings will apply in equal annual
amounts corresponding to either PJM planning years or calendar years beginning with the year
deemed appropriate by the Administrator, and lasting for the approved life of the measure for
AEPS Credits. Energy efficiency and demand response savings associated with Act 129 can
claim savings for up to fifteen years.
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1.9 Prospective Application of the TRM

The TRM will be applied prospectively. The input values are from the AEPS application forms,
EDC program application forms, EDC data gathering and standard input values (based on
measured data including metered data and evaluation results). The TRM will be updated
annually based on new information and available data and then applied prospectively for future
program years. Updates will not alter the number of AEPS Credits, once awarded, by the
Administrator, nor will it alter any energy savings or demand reductions already in service and
within measure life. Any newly approved measure, whether in the TRM or approved as an interim
protocol, may be applied retrospectively consistent with the EDC’s approved plan. If any errors
are discovered in the TRM or clarifications are required, those corrections or clarifications should
be applied to the associated measure calculations for the current program year, if applicable.

1.10 Electric Resource Savings

Algorithms have been developed to determine the annual electric energy and electric coincident
peak demand savings. Annual electric energy savings are calculated and then allocated
separately by season (summer and winter) and time of day (on-peak and off-peak). Summer
coincident peak demand savings are calculated using a demand savings algorithm for each
measure that includes a coincidence factor.

Table 1-34-3: Periods for Energy Savings and Coincident Peak Demand Savings

Period Energy Savings Coincident Peak Demand Savings
June through August (excluding

Summer May through September weekends and holidays)

Winter October through April N/A

Peak 8:00 a.m. to 8:00 p.m. Mon.-Fri. 2:00 p.m. to 6:00 p.m.

8:00 p.m. to 8:00 a.m. Mon.-Fri.,
Off-Peak N/A
12 a.m. to 12 a.m. Sat/Sun & holidays

The time periods for energy savings and coincident peak demand savings were chosen to best fit
the Act 129 requirement, which reflects the seasonal avoided cost patterns for electric energy and
capacity that were used for the energy efficiency program cost effectiveness purposes. For
energy, the summer period May through September was selected based on the pattern of
avoided costs for energy at the PJM level. In order to keep the complexity of the process for
calculating energy savings’ benefits to a reasonable level by using two time periods, the knee
periods for spring and fall were split approximately evenly between the summer and winter
periods.

For capacity,the definition of summer peak is adopted from PJM which is applied statewide in this
TRM. Only the summer peak period is defined for the purpose of this TRM. The coincident
summer peak period is defined as the period between the hour ending 15:00 Eastern Prevailing
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| Time™® (EPT) and the hour ending 18:00 EPT during all days from June 1 through August 31,
inclusive, that is not a weekend or federal holiday®.

1.1 Post-Implementation Review

The Administrator will review AEPS application forms and tracking systems for all measures and
conduct field inspections on a sample of installations. For some programs and projects (e.g.,
custom, large process, large and complex comprehensive design), post-installation review and
on-site verification of a sample of AEPS application forms and installations will be used to ensure
the reliability of site-specific savings’ estimates.

112  Adjustments to Energy and Resource Savings

1.121 Coincidence with Electric System Peak

Coincidence factors are used to reflect the portion of the connected load savings or generation
that is coincident with the system peak period.

1.12.2 Measure Retention and Persistence of Savings

The combined effect of measure retention and persistence is the ability of installed measures to
maintain the initial level of energy savings or generation over the measure life. If the measure is
subject to a reduction in savings or generation over time, the reduction in retention or persistence
is accounted for using factors in the calculation of resource savings (e.g., in-service rates for
residential lighting measures).

It is important to note that the Commission’s Phase Il Implementation Order, dated August 2,
2012, provides clarification on the accumulation and reporting of savings from Act 129 programs
in Phase Il. This order states on page 26 that “Savings reduction targets can be considered
cumulative in two different ways - at the end of a phase and among phases. The Act 129
programs are cumulative at the end of a phase such that the savings at the end of a phase must
show that the total savings from measures installed during the phase are equal to or greater than
the established reduction target. Therefore, if any measures are installed whose useful life
expires before the end of the phase, another measure must be installed or implemented during
that phase which replenishes the savings from the expired measure.” This means that reported
savings for Phase Il must take into account the useful life of measures. For example, savings for
a measure with a useful life of two years installed in the first program year of Phase Il cannot be
counted towards the established reduction target unless another measure is installed or
implemented to replenish the savings form the expired measures.

It is also important to note that the 2008 Pennsylvania Act 129 legislation states that the Total
Resource Cost test shall be used to determine program cost effectiveness, and defines the TRC
testas “ A STANDARD TEST THAT IS MET IF,OVER THE EFFECTIVE LIFE OF EACH PLAN
NOT TO EXCEED 15 YEARS, THE NET PRESENT VALUE OF THE AVOIDED MONETARY
COST OF SUPPLYING ELECTRICITY IS GREATER THAN THE NET PRESENT VALUE OF
THE MONETARY COST OF ENERGY EFFICIENCY CONSERVATION MEASURES.” Thus

| ' This is same as the Daylight Savings Time (DST)
2 PJM Manual 18B for Energy Efficiency Measurement & Verification
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when TRC ratios are calculated for Act 129 programs, the life for any measure cannot be longer
than 15 years.

1.12.3 Interactive Measure Energy Savings

Interaction of energy savings is accounted for specific measures as appropriate. For all other
measures, interaction of energy savings is zero.

For Residential lighting, the energy and peak demand savings is increased by an amount
specified in the algorithm to account for HYAC interaction depending on the presence of air
conditioning.

For Residential New Construction, the interaction of energy and peak demand savings is
accounted for in the home energy rating tool that compares the efficient building to the baseline
or reference building and calculates savings.

For Commercial and Industrial (C&l) lighting, the energy and peak demand savings is increased
by an amount specified in the algorithm to account for HVAC interaction depending on the

presence of air eenditiongconditioning. _

For C&I custom measures, interaction is accounted for in the site-specific analysis where
relevant.

1124 Verified Gross Adjustments

Evaluation activities at a basic level consist of verification of the installation and operation of
measures. In many cases, the number of widgets found on-site may differ from the number stated
on the application, which represents the number of widgets paid for by the program. When the
number of widgets found on-site is less than what is stated on the application, the savings will be
adjusted by a realization rate. For example, if an application states 100 widgets but an on-site
inspection only finds 85, the realization rate applied is 85% (assuming no other discrepancies).
On-site widget counts within 5% of the application numbers can be considered to be within
reasonable error without requiring realization rate adjustment.

On the other hand, if the number of widgets found on-site is more than what is stated on the
application, the savings will be capped at the application findings. For example, if an application
states 100 widgets but an on-site inspection finds 120, the realization rate applied is 100%
(assuming no other discrepancies).

1.13 Calculation of the Value of Resource Savings

The calculation of the value of the resources saved is not part of the TRM. The TRM is limited to
the determination of the per unit resource savings in physical terms at the customer meter.

In order to calculate the value of the energy savings for reporting cost-benefit analyses and other
purposes, the energy savings are determined at the customer level and then increased by the
amount of the transmission and distribution losses to reflect the energy savings at the system
level. The energy savings at the system level are then multiplied by the appropriate avoided
costs to calculate the value of the benefits.

System Savings = (Savings at Customer) X (T&D Loss Factor)
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Value of Resource Savings = (System Savings) X (System Avoided Costs ) + (Value of
Other Resource Savings)

Please refer to the 2013 TRC Order?' for a more detailed discussion of other resource savings.

114  Transmission and Distribution System Losses

The electric energy consumption reduction compliance targets for Phase Il of Act 129 are
established at the retail level i.e. based on forecasts of sales. The energy savings must be
reported to the Commission at the customer meter level, which is used to determine if EDCs have
met their statutory targets for Phase Il. For the purpose of calculating cost-effectiveness of Act
129 programs, the value of both energy and demand savings shall be calculated at the system
level. The TRM calculates the energy savings at the customer meter level. These savings need to
be increased by the amount of transmission and distribution system losses in order to determine
the energy savings at the system level. The electric line loss factors multiplied by the savings
calculated from the algorithms will result in savings at the system level.

The EDC specific electric line loss factors filed in its Commission approved EE&C Plans, or other
official reports filed with the Commission should be applied to gross up energy savings from the
customer meter level to the system level. The EDCs are allowed to use alternate loss factors
calculated to reflect system losses at peaking conditions when available to gross up demand
savings to the system level. The Commissions encourages the use of the most recent and
accurate values for line loss factors for energy and demand known to the EDCs, regardless of
what was filed in the original Phase |l EE&C Plans.

1.15 Measure Lives

Measure lives are provided in Appendix A for informational purposes and for use in other
applications such as reporting lifetime savings or in benefit cost studies that span more than one
year. For the purpose of calculating the Total Resource Cost (TRC) Test for Act 129, measures
cannot claim savings for more than 15 years.

In general, avoided cost savings for programs where measures replace units before the end of
their useful life are measured from the efficient unit versus the replaced unit for the remaining life
of the existing unit, then from the efficient unit versus a new standard unit for the remaining
efficient measure’s life. Specific guidance is provided through the 2013 TRC Order.

1.16 Custom Measures

Custom measures are considered too complex or unique to be included in the list of standard
measures provided in the TRM. Also included are measures that may involve metered data, but
require additional assumptions to arrive at a ‘typical’ level of savings as opposed to an exact
measurement.

While TRM measures are reviewed and approved by the PA PUC through the TRM update
process, custom measures do not undergo the same approval process. The EDCs are not

2! See 2012 PA Total Resource Cost (TRC) Test; 2009 PA Total Resource Cost Test Final Order, at Docket Nos. M-2012-
2300653 and M-2009-2108601, (2013 TRC Test Final Order), entered August 30, 2012.
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required to submit savings protocols for C&l custom measures to the Commission or the SWE for
each measure/technology type prior to implementing the custom measure—Fhe, however, the
Commission recommends that thesesite-specific custom measure protocols be established in
general conformity to the International Performance Measurement and Verification Protocol
(IPMVP)?? or Federal Energy Management Program?® M&V Guidelines. All evaluation sampled
custom projects require a Site-Specific Measurement and Verification Plan (SSMVP) developed
or approved for use by the EDC evaluator which must be available for SWE review. During Phase
| of Act 129, the TWG developed custom measure protocols (CMPs) for calculating the energy
and demand savings for several custom measures. CMPs approved during Phase | are
considered available for use in Phase Il by EDCs**. The qualification for and availability of AEPS
Credits and energy efficiency and demand response savings are determined on a case-by-case
basis.

In addition, certain mass market programs in the residential sector are a subset of custom
measures. These programs offer measures, or groups of measures, which are not included in the
TRM. As with the C&l CMPs, during Phase | of Act 129, the TWG developed mass market
protocols (“MMPs”) for calculating the energy and demand savings associated with residential
behavioral modification and low-income weatherization programs. MMPs approved during Phase
| are considered available for use in Phase Il by the EDCs.

An AEPS application must be submitted, containing adequate documentation fully describing the
energy efficiency measures installed or proposed and an explanation of how the installed facilities
qualify for AECs. The AEPS application must include a proposed evaluation plan by which the
Administrator may evaluate the effectiveness of the energy efficiency measures provided by the
installed facilities. All assumptions should be identified, explained and supported by
documentation, where possible. The applicant may propose incorporating tracking and
evaluation measures using existing data streams currently in use provided that they permit the
Administrator to evaluate the program using the reported data.

To the extent possible, the energy efficiency measures identified in the AEPS application should
be verified by the meter readings submitted to the Administrator.

For further discussion, please see Appendix B: Relationship between Program Savings and
Evaluation SavingsAppendix-B:Relationship-between Program Savings-and Evaluation Savi

1.17 Impact of Weather

To account for weather differences within Pennsylvania, the Equivalent Full Load Hours (ELFH)
for C&lI HVAC measures are calculated based on the degree day scaling methodology. The EFLH
values reported in the 2012 Connecticut Program Savings Documentation were adjusted using
full load hours (FLH) from the US Department of Energy’s ENERGY STAR Calculator®. Degree
day scaling ratios were calculated using heating degree day and cooling degree day values for
seven Pennsylvania cities: Allentown, Erie, Harrisburg, Philadelphia, Pittsburgh, Scranton, and

2 http://www.evo-world.org/index.php?option=com_content&task=view&id=2728&Itemid=279

2 www1.eere.energy.gov/femp/pdfs/mv_guidelines.pdf

2 |f the CMPs use a top 100 hours approach for calculating peak demand savings, the protocol must be revised to
address the new peak demand window definition prior to use.

% http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/ASHP_Sav_Calc.xls
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Williamsport. These reference cities provide a representative sample of the various climate and
utility regions in Pennsylvania.

In addition, several protocols in this TRM rely on the work and analysis completed in California,
where savings values are adjusted for climate. These measures include Refrigeration — Auto
Closers (Section 3.223-2322}Refrigeration—Door Gaskets-for Walk-in-Coolers-and-Freezers-
{Seetion-3-24);) and Refrigeration — Suction Pipes Insulation (Section 3.243-2524). There are
sixteen California climate zones and seven Pennsylvania cities. Each of the seven reference
cities are mapped to a California climate zone as shown in Table 1-4: California CZ Mapping
TableTable1-4-California-CZ Mapping Table based on comparable number of cooling degree
hours and average wet bulb temperatures. Section 3.223.2322,3.24 and-3-25 and 3.24 will
follow this mapping table.

Table 1-44-4: California CZ Mapping Table

Reference City California
Climate Zone

Allentown 15

Erie 9
Harrisburg 15
Philadelphia 15
Pittsburgh 4
Scranton 4
Williamsport 15

Furthermore, all the Pennsylvania zip codes are mapped to a reference city as shown in
Appendix G: Zip Code MappingAppendix-G:Zip-Code-Mapping. In general, zip codes were
mapped to the closest reference city because the majority of the state resides in ASHRAE climate
zone 5. However, Philadelphia and a small area southwest of Harrisburg are assigned to
ASHRAE climate zone 4. Therefore, any zip code in ASHRAE climate zone 4 were manually
assigned to Philadelphia, regardless of distance.

1.18 Measure Applicability Based on Sector

Protocols for the residential sector quantify savings for measures typically found in residential
areas under residential meters. Likewise, protocols for the C&l sector quantify savings for
measures typically found in C&l areas under C&l meters. However, there is some overlap where
measure type, usage and the sector do not match.

Protocols in the residential and C&l sections describe measure savings based on the application
or usage characteristics of the measure rather than how the measure is metered. For example, if
a measure is found in a residential environment but is metered under a commercial meter, the
residential sector protocol is used. On the other hand, if a measure is found in a commercial
environment but is metered under a residential meter, the commercial sector protocol is used.
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This is particularly relevant for residential appliances that frequently appear in small commercial
spaces (commercial protocol) and residential appliances that are used in residential settings but
are under commercial meters (multi-family residences). In addition, air sealing, duct sealing and
ceiling/attic and wall insulation protocols and standards for residential measures should be used
to estimate savings in two to four untisunits multifamily complexes whereas air sealing and
insulation protocols and standards for C&l measures should be applied in multifamily complexes
with more than four units.

1.19  Algorithms for Energy Efficient Measures

The following sections present measure-specific algorithms. Section 2 addresses residential
sector measures and Section 3 addresses commercial and industrial sector measures. Section 4
addresses agricultural measures for both residential and commercial and industrial market
sectors.
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2 RESIDENTIAL MEASURES

The following section of the TRM contains savings protocols for residential measures._This TRM
does include an updated energy-to-demand factor for residential energy efficiency measures
affecting the electric water heating end use. Due to time constraints, energy-to-demand factors
for all other residential energy efficiency measures will be reviewed and updated in future TRMs.
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2.1 Electric HVAC

The method for determining residential high-efficiency cooling and heating equipment energy
impact savings is based on algorithms that determine a central air conditioner or heat pump’s
cooling/heating energy use and peak demand contribution. Input data is based both on fixed
assumptions and data supplied from the high efficiency equipment AEPS application form or EDC
data gathering.

The algorithms applicable for this program measure the energy savings directly related to the
more efficient hardware installation.

Larger commercial air conditioning and heat pump applications are dealt with in Section 3.53.65.

2.1.1 _ Eligibili

This measure requires the purchase of an ENERGY STAR Air Conditioner, Air Source Heat Pump,
or Ground Source Heat Pump, proper sizing of a central air conditioner, central air conditioner or air

source heat pump maintenance, installation of a desuperheater on an existing Ground Source Heat

Pump, or installation of a new high efficiency fan on an exisiting furnace. The baseline condition is
an exisiting standard efficiency electric heating system, a gas or lectric furnace with a standard
efficiency furnace fan, or a ground source heat pump without a desuperheater.

The following sections detail how this measure’s energy and demand savings were determined.

2442.1.2 Algorithms

Central A/C and Air Source Heat Pump (ASHP) (High Efficiency Equipment Only)
This algorithm is used for the installation of new high efficiency A/C and ASHP equipment.

AkWh = AkWheoor + AkWhpeat
AkWhgoor = CAPY 400/1000 X (1/SEER), — 1/SEER, ) X EFLHgo0,
AkWhpeo (ASHP Only) = CAPY}ea/1000 X (1/HSPF, - 1/HSPF ) X EFLHpeat
Ak W poar = CAPY00/1000 X (1/EER, — 1/EER, ) X CF

Central A/C (Proper Sizing®®)
This algorithm is specifically intended for new units (Quality installation)

AkWh = (CAPY so0/(SEER, X 1000)) X EFLHy00 X PSF
AW ook = ((CAPY oo/ (EER, X 1000)) X CF) X PSF

Central A/C and ASHP (Maintenance)

This algorithm is used for measures providing services to maintain, service or tune-up central A/C
and ASHP units._The tuneup must include the following at a minimum:

% Proper sizing requires Manual J calculations, following of ENERGY STAR QI procedures, or similar calculations.
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e Check refrigerant charge level and correct as necessary

e Clean filters as needed

e Inspect and lubricate bearings

e Inspect and clean condenser and, if accessible, eveaporator coil

AkWh = AkWheoo + AkWhpoat

AkWhioo ((CAPY 0o/(1000 X SEER,)) X EFLH o0) X MF o0

AkWhieat (ASHP Only) ((CAPY ea/(1000 X HSPF 1)) X EFLHpes) X MF et

AkWeak = ((CAPY0o/(1000 X EER)) X CF) X MF oo

AW oo = (CAPY, oo /{1000 X SEER ) XEFLH o0 X-DuctSF
AW oa {ASHP Oplyy) = (CAPY, . (1000 X HSPE ) X EFLHy, . X-DrctSE
Aok = ({CAPY, .o /A1000 X EER )} X CE) X DuctSE

Ground Source Heat Pumps (GSHP)

This algorithm is used for the installation of new GSHP units. For GSHP systems over 65,000
BTUh, see commercial algorithm stated in Section 3.5.13-65-1.

AkWh = Akthool + AkWhheat

COPy = COP, x GSHPDF

EER, = EER, x GSHPDF

AkWh o0 = CAPY,0o/1000 X (1/SEER), — (1/(EERgys X GSER))) X EFLH o0
Ak Whiear = CAPY}0/1000 X (1/HSPF, — (1/(COPyys X GSOP))) X EFLHpoar
AkW = CAPY 100/1000 X (1/EER, — (1/(EERys X GSPK))) X CF

GSHP Desuperheater
This algorithm is used for the installation of a desuperheater for a GSHP unit.

1 Ib
/EFDSH x éFBas e/x /—IWX365><8.3g—a, X(Thot-Tco,d)//

Btu
3413—kWh

AkWh

=576 kWh
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Furnace High Efficiency Fan

(DRAFT)

= EDSH x Energy to Demand Factor

This algorithm is used for the installation of new high efficiency furnace fans.

AkWhpeat
Vilis thool

AkWpeak

= HFS

=CFS

= PDFS

2.422.1.3 Definition of Terms

CAPY ool

CAPYheat

SEER,

SEER.

SEER,

EER,

EER.

EER,

EERys

GSER

EFLH oo

= The cooling capacity (output in Btuh) of the central air
conditioner or heat pump being installed. This data is obtained
from the AEPS Application Form based on the model number or
from EDC data gathering.

= The heating capacity (output in Btuh) of the central air
conditioner or heat pump being installed. This data is obtained
from the AEPS Application Form based on the model number or
from EDC data gathering

= Seasonal Energy Efficiency Ratio of the Baseline Unit.

= Seasonal Energy Efficiency Ratio of the qualifying unit being
installed. This data is obtained from the AEPS Application Form
or EDC'’s data gathering based on the model number.

= Seasonal Energy Efficiency Ratio of the Unit receiving
maintenance

= Energy Efficiency Ratio of the Baseline Unit.

= Energy Efficiency Ratio of the unit being installed. This data is
obtained from the AEPS Application Form or EDC data gathering
based on the model number.

= EER of the ground source heat pump being installed. Note
that EERs of GSHPs are measured differently than EERs of air
source heat pumps (focusing on entering water temperatures
rather than ambient air temperatures). The equivalent SEER of
a GSHP can be estimated by multiplying EERg by 1.02.

=Ground Source Heat Pump effective system EER.

= Factor used to determine the SEER of a GSHP based on its
EERg.

= Equivalent Full Load Hours of operation during the cooling
season for the average unit.

Residential Measures
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PSF

MF cool

MF, heat

(DRAFT)

= Equivalent Full Load Hours of operation during the heating
season for the average unit.

= Proper Sizing Factor or the assumed saving due to proper
sizing and proper installation.

= Maintenance Factor or assumed savings due to completing
recommended maintenance on installed cooling equipment.

= Maintenance Factor or assumed savings due to completing
recommended maintenance on installed heating equipment.

—DuetSF——— = Duct Sealing-Factororthe-assumed-savings-due-to-proper

HSPF,

HSPF,

HSPF,

cop,

GSHPDF
COPy
GSoP

GSPK

EFDSH
EFbase
HW

Th

Residential Measures
Electric HVAC

Sea#ng—ef—a#—@eelmg—d-&f@ts—' j O
CF =Demand Coincidence Factor (See Section 1.51-4)
= Heating Seasonal Performance Factor of the Baseline Unit.

= Heating Seasonal Performance Factor of the unit being
installed. This data is obtained from the AEPS Application Form
or EDC'’s data gathering.

= Heating Seasonal Performance Factor of the unit receiving
maintenance.

= Coefficient of Performance. This is a measure of the
efficiency of a heat pump.

=Ground Source Heat Pump De-rate Factor
=Ground Source Heat Pump effective system COP.
= Factor to determine the HSPF of a GSHP based on its COPg.

= Factor to convert EERg to the equivalent EER of an air
conditioner to enable comparisons to the baseline unit.

= Energy Factor per desuperheater.

= Energy Factor of Electric Water Heater
= Daily Hot Water Use

= Hot Water Temperature

= Cold Water Temperature



EDSH

Energy to Demand

(DRAFT)

= Fixed savings per desuperheater.?”

Factor = Fixed factor per desuperheater
PDSH = Assumed peak-demand savings per desuperheater.
HSF = Assumed heating season savings per furnace high efficiency
fan
CFS = Assumed cooling season savings per furnace high efficiency
fan
PDFS = Assumed peak-demand savings per furnace high efficiency fan
1000 = Conversion from watts to kilowatts.
Table 2-12-1: Residential Electric HVAC - References
Component Type Value Sources
CAPY. ication:
cool Variable EDC Data Gathering SRS Appll(‘jatlon, EDC
CAPY heat Data Gathering
Fixed Replace on Burnout: 13 SEER 1
SEER, Early Retirement: Default 10 SEER
Variabl ’ 13; EDC Data Gatheri
anable or EDC Data Gathering ’ ata Lathering
SEER, Variable EDC Data Gathering AEPS Application; EDC
Data Gathering
SEER,, Variable Defauit 10 SEER or EDC Data 13; EDC Data Gathering
Gathering
Fixed Replace on Burnout: 11.3 2
EER, , Early Retirement: Default 8.69 EER .
Variable or EDC Data Gathering 14; EDC Data Gathering
EER. Fixed (11.3/13) X SEER. 2
. . AEPS Application; EDC’s
EERy Variable EDC Data Gathering Data Gathering
EERsys Variable Calculated Calculated
EERn Variable Default‘ 8.69 SEER or EDC Data 14; EDC Data Gathering
Gathering
GSER Fixed 1.02 3

" GSHP desuperheaters are generally small, auxiliary heat exchangers that uses superheated gases from the GSHP’s
compressor to heat water. This hot water then circulates through a pipe to the home’s storage water heater tank.
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Component Type Value Sources
Allentown Cooling = 487 Hours
Erie Cooling = 389 Hours
Harrisburg Cooling = 551 Hours
Default Philadelphia Cooling = 591 Hours 4
Pittsburgh Cooling = 432 Hours
EFLHeoo Scranton Cooling = 417 Hours
Williamsport Cooling = 422 Hours
. Alternate EFLH Table (See
An EDC can either use the . > 13E \
. Alternate EFLH Table or estimate Section 2.1.4) 2-4-3Errorl.
Optional its own EFLH based on customer
billing data analysis found.); EDC Data
9 ysis. Gathering
Allentown Heating = 1,193 Hours
Erie Heating = 1,349 Hours
Harrisburg Heating = 1,103 Hours
Default Philadelphia Heating = 1,060 Hours | 4
Pittsburgh Heating = 1,209 Hours
EFLHneat Scranton Heating = 1,296 Hours
Williamsport Heating = 1,251 Hours
. Alternate EFLH Table (See
An EDC can either use the . > 43 )
. Alternate EFLH Table or estimate Section 2.1.4)2-4-3Eerer.
Optional its own EFLH based on customer - .
billing data analysis found.); EDC Data
9 ySIS. Gathering
PSF Fixed 5% 5
MF cool Fixed 5% 15
MFheat Fixed 5% 15
CF Fixed 70% 6
Fixed Replace on Burnout: 7.7 7
HSPF, ; .
Variable Early F\’.enrement. EDC Data EDC Data Gathering
Gathering
HSPF, Variable EDC Data Gathering AEPS Application; EDC's
Data Gathering
HSPFm Fixed 6.8 13
) . AEPS Application; EDC’s
COPy Variable EDC Data Gathering Data Gathering
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Component Type Value Sources
19
(Engineering Estimate -
GSHPDRGSHPDF Fixed 0.885 See 2.1.52.1.52.4-4Errorl
Reference source not
found.)
COPsys Variable Calculated Calculated
GSOP Fixed 3.413 8
GSPK Fixed 0.8416 9
EFDSH Fixed 17% 10, 11
EDSH Fixed 576 kWh Calculated
Table 2-4Table 2-4Errorl
EFbase Fixed 0.904 Reference source not
found.
Table 2-4Table 2-4Errorl
HW Fixed 50 Reference source not-
found.
Table 2-4Table 2-4Errorl
FrotTh Fixed 124123 Reference sourcenot
found.
Table 2-4Table 2-4Errorl
FooiaTc Fixed 55 Reference source hot
found.
Energy To Demand Fixed 0.0000947200008294 Table 2-4Fable-2-4ErrorL
Factor Reference source not-
found-
PDSH Fixed 0.05 kW Calculated
HFS Fixed 311 kWh 16
CFS Fixed 135 kWh 17
PDFS Fixed 0.114 kW 18
2143214 Alternate Equivalent Full Load Hour (EFLH) Tables

Table 2-2 and Table 2-3 below show cooling EFLH and heating EFLH, respectively, by city and
for each EDC’s housing demographics. EFLH values are only shown for cities that are close to
customers in each EDC'’s service territory. In order to determine the most appropriate EFLH
value to use for a project, first select the appropriate EDC, then, from that column, pick the
closest city to the project location. The value shown in that cell will be the EFLH value to use for

the project.
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Table 2-22-2: Alternate Cooling EFLHEFLH2

(DRAFT)

2-442.1.5

System Performance of Ground Source Heat Pumps

Ground Source heat pump nameplate AHRI ratings do not include auxiliary pumping energy for
ground loop water distribution. Based on McQuay heat pump design guidelines, it is estimated
that approximately a 1/3 HP pump would be required to be paired with a 2.5 ton Ground Source
Heat Pump (assuming 3 GPM//ton design flow and 200 ft./ton of 1-inch tubing). At 7.5 GPM, a
1/3 HP pump would consume approximately 0.23 kW (7.5 GPM @ 30 ft. head). Assuming a 2
kW load for the heat pump itself, this would amount to a roughly 11.5% increase in system

energy. The system COP de-rate factor would then be 0.885.

Sources:

1. Federal Register, Vol. 66, No. 14, Monday, January 22, 2001/Rules and Regulations, p.
7170-7200.

2. Average EER for SEER 13 units_as calculated by EER =-0.02 x SEER? + 1.12 x SEER
based on U.S. DOE Building America House Simulation Protocol, Revised 2010.

3. VEIC estimate. Extrapolation of manufacturer data.

Residential Measures

Electric HVAC

PPL Penelec Met Ed West Penn | Duquesne |Penn Power PECO
Allentown 431 528 453 N/A N/A N/A 523
Erie N/A 418 N/A 413 N/A 397 N/A
Harrisburg 487 N/A 506 580 N/A N/A N/A
Philadelphia N/A N/A 536 N/A N/A N/A 651
Pittsburgh N/A 468 N/A 458 417 448 N/A
Scranton 376 454 N/A N/A N/A N/A N/A
Williamsport N/A N/A N/A 447 N/A N/A N/A

Table 2-32-3: Alternate Heating EFLHEFLH2

PPL Penelec Met Ed West Penn | Duquesne |Penn Power PECO
Allentown 1112 1057 1122 N/A N/A N/A 1320
Erie N/A 1204 N/A 1317 N/A 1376 N/A
Harrisburg 1028 N/A 1035 1077 N/A N/A N/A
Philadelphia N/A N/A 1001 N/A N/A N/A 1165
Pittsburgh N/A 1068 N/A 1175 1274 1234 N/A
Scranton 1203 1151 N/A N/A N/A N/A N/A
Williamsport N/A N/A N/A 1218 N/A N/A N/A

PPL Penelec Met Ed West Penn | Duquesne |Penn Power PECO | Field Code Changed
Allentown 1112 1057 1122 N/A N/A N/A 1320
Erie N/A 1204 N/A 1317 N/A 1376 N/A
Harrisburg 1028 N/A 1035 1077 N/A N/A N/A
Philadelphia N/A N/A 1001 N/A N/A N/A 1165
Pittsburgh N/A 1068 N/A 1175 1274 1234 N/A
Scranton 1203 1151 N/A N/A N/A N/A N/A
Williamsport N/A N/A N/A 1218 N/A N/A N/A
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Based on REM/Rate modeling using models from the PA 2012 Potential Study. EFLH
calculated from kWh consumption for cooling and heating. Models assume 50% over-
sizing of air conditioners28 and 40% oversizing of heat pumps.?

Northeast Energy Efficiency Partnerships, Inc., “Strategies to Increase Residential
HVAC Efficiency in the Northeast”, (February 2006): Appendix C Benefits of HVAC
Contractor Training: Field Research Results 03-STAC-01, page 46.

Based on an analysis of six different utilities by Proctor Engineering.

Federal Register, Vol. 66, No. 14, Monday, January 22, 2001/Rules and Regulations, p.
7170-7200.

Engineering calculation, HSPF/COP=3.413.
VEIC Estimate. Extrapolation of manufacturer data.

"Residential Ground Source Heat Pumps with Integrated Domestic Hot Water
Generation: Performance Results from Long-Term Monitoring”, U.S. Department of
Energy, November 2012.

. Desuperheater Study, New England Electric System, 1998 42 U.S.C.A 6295(i) (West

Supp. 2011) and 10 C.F.R. 430.32 (x) (2011).

Northeast Energy Efficiency Partnerships, Inc., “Benefits of HVAC Contractor Training”,
(February 2006): Appendix C Benefits of HVAC Contractor Training: Field Research
Results 03-STAC-01.

Minimum Federal Standards for new Central Air Conditioners and Air Source Heat
Pumps between 1990 and 2006 based on VEIC estimates.

The same EER to SEER ratio used for SEER 13 units applied to SEER 10 units. EERm
=(11.3/13) * 10.

2013 lllinois Statewide TRM (Central Air Conditioning in Wisconsin, Energy Center of
Wisconsin, May 2008)

Scott Pigg (Energy Center of Wisconsin), “Electricity Use by New Furnaces: A
Wisconsin Field Study”, Technical Report 230-1, October 2003, page 20. The average
heating-mode savings of 400 kWh multiplied by the ratio of average heating degree
days in PA compared to Madison, WI (5568/7172).

Ibid, page 34. The average cooling-mode savings of 88 kWh multiplied by the ratio of
average EFLH in PA compared to Madison, WI (749/487).

Ibid, page 34. The average kW savings of 0.1625 multiplied by the coincidence factor
from Table 2-1.

McQuay Application Guide 31-008, Geothermal Heat Pump Design Manual, 2002.

Based on building energy model simulations and residential baseline characteristics

determined from the Residential End-use Study

2 Neme, Proctor, Nadal, “National Energy Savings Potential From Addressing Residential HVAC Installation Problems.
ACEEE, February 1, 1999. Confirmed also by Central Air Conditioning in Wisconsin, a compilation of recent field
research. Energy Center of Wisconsin. May 2008, emended December 15, 2010

2 ACCA, “Verifying ACCA Manual S Procedures,” http://www.acca.org/Files/?id=67.
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2.2  Electric Clothes Dryer with Moisture Sensor - {Formatted: Tab stops: 0.5, List tab
Measure Name Electric Clothes Dryer with Moisture Sensor

Target Sector Residential Establishments

Measure Unit Clothes Dryer

Unit Energy Savings 136 kWh

Unit Peak Demand Reduction 0.047 kW

Measure Life 13 years

Clothes dryers with drum moisture sensors and associated moisture-sensing controls achieve
energy savings over clothes dryers that do not have moisture sensors.

2.2.1 Eligibility “~ =~ Formatted: Indent: Left: 0", Outline

. . . . . numbered + Level: 3 + Numbering Style: 1, 2,
This measure requires the purchase of an electric clothes dryer with a drum moisture sensor and 3, ... + Start at: 1 + Alignment: Left + Aligned
associated moisture-sensing controls. ENERGY STAR currently does not rate or certify electric at: 0.19" + Tab after: 0.44” + Indent at:

0.44", Tab stops: 0.25", List tab + Not at
clothes dryers. 0.44"

The TRM does not provide energy and demand savings for electric clothes dryers. The following
sections detail how this measure’s energy and demand savings were determined.

222 Algorithms *~ -~ 7| Formatted: Indent: Left: 0", Outline
numbered + Level: 3 + Numbering Style: 1, 2,

Energy Savings 3, ... + Start at: 1 + Alignment: Left + Aligned
at: 0.19" + Tab after: 0.44" + Indent at:

The annual energy savings of this measure was determined to be 136 kWh. This value was based 0.44", Tab stops: 0.25", List tab + Not at

on the difference between the annual estimated consumption of a standard unit without a moisture 0.44"

sensor as compared to a standard unit with a moisture sensor. This calculation is shown below:
AkWh =905 - 769 = 136 kWh

The annual consumption of a standard unit without a moisture sensor (905 kWh) was based on
2008 estimates from Natural Resources Canada.*

The annual consumption of a standard unit with a moisture sensor (769 kWh) was based on
estimates from EPRI®*' and the Consumer Energy Center that units equipped with moisture
sensors (and energy efficient motors, EPRI) are about 15% more efficient than units without.

AkWh =905 - (905 *0.15) = 769 kWh

Demand Savings

The demand savings of this measure was determined to be 0.346 kW. This value was based on
the estimated energy savings divided by the estimated of annual hours of use. The estimated of

% Natural Resources Canada Report.pdf
3" EPRI Electric Clothes Dryer Report.pdf
* Natural Living Guide.pdf

Residential Measures
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annual hours of use was based on 392 loads per year with a 1 hour dry cycle. This calculation is
shown below:

AkW =136/392 = 0.346 kW

The demand coincidence factor of this measure was determined to be 0.136. This value was
based on the assumption that 5 of 7 loads are run on peak days, 5 of 7 days the peak can occur on,
1.07 loads per day (7.5 per week, Reference #4), 45 minutes loads, and 3 available daily peak
hours. This calculation is shown below:

CF = (5/7) * (5/7) * (1.07) *(0.75) * (1/3) = 0.136

The resulting demand savings based on this coincidence factor was determined to be 0.047 kW.
This calculation is shown below:

AkWpeak =0.346 *0.136 = 0.047 kW
The assumptions used to determine this measure’s net demand value are listed below:

On-peak Annual Hours of Operation Assumption =
66.2% (May 2009 TRM)

Summer Annual Hours of Operation Assumption =
37.3% (May 2009 TRM)

2.2.3 Measure Life

Based on information developed by the National Association of Homebuilders and ENERGY STAR,
we have assumed the measure life of an electric clothes dryer to be 13 years.

2.2.4 Evaluation Protocol «-_

The most appropriate evaluation protocol for this measure is verification of installation coupled with
assignment of stipulated energy savings.

% Energy Star Clothes Washer Calculator Assumptions.pdf
5 NAHB, Study of Life Expectancy of Home Components, Feb. 2007, p. 7.
S ENERGY STAR Market & Industry Scoping Report — Residential Clothes Dryers, Nov. 2011, p. 4.

Residential Measures
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2.3 Efficient Electric Water Heaters

Measure Name Efficient Electric Water Heaters
Target Sector Residential Establishments

Measure Unit Water Heater

Unit Energy Savings Varies with Energy Factor of New Unit
Unit Peak Demand Reduction Varies with Energy Factor of New Unit
Measure Life 14 years

Efficient electric water heaters utilize superior insulation to achieve energy factors of 0.93 or above.
Standard electric water heaters have energy factors of 0.904.

2.3.1 Eligibility

This protocol documents the energy savings attributed to electric water heaters with Energy Factor
of 0.93 or greater. The target sector primarily consists of single-family residences.

2.3.2 Algorithms

The energy savings calculation utilizes average performance data for available residential efficient
and standard water heaters and typical water usage for residential homes. The energy savings are
obtained through the following formula:_

ﬁmm%—%% HWx365x1 Btu/Ib-%8. 3— x
/EFBase EFProposed) / ¥ LI/ (T

Btu
3413 Wh

AkWh

Demand savings result from reduced hours of operation of the heating element, rather than a
reduced connected load. The demand reduction is taken as the annual energy savings multiplied by
the ratio of the average energy usage during reen-and-8PM2 PM to 6 PM on summer weekdays to
the total annual energy usage.

AkWeak = EnergyToDemandFactor x Energy Savings
The Energy to Demand Factor is defined below:

- Average Usage g, mer wp noon-82-6 PM
Annual Energy Usage

EnergyToDemandFactor
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The ratio of the average energy usage during reen-and-82 PM to 6 PM on summer weekdays to
the total annual energy usage is taken from load shape data collected for a water heater and HVAC
demand response study for PJM*. The factor is constructed as follows:

1) Obtain the average kW, as monitored for 82 water heaters in PJM territory®, for each hour of the
typical day summer, winter, and spring/fall days. Weight the results (91 summer days, 91 winter
days, 183 spring/fall days) to obtain annual energy usage.

2) Obtain the average kW during reen2 PM to 86 PM on summer days from the same data.

3) The average reen2 PM to 86 PM demand is converted to average weekday reen2 PM to 86 PM
demand through comparison of weekday and weekend monitored loads from the same PJM
study™.

4) The ratio of the average weekday-reonweekday? PM to 86 PM energy demand to the annual
energy usage obtained in step 1. The resulting number, 0.86606947200008294, is the
EnergyToDemandFactor.

The load shapes (fractions of annual energy usage that occur within each hour) during summer
week days are plotted in Figure 2-1Figure-2-1 below.

RESIDENTIAL HOT WATER LOAD SHAPE
0.00016

0.00014 TAN

0.00012

0.0001

0.00008

0.00006

Fraction of Annual Energy Usage

0.00004

0.00002

o
1 3 5 7 9 11 13 15 17 19 21 23

Hour of Day (Summer Weekday)

Figure 2-1: Load shapes for hot water in residential buildings taken from a PJM study.

% Deemed Savings Estimates for Legacy Air Conditioning and Water Heating Direct Load Control Programs in PJM
Region. The report can be accessed online: http://www.pjm.com/~/media/committees-groups/working-
groups/Irwg/20070301/20070301-pjm-deemed-savings-report.ashx

% The average is over all 82 water heaters and over all summer, spring/fall, or winter days. The load shapes are taken
from the fourth columns, labeled “Mean”, in tables 14,15, and 16 in pages 5-31 and 5-32

% The 5" column, labeled “Mean” of Table 18 in page 5-34 is used to derive an adjustment factor that scales average
summer usage to summer weekday usage. The conversion factor is 0.925844. A number smaller than one indicates
that for residential homes, the hot water usage from reen2 PM to 86 PM is slightly higher is the weekends than on
weekdays.
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2.3.3 Definition of Terms

The parameters in the above equation are listed in Table 2-4 below.

Table 2-42-4: Efficient Electric Water Heater Calculation Assumptions

(DRAFT)

Component Type Values Source

EFpase, Energy Factor of baseline water heater Fixed See Table 2-5 1

EFproposed, Energy Factor of proposed efficient Variable 0.93 (default) or EDC | Program

water heater Data Gathering Design; EDC
Data Gathering

HW , Hot water used per day in gallons Fixed 50 gallon/day 2

Thot, Temperature of hot water Fixed 123°F 3

Teod, Temperature of cold water supply Fixed 55 °F 43

Energy To Demand Factor Fixed 0.0000917200008294 | 1-4

2.3.4 Energy Factors based on Tank Size

Federal Standards for Energy Facotrs are equal to 0.97 -0.00132 x Rated Storage in Gallons. The
following table shows the Energy Factors for various tank sizes.

Table 2-52-5: Minimum Baseline Energy Factors based on Tank Size

Tank Size (gallons)

Energy Factor

40

0.9172

50

0.9040

65

0.8842

80

0.8644

120

0.8116

Sources:

1. Federal Standards are 0.97 -0.00132 x Rated Storage in Gallons. For a 50-gallon tank
this is 0.904. “Energy Conservation Program: Energy Conservation Standards for
Residential Water Heaters, Direct Heating Equipment, and Pool Heaters” US Dept of
Energy Docket Number: EE-2006-BT-STD-0129, p. 30

2. Residential Energy Consumption Survey, EIA, 2009.2012 SWE Residential Baseline

Study td-Atante TR fostrolet2

3. Deemed2012 SWE Residential Baseline Study

4. The performance curve is adapted from Table 1 in

http://wescorhvac.com/HPWH%20design%20details.htm#Single-stage %20HPWHs
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5. The performance curve depends on other factors, such as hot water set point. Our
adjustment factor of 0.84 is a first order approximation based on the information available
in literature.

2.3.5 Default Savings

Savings for the installation of efficient electric water heaters are calculated using the formula below:

ANKWh (2,671.58 ) / ! ! / 3018.0
= (2,671.58 = - * .
) %7 EF, Base EF, Propose:

AKWpea = AkWh X 0.6000917200008294

2.3.6 Measure Life

According to an October 2008 report for the CA Database for Energy Efficiency Resources, an
electric water heater’s lifespan is 14 years37

2.3.7 Evaluation Protocols

The most appropriate evaluation protocol for this measure is verification of installation coupled with
assignment of stipulated energy savings.

" DEER values, updated October 10, 2008
http://www.deeresources.com/deer0911planning/downloads/EUL_Summary_10-1-08.xls
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’ 2.4  Electroluminescent Nightlight + =~ {(Formatted: Tab sops: 05" it tab
Measure Name Electroluminescent Nightlight
Target Sector Residential Establishments
Measure Unit Nightlight
Unit Energy Savings 2629.49 kWh
Unit Peak Demand Reduction 0 kw
Measure Life 8 years

Savings from installation of plug-in electroluminescent nightlights are based on a straightforward
algorithm that calculates the difference between existing and new wattage and the average daily
hours of usage for the lighting unit being replaced. An “installation” rate is used to modify the
savings based upon the outcome of participant surveys, which will inform the calculation.
Demand savings is assumed to be zero for this measure.

241 Algorithms

The general form of the equation for the electroluminescent nightlight energy savings algorithm is:

AkWh = (Wi HincWhase * Npase) — (WNL * hy)) * 365/ 1000 * ISRNL
AkWea = 0 (assumed)
Deemed Energy Savings =((7*12)—(0.03*24))*365/1000*0.84-=25.5397 = 29.49 kWh

(Rounded-to-26-k\Wh)

2.4.2 Definition of Terms

Wi = Watts per electroluminescent nightlight
| Wine = Watts per incandeseentbaseline nightlight
hne = Average hours of use per day per electroluminescent nightlight
| Ainchpase = Average hours of use per day per incandescent nightlight
ISR = In-service rate per electroluminescent nightlight, to be revised

through surveys

Residential Measures
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Table 2-62-6: Electroluminescent Nightlight - References

(DRAFT)

Component Type Value Sources

WhL Variable 0.03 or EDC Data 1
Gathering

WineWbase FixedVariable #7 (for incandescent 2
bulbs) or EDC Data
Gathering

hne Fixed 24 3

Rinc Fixed 12 2

ISRnL Variable SeelSRforCFLs0.97 or | PA CFL ISR value
EDC Data Gathering

Measure Life (EUL) Fixed 8 4

Sources:

1. Limelite Equipment Specification. Personal Communication, Ralph Ruffin, El Products,
512-357-2776/ ralph@limelite.com.

2. Southern California Edison Company, “LED, Electroluminescent & Fluorescent Night
Lights”, Work Paper WPSCRELG0029 Rev. 1, February 2009, p. 2 & p. 3.

3. As these nightlights are plugged in without a switch, the assumption is they will operate
24 hours per day.

4. Southern California Edison Company, “LED, Electroluminescent & Fluorescent Night
Lights”, Work Paper WPSCRELG0029 Rev. 1, February 2009, p. 2 & p. 3.

Residential Measures
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2.5 Furnace Whistle

(DRAFT)

Measure Name

Furnace Whistle

Target Sector

Residential Establishments

Measure Unit

Furnace whistle (promote regular filter change-out)

Unit Energy Savings Varies
Unit Peak Demand Reduction Varies
Measure Life 15 years

Savings estimates are based on reduced furnace blower fan motor power requirements for winter
and summer use of the blower fan motor. This furnace whistle measure applies to central forced-air
furnaces, central AC and heat pump systems. Each table in this protocol (2 through 6) presents the
annual kWh savings for each major urban center in Pennsylvania based on their respective
estimated full load hours (EFLH). Where homes do not have A/C or heat pump systems for cooling,
only the annual heating savings will apply.

2,51 Algorithms
AkWh

Vilis Whheating
Ak thoo/ing
AW o2

2.5.2 Definition of Terms

=4k Whhean’ng + 4k thooling
= MkW X EFLHpeating X EI X ISR
= MKW X EFLHeo0ingX EI X ISR

= AkWhvuoling/ EFLHCOO/,‘ngX CF

MkW = Average motor full load electric demand (kW)

EFLHEFL Hyeating = Estimated Full Load Hours (Heating and-) for the EDC region.
EFLHcooling = Estimated Full Load Hours (Cooling) for the EDC region.

El = Efficiency Improvement

ISR = In-service Rate

Residential Measures
Furnace Whistle
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Table 2-72-7: Furnace Whistle - References

(DRAFT)

Component Type Value Sources * {Formatted Table
MkW Fixed 0.5 kW 1,2
EFLHEFLHHeating Fixed Variable. See Error! TRM Error! Reference
Reference source not | source not found.Table
found.Table 2-8 21
EFLHcooling Fixed Variable. See Error! TRM Error! Reference
Reference source not | source not found.Table
found.Table 2-8Error! | 2-1 Error! Reference
Reference source not | source notfound.
found-
El Fixed 15% 3 <~ { Formatted Table
ISR Fixed 0.474 4
CF Fixed 70% TRM Table 2-1
Measure EUL Fixed 4514 45TRM Appendix A (Life | +—~~ ‘[Formatted Table
assumed to be the life of
CAC unit
Sources:

1. The Sheltair Group HIGH EFFICIENCY FURNACE BLOWER MOTORS MARKET
BASELINE ASSESSMENT provided BC Hydro cites Wisconsin Department of Energy
[2003] analysis of electricity use from furnaces (see Blower Motor Furnace Study). The
Blower Motor Study Table 17 (page 38) shows 505 Watts for PSC motors in space heat
mode; last sentence of the second paragraph on page 38 states: " . . . multi-speed and
single speed furnaces motors drew between 400 and 800 Watts, with 500 being the
average value."Submitted to: Fred Liebich BC Hydro Tel. 604 453-6558 Email:
fred.liebich@bchydro.com, March 31, 2004.

2. FSEC, “Furnace Blower Electricity: National and Regional Savings Potential”, page 98 -
Figure 1 (assumptions provided in Table 2, page 97) for a blower motor applied in
prototypical 3-Ton HVAC for both PSC and BPM motors, at external static pressure of 0.8
in. w.g., blower motor Watt requirement is 452 Watts.

3. US DOE Office of Energy Efficiency and Renewable Energy - "Energy Savers"
publication - "Clogged air filters will reduce system efficiency by 30% or more.” Savings
estimates assume the 30% quoted is the worst case and typical households will be at the
median or 15% that is assumed to be the efficiency improvement when furnace filters are
kept clean.

4. The In Service Rate is taken from an SCE Evaluation of 2000-2001 Schools Programs,
by Ridge & Associates 8-31-2001, Table 5-19 Installation rates, Air Filter Alarm 47.4%.

Residential Measures
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Table 2-82-8: EFLH for various cities in Pennsylvania (TRM Data)

City Cooling load hours Heating load hours Total load hours
Allentown 487 1,193 1,681
Erie 389 1,349 1,739
Harrisburg 551 1,103 1,654
Philadelphia 591 1,060 1,651
Pittsburgh 432 1,209 1,641
Scranton 417 1,296 1,713
Williamsport 422 1,251 1,673

2.5.3 Deemed Savings

The following table presents the assumptions and the results of the deemed savings calculations
for each EDC.

Table 2-92-9: Assumptions and Results of Deemed Savings Calculations (Pittsburgh, PA)

Blower Pittsburgh | Clean Dirty Furnace ISR Estimated
Motor kW | EFLH Annual Annual Whistle Savings
kWh kWh Savings_ (kWh)
kWh
Heating 0.5 1,209 604 695 91 0.474 43
Cooling 0.5 432 216 248 32 0.474 15
Total 1,641 820 944 123 58

AkWoea = 0.024 kW (Pittsburgh)

Table 2-102-10: Assumptions and Results of Deemed Savings Calculations (Philadelphia, PA)

Blower Philadelphia | Clean Dirty Furnace ISR Estimated
Motor kW | EFLH Annual Annual Whistle Savings
kWh kWh Savings_ (kWh)
(kWh)
Heating 0.5 1,060 530 609 79 0.474 38
Cooling 0.5 591 296 340 44 0.474 21
Total 1,651 826 949 124 59

AKWpeq = 0.025 kW _(Philadelphia)

Residential Measures
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Table 2-112-11: Assumptions and Results of Deemed Savings Calculations (Harrisburg, PA)

Blower Harrisburg | Clean Dirty Furnace ISR Estimated
Motor kW | EFLH Annual Annual Whistle Savings
kWh kWh Savings_ (kWh)
kWh
Heating 0.5 1,103 552 634 83 0.474 39
Cooling 0.5 551 276 317 41 0.474 20
Total 1,654 827 951 124 59

AKW peq = 0.025 kW (Harrisburg)

Table 2-122-12: Assumptions and Results of Deemed Savings Calculations (Erie, PA)

Blower Erie Clean Dirty Furnace ISR Estimated
Motor kW | EFLH Annual Annual Whistle Savings
kWh kWh Savings_ (kWh)
(kWh)
Heating 0.5 1,349 675 776 101 0.474 48
Cooling 0.5 389 195 224 29 0.474 14
Total 1,739 869 1,000 130 62

AKW peq = 0.025 kW (Erie)

Table 2-132-13: Assumptions and Results of Deemed Savings Calculations (Allentown, PA)

Blower Allentown | Clean Dirty Furnace ISR Estimated
Motor kW | EFLH Annual Annual Whistle Savings
kWh kWh Savings_ (kWh)
(kWh)
Heating 0.5 1,193 597 686 89 0.474 42
Cooling 0.5 487 244 280 37 0.474 17
Total 1,681 840 966 126 60

AKWpea = 0.024 KW _(Allentown)

Furnace Whistle

Residential Measures
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| Table 2-142-14: Assumptions and Results of Deemed Savings Calculations (Scranton, PA)

Blower Scranton | Clean Dirty Furnace ISR Estimated
Motor kW | EFLH Annual Annual Whistle Savings
kWh kWh Savings_ (kWh)
kWh
Heating 0.5 1,296 648 745 97 0.474 46
Cooling 0.5 417 208 240 31 0.474 15
Total 1,713 857 985 129 61

‘ AKW eq = 0.025 kW _(Scranton)

| Table 2-152-15: Assumptions and Results of Deemed Savings Calculations (Williamsport, PA)

Blower Williamsport | Clean Dirty Furnace ISR Estimated
Motor kW | EFLH Annual Annual Whistle Savings
kWh kWh Savings_ (kWh)
(kWh)
Heating 0.5 1,251 625 719 94 0.474 44
Cooling 0.5 422 211 243 32 0.474 15
Total 1,673 836 962 125 59

AkWoeax = 0.025 kW (Williamsport)

Residential Measures
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2.6 Heat Pump Water Heaters

Measure Name Heat Pump Water Heaters

Target Sector Residential Establishments

Measure Unit Water Heater

Unit Energy Savings 1774 kWh for 2.3 Energy Factor-
1,542 kKWh-for 2.0-Energy Factor

Variable based on energy factosr

Unit Peak Demand Reduction 0462 kW -for 2.3-Energy Factor
B e

Variable based on energy factors

Measure Life 14 years

Heat Pump Water Heaters take heat from the surrounding air and transfer it to the water in the tank,
unlike conventional water heaters, which use either gas (or sometimes other fuels) burners or
electric resistance heating coils to heat the water.

2.6.1 Eligibility

This protocol documents the energy savings attributed to heat pump water heaters with Energy
Factors of 2.0 to 2.3. The target sector primarily consists of single-family residences.

2.6.2 Algorithms

The energy savings calculation utilizes average performance data for available residential heat
pump and standard electric resistance water heaters and typical water usage for residential homes.
The energy savings are obtained through the following formula:

((g 1 / 1 1 ) b ) 1 ) // 1 1 1 /
: - X X HU
_ EF Base (EF Proposed F Dera[est)
341328

34

AkWh
kWh

For heat pump water heaters, demand savings result primarily from a reduced connected load. The
demand reduction is taken as the annual energy savings multiplied by the ratio of the average
energy usage during reenr-and-8PM2 PM to 6 PM on summer weekdays to the total annual energy
usage.

AkWear =EnergyToDemandFactor x Energy Savings
The Energy to Demand Factor is defined below:

- Average Usageg,mer wp noon-82-6 M
Annual Energy Usage

EnergyToDemandFactor

Residential Measures
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The ratio of the average energy usage during reenr-and-82 PM to 6 PM on summer weekdays to
the total annual energy usage is taken from load shape data collected for a water heater and HVAC
demand response study for PJM?®. The factor is constructed as follows:

1. Obtain the average kW, as monitored for 82 water heaters in PJM territory®, for each
hour of the typical day summer, winter, and spring/fall days. Weight the results (91
summer days, 91 winter days, and 183 spring/fall days) to obtain annual energy usage.

2. Obtain the average kW during reer2 PM to 86 PM on summer days from the same data.

3. The average reen2 PM to 86 PM demand is converted to average weekday reen2 PM to
86 PM demand through comparison of weekday and weekend monitored loads from the
same PJM study*’.

4. The ratio of the average weekday roon2 PM to 86 PM energy demand to the annual
energy usage obtained in step 1. The resulting number,-0.8600947200008294, is the
EnergyToDemandFactor.

The load shapes (fractions of annual energy usage that occur within each hour) during summer
week days are plotted for three business types in Figure 2-2Figure2-2 below.

% Deemed Savings Estimates for Legacy Air Conditioning and Water Heating Direct Load Control Programs in PJM
Region. The report can be accessed online: http://www.pjm.com/~/media/committees-groups/working-
groups/Irwg/20070301/20070301-pjm-deemed-savings-report.ashx

*The average is over all 82 water heaters and over all summer, spring/fall, or winter days. The load shapes are taken
from the fourth columns, labeled “Mean”, in tables 14,15, and 16 in pages 5-31 and 5-32

“* The 5th column, labeled “Mean” of Table 18 in page 5-34 is used to derive an adjustment factor that scales average
summer usage to summer weekday usage. The conversion factor is 0.925844. A number smaller than one indicates
that for residential homes, the hot water usage from reen2 PM to 86 PM is slightly higher is the weekends than on
weekdays

Residential Measures
Heat Pump Water Heaters
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Figure 2-2: Load shapes for hot water in residential buildings taken from a PJM study.
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2.6.3 Definition of Terms

The parameters in the above equation are listed in Table 2-16.

Table 2-162-16: Heat Pump Water Heater Calculation Assumptions

(DRAFT)

Component Type Values Source

EFbase , Energy Factor of baseline water heater Fixed See Table 2-17 4

EFproposed, Energy Factor of proposed efficient water Variable | >=2.0 or EDC Data Program

heater Gathering Design;
EDC Data
Gathering

HW , Hot water used per day in gallons Fixed 50 gallon/day 5

Thot , Temperature of hot water Fixed 123°F 6

Tcold , Temperature of cold water supply Fixed 55 °F 7

FDerate, COP De-rating factor Fixed 0.84 8, and
discussion
below

EnergyToDemandFactor Fixed 0.0000947200008294 | 1-43

2.6.4 Energy Factors based on Tank Size

Federal Standards for Energy Factors are equal to 0.97 -0.00132 x Rated Storage in Gallons. The

following table shows the Energy Factors for various tank sizes.

Table 2-172-47: Minimum Baseline Energy FaeterFactors Based on Tank Size

Tank Size (gallons) | Minimum Energy Factor (EFBase)
40 0.9172
50 0.9040
65 0.8842
80 0.8644
120 0.8116

Sources:

1. Deemed Savings Estimates for Legacy Air Conditioning and Water Heating Direct Load
Control Programs in PJM Region. The report can be accessed online:

http://www.pjm.com/~/media/committees-groups/working-

groups/Irwg/20070301/20070301-pjm-deemed-savings-report.ashx

2. The average is over all 82 water heaters and over all summer, spring/fall, or winter days.
The load shapes are taken from the fourth columns, labeled “Mean”, in tables 14,15, and

16 in pages 5-31 and 5-32

Residential Measures
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3. The 5th column, labeled “Mean” of Table 18 in page 5-34 is used to derive an adjustment
factor that scales average summer usage to summer weekday usage. The conversion
factor is 0.925844. A number smaller than one indicates that for residential homes, the
hot water usage from neen2 PM to 86 PM is slightly higher is the weekends than on
weekdays.

4. Federal Standards are 0.97 -0.00132 x Rated Storage in Gallons. For a 50-gallon tank
this is approximately 0.90. “Energy Conservation Program: Energy Conservation
Standards for Residential Water Heaters, Direct Heating Equipment, and Pool Heaters”
US Dept of Energy Docket Number: EE-2006-BT-STD-0129, p. 30

5. Residential Energy Consumption Survey, EIA, 2009.
6. 2012 SWE Residential Baseline Study Mid-Alantic TRM,footnrote #24
Mid-Atlantic TRM Version 3.0, March 2013, footnote #314

#.8.The performance curve is adapted from Table 1 in -
http://wescorhvac.com/HPWH%20design%?20details.htm#Single-stage%20HPWHs

The performance curve depends on other factors, such as hot water set point. Our
adjustment factor of 0.84 is a first order approximation based on the information available
in literature.

2.6.5 Heat Pump Water Heater Energy Factor

The Energy Factors are determined from a DOE testing procedure that is carried out at 56 °F wet
bulb temperature. However, the average wet bulb temperature in PA is closer to 45 °F*'. The heat
pump performance is temperature dependent. The plot below shows relative coefficient of
performance (COP) compared to the COP at rated conditions*?. According to the linear regression
shown on the plot, the COP of a heat pump water heater at 45 °F is 0.84 of the COP at nominal
rating conditions. As such, a de-rating factor of 0.84 is applied to the nominal Energy Factor of the
Heat Pump water heaters.

! Based on TMY2 weather files from DOE2.com for Erie, Harrisburg, Pittsburgh, Wilkes-Barre, And Williamsport, the
average annual wetbulb temperature is 45 [1 1.3 °F. The wetbulb temperature in garages or attics, where the heat pumps
are likely to be installed, are likely to be two or three degrees higher, but for simplicity, 45 °F is assumed to be the annual
average wetbulb temperature.

2 The performance curve is adapted from Table 1 in http://wescorhvac.com/HPWH%20design%20details.htm#Single-
stage%20HPWHSs

The performance curve depends on other factors, such as hot water set point. Our adjustment factor of 0.84 is a first
order approximation based on the information available in literature.

Residential Measures
Heat Pump Water Heaters

Formatted: Numbered + Level: 1 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.25" + Indent
at: 0.5"




State of Pennsylvania -

Technical Reference Manual -

Rev Date: June 2014 (DRAFT)

100

COP vs. Temperature
L 16
n 1.4 v=0.0149x + 0.1635
5 " R?=0.9981
2 12 :
m©
a.
0.8
3 [ 2
- 0.6
[7)
3 04
2
T 0.2
S
S o . . . . .
0 20 40 60 80
Wetbulb Temperature (F)

Formatted: Left

COP vs. Temperature
w 1.6
N 14 y.=0.0149x + 0.1635
~ L
R2=0.
‘u; 1.2 0.9981
(4]
o
8 1 /
0.8
Fy &
- 0.6
()
S 04
2
T 0.2
o
o 0 T T T T )
0 20 40 60 80 100
Wetbulb Temperature (F)
Figure 2-3: Dependence of COP on outdoor wet-bulb temperature.
2.6.6 DeemedDefault Savings
Savings for the installation of efficient electric water heaters are calculated using the formula ~~ « - {
below-4. N {
AkWh = (267161 = ( L ! )
EEPW EFpase EFproposea * 0.84
x3018.0
AKWpeak = AkWh X 0.0000917200008294 - {
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2.6.7 Measure Life

According to an October 2008 report for the CA Database for Energy Efficiency Resources, an
electric water heater’s lifespan is 14 years™®.

“** DEER values, updated October 10, 2008
http://www.deeresources.com/deer0911planning/downloads/EUL_Summary_10-1-08.xls

SECTION 2:
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Measure Name

LED Nightlight

Target Sector

Residential Establishments

Measure Unit

LED Nightlight

Unit Energy Savings 22 kWh
Unit Peak Demand Reduction 0 kW
Measure Life 8 years

Savings from installation of LED nightlights are based on a straightforward algorithm that

calculates the difference between existing and new wattage and the average daily hours of usage
for the lighting unit being replaced. An “installation” rate is used to modify the savings based upon
the outcome of participant surveys, which will inform the calculation. Demand savings is assumed

to be zero for this measure.

2.71 Algorithms

Assumes a 1 Watt LED nightlight replaces a 7 Watt incandescent nightlight. The nightlight is

assumed to operate 12 hours per day, 365 days per year; estimated useful life is 8 years

(manufacturer cites 11 years 100,000 hours). Savings are calculated using the following algorithm:

AkWh = ((WattSpase — Wattsy) X (NLnous X 365))/1000) x ISR

AkWeak = 0 (assumed)

2.7.2 Definition of Terms

Wattspase = Wattage of baseline nightlight

Wattsy, = Wattage of LED nightlight

NLpours = Average hours of use per day per Nightlight
ISR = In-service rate

(The EDC EM&YV contractors will reconcile the ISR through survey activities)

Residential Measures
LED Nightlight
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Table 2-182-18: LED Nightlight - References

Component Type Value Sources
Wattspase Variable Default = 7 Watts; EDC | EDC Data Gathering
Data Gathering
Wattsn Variable Default= 1 Watt; EDC Data Gathering
EDCData Gathering
NLhours Fixed 12 1
ISR Fixed SeetSR-for CFLs0.97 PA CFL ISR value
or EDC Data Gathering
EUL Fixed 8 years 1
Sources:
201. Southern California Edison Company, “LED, Electroluminescent & Fluorescent <«- - -+ Formatted: Numbered + Level: 1 +
Night Lights”, Work Paper WPSCRELG0029 Rev. 1, February 2009, p. 2 & p. 3. Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.25" + Indent
at: 0.5"

2.7.3 Deemed Savings

The default energy savings is based on a delta watts assumption (Wattsp,se — Wattsge) of 6 watts.

AkWh =((6 X (12 X 365))/1000) X 0.84=22-0797 = 25.49 kWh
(rounded to 22kWh)

Residential Measures
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2.8 Low Flow Faucet Aerators

Measure Name Low Flow Faucet Aerators

Target Sector Residential Establishments

Measure Unit Aerator

Unit Energy Savings 27-4-kWh—Varies by installation location
Unit Peak Demand Reduction 0-0025Kk\WVaries by installation location
Measure Life 12 years

Installation of low-flow faucet aerators is an inexpensive and lasting approach for water
conservation. These efficient aerators reduce water consumption and consequently reduce hot
water usage and save energy associated with heating the water. This protocol presents the
assumptions, analysis and savings from replacing standard flow aerators with low-flow aerators in
kitchens and bathrooms.

The low-flow kitchen and bathroom aerators will save on the electric energy usage due to the
reduced demand of hot water. The maximum flow rate of qualifying kitchen and bathroom aerators
is 1.5 gallons per minute.

This protocol documents the energy savings attributable to efficient low flow aerators in residential
applications. The savings claimed for this measure are attainable in homes with standard resistive
water heaters. Homes with non-electric water heaters do not qualify for this measure.

2.8.1 Algorithms

The energy savings and demand reduction are obtained through the following calculations:

AkWh = ISR x ELEC x [(Fg—FpGPMpase = GPM, ow) X Tperson-
Dpay*Npersons X365%AF, % X(T o — Tjp) xUnxUgx DF/RE] / (F/home)
AkWeak = ISR-xEnergy-tmpactAkWh % Fgp
Where, b - ‘[Formatted: Font: Not Bold

NN
AN ‘[ Formatted: Body Text

{Formatted: Font: Not Bold, No underline

(N

Feo = CF / Hours
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CF = [% faucet use during peak® x (Tperson-pay X Nperson) /(F/home)] /
240 (minutes in peak period)

Hours = (Tperson-Day* Npersons X 365) /(F/home) / 60

The ratio of the average energy usage during reen2 PM and 86 PM on summer weekdays to the
total annual energy usage is taken from average daily load shape data collected for a-water-heater-
and-HVAC-demand-responsefaucets from an Aquacraft, Inc studyiePPJMfsT The_average daily
load shapes (fractionspercentages of annualdaily energy usage that occur within each hour) during-

summerweek-days-are plotted forthree business-types-in-in Error! Reference source not
found.Figure-2-4 below-_(symbol FAU represents faucets).

* Aquacraft, Inc., Water Engineering and Management. The end use of hot water in single family homes from flow trace

analysis. 2001. The percentage of faucet use that takes place during peak hours is determined to be 18.9%.
http://www.aquacraft.com/sites/default/files/pub/DeOreo-(2001)-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-
Using-Flow-Trace-Analysis.pdf

Engineering and Management. The end use of hot water in single family homes from flow trace analysis. 2001.
http://www.aquacraft.com/sites/default/files/pub/DeOreo-(2001)-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-
Using-Flow-Trace-Analysis.pdf.

SECTION 2:
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2.8.2 Definition of Terms

The parameters in the above equation are defined in Table 2-19.
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Table 2-192-19: Low Flow Faucet Aerator Calculation Assumptions

Parameter Description Type Value Source
HeGPMgase Average Baseline-Flow-Ratebaseline flow rate of VariablekF | 4+-Default =2.2 | 1
aerator (GPM) ixed Or EDC Data
Gathering
HpGPM_ow Average Post-Measure-Flow-Ratepost measure flow | Variablek | 6-94Default = 1
rate of Sprayeraerator (GPM) ixed 1.5
Or EDC Data
Gathering
Tperson-Day Average time of hot water usage per person per day | Fixed Kitchen=4.5 2
(minutes) Bathroom=1.6
Unknown=6.1
;pre;ﬂpersgns Average number of persons per household Variable Default SF=2.7 | 3
Default
MF=1.8
Default
unrkrewnUnkn
own=2.6
Or EDC Data
Gathering
AT T out Average mixed water temperature differential- Fixed 35Kitchen=93 4
between outgoing mixed faucet water and supply- Bathroom=86
waterflowing from the facuet (°F)
Unknown=_
87.8
Tin Average temperature of water entering the house Eixed 55 56
(F)
Un Unit Conversion: 8.33BTU/(Gallons-°F) Fixed 8.33 Convention
Ue Unit Conversion: 1 kWh/3413 BTU Fixed 1/3413 Convention
RE Recovery efficiency of electric water heater Fixed 0.98 57
Heo Energy To Demand Factor Fixed 0.0000947200 | 68
012913
Days/year Number of days per year Fixed 365
f/home Average number of faucets in the home Fixed SF: 79
Kitchen=1.0
Bathroom=3.0
Unknown=4.0
MF:
Kitchen=1.0

Bathroom=1.7

Residential Measures
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Unknown=2.7
Unknown
Home Type:
Kitchen=1.0
Bathroom=2.8
Unknown=3.8

Ei)F Percentage of water flowing down drain Fixed Kitchen=75% 810
Bathroom=90
%
Unknown=79.5
%

ISR In Service Rate Variable Variable EDC Data
Gathering
E*LEC Percentage of homes with electric water heat Variable Default=43% 911
Or EDC Data
Gathering
Sources:

1. Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet Aerator

Meter Study. For Michigan Evaluation Working Group. June 2013. Baseline GPM of
replaced aerators is set to the federal minimum GPM of 2.2. The GPM of new aerators is
set to the typical rated GPM value of 1.5 GPM. Discounted GPM flow rates were not
applied because the “throttle factor” adjustment was found to have been already
accounted for in the mixed water temperature variable. Additionally, the GPMg... Was set
to a default value of 2.2 due to the inability to verify what the GPM flow rate was of the
replaced faucet.

2. Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet Aerator
Meter Study. For Michigan Evaluation Working Group. June 2013. If aerator location is
known, use the corresponding kitchen/bathroom value. If unknown, use 6.1

{‘r\rp ration-and-US-EPRPA- I“'y 202011~
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min/person/day as the average length of use value, which is the total for the household:
kitchen (4.5 min/person/day) + bathroom (1.6 min/person/day) = 6.1 min/person/day.

3. Table 4-8, section 4.2.4. GDS Associates, Inc. Pennsylvania Statewide Residential End-
Use Saturation Study, 2012. For The Pennsylvania Public Utility Commission.

4—Table 7. Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet
Aerator Meter Study. For Michigan Evaluation Working Group. June 2013. Hiireis FRM-

4. The study finds that the average mixed water temperature flowing from the kitchen and
bathroom faucets is 93°F and 86°F, respectively. If the faucet location is unknown, 87.8°F
is the corresponding value to be used, which was calculated by taking a weighted
average of faucet type (using the statewide values): ((1*93)+(3*86))/(1+3) = 87.8.

5. Table 9. Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet
Aerator Meter Study. For Michigan Evaluation Working Group. June 2013. Inlet water
temperatures were measured and a weighted average based upon city populations was
used to calculate the value of 55°F.

6. A good approximation of annual average water main temperature is the average annual
ambient air temperature. Average water main temperature = 55° F based on:
http.//Ilwf.ncdc.noaa.qov/img/documentlibrary/clim81supp3/tempnormal _hires.jpg

5.7.Mid Atlantic TRM Version 2.0 (updated July 2011) and Ohio TRM updated August 2010.
8. Deeme d-Saving imates-forlLegacy-Air-Conditioning-and-Water-Heating Bire
Control-Programs-in-PJM-Regien—Aquacraft, Inc., Water Engineering and Management.
The end use of hot water in single family homes from flow trace analysis. 2001.
http://www.aquacraft.com/sites/default/files/pub/DeOreo-(2001)-Disaggregated-Hot-
Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf. The statewide
values were used for inputs in the Fgp algorithm components. The CF for faucets is found
to be 0.00328: [% faucet use during peak X (Tperson-DayX Nperson) /(F/home)] / 240 (minutes
in peak period) =[18.9% x (6.1 x 2.6 / 3.8)] / 240 = 0.00328. The Hours for faucets is
found to be 25.4: (TeersonnaX Neersonsx 365) /(F/home) /60 = (6.1 x 2.6 x 365) / 3.8 / 60 = 25.4.
The resulting Fgp is calculated to be 0.00012913: CF / Hours = 0.00328 / 25.4 =

0.00012913.
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7-9.Table 4-68, section 4.6.3. GDS Associates, Inc. Pennsylvania Statewide Residential End-
Use Saturation Study, 2012. For The Pennsylvania Public Utility Commission.

8:10. lllinois TRM Effective June 1, 2013. Faucet usages are at times dictated by
volume, only usage-ofthe-sort-that would-ge-straight'directly down the drain” usage will
provide savings. Due to the lack of a metering study that has determined this specific
factor, the lllinois Technical Advisory Group has deemed these values to be 75% for the
kitchen and 90% for the bathroom. If the aerator location is unknown an average of
79.5% should be used which is based on the assumption that 70% of household water
runs through the kitchen faucet and 30% through the bathroom
(0.7#0.75)+(0.3*0.9)=0.795.

911. Table 4-61, Section 4.6.1 GDS Associates, Inc. Pennsylvania Statewide
Residential End-Use Saturation Study, 2012. For The Pennsylvania Public Utility
Commission. This study finds that only 43% of households statewide have an electric
water heater. As such, if the proportion of households with electric water heaters is
unknown, deemed savings should only be applied to 43% of the study group.

T . ; . . ¢

For example, a direct installed (/ISR=1) kitchen low flow faucet aerator cempared-toin a standard-
aerator-is ISRx-27-single family electric DHW home:

AkWh =1.0%1.0*(((22-15)"4.5%2.7*365*(93-55)*8.33 * (1/3413)* - {Formatted: Font: Not Bold
0.75/0.98)/1)
=220.3 kWh/yearwith - ‘[Formatted: Font: Not Bold
For example, a demandreduction-of—direct installed (/SR*-0-0025-kW;-with-ISR-determined- - ‘[Formatted: Font: Not Bold, Italic

through-data-cellection.=1) low flow faucet aerator in unknown faucet in an unknown family type
electric DHW home:
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AkWh =1.0*1.0*(((22-1.5)*6.1*2.6 * 365 * (87.8 — 55) * 8.33 * (1/3413) *
0.795/0.98)/4.0)

= 65.8 kKWh per faucet

2.8.3  Default Savings

Kitchen 220.3 0.0284

Single Family Bathroom 25.6 0.0033
Unknown 68.3 0.0088

Kitchen 146.9 0.0190

Multifamily Bathroom 30.1 0.0039
Unknown 67.5 0.0087

Statewide Kitchen 212.2 0.0274
(Unknown Housing. Bathroom 26.4 0.0034
Tpe) Unknown 65.8 0.0085

2.8.4 Measure Life

The measure life is 12 years, according to California’s Database of Energy Efficiency Resources
(DEER).

2.8.5 Evaluation Protocols

The most appropriate evaluation protocol for this measure is verification of installation coupled with
EDC Data Gathering

SECTION 2:
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2.9 Low Flow Showerheads

Measure Name Low Flow Showerheads
Target Sector Residential Establishments
Measure Unit Water Heater

Unit Energy Savings Partially Deemed

Unit Peak Demand Reduction Partially Deemed

Measure Life 9 years

This measure relates to the installation of a low flow (generally 1.5 GPM) showerhead in bathrooms
in homes with electric water heater. The baseline is a standard showerhead using 2.5 GPM.

2.9.1 Eligibility

This protocol documents the energy savings attributable to replacing a standard showerhead with
an energy efficient low flow showerhead for electric water heaters. The target sector primarily
consists of residential residences.

29.2 Algorithms

The annual energy savings are obtained through the following formula:

AkWh = ISR *x ELEC *{{{GPMyase—GPMiow)-+-GPMpase)—=* [(GPMpase —
GﬂﬂLﬂVMPerson—Da X NPersons lga'l's"(dafy_.k&\ls‘howers—Day_x 365;_*
FEMP—TEMP,)—= % (Tou - Tin) X Uy *x Ug/ RE}] / (S/home)

AkWea =AkWh x Fep_

Where:

Fep = CF / Hours

CF = [% showerhead use during peak® x (Tperson-pay. X Nperson * Nnowers-

pay) /(S/home)] / 240 (minutes in peak period)

Hours = (TPerson»Dav X NPerson X NShowers»Dav X 365) /(S/home) /60
*~ ~ ~ 7| Formatted: Body Text, Left, Indent: Left: 0",
Hanging: 2", Space Before: 0 pt
The ratio of the average energy usage during *-EnergyFobBemandFactor2 PM and 6 PM on

summer weekdays to the total annual energy usage is taken from average daily load shape data

% Aquacraft, Inc., Water Engineering and Management. The end use of hot water in single family homes from flow trace
analysis. 2001. The percentage of showerhead use that takes place during peak hours is determined to be 11.7%.
http://www.aquacraft.com/sites/default/files/pub/DeOreo-(2001)-Disaggregated-Hot-Water-Use-in-Single-Family-Homes-
Using-Flow-Trace-Analysis.pdf
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collected for showerheads from an Aquacraft, Inc study.®’ The average daily load shapes
(percentages of daily energy usage that occur within each hour) during are plotted in Figure 2-5
below (symbol SHOW represents showerheads).

14%

12% [\\
T 10%
2
S 8% —A—SHOW
2 cw
: I\ \\ 3
S 6% o, —-e-DW
< % j/ ——BATHS
Q
2
- /] R

2% .\
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Hour of Day
Figure 2-5: Daily Load Shapes for Hot Water Measures
AL __________ L - = { Formatted: Font: Not Italic

*' Aquacraft, Inc., Water Engineering and Management. The end use of hot water in single family homes from flow trace

analysis. 2001. http://www.aquacraft.com/sites/default/files/pub/DeOreo-(2001)-Disaggregated-Hot-Water-Use-in-Single-
Family-Homes-Using-Flow-Trace-Analysis.pdf.

SECTION 2:
Low Flow Showerheads Page 62




(DRAFT)

2.9.3 Definition of Terms
Table 2-202-20: Low Flow Showerhead Calculation Assumptions
Parameter Description Type Value Source
GPMgase Gallons per minute of baseline Fixed 2-5Default value =2.5 | 1
showerhead or EDC Data
Gathering
GPM_ow Gallons per minute of low flow Variable Default value = 1.5 or 2
showerhead EDC Data Gathering
Tperson-Da Average time of shower usage per Fixed 7.8 3
person (minutes)
ReopleNperso | Average number of persons per Variable Default SF=2.7 34
o household Default MF=1.8
Default unknown=2.6
Or EDC Data
Gathering
galsidayNsno || Average gallorsnumber of het-water- Fixed 14.70.6 45
wers-Daw || usedforshoweringshowers perperson |- - | |
per day
days/year Number of days per year Fixed 365
JhowersS/h | Average number of showers in the home | Variable Default SF=1.7 (89.6% | 66
dme of homes)
Default MF=1.3
(10.4% of homes)
Default unknown = 1.6
Or EDC Data
Gathering
JfEMPﬂILm Assumed temperature of water used by Fixed 101° F 67
showerhead
JtEMPmILn Assumed temperature of water entering Fixed 55°F 6;7,8
house
Un Unit Conversion: 8.33BTU/(Gallons-°F) Fixed 8.33 Convention
Ue Unit Conversion: 1 kWh/3413 BTU Fixed 1/3413 Convention
F|EE Recovery efficiency of electric water Fixed 0.98 89
heater
FiED Energy To Demand Factor Fixed 0.0600947200008013 | 910
ISR In Service Rate Variable Variable EDC Data
Gathering
LJILEC Percentage of homes with electric water | Variable Default=43% 1011

heat

Or EDC Data
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Gathering |

Sources:

1. Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet Aerator
Meter Study. For Michigan Evaluation Working Group. June 2013. Uses the federal
minimum GPM allowed as the baseline for the replaced showerheads, corresponding to
2.5 GPM.

2. lllinois TRM Effective June 1, 2013. Allows for varying flow rate of the low-flow
showerhead, most notably values of 2.0 GPM, 1.75 GPM and 1.5 GPM. Custom or actual
values are also allowed for.

3. Table 6. Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet
Aerator Meter Study. For Michigan Evaluation Working Group. June 2013. The study
compared shower length by single-family and multifamily populations, finding no
statistical difference in showering times. For the energy-saving analysis, the study used
the combined single-family and multifamily average shower length of 7.8 minutes.

3.4.Table 4-8, section 4.2.4. GDS Associates, Inc. Pennsylvania Statewide Residential End-
Use Saturation Study, 2012. For The Pennsylvania Public Utility Commission.

5. Table 8. Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet
Aerator Meter Study. For Michigan Evaluation Working Group. June 2013. For each
shower fixture metered, the evaluation team knew the total number of showers taken,
duration of time meters remained in each home, and total occupants reported to live in
the home. From these values average showers taken per day, per person was
calculated. The study compared showers per day, per person by single-family and
multifamily populations, finding no statistical difference in the values. For the energy-
saving analysis, the study used the combined single-family and multifamily average
showers per day, per person of 0.6.

5.6. Table 4-69, section 4.6.3. GDS Associates, Inc. Pennsylvania Statewide Residential End-
Use Saturation Study, 2012. For The Pennsylvania Public Utility Commission.

6.7.Cadmus and Opinion Dynamics Evaluation Team. Showerhead and Faucet Aerator
Meter Study. For Michigan Evaluation Working Group. June 2013. Temperature sensors
provided the mixed water temperature readings resulting in an average of 101°F. Inlet
water temperatures were measured and a weighted average based upon city populations
was used to calculate the value of 55°F.

Residential Measures
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7-8. A good approximation of annual average water main temperature is the average annual
ambient air temperature. Average water main temperature = 55° F based on:
http://lwf.ncdc.noaa.gov/img/documentlibrary/clim81supp3/tempnormal_hires.jpg

8.9. Mid Atlantic TRM Version 2.0 (updated July 2011) and Ohio TRM updated August 2010.

10. Aquacraft, Inc., Water Engineering and Management. The end use of hot water in single
family homes from flow trace analysis. 2001.
http://www.aquacraft.com/sites/default/files/pub/DeOreo-(2001)-Disaggregated-Hot-
Water-Use-in-Single-Family-Homes-Using-Flow-Trace-Analysis.pdf. The statewide
values were used for inputs in the Fgp algorithm components. The CF for showerheads is
found to be 0.00371: [% showerhead use during peak X (Tperson-Day* Nperson) /(S/home)] /
240 (minutes in peak period) =[11.7% % (7.8 x 2.6 x 0.6 / 1.6)] / 240 = 0.00371. The
Hours for showerheads is found to be 46.3: (Trerson.pa* NeersonsX 365) /(S/home) /60 = (7.8 x 2.6
x 0.6 x 365) / 1.6 / 60 = 46.3. The resulting Fgp is calculated to be 0.00008013: CF /
Hours = 0.00371 /46.3 = 0.00008013.

40-11. Table 4-61, Section 4.6.1 of the 2012 Pennsylvania Statewide Residential End-
Use and Saturation Study. This study finds that only 43% of households statewide have
an electric water heater. As such, if the proportion of households with electric water
heaters is unknown, deemed savings should only be applied to 43% of the study group.
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For example, a direct-installed (/ISR=1) 1.5 GPM low flow showerhead in a single family electric
DHW home where the number of showers is not known:

AkWh =10*10*[(25-1.5) *7.8*0.6*2.7 *365* (101 -55)*8.33 *
(1/3413)/0.98]/ 1.7

310.8 = kWh

For example, a direct-installed (/ISR=1) 1.5 GPM low flow showerhead in an unknown family type
home with electric DHW where the number of showers is not known:

AkWh =1.0%1.0"[(25-15)*7.8*0.6*2.6 *365*(101-55)*8.33 *
(1/3413)/0.98]/ 1.6

318.0 = kWh

2.9.4 Default Savings

2.0 155 00142
15 3+ 00285
2.0 135 0.0124
Multifarmily 175 203 0.0186
15 274 0.0249
Statewide 775 239 00299
15 318 0.0292

SECTION 2:
Low Flow Showerheads Page 67




(DRAFT)

2.0 155 0.0124
Single Family 1.75 233 0.0187
1.5 311 0.0249

2.0 135 0.0108

Multifamily 1.75 203 0.0163
1.5 271 0.0217

Statewide 2.0 159 0.0127
(Unknown Housing 1.75 239 0.0192
e 15 318 0.0255

2.9.5 Measure Life

According to the Efficiency Vermont Technical Reference User Manual (TRM), the expected
measure life is 9 years“.

2.9.6 Evaluation Protocols

The most appropriate evaluation protocol for this measure is verification of installation coupled with
EDC Data Gathering.

5* Efficiency Vermont, Technical Reference User Manual: Measure Savings Algorithms and Cost Assumptions, TRM User
Manual No. 2008-53, 07/18/08.
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Measure Name

Programmable Thermostat

Target Sector

Residential Establishments

Measure Unit

Programmable Thermostat

Unit Energy Savings Varies
Unit Peak Demand Reduction Varies
Measure Life ++11years

Programmable thermostats are used to control heating and/or cooling loads in residential buildings
by modifying the temperature set-points during specified unoccupied and nighttime hours. These
units are expected to replace a manual thermostat and the savings assume an existing ducted

HVAC system with electric resistance heating and DX cooling. A standard programmable

thermostat installed on a heat pump can have negative energy consequences. However, the option
exists to input higher efficiency levels if coupled with a newer unit. The EDCs will strive to educate
the customers to use manufacturer default setback and setup settings.

2.10.1 Algorithms

AkWh = AkWhCOOL + AkWhHEAT

AkWheoor = CAPc001/1000 X (1/(SEER x Effye)) X EFLHcooL X ESFcooL
AkWhpgat = CAPLEear/1000 X (1/(HSPF X Effgua)) X EFLHpgaT X ESFrEAT
AkWeak =0

2.10.2 Definition of Terms

CAPcooL = Capacity of the air conditioning unit in BTUh, based on
nameplate capacity.

CAPuear = Nominal heating capacity of the electric furnace in BTUh

Effyuct = Duct system efficiency

SEER = Seasonal energy efficiency ratio of the cooling unit.

HSPF = Heating seasonal performance factor of the heating unit.

ESFcooL HeaT = Energy savings factor for cooling and heating, respectively

EFLHcooL, HeaT = Equivalent full load hours _for cooling and heating, respectively

Table 2-212-21: Residential Electric HVAC Calculation Assumptions

Residential Measures
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Component Type Value Sources
CAPcooL Variable Nameplate data EDC Data Gathering
Default: 3632,000 BTUh 1
CAPHeAT Variable Nameplate Data EDC Data Gathering
Default: 3632,000 BTUh 1
SEER Variable Nameplate data EDC Data Gathering
Default: 4011.9 SEER 21
HSPF Variable Nameplate data EDC Data Gathering
Default: 3.413 HSPF (equivalent to electric | 2
furnace COP of 1)
Effauct Fixed 0.8 3
ESFcooL Fixed 2% 4
ESFHeat Fixed 3.6% 5
Default Allentown Cooling = 487 Hours 6
Erie Cooling = 389 Hours
Harrisburg Cooling = 551 Hours
Philadelphia Cooling = 591 Hours
EFLHcooL Pittsburgh Cooling = 432 Hours
Scranton Cooling = 417 Hours
Williamsport Cooling = 422 Hours
) Can use the more EDC-specific values in Alternate EFLH Table
el Table 2-2 in Section 2.1.3 in Section 2.1.3
Default Allentown Heating = 1,193 Hours 6
Erie Heating = 1,349 Hours
Harrisburg Heating = 1,103 Hours
Philadelphia Heating = 1,060 Hours
EFLHuEeAT Pittsburgh Heating = 1,209 Hours
Scranton Heating = 1,296 Hours
Williamsport Heating = 1,251 Hours
. An EDC can use the Alternate EFLH Alternate EFLH Table
el values in Table 2-3 in Section 2.1.3 in Section 2.1.3
Measure Life Fixed ++11years 7
(EUL)
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Sources:

_ 20 of residential ol condiloRer oF furnacs.

1.

Data set from the 2012 Pennsylvania Residential End-Use and Saturation Study

submitted to Pennsylvania PUC by GDS Associates, Nexent, and Mondre:
http://www.puc.pa.gov/electric/pdf/Act129/PA Residential Baseline Report2012.pdf

Minimum Federal Standard for new Central Air Conditioners/Heat Pumps between 1990
and 2006.

New York Standard Approach for Estimating Energy Savings from Energy Efficiency
Measures in Commercial and Industrial Programs, September 1, 2009.

DEER 2005 cooling savings for climate zone 16, assumes a variety of thermostat usage
patterns.

“Programmable Thermostats. Report to KeySpan Energy Delivery on Energy Savings
and Cost Effectiveness”, GDS Associates, Marietta, GA. 2002. 3.6% factor includes 56%
realization rate.

Based on REM/Rate modeling using models from the PA 2012 Potential Study. EFLH
calculated from kWh consumption for cooling and heating. Models assume 50% over-
sizing of air conditioners® and 40% oversizing of heat pumps.*®

New York Standard Approach for Estimating Energy Savings from Energy Efficiency
Measures in Commercial and Industrial Programs, September 1, 2009, based on DEER.

5 Neme, Proctor, Nadal, “National Energy Savings Potential From Addressing Residential HVAC Installation Problems. ACEEE,

February 1, 1999. Confirmed also by Central Air Conditioning in Wisconsin, a compilation of recent field research. Energy Center of
Wisconsin. May 2008, emended December 15, 2010
56 ACCA, “Verifying ACCA Manual S Procedures,” http://www.acca.org/Files/?id=67.
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211 Room AC (RAC) Retirement

Measure Name Room A/C Retirement
Target Sector Residential Establishments
Measure Unit Room A/C

Unit Energy Savings Varies

Unit Peak Demand Reduction Varies

Measure Life 4

This measure is defined as retirement and recycling without replacement of an operable but older
and inefficient room AC (RAC) unit that would not have otherwise been recycled. The assumption
is that these units will be permanently removed from the grid rather than handed down or sold for
use in another location by another EDC customer, and furthermore that they would not have been
recycled without this program. This measure is quite different from other energy-efficiency
measures in that the energy/demand savings is not the difference between a pre- and post-
configuration, but is instead the result of complete elimination of the existing RAC. Furthermore,
the savings are not attributable to the customer that owned the RAC, but instead are attributed to a
hypothetical user of the equipment had it not been recycled. Energy and demand savings is the
estimated energy consumption of the retired unit over its remaining useful life (RUL).

2.11.1 Algorithms

Although this is a fully deemed approach, any of these values can and should be evaluated and
used to improve the savings estimates for this measure in subsequent TRM revisions.

Retirement-Only

All EDC programs are currently operated under this scenario. For this approach, impacts are based
only on the existing unit, and savings apply only for the remaining useful life (RUL) of the unit.

AkWh = EFLHgac * (CAPY/1000) * (1/EERReirac)

AW ook = (CAPY/1000) * (1/EERRewac) * CFrac

Replacement and Recycling

It is not apparent that any EDCs are currently implementing the program in this manner, but the
algorithms are included here for completeness. For this approach, the ENERGY STAR upgrade
measure would have to be combined with recycling via a turn-in event at a retail appliance store,
where the old RAC is turned in at the same time that a new one is purchased. Unlike the
retirement-only measure, the savings here are attributed to the customer that owns the retired RAC,
and are based on the old unit and original unit being of the same size and configuration. In this
case, two savings calculations would be needed. One would be applied over the remaining life of
the recycled unit, and another would be used for the rest of the effective useful life, as explained
below.

For the remaining useful life (RUL) of the existing RAC: The baseline value is the EER of the
retired unit.

Residential Measures
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AkWh = EFLHgac * (CAPY/1000) * (1/EERRetrac — 1/EERES)
AKWpeak = (CAPY/1000) * (1/EERRgetrac — 1/EEREgs) * CFrac

After the RUL for (EUL-RUL) years: The baseline EER would revert to the minimum Federal
appliance standard EER.

AkWh = EFLHgac * (CAPY/1000) * (1/EER), — 1/EEREs)

AkWeak = (CAPY/1000) * (1/EER, — 1/EEREs) * CFrac

2.11.2 Definition of Terms,

L - = {Formatted: No underline

EFLHgac = The Equivalent Full Load Hours of operation for the installed
measure. In actuality, the number of hours and time of operation
can vary drastically depending on the RAC location (living room,
bedroom, home office, efc.).

Correction of ES RAC EFLH Values:

An additional step is required to determine EFLHRgac values. Normally, the EFLH values from the
ENERGY STAR Room AC Calculator would be used directly—Hewever, however, the current
(July 2010) ES Room AC calculator EFLHs are-tee_appear unreasonably high because-theyand are_
in the same-asrange of those typically used for the Central AC calculator;-whereas . In reality, RAC
full load hours should be much lower than for a CAC system—As_, and as such, the ESEFLHgac_
values were calculated from CAC EFLH values-were-corrected as follows:

EFLHRAC = EEI:Hgs_RAQﬂIM *AF
MWheres “« - ‘[Formatted: Font: Not Bold
T\\ ‘[Formatted: Font: Not Bold, No underline
Where N
{ Formatted: Body Text
EFLH gsrac cool = Full load hours from the-ENERGY-STAR-Room-AC-
CaleulatorREM/Rate modeling (Source 1)
AF = Adjustment factor for correcting current ES Room AC
calculator EFLHs.

Note that when the ENERGY STAR RAC calculator values are eventually corrected in the ES
calculator, the corrected EFLHes.rac Values can be used directly and this adjustment step can be
ignored and/or deleted.

CAPY = Rated cooling capacity (size) of the RAC in Btuh.
EERRetrac = The Energy Efficiency Ratio of the unit being retired-recycled
expressed as kBtuh/kW.
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EER, = The Energy Efficiency Ratio of a RAC that just meets the
minimum federal appliance standard efficiency expressed as
kBtuh/kW.
EEREs = The Energy Efficiency Ratio for an ENERGY STAR RAC
expressed as kBtuh/kW.
CFrac = Demand Coincidence Factor (See Section 1.4), which is 0.58
from the 2010 PA TRM for the “ENERGY STAR Room Air
Conditioner” measure.
1000 = Conversion factor, convert capacity from Btuh to kBtuh (1000
Btuh/kBtuh)
Table 2-222-22: Room AC Retirement Calculation Assumptions
Component Type Value Sources 1 {Formatted Table
EFLHRrac Varies Table 2-23 1
EFtHesmcEFLHeo | Varies | Table2:23 |t  Merged Cells
Optional The Alternate EFLH ooy, Table 2-1in
values in Table 2-1 may be Section 2.1.3
used
AF Fixed 0.31 2 </~ = { Formatted Table
CAPY (RAC capacity, Btuh) Variable Default :10,000; or EDC Data | 3
Gathering
EERRetrAC Variable Default: 9.07; or EDC Data 4
Gathering
EERy (for a 10,000 Btuh unit) Fixed 9.8 5
EEREs (for a 10,000 Btuh unit) Variable Default: 10.8; or EDC Data 5
Gathering
CFrAc ] DefaultFixe¢ 1058 16 [Merged Cells
Variable EDC data gatherin EDC data
gathering
RAC Time Period Allocation Factors Fixed 65.1%, 34.9%, 0.0%, 0.0% 6 b ‘[Formatted Table
Measure Life (EUL) Fixed 4 See source
notes
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Table 2-232-23: RAC Retirement-Only EFLH and Energy Savings by City5

City Original Corrected Energy Demand
Hours Hours Impact Impact (kW)
(EFLHes. (EFLHgAc) (kWh)
RAcEFLH cool
)

Allentown 784 487 243_151 268_166 0.6395

Erie 482_389 149_121 164_133

Harrisburg 929 551 288 171 348_188

Philadelphia 4032_591 320_183 353_202

Pittsburgh 737 432 228 134 251_148

Scranton 624 417 493 129 243 143

Williamsport 659 422 204_131 225_144

Sources:

adjustment-Based on REM/Rate modeling using models from the PA 2012 Potential
Study. EFLH calculated from kWh consumption for cooling and heating. Models assume
50% over-sizing of air conditioners59 and 40% oversizing of heat pumps.®

a <+~~~ 7| Formatted: source 1, Indent: Left: 0.5", No
bullets or numbering

2. Mid Atlantic TRM Version 1.0. April 28, 2010 Draft. Prepared by Vermont Energy
Investment Corporation. An adjustment to the ES RAC EFLHs of 31% was used for the
“Window A/C” measure. The average ratio of EFLH for Room AC provided in RLW

57

Table 2-23

TFable-2-21 should be used with a master “mapping table™ that maps the zip codes for all PA cities to one of the
representative cities above. This mapping table would also be used for the TRM ENERGY STAR Room Air Conditioning
measure. This table will be developed in the context of the TWG.

merRoomAC xls-and-the Central

% Neme, Proctor, Nadal, “National Energy Savings Potential From Addressing Residential HVAC Installation Problems.
ACEEE, February 1, 1999. Confirmed also by Central Air Conditioning in Wisconsin, a compilation of recent field
research. Energy Center of Wisconsin. May 2008, emended December 15, 2010

% ACCA, “Verifying ACCA Manual S Procedures.” http://www.acca.org/Files/?id=67.
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Report: Final Report Coincidence Factor Study Residential Room Air Conditioners, June
23, 2008%" to FLH for Central Cooling for the same location (provided by AHRI:
<http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings_calc/Calc_CAC.xls>
is 31%. This factor was applied to the EFLH for Central Cooling provided for PA cities
and averaged to come up with the assumption for EFLH for Room AC.”

3. 10,000 Btuh is the typical size assumption for the ENERGY STAR Room AC Savings
calculator. It is also used as the basis for PA TRM ENERGY STAR Room AC measure
savings calculations, even though not explicitly stated in the TRM. For example:

a. Energy savings for Allentown = 74 kWh and EFLH = 784 hrs:
784 * (10,000/1000) * (1/9.8 — 1/10.8) = 74 kWh.

b. CPUC 2006-2008 EM&V, “Residential Retrofit High Impact Measure Evaluation
Report”, prepared for the CPUC Energy Division, February 8, 2010, page 165,
Table 147 show average sizes of 9,729 and 10,091 Btuh.

4. Massachusetts TRM, Version 1.0, October 23, 2009, “Room AC Retirement” measure,
Page 52-54. Assumes an existing/recycled unit EER=9.07, reference is to weighted
1999 AHAM shipment data. This value should be evaluated and based on the actual
distribution of recycled units in PA and revised in later TRMs if necessary. Other
references include:

a. ENERGY STAR website materials on Turn-In programs, if reverse-engineered
indicate an EER of 9.16 is used for savings calculations for a 10 year old RAC.
Another statement indicates that units that are at least 10 years old use 20%
more energy than a new ES unit which equates to: 10.8 EER/1.2 =9 EER
http://www.energystar.gov/ia/products/recycle/documents/RoomAirConditionerTu
rn-InAndRecyclingPrograms.pdf

b. “Out With the Old, in With the New: Why Refrigerator and Room Air Conditioner
Programs Should Target Replacement to Maximize Energy Savings.” National
Resources Defense Council, November 2001. Page 3, Cites a 7.5 EER as
typical for a room air conditioner in use in 1990s. However, page 21 indicates an
8.0 EER was typical for a NYSERDA program.

5. ENERGY STAR and Federal Appliance Standard minimum EERs for a 10,000 Btuh unit
with louvered sides.http://www.energystar.gov/index.cfm?c=roomac.pr_crit room_ac

6. PA TRM June 2010, coincident demand factor and Time Period Allocation Factors for
ENERGY STAR Room AC.

2.11.3 Measure Life

Room Air Conditioner Retirement = 4 years

%" Accesed:
<http://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid/117_RLW_CF
%20Res%20RAC.pdf>
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From the PA TRM, the EUL for an ENERGY STAR Room Air Conditioner is 10 years, but the TRM
does not provide an RUL for RACs. However, as shown in Table 2-24, the results from a recent
evaluation of ComEd’s appliance recycling program® found a median age of 21 to 25 years for
recycled ACs. For a unit this old, the expected life of the savings is likely to be short, so 4 years
was chosen as a reasonable assumption based on these references:

1. DEER database, presents several values for EUL/RUL for room AC recycling:
http://www.deeresources.com/deer2008exante/downloads/EUL_Summary 10-1-08.xls

a. DEER 0607 recommendation: EUL=9, RUL=1/3 of EUL = 3 years. The 1/3 was
defined as a “reasonable estimate”, but no basis given.

b. 2005 DEER: EUL=15, did not have recycling RUL
c. Appliance Magazine and ENERGY STAR calculator: EUL=9 years
d. CAIOUs: EUL=15, RUL=5t07

2. “Out With the Old, in With the New: Why Refrigerator and Room Air Conditioner
Programs Should Target Replacement to Maximize Energy Savings,” National Resources
Defense Council, November 2001, page 21, 5 years stated as a credible estimate.

3. From the PA TRM June 2010, if the ratio of refrigerator recycling measure life to
ENERGY STAR measure life is applied: (8/13) * 10 years (for RAC) = 6 years for RAC
recycling.

Table 2-242-24: Preliminary Results from ComEd RAC Recycling Evaluation

Appliance Type Age in Years N

0 o 0 o 0 o =}
o -~ 5% 3¢ 5] 5] < <
® = o o o o o o s
o o - - = = - = o)
= = - © = © = © =
o © — — [ ] [0} [0} (@)

Room Air 0% 5% 7% 18% | 37% | 18% | 5% 6% 5% —

Conditioners

Sources:

1. Navigant Consulting evaluation of ComEd appliance recycling program.

%2 Residential Appliance Recycling Program Year 1 Evaluation Report — Final Report, prepared for Commonwealth Edison
by Itron (under contract to Navigant Consulting), November 2009.
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Measure Name

Smart Strip Plug Outlets

Target Sector

Residential

Measure Unit

Per Smart Strip

Unit Energy Savings

48.9 kWh (5-plug, unspecified use or multiple

purchased)

58.7 kWh (7-plug, unspecified use or multiple
purchased)

62.1 kWh
74.5 KWh

(5-plug, Entertainment Center)
(

7-plug, Entertainment Center)

Unit Peak Demand Reduction 0.0054 kW (5-plug, unspecified use or multiple

purchased)

0.0064 kW (7-plug, unspecified use or multiple
purchased)

0.0068 kW (5-plug, Entertainment Center)
0.0082 kW (7-plug, Entertainment Center)

Measure Life 4 years

Smart Strips are power strips that contain a number of controlled sockets with at least one
uncontrolled socket. When the appliance that is plugged into the uncontrolled socket is turned off,
the power strips then shuts off the items plugged into the controlled sockets.

2:-13-12.12.1 Eligibility <+~~~ | Formatted: Indent: Left: 0", Outline
numbered + Level: 3 + Numbering Style: 1, 2,

This protocol documents the energy savings attributed to the installation of smart strip plugs. The 3, ... + Start at: 1 + Alignment: Left + Aligned
most likely area of application is within residential spaces, i.e. single family and multifamily homes. at: 0.19" + Tab after: 0.44” + Indent at:
0.44", Tab stops: 0.25", List tab + Not at

The two areas of usage considered are home office systems and home entertainment systems. 0.44"

Power strips used with entertainment systems typically save more energy than power strips used
with home office components. It is expected that approximately three to five items will be plugged
into each 5-plug power strip, and that five to six items will be plugged into a 7-plug power strip.

2143:22.12.2  Algorithms +~ =~ Formatted: Indent: Left: 0", Outline

. . . . . . numbered + Level: 3 + Numbering Style: 1, 2,
The energy savings and demand reduction were obtained through the following calculations using 3, ... + Start at: 1 + Alignment: Left + Aligned
standard standby or low power wattages for typical entertainment center and home office at: 0.19" + Tab after: 0.44” + Indent at:

. . e . . i 0.44", Tab stops: 0.25", List tab + Not at
components. If the intended use of the power strip is not specified, or if multiple power strips are 0.44"

purchased, the algorithm for “unspecified use should be applied”. If it is known that the power strip
is intended to be used for an entertainment center, the “entertainment center” algorithm should be
applied:

= WoompHreomp) WWrvHir) y 365 = 48.9 kWh (5-plug); 58.7 kWh (7-plug)

AkWhunspecified use B

AkWhentertainment center = kWrpy X Hrp, X 366 =62.1 kWh (5-plug); 74.5 kWh (7-plug)
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CFx(kWgomp+kWry)

AKW oo unspecified use = =0.0054 kW (5-plug); 0.0064 kW (7-plug)

AkWpeak entertainment center = CFX kWTV =0.0068 kW (5-plug); 0.0082 kW (7-plug)

2-43:32.12.3 __ Definition of Terms -

The parameters in the above equation are listed in Fable-2-25-Table 2-25.

Table 2-252-25: Smart Strip Plug Outlet Calculation Assumptions

Formatted: Indent: Left: 0", Outline
numbered + Level: 3 + Numbering Style: 1, 2,
3, ... + Start at: 1 + Alignment: Left + Aligned
at: 0.19" + Tab after: 0.44" + Indent at:
0.44", Tab stops: 0.25", List tab + Not at
0.44"

Parameter Component Type Value Source

KW eomp Idle kW of computer system Fixed 0.0049 (5-plug) 1,2,4
0.00588 (7-plug)

Hreomp Daily hours of computer idle time | Fixed 20 1

kWrv Idle kW of TV system Fixed 0.0085 (5-plug) 1,4
0.0102 (7-plug)

Hrrv Daily hours of TV idle time Fixed 20 1

CF Coincidence Factor Fixed 0.80 3

Sources:

1. “Electricity Savings Opportunities for Home Electronics and Other Plug-In Devices in
Minnesota Homes”, Energy Center of Wisconsin, May 2010.

2. “Smart Plug Strips”, ECOS, July 2009.

3. Efficiency Vermont coincidence factor for smart strip measure — in the absence of
empirical evaluation data, this was based on the assumptions of the typical run pattern
for televisions and computers in homes.

4. “Advanced Power Strip Research Report”, NYSERDA, August 2011.

2:43:42.12.4 Deemed Savings -

AkWh = 48.9 kWh (5-plug power strip, unspecified use or multiple
purchsed)

58.7 kWh (7-plug power strip, unspecified use or multiple
purchased)

62.1 kWh (5-plug power strip, entertainment center)
74.5 kWh (7-plug power strip, entertainment center)

AkWeak = 0.0054 kW (5-plug power strip, unspecified use or multiple
purchase)
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0.0064 kW (7-plug power strip, unspecified use, or multiple
purchased)

0.0068 kW (5-plug power strip, entertainment center)

0.82 ———0.0082kW (7 plug power strip, entertainment <~
center)
2-13:52.12.5 Measure Life -
4 years“.
243-62.12.6  Evaluation Protocols «

The most appropriate evaluation protocol for this measure is verification of installation coupled with
assignment of stipulated energy savings.

3 “Smart Strip Electrical Savings and Usability”, David Rogers, Power Smart Engineering, October 2008.
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213 Solar Water Heaters

Measure Name Solar Water Heaters
Target Sector Residential Establishments
Measure Unit Water Heater

Default Unit Energy Savings 1,698 kWh

Default Unit Peak Demand Reduction 0.306277 kW

Measure Life 15 years

Solar water heaters utilize solar energy to heat water, which reduces electricity required to heat
water.

2.13.1 Eligibility

This protocol documents the energy savings attributed to solar water in PA. The target sector
primarily consists of single-family residences.

2.13.2 Algorithms

The energy savings calculation utilizes average performance data for available residential solar and
standard water heaters and typical water usage for residential homes. The energy savings are
obtained through the following formula:

/é 1 + ) £l113§583#b 7o T JV/ 1 1 d)x / days b
g e HWx (365 x(8.3—)x (1-
/EFBase EFPropose year, (83931 x(l
AkWh = g
AR

Btu
341 3W
The energy factor used in the above equation represents an average energy factor of market
available solar water heaters®. The demand reduction is taken as the annual energy usage of the
baseline water heater multiplied by the ratio of the average energy usage during reen-and-
8PM2PM to 6PM on summer weekdays to the total annual energy usage. Note that this is a
different formulation than the demand savings calculations for other water heaters. This
modification of the formula reflects the fact that a solar water heater’s capacity is subject to
seasonal variation, and that during the peak summer season-{top-100-heurs);, the water heater is
expected to fully supply all domestic hot water needs.

AkWpea = EnergyToDemandFactor x BaseEnergy Usage
The Energy to Demand Factor is defined below:

_ Average Usage

EnergyToDemandFactor = Summer WD Noon-82 PM. 6 P

Annual Energy Usage

5 We have taken the average energy factor for all solar water heaters with collector areas of 50 ft2 or smaller from
http://www.solar-rating.org/ratings/ratings.htm. As a cross check, we have calculated that the total available solar energy
in PA for the same set of solar collectors is about twice as much as the savings claimed herein — that is, there is sufficient
solar capacity to actualize an average energy factor of 1.84.
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The ratio of the average energy usage during noon and 86 PM on summer weekdays to the total
annual energy usage is taken from load shape data collected for a water heater and HVAC demand
response study for PJM®. The factor is constructed as follows:

1. Obtain the average kW, as monitored for 82 water heaters in PJM territory®®, for each
hour of the typical day summer, winter, and spring/fall days. Weight the results (91
summer days, 91 winter days, and 183 spring/fall days) to obtain annual energy usage.

2. Obtain the average kW during reen-te-8the 2 PM to 6 PM time period on summer
daysweekdays from the same data. -Neen-te-8 PM-is-used-because-mostof the-top-
400These are the hours {ever-80%)-oscurduring-noon-and-8-PM®that PJM has defined
as peak hours .

3. The average reonweekday 2 PM to 86 PM demand is converted to average weekday
noen2 PM to 86 PM demand through comparison of weekday and weekend monitored
loads from the same PJM study®®.

4. The ratio of the average weekday roon2 PM to 86 PM energy demand to the annual
energy usage obtained in step 1. The resulting number, 0.8000947200008294, is the

EnergyFoDemandFactorEnergyTo Demand Factor.

The load shapes (fractions of annual energy usage that occur within each hour) during summer
week days are plotted for three business types in Figure 2-6Figure2-6

% Deemed Savings Estimates for Legacy Air Conditioning and Water Heating Direct Load Control Programs in PJM
Region. The report can be accessed online: http://www.pjm.com/~/media/committees-groups/working-
groups/Irwg/20070301/20070301-pjm-deemed-savings-report.ashx

% The average is over all 82 water heaters and over all summer, spring/fall, or winter days. The load shapes are taken
from the fourth columns, labeled “Mean”, in tables 14,15, and 16 in pages 5-31 and 5-32

% The 5th column, labeled “Mean” of Table 18 in page 5-34 is used to derive an adjustment factor that scales average
summer usage to summer weekday usage. The conversion factor is 0.925844. A number smaller than one indicates

| that for residential homes, the hot water usage from reen2 PM to 86 PM is slightly higher is the weekends than on
weekdays.
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RESIDENTIAL HOT WATER LOAD SHAPE

0.00016
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Figure 2-6: Load shapes for hot water in residential buildings taken from a PJM study.

2.13.3 Definition of Terms

The parameters in the above equation are listed in Error! Reference source not found.Table-
20z,

Table 2-262-26: Solar Water Heater Calculation Assumptions

Component Type Values Source

EFuase , Energy Factor of baseline electric water Variable See Table 2-27 6

heater Default: .904 6
(50 gallon)

EFproposed, Year-round average Energy Factor of Variable EDC Data Gathering EDC Data

proposed solar water heater Gathering
Default: 1.84 1

HW , Hot water used per day in gallons Fixed 50 gallon/day 7

Thot » Temperature of hot water Fixed 123 F 8

Teoid , Temperature of cold water supply Fixed 55F 9

Default Baseline Energy Usage for an electric water | Calculated 3,338

heater without a solar water heater (kWh)

EnergyToDemandFactorEnergyToDemand Factor: Fixed 0-00009172.00008294 | 2-5

Ratio of average Neen2 to 86 PM usage during

summer peak hours (on weekdays) to annual energy

usage

2.13.4 Energy Factors based on Tank Size
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Table 2-272-27: Minimum Baseline Energy Factors Based on Tank Size

Tank Size (gallons) | Minimum Energy FaetorFactors
40 0.9172 + S ‘[Formatted Table
50 0.9040
65 0.8842
80 0.8644
120 0.8116

Sources:

1. The average energy factor for all solar water heaters with collector areas of 50 ft? or
smaller is from http://www.solar-rating.org/ratings/ratings.htm. As a cross check, we
have calculated that the total available solar energy in PA for the same set of solar
collectors is about twice as much as the savings claimed herein — that is, there is
sufficient solar capacity to actualize an average energy factor of 1.84.

2. Deemed Savings Estimates for Legacy Air Conditioning and Water Heating Direct Load
Control Programs in PJM Region. The report can be accessed online:
http://www.pjm.com/~/media/committees-groups/working-
groups/Irwg/20070301/20070301-pjm-deemed-savings-report.ashx

3. The average is_calculated over all 82 water heaters and over all summer, spring/fall, or
winter days. The load shapes are taken from the fourth columns, labeled “Mean”, in
tables 14,15, and 16 in pages 5-31 and 5-32

4. PJM peak load hours are from 2 pm to 6 pm on summer weekdays.

5. The 5th column, labeled “Mean” of Table 18 in page 5-34 is used to derive an adjustment
factor that scales average summer usage to summer weekday usage. The conversion
factor is 0.925844. A number smallerthan one indicates that for residential homes, the-

hot-wate ae from-noonto-8 PM ahthv highe he weekends- than-on-weekd

6. Federal Standards are 0.97 -0.00132 x Rated Storage in Gallons. For a 50 gallon tank,
this ia approximately .90. . “Energy Conservation Program: Energy Conservation
Standards for Residential Water Heaters, Direct Heating Equipment, and Pool Heaters”
US Dept of Energy Docket Number: EE-2006-BT-STD-0129, p. 30

7. “Energy Conservation Program for Consumer Products: Test Procedure for Water
Heaters”, Federal Register / Vol. 63, No. 90, pp. 26005-26006.

8. Pennsylvania Statewide Residential End-Use and Saturation Study. 2012.
9. Mid-Atlantic TRM_Version 3.0, March 2013, footnote #24314

AkWh - =1,698 kWh
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Ak'wpeak =0.306 kW
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’ 214 EI tric. Wat Heater Pipe Insulation <« BN {Formatted: Tab stops: 0.5", List tab
Measure Name Electric Water Heater Pipe Insulation
Target Sector Residential Establishments
Measure Unit Water Heater
| Unit Energy Savings Default: 9:610 kWh per foot of installed insulation
| Unit Peak Demand Reduction 0.0008800083 kW per foot of installed insulation
Measure Life 13 years

This measure relates to the installation of foam insulation ard-reducing-the-water-heating-set-point-

’ from-3-4-degrees-Fahrenheiton 10 feet of exposed pipe in unconditioned space, %4 thick. The
baseline for this measure is a standard efficiency electric water heater (EF=0.904) with an annual

| energy usage of 3;494.338 kWh.”’

2.14.1 Eligibility

This protocol documents the energy savings for an electric water heater attributable to insulating 10
feet of exposed pipe in unconditioned space, %” thick. The target sector primarily consists of
residential residences.

2.14.2 Algorithms

The annual energy savings are assumed to be 3% of the annual energy use of an electric water

| heater (3,494338 kWh), or 96100.14 kWh based on 10 feet of insulation. This estimate is based on
a recent report prepared by the ACEEE for the State of Pennsylvania.72 On a per foot basis, this is
equivalent to 9610 kWh.

AkWh =9.610 kWh per foot of installed insulation
The summer coincident peak kW savings are calculated as follows:
AKWyoai = AkWh * EnergyToDemandFactor

2.14.3 Definition of Terms

AkWh = Annual kWh savings = 9610 kWh per foot of installed
insulation

" See Section 2.3 for assumptions used to calculate annual energy usage.

2 American Council for an Energy-Efficient Economy, Summit Blue Consulting, Vermont Energy Investment Corporation,
ICF International, and Synapse Energy Economics, Potential for Energy Efficiency, Demand Response, and Onsite Solar
Energy in Pennsylvania, Report Number E093, April 2009, p. 117.
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EnergyToDemandFactor= Summer peak coincidence factor for measure =
0.0000917200008294 7

AkWeak =Summer peak kW savings = -000880.00083 kW per foot of
installed insulation

The demand reduction is taken as the annual energy savings multiplied by the ratio of the average
energy usage during reen-and-8PM2 PM to 6 PM on summer weekdays to the total annual energy
usage. The Energy to Demand Factor is defined as:

_ Average Usage g mrs i meons A V6ra9€ USages, mmer wo 2porm
Annual Energy Usage Annual Energy Usage

The ratio of the average energy usage during reer-and-82 PM en-summerweekdays-to 6 PM on

summer weekdays to the total annual energy usage is taken from load shape data collected for a
water heater and HVAC demand response study for PJM™. The factor is constructed as follows:

EnergyToDemandFactor =

5.2. Obtain the average kW, as monitored for 82 water heaters in PJM territory, for each hour «- - - { Formatted: Numbered + Level: 1 +
of the typical day summer, winter, and spring/fall days. Weight the results (91 summer QIE'mbEYi"tg ftﬂEZ kl?’ 3<’jmt+§t§£t at5|1d+ .
. . . ignment: Left + Alignea at: .25" + Inden
days, 91 winter days, and 183 spring/fall days) to obtain annual energy usage. at:g 0.5" g

2.3. Obtain the average kW during reen2 PM to 86 PM on summer days from the same data.

3-4.The average noen2 PM to 86 PM demand is converted to average weekday reen2 PM to
86 PM demand through comparison of weekday and weekend monitored loads from the
same PJM study,

4.5.The ratio of the average weekday reen2 PM to 86 PM energy demand to the annual
energy usage obtained in step 1. The resulting number, 0.8000947200008294, is the
Energy to Demand Factor, or Coincidence Factor.

The load shapes (fractions of annual energy usage that occur within each hour) during summer
week days are plotted in Figure 2-7Figure-2-7.

" Deemed Savings Estimates for Legacy Air Conditioning and Water Heating Direct Load Control Programs in PJM
Region. The report can be accessed online: http://www.pjm.com/~/media/committees-groups/working-
groups/Irwg/20070301/20070301-pjm-deemed-savings-report.ashx

” Op. cit.
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RESIDENTIAL HOT WATER LOAD SHAPE
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Figure 2-7: Load shapes for hot water in residential buildings taken from a PJM study.

2.14.4 Measure Life

According to the Efficiency Vermont Technical Reference User Manual (TRM), the expected
measure life is 13 years’®.

2.14.5 Evaluation Protocols

The most appropriate evaluation protocol for this measure is verification of installation coupled with
assignment of stipulated energy savings.

- - - ‘[Formatted: Tab stops: 0.5", List tab

"® Efficiency Vermont, Technical Reference User Manual: Measure Savings Algorithms and Cost Assumptions, TRM User
Manual No. 2008-53, 07/18/08.
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2.15 Residential Whole House Fans

Measure Name Whole House Fans

Target Sector Residential Establishments

Measure Unit Whole House Fan

Unit Energy Savings Varies by location (187 kWh/yr to 232 kWh/yr)
Unit Peak Demand Reduction 0 kW

Measure Life 15 years

This measure applies to the installation of a whole house fan. The use of a whole house fan will
offset existing central air conditioning loads. Whole house fans operate when the outside
temperature is less than the inside temperature, and serve to cool the house by drawing cool air
in through open windows and expelling warmer air through attic vents.

The baseline is taken to be an existing home with central air conditioning (CAC) and without a
whole house fan.

The retrofit condition for this measure is the installation of a new whole house fan.

2.15.1 Algorithms

The energy savings for this measure result from reduced air conditioning operation. While
running, whole house fans can consume up to 90% less power than typical residential central air
conditioning units.” Energy savings for this measure are based on whole house fan energy
savings values reported by the energy modeling software, REM/Rate™.

2.15.2 Model Assumptions

e The savings are reported on a “per house” basis with a modeled baseline cooling
provided by a SEER 10 Split A/C unit.

e Savings derived from a comparison between a naturally ventilated home and a home with
a whole-house fan.

e 2181 square-foot single-family detached home built over unconditioned basement.”

" Whole House Fan, Technology Fact Sheet, (March 1999), Department of Energy Building Technologies Program,
DOE/G0O-10099-745, accessed October 2010

http://www.energysavers.gov/your_home/space heating_cooling/related.cfm/mytopic=12357

"8 Architectural Energy Corporation, REM/Rate v12.85.

" EIA (2005), Table HC1.1.3: “Housing Unit Characteristics by Average Floorspace”,
http://www.eia.doe.gov/emeu/recs/recs2005/hc2005_tables/hcfloorspace/pdf/tablehc1.1.3.pdf Used Single Family
Detached “Heated” value for Mid-Atlantic region as representative of the living space cooled by a 10 SEER Split A/C unit.
The floorspace recorded for “Cooling” is likely to be affected by Room A/C use.
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Table 2-282-28: Whole House Fan Deemed Energy Savings by PA City

City Annual Energy Savings (kWh/house)
Allentown 204
Erie 200
Harrisburg 232
Philadelphia 229
Pittsburgh 199
Scranton 187
Williamsport 191

This measure assumes no demand savings as whole house fans are generally only used during
milder weather (spring/fall and overnight). Peak 100 hours typically occur during very warm
periods when a whole house fan is not likely being used.

2.15.3 Measure Life

Measure life = 20 years®® (15 year maximum for PA TRM)

- - - ‘[Formatted: Tab stops: 0.5", List tab

8 DEER EUL Summary, Database for Energy Efficient Resources, accessed October 2010,
http://www.deeresources.com/deer0911planning/downloads/EUL_Summary 10-1-08.xIs
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2.16 Ductless Mini-Split Heat Pumps

Measure Name Ductless Heat Pumps

Target Sector Residential Establishments

Measure Unit Ductless Heat Pumps

Unit Energy Savings Variable based on efficiency of systems

Unit Peak Demand Reduction Variable based on efficiency of systems

Measure Life 15 years

ENERGY STAR ductless “mini-split” heat pumps utilize high efficiency SEER/EER and HSPF
energy performance factors of 14.5/12 and 8.2, respectively, or greater. This technology typically
converts an electric resistance heated home into an efficient single or multi-zonal ductless heat
pump system. Homeowners have choice to install an ENERGY STAR qualified model or a standard
efficiency model.

2.16.1 Eligibility

This protocol documents the energy savings attributed to ductless mini-split heat pumps with
energy efficiency performance of 14.5/12 SEER/EER and 8.2 HSPF or greater with inverter
technology.®! The baseline heating system could be an existing electric resistance heating, a lower-
efficiency ductless heat pump system, a ducted heat pump, electric furnace, or a non-electric fuel-
based system. The baseline cooling system can be a standard efficiency heat pump system, central
air conditioning system, or room air conditioner. In addition, this could be installed in new
construction or an addition. For new construction or addition applications, the baseline assumption
is a standard-efficiency ductless unit. The DHP systems could be installed as the primary heating or
cooling system for the house or as a secondary heating or cooling system for a single room.

2.16.2 Algorithms

The savings depend on three main factors: baseline condition, usage (primary or secondary heating
system), and the capacity of the indoor unit.

The algorithm is separated into two calculations: single zone and multi-zone ductless heat pumps.
The savings algorithm is as follows:

Single Zone:

AkWh = Akthoal + AkWhheat

AkWhpeat = CAPYea/1000 X (1/HSPF,, - 1/HSPF. ) X EFLHpeat X LF
AkWheoo = CAPY00/1000 X (1/SEERy, — 1/SEER, ) X EFLH;00) X LF

8" The measure energy efficiency performance is based on ENERGY STAR minimum specification requirements as
specified in ARHI and CEE directory for ductless mini-split heat pumps. Ductless heat pumps fit these criteria and can
easily exceed SEER levels of 16 or greater.

Residential Measures
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Multi-Zone:
AkWh

AkWhpeat

AkWheoo
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2.16.3 Definition of Terms

CAP Ycaol, heat

EFLHcoo/, heat

HSPF,
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SEER,
SEER.
EER,
EER.
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= CAPY 0o/1000 X (1/EER, — 1/EER. ) X CF

= AkWheoo + AkWhpeat

= [CAPY}eo#/1000 X (1/HSPF, - 1/HSPF, ) X EFLHpeat X LF]z0nE1
+ [CAPY}ea/1000 X (1/HSPF, - 1/HSPF. ) X EFLHpeat X LF]z0ng2
+ [CAPY}ea/1000 X (1/HSPF, - 1/HSPF. ) X EFLHpeat X LF]z0ngR

= [CAPY 400/ 1000 X (1/SEER, — 1/SEER, ) X EFLH o0 X LF]z0ne1
+ [CAPY 400/ 1000 X (1/SEER, — 1/SEER, ) X EFLH 001 X LF]70ne>
+ [CAPY 400/ 1000 X (1/SEER, — 1/SEERs ) X EFLHeo0r X LF]z0nen

= [CAPY 50/ 1000 X (1/EERy — 1/EERs ) X CFlzones +
[CAPY 400/1000 X (1/EER, — 1/EERs ) X CFlzonez +
[CAPY 400/1000 X (1/EER, — 1/EERs ) X CFlzonen

= The cooling or heating (at 47° F) capacity of the indoor unit,
given in BTUH as appropriate for the calculation

= Equivalent Full Load Hours — If the unit is installed as the
primary heating or cooling system, as defined in Table 2-27, the
EFLH will use the EFLH primary hours listed in Table 2-26. If the
unit is installed as a secondary heating or cooling system, the
EFLH will use the EFLH secondary hours listed in Table 2-26.

= Heating efficiency of baseline unit

= Efficiency of the installed DHP

= Cooling efficiency of baseline unit

= Efficiency of the installed DHP

= The Energy Efficiency Ratio of the baseline unit
= The Energy Efficiency Ratio of the efficient unit

= Load factor

Residential Measures
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Component Type

Values

Sources

CAPY ¢ool Variable
CAPYheat

EDC Data Gathering

AEPS Application;
EDC Data Gathering

EFLH primary | Fixed

Allentown Cooling = 487 Hours
Allentown Heating = 1,193 Hours
Erie Cooling = 389 Hours

Erie Heating = 1,349 Hours
Harrisburg Cooling = 551 Hours
Harrisburg Heating = 1,103 Hours
Philadelphia Cooling = 591 Hours
Philadelphia Heating = 1,060 Hours
Pittsburgh Cooling = 432 Hours
Pittsburgh Heating = 1,209 Hours
Scranton Cooling = 417 Hours
Scranton Heating = 1,296 Hours
Williamsport Cooling = 422 Hours
Williamsport Heating = 1,251 Hours

1

An EDC can either use the Alternate EFLH

secondary

Optional Table 2-3 or estimate it’sits own EFLH based | EDC Data Gathering
on customer billing data analysis-_
EFLH Fixed Allentown Cooling = 243 Hours 2,3

Allentown Heating = 800 Hours
Erie Cooling = 149 Hours

Erie Heating = 994 Hours
Harrisburg Cooling = 288 Hours
Harrisburg Heating = 782 Hours
Philadelphia Cooling = 320 Hours
Philadelphia Heating = 712 Hours
Pittsburgh Cooling = 228 Hours
Pittsburgh Heating = 848 Hours
Scranton Cooling = 193 Hours
Scranton Heating = 925 Hours
Williamsport Cooling = 204 Hours
Williamsport Heating = 875 hours
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Component Type Values Sources
HSPFy Fixed Standard DHP: 7.7 4,6
Electric resistance: 3.413
ASHP: 7.7
Electric furnace: 3.242
No existing or non-electric heating: use
standard DHP: 7.7
SEER Fixed DHP, ASHP, or central AC: 13 56,7
Room AC: 11.3
No existing cooling for primary space: use
DHP, ASHP, or central AC: 13
No existing cooling for secondary space: use
Room AC: 11.3
HSPFe Variable Based on nameplate information. Should be AEPS Application;
at least ENERGY STAR. EDC Data Gathering
SEER. Variable Based on nameplate information. Should be AEPS Application;
at least ENERGY STAR. EDC Data Gathering
CF Fixed 70% 8
EERy Fixed =(11.3/13) X SEER;, for DHP or central AC 5,9
=9.8 room AC
EER. Variable =(11.3/13) X SEER. AEPS Application;
Based on nameplate information. Should be EDC Data Gathering
at least ENERGY STAR.
LF Fixed 25% 10
Sources:

1. Based on REM/Rate modeling using models from the PA 2012 Potential Study. EFLH
calculated from kWh consumption for cooling and heating. Models assume 50% over-
sizing of air conditioners® and 40% oversizing of heat pumps.®

2. Secondary cooling load hours based on room air conditioner “corrected” EFLH work
paper that adjusted the central cooling hours to room AC cooling hours; see Section 2.12
Room AC Retirement measure.

3. Secondary heating hours based on a ratio of HDD base 68 and base 60 deg F. The ratio
is used to reflect the heating requirement for secondary spaces is less than primary
space as the thermostat set point in these spaces is generally lowered during unoccupied
time periods.

82 Neme, Proctor, Nadal, “National Energy Savings Potential From Addressing Residential HVAC Installation Problems. ACEEE,
February 1, 1999. Confirmed also by Central Air Conditioning in Wisconsin, a compilation of recent field research. Energy Center of
Wisconsin. May 2008, emended December 15, 2010

83 ACCA, “Verifying ACCA Manual S Procedures,” http://www.acca.org/Files/?id=67.
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4. COP = 3.413 HSPF for electric resistance heating. Electric furnace efficiency typically
varies from 0.95 to 1.00 and thereby assumed a COP 0.95 = 3.242.

5. Federal Register, Vol. 66, No. 14, Monday, January 22, 2001/Rules and Regulations, p.
7170-7200.

6. Air-Conditioning, Heating, and Refrigeration Institute (AHRI); the directory of the available
ductless mini-split heat pumps and corresponding efficiencies (lowest efficiency currently
available). Accessed 8/16/2010.

7. SEER based on average EER of 9.8 for room AC unit. From Pennsylvania’s Technical
Reference Manual.

8. Based on an analysis of six different utilities by Proctor Engineering. From
Pennsylvania’s Technical Reference Manual.

9. Average EER for SEER 13 unit. From Pennsylvania’s Technical Reference Manual.

10. The load factor is used to account for inverter-based DHP units operating at partial loads.
The value was chosen to align savings with what is seen in other jurisdictions, based on
personal communication with Bruce Manclark, Delta-T, Inc., who is working with
Northwest Energy Efficiency Alliance (NEEA) on the Northwest DHP Project
<http://www.nwductless.com/>, and the results found in the “Ductless Mini Pilot Study” by
KEMA, Inc., June 2009. This adjustment is required to account for partial load conditions
and because the EFLH used are based on central ducted systems which may
overestimate actual usage for baseboard systems.

2.16.4 Definition of Heating Zone

Definition of primary and secondary heating systems depends primarily on the location where the
source heat is provided in the household, and shown in Table 2-30.

Table 2-302-30: DHP - Heating Zones

Component Definition
Primary Heating Zone Living room
Dining room

House hallway
Kitchen areas
Family Room
Recreation Room

Secondary Heating Zone Bedroom

Bathroom

Basement

Storage Room
Office/Study
Laundry/Mudroom
Sunroom/Seasonal Room

Residential Measures
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2.16.5 Measure Life

According to an October 2008 report for the CA Database for Energy Efficiency Resources, a heat
pump’s lifespan is 15 years.84

2.16.6 Evaluation Protocols

The most appropriate evaluation protocol for this measure is verification of installation coupled
with assignment of stipulated energy savings. A sample of pre- and post-metering is
recommended to verify heating and cooling savings_but billing analysis will be accepted as a
proper form of savings verification and evaluation.

- - - ‘[Formatted: Tab stops: 0.5", List tab

8 DEER values, updated October 10, 2008. Various sources range from 12 to 20 years, DEER represented a reasonable
mid-range. http://www.deeresources.com/deer0911planning/downloads/EUL_Summary_10-1-08.xls
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217 Fuel Switching: DPomestic Hot Water DHW Electric to Gas; Oil;-or
PropaneFossil Fuel Water Heater

Measure Name

Fuel Switching: DHW Electric to-GastoFossible Fuel Water Heater

Target Sector

Residential

Measure Unit

Water Heater

Unit Energy Savings

3,338 kWh

Unit Peak Demand Reduction 0.306277 kW

Gas: 15.38 MMBtu
Propane: 15.38 MMBtu
Oil: 20.04 MMBtu

Gas, Fossil FuelConsumption
Increase

Measure Life Gas:13 years
Propane: 13 years

Oil: 8 years

Natural gas, propane and oil water heaters generally offer the customer lower costs compared to
standard electric water heaters. Additionally, they typically see an overall energy savings when
looking at the source energy of the electric unit versus the fossil fuel-fired unit. Federal standard
electric water heaters have energy factors of 0.904 for a 50 gal unit and a an ENERGY STAR gas
and propane-fired water heater have an energy factor of 0.67 for a 40gal unit and 0.514 for an oil-
fired 40 gal unit®.

2.17.1 Eligibility

This protocol documents the energy savings attributed to converting from a standard electric water
heater with Energy Factor of 0.904 or greater to an ENERGY STAR natural gas or propane water

heater with Energy Factor of 0.67 or greater and 0.514 for oil water heater. If a customer submits a
rebate for a product that has applied for ENERGY STAR Certification but has not yet been certified,

the savings will be counted for that product contingent upon its eventual certification as an
ENERGY STAR measure. If at any point the product is rejected by ENERGY STAR, the product is
then ineligible for the program and savings will not be counted.

The target sector primarily consists of single-family residences.

2.17.2 Algorithms

The energy savings calculation utilizes average performance data for available residential standard
electric and fossil fuel-fired water heaters and typical water usage for residential homes. Because
there is little electric energy associated with a fossil fuel-fired water heater, the energy savings are
the full energy utilization of the electric water heater. The energy savings are obtained through the
following formula:

% RECS 2009 data indicate that the most common size is 31 to 49 gal. An average of 40 gal unit is considered for this
protocol. http://www.eia.gov/consumption/residential/data/2009/).
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1 days BTU Ib
//EFEIec,bI)X AWXBGS yr L= F 83~ (Thot'Tcold))/

Btu
3413 KWh

AkWh =

Although there is a significant electric savings, there is an associated increase in fossil fuel energy
consumption. While this fossil fuel consumption does not count against PA Act 129 energy
savings, it is expected to be used in the program TRC test. The increased fossil fuel usage is
obtained through the following formula:

1 days BTU Ib
{(EFfuel,inst) x <HWX 365 yr *1 lb-F x 83@ . (Thot'TcoId)>}

Btu
MMBtu

Fuel Consumption (MMBtu)
1,000,000

Demand savings result from the removal of the connected load of the electric water heater. The
demand reduction is taken as the annual energy savings multiplied by the ratio of the average
energy usage during reen-and-8PM2 PM to 6 PM on summer weekdays to the total annual energy

usage.
AW pea = EnergyToDemandFactor x Energy Savings
The Energy to Demand Factor is defined below: + ‘[Formatted: Body Text

) - {Formatted: Not Superscript/ Subscript

_Average Usages e mpnoons AVerage Usages, mer wo zom 6 pm
s En s Llnn s Annual Energy Usage

EnergyToDemandFactor

The ratio of the average energy usage during reen2 PM to 6 PM on summer weekdays to the total
annual energy usage is taken from load shape data collected for a water heater and 8-RPM-es-
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1. Obtain the average kW, as monitored for 82 water heaters in PJM territorvgg, for each
hour of the typical day summer, winter, and spring/fall days. Weight the results (91
summer days, 91 winter days, and 183 spring/fall days) to obtain annual energy usage.

2. Obtain the average kW during reen2 PM to 86 PM on summer days from the same data.

The average reon2 PM to 86 PM demand is converted to average weekday reen2 PM to
86 PM demand through comparison of weekday and weekend monitored loads from the
same PJM study®.

4. The ratio of the average weekday roon2 PM to 86 PM energy demand to the annual
energy usage obtained in step 1. The resulting number, 0.8600947200008294, is the
EnergyToDemandFactor.

The load shapes (fractions of annual energy usage that occur within each hour) during summer
week days are plotted in Figure 2-8Figure-2-8.

RESIDENTIAL HOT WATER LOAD SHAPE
0.00016

I\

0.00014
000012 - /-\
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0.00008 \-
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0.00002
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Figure 2-8: Load shapes for hot water in residential buildings taken from a PJM.

2.17.3 Definition of Terms

The parameters in the above equation are listed in Table 2-31 below.

% Deemed Savings Estimates for Legacy Air Conditioning and Water Heating Direct Load Control Programs in PJM
Region. The report can be accessed online: http://www.pjm.com/~/media/committees-groups/working-
groups/Irwg/20070301/20070301-pjm-deemed-savings-report.ashx

% The average is over all 82 water heaters and over all summer, spring/fall, or winter days. The load shapes are taken

from the fourth columns, labeled “Mean”, in tables 14,15, and 16 in pages 5-31 and 5-32
% The 5th column, labeled “Mean” of Table 18 in page 5-34 is used to derive an adjustment factor that scales average

summer usage to summer weekday usage. The conversion factor is 0.925844. A number smaller than one indicates that
for residential homes, the hot water usage from reen2PM to 86 PM is slightly higher is the weekends than on weekdays.
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Table 2-312-34: Calculation Assumptions for Fuel Switching,-Bomestic-Hot Water DHW Electric to GasFossil
Fuel Water Heater

Component Type Values Source

EFeiectbl, Energy Factor of baseline water heater Variable 0.904 or EDC Data 4
Gathering

EFng,nst, Energy Factor of installed natural gas water Variable >=0.67 5
heater®
EFpropane,inst, Energy Factor of installed propane water Variable >=0.67 S |
heater*
EF Tankiess water Heater , Energy Factor of installed tankless Variable >=0.82 5 |
water heater
EFoi,inst, Energy Factor of installed oil water heater* Variable >=0.514 6 |
HW, Hot water used per day in gallons Fixed 50 gallon/day 7 |
Thot, Temperature of hot water Fixed 123 °F 78 |
Teoid, Temperature of cold water supply Fixed 55 °F 89 |
EnergyToDemandFactor Fixed 0.6000947200008294 1-3

40 09472
50 0.9040
85 08842
e o284
420 98446

Sources:

1. Deemed Savings Estimates for Legacy Air Conditioning and Water Heating Direct Load
Control Programs in PJM Region. The report can be accessed online:

http://www.pjm.com/~/media/committees-groups/working-

groups/Irwg/20070301/20070301-pjm-deemed-savings-report.ashx

2. The average is over all 82 water heaters and over all summer, spring/fall, or winter days.
The load shapes are taken from the fourth columns, labeled “Mean”, in tables 14,15, and

16 in pages 5-31 and 5-32
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3. The 5th column, labeled “Mean” of Table 18 in page 5-34 is used to derive an adjustment
factor that scales average summer usage to summer weekday usage. The conversion

factor is 0.925844—A-numbe mallerthan-one-indicates-thatforresidentialhome he

4. Federal Standards are 0.97 -0.00132 x Rated Storage in Gallons. For a 50-gallon tank
this is 0.904. “Energy Conservation Program: Energy Conservation Standards for
Residential Water Heaters, Direct Heating Equipment, and Pool Heaters” US Dept of
Energy Docket Number: EE-2006-BT-STD-0129, p. 30

5. Commission Order”" requires fuel switching to ENERGY STAR measures, not standard
efficiency measures. The Energy Factor has therefore been updated to reflect the
EnergyStar standard for Gas Storage Water Heaters beginning September 1, 2010. From
Residential Water Heaters Key Product Criteria.
http://www.energystar.gov/index.cfm?c=water_heat.pr_crit water heaters Accessed
June 2013

6. Federal Standards are 0.67 -0.0019 x Rated Storage in Gallons for oil-fired storage water
heater. For a 40-gallon tank this 0.514. “Energy Conservation Program: Energy
Conservation Standards for Residential Water Heaters, Direct Heating Equipment, and
Pool Heaters” US Dept of Energy Docket Number: EE-2006-BT-STD-0129, p. 307.
“Energy Conservation Program for Consumer Products: Test Procedure for Water
Heaters”, Federal Register / Vol. 63, No. 90, p. 26005-26006.

4:7. Energy Conservation Program for Consumer Products: Test Procedure for Water +~ =~ 1 Formatted: Numbered + Level: 1 +
Heaters”, Federal Register / Vol. 63, No. 90, p. 26005-26006. Numbering Style: 1, 2, 3, ... + Start at: 1 +
***************** —~ § Alignment: Left + Aligned at: 0.25" + Indent
8. Pennsylvania Statewide Residential End-Use and Saturation Study, 2012, page 42.8-- S\ lat 05
Manv-states-hav nbing-codes-thatlimit show ub-wa A {Formatted:Font:NotBold

7-9. Mid-Atlantic TRM_Version 3.0, March 2013, footnote #24314

2147-52.17.4 _ Energy Factors based on Tank Size

Federal Standards for Energy Facotrs are equal to 0.97 -0.00132 x Rated Storage in Gallons. The
following table shows the Energy Factors for various tank sizes.

%1 See page 42 of the 2013 TRC Test Final Order
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Table 2-322-32: Minimum Baseline Energy Factors based on Tank Size

Tank Size (gallons) | Minimum Enerqy Factors (EFbase)
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2.17.62.17.5 _ Default Savings

The-deemedThe electric savings for the installation of a fossil fuel water heater should be
calculated using the deemed algorithm below.

AkWh = (1/EFelect,bl)*3018.0

The default savings for the installation of a natural gas/ propane/oil water heater in place of a
standard electric water heater are listed in Table 2-33Fable-2-33 below.

Table 2-332-33: Energy Savings and Demand Reductions for Fuel Switching, Domestic Hot Water Electric to
Fossil Fuel

Electric unit Energy Factor Energy Savings (kWh) Demand Reduction (kW)

0.904 3338 0.306277

The deemeddefault fossil fuel consumption for the installation of a standard efficiency natural gas/
propane/oil water heater in place of a standard electric water heater is listed in Table 2-34TFable-
2-34 below.

Table 2-342-34: Fuel Consumption for Fuel Switching, Domestic Hot Water Electric to Fossil Fuel

Fuel Type Energy Factor Fossil Fuel Consumption
(MMBtu)

Gas 0.67 15.37

Propane 0.67 15.37

oll 0.514 20.04

Note that 1 MMBtu of propane is equivalent to 10.87 gals of propane, and 1 MMBtu of oil is
equivalent to 7.19 gals of oil*.

2 http://www.energystar.gov/ia/business/industry/industry _challenge/QuickConverter.xls
Residential Measures
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‘ 2.17.72.17.6 __Measure Life

According to an October 2008 report for the CA Database for Energy Efficiency Resources, gas and
propane water heaters’ lifespans are 13 years. An oil water heater’s lifespand is 8 years.”.

| 2.17.82.17.7 __ Evaluation Protocols

The most appropriate evaluation protocol for this measure is verification of installation coupled with
assignment of stipulated energy savings.

| - - - ‘[Formatted: Tab stops: 0.5", List tab

% DEER values, updated October 10, 2008:
http://www.deeresources.com/deer0911planning/downloads/EUL_Summary_10-1-08.xls
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2.18 Fuel Switching: Heat Pump Water Heater to Gas; Oil-or
PropaneFossil Fuel Water Heater_

Measure Name Fuel Switching: Heat Pump Water Heater to Gas WaterFossil Fuel
Heater

Target Sector Residential

Measure Unit Water Heater

Unit Energy Savings 1,793 kWh (for EF = 2.0)

Unit Peak Demand Reduction 0.464150 kW

Gas, Fossil Fuel Consumption Gas: 15.38 MMBtu
Increase Propane: 15.38 MMBtu
Oil: 20.04 MMBtu

Measure Life Gas:13 years

Propane: 13 years

Oil: 8 years

Natural gas, propane and oilwater heaters reduce electric energy and demand compared to heat
pump water heaters. Standard heat pump water heaters have energy factors of 2.0 and ENERGY
STAR gas and propane water heaters have an energy factor of 0.67 for a 40gal unit and 0.514 for
an oil-fired 40 gal unit.

2.18.1 Eligibility

This protocol documents the energy savings attributed to converting from a standard heat pump
water heater with Energy Factor of 2.0 or greater to an ENERGY STAR natural gas or propane
water heater with Energy Factor of 0.67 or greater and 0.514 for an oil water heater. If a customer
submits a rebate for a product that has applied for ENERGY STAR Certification but has not yet
been certified, the savings will be counted for that product contingent upon its eventual certification

as an ENERGY STAR measure. If at any point the product is rejected by ENERGY STAR, the
product is then ineligible for the program and savings will not be counted.

The target sector primarily consists of single-family residences.

2.18.2 Algorithms

The energy savings calculation utilizes average performance data for available residential standard
heat pump water heaters and fossil fuel-fired water heaters and typical water usage for residential
homes. Because there is little electric energy associated with a fossil fuel-fired water heater, the
energy savings are the full energy utilization of the heat pump water heater. The energy savings
are obtained through the following formula:

1 b
ST
AkWh = =rm
kAR
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1 days BTU b
{(m) X <HW X 365 T X1 b=F X Bgm X (Thot — Tcald))}
AkWh = Bii
3413—kWh

Although there is a significant electric savings, there is an associated increase in fossil fuelenergy
consumption. While this fossil fuel consumption does not count against PA Act 129 energy
savings, it is expected to be used in the program TRC test. The increased fossil fuelenergy is
obtained through the following formula:

fossil
1 b 1 N HWX{ Formatted: Font: Arial )
. g m/ /XooT yr T Ih—F u.ugal l'hot'cold/
Fuel Consumption (MMBtu) = yerm = - — B
1600000 ———— / [ o
- 000 y 1,000,000 7m=ms
Demand savings result from the removal of the connected load of the heat pump water heater. The
demand reduction is taken as the annual energy savings multiplied by the ratio of the average
energy usage during reen-and-8PM2 PM to 6 PM on summer weekdays to the total annual energy
usage.
Demand Savings =EnergyToDemandFactor x Energy Savings
* e ‘[Formatted: Body Text ]
AverageUsage——————  Average Usage . : : Ari
EnergyToDemandFactor _ Summer WD-Noorn-8 g 9€ Summer WD 2PM- 6 PM - { Formatted: Font: Arial ]
oo AnnuekEnergylbsege Annual Energy Usage 7

The ratio of the average energy usage during 2 PM to 6 PM on summer weekdays to the total

annual energy usage is taken from load shape data collected for a water heater and HYAC demand
response study for PJM*. The factor is constructed as follows:

5.2. Obtain the average kW, as monitored for 82 water heaters in PJM territory®, for each.  +- - - { Formatted: Numbered + Level: 1 +

hour of the typical day summer, winter, and spring/fall days. Weight the results (91 Ell}mbe”"tg fnf’t"-‘: kl?’ 3a---t+§t;gt at3|1d+ .
. . . ignment: Left + Aligned at: 25" + Inden
summer days, 91 winter days, and 183 spring/fall days) to obtain annual energy usage. at:g 0.5" g

)4

% Deemed Savings Estimates for Legacy Air Conditioning and Water Heating Direct Load Control Programs in PJM
Region. The report can be accessed online: http://www.pjm.com/~/media/committees-groups/working-
groups/Irwg/20070301/20070301-pjm-deemed-savings-report.ashx

5

% The average is over all 82 water heaters and over all summer, spring/fall, or winter days. The load shapes are taken
from the fourth columns, labeled “Mean”, in tables 14,15, and 16 in pages 5-31 and 5-32
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2.3. Obtain the average kW during reen2 PM to 86 PM on summer days from the same data.

3-4.The average neen2 PM to 86 PM demand is converted to average weekday reen2 PM to
86 PM demand through comparison of weekday and weekend monitored loads from the
same PJM study®.

4.5. The ratio of the average weekday reen2 PM to 86 PM energy demand to the

annual energy usage obtained in step 1. The resulting number, 0,06000947200008294, is _ _ - {Formatted; Underline

the EnergyToDemandFactor.

The load shapes (fractions of annual energy usage that occur within each hour) during summer
week days are plotted in Figure 2-9.

RESIDENTIAL HOT WATER LOAD SHAPE
0.00016

0.00014 TAN

0.00012 | /

0.0001 /-\
0.00008 | / \
0.00006

0.00004 | \_/

0.00002

Fraction of Annual Energy Usage

o
1 3 5 7 9 11 13 15 17 19 21 23

Hour of Day (Summer Weekday)

Figure 2-9: Load shapes for hot water in residential buildings taken from a PJM.

2.18.3 Definition of Terms

The parameters in the above equation are listed in Table 2-35Table-2-35.

summer usage to summer weekday usage. The conversion factor is 0.925844. A number smaller than one indicates
that for residential homes, the hot water usage from noon to 8 PM is slightly higher is the weekends than on weekdays.
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Table 2-352-35: Calculation Assumptions for Heat Pump Water Heater to Fossil Fuel Water Heaters

Component Type Values Source ¢~ {Formatted Table
EFup i , Energy Factor of baseline heat pump water Variable Default 2 2.0; or EDC | 4
heater Data Gathering
EFng,inst - Energy Factor of installed natural gas water Variable 2 0.67 or EDC Data 5
heater Gathering
EFpropane,inst, Energy Factor of installed propane water Variable >=0.67_or EDC Data 5
heater Gathering
EF Tankiess water Heater , Energy Factor of installed tankless Variable >=0.82 ) |
water heater
EFoi,inst, Energy Factor of installed oil water heater Variable >=0.514 or EDC Data | 6 D ‘[Formatted Table
Gathering
HW, Hot water used per day in gallons Fixed 50 gallon/day 67
Thot, Temperature of hot water Fixed 123 °F 78
Teod, TEMperature of cold water supply Fixed 55 °F 89
Fperate, COP De-rating factor Fixed 0.84 910, and
discussion
below
EnergyToDemandFactor Fixed 0.0600947200008294 | 1-3
Sources:

2.1.Deemed Savings Estimates for Legacy Air Conditioning and Water Heating Direct Load
Control Programs in PJM Region. The report can be accessed online:
http://www.pjm.com/~/media/committees-groups/working-

groups/Irwg/20070301/20070301-pjm-deemed-savings-report.ashx

3.2.The average is over all 82 water heaters and over all summer, spring/fall, or winter days.
The load shapes are taken from the fourth columns, labeled “Mean”, in tables 14,15,

and 16 in pages 5-31 and 5-32

4-3.The 5th column, labeled “Mean” of Table 18 in page 5-34 is used to derive an
adjustment factor that scales average summer usage to summer weekday usage.

The

conversion factor is 0.925844. A number smaller than one indicates that for residential
homes, the hot water usage from reen2 PM to 86 PM is slightly higher is the weekends

than on weekdays.

5.4.Heat pump water heater efficiencies have not been set in a Federal Standard. However,
the Federal Standard for water heaters does refer to a baseline efficiency for heat pump
water heaters as EF = 2.0 “Energy Conservation Program: Energy Conservation
Standards for Residential Water Heaters, Direct Heating Equipment, and Pool Heaters”
US Dept of Energy Docket Number: EE-2006-BT-STD-0129.
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6.5.Commission Order® requires fuel switching to ENERGY STAR measures, not standard
efficiency measures. The Energy Factor has therefore been updated to reflect the
EnergyStar standard for Gas Storage Water Heaters beginning September 1, 2010.
From Residential Water Heaters Key Product Criteria.
http://www.energystar.gov/index.cfm?c=water_heat.pr crit water heaters Accessed
June 2013 ederal Standards are 0.67 -0.0019 x Rated Storage in Gallons. ederal
Standards are 0.67 -0.0019 x Rated Storage in Gallons. For a 40-gallon tank this is
0.594. “Energy Conservation Program: Energy Conservation Standards for Residential
Water Heaters, Direct Heating Equipment, and Pool Heaters” US Dept of Energy Docket
Number: EE-2006-BT-STD—-0129, p. 30

6. Federal Standards are 0.67 -0.0019 x Rated Storage in Gallons for oil-fired storage
water heater. For a 40-gallon tank this 0.514. “Energy Conservation Program: Energy
Conservation Standards for Residential Water Heaters, Direct Heating Equipment, and
Pool Heaters” US Dept of Energy Docket Number: EE-2006—BT-STD-0129, p. 307.
“Energy Conservation Program for Consumer Products: Test Procedure for Water
Heaters”, Federal Register / Vol. 63, No. 90, p. 26005-26006.

7. “Energy Conservation Program for Consumer Products: Test Procedure for Water
Heaters”, Federal Register / Vol. 63, No. 90, p. 26005-26006.

8. Pennsylvania Statewide Residential End-Use and Saturation Study, 2012, page 42.
9. Mid-Atlantic TRM Version 3.0, March 2013, footnote #314

10. The performance curve is adapted from Table 1 in
http://wescorhvac.com/HPWH%20design%20details.htm#Single-stage %20HPWHs

The performance curve depends on other factors, such as hot water set point. Our
adjustment factor of 0.84 is a first order approximation based on the information available

in literature.

Formatted: Numbered + Level: 1 +
Numbering Style: 1, 2, 3, ... + Start at: 1 +
Alignment: Left + Aligned at: 0.25" + Indent
at: 0.5"

{Formatted: Font: Not Bold

) . . . . Formatted: Outline numbered + Level: 1 +
11. Based on TMY2 weather files from DOE2.com for Erie, Harrisburg, Pittsburgh, Wilkes- <« Numbering Style: 1, 2, 3, ... + Start at: 2 +

Barre, And Williamsport, the average annual wet bulb temperature is 45 + 1.3 °F. The . | Alignment: Left + Aligned at: 0.31" + Tab

. . . \ | after: 0.56" + Indent at: 0.56
wet bulb temperature in garages or attics, where the heat pumps are likely to be > -
. . . . L or Formatted: Outline numbered + Level: 1 +
installed, are likely to be two or three degrees higher, but for simplicity, 45 °F is Numbering Style: 1, 2, 3, ... + Start at: 1 +
assumed to be the annual average wet bulb temperature. Alignment: Left + Aligned at: 0.31" + Tab

after: 0.56" + Indent at: 0.56"

% See page 42 of the 2013 TRC Test Final Order.
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2.18.4 Heat Pump Water Heater Energy Factor

The Energy Factors are determined from a DOE testing procedure that is carried out at 56 °F wet
bulb temperature. However, the average wet bulb temperature in PA is closer to 45 °F'®. The heat
pump performance is temperature dependent. The plot in Figure 2-10 shows relative coefficient of
performance (COP) compared to the COP at rated conditions'". According to the linear regression
shown on the plot, the COP of a heat pump water heater at 45 °F is 0.84 of the COP at nominal
rating conditions. As such, a de-rating factor of 0.84 is applied to the nominal Energy Factor of the
Heat Pump water heaters.

COP vs. Temperature
L 16
N 14 y=0.0149x + 0.1635
5 R?= 0.9981
2 12 :
(4]
a
0.8
3 L 4
- 0.6
[7)
S 04
2
T 0.2
a.
S o . . . .
0 20 40 60 80 100
Wetbulb Temperature (F)

Figure 2-10: Dependence of COP on Outdoor Wet-Bulb Temperature

2.18.5 The-deemedDefaultSavings

The savings for the installation of a fossil fuel water heater should be calculated using the
deemed algorithm below.

AkWh = (1/[EFHP,BI*Fderate])*3018.0The fossil fuel consumption should be calculated using
the deemed algorithm below.

1% Based on TMY2 weather files from DOE2.com for Erie, Harrisburg, Pittsburgh, Wilkes-Barre, And Williamsport, the
average annual wetbulb temperature is 45 + 1.3 °F. The wetbulb temperature in garages or attics, where the heat pumps
are likely to be installed, are likely to be two or three degrees higher, but for simplicity, 45 °F is assumed to be the annual
average wetbulb temperature.

" The performance curve is adapted from Table 1 in http://wescorhvac.com/HPWH%20design%20details.htm#Single-
stage%20HPWHs

The performance curve depends on other factors, such as hot water set point. Our adjustment factor of 0.84 is a first
order approximation based on the information available in literature.
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Fossil Fuel Consumption (MMBtu) = (1/EFNG,Inst)*10.3

The default savings for the installation of a fossil fuel-fired water heater in place of a standard heat

pump water heater are listed in Table 2-36 below.

Table 2-362-36: Energy Savings and Demand Reductions for Heat Pump Water Heater to Fossil Fuel Water

Heater

Heat Pump unit Energy Factor

Energy Savings (kWh)

Demand Reduction (kW)

2.0

1,796

0.464150

The deemed-gasdefaultgas consumption for the installation of an ENERGY STAR natural gas,
propane or oilwater heater in place of a standard heat pump water heater is listed in Table

2-37Fable-2-37 below.

Table 2-372-37: Gas, Oil, Propane Consumption for Heat Pump Water Heater to-Gas-WatertoFossil FuelWater

Heater
Fuel Type Energy Factor Gas Consumption (MMBtu)
Gas 0.67 15.37
Propane 0.67 15.37
Qll 0.514 20.04

2.18.6 Measure Life

According to an October 2008 report for the CA Database for Energy Efficiency Resources, gas and
propane water heaters’ lifespan are13 years'®. An oil water heater’s lifespand is 8 years."®..

2.18.7 Evaluation Protocols

The most appropriate evaluation protocol for this measure is verification of installation coupled with
assignment of stipulated energy savings.

- - - ‘[Formatted: Tab stops: 0.5", List tab

12 DEER values, updated October 10, 2008
http://www.deeresources.com/deer0911planning/downloads/EUL _Summary 10-1-08.xIs
'% DEER values, updated October 10, 2008:
http://www.deeresources.com/deer0911planning/downloads/EUL_Summary_10-1-08.xls
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2.19 Fuel Switching: Electric Heat to Gas/Propane/Qil Heat

This protocol documents the energy savings attributed to converting from an existing electric
heating system to a new natural gas, propane, or oil furnace or boiler in a residential home. The
target sector primarily consists of single-family residences.

The baseline for this measure is an existing residential home with an electric primary heating
source. -The heating source can be electric baseboards, electric furnace, or electric air source heat

pump.

The retrofit condition for this measure is the installation of a new standard efficiency natural gas, «- - - {Formatted; Normal, Space After: 6 pt

propane, or oil furnace or boiler. To encourage adoption of the highest efficiency units, older units
which meet outdated ENERGY STAR standards may be incented up through the given sunset
dates (see table below).

ENERGY STAR
ENERGY STAR Product Criteria Effective Act 129 Sunset
Version Manufacture Date | Date®
ENERGY STAR Furnaces Version 4.0 February 1, 2013 N/A
ENERGY STAR Furnaces Version 3.0 February 1, 2012 May 31, 2014
ENERGY STAR Furnaces Version 2.0,
Tier 1l units October 1, 2008 May 31, 2013

@ Date after which Act 129 programs may no longer offer incentives for products meeting
the criteria for the listed ENERGY STAR version.”

EDCs may provide incentives for equipment with efficiencies greater than or equal to the
applicable ENERGY STAR requirement per the following table.

Equipment Enerqy Star Requirements *-

e AFUE rating of 95% or greater

Gas Furnace e |ess than or equal to 2.0% furnace fan efficiency

® |essthan or equal to 2.0% air leakage

® AFUE rating of 85% or greater
Qil Furnace e |ess than or equal to 2.0% furnace fan efficiency

® |essthan or equal to 2.0% air leakage

Boiler ® AFUE rating of 85% or greater

! Residential Furnace and Boiler Energy Star product criteria.

http://www.energystar.gov/index.cfm?c=furnaces.pr_crit furnaces and
http://www.energystar.gov/index.cfm?fuseaction=find_a_product.showProductGroup&pgw_code=BO
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2.19.1 Algorithms

The energy savings are the full energy consumption of the electric heating source minus the energy
consumption of the fossil fuel furnace blower motor. EDC’s may use billing analysis using program
participant data to claim measure savings, in lieu of the defaults provided in this measure protocol.
The energy savings are obtained through the following formulas:

Heating savings with electric baseboards or electric furnace (assumes 100% efficiency):

Energy Impact:

w
_ CAPY glec heat XEFLHeIecfumace HPotor X (746 m) XEPEH@WEFLHfuequrnace

4 kWheIec heat
Btu w
X1000 W

3412 TWh 77 motor

Heating savings with electric air source heat pump:

Energy Impact:

w
APV EFLHag: CAPY sspip heat X EFLHaspp #PWWW}%%%HPWWX (

w
746mJ

) XEFLHfuelfurnace

4 kWhASHP heat

HSP&;,;WX—IQQ% HSPFasp Xlooo% WGQ%

For boilers, the annual pump energy consumption is negligible (<50 kWh per year) and not included
in this calculation.'®

There are no peak demand savings as it is a heating only measure.

Although there is a significant electric savings, there is also an associated increase in natural gas
energy consumption. While this gas consumption does not count against PA Act 129 energy
savings, it is expected to be used in the program TRC test. The increased fossil fuel energy is
obtained through the following formulas:

Gas consumption with natural-gas fossil fuel furnace:
_ GA’%W%W CAPquel heat XEFLHfuelfurnace

Bty Btu
AFU&E@%%G% AFUE g6/ heat X 1,000,000 VIMEBTG

Gas Consumption (MMBtu)

2.19.2 Definition of Terms

CAPY gioc heat = Total heating capacity of existing electric baseboards or
electric furnace (BtuH)

CAPY asHp heat = Total heating capacity of existing electric ASHP (BtuH)
CAPYuel heat = Total heating capacity of new natural gas furnace (BtuH)
EFLHxsHp = Equivalent Full Load Heating hours for Air Source Heat Pumps

105 Pump motors are typically 1/25 HP. With 1,000 hour runtime and 80% assumed efficiency, this translates to 37 kWh.

Residential Measures
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EFLHelec furnace

EFLHeIec bb

EFLHfueI furnace

HSPFASHP

AFUE fuel heat

HPmotor

Nmotor
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= Equivalent Full Load Heating hours for Electric Forced Air
Furnaces

= Equivalent Full Load Heating hours for Electric Baseboard
systems

= Equivalent Full Load Heating hours for Fossil Fuel Furnace
systems

= Heating Seasonal Performance Factor for existing heat pump
(Btu/W-=hr)

= Annual Fuel Utilization Efficiency for the new gas furnace (%)
= Gas furnace blower motor horsepower (hp)

= Efficiency of furnace blower motor

Fuel Switching: Electric Heat to Gas/Propane/Oil Heat
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Table 2-382-38: Default values for algorithm terms, Fuel Switching, Electric Heat to Gas Heat

Term

Type

Value

Source

CAPYeIec heat

Variable

Nameplate

EDC Data Gathering

CAPY AsHP heat

Variable

Nameplate

EDC Data Gathering

CA Pquel heat

Variable

Nameplate

EDC Data Gathering

EFLHasHP

Default

Allentown = 1,193
Erie = 1,349
Harrisburg = 1,103
Philadelphia = 1,060
Pittsburgh = 1,209
Scranton = 1,296
Williamsport = 1,251

2014 PA TRM Table 2-1, in Electric HVAC
section

Optional

An EDC can either use
the Alternate EFLH Table
or estimate it's own EFLH
based on customer billing
data analysis.

Alternate EFLH Table (See Section 2.19.3) or
EDC Data Gathering

EFLHeIec furnace

Default

Allentown = 1,000
Erie = 1,075
Harrisburg = 947
Philadelphia = 934
Pittsburgh = 964
Scranton = 1,034
Williamsport = 1,011

Optional

An EDC can either use
the Alternate EFLH Table
or estimate it's own EFLH
based on customer billing
data analysis.

Alternate EFLH Table (See Section 2.19.3) or
EDC Data Gathering

EFLHeIec bb

Default

Allentown = 1,321
Erie = 1,396
Harrisburg = 1,265
Philadelphia = 1,236
Pittsburgh = 1,273
Scranton = 1,357
Williamsport = 1,354

Optional

An EDC can either use
the Alternate EFLH Table
or estimate it's own EFLH
based on customer billing
data analysis.

Alternate EFLH Table (See Section 2.19.3) or
EDC Data Gathering
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EFLHfueI;furnace

Default

Allentown = 1,022
Erie = 1,098
Harrisburg = 969
Philadelphia = 955
Pittsburgh = 985
Scranton = 1,056
Williamsport = 1,033

Optional

An EDC can either use
the Alternate EFLH Table
or estimate it's own EFLH
based on customer billing
data analysis.

Alternate EFLH Table (See Section 2.19.3) or
EDC Data Gathering

E FLHfueI:boiler

Default

Allentown = 1,334
Erie = 1,411
Harrisburg = 1,279
Philadelphia = 1,249
Pittsburgh = 1,283
Scranton = 1,371
Williamsport = 1,354

Optional

An EDC can either use
the Alternate EFLH Table
or estimate it's own EFLH
based on customer billing
data analysis.

Alternate EFLH Table (See Section 2.19.3) or
EDC Data Gathering

HSPFasHp

Variable

Default = 7.7

2010 PA TRM Table 2-1

Nameplate

EDC Data Gathering

AFUEfyel heat

Variable

Default = 9695% (natural
gas/propane furnace)

8095% (natural
gas/propane steam
boiler)

8295% (natural
gas/propane hot water
boiler)

85% (oil furnace)
8285% (oil steam boiler)

8485% (oil hot water
boiler)

ENERGY STAR requirement

Nameplate

EDC Data Gathering

Residential Measures
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HPmotor Variable Default = %2 hp Average blower motor capacity for gas furnace
(typical range = %4 hp to % hp)
Nameplate EDC Data Gathering
Nmotor Variable Default = 0.50 Typical efficiency of %2 hp blower motor
Nameplate EDC Data Gathering

2.19.3 Alternate Equivalent Full Load Hour (EFLH) Tables

Table 2-39 through Table 2-43Table 2-43Fable-2-43-below, show heating EFLH by city and for
each EDC’s housing demographics. In order to determine the most appropriate EFLH value to
use for a project, first select the type of electric heating equipment being replaced, then the
appropriate EDC. Next, from the column, pick the closest city to the project location. The value
shown in that cell will be the EFLH value to use for the project.

Table 2-392-39: Alternate Heating EFLH for Air Source Heat Pumps

PPL Penelec Met Ed West Duquesne | Penn PECO
Penn Power
Allentown 1112 1057 1122 1165 1265 1226 1320
Erie 1255 1204 1273 1317 1420 1376 1494
Harrisburg 1028 974 1035 1077 1174 1138 1219
Philadelphia | 986 940 1001 1039 1134 1098 1165
Pittsburgh 1124 1068 1133 1175 1274 1234 1347
Scranton 1203 1151 1218 1261 1365 1321 1445
Williamsport | 1161 1110 1175 1218 1320 1278 1392
Table 2-402-40: Alternate Heating EFLH for Electric Furnaces
PPL Penelec Met Ed West Duquesne | Penn PECO
Penn Power
Allentown 914 890 952 991 1079 1037 1100
Erie 986 964 1027 1064 1150 1108 1183
Harrisburg 866 837 900 940 1027 986 1041
Philadelphia | 854 827 893 931 1018 976 1021
Pittsburgh 882 854 914 950 1033 994 1068
Scranton 945 922 983 1020 1107 1064 1144
Williamsport | 924 902 961 998 1085 1043 1118
Table 2-412-44: Alternate Heating EFLH for Electric Baseboard Heating
PPL Penelec Met Ed West Duquesne | Penn PECO
Penn Power
Allentown 1355 1204 1280 1334 1351 1355 1326
Erie 1432 1287 1360 1408 1426 1430 1395
Harrisburg 1300 1144 1224 1280 1298 1299 1271
Philadelphia | 1272 1115 1194 1247 1268 1269 1242
Pittsburgh 1301 1158 1230 1281 1297 1431 1277
Scranton 1389 1245 1317 1369 1385 1385 1366
Williamsport | 1373 1230 1303 1351 1371 1371 1394
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PPL Penelec Met Ed West Duquesne | Penn PECO
Penn Power
Allentown 934 919 985 1023 1116 1071 1106
Erie 1007 995 1060 1098 1188 1144 1190
Harrisburg 887 865 931 973 1064 1018 1048
Philadelphia | 873 855 922 962 1055 1007 1027
Pittsburgh 900 882 945 982 1067 1024 1075
Scranton 965 951 1016 1053 1144 1099 1149
Williamsport | 944 931 993 1031 1121 1078 1124
Table 2-432-43: Alternate Heating EFLH for Fossil Fuel Boilers
PPL Penelec Met Ed West Duquesne | Penn PECO
Penn Power
Allentown 1366 1214 1289 1346 1363 1364 1347
Erie 1445 1299 1370 1422 1440 1440 1417
Harrisburg 1312 1155 1234 1290 1308 1309 1291
Philadelphia | 1281 1125 1205 1261 1278 1280 1260
Pittsburgh 1315 1169 1240 1294 1311 1311 1292
Scranton 1400 1256 1330 1378 1399 1397 1386
Williamsport | 1384 1238 1313 1365 1382 1383 1364

2.19.4 Measure Life

Measure life = 20 years'””

Sources:

1. Based on REM/Rate modeling using models from the PA 2012 Potential Study. EFLH
calculated from kWh consumption for cooling and heating. Models 40% oversizing of
heat systems.

7 PA 2010 TRM Appendix A: Measure Lives. Note that PA Act 129 savings can be claimed for no more than 15 years.
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2.20 _Ceiling/ Attic and Wall Insulation -

This measure applies to installation/retrofit of new or additional insulation in a ceiling/attic, or
walls of existing residential homes or apartment units in multifamily complexes with a primary
electric heating and/or cooling source. The installation must achieve a finished ceiling/attic
insulation rating of R-38 or higher, and/or must add wall insulation of at least an R-6 or greater
rating.

The baseline for this measure is an existing residential home with a ceiling/attic insulation R-value
less than or equal to R-30, and wall insulation R-value less than or equal to R-11, with an electric
primary heating source and/or cooling source.

2:21:42.20.1 _ Algorithms <+~~~ - Formatted: Indent: Left: 0", Outline
numbered + Level: 3 + Numbering Style: 1, 2,

The savings values are based on the following algorithms. 3, .. + Start at: 1 + Alignment: Left + Aligned
at: 0.19" + Tab after: 0.44" + Indent at:

Cooling savings with central A/C: 833 Tab stops: 0.25", List tab + Not at
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day 1 1 1 1
AkWheac B T AHF X Aroof R ) +Awail R )
SEER cA CX1OOOWV roof, bl roof,ee wall,bl wall,ee
AkthAc
AKW e XCF,
peak-CAC EFL Hcoo/ CAC
Cooling savings with room A/C:
CDDx24dh—’y *xDUAXFroom ac , , , 1
AkWhgae = W X|AHF X Aroof (R_R_> +Awal (R__R )]
EER RAC X 1000 m roof, bl roof,ee wall,bl wall,ee
AkW, = ———xCF,
peak-RAC EFL Hcool RAC RAC
Cooling savings with electric air-to-air heat pump:
hr
B CDDXZ4W xDUA 1 1 1 1
AkWhaspp cool S ——w" AHF X Aot R R . +Awal R R
SEERastp*1000 7y roof,bl Mroof.ee wall,bl Fwallee
Ak WhASHP cool
AkW, = ———xCF,
peak-ASHP cool EFLH,yy ASHP

Heating savings with electric air-to-air heat pump'

HDDx*24 _d B 1 1 1
AkWhstip heat =—— [ < R ) +tAwal <—R R )]
H SPFA SHPX 1000 W roof bl roof,ee wall,bl wall,ee

Ak Wpeak-ASHP heat =0
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Heating savings with electric baseboard or electric furnace heat (assumes 100% efficiency):

hr
AkWh _HDDXMWX[A ( 1 : )+A ( : : )]
elec heat 341 2& roof Rroof,bl Rroof,ee wall Rwall,bl Rwall,ee
kWh
Ak Wpeakelec heat =0
2.214.22.20.2 __ Definition of Terms <«~ -~ - Formatted: Indent: Left: 0", Outline
i numbered + Level: 3 + Numbering Style: 1, 2,
CDD = Cooling Degree Days (Degrees F * Days) 3, .. + Start at: 1 + Alignment: Left + Aligned
at: 0.19" + Tab after: 0.44" + Indent at:
HDD = Heating Degree Days (Degrees F * Days) 8-33:’ Tab stops: 0.25", List tab + Not at
DUA = Discretionary Use Adjustment to account for the fact that

people do not always operate their air conditioning system when
the outside temperature is greater than 65F.

AHF = Attic Heating Factor increases cooling load to home due to
attic temperatures being warmer than ambient outdoor air
temperature on sunny days.

Aroof = Area of the ceiling/attic with upgraded insulation (ff})

Ayan = Area of the wall with upgraded insulation (ff)

Rroofbl = Assembly R-value of ceiling/attic before retrofit (f*°F*hr/Btu)

Rroofee = Assembly R-value of ceiling/attic after retrofit (f®*°F*hr/Btu)

Ruaipl = Assembly R-value of wall before retrofit (f*°F*hr/Btu)

Ruwall ee = Assembly R-value of wall after retrofit (ft**°F*hr/Btu)

SEERcac = Seasonal Energy Efficiency Ratio of existing home central air
conditioner (Btu/W=hr)

EERRuc = Average Energy Efficiency Ratio of existing room air
conditioner (Btu/W=hr)

SEERssHp = Seasonal Energy Efficiency Ratio of existing home air source

heat pump (Btu/Wahr)

HSPFssHp = Heating Seasonal Performance Factor for existing home heat
pump (Btu/W=hr)

CFcac = Demand Coincidence Factor (See Section 1.4) for central AC
systems

CFrac = Demand Coincidence Factor (See Section 1.4) for Room AC
systems

Residential Measures
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CFasHp = Demand Coincidence Factor (See Section 1.4) for ASHP
systems

EFLH 0 = Equivalent Full Load Cooling hours for Central AC and ASHP

EFLH 001 rAC = Equivalent Full Load Cooling hours for Room AC

Froom ac = Adjustment factor to relate insulated area to area served by

Room AC units

The default values for each term are shown inTable2-43. Table 2-44. The default values for
heating and cooling days and hours are given in_Table 2-44Table 2-45Fable-2-45Fable2-43.

Table 2-442-44: Default values for algorithm terms, Ceiling/Attic and Wall Insulation

Term Type Value Source - {Formatted Table
Aroof Variable Varies EDC Data Gathering
Avall Variable Varies EDC Data Gathering
DUA Fixed 0.75 OH TRM'®
AHF Fixed 1.056 13,14
Rroof ol Madable |5 | Undinsulated attic | - { Deleted cells
Variable, | l16 - - _____| 4.5” (R-13) of existing attic- — — |- - — ‘[Formatted: Not Superscript/ Subscript
insulation
22 6" (R-19) of existing attic
insulation
30 10” (R-30) of existing attic
insulation

Existing Assembly R-value EDC Data Gathering

Ruoofee Mardable |38 | RetrofittoR-38totalattic = |~~~ ‘[Formatted Table
[ insulation h ‘[ Deleted Cells
Variable, || _______ l4g - - - o] Retrofit to R-49 total attic- - — — -|- - — | Formatted: Font: Not Italic, Not Superscript/
insulation Subscript

|

Retrofit Assembly R-value EDC Data Gathering

Ruwaiipl Variable Default = 5.0 15 Assumes existing, un- D ‘[Formatted Table

insulated wall with 2x4 studs @

1% “State of Ohio Energy Efficiency Technical Reference Manual,” prepared for the Public Utilities Commission of Ohio by
Vermont Energy Investment Corporation. August 6, 2010.

1% Used eQuest 3.64 to derive roof assembly R-values. When insulation is added between the joists as in most insulation
up to R-30 (10”), the assembly R-value is based on a parallel heat transfer calculation of the insulation and joists, rather
than a series heat transfer.

"' Generally as insulation is added beyond R-30 (10", the insulation has cleared the joists and the R-value of the
insulation above the joists can be added as a series heat transfer rather than a parallel heat transfer condition. Therefore,
above R-30 insulation levels, the additional R-value can be added directly to the assembly value of R-30 insulation.

" Used eQuest 6.64 to derive wall assembly R-values.
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16” o.c., w/ wood/vinyl siding

Existing Assembly R-value

EDC Data Gathering

12

Ruallee Variable Default = 911.0 Assumes adding R-6 per DOE
recommendations'"®
Retrofit Assembly R-value EDC Data Gathering
SEERcac Variable Default for equipment Minimum Federal Standard for
installed before 1/23/2006 new Central Air
=10 Conditioners/Heat Pumps
Default for equipment between 1990 and 2006
installed after 1/23/2006 = ASHRAE 90.1-2007
13
Nameplate EDC Data Gathering
EERpac Variable Default = 9.8 DOE Federal Test Procedure
10 CFR 430, Appendix F
(Used in ES Calculator for
baseline)
Nameplate EDC Data Gathering
SEERAasHP Variable Default for equipment Minimum Federal Standard for
installed before 1/23/2006 new Central Air
=10 Conditioners/Heat Pumps
Default for equipment between 1990 and 2006
installed after 1/23/2006 = ASHRAE 90.1-2007
13
Nameplate EDC Data Gathering
HSPFashp Variable Default for equipment Minimum Federal Standard for
installed before 1/23/2006 new Central Air
=6.8 Conditioners/Heat Pumps
Default for equipment between 1990 and 2006
installed after 1/23/2006 = ASHRAE 90.1-2007
7.7
Nameplate EDC Data Gathering
CFcac Fixed 0.70 Table 2-1
CFrac Fixed 0.58 See Section 2.29 </~~~ { Formatted Table
CFastp Fixed 0.70 Table 2-1
FRroomAC Fixed 0.38 Calculated'™ </~ -~ { Formatted Table

"2 Used eQuest 6.64 to derive wall assembly R-values. It is coincidence that adding R-6 to a 2x4 stud wall essentially
yields R-9 assembly value even though this was done using a parallel heat transfer calculation. This was due to rounding.
The defaults are based on conservative assumptions of wall construction.

'3 DOE recommendation on ENERGY STAR website for adding wall insulation to existing homes in Zones 5-8. Insulation

may be loose fill in stud cavities or board insulation beneath siding.
http://www.energystar.gov/index.cfm?c=home_sealing.hm_improvement_insulation_table
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Table 2-452-45: EFLH, CDD and HDD by City

EFLHcool EFLHcool RAC CDD (Base HDD (Base

City (Hours)115 (Hours)116 65)117 65)118

Allentown 487 243 787 5830

Erie 389 149 620 6243

Harrisburg 551 288 955 5201

Philadelphia 591 320 1235 4759

Pittsburgh 432 228 726 5829

Scranton 417 193 611 6234

Williamsport 422 204 709 6063

A o ______________ - ‘[Formatted: Font: 10 pt

Alternate EFLH values from Table 2-2Table 2-2Table 2-2 Errorl Reference source not found.
and Table 2-3Error! Reference source-notfound. in Section 2.1 may also be used for central
airc conditioners and air source heat pumps. The tables show cooling EFLH and heating EFLH,
respectively, by city and for each EDC’s housing demographics. EFLH values are only shown for
cities that are close to customers in each EDC's service territory. In order to determine the most
appropriate EFLH value to use for a project, first select the appropriate EDC, then, from that
column, pick the closest city to the project location. The value shown in that cell will be the EFLH
value to use for the project.

2.21.32.20.3 __Measure Life “ iuln

Measure life = 25 years'"°.

"' From PECO baseline study, average home size = 2323 ft?, average number of room AC units per home = 2.1.
Average Room AC capacity = 10,000 BtuH per ENERGY STAR Room AC Calculator, which serves 425 ft* (average
between 400 and 450 ft? for 10,000 BtuH unit per ENERGY STAR Room AC sizing chart). Froomac = (425 ft? * 2.1)/(2323
ft?) = 0.38

"' PA TRM Table 2-1.

" PA TRM Section 2.12 Room AC Retirement

"' Climatography of the United States No. 81. Monthly Station Normals of Temperature, Precipitation, and Heating and
Cooling Degree Days 1971-2000, 36 Pennsylvania. NOAA. http://cdo.ncdc.noaa.gov/climatenormals/clim81/PAnorm.pdf
" bid.

"9 Massachusetts Statewide Technical Reference Manual for Estimating Savings from Energy Efficiency Measures,
Version 1.0, accessed August 2010 at http://www.ma-eeac.org/docs/091023-MA-TRMdraft.pdf. Note that PA Act 129
savings can be claimed for no more than 15 years.

3"Improving Attic Thermal Performance”, Home Energy, November 2004.

' NOAA Climatic Data for Pennsylvania cities- Cloudiness (mean number of days Sunny, Partly Cloudy, and Cloudy),
http://ols.nndc.noaa.gov/plolstore/plsgl/olstore.prodspecific?prodnum=C00095-PUB-A0001.

2013 lllinois Statewide TRM - An estimate based on review of Madison Gas and Electric, Exterior Wall
Insulation, R-value for no insulation in walls, and NREL's Building Energy Simulation Test for Existing
Homes (BESTEST-EX).
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2.24.42.20.4 _ Attic Heating Effect on Cooling Loads - -

On sunny days, attic temperatures can be 20%-35% higher than ambient outdoor air
temperatures during the 7 hours between 9 AM and 4 PM and 6%-8% higher for the 4 hours from
7 AM to 9 AM and 4 PM to 6 PM."™® The remaining 13 hours of the day there was no significant
difference seen between attic temperature and outdoor air temperature; this results in an average
hourly temperature difference between the attic and outdoor air of approximately +9% over the
course of a 24 hour period, but only on sunny days. According to NOAA climatic data for
Pennsylvania cities (Allentown, Erie, Harrisburg, Philadelphia, and Pittsburgh) for June through
August, it is sunny or partly cloudy an average of 62% of the days.™ It is assumed that there is
an attic heating effect on both sunny and partly cloudy days, but not on cloudy days; therefore, an
appropriate attic heating factor would be 1.056 based on the fact that the average hourly
difference between attic temperature and outdoor air temperature is approximately +5.6% (9% x
62%).
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2.21 Refrigerator / Freezer Recycling with and without Replacement

Measure Name Refrigerator/Freezer Recycling and Replacement

Target Sector Residential Establishments

Measure Unit Refrigerator or Freezer

DeemedDefault Unit Annual NariesbyEDC l, — - {Formatted: Font: 9 pt, Not Italic

Energy Savings- Refrigerators

DeemedDefault Unit Peak VariesbyebC l, -- {Formatted: Font: 9 pt, Not Italic
Demand Reduction-

Refrigerators

DeemedDefault Unit Annual NariesbyEDC, L,\/ - {Formatted: Font: 9 pt, Not Italic

Energy Savings- Freezers h ‘[Formatted: Font: Not Italic, Not Highlight
DeemedDefault Unit Peak Vvariespyebc =~~~ ] | - ‘[Formatted: Font: 9 pt, Not Italic

Demand Reduction- Freezers

Measure Life (no replacement) 8 years'?

Measure Life (with replacement) | 7 years (see measure life discussion below)

This measure is (1) the retirement of a refrigerator or freezer with no replacement or (2) the
recycling and replacement before end of life of an existing refrigerator or freezer with a new
refrigerator or freezer. This protocol quantifies savings where the replacement refrigerator or freezer
is ENERGY STAR andor non-ENERGY STAR qualified. This protocol applies to both residential
and non-residential sectors, as refrigerator and freezer usage and energy usage are assumed to be
independent of customer rate class™’. The partially deemed savings value-isalgorithms are based
on regression analysis of metered data on kWh consumption from other States. The partically
deemed savings valuesalgorithms for this measure can be applied to refrigerator and freezer
retirements or early replacements meeting the following criteria:

1. Existing, working refrigerator or freezer 10-30 cubic feet in size (savings do not
apply if unit is not working)

2. Unitis a primary or secondary unit

EDCs can use the default savings values listed for each EDC in this protocol or an EDC can
calculate program savings using the partially deemed savings algorithms, the deemed regression
equation coefficients, and actual program year recycled refrigerator/freezer data. An EDC’s use of
actual program year data can provide a more accurate annual ex ante savings estimate due to
the changing mix of recycled appliance models from year-to-year.

2.21.1 Partially Deemed Savings Algorithms

Equation 1:

122 \iermont Energy Investment Corporation (VEIC) for NEEP, Mid Atlantic TRM Version 2.0. July 2011. Pg.36.
'2! For example, non-residential rate class usage cases include residential dwellings that are master-metered, usage in
offices or any other applications that involve typical refrigerator usage.
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DEEMED_kWhsaved Per Unit = EXISTING_UEC * PART_USE

Equation 2:

NET_kWhsaved Per Unit = DEEMED kWhsaved Per Unit — (REPLACEMENTUEC *
PART_USE)

2.21.2 Definition of Terms

DEEMEDDEFAULT kWhsaved = Annual electricity savings measured in kilowatt hours.

EXISTING_UEC = The average annual unit energy consumption of participating

refrigerators—The-PY3-value-is- 1059 for refrigerators-and-1188-
forfreezers and freezers for Program year 4. Tables 2-46 to 2-

49 below provide the equation inputs needed to calculate the
UEC for removed refrigerators and freezers respectively as well
as the calculation of the default Unit Energy Consumption value
for refrigerators or freezers for each EDC.

PART_USE = The portion of the year the average refrigerator or freezer
would likely have operated if not recycled through the program.
For PY3, the average refrigerator was plugged in 96.9% of the
year and the average freezer was plugged in 98.5% of the year.

REPLACEMENTUEC = The annual unit energy consumption of the average
replacement unit. Fhis-comes-from-the-Energy-Star-calculator-
537 4 £ e i i 23
kWh-for-a new Energy Star freezer,-and 510 for a-new non-
Energy-Starfreezer.The appropriate UEC values for replacement
refrigerator and freezer units were obtained from the Energy
Star calculator.

2.21.3 DeemedDefault Savings Calculations

For removed refrigerators, the annual Unit Energy Consumption (UEC) is based upon regression
analyses of data from refrigerators metered and recycled through five utilities. The UEC for
removed refrigerators was calculated specifically for each utility using data collected from each
utility’s Program Year Four (PY4) Appliance Removal programs. Therefore, each UEC represents
the average ages, sizes, etc of the fleet of refrigerators removed removed in Program Year Four.

Existing Refrigerator UEC
= 365.25 % (0.582 + 0.027 * (average age of appliance27036appliance)
+ 1.055 * (% of appliances manufactured before 1990) + 0.067
* (number of cubic feet) - 1.977 x (% of single door units) + 1.071
* (% of side — by — side) + 0.605 * (% of primary usage) + 0.02
* (unconditioned space CDDs) — 0.045 * (unconditioned HDDs)) = kWh

Residential Measures
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Source for refrigerator UEC equation: US DOE Uniform Method Project, Savings Protocol for
Refrigerator Retirement, April 2013

Refrigerator Unit Energy Consunption Equation
Edtimate
Equation Intercept and Independent Variables Coefficient (Daily
KWh)
Interoept 0.5
Appiance Age (years) 0.027
Dummy: Manufactured Pre-1920 1.055
Apdiance Size (square feet) 0.067
Dummy: Singe-Doar Gonfiguration -1.977
Dumy: Side-by-Side Configuration 1.071
Dumy: Primary Usage Type (in absence of the program) 0.604
Interaction: Located in Unconditioned Space x CDDs o
Interaction: Located in Unconditioned Space x HODs -0.045

Refrigerator Savings - No Replacement:

DEEMEDDEFAULT kWhsaved Per Unityree= EXISTING_UEC * PART_USE = kWh

Refrigerator Savings - Replacement with Energy Star Unit:

Unit— IENTUEG o e — (REPLACEMENTUEC:.*
PART_USE) = kWh

Refrigerator Savings - Replacement with non-Energy Star Unit:

ree. — (REPLACEMENTUEC yones * PART_USE) = kWh

Existing Freezer UEC
= 365.25days
* (=2.297 + 0.067 = [average age of appliance ] + 0.401
* [8% of appliances manufactured pre —1993] + 0.150
* [average number of cubic feet] + 0.854
* [% of appliances that are chest freezers] + 0.1046 * [CDDs]) = kWh

_Source for freezer UEC equation: US-BOE-Uniferm-Method-Project;Cadmus memo to Michigan

Public Service Commission (August 2012)

Residential Measures
Refrigerator / Freezer Recycling with and without Replacement
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Freezer Unit Energy Consunption Equation
Estimate
Equation Intercept and Independent Variables Coefficient (Daily

KWh)
Intercept 36525
Apdiance Age (years) 0401
Dunmy: Menufactured Pre-1993 0.067
Apdiance Size (cubic feet) 0.15
Y% of gppliances thet are chest freezers 0.8+4
Coding Degree Days (CDD) 0.1046

- No Replacement:
DEEMEDDEFAULT kWhsaved Per Unity rer= EXISTING_UEC * PART_USE =kWh
Freezer Savings - Replacement with Energy Star Unit:

NETDEFAULT_kWhsaved Per Ynit——=DEEMEDUnitycsree = DEFAULT kWhsaved Per Unif,

Freezer Savings - Replacement with non-Energy Star Unit:

NETDEFAULT kWhsaved Per Upit——=DEEMEDUNItymivon es ree = kWhsaved Per Unifyo
ree — (REPLACEMENTUEC wones * PART_USE) = kWh

The Commission has computed the EDC-specific values that are needed for input to the
regressions-equationregression equations for determining the Unit Energy Consumption based
on Act 129 Program-Year4PY4 data provided by each EDC for removed-refrigerators and
freezers_removed in PY4. Once these input values were determined, they were substituted into
the above equation in order to estimate the UEC for removed refrigerators and freezers for each
EDC. Fabe2-45below j ion-inpy ded-to-caleula UECHo oved

Tables 2-46 to Table 2-492-49 below provide the equation inputs needed to calculate the UEC for
removed refrigerators and freezers respectively as well as the calculation of the default Unit
Energy Consumption value for refrigerators or freezers for each EDC. Note that equation inputs in
Table 2-46 to Table 2-492-49 are provided for each appliance (refrigerators, then freezers)
depending on whether the units were or were not replaced with a new unit.

Residential Measures
Refrigerator / Freezer Recycling with and without Replacement

- ‘[Formatted: Font: Bold

- = ‘[Formatted: Font: 8 pt, Bold, Subscript

= ‘[Formatted: Font: 8 pt, Bold, Subscript

i — = ‘[Formatted: Font: 8 pt, Bold, Subscript




(DRAFT)

Table 2-462-46: DeemedDefault Savings values for ResidentailResidential Refrigerator Recycling Without
Replacement With a New Refrigerator

per year) for a removed refrigerator
that is not replaced

West Penn

Variable Name Duguesne Light Met Ed PECO PennElec PennPower PPL Power
Age of appliance 32.67 27.96 25.55) 22.88) 29.06) 30.06) 30.94
% manufactured pre 1990 68.18% 61.83% 49.86% 61.84% 60.56% 60.43%) 64.98%
Appliance size (volume in square feet) 16.03 1847 18.65 16.11 16.25 18.07, 16.57
Dummy: percent that are single-door 12.13% 4.39% 8.12% 8.56% 1.71% 7.03% 8.27%
appliances
Dummy: percent that are side by side 12.40% 21.43% 19.89% 10.78% 12.96% 18.31% 13.71%
configuration
Dummy: primary usage type (in 18.45% 10.12% 24.74% 17.22% 16.76% 26.01% 14.03%
absence of the program)
Located in unconditioned space X CDD 0.98] 178 247 1.07 122 0.92 1.20
Located in unconditioned space X HDD 7.90 10.86 9.51] 9.93 10.17 9.85 9.42
ESTIMATED UEC Savings (Annual kWh 1068.9 1087.3 1048.5 933.8 1003.9 1107.2 1052.4
per year) for aremoved refrigerator
that is not replaced

West Penn

Variable Name Duguesne Light Met Ed PECO PennElec PennPower PPL Power
Age of appliance 32.67 27.96 25.55) 22.88) 29.06] 30.06) 30.94
% manufactured pre 1990 68.18% 61.83% 49.86% 61.84% 60.56% 60.43% 64.98%)
Appliance size (volume in square feet) 16.03 18.47 18.65 16.11 16.25 18.07 16.57]
Dummy: percent that are single-door 12.13% 4.39% 8.12% 8.56% 1.71% 7.03% 8.27%
appliances
Dummy: percent that are side by side 12.40% 21.43% 19.89% 10.78% 12.96% 18.31% 13.71%
configuration
Dummy: primary usage type (in 18.45% 10.12% 24.78% 17.22% 16.76% 26.01% 14.03%
absence of the program)
Located in unconditioned space X CDD 0.98] 178 247 1.07 1.22 0.92 1.20
Located in unconditioned space X HDD 7.90 10.86 9.51] 9.93 10.17 9.85 9.42
ESTIMATED UEC Savings (Annual kWh 1068.9 1087.3 10485 933.8 1003.9 1107.2] 1052.4
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Table 2-472-47: DeemedDefault Savings values for ResidentailResidential Freezer Recycling Without
Replacement With a New Freezer

West Penn

Variable Name Duquesne Light Met Ed PECO PennElec PennPower PPL Power
Age of appliance 35.51 3221 29.05 32.88 34.17 32.68] 3321
% manufactured pre 1993 89.41% 87.03% 76.60% 86.94% 88.55% 88.20% 86.85%
Appliance size (volume in square feet) 15.40) 15.44] 15.59) 15.70| 15.80] 15.65! 15.74)
Dummy: percent that are chest 27.45%| 36.47% 22.70%| 34.83% 37.89% 30.14% 33.45%
appliances
Located in unconditioned space X CDD 0.78] 1.55) 1.97] 0.88 0.9 0.88] 1.08]
ESTIMATED UEC Savings (Annual kWh 11203 1095.4 983.9] 1095.6 1148.7 1074.9 1109.1
per year) for aremoved refrigerator
|that is not replaced

West Penn

Variable Name Duquesne Light Met Ed PECO PennElec PennPower PPL Power
Age of appliance 35.51 3221 29.05 32.88 34.17 32.68] 3321
% manufactured pre 1993 89.41% 87.03% 76.60% 86.94% 88.55% 88.20% 86.85%
Appliance size (volume in square feet) 15.40) 15.44] 15.59) 15.70| 15.80] 15.65! 15.74)
Dummy: percent that are chest 27.45%)| 36.47% 22.70%| 34.83% 37.89% 30.14% 33.45%
appliances
Located in unconditioned space X CDD 0.78] 1.55) 1.97] 0.88 0.9 0.88] 1.08]
ESTIMATED UEC Savings (Annual kWh 11203 1095.4 983.9] 1095.6 1148.7 1074.9 1109.1
per year) for aremoved refrigerator
that is not replaced

When calculating deemeddefault per unit kWh savings for a removed refrigerator or freezer, it is
necessary to calculate and apply a “Part-Use” factor. “Part-use” is an appliance recycling-specific
adjustment factor used to convert the UEC (determined through the methods detailed above) into
an average per-unit deemed savings value. The UEC itself is not equal to the deemeddefault
savings value, because: (1) the UEC model yields an estimate of annual consumption, and (2)
not all recycled refrigerators and freezers would have operated year-round had they not been
decommissioned through the program.

In Program Year 3, the Commission determined that the average removed refrigerator was
plugged in and used 96.9% of the year and the average freezer was plugged in and used 98.5%
of the year. Thus, the deemeddefault value for the part-use factor is 96.9% (and 98.5%) based on
program year 3 data for all EDCs. EDCs may elect to calculate an EDC specific part-use factor-_
for a specific program year. In the event an EDC desires to calculate an EDC specific part-use
factor, EDCs should use the following methodology. Using participant surveys, evaluators should
determine the amount of time a removed refrigerator is plugged in.

Table 2-48 and Table 2-49 below shows the basis for the calculation of default per unit savings
for unitsrefrigerators and freezers that are removed but then replaced.
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Table 2-482-48: BeemedDefault Savings values for ResidentailResidential Refrigerator Recycling With
Replacement With a New Enerqgy Star Refrigeratori2

West Penn

Variable Name Duguesne Light Met Ed PECO PennElec PennPower PPL Power
Age of appliance 25.97, 19.39 22.47 22.54 23.21) 30.06) 25.50)
% manufactured pre 1990 44.70% 30.88% 37.85% 41.57% 41.52% 60.43% 42.54%
Appliance size (volume in square feet) 18.39) 20.65) 19.57 18.45 18.73 18.07] 18.82]
Dummy: percent that are single-door 2.62% 0.61% 3.72% 3.01% 2.29% 7.03% 2.25%
appliances
Dummy: percent that are side by side 15.44% 35.79% 24.51% 19.83% 18.67% 18.31%| 22.15%
configuration
Dummy: primary usage type (in 58.73% 83.55% 43.53% 67.13% 62.86% 26.01% 61.83%
absence of the program)
Located in unconditioned space X CDD 0.55) 0.18 2.40) 0.47, 0.54 0.92 0.52
Located in unconditioned space X HDD 4.41] 111 9.25 4.15) 4.50 9.85 4.27
ESTIMATED UEC Savings (Annual kWh 11937 1342.5 1089.5 1186.0 1185.1 1107.2 1229.2
per year) for aremoved refrigerator
that is replaced
kWh Use of new refrigerator 475.12 475.12 475.12 475.12 475.12 475.12 475.12
Variable Name Duqguesne Light MetEd |PECO PennElec|PennPower PPL West Penn Power
Age of appliance 25.97 19.39 22.47 22.54 23.21 30.06 25.50
% manufactured pre 1990 44.70%| 30.88%| 37.85%| 41.57% 41.52%| 60.43% 42.54%
Appliance Size (volume in square
feet) 18.39 20.65 19.57 18.45 18.73 18.07 18.82
Dummy: percent that are single-
door appliances 2.62%| 61.00% 3.72% 3.01% 2.29% 7.03% 2.25%
Dummy: percent that are side-by-
side configuration 15.44%| 35.79%| 24.51%| 19.83% 18.67%| 18.31% 22.15%
Dummy: primary usage type (in
absence of the program) 58.73%| 88.55%| 43.53%| 67.13% 62.86%| 26.01% 61.83%
Located in unconditioned space X
CDD 0.55 0.18 2.40 0.47 0.54] 0.92 0.52
Located in unconditioned space X
HDD 4.41 1.11] 9.25 4.15 4.50 9.85 4.27
ESTIMATED UEC Savings (Annual
kWh per year) for a removed
refrigerator that is replaced 11193.70| 1342.50[ 1089.50| 1186.00) 1185.10[ 1107.20] 1229.20
kWh Use of new refrigerator 431.22] 431.22 431.22 431.22 431.22] 431.22] 431.22

' KWh use of new refrigerator is average consumption of all ENERGY STAR qualifying models by configuration from
ENERGY STAR Residential Refrigerators Qualified Products List. July 5, 2013.
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Table 2-492-49: DeemedDefault Savings values for ResidentailResidential Freezer Recycling With Replacement« - - - { Formatted: Centered

With a New Energy Star Freezeri24

West Penn
Variable Name Duquesne Light Met Ed PECO PennElec PennPower PPL Power

Age of appliance 31.28 28.20 28.23 29.22| 33.21 32.68| 31.15
% manufactured pre 1993 80.90% 86.67% 70.42% 80.60% 91.43% 88.20% 77.95%
Appliance size (volume in square feet) 16.12] 16.67 16.15) 16.41 16.29 15.65] 16.97
Dummy: percent that are chest 31.46% 33.33% 14.79% 35.78% 42.86% 30.14% 41.03%
appliances

Located in unconditioned space X CDD 0.87 0.64] 233 0.69) 0.95 0.88] 0.72
ESTIMATED UEC Savings (Annual kWh 1059.8 1019.6) 974.9 1031.1] 1169.8] 1074.9 1123.]
per year) for aremoved refrigerator
that is replaced

Wh Use of new freezer* 391 391 391 39 391 391 391
Variable Name Duquesne Light Met Ed |PECO PennElec|PennPower PPL West Penn Power
Age of appliance 31.28 28.20 28.23 29.22 33.21 32.68 31.15
% manufactured pre 1990 80.90%| 86.67%| 70.42%| 80.60% 91.43%| 88.20% 77.95%
Appliance Size (volume in square

feet) 16.12 16.67 16.15 16.41 16.29 15.65 16.97
Dummy: percent that are chest

appliances 31.46 33.33 14.79 35.78, 42.86 30.14 410.03
Located in unconditioned space X

CDD 0.87, 0.64 2.33 0.69 0.95] 0.88| 0.72
ESTIMATED UEC Savings (Annual

kWh per year) for a removed

freezer that is replaced 1059.80[ 1019.60] 974.90| 1031.10 1169.80| 1074.90 1123.10
kWh Use of new freezer 351.00] 351.00] 351.00f 351.00 351.00]  351.00] 351.00]

Per unit kW demand savings are based upon annual hours of use of 5,000 and a peak
coincidence factor of 62%.

2.21.4 Measure Life

Refrigerator/Freezer Replacement programs: Measure Life = 7 yrs

Measure Life Rationale

The 2010 PA TRM specifies a Measure Life of 13 years for refrigerator replacement and 8 years for
refrigerator retirement (Appendix A). It is assumed that the TRM listed measure life is either an
Effective Useful Life (EUL) or Remaining Useful Life (RUL), as appropriate to the measure. Survey
results from a study of the low-income program for SDG&E (2006)'? found that among the
program’s target population, refrigerators are likely to be replaced less frequently than among
average customers. Southern California Edison uses an EUL of 18 years for its Low-Income

'2* KWh use of new freezer is average consumption of all ENERGY STAR qualifying models by configuration from
ENERGY STAR Residential Freezer Qualified Products List. July 5, 2013.

1252004 - 2005 Final Report: A Measurement and Evaluation Study of the 2004-2005 Limited Income Refrigerator
Replacement & Lighting Program, Prepared for: San Diego Gas & Electric, July 31, 2006
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Refrigerator Replacement measure which reflects the less frequent replacement cycle among low-
income households. The PA TRM limits measure savings to a maximum of 15 yrs.

Due to the nature of a Refrigerator/Freezer Early Replacement Program, measure savings should
be calculated over the life of the ENERGY STAR replacement unit. These savings should be
calculated over two periods, the RUL of the existing unit, and the remainder of the measure life
beyond the RUL. For the RUL of the existing unit, the energy savings would be equal to the full
savings difference between the existing baseline unit and the ENERGY STAR unit, and for the
remainder of the measure life the savings would be equal to the difference between a Federal
Standard unit and the ENERGY STAR unit. The RUL can be assumed to be 1/3 of the measure
EUL.

As an example, Low-Income programs use a measure life of 18 years and an RUL of 6 yrs (1/3*18).
The measure savings for the RUL of 6 yrs would be equal to the full savings. The savings for the
remainder of 12 years would reflect savings from normal replacement of an ENERGY STAR
refrigerator over a Federal Standard baseline, as defined in the TRM.

Example Measure savings over lifetime
= 1205 kWh/yr * 6 yrs + 100 kWh/yr (ES side mount freezer w/
door ice) * 12 yrs = 8430 kWh/measure lifetime

For non-Low-Income specific programs, the measure life would be 13 years and an RUL of 4 yrs
(1/3*13). The measure savings for the RUL of 4 yrs would be equal to the full savings. The savings
for the remainder of 9 years would reflect savings from normal replacement of an ENERGY STAR
refrigerator over a Federal Standard baseline, as defined in the TRM.

Example Measure savings over lifetime
= 1205 kWh/yr * 4 yrs + 100 kWh/yr (ES side mount freezer w/
door ice) * 9 yrs = 5720 kWh/measure lifetime

To simplify the programs and remove the need to calculate two different savings, a compromise
value for measure life of 7 years for both Low-Income specific and non-Low Income specific
programs can be used with full savings over this entire period. This provides an equivalent savings
as the Low-Income specific dual period methodology for an EUL of 18 yrs and a RUL of 6 yrs.

Example Measure savings over lifetime
= 1205 kWh/yr * 7 yrs = 8435 kWh/measure lifetime

Sources:

1. U.S. Department of Energy, draft Uniform Methods Project protocol titled “Refrigerator
Recycling Evaluation Protocol”, prepared by Doug Bruchs of the Cadmus Group, July
2012

2. Cadmus Memo - August 20, 2012 Technical Memo from the Cadmus Group to the
Michigan Evaluation Working Group on the topic of Appliance Recycling Measure
Savings Study. This memo summarizes research on the energy savings of recycled
refrigerators and freezers conducted by The Cadmus Group, Inc. and Opinion Dynamics
(together known as the evaluation team) on behalf Consumers Energy (Consumers) and
DTE Energy (DTE). This memo provides an overview of the research conducted and

Residential Measures
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Cadmus’ recommendations for deemed per-unit energy and demand savings values for
affected measures in the Michigan Energy Measures Database (MEMD).

3. 2009-2010 Pacific Power/Rocky Mountain Power Impact Evaluations - PacifiCorp has
impact evaluations for CA, ID, UT, WA, and WY that contain an earlier version of the
multi-state Appliance Recycling Program regression models for both refrigerators and
freezers. The Statewide Evaluator reviewed the report for the State of Washington, but all
states include the same models and are publicly available online. The model coefficients
can be found on pages 16 and 17 of the Washington document.
http://www.pacificorp.com/content/dam/pacificorp/doc/Energy_Sources/Demand_Side_M
anagement/WA_2011_SYLR_Final_Report.pdf

4. 2010 Ontario Power Authority Impact Evaluation - This evaluation report contains a
regression equation for annual consumption for refrigerators only (the freezer sample
was too small). That equation can be found on page 10 of the OPA evaluation report.
See
http://www.powerauthority.on.ca/sites/default/files/new_files/2010/2010%20Residential%
20Great%20Refrigerator%20Roundup%20Program%20Evaluation.pdf

5. Efficiency Vermont; Technical Reference User Manual (TRM). 2008. TRM User Manual
No. 2008-53. Burlington, VT 05401. July 18, 2008.

6. Mid Atlantic TRM Version 2.0. July 2011. Prepared by Vermont Energy Investment
Corporation. Facilitated and managed by Northeast Energy Efficiency Partnerships.

“ ‘{Formatted: Normal, Indent: Left: 0", First
line: 0"

Residential Measures
Refrigerator / Freezer Recycling with and without Replacement



(DRAFT)

. . . - --1F tted: Tab st : 0.5" List tab
2.22 Residential New Construction + -~ {Formatted: Tab stops ==

2.22.1 Algorithms

Insulation Up-Grades, Efficient Windows, Air Sealing, Efficient HVAC Equipment and Duct Sealing
(Weather-Sensitive Measures):

Energy and peak demand savings due to improvements in the above measures in Residential
New Construction programs will be a direct output of accredited Home Energy Ratings (HERS)
software that meets the applicable Mortgage Industry National Home Energy Rating System
Standards. REM/Rate'® is cited here as an example of an accredited software which can be
used to estimate savings for this program. REM/Rate has a module that compares the energy
characteristics of the energy efficient home to the baseline/reference home and calculates
savings. For residential new construction, the baseline building thermal envelope and/or system
characteristics shall be based on the current state adopted 2009 International Residential Code
(IRC 2009).

The energy savings for weather-sensitive measures will be calculated from the software output
using the following algorithm:

Energy savings of the qualified home (kWh)
= (Heating kWh,, — Heating kWh,) + (Cooling kWh, — Cooling kWhg)

The system peak electric demand savings for weather-sensitive measures will be calculated from
the software output with the following algorithm, which is based on compliance and certification of
the energy efficient home to the EPA’'s ENERGY STAR for New Homes’ program standard:

Peak demand of the baseline home
= (PLb)/EER,

Peak demand of the qualifying home
= (PLq)/ EER,

Coincident system peak electric demand savings
= (Peak demand of the baseline home — Peak demand of the
qualifying home) X CF.

Hot Water, Lighting, and Appliances (Non-Weather-Sensitive Measures):

Quantification of additional energy and peak demand savings due to the installation of high-
efficiency electric water heaters, lighting and other appliances will be based on the algorithms
presented for these measures in Section 2 (Residential Measures) of this Manual. Where the
TRM algorithms involve deemed savings, e.g. lighting, the savings in the baseline and qualifying
homes should be compared to determine the actual savings of the qualifying home above the
baseline.

In instances where REM/Rate calculated parameters or model inputs do not match TRM
algorithm inputs, additional data collection is necessary to use the TRM algorithms. One such

12 DoE’s Building Energy Software Tools Directory (http://apps1.eere.energy.gov/buildings/tools_directory/software).
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example is lighting. REM/Rate requires an input of percent of lighting fixtures that are energy
efficient whereas the TRM requires an exact fixture count. Another example is refrigerators,
where REM/Rate requires projected kWh consumed and the TRM deems savings based on the
type of refrigerator.

Itis also possible to have increases in consumption or coincident peak demand instead of
savings for some non-weather sensitive measures. For example, if the amount of efficient lighting
in a new home is less than the amount assumed in the baseline (IRC 2009), the home will have
higher energy consumption and coincident peak demand for lighting, even though it still qualifies
for the program.

According to Architectural Energy Corporation, the developer of the REM/Rate model, this model
does account for the interaction of energy savings due to the installation of high efficiency lighting
or appliances with the energy used in a home for space conditioning. Architectural Energy
Corporation staff explained to the Statewide Evaluator that lighting and appliance energy usage is
accounted for in the REM/Rate model, and the model does adjust energy use due to the
installation of high efficiency lighting and appliances.'*’

2.22.2 Definition of Terms

Heating kWh, = Annual heating energy consumption of the baseline home in
kWh, from software.

Heating kWh, = Annual heating energy consumption of the qualifying home in
kWh, from software.

Cooling kWhy, = Annual cooling energy consumption of the baseline home in
kWh, from software.

Cooling kWh, = Annual cooling energy consumption of the qualifying home in
kWh, from software.

PLb = Estimated peak cooling load of the baseline home in kbtuh,
from software.

EER, = Energy Efficiency Ratio of the baseline unit.

EER, = Energy Efficiency Ratio of the qualifying unit.

SEERb = Seasonal Energy Efficiency Ratio of the baseline unit.

BLEER = Factor to convert baseline SEERb to EERDb.

PLq = Estimated peak cooling loadfor the qualifying home

constructed, in kbtuh, from software.

'27 Email from V. Robert Salcido. P.E.. LEED AP, Director of Products at Architectural Energy
Corporation to Josh Duckwall, Project Manager at GDS Associates, November 21, 2013.
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SEERq = SEER associated with the HVAC system in the qualifying
home.
CF = Demand Coincidence Factor (See Section 1.4)

A summary of the input values and their data sources follows:

Table 2-502-50: Residential New Construction — References

Component Type Value Sources
Heating kWhy Variable Software Calculated 1
Heating kWhq Variable Software Calculated 2
Cooling kWhy Variable Software Calculated 1
Cooling kWhq Variable Software Calculated 2
PLb Variable Software Calculated 3

EDC Data Gathering or

EERp Variable SEER, * BLEER 4
. EDC Data Gathering or
EER V I 4
a ariable SEER, * BLEER
SEERb Fixed 13 5
BLEER Fixed (11.3/13) 6
PLq Variable Software Calculated 7
SEERq Variable EDC Data Gathering 8
CF Fixed 0.70 9
Sources:

1.

Calculation of annual energy consumption of a baseline home from the home energy
rating tool based on the reference home energy characteristics.

Calculation of annual energy consumption of an energy efficient home from the home
energy rating tool based on the qualifying home energy characteristics

Calculation of peak load of baseline home from the home energy rating tool based on
the reference home energy characteristics.

If the EER of the unit is know, use the EER. If only the SEER is known, then use
SEER * BLEER to estimate the EER.

Federal Register, Vol. 66, No. 14, Monday, January 22, 2001/Rules and Regulations,
p. 7170-7200.

Ratio to calculate EER from SEER based average EER for SEER 13 units.

Calculation of peak load of energy efficient home from the home energy rating tool
based on the qualifying home energy characteristics.

Residential Measures
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8. SEER of HVAC unit in energy efficient qualifying home.

9. Based on an analysis of six different utilities by Proctor Engineering.

The following table lists the building envelope characteristics of the baseline reference home
based on IRC 2009 for the three climate zones in Pennsylvania..

Table 2-512-51: Baseline Insulation and Fenestration Requirements by Component (Equivalent U-Factors)

Slab Crawl

Ceiling | Frame Floor [Basement|R-Value | Space

Climate |Fenestration [ Skylight U- Wall U- [Mass Wall| U- Wall &Depth | Wall U-
Zone U-Factor |U-Factor| Factor | Factor |U-Factor | Factor | U-Factor Factor
4A 0.35 0.60 | 0.030 | 0.082 0.141 | 0.047 | 0.059 | 10,2t | 0.065
5A 0.35 0.60 | 0.030 [ 0.060 0.082 | 0033 [ 0059 | 10,2ft | 0.065
BA 0.35 0.60 | 0.026 | 0.060 0.060 | 0.033 | 0.059 | 10,4ft | 0.065

Sources:

1. 2009 International Residential Code Table N1102.1.2. Table N1102.1.2 Equivalent U-
Factors presents the R-Value requirements of Table N1102.1.1 in an equivalent U-
Factor format. Users may choose to follow Table N1102.1.1 instead. IRC 2009
supersedes this table in case of discrepancy. Additional requirements per Section
N1102 of IRC 2009 must be followed even if not listed here.

Table 2-522-52: Energy Star Homes - User Defined Reference Home

Data Point Value'® Source

Air Infiltration Rate 0.30 ACH for windows, skylights, sliding glass doors 1
0.50 ACH for swinging doors

Duct Leakage 12 c¢fm25 (12 cubic feet per minute per 100 square feet of 1
conditioned space when tested at 25 pascals)

Duct Insulation Supply ducts in attics shall be insulated to a minimum of R-8. 1
Al other ducts insulated to a minimum of R-6.

Duct Location 50% in conditioned space, 50% unconditioned space Program

Design

Mechanical Ventilation None 1

Lighting Systems Minimum 50% of permanent installed fixtures to be high- 1
efficacy lamps

Appliances Use Default

Setback Thermostat Maintain zone temperature down to 55 °F (13 °C) or up to 85 1
°F (29 °C)

128 Single and multiple family as noted.
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Data Point Value'?® Source
Temperature Set Points Heating: 70°F 1
Cooling: 78°F
Heating Efficiency
Furnace 80% AFUE 2
Boiler 80% AFUE 2
Combo Water Heater 76% AFUE (recovery efficiency) 2
Air Source Heat Pump 7.7 HSPF 1
Geothermal Heat Pump 7.7 HSPF 1
PTAC / PTHP Not differentiated from air source HP 1
Cooling Efficiency
Central Air Conditioning 13.0 SEER 1
Air Source Heat Pump 13.0 SEER 1
Geothermal Heat Pump 13 SEER (11.2 EER) 1
PTAC / PTHP Not differentiated from central AC 1
Window Air Conditioners Not differentiated from central AC 1
Domestic WH Efficiency
Electric EF =0.97 - (0.00132 * gallons) 3
Natural Gas EF = 0.67 - (0.0019 * gallons) 3

Additional Water Heater
Tank Insulation

None

Sources:

1. 2009 International Residential Code (IRC 2009, Sections N1102 — N1104)

2. Federal Register / Vol. 73, No. 145 / Monday, July 28, 2008 / Rules and Regulations, p.
43611-43613, 10 CFR Part 430, “Energy Conservation Program for Consumer Products:

Energy Conservation Standards for Residential Furnaces and Boilers.”

3. Federal Register / Vol. 75, No. 73 / Friday, April 16, 2010 / Rules and Regulations, p.
20112-20236, 10 CFR Part 430, “Energy Conservation Program: Energy Conservation
Standards for Residential Water Heaters, Direct Heating Equipment, and Pool Heaters;

Final Rule.”
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2.23 ENERGY STAR Refrigerators <~~~ { Formatted: Tab stops: 0.5", List tab
Measure Name Refrigerators

Target Sector Residential Establishments

Measure Unit Refrigerator

Unit Energy Savings Varies by Configuration

Unit Peak Demand Reduction Varies by Configuration

Measure Life 12 years

This measure is for the purchase and installation of a new refrigerator meeting ENERGY STAR or
ENERGY STAR Most Efficient criteria. An ENERGY STAR refrigerator must be at least 20
percent more efficient than the minimum federal government standard. The ENERGY STAR
Most Efficient is a new certification that identifies the most efficient products among those that
qualify for ENERGY STAR. ENERGY STAR Most Efficient refrigerators must be at least 30
percent more efficient than the minimum federal standard.

2.23.1 Algorithms

The general form of the equation for the ENERGY STAR Refrigerator measure savings algorithm

is:

Total Savings =Number of Refrigerators x Savings per Refrigerator

To determine resource savings, the per-unit estimates in the algorithms will be multiplied by the
number of refrigerators. The number of refrigerators will be determined using market

assessments and market tracking.

If the volume and configuration of the refrigerator is known, the federal-minimum-efficiency-and-

ENERGY-STARqualifiedbaseline models’ annual energy consumption (kWhbase) may be are
determined using Table 2-53.

The efficient models’ annual energy and-demand-savings-are-consumption (KWhEE or KWhME)
may be determined using manufacturers’ test data for the given by-the-fellewingmodel. Where
test data is not available the algorithms:_in Table 2-53Tables 2-63 and

Table 2-55Table-2-652-55 for “‘ENERGY STAR and ENERGY STAR Most Efficient maximum

energy usage in kWh/year” may be used to determine the efficient energy consumption for a

conservative savings estimate.

“ e ‘[Formatted: Normal, Line spacing: single

ENERGY STAR Refrigerator
AkWh =kWhypase — kWhee
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AkWea =(kWhpase- kWheg)/Hours * CF

ENERGY STAR Most Efficient Refrigerator
AkWh =kWhpase— kWhye
AkWpear =(kWhpase- kWhye)/Hours * CF

2.23.2 Definition of Terms

kWhpase = Annual energy consumption of baseline unit

kWhee = Annual energy consumption of ENERGY STAR qualified unit

kWhpye = Annual energy consumption of ENERGY STAR Most Efficient
qualified unit

CF =Demand coincidence factor

Hours =Hours of operation per year

Where:

CF =1

Hours =8,760™

Refrigerator energy use is characterized by configuration (top freezer, bottom freezer, etc.),
volume, whether defrost is manual or automatic and whether there is through-the-door ice. If this
information is known, annual energy usage-consumption (kWhypase) of the ENERGY-STAR-model
and-federal standard model eanmay be ealeutateddetermined using Table 2-53Fable2-53. The
efficient models’ annual energy consumption (KWhEE or kWhME) may be determined using
manufacturers’ test data for the given model. Where test data is not available, the algorithms in
Table 2-53tables2-53 and

Table 2-55Table-2-562-55 for “ENERGY STAR and ENERGY STAR Most Efficient maximum
energy usage in kWh/year” may be used to determine efficient energy consumption for a
conservative savings estimate. The term “AV” in the equations refers to “Adjusted Volume,” which
is AV = (Fresh Volume) + 1.63 x (Freezer Volume). Note, ENERGY STAR algorithms are not
given for the categories “bottom mount freezer with through-the-door ice”, “refrigerator only-single
door without ice” and “refrigerator/freezer- single door.” Refer to Table 2-54Table-2-54 for default
values for these categories. Table 2-53Table-2-53 is also provided for planning purposes to

compare to the changing federal standards detailed in Table 2-57Fable-2-57.

' ENERGY STAR Residential Refrigerators Savings Calculator. Accessed July 2013
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Table 2-532-53: Federal Standard and ENERGY STAR Refrigerators Maximum Annual Energy Consumption if
Configuration and Volume Known13

Refrigerator Category

Federal Standard
Maximim Usage in
kWh/year

ENERGY STAR
Maximum Energy
Usage in kWh/year

Standard Size Models: 7.75 ¢

ubic feet or greater

Manual Defrost and Partial Automatic Defrost

8.82*AV+248.4

7.056*AV+198.72

Automatic defrost with top-mounted freezer without
through-the-door ice service and all-refrigerators--
automatic defrost

9.80*AV+276

7.84*AV+220.8

Automatic defrost with side-mounted freezer without
through-the-door ice service

4.91*AV+507.5

3.928*AV+406

Automatic defrost with bottom-mounted freezer without
through-the-door ice service

4.60*AV+459

3.68*AV+367.2

Automatic defrost with top-mounted freezer with through-
the-door ice service

10.20*AV+356

8.16*AV+284.8

Automatic defrost with side-mounted freezer with through-
the-door ice service

10.10*AV+406

8.08*AV+324.8

Compact Size Models: Less than 7.75 cubic feet and 36 inches or less in height

Compact Refrigerator-Freezer--partial automatic defrost

7.00*AV+398

5.6"AV+318.4

Compact Refrigerator-Freezers--automatic defrost with
top-mounted freezer and compact all-refrigerators--
automatic defrost

12.70*AV+355

10.16*AV+284

Compact Refrigerator-Freezers--automatic defrost with
side-mounted freezer

7.60*AV+501

6.08*AV+400.8

Compact Refrigerator-Freezers--automatic defrost with
bottom-mounted freezer

13.10*AV+367

10.48*AV+293.6

The default values for each configuration are given in

Table 2-54

Table 2-542-54: Default Savings Values for ENERGY STAR Refrigerators?3!

Refrigerator Category Assumed | Convention | ENERGY | AkWh | AkW |
Volume of al Unit STAR
Unit Energy Energy
cubic Usage in Usage in
feet kWhiyr'® | kWhiyr'*
Manual Defrost and Partial 12.2 311 230 80 0.0092
Automatic Defrost
Top mount freezer without door ice 17.9 475 369 111 0.0126
Side mount freezer without door 22.7 713 557 156 0.0178
ice
Bottom mount freezer without door 20.0 692 538 154 0.0176
ice

' ENERGY STAR Refrigerators and Freezers Key Product Criteria.
http://www.energystar.gov/index.cfm?c=refrig.pr_crit_refrigerators Access July 2013

!32 ENERGY STAR Appliances Calculator. Accessed November 20

13.

133 ENERGY STAR Residential Refrigerators Qualified Products List. July 5, 2013. Average federal standard

consumption of all qualifying models by configuration.

34 Ibid. Average consumption of all ENERGY STAR qualifying models by configuration.
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Side mount freezer with door ice 24.6 629 490 139 0.0159
Bottom mount freezer with door ice 254 569 447 122 0.0139
Refrigerator only - single door 12.2 381 292 89 0.0102
without ice
Refrigerator/Freezer — single door 12.2 450 348 102 0.0116
Compact Size Models: Less than 7.75 cubic feet and 36 inches or less in height N ‘[Formatted Table
Manual Defrost and Partial 33 | 362 | 2716 | 86 | 0.0098 | _ - { Inserted Cells
Automatic Defrost
Top Mount and Refrigerator Only 4.5 417 306 111 0.0126
Bottom mount freezer 5.1 452 362 90 0.0103

caleulateddetermined, using Fable-2-55.%-manufacturers’ test data for the given model. Where

A=A~ RERLINISA
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test data is not available, the algorithms in

Table 2-55Table2-55Table 2-55 for “ENERGY STAR Most Efficient maximum energy usage in

kWh/year” may be used to determine efficient energy consumption for a conservative savings

federal standard model may be determined, using Table 2-53.

Table 2-552-55: ENERGY STAR Most Efficient Annual Energy Usage if Configuration and Volume Known

Refrigerator Category

ENERGY STAR Most Efficient Maximum

Energy Usage in kWh/yr

Manual Defrost and Automatic Defrost

AV £49.8, Eann < 6.17*AV + 173.9
AV >49.8, Eann < 481

Top mount freezer without door ice

AV £42.0, Eann < 6.86*AV + 193.2
AV >42.0, Eann < 481

Side mount freezer without door ice

AV < 36.5, Eann < 3.44*AV + 355.3
AV > 36.5, Eann < 481

Bottom mount freezer without door ice

AV £ 49.6, Eann < 3.22*AV + 321.3
AV > 49,6, Eann < 481

Bottom mount freezer with door ice

AV = 29.6, Eann < 3.50*AV + 377.3
AV > 29.6, Eann < 481

Top mount freezer with door ice

AV < 32.5, Eann £ 7.14*AV + 249.2
AV > 32.5, Eann < 481

Side mount freezer with door ice

AV = 27.8, Eann < 7.07*AV + 284.2
AV > 27.8, Eann < 481

Residential Measures
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Table 2-562-56: Default Savings Values for ENERGY STAR Most Efficient Refrigerators'3®

Conventional SE';I-\ERI\:I; v ¢
. Unit Energy = Mos
Refrigerator Category Usage in Efficient AkWh AkW
kWh? 137 Consumption
Y in KWhiyr'®
Top mount freezer without door ice 475 350 125 0.0149
Bottom mount freezer without door ice 692 403 228 0.0192
Bottom mount freezer with door ice 569 502 167 0.026

2.23.3 Measure Life

ENERGY STAR and ENERGY STAR Most Efficient Refrigerators: Measure Life = 4312 years."®

2.23.4 Future Standards Changes

As of September 15, 2014 new federal minimum efficiency standards for refrigerators and
refrigerators-freezers will take effect. The maximum allowable energy usage by refrigerator
configuration is listed in Table 2-57Fable-2-57. These standards will take effect beginning with

the 2015 TRM.

Table 2-572-57: Federal Refrigerator Standards Effective as of the 2015 TRM'40

Refrigerator Category

Federal Standard
Maximim Usage in
kWh/year
(Effective 2015 TRM)

Standard Size Models: 7.75 cubic feet or

greater

Refrigerators-freezers and refrigerators other than all-
refrigerators with manual defrost (including partial
automatic defrost)

7.99*AV +225.0

All-refrigerators — manual defrost

6.79*AV + 193.6

Automatic defrost with top-mounted freezer without
through-the-door ice service

8.07*AV + 233.7

Automatic defrost with side-mounted freezer without
through-the-door ice service

8.51"AV +297.8

Automatic defrost with bottom-mounted freezer without
through-the-door ice service

8.85*AV + 317.0

Automatic defrost with top-mounted freezer with through-
the-door ice service

8.40*AV + 385.4

Automatic defrost with side-mounted freezer with through-
the-door ice service

8.54*AV +432.8

13 Configurations of qualified models as of July 5, 2013.

3" ENERGY STAR Residential Refrigerators Qualified Products List. July 5, 2013. Average federal standard consumption

of all qualifying models by configuration.

138 Average consumption of all qualified units as of July 5, 2013. Qualified units list from

http://www.energystar.gov/index.cfm?c=most_efficient.me_medium_fridges_freezers

139 ENERGY STAR Appliances.-February-2008November 2013. U.S. Environmental Protection Agency and U.S.

Department of Enegy. ENERGY STAR. http://www.energystar.gov/.

%0 U.S. Department of Energy. Federal Register. 179" ed. Vol. 76. September 15, 2011.
https://www1.eere.energy.gov/buildings/appliance_standards/pdfs/refrig_finalrule_frnotice.pdf
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Compact Size Models: Less than 7.75 cubic feet and 36 inches or less in

Compact refrigerator-freezers and refrigerators other than
all-refrigerators with manual defrost

9.03*AV + 252.3

Compact refrigerator-freezers — manual defrost

7.84*AV + 219.1

Compact refrigerator-freezer — partial automatic defrost

5.91*AV + 335.8

Compact refrigerator-freezers--automatic defrost with top-
mounted freezer

11.80*AV + 339.2

Compact Refrigerator-Freezers--automatic defrost with
side-mounted freezer

6.82*AV + 456.9

Compact Refrigerator-Freezers--automatic defrost with
bottom-mounted freezer

11.80*AV + 339.2

Residential Measures
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2.24 ENERGY STAR Freezers

Measure Name Freezers

Target Sector Residential Establishments
Measure Unit Freezer

Unit Energy Savings Varies by Configuration
Unit Peak Demand Reduction Varies by Configuration
Measure Life 12 years

This measure is for the purchase and installation of a new freezer meeting ENERGY STAR
criteria. An ENERGY STAR freezer must be at least 10 percent more efficient than the minimum

federal government standard.

2.24.1 Algorithms

The general form of the equation for the ENERGY STAR Freezer measure savings algorithm is:

Total Savings =Number of Freezers x Savings per Freezer

To determine resource savings, the per-unit estimates in the algorithms will be multiplied by the
number of freezers. The number of freezers will be determined using market assessments and

market tracking.

If the volume and configuration of the freezer is known, the federal-minimum-efficiency-and-
ENERGY-STAR qualifiedbaseline models’ annual energy consumption (kWhbase) may be gre
determined using Table 2-58.

The efficient models’ annual energy and-demand-savings-are-consumption (KWhEE) may be
determined using manufacturers’ test data for the given by-thefellewingmodel. Where test data is

__——{ Formatted: Font: (Default) Arial, 10 pt

)

not available the algorithms: in Table 2-58Fable-2-58 for “ENERGY STAR Maximum Energy

Usage in kWh/year” may be used to determine the efficient energy consumption for a

conservative savings estimate

ENERGY STAR Freezer
AkWh =kWhpase— kWhee
AkWpear =(kWhpase- kWheg)/Hours * CF

2.24.2 Definition of Terms

kWhpase = Annual energy consumption of baseline unit

Residential Measures
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kWhee = Annual energy consumption of ENERGY STAR qualified unit
Hours =Hours of operation per year

CF =Demand coincidence factor

Where:

CF =1

Hours =8,760""

Freezer energy use is characterized by configuration (upright, chest or compact), volume and
whether defrost is manual or automatic and whether. If this information is known, annual energy
usageconsumption of the ENERGY-STAR-medel-and-federal minimum efficiency standard model
eanmay be ealeulateddetermined using Table 2-58Fable-2-58. The efficient models’ annual
energy consumption (KWhEE) may be determined using manufacturers’ test data for the given
model. Where test data is not available, the algorithms in Table 2-58Fable-2-568 for “‘ENERGY
STAR maximum energy usage in kWh/year” may be used to determine efficient energy
consumption for a conservative savings estimate. The term “AV” in the equations refers to
“Adjusted Volume,” which is AV = 1.73 x Total Volume. Note this table is also provided for
planning purposes to compare to the changing federal standards detailed in Table 2-60TFable-
2-60.-

Table 2-582-58: Federal Standard and ENERGY STAR Freezers Maximum Annual Energy Consumption if
Configuration and Volume Known'42

Federal Standard ENERGY STAR
Freezer Category Maximim Usage in Maximum Energy
kWh/year Usage in kWh/year
Upright with manual defrost 7.55*AV+258.3 < 6.795*AV + 232.47
Upright with automatic defrost 12.43*AV+326.1 < 11.187*AV + 293.49
Chest Freezer 9.88*AV+143.7 < 8.892*AV + 129.33
Compact Upright with manual defrost 9.78*AV+250.8 < 7.824*AV + 200.64
Compact Upright with automatic defrost 11.40*AV+391 < 9.120*AV + 312.8
Compact Chest Freezer 10.45*AV+152 < 8.360*AV + 121.6

The default values for each configuration are given in Table 2-59. Note that a compact freezer is
defined as a freezer that has a volume less than 7.75 cubic feet and is 36 inches or less in height.

' ENERGY STAR Freezers Savings Calculator. Accessed June 24, 2012.
“2 ENERGY STAR Refrigerators and Freezers Key Product Criteria.
http://www.energystar.gov/index.cfm?c=refrig.pr_crit_refrigerators
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Freezer Category Conventional ENERGY AkWh AkW 1
Unit Energy STAR Energy

Usage in Usage in

kWhiyr'® kWh/yr'*
Upright with manual defrost 405 347 58 0.0066
Upright with automatic defrost 681 599 82 0.0094
Chest Freezer 392 351 41 0.0047
Compact Upright with manual 301 235 66 0.0076
defrost
Compact Upright with automatic 495 355 140 0.0160
defrost
Compact Chest Freezer 257 204 54 0.0061

2.24.3 Measure Life

ENERGY STAR Freezers: Measure Life = 12 years.'*

2.24.4 Future Standards Changes

As of September 15, 2014 new federal minimum efficiency standards for freezers will take effect.
The maximum allowable energy usage by freezer configuration is listed in Table 2-60Fable-2-60.
These standards will take effect beginning with the 2015 TRM.

Table 2-602-60: Federal Freezer Standards Effective as of the 2015 TRM46

Freezer Category

Federal Standard
Maximim Usage in
kWhlyear
(Effective 2015 TRM)

Upright with manual defrost

5.57*AV + 193.7

Upright with automatic defrost

8.62*AV + 228.3

Chest Freezer

7.29*AV + 107.8

Compact Upright with manual defrost 8.65*AV + 225.7

Compact Upright with automatic defrost 10.17*AV + 351.9

Compact Chest Freezer

9.25*AV + 136.8

%3 ENERGY STAR Residential Freezers Qualified Products List. July 10, 2013. Average federal standard consumption of

all qualifying models by configuration.

'* |bid. Average ENERGY STAR consumption of all qualifying models by configuration.
%> ENERGY STAR Appliances Savings Calculator. Accessed July 10, 2013.

"% U.S. Department of Energy. Federal Register. 179" ed. Vol. 76. September 15, 2011.
https://www1.eere.energy.gov/buildings/appliance_standards/pdfs/refrig_finalrule_frnotice.pdf
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2.25 ENERGY STAR Clothes Washers - == {Formatted: Tab stops: 0.5", List tab
Measure Name Clothes Washers

Target Sector Residential Establishments

Measure Unit Clothes Washer

Unit Energy Savings Varies by Fuel Mix

Unit Peak Demand Reduction 0.0147 kW

Measure Life 11 years

This measure is for the purchase and installation of a clothes washer meeting ENERGY STAR
eligibility criteria. ENERGY STAR clothes washers use less energy and hot water than non-
qualified models.

2.25.1 Algorithms

The general form of the equation for the ENERGY STAR Clothes Washer measure savings

algorithm is:

Total Savings =Number of Clothes Washers x Savings per Clothes Washer

To determine resource savings, the per-unit estimates in the algorithms will be multiplied by the
number of clothes washers. The number of clothes washers will be determined using market
assessments and market tracking.

Per unit energy and demand savings are given by the following algorithms:

AkWh = [((CAPYpase / MEFpase ) X (CWhase + (DHWpase X %Electric DHW) + (Dryeryase X
%Electric Dryer))) — ((CAPYge / MEFgg) X (CWee + ( DHWee X %Electric DHW) +
(Dryeree X %Electric Dryer)))] X Cycles

AkW =DSavew X CF

Where MEFis the Modified Energy Factor, which is the energy performance meteriemetric for
clothes washers. MEF is defined as:

MEF is the quotient of the capacity of the clothes container, C, divided by the total clothes
washer energy consumption per cycle, with such energy consumption expressed as the
sum of the machine electrical energy consumption, M, the hot water energy consumption,

Residential Measures
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E, and the energy required for removal of the remaining moisture in the wash load, D. The

higher the value, the more efficient the clothes washer is.

MEF =C/(M+E + D)

147

2.25.2 Definition of Terms

CAPYpase
CAPYee
MEF pase
MEFge
Cycles

%CWbase

% CWee

%DH Wbase

Y%DHWee

%ElectricDWH

%D, Y€lbase

%Dyerge

%Electric Dryer

DSavCW

CF

= Capactiy of baseline clothes washer in cubic feet

= Capacity of ENERGY STAR clothes washer in cubic feet

= Modified Energy Factor of baseline clothes washer

= Modified Energy Factor of ENERGY STAR clothes washer
= Number of clothes washer cycles per year

=Percentage-oftotaiTotal energy consumption for baseline clothes
washer operation

=Percentage-oftotal Total energy consumption for ENERGY STAR
clothes washer operation

= Percentage-of-totalTotal energy consumption for baseline clothes
washer-waterwasherwater heating

= Percentage-of-totalTotal energy consumption for ENERGY STAR
clothes washer water heating

= Percentage of clothes washers that utilize electrically heated hot water

= Percentage-of-totalTotal energy consumption for dryer operation with
baseline clothes washer

= Percentage-of-totalTotal energy consumption for dryer operation with
ENERGY STAR clothes washer

= Percentage of dryers that are electric

= Summer demand savings per purchased ENERGY STAR clothes
washer.*

=Demand Coincidence Factor. The coincidence of average clothes
washer demand to summer system peak

As of February 1, 2013 a clothes washer must have a MEF = 2.0 and a WF < 6.0 to meet
ENERGY STAR standards. WF is the Water Factor, which is the measure of water efficiency of a

7 Definition provided on ENERGY STAR Clothes Washers Key Product Criteria website:

heswash.pr_crit_clothes washers.

2e= - http://www.energystar.gov/index.cfm?c=clot

'8 Further research to update this value and CF is planned for 2015 TRM update.
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clothes washer, expressed in gallons per cubic feet. WF is the quotient of the total weighted per-
cycle water consumption dividied-bydividedby the capacity of the clothes washer.

The federal standard for a clothes washer must have a MEF 2 1.26 and WF < 9.5."%°

The default values for the terms in the algorithms are listed in Table 2-61. If unit information is
known (such as capacity, MEF, fuel mix) then actual values should be used.

Table 2-612-61: ENERGY STAR Clothes Washers - References

Term Type Value Source
CAPYpase Fixed 3.10ft 1
EDC Data Gathering EDC Data Gathering
CAPYee Variable
Default: 3.10 ft* 2
MEFpase Fixed 1.26 1
EDC Data Gathering EDC Data Gathering
MEFee Variable
Default: 2.00 2
Cycles Fixed 265 3
%CWhase Fixed 9% 4
%CWee Fixed 9% 4
%DHWhase Fixed 37% 4
%DHWee Fixed 22% 4
EDC Data Gathering Appliance Saturation Studies ¥
%Electric DHW Variable
Default: 43% 3
%Dryerpase Fixed 54% 4

"% Based on ENERGY STAR Version 6.01 requirements, ENERGY STAR Program Requirements Product Specification
for GltehesClothes Washers, Eligibility Criteria Version 6.0-Aceessed-August20421. Updated February 15,2013.
http://www.energystar.gov/ia/partners/prod_development/revisions/downloads/commercial_clothes_washers/ENERGY_S
TAR_Final_Version_6_Clothes_Washer_Specification.pdf
_ENERGY-STAR Clothes WashersKey-Product Criteria-websiter

5 - - i 2 26= -pF—GFit— — U.S. Department of Energy, Energy
Efficiency and Renewable Energy Building Technologies Office, Residential Clothes Washers. Accessed November 2013.

http://www1.eere.energy.gov/buildings/appliance standards/product.aspx/productid/39
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Y%Dryeree Fixed 69% 4
EDC Data Gathering Appliance Saturation Studies
%Electric Dryer Variable
Default: 64% 65
DSavew Fixed 0.0147 76
CF Fixed 1 8z
Sources:

1. Energy Star Calculator, EPA research on available models. Accessed June 2013

2. EnergyStar Calculator, Average MEF and capacity of all ENERGY STAR qualified
clothes washers. Accessed June 2013

3. 3-Statewide average for all housing types from Pennsylvania Statewide Residential End-
Use and Saturation Study, 2012;.

3-4. The percentage of total consumption that is used for the machine, water heating and
dryer varies with efficiency. Perecentages were developed using the above parameters
and using the U.S. Department of Energy’s Life-Cycle Cost and Payback Period tool,
available at:
http://www1.eere.energy.gov/buildings/appliance standards/residential/clothes washers

support_stakeholder_negotiations.html

| 4.5.EIA 2009 Residential Energy Consumption Survey (RECS) appliance data for the state of
Pennsylvania. http://www.eia.gov/consumption/residential/index.cfm

| 5.6. Energy and water savings based on Consortium for Energy Efficiency estimates.
Assumes 75% of participants have gas water heating and 60% have gas drying (the
balance being electric). Demand savings derived using NEEP screening clothes washer
load shape.

| 8.7. Coincidence factor already embedded in summer peak demand reduction estimate

The default values for various fuel mixes are given in Table 2-62.

Table 2-622-62: Default Clothes Washer Savings

Fuel Mix AkWh
Electric DHW/Electric Dryer 215
Electric DHW/Gas Dryer 159
Gas DHW(/Electric Dryer 55

Residential Measures
ENERGY STAR Clothes Washers




(DRAFT)

Gas DHW/Gas Dryer 19

Default (17% Electric DHW 64% 79
Electric Dryer)

2.25.3 Measure Life
ENERGY STAR Clothes Washer: Measure Life = 11 years.""

2.25.4 Future Standards Changes

As of March 7, 2015 new federal minimum efficiency standards for clothes washers will take
effect. Further efficiency standards for top-loading clothes washers go into effect beginning
January 1, 2018. The 2015 efficiency standards for front-loading clothes washers will continue to
be effective in 2018. The efficiency standards and the effective TRM that-thesein which these
standards become the baseline are detailed in Table 2-63.

Note that the current standards are based on the MEF and WF, but beginning in 2015 the
standards will be based on the Integrated Modified Energy Factor (IMEF) and Integrated Water
Factor (IWF). The IMEF incorporates energy use in standby and off modes and includes updates
to the provisions of per-cycle measurements. The IWF more accurately represents consumer
usage patterns as compared to the current metric. 152

These standards are effective for both compact- and standard-size clothes washers. A compact
clothes washer is defined to have a capacity of less than 1.6 ft3 and a standard-size clothes
washer has a capacity of 1.6 ft3 or greater.'

Table 2-632-63: Future Federal Standards for Clothes Washers?54

2015 TRM 2018 TRM
Minimum IMEF Maximum IWF Minimum IMEF Maximum IWF
Top-loading, Compact 0.86 14.4 1.15 12.0
Top-loading, Standard 1.29 8.4 1.57 6.5
Front-loading, Compact 1.13 8.3 N/A
Front-loading, Standard 1.84 4.7 N/A

5" ENERGY STAR Calculator . Accessed July 10, 2013.

"2 bid.

%3 U.S. Department of Energy. 10 CFR Parts 429 and 430. Energy Conservation Program: Energy Conservation
Standards for Residential Clothes Washers. Direct Final Rule.

'3 U.S. Department of Energy. 10 CFR Parts 429 and 430. Energy Conservation Program: Energy Conservation
Standards for Residential Clothes Washers. Direct Final Rule.
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Measure Name

Dishwashers

Target Sector

Residential Establishments

Measure Unit

Dishwasher

Unit Energy Savings Varies by Water Heating Fuel Mix
Unit Peak Demand Reduction 0.0225 kW
Measure Life 4410 years

This measure is for the purchase and installation of a dishwasher meeting ENERGY STAR
eligibility criteria. ENERGY STAR dishwashers use less energy and hot water than non-qualified

models.

2.26.1 Algorithms

The general form of the equation for the ENERGY STAR Dishwasher measure savings algorithm

is:

Total Savings

=Number of Dishwashers x Savings per Dishwasher

To determine resource savings, the per-unit estimates in the algorithms will be multiplied by the

number of dishwashers. The number of dishwashers will be determined using market

assessments and market tracking.

Per unit energy and demand savings algorithms for dishwashers utilizing electrically heated hot

water:

AkWh

AkW = DSavDWXCF

2.26.2 Definition of Terms
kthase

kWhee
Y%kWho,
%6kWhheat
%Electricpnw

DSavDW

Residential Measures
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= ((kthase - kWhEE) X (%kWhop + (%kWhheatX %EleCtriCDHw)))

= Annual anergy consumption of baseline dishwasher

= Annual energy consumption of ENERGY STAR qualified unit

= Percentage of unit dishwasher energy consumption used for operation

= Percentage of dishwasher unit energy consumption used for water heating
= Percentage of dishwashers assumed to utilize electrically heated hot water.

= Summer demand savings per purchased ENERGY STAR dishwasher.
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CF = Demand Coincidence Factor. The coincidence of average dishwasher demand
to summer system peak

ENERGY STAR qualified dishwashers must use less than or equal to the water and energy
consumption values given in Table 2-64. Note, as of May 30, 2013, ENERGY STAR compact
dishwashers have the same maximum water and energy consumption requirements as the
federal standard and therefore are not included in the TRM since there is not energy savings to
be calculated for installation of an ENERGY STAR compact dishwasher. A standard sized
dishwasher is defined as any dishwasher that can hold 8 or more place settings and at least six

serving pieces.155

Table 2-642-64: Federal Standard and ENERGY STAR v 5.0 Residential DishwasterDishwasher Standard

Federal Standard'®® ENERGY STAR v 5.0
Water Water
Product Type Energy Energy
(gallons per (gallons per
(kWh per year) (kWh per year)
cycle) cycle)
Standard <6.50 <355 <4.25 <295
Table 2-652-65: ENERGY STAR Dishwashers - References
Component Type Value Source
| kWhpase Fixed 454355 kWh/yr 1
| kWheg Fixed 426295 kWh/yr 1
%kWhop Fixed 44% 1
%kWhhpeat Fixed 56% 1
Default: 43%; or EDC 2
o . . ;
%Electricpnw Variable Data Gathering
| DSavow Fixed 0.0225%® 3
| CF Fixed 1190 43

'% Dishwashers Key Product Criteria. http:/www.energystar.gov/index.cfm?c=dishwash.pr_crit_dishwashers
156 .

Ibid.
' ENERGY STAR Program Requirements Product Specification for Residential Dishwashers.
http://www.energystar.gov/ia/partners/prod_development/revisions/downloads/res_dishwashers/ES_V5_Dishwashers_Sp
ecification.pdf
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1. ENERGY STAR Appliances Calculator. Accessed July 2013.
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2. 3-Statewide average for all housing types from Pennsylvania Statewide Residential End-
Use and Saturation Study, 2012,Demand savings derived using dishwasher load shape.

3. Coincidence factor already embedded in summer peak demand reduction estimate

The default values for electric and non-electric water heating and the default fuel mix from-Error!

Reference source not found.- Table 2-64 is-giverare given in Table 2-66._

Table 2-662-66: Default Dishwasher Energy and-Bemand-Savings

4243%)

Water Heating AkWhlyr
Electric (%Electricopw = 100%) 25
Non-Electric (%Electricopw = 0%) 11
Default Fuel Mix (%Electricpnw = 17

2.26.3 Measure Life

ENERGY STAR Dishwashers: Measure Life = 10 years'®

1% EnergyStar Calculator. Accessed July 2013.
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Measure Name

Dehumidifiers

Target Sector

Residential Establishments

Measure Unit

Dehumidifier

Unit Energy Savings Varies based on capacity
Unit Peak Demand Reduction 0.0098 kW
Measure Life 12 years

ENERGY STAR qualified dehumidifiers are 15 percent more efficient than non-qualified models

due to more efficient refrigeration coils, compressors and fans.

2.27.1 Algorithms

The general form of the equation for the ENERGY STAR Dehumidifier measure savings algorithm

is:

Total Savings =Number of Dehumidifiers x Savings per Dehumidifier

To determine resource savings, the per-unit estimates in the algorithms will be multiplied by the

number of dehumidifiers. The number of dehumidifiers will be determined using market

assessments and market tracking.

Per unit energy and demand savings algorithms:

AkWh = ((Avg Capacity *0.473) / 24) * Hours) * (1/ (L/kWhpase) — 1/ (L/kWhgg))

AkWpeak =DSavDH X CF

2.27.2 Definition of Terms

Avg Capacity = Average capacity of the unit (pints/day)
0.473 = Conversion factor from pints to liters
24 =Conversion factor from liters/day to liters/hour
Hours =Annual hours of operation
=1632""
L/kWhpase =Baseline unit liters of water per kWh consumed
L/kWhee =ENERGY STAR qualified unit liters of water per kWh consumed

8" ENERGY STAR Calculator. Accessed July 2013.
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= Summer demand savings per purchased ENERGY STAR

dehumidifier

=0.0098 kiW'* 1%

= Demand Coincidence Factor. The coincidence of average

dehumidifier demand to summer system peak

164
=1

Table 2-67 shows the federal standard minimum efficiency and ENERGY STAR standards,

effective October 1, 2012. Federal standards do not limit residential dehumidifier capacity, but

since ENERGY STAR standards do limit the capacity to 185 pints per day, Table 2-59 only

presents standards for the range of dehumidifier capacities that savings can be claimed.

Table 2-672-67: Dehumidifier Minimum Federal Efficiency and ENERGY STAR Standards

Capacity Federal Standard'®® ENERGY STAR'®®
(pints/day) (L/kWh) (L/kWh)
<35 1.35
>35<45 1.50 > 185
>45 < 54 1.60
>54 <75 1.70
75<185 2.5 >2.80

The annual energy usage and savings of an ENERGY STAR unit over the federal minimum

standard are presented in Fable-2-68Table 2-68 for each capacity range.

Table 2-682-68: Dehumidifier Default Energy Savings16?

Capacity Range | Default Capacity | Federal Standard | ENERGY STAR AkWh
(pints/day) (pints/day) (kWhlyr) (kWhlyr)
<35 35 686 834 500 609 186 225
>35<45 45 905 965 +33 782 172183
>45 <54 54 988 1086 854 939 134 147
>54 <75 74 _1,241400 1,113287 98 113
75<185 130 _1,660673 1,482493 4+8 180

'%2 Conservatively assumes same kW/kWh ratio as Refrigerators.
"% Further research to update this value and CF is planned for 2015 TRM update.
'8 Coincidence factor already embedded in summer peak demand reduction estimate.

1% EnergyStar Calculator Accessed July 2013 using U.S. Department of Energy. Federal Register. 66" ed. Vol. 74. April

8, 2009. https://www1.eere.energy.gov/buildings/appliance standards/residential/pdfs/74fr16040.pdf;

166 EnergyS tar Calculator Accessed July 2013 using ENERGY STAR Program Requirements Product Specification for

Dehumidifiers, Eligibility Criteria Version 3.0.

http://www.energystar.gov/ia/partners/prod development/revisions/downloads/dehumid/ES Dehumidifiers Final V3.0 Eli

gibility Criteria.pdf?3cbf-7a48;

167

http://www.energystar.gov/ia/business/bulk_purchasing/bpsavings calc/appliance calculator.xIsx
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Derived from equations in section 2.27, matching values generated by Energy Star Appliance Savings Calculator:
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2.27.3 Measure Life

ENERGY STAR Dehumidifiers: Measure Life = 12 years."®®

"% EnergysS tar Calculator Accessed July 2013 using ENERGY STAR Appliances. February 2008. U.S. Environmental
Protection Agency and U.S. Department of Enegy. ENERGY STAR. http://www.energystar.gov/.

SECTION 2:
ENERGY STAR DehumidifiersDehumidiers Page 159




State of Pennsylvania - Technical Reference Manual — Rev Date: June 2014 (DRAFT)

SECTION 2:

ENERGY STAR DehumidifiersDehumidiers Page 160




(DRAFT)

2.28 ENERGY STAR Room Air Conditioners
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Measure Name Room Air Conditioners
Target Sector Residential Establishments
Measure Unit Room Air Conditioner

Unit Energy Savings Varies

Unit Peak Demand Reduction 0.059 kW

Measure Life 9 years

This measure relates to the purchase and installation of a room air conditioner meeting ENERGY
STAR eriterion _criteria.

2.28.1 Algorithms

The general form of the equation for the ENERGY STAR Room Air Conditioners (RAC) measure
savings algorithm is:

Total Savings =Number of Room Air Conditioner x Savings per Room Air Conditioner
To determine resource savings, the per-unit estimates in the algorithms will be multiplied by the
number of room air conditioners. The number of room air conditioners will be determined using

market assessments and market tracking.

AkWh = CAPYRrac/1000 X (1/EER, — 1/EER¢e) * EFLHRac
AkW = DsaVRAc X CF

2.28.2 Definition of Terms

CAPYgrac =The cooling capacity (output in Btuh) of the room air conditioner (RAC)
being installed

EER, =Energy efficiency ratio of the baseline unit

EER,, =Energy efficiency ratio of the RAC being installed

EFLHRac =Equivalent full load hours of the RAC being installed

DSavgac = Summer demand savings per purchased ENERGY STAR room AC
=0.1018 kW'*> 7°

CF =Demand coincidence factor

"% Average demand savings based on engineering estimate.
"7 Further research to update this value and CF is planned for 2015 TRM update.
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=0.58"*

=Optional CF from EDC data gathering

(DRAFT)

Table 2-69Fable2-69Table 2-69 lists the minimum federal efficiency standards as of June 2014

and minimum ENERGY STAR efficiency standards for RAC units of various capacity ranges and

with and without louvered sides. Units without louvered sides are also referred to as “through the

wall” units or “built-in” units. Note that the new federal standards are based on the Combined

Energy Efficiency Ratio Metric (CEER), which is a metric that incorporates energy use in all

modes, including standby and off modes.""

Also, as of October 1, 2013 ENERGY STAR Room Air Conditioner Version 3.0 will take effect.
The new eligibility criteria are given in Table 2-69Fable-2-69, Table 2-70Fable-2-70 and Table

2-71.
Table 2-692-69: RAC Federal Minimum Efficiency and ENERGY STAR Version 3.0 Standards 173
Capacit Federal Standard ENERGY STAR Federal Standard ENERGY STAR
(B‘:u /h)y CEER, with EER, with EER, without CEER, without
louvered sides louvered sides louvered sides louvered sides
< 6,000
: 211.0 11.2 10.0 10.4
6,000 to 7,999
8,000 to 10,999 9.6
22010 10, 210.9 113
11,000 to 13,999 9.5
14,000 to 19,999 210.7 11.2 9.3 9.8
20,000 to 24,999 294
9.8 9.4
225,000 29.0

Fable2-70-Table 2-70 lists the minimum federal efficiency standards and minimum ENERGY
STAR efficiency standards for casement-only and casement-slider RAC units. Casement-only

refers to a RAC designed for mounting in a casement window with an encased assembly with a

width of 14.8 inches or less and a height of 11.2 inches or less. Casement-slider refers to a RAC

with an encased assembly designed for mounting in a sliding or casement window with a width of

15.5 inches or less.

Table 2-702-70: Casement-Only and Casement-Slider RAC Federal Minimum Efficiency and ENERGY STAR
Version 3.0 Standards (effective 2014 TRM)

Casement

Federal Standard

ENERGY STAR EER

CEER
Casement-only 295 >10.0
Casement-slider 210.4 >10.9

""" Based on data from PEPCO.
"2 Federal stanards: U.S. Department of Energy. Federal Register. 164" ed. Vol. 76, August 24, 2011.
' Federal stanards: U.S. Department of Energy. Federal Register. 164" ed. Vol. 76, August 24, 2011.
ENERGY STAR standards: ENERGY STAR Program Requirements Product Specification for Room Air Conditioners,

Eligibility Criteria Version 3.0. June 22, 2012.
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STAR efficiency standards for reverse-cycle RAC units.

(DRAFT)

’ Table 2-712-74: Reverse-Cycle RAC Federal Minimum Efficiency Standards and ENERGY STAR Version 3.0
Standards (effective 2014 TRM)

[ Field Code Changed

Capacity Federal Standard ENERGY STAR Federal Standard ENERGY STAR

(Btu/h) CEER, Wl_th EER, W|t_h CEER, W|tl_10ut EER, W|th_out
louvered sides louvered sides louvered sides louvered sides

< 14,000 nfa n/a 293 298

> 14,000 28.7 29.2

< 20,000 >9.8 210.4 na a

> 20,000 29.3 29.8

Table 2-72

Fable-2-72 provides deemed EFLH by city and default energy savings values if efficiency and

capacity information is unknown. Alternate EFLH,,,; values from Table 2-2 in Section 2.1 may be

used in conjunction with the Adjustment Factor (AF) in Section 2.11 to find EFLHg_if desired.

Table 2-722-72: Deemed EFLH and Default Energy Savings'74 175

City EFLHRrac AkWh
Allentown 243 151 23 14
Erie 149 121 4 11
Harrisburg 288 171 27_16
Philadelphia 320 183 30_17
Pittsburgh 228 134 22 13
Scranton 193 129 18_12
Williamsport 204 131 19_12

2.28.3 Measure Life
’ ENERGY STAR Room Air Conditioners: Measure Life = 40 9 years'”®

"7 Values taken from ENERGY STAR calculator except for EFLH estimates, which can be found in Section 2.4211
(Room AC Retirement):), Table 2-23.
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