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Section |I: Introduction/Overview

In September 2007, the Arkansas Public Service Commission (Commission) ordered each of the
investor-owned, regulated utilities within the state to offer its customers energy savings programs.
Now that Demand Side Management (DSM) programs are operating throughout Arkansas, it is
important to periodically evaluate success factors and the level of market penetration for the
programs to determine how effectively programs have been designed and implemented, estimate
energy and demand savings attributable to the programs, and provide feedback and
recommendations as programs mature. Program evaluation is not an afterthought; it is a vital part
of successful program implementation and development. This document provides guidance and
insight regarding some of the important Evaluation, Measurement & Verification (EM&V)
methods and recommends best approaches to use specifically with the Arkansas DSM Program
Portfolio.

This document is divided into two sections:

e Section | — Provides an overview of EM&V terms, methods, and approaches
e Section Il — Provides the EM&YV Protocols

The protocols presented in this Volume 1 of the TRM are based on a review of the current industry
literature on a broad range of topics including:

Master Plan and Project Management;

Program Tracking and Database Development and Management;

Protocols for Post-Implementation Verification;

Process Evaluation Guidance;

e “Level of Effort” or “Rigor” Protocols;

e Protocols for the addition of new measures and deemed savings values as well as the
Verification and Ongoing Modification of Deemed Savings Values;

e Protocols for the Determination of Accurate Net Program Impacts (including net-to-gross
estimates and non-energy benefits); and

e Provisions for Large Customers.

This review also draws heavily from the leading industry references used to guide EM&V
activities for DSM Programs throughout the United States. This document also contains a complete
bibliography of materials referenced to develop these EM&V Protocols for Arkansas, and are cited
as appropriate. A Glossary of common EM&V terms is also included.

Section | Page 1
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A. PURPOSE OF EM&V PROTOCOLS
The purpose of these EM&V Protocols is to provide a common framework and set of
reference points for conducting cost-effective DSM Program evaluations. These protocols
describe the types of information that must be collected to conduct a comprehensive
examination of a program’s overall effectiveness, the recommended frequency for
conducting these program evaluations, and the key metrics that must be reported during
these evaluation activities.
These protocols provide additional guidance regarding the role of EM&V for DSM
programs, as well as key definitions, recommendations regarding data capture and EM&V
reporting formats. The EM&V plans developed for each organization or utility will
describe the specific EM&V activities that will be completed during the evaluation cycle.
This document is not designed to address all of the key topics in the EM&YV field. Rather,
it is designed to address the specific topic areas in the Order 10-100-R.
Topics covered include:
e Evaluation Definitions
e Evaluation Planning
e The Value of Baseline Assessments
e The Role of Process Evaluations
e The Role of Impact Evaluations
e Specific Evaluation Protocols for the following topics:
o Program Tracking and Database Development and Management;
o Protocols for Post-Implementation Verification;
o Process Evaluation Guidance;
o “Level of Effort” Protocols;
o Protocols for Verification and Ongoing Modification of Deemed Savings
Values;
o Protocols for the Determination of Accurate Net Program Impacts (including
net-to-gross estimates and non-energy benefits); and
o Provisions for Large Customers
This document does not attempt to address the entire range of issues facing the current
EM&V community. Therefore, these protocols will not address the following EM&V
topics:
e Program Logic Models
e Market Transformation Studies
e Documenting Market Effects
e The Role of Economic Cost/Benefit Tests
The goal of these EM&V Protocols is to provide the underlying evaluation framework for
EM&V activities. The Arkansas Commission and the EM&V Parties Working
Collaboratively (PWC) can then build on this framework to address additional EM&V
issues as the energy efficiency market evolves and matures throughout the State. This
document includes protocols on process evaluation and behavior-based energy efficiency
programs. Subsequent revisions of this document should include protocols on a variety of
Section | Page 2
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other important energy efficiency topics as they reflect advances in the market. This will
include the results of further analysis by the PWC regarding the inclusion of non-utility
resources and other non-energy benefits (NEBSs) that can be attributed to energy efficiency
programs in the calculation of program cost-effectiveness.

BASICS TO GOOD EVALUATION PRACTICES

EM&YV is the embodiment of the old adage “Begin with the end in mind. ” 1deally, program
evaluation is built into the fabric of every program design so when the time comes for an
evaluation, the baseline data and measure data will be readily available and the evaluation
activity will be a seamless, integrated process. However, the ideal is rarely the reality in
program evaluations. Oftentimes, evaluators who are called upon to review program
operations must rely on less-than-perfect data. The goal of these EM&V Protocols is to
move the Arkansas EM&YV activities closer to the ideal evaluation process by providing a
clear description of what is needed and required.

The first step is a proper understanding of what evaluation means and entails. If a DSM
program worked successfully, less energy will have been consumed by end-users during a
specific time period. Evaluation is not measuring an event that happened; rather, it attempts
to measure “what did not happen. 1t is an estimate ” (Schiller Consulting 2010).

It is critical to understand that even the best evaluation practices are based on highly refined
estimates, and do not provide absolute findings. The energy savings from a program cannot
be determined directly from available energy use data but must be measured against what
would have happened if the program did not exist. Therefore, the goal of a good EM&V
protocol is to identify the best approaches for determining reasonable and defensible
estimates — largely based on surveys with program participants, non-participants and other
market actors — about events that would have happened in the absence of the programs.
With any evaluation, there is a level of risk that the estimations are inaccurate, and there
are different points for an acceptable margin of error (or levels of confidence). These
protocols manage the risk of inaccuracy, and minimize the margin of error, by specifying
the information and data points required to properly document savings and provide the best
possible estimates of energy savings.

A second major issue regarding good EM&V practices relates to the level of effort required
to obtain meaningful results, while managing evaluation costs. It is important to weigh the
costs associated with obtaining additional, incremental information (or developing more
precise estimates of program impacts, i.e., higher certainty), with the incremental costs
associated with gathering and studying additional information.

Therefore, EM&V methodologies involve a series of tradeoffs guided by answering two
questions:

Q1. “What is the comparison point?
Q2.  “How good is good enough?”

The answers to these questions are based on the size, scale, and scope of the overall
program portfolio as it relates to the ultimate energy savings goals and objectives.

Section |

Page 3
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ROLE OF EVALUATION

The role of a Program Evaluation is to:

e Quantify Results: Document, measure and estimate the energy and demand
savings of a program in order to determine how well it has achieved its goals and
managed its budget.

e Gain Understanding: Determine why certain program effects occurred (or didn’t
occur) and identify ways to improve and refine current and future programs; also
to help select future programs (NAPEE 2007).

The National Action Plan for Energy Efficiency (2007), which is heavily referenced in
these protocols, provides an excellent visual representation of the role of program
evaluation activities during the life cycle of a typical DSM program.

Program Implementation Cycle With High-Level Evaluation Activities

Step 1: Program Step 2: Step 3: Praparing Step 4: Program
Goal Setting Program Design for Program Launch Implementation

Evaluation Activity —* Evaluation Activity —= Evaluation Activity —= Evaluation Activity
Setting evaluation Preliminary Prepare detailed Evaluation data
goals and reporting evaluation plan evaluation plan - collection, analyses
expectations and budget collect baseline data and reporting
as needed {perhaps continuing
on after program Is
__— completed)

/ ‘

Feedback for Feedback for
future programs current program

(Source: NAPEE 2007)
Figure 1: Program Implementation Cycle With High-Level Evaluation Activities

As Figure 1 shows, program evaluation is viewed as an ongoing process that provides
information regarding changes in program direction and adjustments to program goals and
objectives over time.

Section |

Page 4
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D. DEFINITIONS OF PROCESS AND IMPACT EVALUATIONS
The American Evaluation Association defines evaluation as “assessing the strengths and
weaknesses of programs, policies, personnel, products and organizations to improve their
effectiveness.”
e Process Evaluation describes and assesses overall program structure, materials
and activities.
e Impact Evaluation examines the long-term effects from a specific program,
including unintended effects.
e Process and Impact Evaluations work together to provide a complete picture;
activities related to these separate evaluation efforts often overlap.
According to the U.S. Department of Energy, program evaluations are used to make future
decisions regarding program operations. The key questions that program evaluations
answer include (EERE 2006):
e Should the program continue?
e How should the program be changed? Should it be expanded, consolidated, or
replicated?
e Do program funds need to be reallocated?
e How can program operations be streamlined, refined or redesigned to better meet
program objectives?
e What elements of the program can or should be discontinued?
e s it time for this program to be discontinued?
The first step in a program evaluation is to specify the evaluation objectives. The two most
common types of objectives are: 1) studies that guide decisions about future program
implementation and 2) estimates of quantified savings and insight regarding a program’s
overall performance. Table 1 compares these two types of evaluation activities.
Table 1: Comparison of Program Evaluation Objectives
Informational Needs Evaluation Type
Efficiency of program implementation processes, e.g., to document the
effectiveness of specific activities, what works and what does not work, Process
where additional resources could be leveraged, participant satisfaction.
Quantified outcomes that can be attributed to the program’s activities,
i.e., what are the results or outcomes that would not have occurred without Impact
the influence of the program. This is also called “net impacts.”
(Source: Modified from EERE 2006)
Examples of common program evaluation objectives are:
e Assess the impact of the program on customer awareness and knowledge of energy
efficiency actions.
e Measure customer response to ‘“follow-up” program elements designed to
encourage audit participants to implement recommendations.
e Examine program awareness, delivery channels, factors that influenced
participation, program effects and customer satisfaction levels.
Section | Page 5
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e Document energy efficiency actions taken by program participants compared to
actions taken by non-participants.

e Estimate energy savings accruing from participation in the program over time;
verify the reported energy savings as results of the program.

e Determine if there have been any changes in the building characteristics of program
participants between program years.

e Evaluate the effectiveness of program modifications made in a specific fiscal year.

e Complete a customer segmentation analysis of the primary target population.

e Explore Dbarriers to participation in program activities and develop
recommendations for improving the promotion and targeting of existing services,
as well as new program knowledge and services (Source: Expanded and modified
from EERE 2006).

Process Evaluations are effective management tools that focus on improving both the
design and delivery of energy efficiency programs. They are most commonly used to
document program operations for new programs or those in a pilot or test mode. Since
process evaluations examine program operations, they can identify ways to make program
enhancements and improvements that reduce overall program costs, expedite program
delivery, improve customer satisfaction, and fine-tune program objectives. These
evaluations can also be used to assess the effectiveness of various incentive programs and
rebated technologies. Process evaluations rely on a variety of qualitative and quantitative
research methods, beginning with a review of program materials and records, conducting
in-depth interviews with program staff and implementers, and surveys with key customer
and trade ally groups. Process evaluations can also provide feedback on ways to streamline
and enhance data collection strategies for program operations (NAPEE 2007).

Impact Evaluations measure the change in energy usage and demand (kWh, kW, and
therms) attributable to a program. They are based on a variety of approaches to quantify
(estimate) energy savings, including statistical comparisons, engineering estimation, and
modeling, metering, and billing analysis. The impact evaluation approach selected is
primarily a function of the available budget, the technologies or energy end-use measures
(EUMSs) targeted in the program, the level of certainty of original program estimates, and
the overall level of estimated savings attributable to the program (NAPEE 2007).

There are many decisions that affect the design of an impact evaluation. However, each
impact evaluation should address the following seven major issues before the budget and
evaluation plan are prepared:

1. Define evaluation goals and scale (relative magnitude or comprehensiveness);

2. Set a time frame for evaluation and reporting expectations;

3. Set a spatial boundary for evaluation;

4. Define a program baseline, baseline adjustments, and data collection requirements;

5. Establish a budget in the context of information quality goals (level of acceptable
margin of error and risk management);

6. Select impact evaluation approaches to estimate gross and net savings calculations;
and

7. Select who (or which type of organization) will conduct the evaluation (NAPEE
2007).

Section |
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NAPEE 2007 summarizes what it considers to be the “Best Practices in Evaluation”.
These EM&V best practices are summarized below to provide further guidance for
evaluation activities conducted in Arkansas.

Incorporate an overall evaluation plan and budget into the program plan at the
beginning of program planning;

Adopt a more in-depth evaluation plan each program year;

Prioritize evaluation resources where the risks are highest. This includes focusing
impact evaluation activities on the most uncertain outcomes and highest potential
savings. New and pilot programs have the most uncertain outcomes, as do newer
technologies;

Allow evaluation criteria to vary across program types to allow for education,
outreach, and innovation;

Conduct ongoing verification as part of the program process;

Establish a program tracking system that includes necessary information for
evaluation;

Match evaluation techniques to the situation with regard to the evaluation costs, the
level of precision required, and feasibility;

Maintain separate staff for evaluation and for program implementation. Rely on an
outside review of evaluations (e.g., state utility commission), especially if the
program is implemented by internal utility staff. It is important that the program
evaluation is an activity conducted independently of program operations; and
Evaluate regularly to refine programs as needed to meet changing market
conditions.

Process and impact evaluations require data collection from a variety of sources. The
timing, mix, and types of data collection activities must be specified in the EM&V plans
for each program. Figure 2 presents the types of data collection activities for process and
impact evaluations.

Section |

Page 7
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Types of Data Collection Activities for Process and Impact Evaluations
Records Review Low Cost
Review of program database
Review of marketing materials
Determine program process flow
Literature Review
Review of secondary materials
Review of engineering estimates and approved databases
Review of free ridership/free drivership rates
Focus Groups
Small group discussions with customers, trade allies, or both
In-depth interviews with key stakeholders [decision-makers)
Program staff
Outside consultants
Industry representatives
Surveys
Participating customers only
Mon participating customers only
Surveys of both groups
Surveys of trade allies
Site Visits
On- site observation of program operations/customers
On-site verification of equipment operation
Metering High Cost

(Source: Reynolds, Johnson & Cullen 2008)
Figure 2: Types of Data Collection Activities for Process and Impact Evaluations

It is important to note that not every process or impact evaluation will require the complete
set of data collection activities. Rather, the evaluation plan specifies the data collection
strategies that will be used in each phase of the program evaluation as well as the
anticipated budget expenditures for each data collection activity.

EVALUATION TIMING

All dates are approximate and subject to change based on commission rules and orders.

The decision regarding the appropriate evaluation time frame has two components:

1.

When and over what period of time the evaluation effort will take place. A standard
evaluation would begin before program implementation begins in order to collect important
baseline data, and then continue for some time after the program is completed to analyze
persistence of savings and other program elements. However, the actual timing of the
evaluation is influenced by several factors, including:

Section |
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What will be the time period of analyses (i.e., how many years)?

Will persistence of savings be determined, and if so, how?

What is the timing for policy decisions and evaluation planning?

What is the need for early feedback for program implementers?

Where is the program in its life cycle?

What are the evaluation data collection time lags?

What are the other regulatory and/or management oversight requirements to be

addressed in this evaluation?

e What information or data are needed to update specific energy and demand savings
from the measure, and to quantify life estimates?

e What is the timing and format required for the reporting process? Is a single, final

program report needed, or are more frequent reports required?

In general, program evaluations are conducted with a three-year plan. Process evaluations
are usually conducted at the end of the first year of program operations and at the
conclusion of the program period. Impact evaluations may be conducted annually or at the
conclusion of Program Years 2 and 3, and generally free ridership and spillover no more
frequently than once every three years provided there are sufficient data to determine
energy savings estimates and adjustments and no significant changes in a program design.
The timing for the EM&YV activities must be specified in the EM&YV plans.

What is the level of detail or “granularity” required for the evaluation analyses? This
relates to whether 15-minute, hourly, monthly, seasonal, or annual data collection and
savings reporting are necessary. The granularity decision is based how the information will
be used from the evaluation. Annual savings data provide an overview of program benefits.
More detailed data are usually required for both cost-effectiveness analyses and resource
planning purposes.

If demand savings are to be calculated, the choice of definition (e.g., annual average, peak
summer, coincident peak, etc.) is related to time granularity. When evaluating energy or
demand savings, it is important to properly define the project boundaries (i.e., what
equipment, systems, or facilities will be included in the analyses). Ideally, all primary
effects (the intended savings) and secondary effects (unintended positive or negative
effects), and all direct (at the project site) and indirect (at other sites) will be captured in
the evaluation. The decision concerns whether savings will be evaluated for specific pieces
of equipment. For example, the “boundary” may include motor savings or light bulb
savings estimates, the end-use system (e.g., the HVAC system or the lighting system), the
entire facility, or the entire energy supply and distribution system (Modified NAPEE
2007).
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Therefore, the EM&V plans filed for each program portfolio will stipulate the sampling
strategy, the confidence and precision levels necessary to provide for a robust EM&V
analysis of the savings estimates. Although the sampling strategy will vary by program and
across the program portfolio, it must be fully described in each EM&V plan.

DEFINING PROGRAM BASELINE, BASELINE ADJUSTMENTS, AND DATA
COLLECTION REQUIREMENTS

A major impact evaluation decision is defining the baseline conditions. The baseline
reflects the conditions, including energy consumption, that were occurring before the
launch of the program. Baseline definitions consist of site-specific issues and broader,
policy-oriented considerations.

Site-specific issues include the characteristics of equipment in place before an efficiency
measure is implemented as well as how and when the affected equipment or systems are
operated. When defining the baseline, it is also important to consider where in the life
cycle of the existing equipment or systems the new equipment was installed. The options
are:

e Early replacement of equipment that had not reached the end of its useful life;
e Failed equipment replacement, with new energy efficient equipment installed; or
e New construction.

For each of these options, the two generic approaches to defining baselines are the project-
specific and the performance standard procedure, described below.

Project-Specific Baseline

Under the project-specific procedure (used with all or a sample of the projects in a
program), the baseline is defined by a specific technology or practice that would have been
pursued, at the site of individual projects, if the program had not been implemented. For
energy efficiency programs, the baseline is established by:

1. Assessing the existing equipment’s energy consumption rate, based on
measurements or historical data;

2. Completing an inventory of pre-retrofit equipment; or

3. Comparing to a control group’s energy equipment (used where no standard exists
or when the project is an “early replacement,” i.e., implemented prior to equipment
failure).

The most widely accepted method, and recommended for these EM&V Protocols is to
define the baseline by determining what technologies the new equipment actually replaces;
that is the baseline is related to actual historical base year energy consumption or demand,
and carried forward to future years (NAPEE 2007).
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Performance Standard Baseline

The Performance Standard Baseline approach avoids project-specific determinations of
quantified energy and demand savings and instead develops a performance standard, which
provides an estimate of baseline energy and demand for all the projects in a program. The
assumption is that any project activity will produce additional savings if it has a “lower”
baseline than the performance standard baseline. Performance standards are sometimes
referred to as “multi-project baselines” because they can be used to estimate baseline
savings for multiple project activities of the same type.

Under the performance standard procedure, baseline energy and demand are estimated by
calculating an average (or better-than-average) consumption rate (or efficiency) for a blend
of alternative technologies or practices. These standards are used in large-scale retrofit
(early replacement) programs when the range of equipment being replaced and how it is
operated cannot be individually determined. This would be the case, for example, in a
residential compact fluorescent lamp (CFL) incentive program, where the types of lamps
being replaced and the number of hours they operate cannot be determined for each home.
Instead, studies are used to determine typical conditions. Another common use of
performance standards is to define a baseline as the minimum efficiency standard for a
piece of equipment as defined by a law, code, or standard industry practice. This is
commonly used for new construction or equipment that replaces failed equipment (NAPEE
2007).

This approach is especially important when it is difficult to determine baselines, such as in
new construction programs since no comparison period exists. However, the concepts of
project and performance standard baseline definitions can still be used in these
circumstances. The industry-accepted methods of defining new construction baselines are
based on:

e The specifications of buildings that would have been built or equipment installed,
without the influence of the program, at the specific site of each construction
project. This might be evaluated by standard practice evaluation or building plans
and specifications that were prepared prior to the program being launched:;

e Existing building codes and/or equipment standards; and

e The performance of equipment, buildings, etc., in a comparison group of similar
program non-participants.

G. DEFINING ADJUSTMENT FACTORS
A number of factors, or independent variables, affect energy and demand levels at the
customer site and need to be considered when evaluating a DSM program. By accounting
for these factors that are beyond the control of the program implementer or end-user, the
adjustments bring energy use in the two time periods (before program launch and after or
during program delivery) to the same set of conditions. Common adjustment examples are:
e Weather corrections;
e Changes in occupancy levels and hours;
e Production levels;
e Economic conditions;
Section | Page 11
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Energy prices;

Changing codes/standards and common practice/changes to the baseline;
Interactions with other programs; and

Changes in household or building characteristics.

These factors all affect total energy used and energy demand levels. There are a few
methods for isolating the impacts of these factors in order to accurately attribute energy
and demand reductions to the program being evaluated.

The decision to calculate gross energy savings or net energy savings depends on the
program objectives and available evaluation resources. Gross savings are calculated when
all that is needed is an estimate of the savings for each project participating in a program.
The most common example of this is a project involving a contractor completing energy
efficiency measures in a facility for the sole purpose of achieving energy savings (e.g.,
performance contracts). Net savings (which account for the range of independent variables
discussed previously) are calculated when one wants to know the level of savings that
occurred as a result of the program’s influence on program participants and non-
participants (Schiller Consulting 2010). The methods to adjust gross and net savings are
summarized below:

Estimates of Gross Savings

Gross energy or demand savings are the expected change in energy consumption or demand
that results directly from program-promoted actions (e.g., installing energy efficient
lighting) taken by program participants under pre-defined assumed conditions.

Estimates of Net Savings

Net energy or demand savings refer to the portion of gross savings that is directly
attributable to the influence of the program. This involves separating out the impacts that
are a result of other influences, such as weather, energy prices, or even consumer self-
motivation.

Most program evaluations seek estimates for both gross and net energy/demand savings.
They require a net-to-gross estimate. Net-to-gross estimates refer to the ratio of total
(gross) savings that are program-influenced (net savings). For example, a program’s overall
impact is determined by calculating the actual savings less the anticipated or projected
estimates and then adjusted for free ridership and spillover.

Impact = Actual post — Projectedpre £ Adjustments

The level of effort necessary to complete an evaluation is driven by the equipment type and
data collection needs. The International Performance Measurement and Verification
Protocol (IPMVP) is an important and widely used guidance document for determining the
level of effort required to conduct EM&YV studies. It provides guidelines about the “level
of effort” required to document energy efficiency savings. The IPMVP presents various
M&V options, summarized in Table 2, that help guide savings verification methods and
levels of effort.
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Table 2: Summary of IPMVP Protocols

. Measure Performance .
IPMVP M&V Option . Data Requirements
Characteristics
Option A: Engineering ¢ Verified installation
calculations using spot or Constant ¢ Nameplate orstipulated performance parameters
short-term measurements, performance * Spot measurements
and/or historical data * Run-time hour measurements
o BiE c bl ¢ Verified installation
ti : i i tant rari .

ption B: tngineering onstant or varabie ¢ Nameplate orstipulated performance parameters

calculations using metered data. performance
e End-use metered data
Option C: Analysis of utility
meter (or sub-meter) data using . * Verified installation
. . Variable s
techniques from simple ¢ Utility metered or end-use metered data
. S performance ) ; ; . ;

comparison to multi-variate * Engineering estimate of savings input to SAE model
regression analysis.
Option D: Calibrated energy * Verified installation
simulation/modeling; calibrated Variabl ¢ Spot measurements, run-time hour monitoring,
with hourly or monthly utility rfama © and/or end-use metering to prepare inputs to models

o ; performance o .
billing data and/or end-use e Utility billing records, end-use metering, or other
metering indices to calibrate models

(Source: IPMVP Protocols 2010)

Budget Considerations

Establishing a budget (i.e., funding level) for an evaluation requires consideration of all
aspects of the evaluation process. The costs for high levels of confidence in the calculations
must be balanced against the risks (and costs) associated with the value of savings being
allocated to projects and programs. In this sense, evaluation processes involve some risk
management decisions. Low-risk projects require less evaluation confidence and precision;
high-risk projects require more confidence and precision. The acceptable level of
uncertainty is often a subjective judgment based on the value of the energy and demand
savings, the risk to the program associated with over- or underestimated savings, and a
balance between encouraging efficiency actions and high levels of certainty. An important
aspect of evaluation planning is deciding what level of risk is acceptable and thus
determining the requirements for accuracy and a corresponding budget.
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The level of acceptable risk is usually related to:

e The overall amount of savings expected from the program;

e Whether the program is expected to grow or shrink in the future;

e The uncertainty about expected savings and the risk the program poses in the
context of achieving portfolio savings goals;

e The length of time since the last evaluation was conducted and the degree to which
the program has changed in the interim; and

e The requirements of the regulatory commission or oversight authority, and/or the
requirements of the program administrator.

On a practical level, the evaluation budget reflects a number of factors. At the portfolio
level, for example, evaluation budgets may be established in regulatory proceedings.
However, evaluation needs and costs require scrutiny at the program level to ensure proper
funding levels. At the program level, budgets are often influenced by factors that affect
the level of quality associated with evaluation results. For example, budgets may increase
to accommodate follow-up studies aimed at assessing and reducing measurement error, or
to pay for additional short-term metering, training of staff, or testing of questionnaires and
recording forms to reduce data collection errors. Additional resources might be required to
ensure that “hard-to-reach” portions of the population are included in the sampling frame
(reducing non-coverage error) or devoted to follow-up aimed at increasing the number of
sample members for whom data are obtained (reducing non-response bias).

The determination of the appropriate sample size also affects the evaluation budget.
Procedures such as a statistical power analysis help researchers determine the sample size
needed to achieve the desired level of precision and confidence for key outcomes. In this
way, researchers are assured of a statistically significant sample size.

The National Action Plan for Energy Efficiency (2007) suggests that a reasonable spending
range for evaluation is 3 to 6 percent of program budgets. In general, on a unit-of-saved-
energy basis, costs are inversely proportional to the magnitude of the savings (i.e., larger
projects have lower per-unit evaluation costs) and directly proportional to uncertainty of
predicted savings (i.e., projects with greater uncertainty in the predicted savings warrant
higher EM&YV costs) (NAPEE 2007).

Cost-Effective Strategies for Program Evaluation

One effective way to minimize the EM&YV evaluation costs — while maximizing the overall
effectiveness of the final program evaluations — is to encourage (PWC) parties working
collaboratively on EM&V activities where possible.

In particular, larger utilities should be encouraged to include smaller utilities in EM&V
planning and research.? The potential cost savings from PWC on evaluation projects can
be significant, especially for utilities with relatively small programs. Other advantages
include a consistent methodological approach and a consistent reporting format. Similarly,
market assessments and baseline studies naturally lend themselves to a regional approach
because markets do not conform to service-territory boundaries.

1 Although not mandatory, collaboration is a potentially cost-effective option that should be given consideration.
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Specific types of evaluation activities may be appropriate for collaboration:

1. Baseline Studies

2. Market Assessment Studies

3. Incremental Cost Studies

4. Process or Impact Evaluations where programs are substantially similar
5. DSM Potential Studies

If programs meet the following criteria, then conducting EM&V activities collectively via
the PWC is strongly encouraged:

e The programs delivered across multiple utility territories are very similar. If
the programs target the same customer class and offer the same measure mix, then
there are significant cost savings to be gained by conducting a joint evaluation
across the utility service territories. The most common DSM programs that
encourage this PWC effort include residential CFL programs, residential
weatherization programs, and energy audit programs.

e The finding should be reported consistently across utility service territories
where appropriate. This PWC effort will only work if the participating utilities
are tracking the customer data in the same manner across the joint programs. The
individual utilities can report their EM&V activities separately but share the EM&V
costs associated with executing these activities (Reynolds et al., 2009).

The Importance of Independence

EM&YV requires third-party verification and reporting. Therefore, the organization selected
to conduct any EM&YV activities should be independent of the organizations involved in
the program design, management, and implementation efforts. The evaluations should be
conducted at an “arms-length distance,” such that the verification professionals have no
financial stake in the program or program components being evaluated beyond the
contracted evaluation efforts.
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Section Il1: EM&V Protocols

This section describes the recommended EM&YV Protocols that should be incorporated in process
and impact evaluations of the DSM programs pursuant to Docket No. 10-100-R.

PROTOCOL A: PROGRAM TRACKING AND DATABASE DEVELOPMENT

Protocol Scope: This protocol provides guidance to develop an effective DSM program tracking,
evaluation and project database. It lists the key data elements that must be tracked, the key measure
characteristics, key customer demographics and other data fields.

Customer Classes: All except self-directing customers

All tracking systems should capture all of the variables required to determine the energy savings.
Please refer to the most recent version of the Deemed Savings estimates developed for the
Arkansas Technical Reference Manual (TRM) as specified in the Deemed Savings No. 07-152-
TF2

Table 3: Recommended Data Fields and Description

Recommended Data Fields Description

Participating Customer Information
e Unique customer identifier, such as account number

e  Customer contact information — name, mailing address,
telephone number

o Date/s of major customer milestone/s such as rebate application
date, approval date, rebate processing date, etc.

Information used to readily
identify customers for follow-up
contact

Measure-Specific Information

. details of the equipment
e Equipment Fuel/Energy Source installed and ec(:uipr))ment

e Equipment size replaced under the program
e Equipment quantity

o Efficiency level

2 http://www.apscservices.info/EEInfo/TRM.pdf
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Recommended Data Fields

Description

Measure-Specific Information
o Estimated savings
o Estimated incremental measure cost, if applicable
e Equipment Useful Life
o Measure Name - Text Description
e Measure Code - Numerical Code*
o Serial Number (where applicable)
o Reported age of equipment replaced (if available)
o Reported measure type of equipment replaced (if available)

e  Other inputs necessary for the use and compliance with the TRM

*Measure Codes: Ideally, all
data should be captured in
numeric format to facilitate data
tracking and analysis.
Therefore, a data legend should
identify each measure type and
contractor type. This data
legend should also be clearly
labeled in the program
database’s supporting materials.

Vendor-Specific Information
e Name and Contact Information for Contractor
e Contractor Type
o Date of Installation
e Cost of the installed equipment (if available)
o Efficiency level of the installed equipment

To be collected when the
measure is installed by a third-
party vendor. This information
can be determined from the
supporting documentation
provided to qualify for the
program incentive.

Program Tracking Information
o Date of the initial program contact/rebate information
o Date of rebate/incentive paid
e Incentive amount paid to date
¢ Incentive amounts remaining

e Application Status (i.e., number of applications approved,
pending or denied)

e Reason and Reason code for application denial

Information to determine
program cost effectiveness and
timing for rebate applications
and processing

Program Costs
e Overall program budgets
e Program expenditures to date
¢ Incentive Costs
e Administrative Costs
e Marketing/Outreach Costs
e Evaluation Costs

This information is directly
related to program expenses.
This information may be
tracked in a separate worksheet
from measure costs; however,
the totals should be reported
annually.

Marketing and Outreach Activities
e Advertising and marketing spending levels
e Media schedules
e Summary of number of community events/outreach activities

e Other media activities — estimated impressions via mailings,
television/radio, print ads

The program implementers
should be able to provide
separate documentation
regarding the type, number, and
estimated impressions made for
each marketing or outreach
activity.
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Table 4: Example of Data Legend for Database Tracking and Evaluation Purposes

Example Measure Category

Example Measure Code

Air Source Heat Pump

1

Room Air Conditioner

Central Air Conditioner

Natural Gas Furnace

Storage Water Heater (Gas)

Tankless Water Heater (Gas)

Storage Water Heater (Electric)

Heat Pump Water Heater

Attic Insulation

O 0| N|OOdjWIN

Wall Insulation

[y
o

Similarly, the contractor type could also be identified by a category and a numeric code to facilitate
analysis and tracking. Ideally, the program database and tracking system would be linked to the
utility’s or energy provider’s current Customer Information System so that it can be updated

regularly to verify eligibility.
Table 5: Example of Contractor Codes

Example Contractor Type

Example Contractor Code

Architect 11
Engineer 22
Plumber 33
HVAC 44
Insulation Installer 55
Home Builder (Production) 66
Home Builder (Custom) 67
Specialty 90

“Best practices” regarding database tracking and development also suggest capturing additional
types of information during data collection to facilitate EM&V. Examples are provided below in

Table 6.
Table 6: Suggested Data Collection Fields

Suggested Data Collection Fields

Description

Premise Characteristics

e Housing Type

e Number of Occupants

e Estimated/Actual Square Footage

This information includes
descriptions of the housing type and
similar data points asked of
participants during the measure
installation.

Measure Characteristics
o Efficiency level of equipment removed (retrofit only)
o Model level for equipment removed (retrofit only)

This information is commonly
captured by the contractor or
recorded from the invoice and could
be tracked in the program database.
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PROTOCOL B: PROTOCOLS FOR THE POST-IMPLEMENTATION VERIFICATION
OF ENERGY EFFICIENCY PROGRAM MEASURE INSTALLATIONS AND
ESTIMATION OF ENERGY AND DEMAND SAVINGS

Protocol Scope: This protocol specifies the types and categories of measures that require post-
implementation verification, the recommended timing for these activities, and the key data to
capture during on-site inspections. For more detailed information regarding the data collection
requirements for on-site inspections refer to the IPMVP listed on www.evo-world.org and the
requirements listed in the Deemed Savings Docket 07-152-TF.

Customer Classes: All except self-directing customers

Calculating Energy and Demand Savings: For efficiency programs, determining energy savings
is the most common goal of impact evaluations. Energy usage and savings are expressed in terms
of consumption over a set time period and defined in well understood terms (e.g., therms of natural
gas consumed per month, megawatt hours [MWh] of electricity consumed over a year, season, or
month). Energy savings results may also be reported by costing period, which break the year into
several periods coinciding with a utility rate schedule.

Special cases of savings by period include demand savings for peak and off-peak periods or
summer and winter periods.

Examples of demand savings definitions are:

Annual average demand (MW) savings — Total annual energy (MWh) savings divided by
the hours in the year (8,760).

Peak demand reductions — The maximum amount of demand reduction achieved during a
period of time. This time period should be clearly defined, whether it is annual, seasonal, or
during a specific period of time, such as summer weekday afternoons or winter peak billing
hours.

Coincident peak demand reduction — The demand savings that occur when the servicing
utility is at its peak demand from all (or segments) of its customers. This indicates what portion
of a utility’s system peak demand is reduced during the highest periods of electricity
consumption. Calculating coincident peak demand requires knowing when the utility has its
peak (which is not known until the peak season is over).

PROTOCOL B1: RECOMMENDED PROTOCOLS FOR GROSS ENERGY EVALUATION

1. A Simple Engineering Model (SEM) with M&V equal to IPMVP Option A and meeting all
requirements for this M&V Protocol is recommended. Other approaches and options should be
considered as evaluation requirements or studies dictate.

2. Normalized Annual Consumption (NAC) using pre- and post-program participation consumption
from utility bills from the appropriate meters related to the measures installed, weather-normalized,
using the identified weather data to normalize for heating and/or cooling as appropriate. Twelve or
more months’ pre-retrofit and twelve months’ post-retrofit consumption data is recommended.

(Source: CA Evaluators’ Protocols 2006)
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PROTOCOL B2: RECOMMENDED PROTOCOLS FOR GROSS DEMAND EVALUATION

1. Requires using secondary data to estimate demand impacts as a function of energy savings. End-use
savings load shapes or end-use load shapes will be used to estimate demand impacts as available:

a. End-use savings load shapes, end-use load shapes or allocation factors from simulations conducted
for Arkansas TRM as available.

b. Allocation factors from forecasting models or utility forecasting models through the evaluation
plan review process such as econometric, end-use, load forecast and other models as appropriate.

c. Allocation based on end-use savings load shapes or end-use load shapes from other studies for
related programs/similar markets with approval through the evaluation review process as
applicable.

(Source: Modified from the CA Evaluators’ Protocols 2006)

PROTOCOL B3: RECOMMENDED PROTOCOLS FOR PARTICIPANT NET IMPACT
EVALUATION

1. Analysis of utility consumption data that addresses the issue of self-selection bias for both participants
and non-participants.

2. Enhanced self-report method using other data sources relevant to the decision to install/adopt. These
could include: a record/business policy and paper review, examination of similar decisions, interviews
with multiple actors at end-user site including participants and non-participants, interviews with mid-
stream and upstream market actors, reviews of standard buildings and equipment installation practices
by builders and/or stocking practices.

(Source: Modified from the CA Evaluators’ Protocols 2006)

PROTOCOL B4: SAMPLING AND UNCERTAINTY PROTOCOL

Level Gross Impact Options:

Simplified Engineering Models (SEM): The sampling unit is the premise or site where the measure was
installed. The sample size selected must be justified in the evaluation plan and approved as part of the
evaluation planning process.

Protocols for Estimating Net Impacts:

If the method used for estimating net energy and demand impacts and net-to-gross ratios (NTGR) is
regression-based; there are no relative precision targets. For both impacts and NTGR calculation,
evaluators are expected to conduct, at a minimum, a statistical power analysis as a way of initially
estimating the required sample size. Other information can be taken into account such as professional
judgment and prior evaluations of similar programs or similar measures.

Normalized Annual Consumption (NAC) Models:

If NAC models are used, there are no targets for relative precision. This is due to the fact that NAC models
are typically estimated for all participants for whom there is an adequate amount of pre- and post-billing
data. Thus, there is no sampling error. However, if sampling is conducted, either a power analysis or
justification based upon prior evaluations of similar programs must be used to determine sample sizes.
The sample size selected should be justified in the evaluation plan and approved as part of the evaluation
planning process.

(Source: Modified from the CA Evaluators’ Protocols 2006)
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PROTOCOL B5: SAVINGS FOR PROJECTS SPANNING TWO PROGRAM YEARS

There are instances where large custom projects are implemented during one program year, but sufficient
data is not available to complete final M&V until the following program year. In these cases, it would be
appropriate, but not required, to split the savings across program years.

Appropriate Savings Split

Utilities are allowed to split projects across program years using percentages that range between 40% and
60%. The exact percentage can change depending on the project and the utilities” specific risk appetite.
However, the first year savings should be at least 40% and never exceed 60%, while the savings claimed
the following year would be the balance.

Evaluation of Split Projects

The evaluation of projects split will also be split across the program years. The initial evaluation will
assess the project based on the information that is available at the time of the evaluation, and any necessary
corrections will be made. The remaining percentage of savings will be evaluated the following program
year when sufficient data is available. This second evaluation will be used as a true up to ensure the
appropriate savings are claimed for the project as a whole. Therefore, it is possible that if savings were
significantly overstated during the previous program year, the evaluated savings during the second year
could be negative.

For example, a custom project is initially estimated to save 100,000 kwWh of electricity. Since the project
was completed in December, the utility decides to claim 60% during the current year, or 60,000 KWh. The
remaining 40,000 kwWh will be claimed the following year. The evaluator uses the information available
at the time to validate that the initial claim of 60,000 kWh is reasonable. However, during the evaluation
the following year, the evaluator determined the customer made significant operational changes to the
project and it is only expected to save 50,000 kWh total. The evaluator would therefore report -10,000
kWh (negative savings) during the second year to true up the project as a whole.
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PROTOCOL C: PROCESS EVALUATION GUIDANCE

Protocol Scope: This protocol provides guidance regarding the timing and scope for process
evaluations of the Arkansas utility programs. Process evaluations focus on determining the overall
effectiveness of program delivery, identifying opportunities for program improvements and
assessing key program metrics, including participation rates, market barriers, and overall program
operations.

PROTOCOL C1: PROCESS EVALUATION STRUCTURE AND TIMING

Protocol Scope: This protocol section provides additional guidance on how to best structure
process evaluations at the state, portfolio, program, service, and market sector level. Process
evaluations need to be structured to meet the specific goals and objectives at a particular point in
time.

Customer Classes: All except self-directing customers

Program Types: All

Approach: The process evaluation decision-maker, either the utility or third-party administrator,
should determine if a process evaluation is needed based on any of the criteria described in
Protocols C1 and C2, which summarize the two major criteria for determining if a process
evaluation is necessary. The first criterion is to determine if it is time for a process evaluation; the
second criterion is to determine if there is a need for a process evaluation. Figures 3 and 4 illustrate
this decision-making process.

Keywords: “timing; portfolio level evaluations; process evaluation structure; diagnostic process
evaluations; under-performing programs; programs not meeting targets”

PROTOCOL C1: DETERMINING APPROPRIATE TIMING TO CONDUCT A PROCESS
EVALUATION

1. New and Innovative Components: If the program has new or innovative components that have not
been evaluated previously, then a process evaluation needs to be included in the overall evaluation
plan for assessing their level of success in the current program and their applicability for use in other
programs.

2. No Previous Process Evaluation: If the program has not had a comprehensive process evaluation
during the previous funding cycle, then the Program Administrator should consider including a
process evaluation in the evaluation plan.

3. New Vendor or Contractor: If the program is a continuing or ongoing program, but is now being
implemented, in whole or in part, by a different vendor than in the previous program cycle, then the
administrator should consider including a process evaluation in the evaluation plan to determine if the
new vendor is effectively implementing the program.

If any of these criteria are met, it is time to conduct a process evaluation.

If none of these criteria are met, then the evaluation decision-maker should proceed to Step 2 in the
Process Evaluation Decision Map.
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PROTOCOL C1: DETERMINING APPROPRIATE CONDITIONS TO CONDUCT A PROCESS
EVALUATION

Process evaluations may also be needed to diagnose areas where the program is not performing as
expected. These conditions may include the following:

1. Impact Problems: Are program impacts lower or slower than expected?

2. Informational/Educational Objectives: Are the educational or informational goals not meeting
program goals?

3. Participation Problems: Are the participation rates lower or slower than expected?

4. Operational Challenges: Are the program’s operational or management structure slow to get up and
running or not meeting program administrative needs?

5. Cost-Effectiveness: Is the program’s cost-effectiveness less than expected?

6. Negative Feedback: Do participants report problems with the program or low rates of satisfaction?

7. Market Effects: Is the program producing the intended market effects?

If any of the criteria is met, a process evaluation is needed to identify ways to address and correct
these operational issues.

If none of these criteria is met in either Step 1 or Step 2, then a process evaluation is not needed at
this time.

Re-evaluate the need for a process evaluation at the end of the program year.
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IS IT TIME FOR A PROCESS EVALUATION?

Is this a
new or modified
_ =
program?
YES
vy _NO _
Has a process '
evaluation been NO
conducted in this
funding cycle? _
¥ YES
Has there been
achange in
—_—
program implementation?
YES

+ nNO

(Source: Johnson & Eisenberg 2011, p. 21.)

IF ANY OF THE
CRITERIA ARE MET,
ITISTIMETO
CONDUCT A
PROCESS EVALUATION
TO PROVIDE EARLY
FEEDBACK REGARDING
PROGRAM ACTIVITIES

Figure 3: Determining Timing for a Process Evaluation
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IS THE PROGRAM/PORTFOLIO WORKING AS EXPECTED?

Impact Problems:
Are program impacts

L

(energy and demand) slower | | IF ANY OF
th cted? YES
e | THE CRITERIA ARE MET,
v No . CONSIDER
Informational /fEducational CONDUCTING A
Objectives Problems:
Are the goals > PROCESS EVALUATION
not being achieved? | YES FOCUSING ON
v NO -, PROGRAM DESIGN,
Participation problems: DATABASE
Are rates lower or N TRACKING, OPERATIONS
slower than expected? YES AND
1 no ] IMPLEMENTATION
Operational Challenges: ' ISSUES;
Is the program's operational PARTICIPANT
system slow to get up >
and runn[ng | YES INTERACTIDNS
v NO ' AND INTERACTIONS
. WITH
Cost Effectiveness:
Isthe cost effectiveness of this - THE ENERGY PROVIDER
program less than expected? VES AND
T o ' THE PROGRAM
IMPLEMENTER
Megative Feedback:
Do participants report _—
problems with the program or YES _
low rates of satisfaction?
¥ NO |
Market Effects: | IF NONE OF THE CRITERIA ARE MET IN EITHER
Do participants report STEP 1 OR STEP TWO, THERE IS NO NEED FOR A
problems with the program or PROCESS EVALUATION AT THE TIME; REEVALUATE

low rates of satisfaction? THE PROGRAM IN THE NEXT PROGRAM YEAR END.

(Source: Modified from Johnson & Eisenberg 2011, p. 22)
Figure 4: Determining Need to Conduct a Process Evaluation
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Additional Guidance for Conducting Limited/Focused Process Evaluations

In all cases, the evaluator should conduct a limited or focused process evaluation consisting of a
review of the program database and staff interviews to determine each program’s progress
throughout the evaluation cycle. The findings from these activities will serve to:

e Provide a progress report for each recommendation for program improvement made in
previously conducted evaluations. For each evaluation recommendation, the report should
indicate whether the recommendation has been accepted and implemented, rejected, or is
still under consideration. If the recommendation is rejected, an explanation of the reason
for rejection should be provided. If a recommendation is still under consideration, then an
explanation should be provided for the steps underway to reach an implementation decision
for that recommendation;

e Identify the progress made towards achieving the objectives as described in the Commission
Checklist;

e Interview at least one member of the program staff and clearly label these findings for each
program; and

e Identify any issues that may need to be explored more fully in future program evaluations.

Process evaluation guidance for the Consistent Weatherization Approach

Given the importance of monitoring the progress of the Commission-ordered Consistent
Weatherization Approach, it is important to note in all process evaluations (i.e., either full or
limited) the status of this program as it is currently being implemented by each IOU. Specifically,
the process evaluation activity should report out, in a separate section, the following information
annually:

e The program name;

e Description of how the Consistent Weatherization Approach is being implemented the
utility;

e The number of audits conducted during the Program Year;

e The number of participants (i.e., projects submitted to program);

e The conversion rates (i.e., audit to project ratio) for eligible customers;

e The average number of measures installed per project;

e The average program cost per participant;

e Percentage of pre-approved contractors actively promoting the program (i.e., submitting
projects); and

e Additional information that may inform program design or operations.
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PROTOCOL C2: PROCESS EVALUATION PLANNING

Protocol Scope: This protocol provides guidance on the key issues that should be addressed in
process evaluations. It is especially important to focus on the aspects of program operations to
address any deficiencies identified in the Process Evaluation Decision Map, Figure 4.

Customer Classes: All

Program Types: All

Approach: The process evaluation plan should use the following outline to identify the key
researchable issues that must be addressed in the process evaluation. This outline applies to process
evaluations conducted at the program, portfolio, and state level.

Keywords: “process evaluation planning; EM&V plan process evaluation timing; portfolio level
process evaluations; process evaluation structure; process evaluation components; process evaluation
scope”

PROTOCOL C2: RECOMMENDED ELEMENTS OF A PROCESS EVALUATION PLAN

Introduction: Description of the program or portfolio under investigation; specific characteristics of the
energy organization providing the program including current marketing, educational or outreach activities
and delivery channels

Process Evaluation Methodology: Process evaluation objectives, researchable issues, and a description
of how specific evaluation tactics will address the key researchable issues including the proposed sampling
methodology for program/third-party staff, key stakeholders, trade allies/vendors, and customers. The
sampling methodology should be clearly explained with specific targets of completed surveys or
interviews clearly described in the EM&V Plan.

Timeline: Summarized by key tasks identifying the length of the process evaluation and key dates for
completion of major milestones

Budget: Costs of conducting the process evaluation by specific tasks and deliverables

(Source: Modified and Expanded from the California Evaluators” Protocols - TecMarket Works 2006).

While Protocol C2 provides a general outline of the key elements that should be included in a
process evaluation plan, Protocol C3 provides more detailed information regarding the key areas
for investigation that need to be addressed in a process evaluation. Protocol C3 also identifies
those areas that are most applicable to new programs or pilot programs, those areas that should be
investigated when the program is experiencing specific operational issues or challenges, and those
topic areas that should be covered in all process evaluations.
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EVALUATION

PROTOCOL C3: RECOMMENDED AREAS OF INVESTIGATION IN A PROCESS

Program Design

Additional Guidance

Program design and design characteristics, and program
design process

The program mission, vision and goal setting and goal
setting process

Assessment or development of program and market
operations theories

Use of new or best practices

This area is especially important to address
in first-year evaluations and evaluations
of pilot programs.

Program Administration

Additional Guidance

The program management process

Program staffing allocation and requirements

Management and staff skill and training needs

Program tracking information and information support
systems

Reporting and the relationship between effective
tracking and management, including operational and
financial management

This area should be covered in all process
evaluations, but it is especially important to
address in those evaluations where
operational or administrative deficiencies
exist.

Program Implementation and Delivery

Additional Guidance

Description and assessment of the program
implementation and delivery process

This is critical to gathering the information
necessary to assess the program’s
operational flow.

Program marketing, outreaching, and targeting
activities

Quality control methods or operational issues

Program management and management’s operational
practices

Program delivery systems, components and
implementation practices

These are areas that should be addressed if
the program is not meeting its participation
goals or if the program is under-
performing.

Program targeting, marketing, and outreach efforts

The process evaluator should request
copies of all marketing and outreach
materials and include an assessment as part
of the document review task.

Program goal attainment and goal-associated
implementation processes and results

Program timing, timelines and time sensitive
accomplishments

Quality control procedures and processes

These areas should be addressed in all
process evaluations, but are especially
important if the program is under-
performing regarding savings or
participation rates.
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PROTOCOL C3: RECOMMENDED AREAS OF INVESTIGATION IN A PROCESS
EVALUATION

This is a key element of the review of the
Documentation of program tracking methods and program database and the evaluator should
reporting formats request copies of the program records or
extracts along with the data dictionary.

Customer interaction and satisfaction (both overall
satisfaction and satisfaction with key program
components, including satisfaction with key customer-
product-provider relationships and support services)

These topics should be investigated in the

Customer or participant’s energy efficiency or load customer surveys and should be a priority
reduction needs and the ability of the program to if the program is experiencing negative
deliver on those needs feedback or lower than expected

. ) ) ) ) participation rates or energy savings.
Market allies’ interaction and satisfaction with the

program

Reasons for a low level of market effects and spillover

Intended or unanticipated market effects
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The process evaluation report should include the following reporting requirements:

1. Detailed Program Description. The process evaluation report should present a detailed
operational description of the program that focuses on the program components being
evaluated. The use of a program flow model is highly recommended. The report should
provide sufficient detail so that readers are able to understand program operations and the
likely results of the recommended program changes.

2. Program Theory. The process evaluation should include a presentation of the program
theory. If the program theory is not available, or cannot be provided in time for the
evaluation report due date, the evaluator should include a summary program theory built
from the evaluation team’s program knowledge. It should be complete enough for the
reader to understand the context for program recommendations, but does not need to be a
finely detailed program theory or logic model.

3. Support for Recommended Program Changes. All recommendations need to be
adequately supported. Each recommendation should be included in the Executive
Summary and then presented in the Findings text along with the analysis conducted and
the theoretical basis for making the recommendation. The Findings section should also
include a description of how the recommendation is expected to help the program,
including the expected effect that implementing the change will have on the operations of
the program.

4. Detailed Presentation of Findings. A detailed presentation of the findings from the study
is essential. The presentation should convey the conditions of the program being evaluated
and should provide enough detail so that any reader can understand the findings and the
implications of the overall operations of the program and its cost-effectiveness (Modified
from the CA Evaluators’ Protocols 2006).
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PROTOCOL D: “LEVEL OF EFFORT” PROTOCOLS

Protocol Scope: This section addresses appropriate levels of effort for program evaluation
activities based on measure type. This protocol specifies the following: 1) which measures are
best suited to relying on deemed savings estimates; 2) which measures are best served through
simplified EM&YV activities such as on-site inspections or an engineering review; and 3) which
measures require full EM&V activities, as defined by the IPMVP. These determinations are based
on the measure characteristics, usage patterns, and program types. They are often conducted jointly
with a desk review of all related measure-supporting documents, such as invoices, technical
studies, and energy audits. In many cases, lower levels of effort are sufficient for estimating
measure impact, which may help increase the overall cost-effectiveness of EM&V activities.

Customer Classes: All except self-directing customers

Protocol D1 specifically refers to those measures that have been defined in the Arkansas TRM as
“deemed savings measures.” Relying on agreed upon energy savings using the appropriately
updated deemed savings values described in the Arkansas TRM is a valid approach for prescriptive
and direct-install measures used in a traditional manner including, but not limited to: water heaters,
furnaces, boilers, food service equipment, low-flow showerheads and faucet aerators. Please
consult this document for the most up-to-date listing of applicable measures filed in Deemed
Savings Docket 07-152-TF. This document includes the appropriate deemed savings measures for
electric and gas measures in the residential, commercial and industrial (C&I) markets.

Measure Lives and Failure Rates

Measure lives listed in this TRM should be used, unless a reason is given for deviating from a
measure life, along with support for the deviation.

e “Failure” is defined as an instance where an implementation contractor reports that a
measure has been installed, but a subsequent inspection finds that the equipment is non-
operational and/or not properly installed and that difference has not been accounted for
elsewhere.

e “Failure rate” should be defined as the percent of inspected installation sites where any
equipment fails inspection (i.e., the equipment is either not installed or not operating) and
that possibility has not been otherwise accounted for.

Note, the definition of failure is intended to not count issues related to persistence or normal
measure lives.
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PROTOCOL D1: USING DEEMED SAVINGS VALUES

Deemed savings approaches are most commonly used for measures that involve simple new construction
or retrofit energy efficiency measures with well-defined applications®. The deemed savings approach is
most applicable when most of the following conditions are true:

a. There are limited evaluation resources;

b. The projects involve simple energy efficiency measures with well understood savings
mechanisms, and are not subject to significant variation in savings due to changes in
independent variables;

c. The uncertainty associated with savings estimates is low and/or the risk of under- or over-
estimating savings is low;

d. Documented per-measure stipulated values are available and applicable to the measure
installation circumstances; and

e. The primary goal of the evaluation is to conduct field inspections for all or a sample of projects
to make sure measures are properly installed and have the potential to generate savings rather
than having rigorously determined energy savings.

Deemed values should be based on reliable, traceable, and documented sources of information, with an
empbhasis on rigorous evaluations of similar measures or programs in other jurisdictions. Other appropriate
secondary sources of deemed parameters may include:

a. Standard tables or algorithms from recognized sources that indicate power consumption (wattage)
of certain pieces of equipment that are being replaced or installed as part of a project (e.g., lighting
fixture wattage tables);

b. Manufacturer’s specifications;

c. Building occupancy schedules; and

d. Maintenance logs.

Deemed saving values may vary depending on whether the measure was removed prior to the end of its
expected useful life or replaced on burnout. In the case of replacement prior to the expected useful life,
extra care should be taken that the savings are not over estimated.

(Source: Modified and Expanded from the CA Evaluators’ Protocols 2006)

PROTOCOL D2: M&V PROTOCOLS

The IPMVP protocols require two elements of measurement and verification (M&V).

1. Verification that the measure or project has the potential to perform (is installed and operating
correctly); and

2. Verification that energy savings is occurring.
An M&V approach should be pursued only if the value of the reduction in uncertainty it yields exceeds
its cost. Uncertainty in a savings estimate is partly a function of the variability in the energy use from
one application to the next. To address this, IPMVP classifies projects as having high or low energy
variation and high or low value. Consult the full IPMVP M&YV Plan requirements to ensure that the
EM&YV activities conform to the specific data collection requirements. The four options presented in
the IPMVP for savings estimation are listed next.

(Source: Schiller Consulting 2010 and IPMVP Protocol)

3 Examples include T-8 lighting retrofits in office buildings or compact CFL giveaways for residential utility
customers. In each example, an assumption is made about the average wattage savings and the average hours of
operation combined with the effort of verifying that the T-8s were installed and the CFLs were actually provided to
residents.
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The following set of measure-specific protocols has been adapted and modified from the Northeast
Energy Efficiency Partnerships (NEEP) EM&YV Protocols (2010), which have combined current
“best practices” for determining program estimates with both a recommended approach and an
alternative approach consistent with the IPMVP approach. These protocols have been modified to
reflect characteristics of the current Arkansas DSM programs. These protocols are measure-
specific, but are not meant to be exhaustive or exclusive. Please consult the full list of all deemed
measures in the Arkansas TRM for a full listing of appropriate deemed measures.

Option A — Retrofit Isolation: Key Parameter Measurement

Typical Application: Lighting retrofit where power draw is key performance parameter. This is
measured on a constant and periodic basis.

Savings Determined by: Estimating lighting operating hours based on building schedules and occupant
behavior.

Option B — Retrofit Isolation: All Parameter Measurement

Typical Application: Variable-speed drive and controls installed on a motor to adjust pump flow; there
are variable/differing operating characteristics.

Savings Determined by: Spot Metering or collection of interval data. An example is measuring
electric power with a kW meter installed on electrical supply to the motor, which reads power at
specified intervals. In baseline period this metering may be in place for a period of time, as appropriate
to verify motor loading levels. The meter is in place throughout reporting period to track variations in
power use.

Option C — Whole Facility Energy Bill Analysis

Typical Application: Multi-faceted energy management program affecting many systems in a facility.

Savings Determined by: Measuring energy use with the gas and electric utility meters for a 12-month
baseline period and throughout the reporting period.

Option D — Whole Facility Calibrated Simulation

Typical Applications: Multifaceted energy management program affecting many systems in a facility
but where no meter existed in the baseline period — such as new construction.

Savings Determined by: Energy use measurements, after installation of gas and electric meters that are
used to calibrate a simulation. Baseline energy use, determined using calibrated simulation, is compared
to either a simulation of reporting period energy use or actual meter data.
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RESIDENTIAL MEASURES

Residential measures covered here include:

e Residential Lighting
e Residential Central Air Conditioning
e Residential Comprehensive Multi-Measure Retrofit
e Residential Natural Gas Boilers and Furnaces
RESIDENTIAL LIGHTING
Recommended EM&V Methods
This category is limited to single-family residential lighting exclusive of specialty hard-to-reach
and multifamily programs. These measures include new construction, retrofit, direct install, and
retail lighting programs.
Characteristic Approach Additional Comments
e Initial gross energy and demand savings, Additional parameters useful for
initial net impacts as applicable. quality control and also for
Program e Baseline quantity and wattage, installed evaluation design, e.g. sampling.
Tracking guantity and wattage, location (as The tracking needs to conform
available), hours of use, in-service rate, with the requirements specified
HVAC interaction. in Protocol A.
On-site inspections with partial measurements
on a sample of program participants (Option
A). Complete “socket counts” by room and
fixture type provide key data for impact
evaluations, baseline studies, and hours-of-use . L.
Recommended di " hasing habits and Time-of-use lighting loggers on
M&V itu |es’. Ques 10nS on purchasing a sample of lamps and fixtures,
Method s_helf _stock 1nf_orm in-service r_ate research. typically by room type.
Site visits with time-of-use lighting loggers are
the most defensible approach to residential
lighting programs. Collection of basic heating
and cooling system information can be helpful
in assessing interactive savings effects.
Alternatively, the Verification component can The details regarding the
rely upon customer telephone surveys to obtain | alternative M&V approach must
Acceptable information such_ as socl_<et counts, _hou_rs of be docume_nted in the Evaluation
; use, and purchasing habits. These findings can Plan submitted to the PSC.
Alternative o . ) ]
be supplemented with literature reviews of The EM&YV for residential
M&V N . . L
Methods other lighting studies to determine best lighting may also address the
estimates. This type of verification is an issue of changing baselines due to
acceptable degree for rigor for these types of the EISA phase out of standard
program installations. incandescent lamps.

(Source: Modified from the NEEP EM&V Protocols 2010)
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RESIDENTIAL CENTRAL AIR CONDITIONING
Summary of Recommended EM&V Methods

This category is limited to central air conditioning (CAC) installed as a stand-alone measure and excludes
CAC installed through comprehensive new construction programs. This category does not include
ENERGY STAR room air conditioners or other “space cooling” measures.

Characteristic

Approach

Additional Comments

e Initial gross energy and demand savings,

as well as initial net impacts as applicable.

Additional parameters useful for

Program ) . i . quality control and also for
Tracking e Number of installed units, unit capacity, | gyalyation design as specified in
baseline a_md installed efficiency, and full | ., Em&V plan.
load cooling hours.
On-site inspections with partial measurements | Metering methods may include
Recommended on a sample of program participants (Option | time-of-use loggers and spot
M&V A). Site visits with short-term metering offers | power measurements. Logging
Method the most defensible approach to residential | load and energy draw data are
CAC programs. recommended
On-site inspections with metering that fully | Metering would be interval kW
isolates the entire CAC system (Option B) is | Measurements on both the
an acceptable alternative approach. outdoor compressor and indoor
fan units.
Alternative Billing analys!s (Option €) is a rea}sonable Billing analysis alone generally
energy evaluation method for residential CAC ; .
M&V I cannot quantify demand impacts.
Methods at lower cost.

Calibrated simulation modeling (Option D) is
a viable alternative and can be effective at
capturing  measure interaction. CAC
simulation modeling may be appropriate for
evaluating comprehensive cooling measures.

Metering can be used to calibrate
the model. Such metering may
include whole premise interval
KW recorders with some end-use
metering.

(Source: Modified from the NEEP EM&V Protocols 2010)
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RESIDENTIAL COMPREHENSIVE MULTI-MEASURE RETROFIT

Summary of Recommended EM&V Methods

This category encompasses comprehensive multi-measure retrofit installations in residential homes.
Sometimes called “deep retrofits” or “home energy services,” these measures are characterized by a
whole-home approach that typically involves an audit followed by efficiency recommendations for
multiple end-uses and technologies. The comprehensive residential approach tends to be electric-centric
but may also span fuel measures such as water heating, boilers or furnaces.

Characteristic

Approach

Additional Comments

e Initial estimates of gross energy and
demand savings, as well as initial net
impacts as applicable.

e Detail on individual measures, such as: air

Additional parameters useful for

Calibrated simulation modeling (Option D) is a
viable alternative and it is capable of capturing
measure interaction. This approach may be
most appropriate for comprehensive multi-
measures.

Program " ] quality control and also for
Tracking conditioner, heat pump, ~boiler/furnace, | evajyation design, e.g. sampling
water heater quantities and sizes; baseline | 55 specified in the EM&V plan.
and installed equipment efficiencies; home
square footage; insulation and
weatherization actions.
On-site inspections with partial measurements
on a sample of program participants (Option | Metering is limited to time-of-
Recommended R . . ! L
A). Site visits with visual inspections, quality of | use loggers on lighting and
M&V . . . : .
Method mstallatlon_assessments, interviews, and short- | HVAC equipment supported by
term metering for selected electric measures. | spot power measurements.
Simple engineering models of savings impacts.
For measures that save both natural gas and
electricity, an option is to pair the thlon A Evaluators should design an
approach with a billing analysis (Option C) to - .
. . i : - evaluation plan to achieve the
determine gas impacts. Diagnostic testing of | . = .. —
. identified objectives of the
. HVAC equipment, blower door, and duct EM&V activities
Alternative blaster tests adds rigor and reduces uncertainty '
M&V to savings estimates for envelope measures.
Methods

Metering can be used to
document HVAC system and
whole premise interval kW and
recorders with some
temperature measurements.

(Source: Modified from the NEEP EM&V Protocols 2010)
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RESIDENTIAL NATURAL GAS BOILERS AND FURNACES

Summary of Recommended EM&V Methods

This category is limited to residential natural gas boilers and furnaces and excludes: space heating
equipment such as portable or room space heaters; electric or oil space heating equipment; and
associated controls such as boiler reset controls. This category addresses stand-alone heating equipment
and excludes natural gas boilers/furnaces installed through comprehensive new construction programs.

Characteristic

Approach

Additional Comments

Initial gross energy and demand savings,
initial net impacts as applicable.

Any additional parameters that
could be useful for quality control

Calibrated simulation modeling (Option D)
is a viable approach and is well suited for
evaluating measures in a comprehensive
package.

Program ] ) . . ; ;

Tracking Number of installed units, unit capacity, | Or for evaluation design, such as
baseline and installed efficiency and full | sampling that are described in the
load heating hours. EM&V plan.

Billing analysis (Option C) supported by
telephone surveys or on-site inspections. | Validity of billing analysis
Recommended | Telephone surveys supplemented by rebate | depends on whether the baseline
M&V forms can confirm installation and gather | and post-installation operation is
Method data on household demographics and other | similar, and/or appropriate
operational characteristics to support the | corrections are made.
billing analysis.
Adding on-site inspections enhances overall
confidence in household characteristics and
supports collection of equipment nameplate | Metering methods would include
data. Basic short-term measurements | time-of-use CT Loggers and spot
(Option A) may be added on electrical | power measurements.
. support equipment such as furnace fans and
Alt&"g"g've boiler pumps to refine savings estimates.
Methods Natural gas sub-meters may be

installed to isolate the heating
equipment from other end-uses.
Collecting both electric and gas
usage can be helpful in calibrating
and validating building energy
models.

(Source: Modified from the NEEP EM&V Protocols 2010)
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COMMERCIAL MEASURES

Commercial measures covered here include:

e C&I Comprehensive Multi-Measure New Construction
e C&Il Custom Measures
e C&I Natural Gas Boilers and Furnaces
e C&I HVAC: Prescriptive Chillers
e C&I HVAC: Unitary/Split
e C&I HVAC: Other Measures
e C&l Lighting (New Construction)
e C&lI Lighting (Retrofit)
e C&I Motors
e C&I Variable Speed Drives
C&I1 COMPREHENSIVE MULTI-MEASURE NEW CONSTRUCTION
Summary of Recommended EM&V Methods
This category is limited to the installation of commercial and industrial comprehensive multi-measure
new construction projects.
Characteristic Approach Additional Comments
e Initial estimates of gross energy and demand ..
savings, initial net impacts as applicable. Any additional parameters that
. ] - could be useful for quality
Program e Savings by measure component; description of trol or f luation desi
Tracking individual measures with, as applicable, unit | orn o O TOF evaruation design,
o . ) N such as sampling that are
quantities, sizes/capacities, baseline and described in the EM&V plan
installed efficiencies, and operating hours. '
Calibrated simulation modeling (Option D) which
is effective at capturing measure interaction. On-
site data collection and review of construction . .
Metering should include
Recommended | documents would gather parameters, o
e ) e whole premise interval kW
M&V specifications, and operational characteristics to recorders with some end-use
Method inform the model. Data collected from building meterin
Energy Management Systems (EMS) can also g
provide cost-effective information and should be
included in EM&YV plans if available.
An alternative would be to conduct on-site
inspections with metering that encompasses the Metering can be used to
. entire set of measures (Option B). A detailed Lerng
Alternative L calibrate the model. Such
engineering spreadsheet model can be used to - .
M&V . . . metering may include whole
capture the dynamics and interactions on an hourly .
Methods . ; . . premise interval KW recorders
basis. Less rigorous metering (Option A) could be . .
with some end-use metering.
performed but may come at the cost of reduced
accuracy and validity.

(Source: Modified from the NEEP EM&V Protocols 2010)
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C&I CUSTOM MEASURES

Summary of Recommended EM&V Methods

This category is limited to the installation of Commercial and Industrial (C&I) custom measures in both
retrofit and new construction situations. The custom category includes measures that either do not comply
with or benefit from examination beyond a prescriptive calculation approach. In general, these are more
complex measures that require site-specific information and detailed calculations to estimate energy and
demand savings. In this context, custom measures may entail any end-use or technology.

Characteristic

Approach

Additional Comments

e Initial gross estimates of energy and demand
savings and initial net impacts as applicable.

Any additional parameters
that could be useful for

capturing measure dynamics and interaction.

Program o i } _ | quality control or for
Tracking  Measure description with, as applicable, unit | eyajyation design, such as
quantities, sizes/ capacities, baseline and | sampling that are described in
installed efficiencies, and operating hours. the EM&V plan.
On-site inspections with partial (Option A) or
complete (Option B) measurements on a census or
sample of program participants. Site visits with
short-term metering is the most appropriate .
Recommended | approach for C&l gustom measures. Kpde?ailed !\/Ieterlng_ methods often
M&V engineering spreadsheet model can be used to !nclude time-of-use loggers,

Method capture the dynamics and interactions on an hourly interval KW recorders, and
basis. Data collected from Energy Management Spot power measurements.
Systems (EMS) may also provide cost-effective
information and should be included in EM&V
plans if available.

. If the Custom measure involves significant HVAC Me_terlng can be used to
Alternative . . . - calibrate the model. Such
equipment and/or controls, calibrated simulation - .
M&V modeling (Option D) offers a viable alternative for metering may include whole
Method premise interval kW recorders

with some end-use metering.

(Source: Modified from the NEEP EM&V Protocols 2010)
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C&I NATURAL GAS BOILERS AND FURNACES
Summary of Recommended EM&V Methods

This category is limited to commercial natural gas boilers and furnaces.

Characteristic

Approach

Additional Comments

Program Tracking

e |Initial gross energy and demand savings
and initial net impacts as applicable.

e Number of installed units, unit capacity,
baseline and installed efficiency, and full
load heating hours.

Any additional parameters that
could be useful for quality
control or for evaluation design,
such as sampling that are
described in the EM&V plan.

Billing analysis (Option C) supported by
telephone surveys and supplemented by
rebate forms and/or on-site inspections.
Telephone surveys may be used to confirm

Billing analysis is only valid
when the pre-existing (gas
bills from the pre-retrofit

Recommended installation and gather data on facility sizeand | period) is the appropriate
M&V operating hours to support the billing analysis. | baseline to be used in impact
Method Data collected from building Energy | analysis.
Management Systems (EMS) can also
provide cost-effective information and should
be included in EM&V plans if available.
Adding on-site inspections to the basic
method above improves confidence in | Metering methods would
building  characteristics and  supports | include time-of-use CT
collection of equipment nameplate data. Basic | |oggers and spot power
short-term measurements (Option A) may be | measurements.
Alternative added on electrical support equipment such as
M&V furnace fans and boiler pumps to refine
Methods savings estimates.

Calibrated simulation modeling (Option D) is
a viable alternative that maybe useful if
Option C is inadequate or for measures that
are part of a comprehensive package.

Natural gas sub-meters can be
installed to isolate the heating
equipment from other end-uses.

(Source: Modified from the NEEP EM&V Protocols 2010)
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C&I HVAC: PRESCRIPTIVE CHILLERS
Summary of Recommended EM&V Methods

Custom Measures.

This category is limited to air-cooled and water-cooled chiller installations in commercial and
industrial facilities as a prescriptive measure. Custom chiller installations are covered under C&l

Characteristic Approach Additional Comments
e Estimates of initial gross energy and demand | Any additional parameters that
Program savings and initial net impacts as applicable. could be useful for quality
Tracking e Number of installed units, chiller capacity, | control or evaluation design,
baseline and installed efficiency, and full load | Such as sampling that are
cooling hours. described in the EM&V plan.
On-site inspections with partial measurements on
a sample of program participants (Option A). Site
visits with short-term metering offer the most . .
. e ) Metering methods include
cost-effective approach to prescriptive chiller | . .
Recommended . S interval amp/kW recording or
M&V projects. Data collected from building EMS may time-of-use loagers counled
Method also provide cost-effective information and could with soot owg? P
be included in EM&YV plans if available. Other measuFr)emFt)ants
factors that should be examined for cooling '
towers include the cleanliness of the cooling
tower and the water temperature.
An enhanced alternative is to conduct on-site
inspections with metering th_at fuII_y captures j[he Additional parameters of
entire chiller water system including supporting -
) . value include supply and
pumps and tower fans (Option B). Engineers can
4 . return water temperature and
analyze hourly energy consumption for baseline .
) 4 . . .~ | water flow expressed in
and installation conditions in a dynamic allons/minute
Alternative spreadsheet model using Typical Meteorological g '
M&V Year (TMY) data.
Methods Calibrated simulation modeling (Option D) is a
viable alternative that is especially effective at | Metering can be used to
capturing measure interaction.  Simulation | calibrate the model. Such
modeling is particularly good at temperature | metering may include whole
dependent equipment, but requires a wealth of | premise interval KW recorders
building and operational characteristics for an | with some end-use metering.
accurate model.

(Source: Modified from the NEEP EM&YV Protocols 2010)
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C&Il HVAC: UNITARY/SPLIT

Summary of Recommended EM&V Methods

This category is limited to unitary HVAC installations in commercial and industrial facilities as a
prescriptive measure. Unitary equipment covers split system AC, packaged systems, air-source heat
pumps, and water source heat pumps. Custom unitary air conditioning applications are covered under
C&I Custom Measures.

Characteristic

Approach

Additional Comments

e Initial gross energy and demand savings,
initial net impacts as applicable.

Any additional parameters that
could be useful for quality

measure interaction. Simulation modeling is
particularly useful for assessing temperature
dependent equipment, but requires a wealth of
building and operational characteristics for an
accurate model. This is a viable option for
buildings with many HVAC units, zones, or solar
coupling effects.

_?:Zgli?:q e Number of installed units, HVAC unit | control or evaluation design,
g capacity, baseline and installed efficiency, | Such as sampling that are
and full-load cooling and heating hours. described in the EM&V plan.
On-site inspections with partial measurements on
a_sgmplt_a of program participants (Option A). Site Metering methods include
visits with short-term metering can offer the most | . .
Recommended . . interval amp/kW recording or
cost-effective  approach  to  prescriptive | ..
M&V . . ; time-of-use loggers coupled
Method unitary/split projects. Data collected from With soot power. flow and
building Energy Management Systems (EMS) can tem e?atupr)e mee{surements
also provide cost-effective information and should P '
be included in EM&YV plans if available.
An enhanced alternative is to conduct on-site
inspections with metering that fully surround the Interval KW metering on
measurement boundary (Option B). Engineers can g
/ ; whole-package units or both
analyze hourly energy consumption for baseline | .
. d . . . indoor/outdoor components of
and installation conditions in a dynamic a split svstem
spreadsheet model using Typical Meteorological pltsy '
. Year (TMY) data.
Alternative - - - ; 5 -
M&V Calibrated simulation modeling (Option D) is a
Methods viable alternative that is effective at capturing

Metering would conform
Option D inputs and outputs
and may include the whole-
premise interval KW with
some space temperatures.

(Source: Modified from the NEEP EM&YV Protocols 2010)
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C&I HVAC: OTHER MEASURES

Summary of Recommended EM&V Methods

This focuses on the Other HVAC category to HVAC control measures such as thermostats, economizers,
and dual enthalpy controls. This category is limited to prescriptive installations in commercial and
industrial facilities. Custom HVAC applications are covered under C&I Custom Measures.

Characteristic

Approach

Additional Comments

e Initial gross energy and demand savings and
initial net impacts as applicable.

Any additional parameters that
could be useful for quality

viable alternative that is effective at capturing
measure interaction and also control schema.
Simulation modeling requires a wealth of building
and operational characteristics for an accurate
model. This is a viable option for buildings with
many HVAC units and complex controls.

Program . i . i i i
Tracking e Number of installed units, unit capacity and | control or evaluation design,
efficiency, full load cooling hours, free | suchassampling that are
cooling/setback hours. described in the EM&V plan.
On-site inspections with limited measurements on
a sample of program participants (Option A). Site
Recommended visits for HVAC _control measures focus_upon Metering meth_ods may
M&V accurately inspecting and verlfymg_ operation of lpclude strateglcally-place_d
Method the controls. Data collected from building Energy | time-of-use loggers to verify
Management Systems (EMS) can also provide | controls.
cost-effective information and should be included
in EM&YV plans if available.
An enhanced alternative would be an on-site | Metering would be interval
inspection with metering that fully captures the | kW measurements on the
impacts of the control (Option B). An hourly | affected HVAC units.
impact analysis would isolate the control impacts | Advanced metering can
from the monitored data stream and assess across | include enthalpy readings and
Alternative a Typical Meteorological Year (TMY) dataset. damper position.
M&V Calibrated simulation modeling (Option D) is a
Methods

Metering would conform to
Option B and include whole
premise interval KW recording
with some space temperatures.

(Source: Modified from the NEEP EM&V Protocols 2010)
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C&I LIGHTING (NEW CONSTRUCTION)
Summary of Recommended EM&V Methods

This category encompasses C&lI lighting in new construction programs.

Characteristic Approach

Additional Comments

e |Initial gross energy and demand savings and
initial net impacts as applicable.

Program e |Installed quantity and wattage, corresponding

Tracking baseline, fixture location, annual operating
hours, in-service rate, HVAC interaction
factor.

Any additional parameters that
could be useful for quality
control or for evaluation
design, such as sampling that
are described in the EM&V
plan. Fixture location is critical
for evaluation.

On-site inspections with partial measurements on
a sample of program participants (Option A).
Complete inspection and count of all installed
lighting with spot verification of lamp/ballast
Recommended | type. Characterize cooling/heating zones and

M&V equipment for assessment of HVAC interactive

Method effects. Analysis with simple engineering models.
Data collected from  building Energy
Management Systems (EMS) can also provide
cost-effective information and should be included
in EM&YV plans if available.

Time-of-use lighting loggers
on a broad sample of fixtures,
typically stratified by savings,
room type, and or operating
schedule.

Some C&Il Lighting installations warrant very
high, in-building sample rates or advanced
interval metering (Option B). Examples include
private office spaces with high uncertainty/
diversity, hotel rooms/dormitories, and lighting

Altls/lrgaslve systems with extensive controls. Interval kW
Methods meters are useful for recording lighting loads on

circuits with many, individual occupancy sensors
or dimming controls. Additional analysis with
simple engineering models or 8,760 hour
spreadsheets for rigorous assessment of
coincident impacts could also be used.

More liberal use of lighting
loggers. Alternatively, many
commercial buildings isolate
lighting systems in 277V
power panels that can offer an
excellent opportunity for
interval metering on large
amounts of lighting.

(Source: Modified from the NEEP EM&V Protocols 2010)

Section Il — Protocol D
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C&I LIGHTING (RETROFIT)
Summary of Recommended EM&YV Methods

This category encompasses C&lI lighting in retrofit programs.

Characteristic Approach Additional Comments
Initial gross energy and demand savings estimates and | Any additional parameters
initial net impacts as applicable. useful for quality control

Program . . h ling. Fixt
Tracking Installed quantity and wattage, corresponding | SUCN assampling. Fixture
Baseline, fixture Location, annual operating hours, in- | 1ocation is critical for
service rate, HVAC interaction factor. evaluation.
On-site inspections with partial measurements on a
_sample_of program participants (Optl_on A). Cqmplete Time-of-use lighting
inspection and count of all installed lighting with spot | s on a broad samol
Recommended | verification of lamp/ballast type. Characterize ﬁ?ﬁtsro i ioa“sa pie
M&V cooling/heating zones and equipment for assessment Otr tifiu dei)’ ypv(;f; y room
Method of HVAC interactive effects. Analysis with simple f a ﬁd/ ¥sa r%sn 00
engineering models. Data collected from building s)(/:ﬁzaile or operating
EMS may also provide cost-effective information and ‘
should be included in EM&YV plans if available.
Some C&l lighting installations warrant very high, in- . L
building sample rates or advanced interval metering | More liberal use of lighting
(Option B). Examples include private office spaces | [099€rs.
with high uncertainty/diversity, hotel rooms/dormitories, | Alternatively, many
Alternative and lighting systems with extensive controls. Interval | commercial buildings
M&V KW meters have proven useful for recording load on | isolate lighting systems in
Methods lighting circuits with many, individual occupancy | 277V power panels that
sensors or dimming controls. Analysis with simple | offer a prime opportunity
engineering models or 8,760 hour spreadsheets for | for interval metering on
rigorous assessment of coincident impacts could also | large amounts of lighting.
be used.

(Source: Modified from the NEEP EM&V Protocols 2010)
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C&I MOTORS

Summary of Recommended EM&YV Methods

measure.

This category is limited to the installation of premium efficient motors in C&lI facilities as a prescriptive

Characteristic

Approach

Additional Comments

Program
Tracking

e Initial gross energy and demand savings and
initial net impacts as applicable.

e Number of installed units, motor horsepower,
ends Use and application (e.g. HVAC supply
fan), Location, baseline and installed efficiency,
Loading factor, and annual operating hours.

Any additional parameters
useful for quality control
and also for evaluation
design such as sampling.
Motor location is critical for
evaluation.

Recommended
M&V
Method

On-site inspections with partial measurements on a
sample of program participants (Option A). Basic
site visits with time-of-use metering offers the most
defensible and cost-effective approach to constant-
speed, prescriptive motors. Data collected from
building EMS may also provide cost-effective
information and should be included in EM&YV plans
if available.

Metering methods include
time-of-use CT or
“magnetic field” loggers
and spot power
measurements.

Alternative
M&V
Methods

An enhanced alternative is to conduct on-site
inspections with interval KW metering that track the
electrical performance of the motor throughout its
load range (Option B). This added rigor captures
part-load efficiency effects that tend to be neglected
in a Time-of Use (TOU) metered approach with
SEMs.

Metering would be interval
kW measurements for a
reasonable duration to span
a variety of motor loading
situations.

(Source: Modified from the NEEP EM&V Protocols 2010)

Section Il — Protocol D
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C&Il VARIABLE SPEED DRIVES
Summary of Recommended EM&V Methods

This category is limited to Variable Speed Drives (VSD) installations in C&I facilities as a prescriptive
measure. Custom VSD applications are covered under C&I Custom Measures.

Characteristic Approach Additional Comments
e Initial gross energy and demand savings and | Any additional parameters
initial net impacts as applicable. useful for quality control
Program e Number of installed units, motor horsepower, end- | and also for evaluation
Tracking use and application (e.g. HVAC supply fan), | designsuch as sampling.
Location, savings factors, and annual operating | VSD location is critical for
hours. evaluation.

On-site inspections with interval kW metering that | Metering would be interval
Recommended | tracks the electrical performance of the motor/VSD | kW measurements for a

M&V combination throughout its load range (Option B). | reasonable duration to span
Method Lesser rigor would not capture the variability intrinsic | a variety of loading
to a VSD application. situations.

Metering can be used to

Calibrated simulation modeling (Option D) is an calibrate and validate the

alternative that is effective at measure interaction and

Alternative . . i : model. Such metering
control schema. Simulation modeling requires a . .
M&V - . o would mirror Option B
wealth of building and operational characteristics for . .
Methods perhaps with whole premise

an accurate model. This is a viable option for facilities

with many VSDs on HVAC systems units. interval kW recording and

some space temperatures.

(Source: Modified from the NEEP EM&V Protocols 2010)

Section 11 — Protocol D Page 47
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PROTOCOL E: PROTOCOLS FOR VERIFICATION AND ONGOING MODIFICATION
OF DEEMED SAVINGS VALUES

Protocol Scope: These protocols include the recommended timing for updating deemed savings
values, especially for those technologies in which significant energy efficiency improvements
occur on a periodic basis, such as lighting. These protocols also provide sources to consider when
reviewing and modifying deemed savings, based on the findings from the literature review.

Customer Classes: All except self-directing customers

PROTOCOL E1: REVISING AND UPDATING DEEMED SAVINGS VALUES

1. Each deemed measure or measure set in the Arkansas Technical Reference Manual (TRM) is
subject to a review to establish a “Sunset Date” at a minimum of every three (3) years or sooner if
sooner conditions warrant. High Impact Measures will be reviewed annually. A High Impact
Measure (HIM) is an energy efficiency measure that accounts for at least 5% of total portfolio gross
kilowatt hour, kilowatt, and/or therm savings in one or more of the utility’s energy efficiency
programs.

2. Upon reviewing a Deemed Measure, the parties participating in the parties working collaboratively
process may recommend that the Commission:

a. Extend the “Sunset Date” for the measure with its cost and savings unchanged;
b. Adopt revised cost and savings assumptions for the measure;

c. Re-instate the Deemed Measure, contingent on the outcome of future evaluations, M&YV,
engineering work, and/or market research;

d. Sunset the Deemed Measure and recommend that
e A Simplified M&V Protocol will be developed for it;
e |t will be treated as a Custom M&V Measure; or
o It will be eliminated.

Section 11 — Protocol E Page 48
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PROTOCOL E2: IMPLEMENTATION OF CODE CHANGES

Codes and standards that affect equipment and systems sold and installed in Arkansas may be
periodically updated. These codes and standards may include, but are not limited to, those listed below:

1. The International Energy Conservation Code, IECC

2. ASHRAE 90.1 - Energy Standard for Buildings Except Low-Rise Residential Buildings
3. Arkansas Energy Code

4.  The National Appliance Energy Conservation Act (NAECA)

5. EISA —the Energy Independence and Security Act of 2007

The purpose of these code and standards updates is to increase energy efficiency by codifying minimum
equipment performance or baselines. This is in contrast to DSM programs, which are intended to
motivate participants to install systems and equipment that exceed prevailing codes or standards.

These code and standard changes affect and change the baseline efficiency or performance used in
calculating savings for; (1) replace on burnout and (2) new construction projects as well as (3) ‘outyear’
baselines on dual-baseline early retirement projects.

It is recognized that there is a lag between the time when a code or standard comes into force and when
the industry has made a substantial transition to the new code or standard. In recognition of this lag
time, TRM 7.0 makes provides a lag time to allow for the industry to adjust. Specifically, the TRM
adoption date for a code or standard update is the beginning of the current program year if the effective
date of the code or standard update is before July 1. For code or standard effective dates on or after July
1, the enforcement date is the beginning of the following program year.

Section 11 — Protocol E Page 49
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PROTOCOL F: PROTOCOLS FOR THE DETERMINATION OF NET PROGRAM
IMPACTS

Protocol Scope: These protocols, commonly used to determine net-to-gross ratio (“NTGR”),
isolate free ridership and spillover rates. This protocol is designed to clarify the steps necessary to

complete a “true-up” of program savings estimates ex post to determine the Lost Contribution to
Fixed Costs (LCFC).

Customer Classes: All except self-directing customers

There are five approaches for determining NTGR:

e Self-Reporting Surveys: From participants and non-participants without independent
verification;

e Enhanced Self-Reporting Surveys: Self-reporting surveys are combined with interviews
and independent documentation review and analysis. They may also include analysis of
market-based sales data;

e Econometric Methods: Statistical models are used to compare participant and non-
participant energy and demand patterns. These models often include survey inputs and
other non-program-related factors such as weather and energy costs (rates);

e Deemed Net-to-Gross Ratios: An NTGR is estimated using information available from
evaluation of similar programs; and

e Stipulation of Net-to-Gross Ratios: The stipulation of a net-to-gross ratio is periodically
used when the expense of the NTGR analysis and the uncertainty of the results are
considered significant barriers (NAPEE 2007). This protocol does not support the usage of
stipulated values if they yield results that are uncertain and/or costly; instead, the protocol
would support the usage of literature reviews.

Section 11 — Protocol F 50
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Recommended Net-to-Gross Analysis

Net-to-Gross (NTG) analysis is an important component of program evaluation because it helps to
quantify estimated savings attributable to a program. NTG estimation involves triangulating data
from multiple sources and therefore is incorporated into both the process and impact evaluation
tasks. Relevant data sources include: surveys or in-depth interviews with customers, trade allies,
and other key program stakeholders; data collection during on-site field inspections; billing
records; and demand elasticity modeling using participating retailer sales data. In addition, NTG
estimates may be further validated through a comparison of results from similar energy efficiency
programs operating in other jurisdictions or examining a range of market data sources such as
surveys, conference proceedings, and market assessments.

Estimating the impacts that are attributable to a program poses many challenges. First, the
participants may not be able to accurately answer the necessary hypothetical question: “What
measures would you have installed anyway if you had not participated in the program?”
However, attribution is estimated not only for energy efficiency programs but also for other public
policy initiatives/investments. While this is difficult and subject to some judgments and
assumptions, NTG analyses can be performed on energy efficiency programs in such a way that
reasonable information can be provided to policy makers that will assist them in making good
decisions about these programs. While this is not an exact science, the attribution methods
proposed herein are meant to achieve that objective (i.e., provide information in context that will
inform policymakers and assist in assessing historic and future investments in energy efficiency).

Methodology

This section presents general definitions and methods that will be employed as part of a sound
NTG analysis. The discussion is purposefully kept at a relatively high-level; additional details
regarding the question sets and methods used to conduct the NTG analysis will be provided by the
EM&V contractor. The NTG calculation will be applied retrospectively to the gross savings
achieved during the program year being evaluated.

Derivation and Definition of Attribution

The methodology for assessing the energy savings attributable to a program is based on a NTGR
that has two main components: free ridership and spillover.

Free ridership refers to program participants who received an incentive but would have installed
the same efficiency measure on their own had the program not been offered. This includes partial
free riders, defined as customers who, at some point, would have installed the measure anyway,
but the program persuaded them to install it sooner or customers who would have installed the
measure anyway but the program persuaded them to install more efficient equipment and/or more
equipment. For the purposes of EM&V activities, participants who would have installed the
equipment within one year will be considered full free riders; participants who would have
installed the equipment later than one year will not be considered to be free riders (thus no partial
free riders will be allowed).

Section 11 — Protocol F 51
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Free ridership is the share of gross program savings that is generally the savings accounted for in
program records and then adjusted for the naturally occurring adoption; the free ridership rate is
based on actions participants “would have taken anyway” (i.e., actions that were not induced by
the program). Each energy efficiency program covers a range of energy efficiency measures and
is designed to move the overall market for energy efficiency forward. However, it is likely that
some participants would have wanted to install some high efficiency measures (possibly a subset
of those installed under the program) even if they had not participated in the program or been
influenced by the program in any way.

Spillover refers to energy savings that are due to the influence of a program but are not counted
in program records. For example, a customer installs a set of efficiency measures in one of his/her
buildings. These measures were promoted (and incented) under a DSM program. The customer
then decides to install the same measures at another site, where there is no program incentive. In
this case, the program had an influence on the market beyond the energy savings in this customer’s
first building. Spillover can be broken out in three categories:

e Participant Internal Spillover represents energy savings from additional measures
implemented by participants at participating sites not included in the program but directly
attributable to the influence of the program.

e Participant External Spillover represents energy savings from measures taken by
participants at non-participating sites not included in the program but directly attributable
to the influence of the program.

e Non-Participant Spillover represents energy savings from measures that were taken by
non-participating customers but are directly attributable to the influence of the program.

Spillover adds to a program’s measured savings by incorporating indirect (i.e., not incented)
savings and effects that the program has had on the market above and beyond the directly incented
or directly induced program measures.

Total spillover is a combination of several factors that may influence non-reported actions to be
taken at the project site itself (inside spillover) or at other sites by the participating customer
(outside spillover). Each type of spillover is meant to capture a different aspect of the energy
savings caused by the program, but not included in program records. Because a primary goal of
most DSM programs is to transform markets through a variety of strategies — including education,
promotion, and increasing awareness of the benefits of energy efficiency — one would expect
spillover to occur to some extent in the market.

The overall NTGR is meant to account for both the net savings at participating projects and
spillover savings that result from the program (but are not included in program records). When
the gross program savings multiplies the NTG ratio, the result is an estimate of energy savings that
are attributable to the program (i.e., savings that would not have occurred without the program).
The basic equation is:

NTG = 1 — Free ridership + Spillover

Section 11 — Protocol F 52
20190016-SACE-POD-31-411



APSC FILED Time: 8/31/2017 10:18:09 AM: Recvd 8/31/2017 lﬂ}Réﬁ% WM g&?éjl%q@ﬁD?Cﬁ%l 1

The underlying concept inherent in the application of the NTG formula is that only savings caused
by the program should be included in the final net program savings estimate, but this estimate
should include all savings caused by the program (i.e., the net program savings should account for
free ridership and include spillover).

Estimating Free Ridership: Survey Techniques

Data to assess free ridership should be gathered through a series of survey questions asked of end-
use customers and trade allies who participated in the program. Free ridership can be evaluated by
asking direct questions, aimed at obtaining respondent estimates of the appropriate free ridership
rate that should be applied to them, and by supporting, or influencing questions used to verify
whether the direct responses are consistent with participants’ views of the program’s influence.

The direct free ridership questions ask respondents to estimate the share of measures that would
have been incorporated at high efficiency if not for the technical and financial assistance of the
program. The questions also ask respondents to estimate the likelihood that they would have
incorporated measures “of the same high level of efficiency” if not for the technical and financial
assistance of the program. This flexibility in how respondents conceptualize and convey their
views on free ridership will allow respondents to provide their most informed response, thus
improving the accuracy of the free-ridership estimates.

The “program influence” questions clarify the role that program interventions (e.g., financial
incentives and technical assistance) played in decision-making and provide supporting information
on free ridership. Responses to these questions are analyzed for each respondent and used to
identify whether the direct responses on free ridership are consistent with how each respondent
rated the “influence” of the program.

These results will then be compared to free ridership estimates based on on-site inspections/audits,
and/or estimates derived from similar surveys completed in other jurisdictions.

Estimating Spillover: Survey Techniques

The basic method for assessing participant (inside and outside) spillover employs a three-step
approach to determine the following:

1. Whether spillover exists at all. These are yes/no questions that ask, for example, whether
the respondent incorporated energy efficiency measures or designs that were not recorded
in program records. Questions relate to extra measures installed at the project site (inside
spillover) and to measures installed in non-program projects (outside spillover).

2. The extent of the spillover. These questions request information about the number or
share of projects/jobs/facilities into which additional measures or technologies are installed
(these questions are not asked for inside spillover because the value is simply the one
project on which the interviewee focuses).

3. The amount of savings per spillover project. These questions ask respondents to
estimate the energy savings associated with the non-recorded measures relative to the
savings from the participating project itself.
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The outcome of these inquiries is an estimate of the share of those non-recorded savings that can
be attributed to the influence of the program.

Timing of Data Collection for Free Ridership vs. Spillover

The evaluation team should, where possible, use a staggered data collection approach to collect
information in support of the NTG analysis. The rationale for this approach is that free ridership
and spillover data are best collected at different points in time. Free ridership data are considered
to be most accurate when collected as closely as possible to the point in time when the participation
decision is made. Doing so helps to ensure accurate participant recall of motivating factors and
relative program influence while also producing other benefits, including near-term feedback for
program staff regarding program influence effects. Conversely, spillover data are considered most
accurate when collected sometime after the participating project has been completed. Allowing a
reasonable amount of time to pass before asking participants about spillover effects ensures that
participants have sufficient time to: a) install the incented equipment, b) experience its operating
parameters and costs, and c) then decide whether or not to install additional energy efficiency
measures at the project site or some other location independent of any program support or financial
incentive (Johnson et al., 2010).

Hierarchical Approaches for Determining When to Update NTG Values

One of the primary goals of this protocol is to provide a common framework with respect to the
updating of NTG. It is critical that all utilities and their evaluators adopt this protocol to ensure a
more thorough and consistent approach to net savings estimation and application, plus to direct
evaluation resources to the areas of highest uncertainty. Note that the intent of this protocol is not
to dictate the specifics (e.g., survey batteries or algorithms, market based approaches, etc.) with
which NTG is estimated, but rather to help determine when an updated NTG estimate is needed
and to ensure the evaluators provide clear rationale for determining which NTG approach was used
in their reporting.

A several step decision tree should be used to help steer the timing for updating attribution analysis,
which in the future should help evaluators determine when to collect current primary data, and
when prior research or Arkansas specific secondary data might be reliable, with the final option
being to rely on literature reviews. The framework is straightforward, whereby the updating of net
savings follows the hierarchical approach (presented visually in Figure 5):

1. Has NTG research been conducted on the same program in a prior year? The first
step to determining whether primary NTG research should be conducted in a given program
year is to assess whether primary data — collected for the same program — are available
from a prior year.* If prior data are available, the evaluation contractor should determine
whether the prior values are applicable in the current year. There are at least two

* Note that the prior data do not necessarily need to be from the prior year, nor do they need to necessarily be from a
single year (e.g., two years of data may also be used if both years are determined to meet these criteria and it is believed
the additional data would provide more robust results).
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overarching components of this decision, both of which could have significant impacts on
the NTG ratio.®

a. First, determine if the current program is similar to the program in which the
primary data was collected: Is the mix of measures the same? Is the contribution to
savings for each measure similar? Are the incentive levels comparable? Is (are) the
delivery method(s) similar?

b. Second, determine if the market conditions are similar to the time period in which
the prior data were collected: Has there been a substantial change in incremental
cost for the efficient measures? Has there been a substantial change in the supply
or availability of the efficient measures? Has there been a substantial change in the
market share of efficient measures (i.e., the ratio of efficient measures sold to total
comparable standard and efficiency measures)? Are the local or federal codes and
standards the same as when the prior NTG values were estimated?

If the program and market conditions are comparable to the time period(s) in which the prior
primary NTG research was conducted, these prior values can be considered applicable to the
current program year.

2.

If prior year primary data are not available or are determined not to be applicable
due to changes to either program or market conditions. The evaluator should then
determine whether or not the estimated savings from the program support primary research.
In general, programs that represent at least 5-10 percent of the portfolio estimated savings
in any given year should use NTG ratios that are estimated via primary data research for
that specific program.®

If prior year data for the program are not available or applicable, and the program
savings does not support primary data collection. The evaluation should then consider
if NTG values derived from Arkansas-based comparable programs are available. A
comparable program is defined as one that is similar in terms of program maturity,
incentive levels, delivery mechanism, and measure types. Ideally, NTG values derived in
the same program year would be used, but values from prior years may also be used if the
comparability conditions are met.

For existing and new programs that do not meet any of the above specifications, then a
literature review may be undertaken to locate a similar program (or programs) that has (or
have) an established NTG value(s). This approach requires that the research be well
documented, and the selected NTG value be reviewed and agreed to as reasonable by the
IEM. A program may be identified as similar if it meets the following conditions:

° Note the questions presented here are examples of questions to ask to assess comparability, but are not meant to be
exhaustive of the types of questions that should be addressed.

& The IEM understands that smaller portfolios have limited budgets to support any primary research, these thresholds
are estimates and may vary based on the overall portfolio budget. As discussed, final decisions regarding the use of
primary vs. secondary data for NTG research should be made in consultation with the IEM as part of the evaluation
planning process.
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I.  Program Similarity: maturity, incentive levels, delivery mechanism, and measure
types are similar; and

ii.  Market Similarity: demographic, household, and business characteristics are
similar (or as similar as possible) to Arkansas.

The IEM believes this hierarchical approach maximizes the use of valuable evaluation resources
towards programs that could most benefit from primary research, and thus avoids unnecessarily
repeating NTG research every year for the same programs. However, to prevent NTG values from
being repeated too many years and becoming potentially “stale”, NTG values for programs that
meet the contribution to savings threshold (#2 above) should be updated at least via primary
research at least once during every three-year program cycle.

The IEM also understands that these decisions are open to some amount of interpretation and
subjectivity (e.g., determining exactly what constitutes a substantial change in incremental cost,
availability, or market share), so the steps along this decision tree should be clearly presented and
discussed as part of the annual evaluation plans, and thus decision can be made in consultation
with the IEM. The EM&YV planning process has typically occurred in the summer months for the
current program year. The IEM, however, is also available to discuss and agree upon final
evaluation NTG approaches earlier in each program year.

Decision Tree for Timing and Selection of NTG Research

Yes Yes

Use prior primary

data NTG research

No

Yes Conduct primary

research

No

Yes

Use comparable AR
program primary
data

Conduct literature
review

Figure 5: Decision Tree for Timing and Selection of NTG Research
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Reporting Requirements

As noted above, while the intent of this protocol is not to dictate the specifics of all aspects of
updating NTG estimates, the IEM believes this protocol can benefit evaluators and stakeholders
alike by offering guidance to ensure the annual EM&YV reports include robust reporting related to
NTG research, methods, and findings. The goal is to ensure a degree of consistency and
transparency in reporting. To help ensure consistency and transparency in reporting, the TRM
recommends evaluators use the following minimum reporting protocol in their annual EM&V
reports:

1. Provide summary of each programs NTG source: A simple table would suffice to allow
readers a clear understanding of which programs received updated research versus those
that relied on previous values, deemed values, or secondary research.

2. Provide clear rationale for use of previous estimate or literature review: EM&V
Reports should cite evidence that the delivery, incentives, measures, and program design
were unchanged.

3. If uniqgue NTG values are assigned to distinct program components, then each
component should be reported with gross and net savings contributions. Where
different program components (e.g., measures) have different NTG values, evaluators
should include each program component savings along with the respective NTG values in
the EM&YV reports.

To avoid redundancy in reporting while providing sufficient methodological details, this protocol
also recommends evaluators follow a general approach to NTG methods in their reports, including:

4. Provide high-level approach in methods section. A methods section should detail the
overarching NTG approach across programs, especially if the same algorithms and logic
are used across multiple programs. The goal of this is to avoid redundancy and duplicative
reporting across the individual program sections.

5. Provide program-specific logic in each section. If individual program NTG research
includes customized logic that is distinct from the overall approach included in the methods
section, then the differences in approach should be reported within each individual program
section.

6. Extensive detailed logic (questions, full battery of survey question) should be included
in an appendix. Complete survey battery logic, flow-charts, and comprehensive details of
the program NTG approach should be included in an appendix.

Application of Trade Ally Input

As noted in the PY2013 IEM Report, the PY2013 evaluations included a number of NTG estimates
that — according to the program evaluation plan — were going to leverage trade ally input, yet did
not include trade ally responses or values (IEM PY2013 Annual Report, pg. xiii). In addition, a
number of programs did utilize trade ally input, yet the research provided limited evidence that the
responses were representative of the programs for which the values were utilized.

It is imperative that the evaluations adhere to the approved work plans, and where they diverge
note the reasons for doing so and provide strong argument as to why they were not followed (e.g.,
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inadequate sample, poor response rates, etc.). This is particularly true for NTG methods, which
can provide widely different estimates depending on the method and the respondent type.

Evaluators should include specific details regarding their planned integration of trade ally
responses with customer survey responses for overall program attribution within their work plans.
Evaluations using trade ally responses should be collected for programs where the trade allies play
a key role in the installation decision’, and the work plans should present a discussion of the
representation from the trade ally respondents. This protocol is not requiring evaluators to follow
a specific algorithm to integrate trade ally responses, but the viability and consistency of
approaches will be addressed by the IEM during the work plan review.,

" The importance of the trade ally on the decision to install an energy efficient measure can be assessed through
participant surveys.
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PROTOCOL G: PROVISIONS FOR LARGE CUSTOMERS

Protocol Scope: This protocol provides more detailed information regarding projects installed by
industrial and commercial customers, and the challenges associated with establishing a streamlined
process for measurement and verification. These protocols rely on the established “best practices”
for ensuring that large custom-project directors will maintain the necessary building records and
measure data to provide for robust EM&V activities and accurate measurement of energy savings.
Often these projects involve highly technical, on-site engineering analysis and verification, which
should be performed efficiently and cost-effectively, with as little impact on the customer site as
possible. It is important to note that these types of EM&YV protocols address custom measures for
which deemed savings values do not exist and for prescriptive/direct-install measures that are
being used in a non-traditional manner.

For specific guidance on the Opt-Out/Self-Direct Option, please consult Section 11 of
Conservation & Energy Efficiency (C&EE) Rules filed in Docket 10-101-R.

Customer Classes: Large C&I customers except self-directing customers

The objectives of measure installation verification are to confirm that the:

e Measures were actually installed,
e Installation meets reasonable quality standards, and
e Measures are operating correctly, have the potential to generate the predicted savings.

The M&YV should also verify and quantify actual savings at the site.

Installation verification should be conducted at all sites claiming energy or peak demand impacts
where M&YV is conducted. Installation verification activities may also be specified by the process
or market effects protocols. Data collected from the building’s EMS may provide cost-effective
information and should be included in EM&YV plans if available.

M&YV projects conducted under this protocol shall adhere to the International Performance
Measurement and Verification Protocol (IPMVP).

Development of Site-Specific M&V Plan: This protocol requires submittal of an M&V plan for
each field measurement project that documents the project procedures and rationale in such a way
that the results can be audited for accuracy and repeatability. Within the guidelines established by
the IPMVP and these protocols, there is considerable latitude for the practitioner in developing a
site-specific M&V plan and implementing the plan in the field. The M&V contractor shall evaluate
the uncertainty in the desired data product, and develop a site-specific M&V plan that manages
the uncertainty in the most cost-effective manner.
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Initial estimates of engineering parameter uncertainties should be used to provide an estimate of
the overall uncertainty in the savings calculations. Assumptions used to create initial estimates of
parameter uncertainty values should be documented. The contribution of specific engineering
parameters to the overall uncertainty in the savings calculations should be identified and used to
guide the development of the M&V plan. The components of the M&V plan should:

1.

2.

8.

9.

Identify Goals and Objectives. The goals and objectives of the M&V project should be
stated explicitly in the M&V plan.

Specify Site Characteristics. Site characteristics should be documented in the plan to
help future users of the data understand the context of the monitored data. Depending on
the nature of the measure, the site characteristics description should include:

a. General building configuration and envelope characteristics, such as building floor
area, conditioned floor area, number of building floors, opaque wall area and U-value;
window area, U-value and solar heat gain coefficient;

b. Building occupant information, such as number of occupants, occupancy schedule,
building activities;

Internal loads, such as lighting power density, appliances, plug and process loads;
Type and quantity and nominal efficiency of heating and cooling systems;

Important HVAC system control set points;

Changes in building occupancy or operation during the monitoring period that may
affect results; and

g. Description of the energy conservation measures at the site and their respective
projected savings.

Specify Data Products and Project Output. The planned output and results of the M&V
activity should be specified. These data products should be referenced to the goals and
objectives of the project, and include a specification of the data formats and engineering
units.

Specify an M&V Option. The M&V option chosen for the project should be specified
according to the IPMVP, consistent with the M&V protocol.

Specify Data Analysis Procedures and Algorithms. Engineering equations and
stipulated values, as applicable, shall be identified and referenced within the M&V plan.
Documentation supporting baseline assumptions shall be provided.

Specify Field Monitoring Data Points. The actual field measurements planned should be
specified, including the sensor type, location, and engineering units.

Estimate Data Product Accuracy. All measurement systems have error, expressed in
terms of the accuracy of the sensor and the recording device. The combined errors should
be estimated using a propagation of error analysis, and the final data product should be
accurately described.

Specify Verification and Quality Assurance Procedures. Data analysis procedures to
identify invalid data and treatment of missing data and/or outliers must be provided.
Specify Recording and Data Exchange Formats. Data formats compliant with the data
reporting protocol should be described.

- o o 0

(Modified and Expanded from CA Evaluators’ Protocols 2006).
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Additional Guidance for the IPMVP Protocols for Custom Projects

1. Measure existence should be verified through on-site inspections of facilities; measure make and
model number data shall be collected and compared to participant program records as applicable.
Sampling may be employed at large facilities with numerous measures installed. As-built
construction documents may be used to verify measures such as wall insulation where access is
difficult or impossible. Spot measurements may be used to supplement visual inspections, such as
solar transmission measurements and low-e coating detection instruments to verify the optical
properties of windows and glazing systems.

2. Quality of Installations: Measure installation inspections shall note the quality of measure
installation, including the level of workmanship employed by the installing contractor toward the
measure installation and repairs to existing infrastructure affected by measure installation, and
physical appearance and attractiveness of the measure in its installed condition. Installation quality
guidelines developed by the program implementer shall be used to assess installation quality. If
such guidelines are not available, then the guidelines shall be developed by the M&V contractor
and approved by the Commission prior to conducting any verification activities. Installation quality
shall be determined from the perspective of the customer.

(Source: Modified from CA Evaluators’ Protocols 2006)
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PROTOCOL H: TECHNICAL REFERENCE MANUAL (TRM)

Protocol Scope: To provide a clear and effective method for updating the Arkansas TRM

The Arkansas TRM is designed to be a dynamic document which will benefit from periodic
updates developed by the PWC through an objective and thoughtful process. Defining a process
that coordinates with the needs of users, evaluators, and the APSC is critical. It is critical to
maintain a current TRM and consider any necessary updates to the document at least annually, at
the same time recognizing the need for the users of the TRM and others to have some degree of
certainty as to the TRM values upon which they can rely. Accordingly, this protocol describes the
process for updating the TRM and coordinating this process with other critical activities. The
annual update process set forth herein is the preferred course of action for updating the TRM.

TRM Update Process

The PWC should work cooperatively to identify any necessary revisions and to present any
revisions to the Commission by August 31 each year. Examples of events that may precipitate the
need to consider changes to the TRM, may include but are not limited to:

e New measure additions. As new technologies become cost-effective, they will need to be
characterized and evaluated for addition to the manual. In addition, new program delivery
design may result in the need for new measure characterization.

e Existing measure updates. Updates may be required for a number of reasons. Examples
include: the federal standard for efficiency of a measure has changed; the qualification
criteria are altered; the measure cost falls; or a new evaluation provides a better value of
an assumption for a variable. In addition, as programs mature, characterizations need to be
updated, where changes in the market support changes in calculation assumptions. In such
cases, these changes must be identified and appropriate changes to the TRM evaluated.

e Retiring existing measures. When the economics of a measure become such that it is no
longer cost-effective, or the free rider rate is so high that it is not worth supporting the
measure, or if the market has changed, then the measure should be evaluated for retirement.

e High Impact Measure (HIM) reprioritization. The prioritization of measures in terms
of the HIM Tier classification is subject to change over time depending on the relative
magnitude of reported energy savings resulting from actual program measure installations.

The flowchart in Figure 6 outlines the steps for regular TRM updates. The PWC will work
cooperatively to identify any necessary revisions to the TRM. To ensure there is a clear
differentiation between policy and technical matters, the PWC should establish regular meetings
devoted to policy issues and resolving technical issues in which the PWC can discuss these matters
and determine the any necessary revisions to the TRM for recommendations to the Commission
for approval.

The process outlined in Figure 6 requires a number of different roles to ensure effectiveness,
sufficient review, and independence. The following is a list of key roles and responsibilities for
this process. The list of roles and responsibilities is not comprehensive.

e Arkansas Public Service Commission (Commission)
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Approves or denies any changes to the TRM, as well as this TRM process.

e Independent Evaluation Monitor (IEM)

(@]

o O O O O O

Assures compliance with national Evaluation, Measurement, and Verification
(“EM&V”) “best practices,” and Commission-approved protocols and the Arkansas
TRM.

Manages timely updates and/or expansion of deemed savings and the TRM are pursued.
Oversees and coordinates the activities of the TRM Technical Manager.

Gives feedback on draft measure characterizations from other parties

Coordinates with Staff on recommendation for TRM revision to the Commission.
Manages and updates TRM manuals (after Commission approval of changes).
Ensures proper use of TRM in annual savings verification process.

e Program Administrators / Utilities / Program Implementers

o

Identify need for new or revised measure characterization (usually due to program
changes or program/market feedback).

Communicates need for new or revised measure to IEM.
Give feedback on draft measure characterizations from other parties.
Participate in formal discussion and dispute resolution.

e TRM Technical Manager

©)

©)

Identifies need for revised measure characterization (usually based on knowledge of
local or other relevant evaluation studies).

Reviews, researches and/or develops draft measure characterizations identified either
by itself, EM&V Contractor, Utility, [EM or other party.

Incorporates revisions to draft and final TRM documents.

e EM&YV Contractors

©)

Identify need for revised measure characterization (usually based on local evaluation
studies it has conducted or managed).

Research and/or prepare draft measure characterization for PWC consideration.
Provide input/feedback on draft measure characterizations developed by other parties.
Perform program evaluation - includes statewide market assessment and baseline
studies, savings impact studies (to measure the change in energy and /or demand use
attributed to energy efficiency), and other energy efficiency program evaluation
activities.

o Verify annual energy and capacity savings claims of each program and portfolio.
e Staff
o Works with the PWC and IEM to identify any necessary changes to TRM.

Annually, by August 31, submits recommended revisions to the TRM to the
Commission for its approval.

Provides supporting testimony for any recommended revisions.
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e Other Parties to the Docket/ Interveners

o Identify need for new or revised measure characterization (usually based on knowledge
of local or other relevant evaluation studies).

Give feedback on draft measure characterizations from other parties.
Provide input and assist in identifying necessary revisions to the TRM.
Provide testimony as needed addressing recommended revisions to the TRM.
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Flowchart for Annual TRM Update Process

Step Process Flow Primary Responsible Party
Identify Need for Program ﬁ.dmln!sttratnr_.'s; EME-:‘.".
1 Addition or Modification Contractors, L!tllItIES_, Other Parties
to tha TRM to the IZ.‘l:}l:kEt..IntElrn.rEnErs,J
TRM Manager and/or IEM
2 IEM will prioritize, coordinate
and oversee the requested IEM
changes to the TRM
Develop Draft of New/Revised .
3 TRM Technical Manager

Measure Characterization

v

Circulate Draft to Other

TRM Technical M £
4 Parties,/Stakeholders sehnmical Manager
Provide Feedback
5 rovide e &1l EM&V PWE Stakeholders
on Draft
Revised Draft Based on Feedback and
] . TRM Manager/IEM
Recirculate
7 Consensus Proposal Dizagreement/Resolution
B Technical Forum All EMEY PWC Stakeholders
Staff will file recommended
9 changes to the TRM for General Staff
Commission Decision/Approval
10 I DecisionfApproval I Commission
11 | Update TRM | TRMManager/IEM

Figure 6: Flowchart for Annual TRM Update Process

This process includes several potential stages of discussion and feedback on draft modifications to
the TRM. The IEM will convene a Technical Forum for the PWC and other key stakeholders. This
forum will identify the changes made to the annual TRM update, and highlight the findings in the
Annual TRM update. It will also provide an opportunity for the Parties to ask questions and provide
more detailed information regarding the scope of these changes.
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Items included in the Technical Forum include:

e Present what changes were made to the TRM, and the reasons for the changes including a
detailed discussion of the assumptions made and the basis for these findings;

e Review the timing for incorporating the changes;

e Discuss the implications of the changes on current and future programs;

e ldentify other potential energy efficient technologies that should be considered for future
TRM updates, based on our experiences in other jurisdictions; and

e Attempted resolution of any disagreements.

The Technical Forum may take the form of a one-day workshop, and will include presentations
from the EM&YV contractors and the PWC in addition to the appropriate members of the IEM team.

Table 7 provides a recommended timeline for a coordinated process in line with the Commission
deadlines.

Table 7: Annual Verification and TRM Update Timeline

Jan | Feb | Mar April | May June ‘ July Aug Sept Oct Nov Dec

Draft new/updated
measure
characterization and | Participate in discussions

Utility/Third Party
Administrators Prepare Utility Energy
Efficiency Annual Report

submit to IEM/TRM for | of TRM Update; Review
EM&YV Contractors Review and C r ded changes Savings Verification/ EM&V Activities;

Review
Review drafts prepared Final Identify potential changs for
by the TRM Manager consideration in future TRM Updates
IEM/TRM Manager TRM

(i.e., Frontier) Participate

in Technical Forum for

TRM Udpates;

General Staff/Other

Parties to the Docket

Commission

Jan Feb Mar April May June July Aug Sept Oct Nov Dec
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Detailed Process for Updating TRM

= TRM Manager develops TRM section and forwards to IEM for review

# Other parties develop TRM section and forwards to 1EM for review

* To maintain the schedule, the developer needs to forward draft to IEM as soonas it
iz ready for review

® |EM Reviews

= [f okay, |EM forward to PWC for its review within thres business days

= |[f not okay, IEM returns to TRM Manager or other parties, suggesting madifications
and cycle restarts

= PWC provides a review and comments for each measure within three business days
= [EM compiles comments into a single document and forwards to TRM Manager for

incorporation

= Bazed on compiled comments on each measure or section, TRM Manager makes
final edits to the measure or section and incorporates into live working TRM
document

= TRM Manager maintains live TRM document and concordance dofument

+ TRM Manager compiles final TRM document and sends to IEM for review
® |[f IEM review is satisfactory, the IEM forwards TRM to PWC for review

# |ist of final action items compiled and assigned.

+ TEM Manager completes TRM and submits final draft to IEM
= |[f |EM approves, final draft is forwarded to PWC

# 5taff completed final review and submits filing

= Commission makes a decision regarding TRM Version

Figure 7: Detailed Process for Updating TRM
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PROTOCOL I: ROLE AND RESPONSIBILITIES OF THE INDEPENDENT EM&V
MONITOR

The Commission’s Order, dated December 10, 2010, establishing the Parties Working
Collaboratively (PWC) to develop an EM&V protocol required that Staff file with the
Commission, on or before June 1, 2011, suggested EM&V rule changes requiring the
implementation of EM&V in accordance with National Action Plan for Energy Efficiency
(NAPEE) “best practices.” Commission-ordered Task (2)(i) on page 16 calls for the “establishment
of an ongoing, annual process for a single, Independent EM&V Monitor (IEM) jointly funded by
EE utilities, to report to the Commission regarding the validity of utility EM&V programs and
annual filings and to suggest ongoing improvements to EM&V activities.”

Staff, after reviewing input from the utilities and other stakeholders, will be responsible for
selection of the IEM. The Commission may ultimately resolve any disputes as to the selection and
retention of the IEM. The IEM’s fees and expenses shall be paid by the utilities, and these costs
will be included in EM&V budgets and cost-effectiveness calculations, and recovered through its
EECR rider. Each utility shall pay its share of the costs based on a ratio of its number of customers
to the total of customers for all utilities combined.

The fundamental role of the IEM is to be advisory in nature. In this role, the IEM is tasked with
providing technical consultation services to participating Arkansas utilities, staff and interveners
regarding strategies that will result in program compliance with EM&V rules or protocols
approved by the Commission. Inthe interest of regulatory economy, the IEM will work with staff,
utilities and other parties to each utility’s EE docket to ensure that any EM&V advisory input
reflects the informed consideration of all parties.

To ensure fully independent evaluations, the IEM will be engaged throughout the ongoing process
of prioritizing evaluation activities and budgets, defining evaluation objectives and methodologies,
reviewing evaluation results, and a range of other continuing and related EM&V activities. At the
conclusion of such an annual a process, the IEM will have the responsibility of issuing a report to
the Commission regarding the integrity of utility EM&V programs and activities, and to suggest
ongoing improvements to EM&V activities. After the issuance of the report and a reasonable
comment period, the Commission may use the report as a basis to issue orders to the utilities.

The IEM will provide advisory assistance to the utilities, Staff and the interveners, including but
not limited to the following broad categories. This list is intended to be illustrative.

e Assure of compliance with national EM&V “best practices,” Commission-approved
protocols and the TRM;

o Verify credentials, performance and independence of EM&V contractors and vendors.

e Assure adequacy of individual utility EM&V program budgets and the timing and
prioritization of evaluation projects;

e Review utility energy efficiency program evaluation projects and EM&V methodologies,
including PWC administered multi-utility evaluations;

e Recommend improvements to EM&YV processes and procedures, including those related to
custom program projects;

e Recommend improvements to the overall EM&V decision-making process and each
utility’s program design(s) and program implementation as it relates to EM&V;

e Assure timely updates and/or expansion of deemed savings and the TRM;
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e Recommend updates to DSM potential and baseline studies as well as recommend
appropriate multi-utility PWC EM&V efforts; and

e Recommend additional financial (or other) resources that may be necessary for the
effective functioning of the IEM or EM&YV stakeholder process.
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PROTOCOL J: RESIDENTIAL BEHAVIOR-BASED PROGRAM EVALUATION
PROTOCOL

This protocol was developed to reflect the evolving nature of energy efficiency programs now
offered by utilities and third-party administrators in Arkansas. This protocol specifically addresses
the prescribed approach to conducting evaluations for residential behavior-based programs. This
protocol was developed based upon the recommended best practices described in the State and
Local Energy Efficiency (SEE) Action Network (published by Lawrence Berkeley National
Laboratory (LBNL) report, “Evaluation, Measurement, and Verification (EM&V) of Residential
Behavior-Based Energy Efficiency Programs: Issues and Recommendations™® and updated
guidance from The Uniform Methods Project (UMP): Residential Behavior Protocol, 2017.° This
protocol cites the sections in which these specifications are referenced.

Behavior-based energy efficiency programs are those that use strategies intended to affect
consumer energy use behaviors to achieve energy and/or peak demand savings. Program types
typically include real-time or delayed feedback about their energy use; supplying energy efficiency
education and tips; rewarding households for reducing their energy use; comparing households to
their peers; and establishing games, tournaments, and competitions (UMP, 2017). Such programs
may rely on changes to consumers' habitual behaviors (e.g., turning off lights) or one-time
behaviors (e.g., changing thermostat settings). In addition, these programs may target purchasing
behaviors (e.g., purchases of energy efficient products or services), often in combination with other
programs (e.g., rebate programs or direct install programs) and often target multiple end-uses.
Savings from behavior programs are usually a small percentage of energy use, typically less than
five percent (UMP, 2017).

Key Definitions

Conducting evaluations of these programs first requires defining the following key terms. These
definitions are cited from the SEE Action/LBNL Report 2012:

e Treatment Group: the group of households that are assigned to receive the treatment

e Control Group: the group of households that are assigned not to receive the program

e Experimental Design: a method of controlling the way that a program is designed and
evaluated in order to observe outcomes and infer whether or not the outcomes are caused
by the program

e Randomized Controlled Trial (RCT): a type of experimental design; a method of
program evaluation in which households in a given population are randomly assigned into
two groups — a treatment group and a control group — and the outcomes for these two
groups are compared, resulting in unbiased program savings estimates

e Quasi-Experimental Design: a method of program evaluation in which a treatment group

8 State and Local Energy Efficiency Action Network. 2012. Evaluation, Measurement, and Verification (EM&V) of
Residential Behavior-Based Energy Efficiency Programs: Issues and Recommendations. Prepared by A. Todd, E.
Stuart, S. Schiller, and C. Goldman, Lawrence Berkeley National Laboratory. http://behavioranalytics.Ibl.gov.

® Department of Energy, Uniform Methods Project: Methods for Determining Energy Efficiency Savings for Specific
Measures. Chapter 17: Residential Behavior Protocol. September, 2017. https://energy.gov/eere/about-us/ump-

protocols
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and a control group are defined but households are not randomly assigned to these two
groups, resulting in program savings estimates that may be biased (LBNL Report 2012, p.
14).

The protocol begins with a detailed discussion regarding the recommended evaluation design, then
continues with a discussion regarding model specification, and concludes with other evaluation
issues. The protocol also includes models that are appropriate for evaluators to use when
determining the likely effects pre- and post- of behavior-based programs.

EVALUATION DESIGN

Since behavior-based programs may not always specify or track particular actions that result in
energy savings, the recommended approach to determine the effects of behavior-based efficiency
programs is randomized controlled trial (RCT), which will result in the most robust, unbiased
program savings impact estimates. As an alternative, the protocols also allow for two quasi-
experimental designs.

The Randomized Controlled Trials (RCT) Method

In an RCT, first a study population is defined and then the study population is randomly assigned
to either the treatment or control group. Energy use data must be collected for all households in
the treatment and control group in order to estimate energy savings. The estimate of energy savings
is then calculated by comparing the difference between the measured energy usage of the treatment
households relative to the energy usage of the control households. Measured energy use typically
comes from utility meter data, often in monthly increments.

Random assignment means that each household in the study population is randomly assigned to
either the control group or the treatment group based on a random probability, as opposed to being
assigned to one group or the other based on some characteristic of the household (e.g., location,
energy use, or willingness to sign up for the program).

Randomization eliminates pre-existing differences that are both observable differences (e.g.,
energy use or floor area of households) as well as differences that are typically unobservable (e.g.,
attitudes regarding energy conservation, number of occupants, expected future energy use, and
occupant age) unless surveyed. Thus, because of this random assignment, an RCT control group
is an ideal comparison group: it is statistically identical to the treatment group in that there are no
pre-existing differences between the two groups, which means that selection bias is eliminated
(LBNL Report, p. 24).

RCTs also eliminates the free rider concern during the study period because the treatment and
control groups each contain the same number of free riders through the process of random
assignment to the treatment or control groups. When the two groups are compared, the energy
savings from the free riders in the control group cancel out the energy savings from the free riders
in the treatment group. Furthermore, participant spillover is also automatically captured by an
RCT design for energy use that is measured within a household. The resulting estimate of program
energy savings, therefore, is an unbiased estimate of the net savings caused by the program (the
true program savings) (LBNL Report, p. 24).
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There are three basic program enrollment options for behavior-based programs: opt-out
enrollment, opt-in enrollment, and encouragement design, which does not restrict or withhold
participation in the program to any household. Program designs with any of these enrollment
options may use RCTs for evaluation and thus each enrollment option can yield unbiased savings
estimates. With any of the enrollment options, the random assignment of households into treatment
and control groups is the crucial step. All data from the randomization point forward should be
analyzed to ensure internal validity.

When implementing RCTs with any of these three enrollment options, the first step is to define
the target market and the eligible households that are included in the study population (i.e., the
screening criteria). Often this screening process restricts the study population to specific
geographies (zip codes or service areas), specific demographics (hard-to-reach, medical needs,
elderly), specific customer characteristics (high energy users, dual fuel use, length of customer bill
history), and specific data requirements (one year of historical energy data available, census
information is available, smart meter installed). Another way to reduce the size of the study
population is to randomly select households out of a larger population in order to form a smaller
subset of households (LBNL Report 2012, p. 26).

Randomized Controlled Trials with Opt-Out Enrollment

In some cases, program administrators may want to enroll households using an opt-out method
(see Figure 8). For this type of program, an RCT with an opt-out recruitment strategy determines
that after households have been evaluated for program eligibility (i.e., screened in or screened
out); the remaining households are placed in the study population and are randomly assigned to
either the control group or the treatment group. The treatment group receives the program (but are
allowed to opt-out), and the control group does not receive the program (and are not allowed to
opt-in). Energy use data must be collected for all of the households in the control and treatment
group, whether or not they opt-out, in order to estimate energy savings without bias.

Randomized Controlled Trial With Opt-Out Enrollment

" 3r0gram /Opt ) Estimated
1 Target : jOu/ Program
I Market Trectmer‘t \\ :> -m__“‘\. Savings
: \Gr_o_up/ ./Z)on 't i
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Figure 8: Randomized Controlled Trials with Opt-Out Enrollment?®

10 SEE/LBNL, page 14.
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Randomized Controlled Trials with Opt-In Enroliment

For some types of behavior-based efficiency programs, an opt-in enrollment method may be more
desirable than an opt-out method. Using an RCT with an opt-in recruitment strategy, after
households have been screened, the program is marketed to the remaining households. These
households decide whether they want to opt-in to the program. The households that opt-in define
the group of households in the study population, which are then randomly assigned to either the
control group or the treatment group. It is important that a randomly selected group of opt-in
households is placed in the control group in order to have unbiased results: if households that opt-
in are compared with a control group of households that did not opt-in, then these two groups
contain very different types of households, which can result in selection bias and potentially invalid
results.

There are two methods for randomizing the opt-in households into a treatment and control group:
recruit-and-delay and recruit-and-deny. In recruit-and-delay (also called waitlist) design,
households that opt-in are told that the program is currently oversubscribed and some households
may randomly be placed on a waitlist for a short time. In a recruit-and-deny design, households
that opt-in are told that the program is oversubscribed and so some households will be randomly
chosen to participate. Energy use data must be collected for all households in the treatment and
control group in order to estimate energy savings.

Randomized Controlled Trials with Encouragement Design

Often, program implementers want to allow households to opt-in and do not want to deny or delay
enrollment in the program. In this case, an RCT with encouragement design (sometimes called
RED) yields an unbiased estimate and does not exclude anyone from participating in the program.
However, an RED design typically involves a much larger sample size requirement to produce
robust estimates of savings. An encouragement design is used after households have been screened
by the utility; the households that meet the screening criteria define the study population and are
randomly assigned to the control or treatment group. The treatment group is then encouraged to
participate in the program. Some households may decide to opt-in to the program while others may
not. Households in the control group are not encouraged to participate, although, because the
program is open to anyone, some of these households may learn of the program and decide to opt-
in. In order to have an unbiased estimate of energy savings, energy use data must be collected for
all households in the treatment and control group for both the households that opted in to the
program as well as those that did not.

Quasi-Experimental Methods

As discussed in the SEE/LBNL report, most quasi-experimental methods introduce potential bias
into the savings estimates. For this reason, the Arkansas Behavior-Based Evaluation Protocol
strongly recommends use of one of the RCT approaches wherever possible.

There are situations, however, where use of an RCT can be extremely difficult, and thus as a
secondary approach these protocols do allow the use of quasi-experimental methods if necessary.
The recommended approaches are identified in the SEE/LBNL report as the Regression
Discontinuity Method and the Variation in Adoption (With a Test of Assumptions) methods.
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Rather than recruit-and-delay or recruit-and-deny, which can be difficult to implement, both of
these methods allow customers to opt-in at the time of interest.

Regression Discontinuity Method

Among the quasi-experimental methods, regression discontinuity typically yields the most
unbiased estimate of energy savings. However, it is also the most complicated method; it requires
knowledge of econometric models and often requires field conditions that allow the evaluator to
utilize this analytic technique, and is therefore not always practical. This method works if the
eligibility requirement for households to participate in a program is a cutoff value of a
characteristic that varies within the population. For example, households at or above a cutoff
energy consumption value of 900 kWh per month might be eligible to participate in a behavior-
based efficiency program, while those below 900 kWh are ineligible. In this case, the households
that are just below 900 kWh per month are probably very similar to those that are just above 900
kWh per month. Thus, the idea is to use a group of households right below the usage cutoff level
as the control group and compare changes in their energy use to households right above the usage
cutoff level as the treatment group. This method assumes that the program impact is constant over
all ranges of the eligibility requirement variable that are used in the estimation (e.g., that the impact
is the same for households at all levels of energy usage), although there are more complex methods
that can be used if this assumption is not true.53 In addition, regression discontinuity relies on the
eligibility requirement being strictly enforced.

Variation in Adoption (With a Test of Assumptions)

Under the Variation in Adoption method, also commonly referred to as a “rolling” control group
design, the control group is made up of participants who sign up towards the end (or even
following) the post-treatment period of interest.!! The assumption is that the customers in the
control group are similar to those in the treatment group, the primary difference being that they
signed up at a slightly later period than the treatment group, thus their pre-participation period
represents participant post-period usage in absence of the program (i.e., they serve as a control
group up until the point that they enter the program, at which point they would be dropped from
the treatment group).

As an example, assume that the year of interest for analysis is 2011, examining savings for all
customers that signed up for the program (opted in) in 2011. The analysis would then need billing
data for 2010-2012 to ensure that every participant has at least 12 months pre- and post- billing
data. The control group, however, would be made up of customers that signed up in late 2012 (e.g.,
the last quarter) and early 2013 (e.g., the first and possibly second quarters). Any pre-program
months for 2010-2012 for the control group can then be used in the billing analysis to represent
the potential change from pre- to post-treatment of the participant group.

To implement this approach, the evaluation also needs to test the assumption that the only
difference is the timing of enrollment, rather than any observable household characteristics. This

1 Note this approach has been used by evaluators for many years for identifying a control group for opt-in programs
such as low-income or residential audit programs.
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assumption can be tested through a duration analysis or propensity score matching, as discussed
in the SEE/LBNL document.

Recommended Approach for Analysis Model Specification
This section presents a number of important issues regarding the specification of the model.
Length of Study and Baseline Period

Relatively longer treatment periods and pre-treatment data periods are likely to lead to greater
precision of the estimated program impact. Although savings can be estimated using energy se
data from the treatment period (UMP, 2017), it is important to collect at least one full year of
historical energy use data in order to have baseline data for each month and season since patterns
of household energy use often vary by season. Thus, it is strongly advised that at least one full year
(the twelve continuous months immediately prior to the program start date) of historical energy
use data be available for each customer — both for those in the treatment group and in the control
group —so that the baseline energy use reflects seasonal effects. Energy use measurements should
be collected directly from the utility, not from the program implementer (UMP, 2017).

Model Specification

Panel vs. aggregated data. Analysis models can either use energy data that are aggregated across
time for both the pre- and post-program periods (e.g., average energy use for the period prior to
and during the program year) or panel data (also called time series of cross-sectional data), which
typically are data from multiple time points for pre- and post-program periods (e.g., monthly
energy use for each month of the pre- and post-program periods). While the protocols allow for
both, the panel data models are preferred because they result in a more precise estimate of energy
savings, including seasonal variation of savings.

Comparison of energy usage vs. change in energy usage. Analysis models can be specified to
estimate program savings by either comparing the energy saved by the treatment group (i.e., the
change in energy use prior to and during the program) to the energy saved by the control group, or
comparing the energy use of the treatment group to the control group during the program. The
protocols recommend the difference between the change (i.e., the “difference of the differences”)
because it will typically be more precise due to the fact that the amount that the change in energy
usage varies between households often varies less than the amount that energy usage varies
between households.

Equivalency Check

Because the degree to which a savings estimate is unbiased depends on how similar the control
group is to the treatment group, an important part of the analysis is validating that the two groups
are equivalent. The correct procedure is to determine if the households in the treatment group have
characteristics that are statistically similar to those in the control group. At a minimum, the
evaluators should compare the monthly or yearly pre-program energy use and the distribution of
pre-program energy use between the treatment and control group. Other possible covariates, which
may or may not be available, include geographic location, dwelling characteristics (e.g., square
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footage), demographic characteristics (e.g., age, income), and psychographic characteristics (e.g.,
opinions) and any other baseline covariates for which data is available. This should be done
whether the program is designed as an RCT or a quasi-experiment.

Statistical Significance and Sample Sizes

Evaluations of behavioral programs in Arkansas should follow the SEE/LBNL report
recommendation that a null hypothesis (i.e., a required threshold such as the level or percentage of
energy savings needed for the benefits of the program to be considered cost-effective) should be
established, and the program savings estimate should be considered acceptable (and the null
hypothesis should be rejected) if the estimate is statistically significant at the 5% level or lower.
This threshold, which is greater (more precise) than that typically used by energy program
evaluation (which is usually a confidence/precision level of 90/10), is the acceptable standard in
behavioral sciences research.

Consistent with UMP, 2017, the analysis sample should be large enough to detect the minimum
hypothesized program effect with desired probability. UMP recommends using a statistical power
analysis to determine the minimum number of subjects required and the number of subjects to be
assigned to the treatment and control groups*2.

Note that evaluations of programs with smaller sample sizes (e.g., only hundreds of participants)
should also attempt to assess savings at this significance level by using additional control variables
as needed, but may report and claim savings at 90% significance.

Treatment of Households that Opt-Out or Close Accounts

Households that opt-out should never be excluded from the dataset; they should be included as
part of the treatment group to avoid selection bias. In order to calculate an unbiased estimate of
the effect of the program on those that did not opt-out, the program impact should be estimated
including the opt-out households as part of the treatment group.

Households that close their accounts — including any changes in tenants at the same site — should
be dropped entirely from the evaluation dataset (i.e., every data point for these households should
be deleted) for both the control and treatment groups. However, there may be situations in which
dropping households that closed accounts leads to biased estimates (e.g., younger and more mobile
populations may be more responsive to behavior-based programs and may also be more likely to
close accounts). In this case, if the analysis is done correctly with an indication that a specific sub-
group of the population closed accounts, it may be better to include households that closed
accounts.

12 See UMP Section 4.2 for more explanation.
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Additional Evaluation Issues

Controlling for Double Counting

For programs in which efficiency measures can be tracked to a specific household (e.g., installation
of insulation by a contractor), and sample sizes between the treatment and control group are equal,
double-counted savings can be directly determined as the incremental participation in the non-
behavior program (as shown in Figure 9 and in LBNL Report 2012, p.44). For cases where the
sample sizes between the treatment and control group are not equal, the double counting should
be quantified on the basis of the difference in per-participant savings from non-behavior programs.

Because the program and evaluation design of the behavior-based program utilizes a treatment and
control group, we can infer that the double-counted savings were caused by the behavior-based
program. While the SEE/LBNL report stops short of recommending how to handle the assignment
of savings to program, the report does suggest that it is reasonable to assign at least half of the
double-counted savings to the behavior-based efficiency program. The protocols agree with this
assessment and approve of assigning half of the double-counted savings to each program. Note,
however, that this also means appropriately dividing the program costs, as well as adjusting the
lifetime savings for the measures that are being assigned to the behavioral program (i.e., greater
than one year). Due to the potential complexity of dividing the incremental double-counted
savings, however, the protocols also approve assigning all the incremental double counted savings
to the other (non-behavioral) program, as has been the standard evaluation practice at the time of
development of these protocols.

Example of Double-Counted Savings

Double-counted savings
(causally linked to behavior-
based program)

Rebates automatically not included
} in behavioral program’s impact
estimates

# of Rebates # of Rebates
claimed by claimed by HH
HH in control in treatment

group group
Figure 9: Example of Double-Counted Savings
Persistence of Program Savings

A control group should be maintained for every year in which program impacts are estimated, and
the program is evaluated ex post every year initially and every few years after the program has
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been running for several years. UMP includes recommended methods to estimate savings after
the behavioral program ends in order to understand whether the savings persist and for how long,
as well as the rate of savings decay.

Applying Savings to a New Population of Participants in Future Years

The protocols do not allow for directly applying program savings impact estimates from an initial
program to an expanded program with a new population in a future year. Consistent with the
SEE/LBNL report, the IEM recommends creating and maintaining a new control and treatment
group, and evaluating the expanded program using the similar methods described in those
protocols.

Reporting Requirements

Consistent with UMP, evaluation reports should carefully document the research design, data
collection and processing steps, analysis methods, and plan for calculating savings estimates. The
evaluation reports of behavioral programs shall contain, at a minimum, the following:

e The program implementation and the hypothesized effects of the behavioral intervention

e The experimental design, including the procedures for randomly assigning subjects to the
treatment or control group

e The sample design and sampling process, including relevant sample sizes of the treatment
and control groups, and number of months (or alternative time periods) pre/post treatment
period that were included;

e Results of the equivalency check between the treatment and control groups

e Processes for data collection and preparation for analysis, including all data cleaning
steps;

e Analysis methods, including the application of statistical or econometric models and key
assumptions used to identify savings, including tests of those key identification
assumptions. Model specification should be clearly identified, including the name of the
model consistent with UMP or SEE Action/LBNL (per section below);

e Results of savings estimate, including point estimates of savings and standard errors and
full results of regressions used to estimate savings, including:

o A 95% confidence interval for the monthly or annual savings

o For each parameter, the estimated coefficient and standard error

o Adjusted R?

o Tests of joint significance of the model (e.g., F Test)

o Regression diagnostics (e.g., tests for multicollinearity, heteroscedasticity)

e Assessment of quantity and treatment of overlap with other rebate programs (i.e., double
counting);

e Any surveys or other primary data collection that was conducted to assess how the savings
were achieved.

Every detail does not have to be provided in the body of the report; many of the data collection
and savings estimation details can be provided in a technical appendix.
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Summary of Acceptable Model Specifications for Behavior-Based Programs

In the past several years, substantial evolution in model specification for residential behavior-based
programs has occurred and this learning has been synthesized into the 2017 update of the
residential behavioral UMP. Therefore, evaluators should review the section on Analysis Methods
in detail and use a model consistent with UMP.

Generally, for RCT designs, UMP recommends using panel regression analysis to calculate
savings, with the dependent variable as the energy use of the subject per unit of time. The primary
independent variable is an indicator of whether the subject was in the treatment or control group
and may be interacted with other independent variables. Fixed effects for subject characteristics or
time may also be included. The models included in UMP are:

A)

B)

C)

D)

E)

F)

Simple Differences Regression Model of Energy Use. This model employs only data for
the treatment period and includes an independent variable indicating whether the subject
received treatment.

Simple Differences Regression Estimate of Heterogeneous Savings Impacts. This model
expands on Model A, and obtains an estimate of savings from the treatment as a function
of exogenous variables such as preprogram energy use, temperature, home floor space, or
pretreatment efficiency program participation.

Simple Differences Regression Estimate of Savings During Each Time Period. This model
also expands on Model A, and obtains an estimate of savings from the treatment during
each period, by interacting the treatment indicator with indicator variables for the time
periods.

Simple Differences Regression Model with Pre-Treatment Energy Consumption. This
model builds on Model A but is conditional on a subject average pre-treatment energy
consumption and uses time-period fixed effects. This is often referred to as “post-only”, as
it includes pre-treatment energy consumption as an independent variable in the regression
to account for differences between subjects in their post-treatment consumption.
Variations on this model include indicator variables for each period, additional pre-
treatment consumption control variables and other control variables.

Difference-in-Differences Regression Model of Energy Use. This model employs pre-
treatment data in the regression model, and uses indicators for whether the time period is
during treatment period and includes subject fixed effects.

D-in-D Estimate of Savings for Each Time Period. This is similar to Model D, but it
includes time-period fixed effects.

Please see UMP, 2017 for models that may be used for RED designs and persistence designs.
For quasi-experimental designs, please see SEE Action/LBNL Report 2012.
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PROTOCOL K: LEAKAGE

Definition of Leakage

Cross-territory sales, or “leakage,” occur when program-incented efficient products are installed
outside of the funding utility’s service territory. When this occurs, the energy and demand savings
from the incentivized product are not being realized within the territory that paid for, and is
claiming savings for, the unit. Upstream programs are particularly vulnerable to leakage as the
rebate recipient is unknown and sales not restricted based on utility.*3

While variations of leakage may occur in other forms (e.g., utility customers purchasing and
installing a rebated product in a vacation home that sits outside the sponsoring service territory),
these protocols are intended for upstream programs where the purchaser of the product is unknown.
While the predominant upstream program is currently for efficient lighting, future upstream
programs should also rely on these protocols. Other program types should handle cross-service
territory installations through other means, such as telephone or on-site verification.

Program administrators should make concerted efforts to mitigate leakage. The most common
effort is to limit participation of retail storefronts that are on the perimeter of the service territory.

Protocol K provides a brief synopsis regarding the Commission Orders regarding leakage and then
focuses on the methodologies for determining leakage, as required by the Commission Orders in
Docket No. 07-082-TF, Order No. 63, and Docket No. 07-085-TF, Order No. 85.*

Policy Regarding Leakage

The Commission determined that leaked energy efficiency measures do not generate Lost
Contribution to Fixed Costs (LCFC), therefore limiting LCFC collection to proven lost fixed costs.

The Commission, therefore, determined that energy efficiency program leakage shall be
incorporated into LCFC calculations as determined by the Orders, based upon a leakage
calculation methodology that will be approved in the 2013 TRM update process after further
refinement by the PWC, and implemented through the 2014 annual EECR adjustment.

With regard to net benefits and utility energy efficiency performance incentives, the Commission
determined that the state, and ratepayers as a whole, benefit from energy saved and reduced
demand. Also, sponsoring utility ratepayers have an interest in the continuation and refinement of
a program to speed the implementation of emerging technologies such as LED lighting.

Based on aggregate ratepayer and statewide benefits, the need to address emerging lighting and
other technologies, the need to promote efficient program administration, and the orderly
implementation of Commission guidance, the Commission determined that leakage should not be

13 In upstream programs (also referred to as Point-of-Purchase Markdown Programs) the incentives go directly to the
retailer or manufacturer rather than the customer.

14 For more information on the policy implications of leakage see Arkansas Public Service Commission Docket No.
07-082-TF, Order No. 63, and Docket No. 07-085-TF, Order No. 85.
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subtracted from energy efficiency goal achievement and net benefits calculations for PY 2012 or,
absent a change in circumstances and further proceedings, for future years.

Research Recommendations to Address Leakage

Since retailers perceive customer contact information and sales data as highly confidential,
estimating leakage is an inherently difficult task. Protocol K acknowledges this difficulty, with the
understanding that any research approach will have at least some threats to validity. Protocol K
therefore, recommends three research approaches, and further encourages evaluators to attempt as
many of these as possible so as to minimize bias that may be introduced from any individual
approach.’®

However, if all three methods are not possible due to budget limitations, retailer refusal to
participate, or other possible reasons, the methods are presented in order of preference from what
is believed to be lowest to highest threats to validity. Combinations of approaches may also be
used. For example, intercepts might be used only at the high volume stores to determine leakage,
and geo-mapping could be used for the lower-volume retailers where conducting intercepts might
be cost-prohibitive.

Research Method 1: Customer Intercept Surveys

Intercept surveys are the preferred data collection approach, as they gather primary data on
specifically which customers purchase products at participating stores. Customer intercept surveys
rely on in-store interviews with customers purchasing efficient products at participating stores.
Likely leakage is then estimated by the number of products purchased for use outside of the service
territory, divided by the total number of purchased products.

If using this approach, the evaluator needs to survey a geographically representative sample of
participant retailers, and focus on retailers selling high volumes of incented bulbs. This ensures
that the findings can be applied to the entirety of stores and distributed bulbs.

In recent years, retailers have been increasingly hesitant to allow evaluators to survey customers
inside their stores. Many have restricted these types of activities entirely. Residential program
implementers and utilities can add significant value by gaining permission for these surveys and
should actively encourage participant retailers to permit third-party evaluators in their stores.

Potential bias from intercepts can occur in a number of ways. For example, retailer permission
may be inconsistent; retailers may limit intercepts to certain days (e.g., during promotions);
weekend vs. weekday customer traffic may differ. Protocol K therefore recommends that
evaluators minimize this bias by attempting to include as many participating retailers as possible,
not limiting the days of the intercepts to in-store promotions, and including a mix of weekend and
weekdays.

One acknowledged challenge of intercepts is to include a mix of all retailer types, particularly for
retailers that sell few program products, as it may not be cost-effective to have an in-store surveyor

15 The IEM acknowledges that the approaches presented here do not represent an exhaustive list of all options.
Alternative methods, or modifications to these methods, are allowed under Protocol K with prior approval from the
IEM team.
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on-site conducting the interviews. Protocol K recommends two potential strategies to deal with
potential retailer/distribution channel bias:

¢ Include sales of efficient and standard efficiency products. The evaluator may expand the
survey to include a mix of efficient vs. standard efficiency products. For example, intercept
surveys can include purchasers of program-incented products (e.g., CFLS), non-program
high efficiency products, and standard efficiency products (e.g., incandescent or Energy
Independence and Security Act (EISA) compliant halogen bulbs). All participants in the
surveys can be asked about the intended location of the production installation, which can
be used to derive the leakage estimate. This assumes that the leakage of non-program
efficient products and standard efficiency products matches that of program-incented
products. Because of this assumption, this method is only recommended for retailers where
the purchase of inefficient products is so limited as to make the intercept approach cost-
prohibitive.

e Weighting results to the population of retailers. Another approach, consistent with the
recommendation from the Uniform Methods Project, is to weight the results from the
sample population to the universe of participating retailers.’® For those distribution
channels that have not received intercept surveys, the evaluator should first assess how the
leakage might differ and then apply extrapolated values.

As an example, if intercepts are only conducted at retailers that represent 75 percent of all program
sales, the determined leakage rate should reflect the 75 percent of sales. For the remaining 25
percent of sales, the leakage rate can be adjusted based on factors such as proximity to the service
territory border, distribution channel (e.g., groceries might have lower leakage rates than large
home improvement stores), geo-mapping (as described below) and any other factors that can be
determined from the actual in-store intercepts that were conducted.

Finally, in-store intercepts offer another important advantage because they can be used to
determine the percentage of incented products that have been sold to commercial customers.
Commercial customers typically use lighting products for more hours per day than do residential
customers, and typically have higher peak coincidence factors, thus leading to higher savings.
Savings from incented products sold to the sponsoring program administrator’s commercial
customers can be claimed towards both program goals and cost-recovery.’

16 See http://wwwi.eere.energy.gov/wip/pdfs/53827-6.pdf for a final copy of the Uniform Methods Project Residential
Lighting Evaluation Protocols.

17 Note, however, that if sales to commercial customers are going to be determined, the survey should also probe for
type of business, as hours of use can differ significantly between business types.
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Research Method #2: Geo-Mapping and General Population Surveys

The evaluations of the 2012 upstream lighting programs relied on an approach of “geo-mapping”,
whereby each program storefront is assigned a leakage score based on the percentage of the
sponsoring utilities customers (vs. other utility customers) that lie within a 60-minute drive time
from that store. The 60-minute drive time radius, however, was adjusted for stores where an
alternative storefront in the same distribution channel existed (i.e., with the assumption that
customers will drive to the closest grocery, large home improvement, discount store, or any other
store type within the same distribution channel).

The primary strength of this approach is that each storefront is assigned its own leakage score, and
the overall estimate of leakage represents a weighted average of program storefronts. The primary
limitation of this approach, however, is that the drive time/shopping estimates will all be based on
evaluator judgment in the absence of any actual primary data collection.

Protocol K specifies that the geo-mapping approach will be supplemented with telephone surveys
to test to the assumptions regarding drive time. The specific steps would include: 8

1. Overlay utility service areas and population data from the U.S. Census Bureau. This
step matches the utility to all population points within its service area based on the census
data in the highest publicly-available resolution.

2. Estimate the customer base for each retail store by calculating store territory based on
drive time to the nearest store. In this step, territories for each program storefront are
developed, looking at various increments of drive time. The drive times between adjacent
storefront distribution channels are split in the middle between the two stores. So if two
grocery stores are located 30 minutes apart, the analysis should assume that customers
drive to the closest grocery store (i.e., no more than 15 minutes for those customers that sit
in between the two stores).

3. Conduct a telephone survey to identify customer-shopping patterns for incented
products. A randomized survey of residential customers in the sponsoring utility service
territory, as well as the neighboring utility service territory/ies, should be conducted to test
the drive-time assumptions in the leakage model. For example, the survey can identify
customers that purchased an energy efficient product in the last year (program or non-
program), and where they purchased the product from, as well as where they normally shop
for the product. A survey such as this can leverage a general population survey for the
sponsoring utility customers, supplementing the sample with a random digit dial (RDD)
sample of neighboring utility customers.

4. Allocate subsidies for each store to the population within the store territory, using actual
sales data. Each store would then be assigned a leakage score, with some percentage of the
incented product assigned to the sponsoring utility customers and some percentage
assumed to have been sold to neighboring utility customers.

5. Calculate leakage by summarizing the subsidies received by the population in and out of
the utility service areas for each store territory. Combine all the stores to determine an

18 These steps align closely to the steps outlined in the Cadmus May 1, 2013 memo entitled “CFL Subsidy Leakage
in Arkansas.”
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overall leakage rate for the sponsoring utility. This leakage rate should also include error
bounds that account for potential error in the mapping of the census data to the service
territory.

Research Method #3: Opt-In Surveys

Using “opt-in” surveys is also an option to determine leakage. This approach offers several
advantages: it can to reach all participating storefronts and all customers purchasing incented
products, it can be relatively inexpensive to implement, it can provide cross-customer class
(commercial) sales, and it will provide a leakage estimate based on actual customer data. The
limitation of this approach, however, is that as an “opt-in” survey response rates are typically
extremely low, and thus may lead to significant non-response bias.

Should this method be implemented, the Protocol K specifies:

e The evaluation should try to include all incented products from all program storefronts.
Ideally, each product would have a label/note about how to participate in the study.

e Customers should receive an incentive for their participation in the study. This may
include a combination of individual incentives (e.g., a $10 gift card for the next time they
shop at that participating retailer) as well as entry into a drawing for a larger, higher profile
prize.

e The survey provides a multimodal approach. These can include sending in a reply card,
taking the survey on-line, or sending customer contact information via other means, such
as texting (allowing a call back from the research firm).

e Derive stratified leakage rates that are then weighted to the population. Similar to the
intercept and geo-mapping methods, the leakage estimate should attempt to differentiate
leakage rates by distribution channel or storefront, then weighting the findings up to the
total population.

Reporting Leakage

As a way to provide additional transparency for calculating leakage, the evaluator should include
a leakage rate for each participant storefront, along with the method for used for determining the
leakage rate. In addition, details regarding the assumptions should be included (e.g., if the geo-
mapping method is used, the average drive time should be included).

Relationship of Leakage with Net-to-Gross

Each method presented here is specific to estimating leakage (i.e., the percentage of incented
product sold to non-sponsoring utility customers). The survey questions, particularly in the
intercept and opt-in surveys approaches, should be brief and focus on customer name, contact
information, and expected location of installation (address, self-reported utility, customer sector,
and — if applicable — business type). These questions are completely distinct from net-to-gross
(NTG) analysis, where the survey questions are likely to examine customer intentions, price-
elasticity, and other potential parameters to estimate the likelihood that the customer would have
purchased the incented product in absence of the program rebate. The estimated leakage values
and NTG values, therefore, should be incorporated as two separate adjustments to the savings
estimates as required by the relevant Commission rules and Orders.
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The IEM does acknowledge, however, that NTG approaches may provide an NTG estimate that
includes sales to customers outside the sponsoring utility service territory. This is appropriate for
calculation of energy savings for the assessment of energy efficiency goal achievement and net
benefits calculations, as leakage is not deducted from these estimates, and therefore the net savings
should be based on utility and non-utility customers.

For purposes of the LCFC, however, leakage is incorporated, and thus the NTG ratio should be
based off of sponsoring-utility customers. This would require calculating two separate NTG ratios,
one for sponsoring utility customers and one for non-sponsoring utility customers. While this is
worthy of consideration, the calculation of dual NTG ratios will introduce additional uncertainty,
and thus should be subject to budget and timeline considerations, as well as prior approval of the
IEM Team. In absence of a sponsoring-utility specific NTG ratio, the overall NTG ratio (i.e., that
which incorporates all purchasers) should be used for both the energy efficiency goal achievement
and the LCFC calculations.

Section 11 — Protocol K Page 85
20190016-SACE-POD-31-444



APSC FILED Time: 8/31/2017 10:18:09 AM: Recvd 8/31/2017 lﬂ}Réﬁ% %M Jﬂ?éjl%qﬁﬁD?COl%l 1

PROTOCOL L: NON-ENERGY BENEFITS

After reviewing the guidance from the Parties Working Collaboratively, the Arkansas Public
Service Commission (Commission) issued Order No. 30 on December 10, 2015, which provides
further direction and guidance regarding the inclusion of Non-Energy Benefits (“NEBs”) in the
Technical Reference Forum (p. 21 of 21):

“The Commission therefore directs that the IEM be requested to recommend an approach for
quantification of deferred equipment replacement NEBs in individual instances when they are
material and quantifiable. Approval of deferred customer equipment NEBs, however, is
conditioned as follows: The Commission directs that each recommended approach for
customer deferred equipment replacement NEB quantification shall be included within the
annual TRM update filing, and that its reasonableness shall be addressed in testimony by the
IEM and/or Staff, and may be addressed by other parties, so that the Commission may approve
or disapprove such proposed NEB quantifications.

The Commission therefore orders and directs that the following three categories of NEBs be
consistently and transparently accounted for in all applications of the TRC test, as it is applied
to measures, programs, and portfolios:

e Dbenefits of electricity, natural gas, and liquid propane energy savings (i.e., other fuels);
e Dbenefits of public water and wastewater savings; and
o Dbenefits of avoided and deferred equipment replacement costs as conditioned herein.”

Therefore, this protocol describes the recommended approach to quantify the NEBs in these three
categories. This recommended approach has been developed jointly by the IEM and the PWC for
each category as directed by the Commission.

PROTOCOL L1: NON-ENERGY BENEFITS FOR ELECTRICITY, NATURAL GAS,
AND LIQUID PROPANE (“OTHER FUELS”)

With many energy efficiency measures installed under Arkansas DSM programs, energy savings
is often achieved for more than one fuel type. For example, installing duct sealing or insulation in
a building not only reduces natural gas or propane consumption, but also reduces electricity
consumption through either reduced fan use or — for homes with air-conditioning — reduced cooling
load. Similarly, low flow showerheads and faucet aerators provided to customers through gas
energy efficiency programs will provide electric savings for homes with electric water heating.

The benefits of these “other fuel” savings may not be fully captured in current utility cost-
effectiveness tests. Protocol L1 describes a consistent methodology for utilities to quantify and
document the benefits resulting from reduced energy use of the other fuel-type they do not provide
in their program service territory, specifically when this benefit is not already being claimed by
another investor-owned utility.*®

19 For example, in joint programs the dual fuel benefits would normally be claimed by both utilities, but in programs
run by a single fuel utility that lead to secondary fuel savings these additional benefits can be claimed as NEBs.
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The other fuel NEB is calculated using the following equation:

Benefit = Energy savings X Avoided other fuel costs
€
Where:

Benefit = avoided economic costs per unit of energy savings of the other fuel savings over the
lifetime of the measure, expressed in current dollars

Energy savings = annual number of other fuel kWh, therms or gallons of propane saved per
measure installed 2°

Avoided costs = present value of the avoided cost per unit energy savings, which is a function
of the measure specifications (including measure life) and the avoided cost data provided by
other utilities for regulated fuels (e.g. electricity and natural gas) or the market price of
unregulated fuels (e.g. liquid propane)

Where applicable, the most current Arkansas TRM should be used as the basis for calculating the
secondary fuel electric and natural gas energy savings. Applicable TRM algorithms should also be
used to calculate liquid propane savings, with appropriate adjustments for the efficiency of energy
conversion at the end-use. When this information is not included in the TRM, other fuel savings
should be calculated through the use of EM&V. In addition, EM&V should be used to determine
the number of applicable homes or business facilities that qualify for other fuel benefits (e.g., the
number of homes with electric water heat that have been provided water-saving devices by a gas
utility), and the quantity should be adjusted by any applicable in-service rates, net-to-gross ratios,
or other adjustments applied to the primary fuel savings.

The avoided costs for other fuel electric and gas benefits should be calculated as follows:

e When available, avoided cost forecasts should be collected from the associated electric or
gas utility (i.e., the utility providing the other fuel benefit) where the participating home or
businesses are located.?! The avoided costs calculated for the other fuel benefit should be
identical to the avoided costs being utilized by those same utilities for their own DSM
benefit-cost calculations for each program year.

e For municipal utilities or cooperatives, where avoided cost data may be more difficult to
collect, the program administrator can use the avoided cost forecasts from the nearest
investor-owned utility.

e The discount rates used to calculate the NPV of the avoided cost benefits should be the
same as those used for the corresponding cost-effectiveness tests (e.g., when calculating

20 Note that for simplicity this Protocol focuses on other fuel energy savings, rather than demand savings. To the extent
a measure also produces secondary demand savings (e.g., insulation could lead to summer peak cooling load
reductions), these benefits can also be quantified and claimed through the avoided cost assumptions. Similarly, some
avoided costs are calculated using different load shapes, so the associated measure avoided cost — which may be higher
for certain measures that also lead to peak demand reductions — can alternatively be used.

21 Where not available, avoided cost forecasts from another Arkansas utility should be used as a proxy (e.g., if EAI
avoided cost forecasts are not publicly-available, SWEPCO avoided costs can be used). As discussed at the June 7,
2016 PWC meeting, however, many of the program administrator utilities have been able to access avoided cost data
from the associated investor-owned utility in which the other fuel benefits are occurring.
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the TRC test, the NPV of the other fuel benefits should be discounted at the same rate as
the primary fuel avoided cost benefits).

For propane systems, savings should be calculated per TRM Version 6.0 Volume 2, as if the
equipment were natural gas-fueled. To convert natural gas savings to propane savings, use the
following conversion factor:

Propane savings (gallons) = Therm savings X 1.1

)
This protocol establishes the base price of propane at $2.00/gallon in 2016, based on 2014-2016
weekly data of retail propane rates in Arkansas from the U.S. Energy Information Administration
(EIA).22 When a measure saves propane, both electric and gas utilities shall use the deemed
avoided cost of $2.00 per gallon in 2016 and escalate it per annum (using a common assumption
for the rate of inflation) for the lifetime of the installed measure. This base value and rate of
escalation should be updated at the beginning of each three-year program cycle, using the latest
EIA data available at the time of the update.

PROTOCOL L2: NON-ENERGY BENEFITS FOR WATER SAVINGS

Many measures that utilities install to reduce energy consumption also reduce water consumption.
In Order 30, the PSC directed the IEM to develop an algorithm for calculating the value of avoided
water and wastewater consumption due to measures installed under electric and gas utility
efficiency programs (p. 20 of 21).

The actual quantities of avoided water consumption (in gallons) associated with specific measures
are provided elsewhere in this TRM. Protocol L.2 uses the marginal retail water rates and average
water sewage rates (both on per-gallon basis) to residential and commercial consumers to calculate
a statewide, average proxy value for all avoided water usage benefits to be considered under Order
No. 30.23

Marginal retail water rates charged to end-use customers vary considerably across regions of
Arkansas, across water utilities, and across customer classes. For example, many water utilities
sell water to their customers in price tiers based on individual usage (e.qg., the first 1,000 gallons
are sold at one rate, and then the next 1,000 gallons are sold at another rate; sometimes the price
charged for the second 1,000 gallons is higher than the first 1,000 gallons, and sometimes lower).
Residential customers are also charged different rates than commercial, industrial and agricultural
(irrigation) customers, and in many jurisdictions customers located inside city limits are charged
differently than customers outside city limits. Finally, these rates vary from utility to utility.

To calculate the marginal cost of water, the IEM collected water and sewage rates from
six jurisdictions around the state in 2016, the averages of which are shown in the table below.?*

22 From U.S. Energy Information Agency,
https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=W EPLLPA PRS SAR DPG&f=W

23 These marginal water rates ideally should account for the avoided electricity costs of water treatment, pumping, and
other uses of electricity to supply potable water and dispose of wastewater.

24 Bentonville, Rogers, Jonesboro, Central Arkansas, Searcy, and Springdale.
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Table 8. Avoided Water Costs in Arkansas

State of Water Rates Sewage Rates Total Combined Water
Arkansas (per 1,000 gallons) (per 1,000 gallons) Rates (per 1,000 gallons)
Customer First 1,000 | Marginal | First1,000 | Marginal | First1,000 | Marginal

Class Gallons Gallons Gallons Gallons Gallons Gallons
Residential $5.65 $3.25 $8.41 $4.39 $14.05 $6.18
Commercial $3.93 $2.63 $8.57 $3.96 $13.35 $6.90
Average Cost
$/Gallon $4.79 $2.97 $8.48 $4.17 $13.70 $6.54

(Source: Based on primary research conducted by the IEM of six Arkansas water districts)

Protocol L.2 takes the marginal cost per gallon of both potable water ($3.25) and sewage ($4.39)
and adds them together to estimate the base cost in 2017: $6.18 per 1,000 gallons, or
$0.00618/gallon. To calculate future annual avoided water costs, utilities shall use the marginal
rate of $0.00618/gallon for programs that serve the residential sector shall use, $0.0069/gallon for
programs that serve the commercial or industrial sector, and $0.00654/gallon for programs where
the sector is unknown as the base cost per gallon of water in 2017, and increase it per annum by
the assumed escalation rate for the lifetime of an installed measure. This estimated base cost of
water and escalation rate shall be revisited at the beginning of each three-year program cycle. In
addition, program administrators have the option of using alternative water costs if those costs are
believed to be more appropriate for the electric and gas service territory, and are made transparent
in PSC filings.?

Water savings allowed in this protocol only includes direct savings from measures as calculated
in the TRM, or as a custom measure that is subject to EM&V.

The avoided cost resulting from the water savings is calculated as follows:

Benefit = Water savings X Avoided water costs
3)
Where:

Benefit = avoided cost of water and waste-water savings (per gallon) over the lifetime of the
measure, in current dollars

Water savings = annual number of gallons saved, per measure

Avoided water costs = present value of the avoided costs resulting from the savings, which is
a function of the measure life and prevailing water rates

The discount rates to calculate the net present value of the avoided water cost benefits should be
the same as those used for the corresponding cost-effectiveness tests (e.g., when calculating the
TRC test, the NPV of the water benefits should be discounted at the same rate as the primary fuel

%5 For example, program administrators can use water rates more specific to their service territories, or use long-run
marginal costs of water/wastewater supply (which, rather than using water rates, would be more accurate and
consistent with the avoided energy cost methodology).
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avoided cost benefits). In addition, as with the other fuel savings, the quantity of measures for
which water savings are claimed should be adjusted by any applicable in-service rates, NTG ratios,
or other adjustments applied to the primary fuel savings.

PROTOCOL L3: NON-ENERGY BENEFITS OF AVOIDED AND DEFERRED
EQUIPMENT REPLACEMENT COSTS26

In addition to reducing annual energy consumption, new energy efficient technologies offered through
Arkansas investor-owned utility efficiency programs may have longer estimated useful lives (“EULSs”)
than the technologies they are replacing, meaning they will require fewer replacements over the efficient
equipment lifetime (i.e., avoiding purchase of baseline efficiency equipment, and thus being referred
to as avoided replacement costs). In addition, some measures may qualify for early replacement
(“ER”), and thus have replacement costs that differ from a replace-on-burnout (“ROB”) scenario
since they shift the replacement cycle by accelerating the purchase of new equipment (i.e.,
deferring the replacement of baseline equipment, thus being referred to as deferred replacement
costs).

Order No. 30 directs the utilities to calculate the benefits of avoided and deferred equipment
replacement to the customer over time, and to include these costs in utility program cost-
effectiveness tests.?” The avoided and deferred equipment costs are derived from the material and
installation labor costs required to provide continued end-use service beyond the Baseline EUL
(or RUL in the case of ER measures) through the end of the EUL of the efficient measure. This
component of the Baseline Cost is often not accounted for in the TRC calculation of incremental
measure cost. It is therefore classified as a “Non-Energy Benefit” (NEB) because its inclusion has
the effect of decreasing the incremental measure cost, thereby increasing the TRC net benefit of
the program or measure.

This protocol includes three examples, using actual Arkansas program offerings that generate
avoided and deferred equipment replacement costs:?

e ROB 1 - baseline and efficient measures that have different useful lifetimes under static
baselines over the lifetime of the measures;

e ROB 2 - baseline and efficient measures that have different useful lifetimes under changing
baselines over the lifetime of the measures; and

e Early Replacement measures (with static or changing baselines).

26 Special thanks to Stephen Waite for presenting much of the material in this section in a memo delivered to the PWC
entitled: “Avoided and Deferred Replacement Costs (‘Non-Energy Benefits”)”.

27 Note the scope of this discussion is limited to the incremental installed (capital plus labor) cost of energy efficiency
program measures, taking into account the assumed cost of baseline equipment replacements that would occur if the
measure were not installed. Other categories of NEBs, such as avoided operation and maintenance (O&M)
expenditures, avoided repair costs, and avoided equipment refurbishment are not included here due to the challenge
in quantifying these factors, and the directive from the PSC that the NEBs should be limited to the three NEB
categories listed above.

28 The IEM has also supplied an example of these calculations in an accompanying workbook. Note the original
workbook was prepared by Stephen Waite, and modified by the IEM to include examples that incorporate values from
the Arkansas TRM and the EM&YV studies, where possible.
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The avoided and deferred replacement costs, summarized hereafter as the Deferred Replacement
Cost, can be summarized mathematically for the three examples as:

Deferred Baseline Replacement Cost = NPV(RDR,ML,RLCCy)
(4)

_ A ML RLCC¢
NPV = Net Present Value function YML (L+RDR)!

®)
Where:

RDR = Real Discount Rate = (NDR-ER)/(ER+1) where:

NDR = nominal discount rate

ER = baseline installed cost annual escalation rate

ML = Program Measure Life (EUL)

RLCC: = Real Levelized Carrying Charge in year t (annualized baseline installed cost at RDR)?®

The general formula allows for the baseline installed cost to vary over the life of the program
measure, so that each future replacement could be a different product or technology. As discussed
in the examples below, these adjustments to the cost assumptions (i.e., incorporating the avoided
and deferred replacement costs) make the avoided costs consistent with the TRM energy savings
calculations.

Case 1. Replace-On-Burnout 1: Measures with Different Useful Lifetimes (EULSs) Under Static
Baselines

A number of efficient measures, particularly screw-based LED and linear LED lighting, have
longer lifetimes than the baseline technology they are assumed to replace. The incremental cost
calculations for the efficient measure, therefore, needs to be reduced by the value of the avoided
replacement costs for multiple baseline technologies (i.e., the costs associated with replacing the
baseline technology over the lifetime of the efficient measure).

If the efficient measure life is greater than or equal to twice the baseline measure life, then the cost
of at least one replacement will be avoided and the corresponding incremental cost reduced
accordingly. Unless the efficient measure life is divisible by the baseline equipment life, the last
baseline replacement will still be in operation at the end of the program measure life. Because the
program energy benefits are limited to the avoided cost of energy savings over the useful life of
the measure, the present value of the installed cost of the measure does not account for any
replacement cost beyond the initial installation cost at the time of participation.® The full cost of
a baseline replacement that continues to operate beyond the end of the program measure life is
therefore not avoided and must be reduced accordingly to account for the remaining useful life

29 In ER applications, the RLCC is equal to zero before the time of normal replacement of the existing equipment.

30 The formulas presented here are based on the assumption that the maximum duration of energy savings is equal to
the elapsed time between initial efficient measure installation and the time of first replacement of the efficient measure,
which is typically assumed to equal the effective useful life of the efficient equipment.
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(RUL) beyond the last year of energy savings attributed to the measure. The last replacement is
effectively deferred by the program measure until the end of the measure life.

As an example of this, assume a program is offering commercial customers an incentive on linear
LED lamps. The AR TRM Version 7.0 assumes the baseline for calculating savings is a T8 linear
fluorescent. While the AR TRM assumes a 15-year expected useful life (EUL) for the LED, the
expected lifetime for T8’s is only nine years. This means that over the lifetime of the linear LED,
the customer would actually have to make two purchases of T8 lamps, paying both the cost of the
lamps as well as the labor to install them.

Because the efficient measure life exceeds the life of the baseline equipment, the incremental cost
is the difference in the initial installed cost (efficient measure — standard measure) minus the
present value of the avoided replacement costs. This can be shown mathematically as:

Avoided Baseline Replacement Cost = -PV(RDR,ML-EULg,RLCCg)/(1+RDR) EY5

(6)
Where:

RDR = Real Discount Rate

ML = Program Measure Life

EULg= Baseline Equipment Life

RLCCg = -PMT (RDR,EULg,Baseline Installed Cost)

Case 2. Replace-On-Burnout 2: Baseline and Efficient Measures with Different Lifetimes and
Changing Baselines

Similar to the example above, screw-based LED lamps have a substantially longer expected useful
life than the baseline technology, which for general service lamps in the AR TRM Version 7.0 is
a halogen bulb. For example, the AR TRM currently assumes lifetime hours of 15,000 for
omnidirectional LEDs, whereas most halogen bulbs only last for approximately 2,000 hours.3! For
an upstream program that assumes a weighted mix of residential and commercial sales, the
expected annual hours of use would be 2.68 hours/day,*? providing an EUL of approximately 15
years for LEDs and 2 years for halogens. A customer would need to install approximately seven
halogen bulbs in the same socket in which a single LED would be installed.

Unlike the T8 example, however, the baseline may change over the lifetime of the LED bulb,
which this example illustrates: the AR TRM Version 7.0 incorporates a baseline shift beginning
after 2022 to account for the backstop provision of the 2007 Energy Independence and Security
Act.®® The savings, therefore, are divided into two streams, one with a delta watts reflecting the

31 Note the ENERGY STAR® 2.0 specification, effective January 1, 2017, lowers the lifetime requirement, requiring
ENERGY STAR® certified LED lamps last for at least 15,000 hours.

32 EAI PY2015 Evaluation, p. 40.

33 Note that the Department of Energy issued a draft ruling in 2016 that proposes to enforce and actually expand the
backstop provision (e.g., tightening the future efficacy requirements to that of an LED, rather than a CFL), which is
to take effect beginning January 1, 2020. As explained in the residential lighting section of the AR TRM Version 6.0,
however, savings in AR are allowed to be claimed through 2022 before shifting to the new baseline. The example in
the spreadsheet includes both the current TRM Version 6.0 assumptions for savings (which are based on the
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difference between LEDs and halogens (for 2018 through 2022), and one reflecting a more
stringent baseline that approximates the usage of a CFL for 2023 and beyond, through the
remaining lifetime of the LED. The incremental cost calculation, therefore, needs to also
incorporate the dual stream of avoided baseline technology requirements for both the halogen and
the CFL.

Avoided Baseline Replacement Cost = Avoided Baseline Replacement Cost (Tier 1)+ Avoided Baseline
Replacement Cost (Tier 2)
(7a)

Avoided Baseline Replacement Cost (Tier I) = -PV(RDR,NY-EUL+;,RLCCt1)/(1+RDR)EY 1,

(7b)
Avoided Baseline Replacement Cost (Tier 2) = -PV(RDR,ML-NY,RLCC,)/(1+RDR)NY

(7c)

Where:

RDR= Real Discount Rate

ML = Program Measure Life

EUL~:= Baseline Equipment Life (Tier 1)

RLCCr1 = -PMT(RDR,EULT1, Baseline Installed Cost (Tier 1))
EULr,= Baseline Equipment Life (Tier 2)

RLCC+; = -PMT(RDR,EUL,, Baseline Installed Cost (Tier 2))
NY = Number of years of Tier 1 installation

Case 3. Early Replacement Measures

As a third example, the AR TRM Version 7.0 allows for early replacement of certain measures,
which has been verified through a number of evaluations.®* Early replacement measures have the
benefit of being able to claim higher energy savings for the remaining useful life (RUL) of the
equipment (the efficiency difference between the new, efficient equipment and the existing
equipment), and then dropping to lower energy savings rates (under higher baselines) only for the
period of the EUL that exceeds the RUL (the difference between new, efficient equipment and a
code baseline).

The incremental cost calculation needs to not only reflect this dual savings stream, including a
component for the cost of replacing the equipment prior to the end of its EUL, then another
component for the incremental cost above normal (ROB) replacement. In addition, the incremental
cost needs to reflect that the replacement cycle has been shifted for perpetuity. *°> For ER that

preliminary backstop provision, not the proposed revision), as well as an example should the proposed ruling become
law.

34 For example, the PY2015 CenterPoint EM&V Report (page 4-19) found that 60% of all furnaces replaced through
the Space Heating Program qualified for early replacement.

% The savings and incremental cost assumptions, including the calculations, are explained very well in “Early
Replacement Measures Study: Phase II Research Report”, Northeast Energy Efficiency Partnerships, November 2015,
p. 36.

Section 11 — Protocol L Page 93
20190016-SACE-POD-31-452



APSC FILED Time: 8/31/2017 10:18:09 AM: Recvd 8/31/2017 lﬂ}Réﬁ% WM g&?éjl%q@ﬁD?Cﬁ%l 1

assumes the existing equipment would have been replaced at the end of its RUL with standard
efficiency equipment, the following equation is used:

Deferred Baseline Replacement Cost = -PV(RDR,ML-RULg,RLCCg)/(1+RDR)RV'g
(8)
Where:

RULg = RUL of baseline (existing) equipment
RLCCg = -PMT(RDR,EULg,Baseline Installed Cost)

For ER that assumes the existing equipment would have been replaced at the end of its RUL with
efficient equipment (e.g., due to incorporation of a new code/standard), the following equation is
used:

Deferred Baseline Replacement Cost = -PV(RDR,ML-RULg,RLCCw)/(1+RDR)RV'g
)
Where:

RULg = RUL of baseline (existing) equipment
RLCCwm = PMT(RDR,EULSs, Installed Cost of Measure)

Calculation of the NEB When the Avoided or Deferred Replacement Cost is Greater Than the
Incremental Cost

Note that in some cases it is possible for the avoided and deferred replacement cost to be greater
than the simple first cost difference between efficient and standard equipment. For example, if
screw-based LED lamps were to drop to $2/bulb, and halogens were $1/bulb, a customer would
spend more money on halogens in just a few years (prior to the end of the useful life of the LED)
than the cost of a single LED. In these cases the incremental cost can continue to be calculated as
the simple first cost different (e.g., $1 in this case), and the avoided replacement costs of multiple
halogens — which will sum to over a dollar — can be treated in the cost-effectiveness calculation as
an additional benefit (i.e., in the numerator of the Total Resource Cost test).

Other Cases
The extension of the formulas presented above to measures that combine elements of the three
cases is straightforward, e.g., early replacement of equipment with a changing baseline.
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Reporting Requirements

The evaluation reports of NEBs shall contain, at a minimum, the following:

1)

2)

3)

Information on the underlying calculations and inputs, similar to the reporting of primary
fuel savings. These details may be provided in an appendix or in separate spreadsheets.
Table 9 referenced below presents the table of information, formatted as a checklist, that is
required to be included in the annual report narrative concerning which NEBs were
calculated and included in the cost-benefit analysis for each program and each measure. A
separate measure category (rows) by NEB category (columns) table shall be included for
each program. As illustrated, reports should separate avoided and deferred replacement
costs. Each measure would only appear one time per program table (e.g., if a program had
3,000 participants but only 100 qualified for propane savings, the measure would show up
once in the table and the column for propane would be checked).

As an option, the annual reports and/or evaluation reports can provide the NEBs units (e.g.,
kWh, therms, gallons) and monetized benefits at the program and measure level, using the
format in Table 10 (which is the same format as the NEBs tab in the SARP workbook, but
provided at the measure level). As with the required check box table, each measure would
only appear one time per program table.®

Table 9. Required Reporting Table for NEBs

- Avoided Deferred
Electricity Gas Propane Water
Program S e - . Replacement | Replacement
Savings Savings Savings Reduction
Cost Cost
Measure 1 v v v v
Measure 2 v
Measure 3 v 4 v

*For gas utilities

**For electric utilities

% |f the measure level units and monetized information is not provided in the annual report or evaluation report, then
the IEM will summarize this information in the IEM Annual Report based on the SARP workbook in the utility benefit
cost analysis workbook tabs.
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Table 10. Optional Reporting Table for NEBs

Arkansas TRM Version 7.0 Vol. 1

Measure MTRM Project Program Eleqtric NPV Naturf';\l Gas| NPV LF_’G NPV V:/Aax/evr/ V\?I;[\e/r/ NPV | NPV Total
easure | Type Savings ES Savings NGS Savings LPGS savings WWS ARP | DRP NPV
var | e | (85 G | © | G o |G| @ | G o o |0 ®
$
$
$
$
$
$
$
$
Portfolio
Total 0 $ - 0 $ - 0 $ - 0 $ - |$ -|% - |38
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Glossary

This glossary is drawn from three evaluation-related reference documents:

e 2007 IPMVP
e 2004 California Evaluation Framework
e 2006 DOE EERE Guide for Managing General Program Evaluation Studies

Additionality: A criterion that says avoided emissions should only be recognized for project
activities or programs that would not have “happened anyway.” While there is general agreement
that additionality is important, its meaning and application remain subject to interpretation.

Adjustments: For M&V analyses, factors that modify baseline energy or demand values to
account for independent variable values (conditions) in the reporting period.

Allowances: Allowances represent the amount of a pollutant that a source is permitted to emit
during a specified time in the future under a cap-and-trade program. Allowances are often confused
with credits earned in the context of project-based or offset programs, in which sources trade with
other facilities to attain compliance with a conventional regulatory requirement. Cap- and-trade
program basics are discussed on the following EPA website: www.epa.gov/airmarkets/cap-
trade/index.html.

Analysis of covariance (ANCOVA) model: A type of regression model also referred to as a
“fixed effects” model.

Assessment Boundary: The boundary within which all the primary effects and significant
secondary effects associated with a project are evaluated.

Baseline: Conditions, including energy consumption and related emissions that would have
occurred without implementation of the subject project or program. Baseline conditions are
sometimes referred to as “business-as-usual” conditions. Baselines are defined as either project-
specific baselines or performance standard baselines.

Baseline period: The period of time selected as representative of facility operations before the
energy efficiency activity takes place.

Bias: The extent to which a measurement, sampling or analytic method systematically
underestimates or overestimates a value.

California Measurement Advisory Council (CALMAC): An informal committee made up of
representatives from the California utilities, state agencies, and other interested parties. CALMAC
provides a forum for the development, implementation, presentation, discussion, and review of
regional and statewide market assessment and evaluation studies for California energy efficiency
programs conducted by member organizations.
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Coincident Demand: The metered demand of a device, circuit, or building that occurs at the same
time as the peak demand of a utility’s system load or at the same time as some other peak of
interest, such as building or facility peak demand. This should be expressed in a way that indicates
the peak of interest (e.g., “demand coincident with the utility system peak”). Diversity factor is
defined as the ratio of the sum of the demands of a group of users to their coincident maximum
demand. Therefore, diversity factors are always equal to one or greater.

Co-benefits: The impacts of an energy efficiency program other than energy and demand savings.

Comparison Group: A group of consumers who did not participate in the evaluated program
during the program year and who share as many characteristics as possible with the participant

group.

Conditional Savings Analysis (CSA): A type of analysis in which change in consumption is
modeled using regression analysis to evaluate consumption in the presence or absence of energy
efficiency measures.

Confidence: An indication of how close a value is to the true value of the quantity in question.
Confidence is the likelihood that the evaluation has captured the true impacts of the program within
a certain range of values (i.e., precision).

Cost-effectiveness: An indicator of the relative performance or economic attractiveness of any
energy efficiency investment or practice. The present value of the estimated benefits produced by
an energy efficiency program is compared to the estimated total costs to determine if the proposed
investment or measure is desirable from a variety of perspectives (e.g., whether the estimated
benefits exceed the estimated costs from a societal perspective).

Database for Energy-Efficient Resources (DEER): A California database designed to provide
well-documented estimates of energy and peak demand savings values, measure costs, and
effective useful life.

Deemed Savings: An estimate of an energy savings or energy demand savings outcome (gross
savings) for a single unit of an installed energy efficiency measure. This estimate (a) has been
developed from data sources and analytical methods that are widely accepted for the measure and
purpose and (b) is applicable to the situation being evaluated.

Demand: The time rate of energy flow. Demand usually refers to electric power measured in kW
(equals kWh/h) but can also refer to natural gas, usually as Btu/hr., kBtu/hr., therms/day, etc.

Dependent Variable: One that changes and is affected by the independent variables. Examples
include weather, energy usage, housing type or location.

Direct Emissions: Direct emissions are changes in emissions at the site (controlled by the project
sponsor or owner) where the project takes place. Direct emissions are the source of avoided
emissions for thermal energy efficiency measures (e.g., avoided emissions from burning natural
gas in a water heater).
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Effective Useful Life: An estimate of the median number of years that the efficiency measures
installed under a program are still in place and operable.

Energy Efficiency: The use of less energy to provide the same or an improved level of service to
the energy consumer in an economically efficient way, or using less energy to perform the same
function. “Energy conservation” is a term that has also been used, but it has the connotation of
doing without a service in order to save energy rather than using less energy to perform the same
function.

Energy Efficiency Measure: Installation of equipment, subsystems or systems, or modification
of equipment, subsystems, systems, or operations on the customer side of the meter, for the purpose
of reducing energy and/or demand (and, hence, energy and/or demand costs) at a comparable level
of service.

Engineering Model: Engineering equations used to calculate energy usage and savings. These
models are usually based on a quantitative description of physical processes that transform
delivered energy into useful work such as heat, lighting, or motor drive. In practice, these models
may be reduced to simple equations in spreadsheets that calculate energy usage or savings as a
function of measurable attributes of customers, facilities, or equipment (e.g., lighting use = watts
x hours of use).

Error: Deviation of measurements from the true value.

Evaluation: The performance of studies and activities aimed at determining the effects of a
program; any of a wide range of assessment activities associated with understanding or
documenting program performance, assessing program or program-related markets and market
operations; any of a wide range of evaluative efforts including assessing program-induced changes
in energy efficiency markets, levels of demand or energy savings, and program cost-effectiveness.

Ex ante Savings Estimate: Forecasted savings used for program and portfolio planning purposes
(from the Latin for “beforehand”).

Ex post Evaluation Estimated Savings: Savings estimates reported by an evaluator after the
energy impact evaluation has been completed (from the Latin for “from something done
afterward”).

Free Driver: A non-participant who has adopted a particular efficiency measure or practice as a
result of the evaluated program.

Free Rider: A program participant who would have implemented the program measure or practice
in the absence of the program. Free riders can be total, partial, or deferred.

Gross Savings: The change in energy consumption and/or demand that results directly from
program-related actions taken by participants in an efficiency program, regardless of why they
participated.

Impact Evaluation: An evaluation of the program-specific, directly induced changes (e.g., energy
and/or demand usage) attributable to an energy efficiency program.
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Independent Variables: The stand-alone factors that affect energy use and demand, but cannot
be controlled (e.g., weather, occupancy, age, gender). Regression analysis tries to determine the
relationship between dependent and independent variables.

Indirect Emissions: Changes in emissions that occur at the emissions source (e.g., the power
plant). Indirect emissions are the source of avoided emissions for electric energy efficiency
measures.

Interactive Factors: Applicable to IPMVP Options A and B; changes in energy use or demand
occurring beyond the measurement boundary of the M&V analysis.

Leakage: Cross-territory sales that occur when program-incented efficient products are installed
outside of the funding utility's service territory.

Load Shapes: Representations such as graphs, tables, and databases that describe energy
consumption rates as a function of another variable, such as time or outdoor air temperature.

Market Effect Evaluation: An evaluation of the change in the structure or functioning of a
market, or the behavior of participants in a market, that results from one or more program efforts.
Typically, the resultant market or behavior change leads to an increase in the adoption of energy
efficient products, services, or practices.

Market Transformation: A reduction in market barriers resulting from a market intervention, as
evidenced by a set of market effects, that lasts after the intervention has been withdrawn, reduced,
or changed.

Measurement: A procedure for assigning a number to an observed object or event.

Measurement and verification (M&V): Data collection, monitoring, and analysis associated
with the calculation of gross energy and demand savings from individual sites or projects. M&V
can be a subset of program impact evaluation.

Measurement Boundary: The boundary of the analysis for determining direct energy and/or
demand savings.

Metering: The collection of energy-consumption data over time through the use of meters. These
meters may collect information with respect to an end-use, a circuit, a piece of equipment, or a
whole building (or facility). Short-term metering generally refers to data collection for no more
than a few weeks. End-use metering refers specifically to separate data collection for one or more
end-uses in a facility, such as lighting, air conditioning or refrigeration. Spot metering is an
instantaneous measurement (rather than over time) to determine an energy-consumption rate.

Monitoring: Gathering of relevant measurement data, including but not limited to energy-
consumption data, over time to evaluate equipment or system performance. Examples include
chiller electric demand, inlet evaporator temperature and flow, outlet evaporator temperature,
condenser inlet temperature, and ambient dry-bulb temperature and relative humidity or wet-bulb
temperature, for use in developing a chiller performance map (e.g., kW/ton vs. cooling load and
vs. condenser inlet temperature).
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Non-energy Benefit (NEB): As defined by Arkansas Public Service Commission (Commission)
in Order No. 30:

o the benefits of electricity, natural gas, and liquid propane energy savings (i.e., other fuels);

e Dbenefits of public water and wastewater savings;

e Dbenefits of avoided and deferred equipment replacement costs as conditioned herein.”
Net Savings: The total change in load that is attributable to an energy efficiency program. This
change in load may include, implicitly or explicitly, the effects of free drivers, free riders, energy
efficiency standards, changes in the level of energy service, and other causes of changes in energy
consumption or demand.

Net-to-Gross Ratio (NTGR): A factor representing net program savings divided by gross
program savings that is applied to gross program impacts, converting them into net program load
impacts after adjustments for free ridership and spillover.

Non-participant: Any consumer who was eligible, but did not participate, in the subject efficiency
program in a given program year. Each evaluation plan should provide a definition of a non-
participant as it applies to a specific evaluation.

Normalized Annual Consumption (NAC) analysis: A regression-based method that analyzes
monthly energy consumption data.

Participant: A consumer who received a service offered through the subject efficiency program
in a given program year. The term “service” is used in this definition to suggest that the service
can be a wide variety of services, including financial rebates, technical assistance, product
installations, training, energy efficiency information or other services, items, or conditions. Each
evaluation plan should define “participant™ as it applies to the specific evaluation.

Peak Demand: The maximum level of metered demand during a specified period, such as a billing
month or a peak demand period.

Persistence study: A study to assess changes in program impacts over time (including retention
and degradation).

Portfolio: Either (a) a collection of similar programs addressing the same market (e.g., a portfolio
of residential programs), technology (e.g., motor-efficiency programs), or mechanisms (e.g., loan
programs) or (b) the set of all programs conducted by one organization, such as a utility (and which
could include programs that cover multiple markets, technologies, etc.).

Potential studies: Studies conducted to assess market baselines and savings potentials for
different technologies and customer markets. Potential is typically defined in terms of technical
potential, market potential, and economic potential.

Precision: The indication of the closeness of agreement among repeated measurements of the
same physical quantity.
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Primary Effects: Effects that the project or program are intended to achieve. For efficiency
programs, this is primarily a reduction in energy use per unit of output.

Process Evaluation: A systematic assessment of an energy efficiency program for the purposes
of documenting program operations at the time of the examination, and identifying and
recommending improvements to increase the program’s efficiency or effectiveness for acquiring
energy resources while maintaining high levels of participant satisfaction.

Program: A group of projects, with similar characteristics and installed in similar applications.
Examples could include a utility program to install energy-efficient lighting in commercial
buildings, a developer’s program to build a subdivision of homes that have photovoltaic systems,
or a state residential energy efficiency code program.

Project: An activity or course of action involving one or multiple energy efficiency measures, at
a single facility or site.

Rebound Effect: A change in energy-using behavior that yields an increased level of service and
occurs as a result of taking an energy efficiency action.

Regression Analysis: Analysis of the relationship between a dependent variable (response
variable) to specified independent variables (explanatory variables). The mathematical model of
their relationship is the regression equation.

Reliability: Refers to the likelihood that the observations can be replicated.

Reporting Period: The time following implementation of an energy efficiency activity during
which savings are to be determined.

Resource Acquisition Program: Programs designed to directly achieve energy and/or demand
savings, and possibly avoided emissions, through the installation of new equipment.

Retrofit Isolation: The savings measurement approach defined in IPMVP Options A and B, and
ASHRAE Guideline 14, that determines energy or demand savings through the use of meters to
isolate the energy flows for the system(s) under consideration.

Rigor: The level of expected confidence and precision. The higher the level of rigor, the more
confident one is that the results of the evaluation are both accurate and precise.

Secondary Effects: Unintended impacts of the project or program such as rebound effect (e.g.,
increasing energy use as it becomes more efficient and less costly to use), activity shifting (e.g.,
movement of generation resources to another location), and market leakage (e.g., emission changes
due to changes in supply or demand of commercial markets). These secondary effects can be
positive or negative.

Simple Engineering Modeling (SEM): A basic calibrated engineering model used to determine
energy impacts in a low-cost way.
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Snapback (aka "‘take-back™ or "'rebound™): The increase in overall energy consumption after
the installation of the efficiency measure, due to increased usage.

Spillover: Reductions in energy consumption and/or demand caused by the presence of the energy
efficiency program that exceed the program-related gross savings of the participants. There can be
participant and/or non-participant spillover rates depending on the rate at which participants (and
non-participants) adopt energy efficiency measures or take other types of efficiency actions on
their own (i.e., without an incentive being offered).

Statistically adjusted engineering (SAE) models: A category of statistical analysis models that
incorporate the engineering estimate of savings as a dependent variable.

Stipulated Values: See “deemed savings.”
Takeback Effect: See “rebound effect.”

Uncertainty: The range or interval of doubt surrounding a measured or calculated value within
which the true value is expected to fall with some degree of confidence.
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1. DEEMED SAVINGS OVERVIEW
1.1 Introduction

This update to the Deemed Savings, Installation, and Efficiency Standards section of the Technical
Reference Manual (TRM) is the result of efforts by the Arkansas Parties Working Collaboratively
(PWC) to identify outdated deemed savings measures, include new measures, and prioritize review
of existing measures to identify those requiring additional engineering and/or literature review.

The Independent Evaluation Monitor (IEM) with input from PWC members, have produced the
Residential and Commercial measures included in the TRM.

This volume is a compilation of deemed savings values for electric and gas energy efficiency
measures being implemented by the Arkansas Investor-Owned Utilities (I0Us), and is intended to
serve a range of users and functions, including:

e Electric and gas utilities and energy efficiency program administrators, for cost-
effectiveness screening, program planning, tracking, and reporting;

e Regulatory agencies and independent program evaluators, for evaluating the performance
of energy efficiency programs relative to statutory goals, and facilitating planning and
portfolio review; and

e Markets, mercantile customers, and others, for assessing potential energy savings
opportunities.*

This volume contains deemed savings values for gas and electric energy annual usage, as well as
coincident peak electric demand savings and peak day gas savings. Additionally, certain measures
include methods to calculate deemed water savings methods, which may be used to calculate water
savings for the evaluation of non-energy benefits.

The Estimated Useful Lives (EULS) are also included in the deemed savings to facilitate economic
evaluations, but have no impact on the deemed savings values.

Deemed savings is an approach to estimating energy and demand savings, usually used for
programs targeting energy efficiency measures with well-known and consistent performance
characteristics. This method involves multiplying the number of installed measures by an estimated
(or deemed) savings value derived from engineering analysis and/or historical evaluations. Deemed
savings approaches may be complemented by on-site inspections.

Deemed savings are derived through the use of proven analysis of measure performance using field
data analysis, accepted engineering calculations, and/or engineered energy efficiency models
(simulations) and secondary research. These methods use typical building types, equipment
characteristics and operating schedules developed for particular applications, with or without on-site
testing or metering. This deemed savings document relies upon engineering calculations, the

! The deemed savings values in this reference manual represent best estimates of the average impact of a measure on
the gas or electric utility’s system at the customer’s meter if installation standards are properly applied. Because these
represent averages, they are not appropriate for guaranteeing savings figures to customers. It is the installer’s
responsibility to evaluate premise and equipment conditions as well as customer usage patterns to properly estimate
actual savings. No warranty of savings or the suitability of any measure contained in these documents is implied.

1.2 Introduction Page 1
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results of evaluations conducted in Arkansas, and the best available data from other jurisdictions
that have conducted vetted evaluations. The TRM update process is described more fully in Protocol
H in VVolume 1 of this TRM.

Use of Best Available Data. The PWC seeks to quantify, measure and verify the savings in the
most accurate way possible, while still providing consistency and certainty in the application of
savings estimates and results.

In keeping with this approach, the TRM allows for the use of site-specific data, when it is of high
quality and available, by program implementers. Site-specific data may be used for any inputs to
TRM algorithms presented in this volume; however, deviation from the TRM algorithms would
qualify the measures as custom, thus requiring additional data collection by both implementers and
evaluators.The use of site-specific data is not required, and default values specified throughout the
TRM can be used in lieu of detailed customer information. It must be noted that the TRM does not
condone cherry-picking of TRM values or customer inputs solely for the purpose of maximizing
claimed program savings.

Annual Evaluation, Measurement and Verification (EM&V) program evaluation reports should be
tailored to the approach used by the program implementer. Measure savings which use TRM-
deemed values, should be evaluated as compared to requirements and parameters described in the
TRM. Data collection by evaluators should not be used to adjust savings if default values from this
TRM were used to claim ex ante savings. However, the evaluation should note any differences
found and recommended changes for the next TRM update and provide an indication of the expected
impact of proposed changes. This will allow for a full vetting of the proposed values prior to their
use. Any proposed updates would be assessed before and during the next TRM revision process.
EM&YV contractors should use customer specific information when verifying savings if program
implementers use customer specific information to claim savings. It is the EM&V contractor’s
responsibility to utilize evaluation industry best practices for evaluating measures claimed using
custom specific inputs. This would include developing a sampling plan, data collection, engineering
analysis, and revising savings estimates as needed.

Table 1 shows some examples of the proper use of best available data for several measure types.
This is not an all-inclusive list. Questions or concerns about specific measures or evaluation
methods should be discussed with the IEM during evaluation planning.

1.2 Introduction Page 2
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Table 1: Examples of Proper Use of Primary Data

Measure Name
and Number

Program
Implementer
Methodology

EM&YV Contractor
Methodology

Appropriate Result

2.5.1 Residential
Lighting
Efficiency

Claimed savings using
default hours of use
(2.17 hours per day)
found in TRM.

Completed a residential
lighting metering study
for a large, statistically
significant sample of
participants. Found 3.0
hours per day.

Evaluator uses default values
from TRM for evaluated
savings. Recommends
increasing TRM default hours
of use to 3.0 in next TRM
update.

3.6 Commercial

Implementation
contractor utilizes
customer specific

Evaluation contractor
measures site-specific

Evaluation contractor uses
measured lighting HOU and
CF from evaluation site visit,

service measures.

assumptions and reported
“Verified equipment
input”.

Lighting L HOU during evaluation extrapolates realization rate to
Efficiency I('iggtlggezlgg,: 3::' CF site visit for statistically population wide reported
Table 364). valid sample. savings following sampling
plan.
Evaluation contractor
conducted on site -
. o - Evaluation contractor uses
Implementation verification of specific
default values from TRM
3.8 Contractor used parameters related to food - . .
. . during evaluation. Notes their
Food Service default values from service measures to help measured parameters are/are
Equipment TRM for several food | refine deemed P

not different and recommends
TRM update if needed.

3.6 Commercial
Lighting
Efficiency

Implementation
contractor utilizes
customer specific
lighting HOU and CF
(i.e., does not use
Table 364) for office
buildings only, and
does use defaults for
remaining building
types.

Evaluation contractor
develops samples which
include strata for different
implementation
approaches. Measures
site-specific HOU during
evaluation site visit for
statistically valid sample.

Evaluation contractor uses
measured lighting HOU and
CF from evaluation site visits
for office buildings and
extrapolates realization rate to
office building strata only.
Verifies remaining lighting
savings using default values
found in TRM. Extrapolates
realization rates to population
wide evaluated savings
following sampling plan.

Methodology: Estimating deemed savings requires the following steps:

1. Establishing a baseline;
2. Developing reasonable minimum efficiency requirements for eligible energy efficiency

measures;

3. Characterizing the typical setting for the majority of installations; and
4. Producing a viable model of customer usage patterns for those measures.

The approaches taken in these steps vary considerably, depending upon the nature of the energy
efficiency measure.

1.2 Introduction Page 3
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Peak gas savings values have been adjusted to account for differences between the “typical
meteorological year” (TMY) and the extreme weather conditions used by gas utilities in
determining peak day gas usage. This adjustment is further described in Section 1.3.2 of this
Overview and in Appendix G: Estimation of Gas Peak Day Savings of Volume 3.

Deemed savings for each measure were developed according to one of the following methods: (1)
engineering algorithms combining equipment performance information with annual or seasonal
loads and operating conditions; or, (2) annual computer simulations run on an hourly timestep using
typical climate conditions for different regions of the state. The chosen approach is noted within
each measure section. The baseline for new or replace-on-burnout (ROB) equipment is generally
determined by either a federal standard or the locally applicable code. The applicable code for
Arkansas is the 2009 edition of the International Energy Conservation Code (IECC).

The calculation of energy savings estimates for the Arkansas Weatherization Program (AWP), as
specified by the US Department of Energy (DOE) and used in the AWP in its treatment of severely
energy-inefficient homes, may include measures not currently included in the TRM or may differ
on a measure basis from those specified in the TRM for non-AWP homes. Where such savings
estimates are specified by DOE, they are controlling for the AWP.

Once the baseline and eligibility standards are developed, the estimation of impacts resulting from
an eligible installation becomes an engineering task. Non-weather-dependent measures can be
represented by engineering calculations, multiplying hours of use by the net change in average
hourly or daily demand (for gas or electricity). Peak impacts must be estimated from databases and
studies of hourly or monthly loads. The engineering calculations are generally derived from
standard industry sources, such as the American Society of Heating, Refrigeration, and Air
Conditioning Engineers (ASHRAE).

Modelling

Building simulation modeling software was used to develop deemed savings values for many
weather-sensitive energy efficiency measures. Original modeling for residential (and commercial
measures implemented in converted residences) was performed using EnergyGauge USA®
(EnergyGauge) modeling software and TMY2 weather data. Detailed discussion of EnergyGauge
modeling software is available at http://www.energygauge.com. Residential envelope measures
have been updated using BEopt™, a publicly available modeling platform for residential building
simulations from the National Renewable Energy Laboratory (NREL). Prototype model input
assumptions were updated and TMY3 weather data was used. More information on BEopt™ is
available from NREL at http://beopt.nrel.gov/. For small commercial measures, eQuest modeling
software was used. Detailed discussion of the eQuest modeling software is available at
www.doe2.com/equest.

Simulations run in both EnergyGauge and eQuest rely on the DOE2 simulation engine. While
BEopt™ can run either DOE2 or EnergyPlus, the new simulation modeling engine from the
Department of Energy, BEopt™ runs were performed using EnergyPlus?, as it is a more recent
simulation engine combining two major building energy simulation programs, DOE2 and Building
Loads Analysis and System Thermodynamics (BLAST). The DOE is now focusing its efforts on
the maintenance and development of EnergyPlus. Therefore, BEopt/EnergyPlus will be used for all
residential simulation updates.

2 Available at: http://appsl.eere.energy.gov/buildings/energyplus/energyplus about.cfm

1.2 Introduction Page 4
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Separate deemed savings have been calculated for the most common residential heating and cooling
configurations:

Electric air conditioning with gas heat

Electric air conditioning with electric resistance heat
Electric heat pumps

Gas heating with no air conditioning

Within this document, the term Converted Residence (CR) is used to describe a building that was
originally constructed as a house, but has been adapted for commercial purposes. A CR differs from
a house in its occupancy and operating schedule, but also differs from other commercial buildings
in that it has the construction properties of a house.

1.2 Introduction Page 5
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1.2 Weather

Weather-sensitive measures are separated according to the four weather zones designated for
Arkansas by IECC.

Deemed savings for modelled weather-sensitive energy efficiency measures are calculated using
data for a Typical Meteorological Year (TMY) available from the NREL National Solar Radiation
Database (NSRDB).? Depending on when they were developed, deemed savings in this TRM were
derived using either TMY2 or TMY 3 data series selected as representative of the four weather zones
in Arkansas (IECC 2003 climate zones) shown in Figure 1.

The following hourly time series are contained within the TMY data:

Temperature

Humidity

Wind speed and direction
Cloud cover

Solar radiation

Building simulation modeling is useful for weather sensitive measures because it can produce
hourly energy consumption estimates by applying location-specific historical weather files.

Endnotes referencing the original source materials are used throughout the TRM. All endnotes are
italicized (see CDD column in following table) to avoid confusion with footnotes (see Rogers in the
following table). At the time of publication, all references and links throughout this document were
correct.

Table 2: Arkansas Weather Zones and Design Weather Data*

[ e [ s g, | S [ con,
Rogers® 9 13 4,402 93 1,757
Fort Smith 8 19 3,919 96 2,129
Little Rock 7 21 3,344 95 2,184
El Dorado 6 23 2,946 96 2,622

Climate-sensitive energy efficiency measures are presented for four different regions of the state.
The weather zones are described below and graphically illustrated in Figure 1.

e Zone 9 — Northern, using typical weather information for Fayetteville, AR or Rogers, AR

3 A TMY is a collection of selected weather data for a specific location, generated from a database containing many
years of weather data. It is constructed to present the range of weather phenomena for the location in question while
still giving annual averages that are consistent with the location’s long term averages. An explanation of TMY weather
files can be found on the NREL website and in Section 1 of the User’s Manual for TMY3 Data Sets available at:
http://rredc.nrel.gov/solar/old_data/nsrdb/.

* Design °F data from Manual J Load Calculations, 8" Edition. HDD and CDD values calculated from TMY3 data.

5 Winter 99% and Summer 1% Manual J Edition 8 design conditions for Fayetteville, AR are taken from Fayetteville
as data specific to Rogers are not available in tManual J; available at:
http://www.energystar.gov/ia/partners/bldrs _lenders raters/downloads/Outdoor Design_Conditions_508.pdf.

1.2 Weather Page 6
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e Zone 8 — Northeast/North Central, using typical weather information for Fort Smith, AR
e Zone 7 — Central Region, using typical weather information for Little Rock, AR
e Zone 6 — South Region, using typical weather information for El Dorado, AR

Zone 9

Figure 1: Arkansas Weather Zones (derived from IECC 2003)

1.2 Weather Page 7
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1.3 Derivation of Electric and Gas Peak Savings

This section describes how peak gas and electric peak savings presented in Volume 2 of the
Arkansas TRM were derived.

Electric utilities generally define peak demand for electricity as the period (measured in hours or
fractions of hours) during which the electric production and transmission and distribution system is
delivering energy at a maximum rate. Gas peaks are measured in days, rather than hours, and
generally reflect the most load intensive conditions the transmission and distribution infrastructure
are expected to experience.

The TRM provides deemed savings values or algorithms for the calculation of peak demand. These
values have been calculated using one of a small number of calculation and analysis approaches
that are described in this section.

1.3.1 Peak Demand for Electricity

On-peak electric demand savings (kW) are defined as the reduction in the demand for electricity
that coincides with periods of peak demand for electricity. High summer temperatures are a primary
driver of peak demand for electricity in Arkansas. Peaks generally occur on weekdays when
residential, commercial, and industrial consumption patterns coincide to produce the highest
demand.

For weather sensitive measures, peak demand savings can be estimated by estimating the extent to
which measure implementation reduces electricity usage when temperatures are highest.

Case 1: Peak demand for measures relying on building simulation models

For all measures for which building simulation models were used to estimate deemed savings, usage
in the base case and improved case models were extracted from the hourly outputs for the specific
hours in which the weekday criterion and temperature criterion (greater than the 1% design
temperature)® are met in a statistically determined “typical meteorological year” (TMY). Taking the
difference between average energy use in those hours in the base case and improved case models,
peak demand savings are calculated by averaging the top sixteen designated peak hours (from
TMY2 or TMY 3 weather file) for each weather zone.

Finally, total average demand savings are normalized by the method stated in each specific measure
(e.g. per square foot of treated area for insulation, radiant barrier, and window film measures or per
cubic feet per minute (CFM) of infiltration reduction for air infiltration).

6 One percent design temperatures are taken from the Air Conditioning Contractors of America (ACCA) Manual J, 81"
Edition (as reproduced in Table 2).

1.3 Derivation of Electric and Gas Peak Savings Page 8
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Table 3: Case 1 Measure List

Sector Section ',\\Iﬂjfsggf Measure Name

HVAC 212 Duct Insulation
221 Attic Knee Wall Insulation
2.2.2 Ceiling Insulation
2.2.3 Wall Insulation

Residential 2.2.4 Floor Insulation
Envelope 2.25 Roof Deck Insulation

2.2.6 Radiant Barriers
2.2.7 ENERGY STAR® Windows
2.2.8 Window Film
2.2.9 Air Infiltration
3.1.11 Duct Efficiency Improvements

HVAC 3.1.12 Duct Insulation (Converted Residences)
3.1.13 Duct Insulation (Small Commercial)
3.1.14 Occupancy-Based PTAC/PTHP Controls
3.2.1 Ceiling Insulation (Converted Residences)
3.2.2 Ceiling Insulation (Small Commercial)

Commercial 3.2.3 Cool Roofs
3.2.4 Air Infiltration (Converted Residences Only)
Envelope 3.25 Roof Deck Insulation (Small Commercial)

3.2.7 Wall Insulation (Converted Residences Only)
3.2.8 Window Awnings (Small Commercial Only)
3.2.9 Window Film (Converted Residences)
3.2.10 Window Film (Small Commercial)

Case 2: Peak demand savings for measures where annual energy savings are multiplied by a
peak cooling ratio (specified per measure)

Peak cooling ratios are derived by taking the product of two ratios: the ratio of on-peak energy use
for water heating to average hourly energy use for water heating according to the daily hot water
energy use relationships as presented by the Building America Benchmark project, and an estimated
ratio of peak month energy use to average month energy use. The first half of the ratio takes into
account the fact that energy use for water heating in the mid to late afternoon peak hours generally
exceeds average hourly use. The latter half of the ratio accounts for the reduced water heating energy
use of summer months due to higher inlet water temperatures. The product of the two values is the
ratio of water heating energy use in peak hours compared to the energy use in the average hour.
This value is divided by 8,760 to normalize the annual energy savings by which the peak cooling
ratio is multiplied to estimate the demand savings.

1.3 Derivation of Electric and Gas Peak Savings Page 9
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kWsavings = kWh savings X Peak Cooling Ratio

1)
Table 4: Case 2 Measure List
Sector Section Measure Measure Name
Number
23.1 Water Heater Replacement
Residential DHW 2.3.4 Faucet Aerators
2.35 Low-Flow Showerheads

Case 3: Peak demand savings for measures utilizing algorithms to calculate peak savings
The following calculation methodologies are used to derive peak demand savings:

Case 3a: Based on system capacity, efficiency or change in efficiency, and coincidence factor
(specified per measure)

Peak demand savings are calculated by multiplying capacity by coincidence factor (CF) and
dividing by efficiency or change in efficiency (). Other conversion factors are outlined in each
measure.

1
kWsavings = Capacity X ﬁ X CF X conversion factors

)
or
. 1 1 .
kWsavings = Capacity X - X CF X conversion factors
77pre 77postr
3)
Table 5: Case 3a Measure List
Sector Section Measure Measure Name
Number
2.15 Central Air Conditioner and Heat Pump Tune-Up
S 2.1.6 Central Air Conditioner Replacement
Residential HVAC
2.1.8 Central Heat Pump Replacement
2.1.10 Window Air Conditioner Replacement
3.1.7 Central Air Conditioner and Heat Pump Tune-Up
Packaged Terminal AC/HP (PTAC/PTHP)
3.1.15 )
Equipment
Commercial HVAC 3.1.18 Unitary and Split System AC/HP Equipment
3.1.19 Air or Water Cooled Chilling Equipment (Chillers)
3.2.11 Commercial Door Air Infiltration
1.3 Derivation of Electric and Gas Peak Savings Page 10
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Case 3b: Based on horsepower, load factor, and change in efficiency

Peak demand savings are calculated by multiplying rated horsepower (HP) by load factor (LF) and
dividing by change in efficiency. Other conversion factors are outlined in each measure.

kWsavings = HP X LF X ( ! — ! > X conversion factors
Npre  Mpost
(4)
Table 6: Case 3b Measure List
Sector Section Measure Number Measure Name
Commercial Motors 3.4.2 Premium Efficiency Motors

Case 3c: Based on discharge rate, latent heat, and efficiency

Peak demand savings are calculated by multiplying discharge rate by the latent heat of vaporization
(h) and dividing by efficiency. Other conversion factors are outlined in each measure.

1
kWsavings = Steam Trap Discharge Rate X h X T_I X conversion factors

()
Table 7: Case 3c Measure List
Sector Section Measure Number Measure Name
Commercial HVAC 3.1.17 Steam Trap Replacement

Case 3d: Based on flow rate, change in temperature, and efficiency or change in efficiency
(specified per measure)

Peak demand savings are calculated by multiplying water density (p) by the specific heat of water
(Cp), flow rate, and change in temperature and dividing by efficiency or change in efficiency. Other
conversion factors are outlined in each measure.

1
kWsavings = p X Cp X AFlow Rate X (Thotwater — Tsupply) X ﬁ X conversion factors

(6)

or
1 1
kWsavings = p X Cp X AFlow Rate X (Thot water — Tsupply) X -
npre npost
X conversion factors

()
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Table 8: Case 3d Measure List

Sector Section Measure Number Measure Name
3.3.1 Water Heater Replacement
DHW 3.3.2 Faucet Aerators
Commercial 3.35 Low-Flow Showerheads
Food .
Service 3.8.11 Low-Flow Pre-Rinse Spray Valves

Case 3e: Based on U-value, surface area, change in temperature, and efficiency (specified per

measure)

Peak demand savings are calculated by multiplying the change in heat transfer, U-value (calculated
as 1 + R-value) by surface area and change in temperature and dividing by efficiency. Other
conversion factors are outlined in each measure.

k Wsavings =

Table 9: Case 3e Measure List

(Upre -

1
Upost) X A X (Tiy=Toyue) X ; X conversion factors

(8)

Sector Section Measure Number Measure Name
Residential 2.3.3 Water Heater Pipe Insulation
) DHW 3.3.3 Water Heater Jackets
Commercial - -
3.34 Water Heater Pipe Insulation

Case 3f: Based on change in wattage, in service-rate,

HVAC interactive effects, and

coincidence factor (specified per measure)

Peak demand savings are calculated by multiplying the change in fixture wattage by the in-service
rate (ISR), HVAC interactive effects (IEF), and coincidence factor (CF).

KWiavings = ((Woase = Wpost)/1000) ISR x IEF X CF

©)
Table 10: Case 3f Measure List
Sector Section Measure Number Measure Name
Residential 251 Lighting Efficiency
) Lighting 3.6.1 Light Emitting Diode (LED) Traffic Signals
Commercial — —
3.6.3 Lighting Efficiency
1.3 Derivation of Electric and Gas Peak Savings Page 12
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Case 3g: Based on number of fixtures, fixture wattage, control power adjustment factor, HVAC
interactive effects, and coincidence factor

Peak demand savings are calculated by multiplying the number of fixtures by fixture wattage,
change in control power (1-PAF), HVAC interactive effects (IEF), and coincidence factor (CF).

vaixt
kWsavings = Nrixt X X (1 —PAF) x IEF X CF
1000
(10)
Table 11: Case 3g Measure List
Sector Section Measure Number Measure Name
Commercial Lighting 3.6.2 Lighting Controls

Case 3h: Based on connected load and bonus factor (specified per measure)

Peak demand savings are calculated by multiplying the connected load of a typical reach-in cooler
or freezer door with a heater and the bonus factor (BF) for reducing cooling load from eliminating
heat generated by the door heater from entering the cooler or freezer. Other adjustment factors (if
applicable) are outlined in each measure.

kWsavings = KWeonnected 10aa X BF X adjustment factors

(11)
Table 12: Case 3h Measure List
Sector Section Measure Number Measure Name
] 3.7.9 Zero Energy Doors
Commercial Other
3.7.10 Evaporator Fan Controls

Case 3i: Based on annual energy savings, operating hours, and coincidence factor (specified
per measure)

Peak demand savings are calculated by dividing the measure specific annual energy savings (kWh)
by the measure specific operating hours and multiplying by any appropriate coincidence factors
(CF) or other specified peak adjustment factors. These factors are defined in each specific measure.

k thavings

kWsavings = hours

X CF

(12)
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Table 13: Case 3i Measure List

. Measure
Sector Section Number Measure Name
HVAC 2111 Duct Sealing
24.1 ENERGY STAR® Clothes Washers
o 2.4.2 ENERGY STAR® Dishwashers
Residential ) :
Appliances 243 ENERGY STAR® Refrigerators

244 Advanced Power Strips
2.4.5 ENERGY STAR® Pool Pumps
3.7.2 Advanced Power Strips
3.7.3 Computer Power Management

Other 3.75 Door Heater Controls for Refrigerated Display Cases
3.7.7 Strip Curtains for Walk-in Coolers and Freezers
3.7.11 Commercial Kitchen Demand Ventilation Controls

) 3.8.2 Commercial Ice Makers
Commercial : .

3.8.3 Commercial Griddles
3.8.4 Commercial Ovens

Foo_d 3.8.5 Combination Ovens

Service

3.8.6 Commercial Fryers
3.8.7 Commercial Steam Cookers
3.8.10 ENERGY STAR® Commercial Dishwashers

Case 4: Peak demand savings for measures where peak savings extracted from referenced

studies

For a small sub-set of measures, peak demand savings values were taken directly from a referenced

study.

Table 14: Case 4 Measure List

Sector Section | Measure Number Measure Name
) ) 2.1.7 Ground Source Heat Pumps
Residential HVAC
2.1.12 Smart Thermostats
Electronically Commutated Motors for Refrigeration and
Motors 3.4.1 HVAC Applications
Commercial 3.7.4 Vending Machine Occupancy Controls
Other 378 Door Gaskets for Walk-in and Reach-in Coolers and
o Freezers

1.3 Derivation of Electric and Gas Peak Savings
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Case 5: Peak demand savings for measures where the methodology for peak savings is
undocumented or incomplete

Undocumented or incomplete peak demand savings methodologies will be updated at the time that
each measure is selected for update in a future TRM update.

Subcase 5a: Proprietary Analysis
For a small sub-set of measures, electric peak demand savings were derived using proprietary
analysis unavailable to the TRM development team.

Table 15: Case 5a Measure List

Sector Section Measure Number Measure Name
) Appliances 351 Solid-Door Refrigerator and Freezers
Commercial
Other 3.7.1 Plug Load Occupancy Sensors

Subcase 5b: Incomplete Methodology Description

For a small sub-set of measures, electric peak demand savings were derived by developing a load
profile for the applicable measure and calibrating using metered end-use data obtained from utility
metering studies. This approach is described in detail in the measure referenced below.

Table 16: Case 5b Measure List

Sector Section Measure Number Measure Name
Residential DHW 2.3.2 Water Heater Jackets

Subcase 5c¢: Missing Information

For a single measure, electric peak demand savings were derived using a methodology that is not
specified in the measure description.

Table 17: Case 5¢c Measure List

Sector Section Measure Number Measure Name

Commercial | Food Service 3.8.8 Commercial Underfired Broilers

Case 6: Measures where no peak savings are specified
For a small sub-set of measures, there are no applicable peak demand savings.

Table 18: Case 6 Measure List

Sector Section Measure Number Measure Name
) Other 3.7.6 Refrigerated Case Night Covers
Commercial - - -
Food Service 3.8.9 Commercial Conveyor Broilers
1.3 Derivation of Electric and Gas Peak Savings Page 15
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1.3.2 Peak Demand for Gas

During the TRM version 7.0 (for 2018) update, the Arkansas Parties Working Collaboratively
(PWC) decided that peak gas savings do not need to be reported. Therefore, peak gas savings do
not need to be calculated by evaluation contractors. The sections and equations pertaining to peak
gas savings are maintained in the TRM in case they are needed for future reporting.

Case 7: Peak demand savings for measures

Gas utilities require estimates of their peak day consumption for capacity planning; however, the
impact of energy efficiency measures on that peak day consumption cannot be calculated directly
using TMY data. Whereas TMY data sets are drawn from historic weather data (e.g. TMY3 are
drawn from the period from 1976-2005) to represent typical weather conditions, gas utilities apply
the most extreme temperature and wind data over the past 25 to 30 years for their capacity planning.

To calculate the peak day gas consumption impact of each measure, a statistical relationship was
derived that expresses daily gas consumption as a function of two weather variables: average daily
temperature and average wind speed. This statistical relationship (described in Appendix G:
Adjustments to Gas Peak Day Impacts) is robust for most energy efficiency measures and is detailed
in Appendix G of TRM Volume 3. To calculate gas peak day savings, a gas utility must simply
enter the hourly output from a building simulation model run against TMY data into the regression
spreadsheet, which will map the annual gas consumption to the most extreme daily average
temperature and wind speed using the appropriate equation and return the peak day therms savings.

Table 19: Case 7 Measure List

Sector Section Measure Measure Name
Number
HVAC 2.1.2 Duct Insulation

2.1.9 Hydronic Heating
2.2.1 Attic Knee Wall Insulation
2.2.2 Ceiling Insulation
2.2.3 Wall Insulation

Residential 2.2.4 Floor Insulation

Envelope 2.25 Roof Deck Insulation
2.2.6 Radiant Barriers
227 ENERGY STAR® Windows
2.2.8 Window Film
2.2.9 Air Infiltration
1.3 Derivation of Electric and Gas Peak Savings Page 16

20190016-SACE-POD-31-496



APSC FILED Time: 8/31/2017 10:20:44 AM: Recvd 8/31/2017 lOA?Eg%?W%%{ﬁoe/ ﬁﬁlol 2

Sector Section 'l\\IAS?rfl;jgre Measure Name
3.1.11 Duct Efficiency Improvements
HVAC 3.1.12 Duct Insulation (Converted Residences)
3.1.13 Duct Insulation (Small Commercial)
3.2.1 Ceiling Insulation (Converted Residences)
3.2.2 Ceiling Insulation (Small Commercial)
Commercial 3.2.3 Cool Roofs
3.2.4 Air Infiltration (Converted Residences Only)
Envelope 3.2.5 Roof Deck Insulation (Small Commercial)
3.2.7 Wall Insulation (Converted Residences Only)
3.2.8 Window Awnings (Small Commercial Only)
3.2.9 Window Film (Converted Residences)
3.2.10 Window Film (Small Commercial)

Case 8: Peak demand savings for measures where annual therms savings are multiplied by a
peak heating ratio (specified per measure)

Peak heating ratios are derived using TMY3 data. Annual heating degree days (HDD) were
calculated using a base temperature of 65°F. The peak heating ratio is a result of dividing the number
of HDD on the coldest day by the total annual HDDs. Then, peak demand savings are calculated by
multiplying the peak heating ratio against the annual therms savings.

peak therms g4.ings = therms g4,4; X Peak Heating Ratio

(13)
Table 20: Case 8 Measure List
Sector Section Measure Number Measure Name
2.1.1 Direct Vent Heaters
HVAC 2.1.3 Gas Furnace Replacement
) ) 2.1.4 Gas Furnace Tune-Up
Residential
2.3.1 Water Heater Replacement
DHW 2.34 Faucet Aerators
2.35 Low-Flow Showerheads
Commercial HVAC 3110 Dlrgct Vent Heaters (Small Commercial/Converted
Residences)
1.3 Derivation of Electric and Gas Peak Savings Page 17
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Case 9: Peak demand savings for measures utilizing algorithms to calculate peak savings
The following calculation methodologies are used to derive peak demand savings:

Case 9a: Based on system capacity and efficiency or change in efficiency (specified per
measure)

Peak day therms savings are calculated by dividing capacity by efficiency or change in efficiency
(n). Other conversion factors are outlined in each measure.

1
peak thermsgqyings = Capacity X T_I X conversion factors

(14)
or
1 1

peak thermsgg,ings = Capacity X < > X conversion factors

Mpre  Mpost
(15)

Table 21: Case 9a Measure List

Sector Section | Measure Number Measure Name
3.15 Boiler Tune-Up
) 3.16 Burner Replacement for Commercial Boilers
Commercial | HVAC - - -
3.1.8 Commercial and Industrial Boilers
3.1.9 Commercial Furnaces

Case 9b: Based on flow rate, change in temperature, and efficiency or change in efficiency
(specified per measure)

Peak demand savings are calculated by multiplying water density (p) by the specific heat of water
(Cp), flow rate, and change in temperature and dividing by efficiency or change in efficiency. Other
conversion factors are outlined in each measure.

peak thermsggyings

1
= p X Cp X AFlow Rate X (Thotwater — Tsupply) X ﬁ X conversion factors

(16)
or
peak thermsggyings
1 1
= p X Cp X AFlow Rate X (Thot water — Tsuppiy) X | —— —
npre npost
X conversion factors
17)
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Table 22: Case 9b Measure List

Sector Section Measure Number Measure Name
3.3.1 Water Heater Replacement
Commercial DHW 3.3.2 Faucet Aerators
3.35 Low-Flow Showerheads

Case 9c: Based on U-value, surface area, change in temperature, and efficiency (specified per
measure)

Peak demand savings are calculated by multiplying the change in heat transfer, U-value (calculated
as 1 + R-value) by surface area and change in temperature and dividing by efficiency. Other
conversion factors are outlined in each measure.

1
peak thermsggyings = (Upre — Upost) XA X (Tiy=Toue) X ﬁ X conversion factors

(18)
Table 23: Case 9¢c Measure List
Sector Section Measure Number Measure Name
Residential 2.3.3 Water Heater Pipe Insulation
) DHW 3.3.3 Water Heater Jackets
Commercial - -
3.34 Water Heater Pipe Insulation

Case 9d: Based on annual energy savings and annual operating hours (specified per measure)

Peak demand savings are calculated by dividing the measure specific annual energy savings
(therms) by the measure specific annual operating hours.

thermsgayings
eak therms.,.,; = =
p savings houTS
(19)
Table 24: Case 9d Measure List
Sector Section Measure Number Measure Name
Commercial HVAC 3.2.11 Commercial Door Air Infiltration

Case 9e: Based on annual energy savings and annual operating days

Peak demand savings are calculated by dividing the measure specific annual energy savings

(therms) by the measure specific annual operating days.
thermsgqy;
peak thermssavings = #

(20)
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Sector Section Measure Number Measure Name
Commercial Food 3.8.11 Low-Flow Pre-Rinse Spray Valves
Service O pray

Case 10: Peak demand savings for measures where peak savings extracted from referenced

studies

For a single measure, peak demand savings were taken directly from a referenced study.

Table 26: Case 10 Measure List

Sector

Section

Measure Number

Measure Name

Residential

HVAC

2.1.12

Smart Thermostats

Case 11: Peak demand savings for measures where the methodology for peak savings is

undocumented or incomplete

Undocumented or incomplete peak demand savings methodologies will be updated at the time that
each measure is selected for update in a future TRM update.

Subcase 11a: Incomplete Methodology Description

For a single measure, electric peak demand savings were derived by developing a load profile for
the applicable measure and calibrating using metered end-use data obtained from utility metering
studies. This approach is described in detail in the measure referenced below.

Table 27: Case 11a Measure List

Sector

Section

Measure Number

Measure Name

Residential

DHW

2.3.2

Water Heater Jackets

Case 12: Measures where no peak savings are specified

For a small sub-set of measures, there are no applicable peak demand savings.

Table 28: Case 12 Measure List

Sector Section Measure Number Measure Name
3.12 Boiler Cut-Out Controls
Commercial HVAC 3.1.3 Boiler or Furnace Vent Dampers
3.14 Boiler Reset Controls

1.3 Derivation of Electric and Gas Peak Savings
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1.4 General Installation Standards

If pre-application is a program requirement, installed equipment should exceed applicable state and
federal energy standards adopted at the time the project is approved, or at the time the project invoice
IS submitted to the utility. The deemed savings are based on the assumption that installed equipment
is new; deemed savings are not available for used or reconditioned equipment. All projects must
follow all applicable state and local building codes.

1.4 General Installation Standards Page 21
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1.5 Effective Dates for Measure Calculations

Once approved by the Commission, the deemed savings estimates contained herein should generally
be used for all subsequent estimates of energy efficiency savings filed with the Commission.

To ensure that the savings are accurately calculated, and to provide sufficient time for the utilities,
the third-party administrators, and program implementers to collect data to conform to the new
tracking requirements as defined in Protocol A-Database Tracking, Volume 1, the effective date for
determining savings for the affected measures will be either January 1, 2018 or 60 days after
approval by the Commission, whichever date is later. For measures that do not require the collection
of additional information, TRM Version 7.0 methodologies for calculating deemed savings should
be used for program year 2018.

Measures that have been updated, and thus may require additional data collection fields or other
tracking changes include, but are not necessarily limited to, the following:

e Residential Heating, Ventilation, & Air Conditioning (HVAC) Measures
o 2.1.8 Heat Pump Replacement
o 2.1.12 Smart Thermostats
o 2.1.13ENERGY STAR® Ventilations Fans
e Residential Envelop Measures
o 2.2.2 Ceiling Insulation
¢ Residential Domestic Hot Water Measures
o 2.3.1 Water Heater Replacement
o 2.3.6 Showerhead Thermostatic Restrictor Valve
o 2.3.7 Tub Spout and Showerhead Thermostatic Restrictor Valve
e Residential Appliances Measures
o 2.4.2 ENERGY STAR® Dishwasher
o 2.4.6 ENERGY STAR® Dehumidifier
e Residential Lighting Measures
o 2.5.1.1 ENERGY STAR® Compact Fluorescent Lamps (CFLS)
o 2.5.1.2 ENERGY STAR® Specialty Compact Fluorescent Lamps (CFLS)
o 2.5.1.3 ENERGY STAR® Specialty LEDs
o 2.5.1.4 ENERGY STAR® Omni-Directional LEDs
e Commercial Heating, Ventilation, & Air Conditioning (HVAC) Measures
o 3.1.7 Central Air Conditioner and Heat Pump Tune-up
e Commercial Domestic Hot Water Measures
o 3.3.1 Water Heater Replacement
e Commercial Appliances Measures
o 3.5.1 Solid Door Refrigerators and Freezers
e Commercial Food Service Measures
o 3.8.4 Commercial Oven
o 3.8.4.3 Rack ovens
o 3.8.5 Combination Ovens
o 3.8.6 Commercial Fryers
o 3.8.8 Commercial Underfired Broilers
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o 3.8.9 Commercial Conveyor Broilers

Any other TRM measure in which the required data to estimate measure savings were not
tracked in the current database system, including requiring changes in formulae for estimating
savings, or adding data fields to conform with the new tracking requirements.
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1.6 Clarification for Additional Data Collection or Tracking
Requirements

The following list summarizes the newly required data collection inputs based on the changes made
in Version 7.0 of the TRM.

Residential Heating, Ventilation, & Air Conditioning (HVAC) Measures
2.1.8 Central Heat Pump Replacement

Tracking Changes:

1. No actual update to measure; however, clarified language to include all air-source heat
pumps for residential applications.

2.1.12 Smart Thermostats
Tracking Changes:

1. No actual update to measure; however, included language that the new smart thermostats
must be be ENERGY STAR® qualifying.

2.1.13 ENERGY STAR® Ventilations Fans
Tracking Changes:

1. Measure was included to the Version 7.0 TRM
New Inputs:

1. Nameplate airflow (CFM) of installed ventilation fan;
2. Efficacy of installed ENERGY STAR® ventialation fan;
3. Annual operating hours of new ventilation fan;

Residential Envelop Measures

2.2.2 Ceiling Insulation
Tracking Changes:

1. Updated baseline efficieny ranges to include R-values between whole numbers
Residential Domestic Hot Water Measures

2.3.1 Water Heater Replacement
Tracking Changes:
1. Updated baseline standard to be consistent with federal standard
New Inputs:
1. Draw patter based on FHR of installed unit
2.3.6 Showerhead Thermostatic Restrictor Valve
Tracking Changes:
1. New measure added to Version 7.0 of the TRM
New Inputs:
1. Showerhead flow rate (GPM)
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2. Behavoral waste of baseline showerhead

3. Recovery efficiency based on the hot water system type
2.3.6 Showerhead Thermostatic Restrictor Valve
Tracking Changes:

2. New measure added to Version 7.0 of the TRM
New Inputs:

4. Showerhead flow rate (GPM)

5. Behavoral waste of baseline showerhead

6. Recovery efficiency based on the hot water system type
Residential Appliance Measures
2.4.2 ENERGY STAR® Dishwasher
Tracking Changes:

1. Deemed savings values were updated to be consistent with ENERGY STAR® requirements
effective 1/29/2016.

2.4.6 ENERGY STAR® Dehumidifier
Tracking Changes:
1. New measure added to Version 7.0 of the TRM
New Inputs:
1. Baseline and efficient dehumidifier capcities
Commercial Heating, Ventilation, & Air Conditioning (HVAC) Measures

3.1.7 Central Air Conditioner and Heat Pump Tune-up
Tracking Changes:

1. Included a second method to determine pre and post-case EER of units.
2. Incldued guidance regarding the determination of the post-case unit efficiency when only
the pre-case efficiency was measured and corresponding energy savings methodology.

Commercial Domestic Hot Water Measures

3.3.1 Water Heater Replacement
Tracking Changes:

1. Updated baseline standard to be consistent with federal standard for residential size units
New Inputs:

1. Draw patter based on FHR for residential size units

Commercial Appliance Measures

3.5.1 Solid Door Refrigerators and Freezers
Tracking Changes:
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1. Efficiency levels of the baseline and ENERGY STAR® rated equipment was updated to
March 27,2017 standards.

Commercial Food Service Measures

3.8.4 Commercial Ovens
Tracking Changes:

1. Updated efficient model cooking energy efficieny for electric ovens.
2. Updated idle energy rate and production capacity of efficient gas ovens.

3.8.4.3 Rack Ovens
Tracking Changes:
1. Updated idle energy rate and cooking efficiency for the efficient single rack ovens.
3.8.5 Combination Ovens
Tracking Changes:

1. Preheat energy, convection production capacity, and steam production capacity were
updated for the efficient units.

3.8.6 Commercial Fryers
Tracking Changes:

1. Heavy-Load cooking energy efficieny and idle energy rate parameters were updated for
electric fryers.

3.8.8 Commercial Underfired Broilers
Tracking Changes:
1. New measure, includes deemed inputs and savings values for efficient underfired broilers
3.8.9 Commercial Conveyor Broilers
Tracking Changes:
1. New measure, includes deemed inputs and savings values for efficient conveyor broilers
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1.7 Organization of this Volume

This volume is organized into the following sections and subsections:

2. Residential Deemed Savings, Installation and Efficiency Standards
2.1. Heating, Ventilation & Air Conditioning (HVAC) Measures
2.2. Envelope Measures
2.3. Domestic Hot Water
2.4. Appliances
2.5. Lighting

3. Commercial, Industrial, and Small Commercial Deemed Savings, Installation and Efficiency
Standards
3.1. Heating, Ventilation and Air Conditioning (HVAC) Measures
3.2. Envelope Measures
3.3. Domestic Hot Water
3.4. Motors
3.5. Appliances
3.6. Lighting
3.7. Other
3.8. Food Service Equipment

4. General Reference Information
4.1 Acronyms and Abbreviations
4.2 Coincidence Factors for HVAC
4.3 Equivalent Full Load Hours Calculation
4.4 Commercial Measure References

Each section describing a measure is formatted as follows:

e 2.0 Measure General Market
e 2.1 Measure Category
e 2.1.1 Measure Name
o Measure Description
Baseline and Efficiency Standards
Estimated Useful Life
Deemed Savings Values
Calculation of Deemed Savings

O O O O

To provide additional guidance to the reader, Section 4 provides general reference information in
the following ways:

Section 4.1 - The definition of key terms and abbreviations

Section 4.2 - Description of coincidence factors for HVAC measures

Section 4.3 - Description of equivalent full load hours to use for calculations in

Section 4.4 - Endnotes referencing the original source materials used throughout the TRM.
All endnotes are italicized to avoid confusion with footnotes. At the time of publication,
all references and links throughout this document were correct.
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1.8 Early Retirement

Early retirement occurs when existing, functional, actively used equipment is replaced with similar,
higher efficiency equipment. The equipment being replaced should have at least one year of
remaining useful life (RUL) unless otherwise specified in the measure.

In the case of early retirement, a dual baseline may be applied to more accurately assess savings
over the effective useful life (EUL) of the measure. When a dual baseline is used, there are two
baselines, where:

1. Pre-existing equipment baseline for savings during the RUL period; and
2. Code requirements or industry standard practices baseline for the balance of the EUL period
for the new equipment (EUL — RUL).

For projects or programs where several pieces of equipment are being replaced, calculation of the
average age of existing equipment for the purposes of determining a single RUL, rather than using
separate EULSs for each piece of equipment is allowed.

The following measures include provisions for the optional early retirement baseline:

2.1.1 Direct Vent Heaters

2.1.3 Gas Furnace Replacement

2.1.6 Central Air Conditioner Replacement

2.1.8 Heat Pump Replacement

2.4.3 ENERGY STAR® Refrigerators

3.1.8 Commercial and Industrial Boilers

3.1.15 Packaged Terminal AC/HP (PTAC/PTHP) Equipment
3.1.18 Unitary and Split System AC/HP Equipment

3.1.19 Air or Water Cooled Chilling Equipment (Chillers)
3.4.2 Premium Efficiency Motors
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1.8.1 Derivation of RUL

The EUL for a measure is the expected median number of years that a measure is in place and
operational after installation’, consistent with the age at which 50 percent of systems installed in a
given year will no longer be in service. The expected trend in equipment retirement is calculated
using survival functions specified in DOE technical support documents (TSD) for a given measure.
Measure specific TSDs are referenced in each individual measure with an optional early retirement
baseline.

The method used for estimating the RUL of a replaced system uses the age of the existing equipment
to re-estimate the survival function over the life of the measure. The age of the system being
replaced and corresponding survival rate is plotted on a chart using the Weibull distribution
specified in the DOE TSD for that measure. The Weibull distribution is a probability distribution
function commonly used to measure failure rates.® Its form is similar to an exponential distribution,
which would model a fixed failure rate, except that it allows for a failure rate which changes over
time in a particular fashion. The Weibull survival function takes the form:
_(ﬂ)ﬁ
P(x)=e Va) forx>0and P(X)=1forx<6

(21)

Where:

P(x) = probability that the appliance is still in use at age X
x =appliance age

a =the scale parameter, which is the decay length in an exponential distribution (defined in
measure TSD)

S =the shape parameter, which determines the way in which the failure rate changes in time
(defined in measure TSD)

© =the delay parameter, which allows for delay before any failure occurs (defined in measure
TSD)

As shown in Figure 2, after plotting the survival function, the age of the existing equipment is
identified in the figure, and the corresponding percentage of surviving systems is determined from
this chart.

7 Violette, D. 2013 Navigant Consulting, “The Uniform Methods Project: Methods for Determining Energy Efficiency
Savings for Specific Measures. Chapter 13: Assessing Persistence and Other Evaluation Issues Cross-Cutting Protocols”,
National Renewable Energy Laboratory (NREL) http://energy.gov/sites/prod/files/2013/11/f5/53827-13.pdf

8 National Institute of Standards and Technology (NIST), “NIST/SEMATECH e-Handbook of Statistical Methods.”
www.itl.nist.gov/div898/handbook/
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Figure 2: Example Survival Function for ENERGY STAR® Refrigerators

For example, referring to Figure 2, if the unit is 10 years old, the number of surviving units is 82
percent.

The surviving percentage value is then divided in half to identify the equipment age representing
50 percent survival for the adjusted survival function. This is done to account for the percentage of
units that have already failed, and to isolate only the remaining fully functioning equipment and re-
estimate the survival function.

For example, if the number of surviving units is 82 percent, half the surviving percentage value is
41 percent.

Then, the age (year) that corresponds to this new percentage is read from the chart.
For example, referring to Figure 2, the age at a surviving percentage of 41 percent, is 17.8 years.

RUL is estimated as the difference between that age and the current age of the system being
replaced, representing the estimated age at which 50 percent of the systems still functioning will no
longer be in service.

For example, referring to Table 31, the RUL of a 10-year-old refrigerator is 17.8 years — 10 years =
7.8 years.

In most cases, these percentages will not align with a year rounded to the nearest whole number.
Linear interpolation is applied to identify age estimates to one decimal place.

For early retirement, the maximum age of an eligible piece of equipment is capped at the point at
which it is expected that 75 percent of the equipment has failed. Where the age of the unit exceeds
the 75 percent failure age, ROB savings should be applied. This cap prevents early retirement
savings from being applied to projects where the age of the equipment greatly exceeds the estimated
useful life of the measure. This guideline also applies to samples of multiple systems. Individual
systems exceeding this maximum lifetime should not be included in any sample. Those systems
should use the replace-on-burnout baseline.

In the example, referring to Figure 2, the maximum age of the unit is 22 years. Systems exceeding
22 years must use the replace-on-burnout baseline.

Additional, specific, application information is provided in each measure where the early retirement
methodology is applied.
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1.8.2 Annual and Lifetime Savings

To apply a dual baseline, annual kW, kWh, and therms savings must be calculated separately for
two time periods:

1. For the deemed remaining life of the equipment that is being removed (RUL period)
2. The remaining time in the EUL period (EUL — RUL)

Step 1: Calculate First Year Savings

First year savings (as reported to the PSC) are the savings claimed during the RUL period. This
savings value will be calculated by using the less stringent baseline and savings calculation
methodologies specified in the installed measure.

Step 2: Calculate after RUL Savings

Savings may be claimed during the remaining time in the EUL period after the RUL has been
exceeded. This savings value is calculated using the more stringent baseline and savings calculation
methodologies specified in the installed measure.

The savings calculation methodology should not change when calculating the first year and second
tier savings values. The only difference is the use of a different, more stringent baseline.

Step 3: Calculate Lifetime Savings

Lifetime savings are the savings claimed during the entire EUL of the measure. These savings are
represented by the sum of the savings during the RUL period and the savings after the RUL period,
or EUL — RUL. Lifetime kW, kWh, and therms savings for early retirement projects are calculated
as follows:

Lifetime kWSavings = (kWSavings,ER X RUL) + [kWSavings,ROB X (EUL - RUL)]

(22)
Lifetime kWhsapings = (kWhsaings.er X RUL) + [kWhsapings ros X (EUL — RUL)]
(23)
Lifetime thermssayings = (thermsSavmgs,ER X RUL) + [thermSSavings,ROB X (EUL — RUL)]
(24)
Where:
ER = Early Retirement
ROB = Replace-on-Burnout
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1.8.3 Early Retirement Savings Examples

Early retirement savings are calculated differently depending on the measure. However, applying
the early retirement baseline will always result in an initial set of demand and energy savings that
will be applied over the RUL period and a second set of demand and energy savings that will be
applied over the remainder of the EUL period (EUL — RUL).

Example 1:

Below is an example of an early retirement of a 12-year-old refrigerator. Table 29 contains the
initial savings for the RUL period and the secondary savings for the RUL-EUL period. The RUL
for a 12-year old refrigerator is seven years and the EUL for the ENERGY STAR® Refrigerator
measure is 17 years.

Table 29: Early Retirement Savings Tiers

Savings Tier | EUL | RUL kW Savings kWh Savings Measure Life
ER 6.0 1,000 RUL=7.0
170 | 7.0
ROB 3.0 500 EUL-RUL =17.0-7.0=10.0

First year annual savings are 6.0 kW and 1,000 kwh. Those savings may be claimed annually for
the first 7 years of the measure life. In year eight, annual savings should be reduced to 3.0 kW and
500 kWh. Those savings should be claimed annually for years 8 through 17 of the measure life.

Lifetime KW and kWh savings for early retirement projects are calculated as follows:

kWsapings = (6.0 X 7.0) + [3.0 x (17.0 — 7.0)] = 42.0 + 30.0 = 72.0 kW
kW hsapings = (1,000 x 7.0) + [500 x (17.0 — 7.0)] = 7,000 + 5,000 = 12,000 kWh

Example 2:

For a project with several pieces of equipment of varying age, the average RUL can be used to
determine the RUL for the early retirement project. In this example, five functional refrigerators of
various ages are replaced with new ENERGY STAR® refrigerators. Equipment RUL is taken from
Table 31. The sampled equipment should not include any individual systems with a system age that
exceeds the specified maximum lifetime to be eligible for early retirement.

Table 30: Inventory of Refrigerator Age for Example Project

Equipment # Equipment Age Equipment RUL
1 6 10.3
2 7 9.6
3 9 8.3
4 12 7.0
5 15 6.0
Average 9.8 8.2
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Table 31: RUL of Replaced Refrigerator

Equipment Age RUL Equipment Age RUL
6 10.3 15 6.0
7 9.6 16 5.8
8 8.9 17 5.5
9 8.3 18 5.3
10 7.8 19 5.1
11 7.4 20 4.9
12 7.0 21 4.8
13 6.6 22 4.6
14 6.3 23 + 0.0

Using the average equipment RUL of 8.2 years and the ER and ROB savings from Example 1 annual

and lifetime savings should be applied as follows:

Table 32: Early Retirement Savings Tiers

Savings Tier EUL | RUL | kW Savings | kWh Savings Measure Life
ER 6.0 1,000 RUL =8.2
17.0 8.2
ROB 3.0 500 EUL-RUL=17.0-8.2=8.38

First year annual savings are 6.0 kW and 1,000 kWh. Those savings should be claimed annually for
the first 7.8 years of the measure life. For the remaining 9.2 years, annual savings should be reduced
to 3.0 kW and 500 kWh. Those savings should be claimed annually for the last 0.2 years of year 8
and for years 9 through 17 of the measure life.

Lifetime KW and kWh savings for early retirement projects are calculated as follows:
kWsapings = (6.0 X 8.2) + [3.0 x (17.0 — 8.2)] = 49.2 + 26.4 = 75.6 kW
kWhsapings = (1,000 X 8.2) + [500 x (17.0 — 8.2)] = 8,200 + 4,400 = 12,600 kWh

1.8 Early Retirement
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2. RESIDENTIAL DEEMED SAVINGS MEASURES

2.1 Heating, Ventilation & Air Conditioning (HVAC) Measures
2.1.1  Direct Vent Heaters

Measure Description

This measure applies to a direct vent, natural gas-fired, wall-type furnace with electronic ignition
for small open areas not requiring ducted air distribution.® Typical applications include single-room
areas such as living room areas, and bedrooms. This measure applies to all residential applications.

Baseline and Efficiency Standards

Direct vent furnaces are available in sizes from 5,000 BTU/hr to 60,000 BTU/hr input and rated up
to 82 percent efficient. Direct vent wall furnaces are installed in exterior walls, utilizing outside air
for combustion and directly discharging combustion products to the outside area. The energy
savings are a result of utilizing a more efficient furnace.

The baseline for replace-on-burnout projects is the Federal Energy Conservation Standard for direct
heating equipment manufactured after April 16, 2013. The baseline for early retirement projects is
the Federal Energy Conservation Standard for direct heating equipment manufactured after January
1, 1990 and before April 16, 2013.1° The minimum efficiency requirements as listed in Table 33 are
based on a review of available direct heating equipment from the Air Conditioning, Heating and
Refrigeration Institute (AHRI) database. The equipment must meet the American National
Standards Institute Z21.86 (latest standard) for Fan Type Direct-Vent Wall Furnaces.

For early retirement, the maximum age of an eligible piece of equipment is capped at the point at
which it is expected that 75 percent of the equipment has failed. Where the age of the unit exceeds
the 75 percent failure age, ROB savings should be applied. This cap prevents early retirement
savings from being applied to projects where the age of the equipment greatly exceeds the estimated
useful life of the measure.

® Due to the hazard of carbon monoxide gas, non-vented space heaters were not considered.
10 http://www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/68
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Table 33: Direct-Vent Heaters — Baseline and Efficiency Standards

— Baseline: -
Baseline: Efficiency
Replace-on-Burnout Early Standard
Category P - Retirement .
AFUE % AFUE% AFUE %
Gas wall fan type up to 42,000 Btu/hour 75 73 80
Gas wall fan type over 42,000 Btu/hour 76 74
Gas wall gravity type up to 10,000 Btu/hour 59
Gas wall gravity type over 10,000 Btu/hour 60
up to 12,000 Btu/hour
Gas wall gravity type over 12,000 Btu/hour 61
up to 15,000 Btu/hour 65
Gas wall gravity type over 15,000 Btu/hour 62 70
up to 19,000 Btu/hour
Gas wall gravity type over 19,000 Btu/hour 63
up to 27,000 Btu/hour
Gas wall gravity type over 27,000 Btu/hour 66 64
up to 46,000 Btu/hour
Gas wall gravity type over 46,000 Btu/hour 67 65

Estimated Useful Life (EUL)

The average lifetime of this measure is 20 years, the same as gas furnaces. The California Database
of Energy Efficiency Resources (DEER) does not list Direct-Vent Heaters as a separate technology.
The current technology for direct-vent heaters is similar to the gas furnaces listed in DEER 2008.
Calculation of Deemed Savings

Annual Therm Savings

Replace-on-Burnout (ROB)

Deemed savings for replace-on-burnout projects can be calculated using the following equation:

Annual Therm Savings = Heat load X (1/AFUEb - 1/AFUE ff)
ase e

(25)
therms /h 4
Heat load = eated area X heated area
year
(26)
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Where:

therms

heated area = square footage of the heated area; see Table 35 for estimates of yf:—:r or if

heated area is unknown, use installed capacity (btuh)/30 (btuh/ft?) 1
AFUE} . = baseline efficiency of the wall furnace, see Table 33
AFUE,;, = efficiency of the new wall furnace installed, in AFUE

Early Retirement (ER)
Annual savings must be calculated separately for two time periods:

1. The estimated remaining life (RUL, see Table 34) of the equipment that is being
removed, designated the first N years, and

2. Years EUL - N through EUL, where EUL is 20 years.
For the first N years:

Deemed savings for early retirement projects can be calculated using the same equation as
used for replace-on-burnout projects, but replacing the AFUE,,, factor with the
AFUEyqse ear1y factor using either field measurements of the AFUE of the existing system,
or as described by the following equation:*?

AFUEyqse cary = (Base AFUE) x (1 — M)%9¢

(27)
Where:

Base AFUE= efficiency of the existing equipment when new, in AFUE, see Table 33
M1 = maintenance factor, 0.01

age = the age of the existing equipment, in years

For Years EUL - N through EUL:

Savings should be calculated exactly as they are for ROB projects.

11 Rule of thumb for system sizing.

12 Calculation of baseline efficiency for early retirement projects taken from the October 2010 National Renewable
Energy publication “Building America House Simulation Protocols,” page 38.

13 Maintenance factor of 0.01 is the average maintenance factor for gas furnaces taken from the October 2010
National Renewable Energy publication “Building America House Simulation Protocols,” Table 30.
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Lifetime savings for Early Retirement Projects is calculated as follows:

Lifetime thermggyings = (thermsavingS,ER X RUL) + [thermsavingS,ROB X (EUL — RUL)]

(28)
Peak Therm Savings
Peak day therm savings can be calculated using the following equation:
Peak Day Therm Savings = Annual Therm Savings X Peak Heating Ratio
(29)

Where:

Peak Heating Ratio = Percent of heating expected to occur on the coldest day of the year, see
Table 36

Table 34: Remaining Useful Life (RUL) of Direct Vent Heaters

Age of Replaced RUL Age of Replaced RUL

Wall Furnace (years) (years) Wall Furnace (years) (years)
5 14.7 16 5.5
6 13.7 17 4.5
7 12.7 18 4.0
8 11.8 19 3.6
9 10.9 20 3.2
10 10.0 21 2.9
11 9.1 22 2.6
12 8.3 23 2.4
13 7.5 24 2.1
14 6.8 25 + 0.0
15 6.2

14 Use of the early retirement baseline is capped at 24 years, representing the age at which 75 percent of existing
equipment is expected to have failed. Systems older than 24 years should use the ROB baseline.
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Derivation of RULSs

Residential gas furnaces have an estimated useful life of 20 years. This estimate is consistent with
the age at which 50 percent of systems installed in a given year will no longer be in service, as
described in Figure 3.
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Figure 3: Survival Function for Residential Direct Vent Heaters'®

The method used for estimating the remaining useful life (RUL) of a replaced system uses the age
of the existing system to re-estimate the survival function shown in Figure 3. The age of the system
being replaced is found on the horizontal axis and the corresponding percentage of surviving
systems is determined from the chart. The surviving percentage value is then divided in half,
creating a new percentage. Then the age (year) that corresponds to this new percentage is read from
the chart. RUL is estimated as the difference between that age and the current age of the system
being replaced.

For more information regarding Early Retirement, see section 1.8 Early Retirement.

15 RUL was determined by modifying the weibull distribution offered in the DOE’s Life Cycle Cost Analysis
Spreadsheet, “lcc_cuac_hourly.xIs”.

http://www1.eere.energy.gov/buildings/appliance_standards/standards_test procedures.html. The modification
included changing the scale parameter to 24 and the shape parameter to 2.34 to reflect the EUL of the gas furnace at
20 years.
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To determine the heat load for use in calculating deemed savings, the following table may be
used:

Table 35: Annual Direct Vent Heating Load*®

Weather Zone Heating Load (therms/sq. ft./year)
All Zones 6-9 0.1847

Table 36: Direct Vent Heating Peak Heating Ratio'’

Weather Zone Peak Heating Ratio
Zone 9 - Rogers?® 0.019
Zone 8 - Ft. Smith 0.015
Zone 7 - Little Rock 0.016
Zone 6 - El Dorado 0.015

16 Annual direct vent heating load was derived by taking the average reported space heating consumption for gas-fired
direct heating equipment in Arkansas from the U.S. Energy Information Administration’s Residential Energy
Consumption Survey (RECs), and multiplying it by the average AFUE as listed in the Federal Energy Conservation
Standard for direct heating equipment manufactured After January 1, 1990 and before April 16, 2013: 65% AFUE, and
then dividing it by the average heated square footage for Arkansas homes that use direct heating as their primary heat
source as reported in RECs.

17 The Peak Heating Ratio was derived using TMY 3 data. Annual heating degree days (HDD) were calculated using a
reference temperature of 65°F. The ratio is the result of dividing the number of HDD on the coldest day by the annual
HDD.

18 Heating Ratio for zone 9 used data for Fayetteville, AR.

2.1.1 Direct Vent Heaters Page 39
20190016-SACE-POD-31-519



APSC FILED Time: 8/31/2017 10:20:44 AM: Recvd 8/31/2017 lOA?Pﬁﬁ%?WWPSW?@WOI 2
2.1.2 Duct Insulation

Measure Description

This measure consists of adding duct insulation with an R-value of 5.6 or 8.0 to uninsulated metal
supply and return ductwork, located in unconditioned space that previously had no existing
insulation. This measure applies to all residential applications.

Baseline and Efficiency Standards

The baseline for this measure is uninsulated sheet metal ducts or insulated metal ducts in which the
insulation has failed. Failed insulation is insulation which has non-repairable tears to the vapor
barrier, exhibits gaps with exposed metal between the insulation, or insulation which is failing. Flex
ducts, and fiber board ducts are not eligible for this measure. The ducts must be located in
unconditioned spaces, such as attics or crawl spaces. Old ductwork insulation must be removed
prior to installation of new duct wrap insulation.

Unconditioned space is defined as a space which is neither directly nor indirectly conditioned and
is isolated from conditioned space by partitions, such as walls and/or closeable doors, and ceilings.
It is also classified as space in which the temperature of the area traversed by the ductwork is greater
than 100 degrees Fahrenheit during the cooling season and lower than 50 degrees Fahrenheit during
the heating season. The following table provides a quick guide for determining if the area in which
the ductwork is located may be considered unconditioned space.

The efficiency upgrade for this measure requires that ducts must be insulated with duct wrap to an
R-value of 5.6 or 8.0. The R-value of 5.6 is the required duct insulation value in accordance with
the Arkansas Energy Code Table 503.3.3.3.%¢

Estimated Useful Life (EUL)

The average lifetime of this measure is 20 years according to the National Energy Audit Tool
(NEAT) v. 8.6.

Deemed Savings Values

Please note that the savings are a factor to be multiplied by the conditioned square footage of the
home. Gas Heat (no AC) kWh applies to forced-air furnace systems only.

19 Source: http://www.sos.arkansas.gov/rulesRegs/Arkansas%20Register/2013/july13/168.00.11-003.pdf
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Table 37: Duct Insulation — Deemed Savings Values - Zone 9 Northwest Region

Unconditioned | AC/Gas | Gas Heat Gas | AC/Electric| Heat | ACPeak | Peak Gas
Duct Location Heat (no AC) Heat Resistance | Pump | Savings Savings
and added kWh kWh Therms kWh kWh kW Therms
R-Value

(/sq.ft.) | (/sq.ft) | (/sq.ft) (/sq.ft) |(/sq.ft.)| (/sq.ft) (/ sq. ft.)

Attic to R-8 0.080 0 0.016 0.426 0.419 | 0.00015 0.00064
Attic to R-5.6 0.041 0 0.008 0.219 0.214 | 0.00008 0.00033
gfg""' Spaceto | osg 0 0.019 0.402 0.388 | 0.00005 | 0.00054
gfg"g’ SPaceto |5 opg 0 0.010 0.205 0.198 | 0.00002 | 0.00028

Table 38: Duct Insulation — Deemed Savings Values - Zone 8 Northeast/North Central Region

Unconditioned | ac/gas | C2S Heat Gas [AC/Electric| Heat | ACPeak | Peak Gas
Duct Location |Heat KWh (no AC) Heat Resistance | Pump | Savings | Savings
and added R- kWh Therms kWh kWh kw Therms®
Value

(/sq.ft) | (/sq.ft) | (/sqg.ft) | (/sq.ft) (/sq.ft.) | (/sq.ft) | (/sq.ft)

Attic to R-8 0.098 0 0.016 0.445 0.436 | 0.00017 | 0.00053
Attic to R-5.6 0.050 0 0.008 0.227 0.224 | 0.00009 | 0.00027
gfg""' Spaceto | 067 0 0.020 0.425 0.420 | 0.00004 | 0.00048
gfg"g’ Spaceto | 034 0 0.010 0.217 0.215 | 0.00002 | 0.00025

20 Peak gas savings in the Zone 8 table are for the Blytheville peak. Other Zone 8 peaks can be calculated by
multiplying Blytheville peak by the appropriate factor, m. For Jonesboro, m = 0.929 (Attic to R-8), m = 0.930 (Attic
to R-5.6), m = 0.1.05 (Crawlspace to R-8), m = 1.05 (Crawlspace to R-5.6). For Fort Smith, m = 0.878 (Attic to R-8),
m = 0.878 (Attic to R-5.6), m = 0.987 (Crawlspace to R-8), m = 0.987 (Crawlspace to R-5.6).
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Unconditioned | AC/Gas I—?fast Gas Heat | AC/Electric | Heat AC Peak Fg:;(
Duct Location | Heat (no AC) (no AC) | Resistance | Pump Savings Savings
R-Value
(/sq.ft.) | (/sq.ft) | (/sq.ft) (/sq. ft.) (/sq.ft.) | (/sq.ft) | (/sq.ft)
Attic to R-8 0.109 0 0.015 0.432 0.383 0.00017 | 0.00050
Attic to R-5.6 0.055 0 0.007 0.221 0.196 0.00009 | 0.00026
crawiSpaceto | .72 0 0.018 0421 | 0383 | 0.00002 | 0.00063
gfg"g’ SPaceto | g g7 0 0.009 0.215 097 | 0.00001 | 0.00032
Table 40: Duct Insulation — Deemed Savings Values - Zone 6 South Region
Unconditioned | AC/Gas | Gas Heat Gas AC/Electric | Heat | ACPeak | Peak Gas
Duct Location Heat (no AC) Heat Resistance | Pump Savings Savings
and added kWh kWh Therms kWh kWh kW Therms
R-Value (/sq.ft) | (/sq.ft) | (/sq.ft) | (/sq.ft) |(/sq.ft) | (/sqg.ft) | (/sq.ft)
Attic to R-8 0.125 0 0.011 0.380 0.350 0.00019 | 0.00048
Attic to R-5.6 0.064 0 0.006 0.194 0.180 0.00010 | 0.000245
gfg""' SPaceto | 4 o 0 0.012 0.368 0.319 | 0.00007 | 0.00055
gfg";’ Spaceto | g 041 0 0.006 0.188 0.164 | 0.00003 | 0.00028

Calculation of Deemed Savings

Deemed savings values have been calculated for each of the four weather zones. The deemed
savings are dependent upon the R-value of the duct insulation pre- and post-retrofit. Deemed savings
values are calculated based on the replacement of failed duct insulation with insulation that has an
R-value of 5.6 or 8.0.

EnergyGauge USA® (EnergyGauge), a building load simulation software that calculates hourly load
data, was used to estimate energy savings for a series of models. Since duct insulation savings are
sensitive to weather, available TMY3 weather data specific to each of the four Arkansas weather
regions were used for the analysis. The prototype home characteristics used in the EnergyGauge
building model are outlined in Appendix A of TRM Volume 3.
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2.1.3 Gas Furnace Replacement

Measure Description

This measure applies to the replacement of a residential gas furnace with an ENERGY STAR®
qualified gas furnace. This measure applies to all residential applications.

Baseline and Efficiency Standards

The baseline is assumed to be a new gas furnace with an AFUE of 80 percent. A survey of equipment
listed in the AHRI Directory of Certified Product Performance?: reveals a minimum available AFUE
of 80 percent.

The new furnace should be properly sized to the dwelling, based on ASHRAE or the Air
Conditioning Contractor of America (ACCA) Manual J standards??, and, if coupled with central air
conditioning, consistent with the furnace matching guidelines of the equipment manufacturer.

Equipment must, at a minimum, meet the ENERGY STAR® efficiency levels to be eligible. Current

ENERGY STAR® |evels require the AFUE, per federal test method 10 CFR 430, Appendix N to
Subpart B, for U.S. South gas furnaces, to be 90 percent or higher.?

For early retirement, the maximum age of an eligible piece of equipment is capped at the point at
which it is expected that 75 percent of the equipment has failed. Where the age of the unit exceeds
the 75 percent failure age, ROB savings should be applied. This cap prevents early retirement
savings from being applied to projects where the age of the equipment greatly exceeds the estimated
useful life of the measure.

Table 41: Gas Furnace Replacement — Baseline and Efficiency Levels

Baseline Minimum Efficiency Level

80% AFUE ENERGY STAR® 90% AFUE

Estimated Useful Life (EUL)
The average lifetime of this measure is 20 years, based on the DEER 2008.

21 hitp://www.ahridirectory.org/ahridirectory/pages/home.aspx. Accessed June 2013.

22 https://www.acca.org/store/product.php?pid=172

23 http://www.energystar.gov/index.cfm?c=furnaces.pr_crit_furnaces
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Calculation of Deemed Savings
Annual Therm Savings
Replace-on-Burnout (ROB)
Deemed savings for replace-on-burnout projects can be calculated using the following equation:

Annual Therm Savings = Heat load X (1/AFUEb - 1/AFUE ff)
ase e

(30)
therms / ]
Heat load = yeﬁﬁe area s site area
(31)

Where:

therms

site area = square footage of the project site; see Table 43 for estimates of y‘;;; or if site area is

unknown, use installed input capacity (btuh)/30 (btuh/ft?) 2

AFUE) . = baseline efficiency of the furnace, 80% AFUE

AFUE,, = efficiency of the new furnace installed, in AFUE

Early Retirement (ER)

Annual kWh and kW savings must be calculated separately for two time periods:

1. The estimated remaining life (RUL, see Table 42) of the equipment that is being
removed, designated the first N years, and
2. Years EUL - N through EUL, where EUL is 20 years.

For the first N years:

Deemed savings for early retirement projects can be calculated using the same equation as used for
replace-on-burnout projects, but replacing the AFUE},,. factor with the AFUEp,se cqriy factor
using either field measurements of the AFUE of the existing system, or as described by the
following equation.?

AFUEyqse cary = (Base AFUE) x (1 — M)49¢
(32)

24 Rule of thumb for system sizing.

% Calculation of baseline efficiency for early retirement projects taken from the October 2010 National Renewable
Energy publication “Building America House Simulation Protocols,” p. 38.
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Where:

Base AFUE = efficiency of the existing equipment when new, 78% AFUE
M? = maintenance factor, 0.01
age = the age of the existing equipment, in years

For Years EUL - N through EUL:
Savings should be calculated exactly as they are for replace on burnout projects

Lifetime savings for Early Retirement Projects is calculated as follows:

Lifetime therMggyings = (therMgapingspr X RUL) + [therMgapingsros X (EUL — RUL)]

(33)
Peak Therm Savings
Peak day therm savings are calculated using the following equation:
Peak Day Therm Savings = Annual Therm Savings X Peak Heating Ratio
(34)

Where:

Peak Heating Ratio = Percent of heating expecting to occur on the coldest day of the year; see
Table 44

%6 Maintenance factor of 0.01 is the average maintenance factor for gas furnaces taken from the October 2010
National Renewable Energy publication “Building America House Simulation Protocols,” Table 30.
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Table 42: Remaining Useful Life (RUL) of Gas Furnaces?’

Age of Replaced RUL Age of Replaced RUL

Furnace Furnace

(years) (years) (years) (years)
5 14.7 16 5.5
6 13.7 17 4.5
7 12.7 18 4.0
8 11.8 19 3.6
9 10.9 20 3.2
10 10.0 21 2.9
11 9.1 22 2.6
12 8.3 23 2.4
13 7.5 24 2.1
14 6.8 25 + 0.0
15 6.2

27 Use of the early retirement baseline is capped at 24 years, representing the age at which 75 percent of existing
equipment is expected to have failed. Systems older than 24 years should use the ROB baseline.
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Derivation of RULSs

Residential gas furnaces have an estimated useful life of 20 years. This estimate is consistent with
the age at which 50 percent of systems installed in a given year will no longer be in service, as
described in Figure 4.

100%

90% \

N\

60% \

50% \

40% \

30% \

AN

10% \

0% T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

0123456 7 8 91011121314151617181920212223242526272829303132333435
Age (years)

% Surviving

Figure 4: Survival Function for Residential Gas Furnaces?

The method used for estimating the remaining useful life (RUL) of a replaced system uses the age
of the existing system to re-estimate the survival function shown in Figure 4. The age of the system
being replaced is found on the horizontal axis and the corresponding percentage of surviving
systems is determined from the chart. The surviving percentage value is then divided in half,
creating a new percentage. Then the age (year) that corresponds to this new percentage is read from
the chart. RUL is estimated as the difference between that age and the current age of the system
being replaced.

For more information regarding Early Retirement, see section 1.8 Early Retirement.

28 RUL was determined by modifying the weibull distribution offered in the DOE’s Life Cycle Cost Analysis
Spreadsheet, “lcc_cuac hourly.xIs”.

www1.eere.energy.gov/buildings/appliance standards/standards_test procedures.html. The modification included
changing the scale parameter to 24 and the shape parameter to 2.34 to reflect the EUL of the gas furnace at 20 years.
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To determine the heat load for use in calculating deemed savings, the following table may be used:

Table 43: Annual Furnace Heating Load**°

Heating load (therms/sq. ft./year)
Construction Date Zone 9 — Zone 8 — Zone 7 — Zone 6 —
Rogers Ft. Smith Little Rock | EIl Dorado
Pre-1970-1979 0.404 0.360 0.336 0.296
1980-1989 0.303 0.270 0.252 0.222
1990-1999 0.202 0.180 0.168 0.148
2000-Present 0.152 0.135 0.126 0.111

Table 44: Gas Furnace Peak Heating Ratio*

Weather Zone Peak Heating Ratio
Zone 9 - Rogers* 0.019
Zone 8 - Ft. Smith 0.015
Zone 7 - Little Rock 0.016
Zone 6 - El Dorado 0.015

29 Annual furnace heating load was derived using the ENERGY STAR® Furnace calculator. For heating load of homes
of unknown age, we multiplied the ratio of heating degree days to regional average heating degree days by the average
home heating load, weighted by year of construction, to produce an annual heat load. Reference used for zones 8 and
7.

30 ADM Associates, Inc. 2015, “Arkansas Residential Furnace Load Research.” July 13. Reference used for zones 9
and 6.

31 The Peak Heating Ratio was derived using TMY3 data. Annual heating degree days (HDD) were calculated using a
reference temperature of 65°F. The ratio is the result of dividing the number of HDD on the coldest day by the annual
HDD.

32 Data for zone 9 was taken from Fayetteville, AR.
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2.1.4 Gas Furnace Tune-Up

Measure Description

This measure consists of a tune-up of an existing residential gas furnace, including any adjustments
necessary to increase steady state efficiency (SSE). This measure applies to all residential
applications.

Baseline and Efficiency Standards

Calculation of gas savings for this measure requires measurement of steady state furnace efficiency
before and after tune-up using an electronic combustion analyzer. Alternatively, before and after
tune-up efficiency may be measured following the method described in ANSI/ASHRAE Standard
103-2007, Method of Testing for Annual Fuel Utilization Efficiency of Residential Central Furnaces
and Boilers. Maximum post tune-up efficiency that can be used in claiming savings cannot exceed
the nameplate efficiency of the furnace. Technicians performing tune-ups must provide
documentation of before- and after-combustion analysis results.

Estimated Useful Life (EUL)

The average lifetime of this measure is three years, according to the National Energy Audit Tool
(NEAT) v. 8.6.

Calculation of Deemed Savings

ATherms furnace rating 1 1
- )sprni x (- L)
yr 100,000 BTU/therm SSE, SSE,

(35)

Peak Day Therm Savings = ATherms/yr X GM
(36)
Where:

ATherms = gross annual energy savings

furnace rating measured in BTU per hr

EFLH = heating equivalent full load hours for the appropriate weather zone (from Table 45)
SSE, = steady state efficiency before tune-up

SSE, = steady state efficiency after tune-up

GM = Gas Multiplier (from Table 46)
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Example: For a 90,000 BTU/hr furnace with a steady state efficiency measured at 75 percent prior
to tune up and 78 percent after tune-up, in Zone 7, annual gas savings would be:3*

90,000/100,000 x 1682 hrs/yr. x (1/0.75 — 1/0.78) = 77.6 Therms/yr.

Table 45: Heating Equivalent Full Load Operating Hours®

Weather Zone EFLHH
9 Fayetteville 1,868
8 Fort Smith 1,738
7 Little Rock 1,681
6 El Dorado 1,521

Table 46: Peak Day to Annual Therms Ratio (Gas Multiplier)

Weather Zone GM (Peak Day Therms per Annual Therms)
9 Fayetteville 0.0152195

8 Fort Smith 0.0181406

7 Little Rock 0.0179136

6 El Dorado 0.0244927

3 Dethman, L. & Kunkle, R. 2007. “Building Tune-up and Operations Program Evaluation,” Energy Trust of Oregon.
Energy savings on the order of two to five were realized from a furnace and boiler tune-up program in the Pacific
Northwest.

34 Midwest Weatherization Best Practices, www.waptac.org

35 ENERGY STAR® Central HP Calculator:
www.energystar.gov/products/certified-products/detail/heat-pumps-air-source.
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2.1.5 Central Air Conditioner and Heat Pump Tune-Up

Measure Description

This measure applies to central air conditioners and heat pumps. An AC tune-up, in general terms,
involves checking, adjusting and resetting the equipment to factory conditions, such that it operates
closer to the performance level of a new unit. This measure applies to all residential applications.

For this measure, the service technician must complete the following tasks according to industry
best practices:

Air Conditioner Inspection and Tune-Up Checklist®*

e Inspect and clean condenser, evaporator coils, and blower.

e Inspect refrigerant level and adjust to manufacturer specifications.

Measure the static pressure across the cooling coil to verify adequate system airflow and

adjust to manufacturer specifications.

Inspect, clean, or change air filters.

Calibrate thermostat on/off set points based on building occupancy.

Tighten all electrical connections, and measure voltage and current on motors.

Lubricate all moving parts, including motor and fan bearings.

Inspect and clean the condensate drain.

Inspect controls of the system to ensure proper and safe operation. Check the starting cycle

of the equipment to assure the system starts, operates, and shuts off properly.

e Provide documentation showing completion of the above checklist to the utility or the
utility’s representative.

Baseline and Efficiency Standards

The baseline is a system with demonstrated imbalances of refrigerant charge or pre-tune-up field
measured efficiency.

After the tune-up, the equipment must meet airflow and refrigerant charge requirements. To ensure
the greatest savings when conducting tune-up services, the eligibility minimum requirement for
airflow is the manufacturer specified design flow rate, or 350 CFM/ton, if unknown. Also, the
refrigerant charge must be within +/- 3 degrees of target sub-cooling for units with thermal
expansion valves (TXV) and +/- 5 degrees of target super heat for units with fixed orifices or a
capillary.

The efficiency standard, or efficiency after the tune-up, is assumed to be the manufacturer specified
energy efficiency ratio (EER) of the existing central air conditioner or heat pump, or the calculated
or measured system EER as detailed below.

Estimated Useful Life (EUL)

According to DEER 2008, the estimated useful life for refrigerant charge correction is 10 years.

36 Based on ENERGY STAR® HVAC Maintenance Checklist.
www.energystar.gov/index.cfm?c=heat cool.pr maintenance
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Calculation of Deemed Savings

Deemed peak demand and annual energy savings for unitary AC/HP tune-up should be calculated
using the following formulas:

kW, cap, x—W . - CF
; = X X - X
savings ¢ 1,000 w EERpre EERpost
(37
kWh CAP EFLH < ! ! )
i = X———— X X -
savings,C c 1,000 W ¢ EERpe EER,ost
(38)
kWh CAP EFLH ! !
. = X — XX X -
savings,H H 1,000 W H HSPFpTe HSPFpost
(39)
kthavings,AC = kWhSth'ngs,C
(40)
kthavings,HP = kthavings,C + kWhS‘wmgS'H
(41)

Where:

CAP. = Rated or calculated equipment cooling capacity (Btu/hr)

CAP, = Rated or calculated equipment heating capacity (Btu/hr)

EER,,. = Calculated or measured efficiency of the equipment for cooling before tune-up Equation
(42)

EER,,s: = Nameplate , measured or calculated efficiency of the existing equipment for cooling; if
unknown, use 11.2 EER (default)?’

Note: Site measurements may be substituted for EERpe and EERpost, providing that the
measurements are taken on the same site visit and under similar operating conditions using reliable,
industry accepted techniques.

HSPF,r. = Calculated or measured efficiency of the equipment for heating before tune-up Equation
(45)

HSPFys: = Nameplate , measured or calculated efficiency of the existing equipment for heating; if
unknown, use 7.7 HSPF (default)

CF = Coincidence Factor = 0.87 (default)3®
EFLH, = Equivalent full-load cooling hours (Table 49)
EFLHy, = Equivalent full-load heating hours (Table 49)

37 Code specified SEER value (13 SEER from federal standard effective January 23, 2006 through January 1, 2015)
converted to EER using EER = -0.02 x SEER? + 1.12 x SEER. National Renewable Energy Laboratory (NREL).
“Building America House Simulation Protocols.” U.S. DOE. Revised October 2010.
www.nrel.gov/docs/fyl1osti/49246.pdf.

38See Section 4.2 General Reference Information: Coincidence Factors for HVAC.
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There are two methods for calculating system pre and post efficiencies as described below:

Method 1: Change of efficiency based on change in system charge.

In method 1, the efficiency improvement resulting from the refrigerant charge adjustment depends
on the pre-adjustment refrigerant charge. This method may be used for air conditioners and heat
pumps operating in cooling mode.

EER,., = (1 — EL) X EER g

(42)
Where:

EER,,. = Calculated efficiency of the equipment for cooling before tune-up

EER,,s: = Nameplate efficiency of the existing equipment for cooling; if unknown, use 11.2 EER
(default)

EL = Efficiency Loss (Fixed Orifice: Table 47; TXV: Table 48) determined by averaging reported
efficiency losses from multiple studies.®®4%41:4243 |nterpolation of the efficiency loss values
presented is allowed. Extrapolation is not allowed.

Table 47: Efficiency Loss Percentage by Refrigerant Charge Level (Fixed Orifice)

% Charged EL
<70 0.37

75 0.29

80 0.20

85 0.15

90 0.10

95 0.05

100 0.00
>120 0.03

39 Architectural Energy Corporation, managed by New Buildings Institute. 2003 “Small HVAC System Design
Guide. ” Prepared for the California Energy Commission. Figure 11.

40 Davis Energy Group. “HVAC Energy Efficiency Maintenance Study.” California Measurement Advisory Council
(CALMAC). December 29, 2010. Figure 14.

41 Proctor Engineering Group. “Innovative Peak Load Reduction Program CheckMe!® Commercial and Residential
AC Tune-Up Project.” California Energy Commission. November 6, 2003. Table 6-3.

42 Proctor Engineering Group. PEG Tune-Up Calculations spreadsheet.

43 pennsylvania Technical Reference Manual June 2012. Measure 3.3.2, Table 3-96.
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Table 48: Efficiency Loss Percentage by Refrigerant Charge Level (TXV)

% Charged EL
<70 0.12

75 0.09

80 0.07

85 0.06

90 0.05

95 0.03

100 0.00
>120 0.04

Method 2: Calculation of savings based on pre or pre and post measurement of system
efficiency, and age of equipment

In calculation method 2, direct site measurements of EER pre and post are used. Pre and post EER
measurements should be conducted and the measurements should be taken on the same site visit
and under similar operating conditions using reliable, industry accepted techniques.

If onsite measurements are used to determine savings for improvements other than refrigerant
charge, then the implementer should use an EUL of three years.

When using this approach, the system capacity (CAPc) is adjusted using the following calculation:

CAPc = CAPnameplate * EERpost/EERnamplate (43)

In cases where only a pre-tune up efficiency can be completed, then post tune-up efficiency may be
estimated using the lesser of the nameplate efficiency or the results of Equation 44. Equation 44
estimates the efficiency of the unit based on the age as well as typical maintenance practices of the
customer.

_ (EERyre)
EERpOSt - (1_M)age

(44)

Where:

M = Maintenance factor*, use 0.01 if annual maintenance conducted or 0.03 if maintenance is
seldom; use default value of 0.03 if maintenance history is unknown.\

Age = Age of equipment in years, up to a maximum of 20 years, use a default of 10 years if unknown.
Heat Pump Heating Credit
For heat pump systems, an additional saving credit may be taken as follows:
HSPE,,, = (HSPFp,s) X (1 —M)%9¢
(45)

44 “Building America House Simulation Protocols.” U.S. DOE. Revised October 2010. Table 32. Page 40.
http://www.nrel.gov/docs/fy110sti/49246.pdf.
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Where:

HSPF,,s: = Nameplate efficiency of the existing equipment for heating; if unknown use 7.7 HSPF
(default)

M = Maintenance factor®®, use 0.01 if annual maintenance conducted or 0.03 if maintenance is
seldom; use default value of 0.03 if maintenance history is unknown.

Age = Age of equipment in years, up to a maximum of 20 years, use a default of 10 years if unknown.

Table 49: Equivalent Full-Load Cooling/Heating Hours*

Weather Zone Location EFLHc EFLHH
9 Fayetteville 1,305 1,868
8 Fort Smith 1,432 1,738
7 Little Rock 1,583 1,681
6 El Dorado 1,738 1,521

45 “Building America House Simulation Protocols.” U.S. DOE. Revised October 2010. Table 32. Page 40.
http://www.nrel.gov/docs/fy110sti/49246.pdf.

46 ENERGY STAR® Central HP Calculator:
www.energystar.gov/products/certified-products/detail/heat-pumps-air-source.
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2.1.6 Central Air Conditioner Replacement

Measure Description

This measure involves a residential retrofit with a new central air conditioning system or the
installation of a new central air conditioning system in a residential new construction (packaged
unit, or split system consisting of an indoor unit with a matching remote condensing unit).
Maximum cooling capacity per unit is 65,000 BTU/hour. This measure applies to all residential
applications.

Baseline and Efficiency Standards
The current federal minimum standard*” became effective January 1, 2015.

For new construction (NC) and ROB projects, the cooling baseline is 14 SEER, consistent with the
current federal minimum standard.

For ER projects, the baseline is consistent with the previous federal standard. The cooling baseline
is 10 SEER for systems installed before January 23, 2006. For systems installed on or after January
23, 2006, the ER baseline increases to 13 SEER.

For ER, the maximum lifetime age of an eligible piece of equipment is capped at the point at which
it is expected that 75 percent of the equipment has failed. Where the age of the unit exceeds the 75
percent failure age, ROB savings should be applied. This cap prevents early retirement savings from
being applied to projects where the age of the equipment greatly exceeds the estimated useful life
of the measure.

Air conditioning equipment shall be properly sized to the dwelling, based on ASHRAE or ACCA
Manual J standards. Manufacturer data sheets on installed air conditioning equipment or the AHRI
reference number must be provided to the utility. The installed central air conditioning equipment
must be AHRI certified.

As specified in Protocol E2 of TRM Volume 1, the enforcement date for a code or standard update
is the end of the current program year if the effective date of the code or standard update is before
July 1. For code or standard effective dates on or after July 1, the enforcement date is the end of the
following program year. The specified lag period is to allow for the sale and/or use of existing
equipment inventory. See Protocol E2 for more details.

47 DOE minimum efficiency standard for residential air conditioners/heat pumps.
wwwl.eere.energy.gov/buildings/appliance standards/product.aspx/productid/75.
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Table 50: Central Air Conditioner Replacement — Baseline and Efficiency Standards*

Project Type Baseline Before 1/23/2006 | Baseline After 1/23/2006 | Baseline As of 1/1/2015
New Construction 13 SEER 14 SEER
Replace-on-Burnout 11.2 EER 11.8 EER
10 SEER (Spli
Early Retirement 9.7 (S)ESER (PS:ia:t)ed) 13 SEER
y ' 9 11.2 EER
9.2 EER

Estimated Useful Life (EUL)
The average lifetime of this measure is 19 years, according to the US DOE.*

Calculation of Deemed Savings
Replace-on-Burnout

1kwW 1 1
Wsavings = CAPc X 1500777 % <EERbase - EERpost> o
(46)
1 1
kWhSavings = CAP; X m X EFLH; % <SEERbase B SEERpost>
(47)

Where:
CAP. = Rated equipment cooling capacity of the new unit (Btu/hr)

EER,,s. = Full-load energy efficiency rating of the baseline equipment for cooling (Table 50)

EER,,s:= Nameplate full-load energy efficiency rating of the installed equipment for cooling (at
least equal to value from Table 50)

SEER;,,s. = Seasonal energy efficiency rating of the baseline equipment for cooling (Table 50)

SEER,,s:= Nameplate seasonal energy efficiency rating of the installed equipment for cooling (at
least equal to value from Table 50)

CF = Coincidence factor = 0.87 (default)°
EFLH, = Equivalent full-load cooling hours (Table 51)

48 Code specified SEER values converted to EER using EER = -0.02 x SEER? + 1.12 x SEER. National Renewable
Energy Laboratory (NREL) 2010, “Building America House Simulation Protocols.” U.S. DOE. Revised October
www.nrel.gov/docs/fy110sti/49246.pdf.

49'U.S. DOE, 2011 Technical Support Document: “Residential Central Air Conditioners, Heat Pumps, and Furnaces,
8.2.3.5 Lifetime.” June wwwl.eere.energy.gov/buildings/appliance standards/product.aspx/productid/75.
Download TSD at: www.requlations.gov/#!documentDetail;D=EERE-2011-BT-STD-0011-0012.

50 See Section 4.2 General Reference Information: Coincidence Factors for HVAC.
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Table 51: Central AC Replacement — Equivalent Full-Load Cooling Hours®!

Weather Zone Location EFLHc
9 Rogers® 1,305
8 Ft. Smith 1,432
7 Little Rock 1,583
6 El Dorado® 1,738

Early Retirement
Annual kWh and kW savings must be calculated separately for two time periods:

1. The estimated remaining life of the equipment that is being removed, designated the
remaining useful life (RUL), and

2. The remaining time in the EUL period (19 — RUL)

For the RUL (Table 52):

1 kW 1
“Wsavings = CAPe X 35007 X <EERbase B EERpost> x CF
(48)
1 1
kWhsayings = CAP¢ X 1000 W X EFLH; X <SEERbase - 5EERpost>

(49)

> ENERGY STAR®: www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/75;

Central AC Calculator: www.energystar.gov/products/certified-products/detail/air-conditioning-central.

52 Rogers, AR not listed. Used average of Springfield, MO and Ft. Smith, AR.

%3 El Dorado, AR not listed. Used average of Little Rock, AR and Shreveport, LA.

2.1.6 Central Air Conditioner Replacement Page 58

20190016-SACE-POD-31-538


file:///C:/Users/r2d2r/Documents/www1.eere.energy.gov/buildings/appliance_standards/product.aspx/productid/75
http://www.energystar.gov/products/certified-products/detail/air-conditioning-central

APSC FILED Time: 8/31/2017 10:20:44 AM: Recvd 8/31/2017 lOA?Ea%QWWPSWe/@WOI 2
For the remaining time in the EUL period (19 — RUL):

Calculate annual savings as you would for a replace-on-burnout project using Equations
(46) and (47).

Lifetime kWh savings for Early Retirement Projects is calculated as follows:
Lifetime kWhsgpings = (KWhsapings,er X RUL) + [kWhsapings ros X (EUL — RUL)]

(50)
Where:

ROB = Replace-on-Burnout

ER = Early Retirement

CAP.= Rated equipment cooling capacity of the new unit (Btu/hr)

EER,.s. = Full-load energy efficiency rating of the baseline equipment for cooling (Table 50)

EER,,s:= Nameplate full-load energy efficiency rating of the installed equipment for cooling (at
least equal to value from Table 50)

SEER;,,s. = Seasonal energy efficiency rating of the baseline equipment for cooling (Table 50)

SEER,,s:= Nameplate seasonal energy efficiency rating of the installed equipment for cooling (at
least equal to value from Table 50)CF = Coincidence factor = 0.87 (default)*

EFLH, = Equivalent full-load cooling hours (Table 51)
RUL = Remaining Useful Life (Table 52)
EUL = Estimated Useful Life = 19 years

54See Section 4.2 General Reference Information: Coincidence Factors for HVAC.
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Table 52: Remaining Useful Life (RUL) of Replaced Systems®®

Age of Age of
Replacgd System (5eLeJ1Ir_s) Replacgd System (sel:r_s)

(Years) (Years)
5 15.8 15 8.2
3 14.9 16 7.9
4 14.1 17 7.6
5 13.3 18 7.3
6 12.6 19 1
; 11.9 20 6.8
g 11.3 21 6.8
9 10.8 22 6.4
10 10.3 23 6.2
1 9.8 24 6.0
12 94 25 5.8
13 9.0 26 + 0.0
14 8.6

%5 Use of the early retirement baseline is capped at 25 years, representing the age at which 75 percent of existing
equipment is expected to have failed. Systems older than 25 years should use the ROB baseline.
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Derivation of RULSs

Central air conditioners have an estimated useful life of 19 years. This estimate is consistent with
the age at which approximately 50 percent of the central air conditioners installed in a given year
will no longer be in service, as described by the survival function in Figure 5.
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Figure 5: Survival Function for Central Air Conditioners®®

The method for estimating the RUL of a replaced system uses the age of the existing system to re-
estimate the projected unit lifetime based on the survival function shown in Figure 5. The age of the
central air conditioner being replaced is found on the horizontal axis, and the corresponding
percentage of surviving air conditioners is determined from the chart. The surviving percentage
value is then divided in half, creating a new estimated useful lifetime applicable to the current unit
age. The age (year) that corresponds to this new percentage is read from the chart. RUL is estimated
as the difference between that age and the current age of the system being replaced.

For more information regarding Early Retirement, see section 1.8 Early Retirement.

% U.S. DOE 2011, Technical Support Document: “Residential Central Air Conditioners, Heat Pumps, and Furnaces,
8.2.3.5 Lifetime”. June. www1.eere.energy.gov/buildings/appliance standards/product.aspx/productid/75.

Download TSD at: www.requlations.gov/#!documentDetail;D=EERE-2011-BT-STD-0011-0012.
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2.1.7 Ground Source Heat Pumps

Measure Description

This measure involves the installation of a water-to-air ground source heat pump as a replacement
for an existing air source heat pump (ASHP) or other combination of electric heating and air-to-air
cooling system. This measure is only applicable for single-family applications.

The deemed savings apply to units with a capacity of < 65,000 BTU/hr.

Baseline and Efficiency Standards

The baseline unit is assumed to be an ASHP compliant with the current federal minimum standard®’,
effective January 1, 2015.

The installed ground source heat pump must meet the minimum requirements of the ENERGY
STAR® Tier 3 geothermal heat pump key product criteria, effective January 1, 2012, to be eligible
for these deemed savings.

As specified in Protocol E2 of TRM Volume 1, the enforcement date for a code or standard update
is the end of the current program year if the effective date of the code or standard update is before
July 1. For code or standard effective dates on or after July 1, the enforcement date is the end of the
following program year. The specified lag period is to allow for the sale and/or use of existing
equipment inventory. See Protocol E2 for more details.

Table 53: Ground Source Heat Pump — Baseline and Efficiency Standards

Baseline Baseline ENERGY STAR® Criteria
Before January 1, 2015 Effective January 1, 2015 effective January 1, 2012
Air Source Heat Pump Air Source Heat Pump Closed Loop
13 SEER, 14 SEER, Water-to-Air 17.1EER 3.6 COP
7.7 HSPF 8.2 HSPF*® Open Loop
(or 2.26 COP)= (or 2.40 COP)® Water-to-Air | 2L1EER | 4.1COP

Estimated Useful Life (EUL)

The average lifetime of this measure is 25 years, based on the DOE’s estimated measure life for the
inside component.5:

57 DOE minimum efficiency standard for residential air conditioners/heat pumps.
wwwl.eere.energy.gov/buildings/appliance standards/product.aspx/productid/75.

%8 COP = HSPF x 1055 J/BTU / 3600J/W-hr

%9 Standard is 8.2 for split systems and 8.0 HSPF for packaged systems. 8.2 is assumed because it is more
conservative and because it is more likely that a split system would be installed in a residential setting.

60 COP = HSPF x 1055 J/BTU / 3600J/W-hr

61 Source DOE Energy Savers website:
Www.energysavers.gov/your _home/space heating cooling/index.cfm/mytopic=12640
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Deemed Savings Values

The existing deemed savings values will continue to be applied until this measure can be updated
to reflect the updated baseline, effective January 1, 2015, and updated efficiency standard, effective
January 1, 2012. However, projects must still comply with the current baseline and efficiency

standard as outlined above.

Table 54: Ground Source Heat Pump — Deemed Savings Values - Zone 9 Northwest Region

Desuperheater
. Energy Savings | Demand Savings
HP Eff
GS ciency (KWhiton) (KWiton)
17.1 EER and above Units 1,104 0.322
No Desuperheater
17.1 EER and above Units 1,038 0.246

Table 55: Ground Source Heat Pump — Deemed Savings Values - Zone 8 Northeast/North Central
Region

Desuperheater
. Energy Savings | Demand Savings
GSHP Eff
clency (KWh/ton) (KW/ton)
17.1 EER and above Units 1,053 0.467
No Desuperheater
17.1 EER and above Units 947 0.397

Table 56: Ground Source Heat Pump — Deemed Savings Values - Zone 7 Central Region

Desuperheater
GoHP Effconcy | ST Saungs. | Demane Saings
17.1 EER and above Units 1,034 0.404
No Desuperheater
17.1 EER and above Units 919 0.333

Table 57: Ground Source Heat Pump — Deemed Savings Values - Zone 6 South Region

Desuperheater
GoHp Effiency | ST Saungs. | Demand Saings
17.1 EER and above Units 892 0.419
No Desuperheater
17.1 EER and above Units 721 0.356
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Calculation of Deemed Savings

Deemed savings for this measure were adapted from the Deemed Energy and Demand Savings for
Residential Ground Source Heat Pumps Retrofits in the State of Texas study completed by Oak
Ridge National Laboratory (ORNL).52 Adjustments to the Texas values were based on weather
factors comparing the heating and cooling degree days of each of the Arkansas weather climates to
those studied in the Texas analysis.

The ORNL study draws from a 1998 analysis based on a study conducted at the Fort Polk Joint
Readiness Training Center in Leesville, Louisiana. The Fort Polk study used calibrated simulations
of 200 multifamily residences in the complex to estimate energy savings attributable to replacement
of air source heat pumps with ground source heat pumps. These estimates were found to be within
five percent of actual post-retrofit savings. Building models were developed using TRNSYS.

Using the Fort Polk models, the ORNL study assumed a baseline of a 1.5 ton, 10 SEER air source
heat pump. Simulations of low-, medium-, and high-efficiency ground source heat pumps with and
without desuperheaters were compared against the baseline unit. The models were run using TMY -
2 weather profiles for Texas weather zones. Energy and demand differences between the pre- and
post-retrofit models were used to estimate average savings per ton of cooling capacity.

In the 1998 analysis, low-efficiency GSHPs were assumed to be units with an EER of 12.4 and
capacity of 19 kBtuh, while medium-efficiency units had an EER of 16.8 and capacity of 21 kBtuh.
High-efficiency units had an EER of 18.3, with a capacity of 22 kBtuh.

62 Shonder, J. A., Hughes, P. & Thornton, J. 2001. Development of Deemed Energy and Demand Savings for Residential
Ground Source Heat Pump Retrofits in the State of Texas. Transactions-American Society of Heating, Refrigerating,
and Air Conditioning Engineers. 108, no. 1: 953-961.

http://web.ornl.gov/~webworks/cppr/y2001/pres/112677.pdf.

83 Klein, S. A. 1996. TRNSYS Manual: A Transient Simulation Program, Solar Engineering Laboratory, University of
Wisconsin-Madison, Version 14.2 for Windows, September.
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2.1.8 Heat Pump Replacement

Measure Description®

This measure consists of a residential retrofit with a new heat pump system or the installation of a
new central heat pump system in residential new construction (central unit, packaged unit, split
system consisting of an indoor unit with one or more matching remote condensing units, or mini-
split system). Maximum cooling capacity per unit is 65,000 BTU/hour. This measure applies to all
residential applications.

Baseline and Efficiency Standards

The current federal minimum standard®® became effective January 1, 2015. For new construction
(NC) and replace-on-burnout (ROB) projects, the cooling baseline is 14 SEER and the heating
baseline is 8.2 HSPF for central and split systems and 8.0 HSPF for packaged systems, consistent
with the current federal minimum standard.

For early retirement (ER) projects, the baseline is consistent with the previous federal standard. The
cooling baseline for central and split systems is 10 SEER, and the heating baseline is 6.8 HSPF. For
packaged systems, the cooling baseline is 9.7 SEER and heating baseline is 6.6 HSPF, consistent
with the federal minimum standard® in place until January 23, 2006. For systems installed on or
after January 23, 2006, the ER baseline increases to 13 SEER and 7.7 HSPF. The heating baseline
for early retirement of an electric resistance furnace is 3.41 HSPF.%

For early retirement, the maximum lifetime age of an eligible piece of equipment is capped at the
point at which it is expected that 75 percent of the equipment has failed. Where the age of the unit
exceeds the 75 percent failure age, ROB savings should be applied. This cap prevents early
retirement savings from being applied to projects where the age of the equipment greatly exceeds
the estimated useful life of the measure.

Heat pump equipment shall be properly sized to the dwelling based on ASHRAE or ACCA Manual
J standards. Manufacturer data sheets for installed air conditioning equipment, or AHRI equivalent
combined compressor and coil SEER, must be provided to the utility. The installed central heat
pump equipment must be AHRI certified.

As specified in Protocol E2 of TRM Volume 1, the enforcement date for a code or standard update
is the end of the current program year if the effective date of the code or standard update is before
July 1. For code or standard effective dates on or after July 1, the enforcement date is the end of the
following program year. The specified lag period is to allow for the sale and/or use of existing
equipment inventory. See Protocol E2 for more details.

84 Updates Measure #5 from Initial Filing.

8 DOE minimum efficiency standard for residential air conditioners/heat pumps.
wwwl.eere.energy.gov/buildings/appliance standards/product.aspx/productid/75.

% DOE minimum efficiency standard for residential air conditioners/heat pumps.
wwwl.eere.energy.gov/buildings/appliance standards/product.aspx/productid/75

67 COP = HSPF x 1,055 J/BTU / 3,600 J/W-hr. For Electric Resistance, heating efficiency is 1 COP. Therefore, HSPF
=1x3,600/1,055=3.41.
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Table 58: Heat Pump Replacement — Baseline and Efficiency Standards®®

Project Type Baseline Before 1/23/2006 | Baseline After 1/23/2006 | Baseline After 1/1/2015
13 SEER 14 SEER
New Construction 112 EER 11.8 EER
Replace-on-Burnout . 7 HSPE 8.2 HSPF (Split)
' 8.0 HSPF (Packaged)
10 SEER i
0S (Split) 13 SEER
. 9.7 SEER (Packaged)
Early Retirement, 11.2 EER

9.2 EER .
Heat Pumps 7.7 HSPF (Split)

6.8 HSPF (Split)
7.7 HSPF (Packaged
6.6 HSPF (Packaged) (Packaged)

Early Retirement 10 SEER 13 SEER
g o 9.2 EER 11.2 EER
Electric Resistance

Estimated Useful Life (EUL)
The average lifetime of this measure is 16 years, according to the US DOE.®

Calculation of Deemed Savings

Replace-on-Burnout

1 kW 1 1
kWsavings = CAP¢ X 1000 W . <EERbase B EERpost> x CF
(51)
kWh-Savings = kWhSavings,C + kthavings,H
(52)
1 1
kWhsavings,c = CAPe X 5000 X EFLHe X <SEERbase - SEERpost>
(53)
1 1
kWhsavingsn = CAPy X o607~ X EFLHy X <HSPFbase - HSPFpost>
(54)

Where:

8 Code specified SEER values converted to EER using EER = -0.02 x SEER? + 1.12 x SEER. National Renewable
Energy Laboratory (NREL). US. U.S. DOE, “Building America House Simulation Protocols, 2010.” Revised
October. www.nrel.gov/docs/fyl110sti/49246.pdf.

69 US U.S. DOE, 2011. Technical Support Document: “Residential Central Air Conditioners, Heat Pumps, and
Furnaces, 8.2.3.5 Lifetime”. June. wwwi.eere.energy.gov/buildings/appliance standards/product.aspx/productid/75.

Download TSD at: www.requlations.gov/#!documentDetail;D=EERE-2011-BT-STD-0011-0012.
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CAP. = Rated equipment cooling capacity of the new unit (Btu/hr)
CAPy = Rated equipment heating capacity of the new unit (Btu/hr)
EER,,s. = Full-load energy efficiency rating of the baseline equipment for cooling (Table 58)

EER,,s:= Nameplate full-load energy efficiency rating of the installed equipment for cooling (at
least equal to value from Table 58)

SEER,.s. = Seasonal energy efficiency rating of the baseline equipment for cooling (Table 58)

SEER,,s:= Nameplate seasonal energy efficiency rating of the installed equipment for cooling (at
least equal to value from Table 58)

HSPF, ;. = Heating seasonal performance factor rating of the baseline equipment for heating
(Table 58)

HSPF,,s+= Nameplate heating seasonal performance factor rating of the installed equipment for
heating (at least equal to value from Table 58)

CF = Coincidence factor = 0.87 (default)™
EFLH. = Equivalent full-load cooling hours (Table 59)
EFLHy = Equivalent full-load heating hours (Table 59)

Table 59: HP Replacement — Equivalent Full-Load Cooling/Heating Hours™

Weather Zone Location EFLHc EFLHH
9 Rogers’ 1,305 1,868
8 Ft. Smith 1,432 1,738
7 Little Rock 1,583 1,681
6 El Dorado™ 1,738 1,521

Early Retirement
Annual kWh and kW savings must be calculated separately for two time periods:

1. The estimated remaining life of the equipment that is being removed, designated the
remaining useful life (RUL), and

2. The remaining time in the EUL period (16 — RUL).

For the RUL (Table 60):

70See Section 4.2 General Reference Information: Coincidence Factors for HVAC.

T ENERGY STAR® Central HP Calculator:
www.energystar.gov/products/certified-products/detail/heat-pumps-air-source.

2 Rogers, AR not listed. Used average of Springfield, MO and Ft. Smith, AR.
3 El Dorado, AR not listed. Used average of Little Rock, AR and Shreveport, LA.
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W, = G ( 11 > x CF
1000 W * \EERpase EERpo5
(55)
kW hsapings = kWhsavings,c + kKW hsavings.u
(56)
1 1
W hsavings,c = CAPc X 35007 X EFLHe X <SEERbase - SEERpost>
(57)
1 1
kWhsavings,n = CAPy X 700070 X EFLHy X <HSPFbase - HSPFpost>
(58)

For the remaining time in the EUL period (19 — RUL):

Calculate annual savings as you would for a replace-on-burnout project using Equations
(51), (53), and (54).

Lifetime kWh savings for Early Retirement Projects is calculated as follows:
Lifetime kWhsgpings = (KWhsapings,er X RUL) + [kWhsgpings ros X (EUL — RUL)]

(59)
Where:

ROB = Replace-on-Burnout

ER = Early Retirement

CAP.= Rated equipment cooling capacity of the new unit (Btu/hr)

EER,,s. = Full-load energy efficiency rating of the baseline equipment for cooling (Table 58)

EER,,s:= Nameplate full-load energy efficiency rating of the installed equipment for cooling (at
least equal to value from Table 58)

SEER;, ... = Seasonal energy efficiency rating of the baseline equipment for cooling (Table 58)

SEER,,,s:= Nameplate seasonal energy efficiency rating of the installed equipment for cooling (at
least equal to value from Table 58)

HSPF, ;. = Heating seasonal performance factor rating of the baseline equipment for heating
(Table 58)

HSPF,,s+= Nameplate heating seasonal performance factor rating of the installed equipment for
heating (at least equal to value from Table 58)

CF = Coincidence factor = 0.87 (default)™
EFLH. = Equivalent full-load cooling hours (Table 59)
EFLHy = Equivalent full-load cooling hours (Table 59)

74See Section 4.2 General Reference Information: Coincidence Factors for HVAC.

2.1.8 Heat Pump Replacement Page 68
20190016-SACE-POD-31-548



APSC FILED Time: 8/31/2017 10:20:44 AM: Recvd 8/31/2017 lOA?Ea%QWWPSWe/@Q/OI 2
RUL = Remaining Useful Life (Table 60)
EUL = Estimated Useful Life = 16 years

Table 60: Remaining Useful Life (RUL) of Replaced Systems’™

Age of Replaced System RUL Age of Replaced System RUL

(YYears) (YYears) (Years) (Years)
2 12.7 13 7.6
3 12.0 14 7.3
4 11.3 15 7.1
5 10.7 16 6.9
6 10.2 17 6.7
7 9.7 18 6.5
8 9.3 19 6.3
9 8.9 20 6.1
10 8.5 21 6.1
11 8.2 22 + 0.0
12 7.9

5 Use of the early retirement baseline is capped at 21 years, representing the age at which 75 percent of existing
equipment is expected to have failed. Systems older than 21 years should use the ROB baseline.

2.1.8 Heat Pump Replacement Page 69
20190016-SACE-POD-31-549



APSC FILED Time: 8/31/2017 10:20:44 AM: Recvd 8/31/2017 lOA?Paﬁ%QWWPSWe/ {fﬁvol 2
Derivation of RULSs

Central heat pumps have an estimated useful life of 16 years. This estimate is consistent with the
age at which approximately 50 percent of the central heat pumps installed in a given year will no
longer be in service, as described by the survival function in Figure 6.
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Figure 6: Survival Function for Central Heat Pumps™

The method for estimating the RUL of a replaced system uses the age of the existing system to re-
estimate the projected unit lifetime based on the survival function shown in Figure 6. The age of the
central heat pump being replaced is found on the horizontal axis, and the corresponding percentage
of surviving heat pumps is determined from the chart. The surviving percentage value is then
divided in half, creating a new estimated useful lifetime applicable to the current unit age. The age
(year) that corresponds to this new percentage is read from the chart. RUL is estimated as the
difference between that age and the current age of the system being replaced.

For more information regarding Early Retirement, see section 1.8 Early Retirement.

76 US U.S. DOE, 2011, Technical Support Document. “Residential Central Air Conditioners, Heat Pumps, and
Furnaces, 8.2.3.5 Lifetime, ”. June. www1.eere.energy.gov/buildings/appliance standards/product.aspx/productid/75.

Download TSD at: www.requlations.gov/#!documentDetail;D=EERE-2011-BT-STD-0011-0012.
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2.1.9 Hydronic Heating

Measure Description

Hydronic heating systems require installation of both a fan coil air handler and one or more tankless
gas water heaters and accessories. These systems are expensive as they require extensive piping to
install correctly and possibly more than one tankless water heater in order to meet the heating loads
of the home. In addition, a secondary heat exchanger may be required by local codes. Given the
high incremental costs, customers should be aware that these systems may not be cost effective,
even with high gas savings. This measure is only applicable for single-family applications.

Baseline and Efficiency Standards

This measure applies to newly constructed homes only. The baseline for this measure is a new home
that meets the state of Arkansas’s residential energy code. All jurisdictions in Arkansas have
adopted the 2009 IECC. The baseline home assumes the installation of a gas furnace and gas water
heater that meets the current minimum federal standard efficiency requirements.

To be eligible for this program, the hydronic furnace must have a minimum AFUE rating of 90
percent. The installed tankless water heaters should have a minimum Energy Factor of 0.82.
Estimated Useful Life (EUL)

The estimated measure life is based on the 20-year life of the instantaneous water heater, according
to DEER 2008.

Deemed Savings Values

Please note that the savings are a factor to be multiplied by the MBH (kBTU/hr) rating of the
installed equipment. Gas Heat (with no AC) kWh applies to forced air furnace systems only.

Table 61: Hydronic Heating — Deemed Savings Values - Zone 9 Northwest Region

AC/Gas Gas Heat Gas AC Peak Peak Gas
Unit Heat KWh (no AC) Heat Savings Savings
kWh Therms (kW) (Therms)
Hydronic System / MBH / MBH / MBH / MBH / MBH
90% AFUE and 0.89 EF 0 0 2.16 0 0.03795
90% AFUE and 0.82 EF 0 0 2.00 0 0.03744
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Table 62: Hydronic Heating — Deemed Savings Values - Zone 8 Northeast/North Central Region

AC/Gas Gas Heat Gas AC Peak Peak Gas
Unit Heat KWh (no AC) Heat Savings Savings
kWh Therms (KW) (Therms)™
Hydronic System /| MBH / MBH /| MBH / MBH / MBH
90% AFUE and 0.89 EF 0 0 2.16 0 0.03333
90% AFUE and 0.82 EF 0 0 2.00 0 0.03282
Table 63: Hydronic Heating — Deemed Savings Values - Zone 7 Central Region
Gas Heat Gas AC Peak Peak Gas
Unit Héeilg\jl\?h (no AC) Heat Savings Savings
kWh Therms (kW) (Therms)
Hydronic System / MBH / MBH /{ MBH / MBH / MBH
90% AFUE and 0.89 EF 0 0 1.96 0 0.02830
90% AFUE and 0.82 EF 0 0 1.81 0 0.02785
Table 64: Hydronic Heating — Deemed Savings Values - Zone 6: South Region
Gas Heat AC Peak Peak Gas
Unit H/Ae\ecl:tlf\?\?h (no AC) GT6;15e|r_|r$1§t Savings Savings
kWh (kW) (Therms)
Hydronic System / MBH / MBH / MBH / MBH / MBH
90% AFUE and 0.89 EF 0 0 1.72 0 0.03086
90% AFUE and 0.82 EF 0 0 1.58 0 0.03036

Calculation of Deemed Savings

Deemed savings values have been calculated for each of the four weather zones. The deemed
savings are dependent upon the AFUE and Energy Factor of the equipment, and are presented as
annual therm savings per kBTUh of furnace capacity, or output.

EnergyGauge USA was used to estimate energy savings for a series of models. Since hydronic
heating savings are sensitive to weather, available TMY 3 weather data specific to each of the four
Arkansas weather regions were used for the analysis. The prototype home characteristics used in
the EnergyGauge building model are outlined in Appendix A.

" Peak gas savings in the Zone 8 table are for the Blytheville peak. Other Zone 8 peaks can be calculated by
multiplying Blytheville peak by the appropriate factor, m. For the 0.89 EF Systems: for Jonesboro, m = 0.9196. For
Fort Smith, m = 0.8825. For the 0.82 EF Systems: for Jonesboro, m = 0.9174. For Fort Smith, m = 0.8797.
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2.1.10 Window Air Conditioner Replacement

Measure Description

This measure involves replacement of an existing window air conditioner with a new window air
conditioner. This measure applies to all residential applications.

Baseline and Efficiency Standards

The baseline is assumed to be a new air conditioning unit with a combined energy efficiency ratio
(CEER) rating that meets the current federal standard, which became effective on June 1, 2014.7

Installed units must meet the current ENERGY STAR® specification of 10 percent more efficient
than the federal standard for all categories. The baseline and efficiency standards are summarized
in Table 65 below.

Table 65: Window AC Replacement — Baseline and Efficiency Standards™

Rce:veTse Louvered Capacity E?sglme Efficiency
ycle . iciency
(Yes/No) Sides (Yes/No) (Btu/hr) (CEER) Standard (EER)
< 8,000 11.0 12.1
> 8,000 and < 14,000 10.9 12.0
No Yes
> 14,000 and < 20,000 10.7 11.8
> 20,000 9.4 10.3
< 8,000 10.0 11.0
No No
> 8,000 9.6 10.6
< 20,000 9.8 10.8
Yes Yes
> 20,000 9.3 10.2
< 14,000 9.3 10.2
Yes No
> 14,000 8.7 9.6

Estimated Useful Life (EUL)

According to the DOE’s Technical Support Document, Chapter 8: Life Cycle Cost and Payback
Period Analyses 2011, the measure life is 10.5 years.

810 CFR 430.32(b).
https://wwwl.eere.energy.gov/buildings/appliance standards/standards.aspx?productid=52&action=viewlivefcurrent
standards

7 Current federal standards, as well as ENERGY STAR® criteria for room air conditioners can be found on the
ENERGY STAR® website at www.energystar.gov/index.cfm?c=roomac.pr_crit room ac.
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Calculation of Deemed Savings

1 kW 1 1
kWsavings = CAP X 1000 W X <77base _77post> xor
(60)
1
kWhsqpings = CAP X 1000 W X RAF X EFLH; X <lease - Tlpost>
(61)

Where:

CAP = Rated equipment cooling capacity of the new unit (Btu/hr)
Npase = ENErgy efficiency rating (EER) of the baseline cooling equipment (Table 65)

Npost = ENergy efficiency rating (EER) of the installed cooling equipment (at least equal to value
from Table 65)

CF = Coincidence factor = 0.87 (default)®®
RAF = Room AC adjustment factor = 0.49 (default); derivation described in Table 67.
EFLH. = Equivalent full-load cooling hours (Table 66)

Table 66: Room AC Replacement — Equivalent Full-Load Cooling Hours®

Weather Zone Location EFLHc
9 Rogers® 1,305
8 Ft. Smith 1,432
7 Little Rock 1,583
6 El Dorado® 1,738

80See Section 4.2 General Reference Information: Coincidence Factors for HVAC .

81 ENERGY STAR® Room AC Calculator:
www.energystar.gov/products/certified-products/detail/air-conditioning-room.

82 Rogers, AR not listed. Used average of Springfield, MO and Ft. Smith, AR.
8 El Dorado, AR not listed. Used average of Little Rock, AR and Shreveport, LA.
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The EFLHs from the ENERGY STAR® Room AC savings are the same as those used for the
ENERGY STAR® Central AC savings calculator. This is not appropriate as room AC units typically
to not run as many hours as central systems. To correct this issue, an adjustment factor of 49 percent
is applied to the ENERGY STAR® EFLHSs.

This adjustment factor is derived by taking the ratio of average run hours from two sources to the
ENERGY STAR® EFLHSs. The derivation of this factor is described in Table 67.

Table 67: RAF Derivation

Weather Zone | Location | ES EFLHc | RLW Adj Hours® | AHAM Hours® I_’fg’l?r's RAF
9 Rogers® 1,305 431 833 632 0.48

8 Ft. Smith 1,432 473 978 725 0.51

7 Little Rock 1,583 522 1,009 766 0.48

6 El Dorado®’ 1,738 573 1,061 817 0.47
Average:| 0.49

The values in the ES EFLHC column are taken directly from the ENERGY STAR® Room AC
savings calculator assumptions. The values in the RLW Adj Hours column were calculated by
multiplying the ES EFLHC values by a 0.33 factor. The 0.33 factor was derived by taking the ratio
of EFLHC specified in a study performed by RLW Analytics for the Northeast Energy Efficiency
Partnerships’ New England Evaluation and State Program Working Group to the EFLHC values
from the ENERGY STAR® Room AC savings calculator for the same reference cities. The values
in the AHAM Hours column are taken directly from the Association of Home Manufacturers
(AHAM) Room Air Conditioner calculator.

8 RLW Analytics: Final Report Coincidence Factor Study Residential Room Air Conditioners,
www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/National%20Grid/117 RLW _ CF%20Res%
20RAC.pdf. Derived by taking the average ratio of EFLH for Room ACs (from the RLW Analytics report) to EFLHSs
for Central ACs for the same location (from the ENERGY STAR® Central AC Calculator).

8 Association of Home Appliance Manufacturers Room Air Conditioner calculator. www.cooloff.org/sub_cool.html.
8 Rogers, AR not listed. Used average of Springfield, MO and Ft. Smith, AR.
87 El Dorado, AR not listed. Used average of Little Rock, AR and Shreveport, LA.
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2.1.11 Duct Sealing

Measure Description

This measure involves sealing leaks in supply and return ducts of the distribution systems of homes
or converted residences with either central air conditioning or a ducted heating system. This measure
applies to all residential applications.

Baseline and Efficiency Standards

The savings calculation methods for this measure are valid up to a maximum pre-installation
leakage rate of 40 percent of total fan flow.*® Data from nearly 28,000 single-family and
manufactured home duct blaster tests conducted for duct efficiency improvements in Texas between
2003 and 2006 show that more than 70 percent of all pre-retrofit leakage rates fall below 38 percent
total leakage.®® However, Arkansas specific measurements indicate that higher leakages in
manufactured homes are common. Therefore, the cap for manufactured homes only is set to fifty
percent of total fan flow.*

Engineering calculations show that the interior temperature in those settings that exceed 40 percent
total leakage would be above the thermally acceptable comfort levels published by ASHRAE in its
2009 Fundamentals publication. Homeowners would likely take steps to remedy the situation
independent of the program long before their duct system reached these leakage levels, and certainly
before the rated useful life of the duct leakage measure. The proposed pre-installation leakage limits
will help ensure that the deemed savings are an accurate reflection of the program’s impacts, and
that the program focus is on scenarios where leakage conditions are likely to persist if unaddressed
for several years.

Materials used should be long-lasting materials, such as mastics, UL 181A or UL 181B approved
foil tape, or aerosol-based sealants. Fabric-based duct tape is not allowed.

Estimated Useful Life (EUL)

According to DEER 2008, the Estimated Useful Life is 18 years for duct sealing.

Calculation of Deemed Savings

Two methodologies for estimating duct sealing energy savings are provided. The first method,
which is the preferred approach, requires duct leakage testing using either a duct pressurization
device (e.g., Duct Blaster™), or a combination duct pressurization and blower door. The second
method requires careful inspection of the existing ducts.

8 Total Fan Flow = Cooling Capacity (tons) x 400
8 Based on data collected by Frontier Associates, LLC for investor-owned utilities in Texas.

% Duct leakage measurement data obtained in 2016 from EAI duct sealing measure participation.
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1. Duct Leakage Testing - Measurements to determine pre-installation and post-installation
leakage rates must be performed in accordance with utility-approved procedures. In
applications where a majority of the ducts are in an unconditioned space, the most
commonly-used acceptable test method is the Duct Blaster™ (or equivalent) Total Duct
Leakage test. In applications where duct leakage-to-outside must be directly measured, the
Project Sponsor may use the Combination Duct Blaster™ (or equivalent) and Blower Door
method. Other tests — such as the blower door subtraction method -- may be accepted at the
utility’s discretion.

Prior to beginning any installations, the Project Sponsor must submit the intended method(s)
and may be required to provide the utility with evidence of competency, such as Home
Energy Rating System (HERS) or North American Technician Excellence (NATE)
certification.

Leakage rates must be measured and reported at the average air distribution system operating
pressure (25 Pa).*

2. Evaluation of Distribution Efficiency - This methodology is based on an assumed 5 percent
increase in distribution system efficiency (DSE). This assumed value is based on expected
DSE improvements determined through evaluation the Building Performance Institute’s
(BPI) Distribution Efficiency Look-up Table.®? By assuming an improvement from
“significant leaks” to “some observable leaks” or “some observable leaks to “no observable
leaks,” or “connections sealed with mastic,” a conservative estimate of five percent can be
identified as typical regardless of duct location and duct insulation value.®

91 See RESNET Technical Committee, Proposed Amendment: Chapter 8 RESNET Standards, 800 RESNET Standard
for Performance Testing and Work Scope: Enclosure and Air Distribution Leakage Testing; Section 803.2 and Table
803.1.

9 Distribution Efficiency Lookup Table. Building Performance Institute Inc. Updated January 2012.
www. bpi.org/files/pdf/DistributionEfficiencyTable-BlueSheet. pdf.

%3 In the referenced table, there are five categories of duct leakage. For duct systems with R-4 to R-7 insulation that
are 50% or more outside the conditioned space, the distribution efficiencies associated with the five leakage categories
are:

Connections sealed with mastic: 80%
No observable leaks: 74%

Some observable leaks: 70%
Significant leaks: 65%

Catastrophic leaks: 60%

For leakage reduction that does not involve any diagnostic testing, and is based solely on the contractors’ visual estimate
of leakage reduction, the deemed savings are calculated based on the average leakage reduction that would occur if the
duct system were improved by one category (e.g., going from “Significant leaks” to “Some observable leaks” or “No
observable leaks” to “Connections sealed with mastic”). The percent improvement (per step) going from the leakiest to
the tightest leakage category are 5%, 5%, 4%, and 6%. Averaging these improvements yields a deemed improvement
of five percent per step.
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Cooling Savings (Electric):
(DLpre - DLpost) X EFLHC X (houtpout - hinpin) X 60

kthavings,C = 1,000 X SEER
(62)
OR
ADSE X EFLH; X CAP
kthavings,C = 1.000 X SEER
(63)

Where:

DLy, = Pre-improvement duct leakage at 25 Pa (ft*/min)

DL,,s = Post-improvement duct leakage at 25 Pa (ft3/min)

ADSE = Assumed improvement in distribution system efficiency = 5% = 0.05
EFLH = Equivalent full load cooling hours (Table 69)

h,.:= Outdoor design enthalpy (Btu/Ib) (Table 68)

h;, = Indoor design enthalpy (Btu/lb) (Table 68)

Table 68: Enthalpy at Design Conditions®

Weather Zone Location Nout Nin
9 Rogers® 39 30
8 Fort Smith 39 29
7 Little Rock 40 30
6 El Dorado 40 30

Poue= Density of outdoor air at 95°F = 0.0740 (Ib/ft3)%
pin = Density of conditioned air at 75°F = 0.0756 (Ib/ft3)
60 = Constant to convert from minutes to hours

CAP = Cooling capacity (BTU/hr)

1,000 = Constant to convert from W to kW

SEER = Seasonal Energy Efficiency Ratio of existing system (Btu/W-hr) = 11.5 (default)®’

As an example, assume the duct leakage before sealing was measured at 360 CFM and the leakage
after sealing was 90 CFM for a house in weather zone 7. Using the SEER value of 11.5 Btu/W-hr,
the annual savings would be:

% ANSI/ASHRAE Standard 152-2004, Table 6.3b
% Rogers, AR not available, used data for Forth Smith, AR.

% ASHRAE Fundamentals 2009, Chapter 1: Psychometrics, Equation 11, Equation 41, Table 2

% Average of US U.S. DOE minimum allowed SEER for new air conditioners from 1992-2006 (10 SEER) and after
January 23, 2006 (13 SEER)
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kWh/year = (360 — 90) x 1669 x (40 x 0.074 — 30 x 0.0756) x 60/ (1000 x 11.5)
= 1627 kWh/year
Heating Savings (Heat Pump):
(DLyre — DLyost) X 60 X HDD X 24 x 0.018

kthavings,H = 1,000 X HSPF
(64)
OR
ADSE X EFLHy X CAP
kW hsapings,n = 1,000 X HSPF
(65)

Where:

DLy, = Pre-improvement duct leakage at 25 Pa (ft*/min)

DL,,s: = Post-improvement duct leakage at 25 Pa (ft3/min)

ADSE = Assumed improvement in distribution system efficiency = 5% = 0.05
EFLHy = Equivalent full load heating hours (Table 69)

60 = Constant to convert from minutes to hours

HDD = Heating degree days (Table 2)

24 = Constant to convert from days to hours

0.018 = Volumetric heat capacity of air (Btu/ft>°F)

CAP = Heating capacity (Btu/hr)

1,000 = Constant to convert from W to kW

HSPF = Heating Seasonal Performance Factor of existing system (Btu/W-hr) = 7.30 (default)®®

Heating Savings (Electric Resistance):
_ (DLpyre = DLyoge) X 60 X HDD X 24 % 0.018

kthavings,H - 3,412
(66)
OR
ADSE x EFLH, X CAP
kWhayingsn = 3,412
(67)

% Average of DOE minimum allowed HSPF for new heat pumps from 1992-2006 (6.8 HSPF) and after January 23,
2006 (7.7 HSPF).
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Where:

DL,,.= Pre-improvement duct leakage at 25 Pa (ft3/min)

DL,,s:= Post-improvement duct leakage at 25 Pa (ft3/min)

ADSE = Assumed improvement in distribution system efficiency = 5% = 0.05
60 = Constant to convert from minutes to hours

HDD = Heating degree days (Table 2)

24 = Constant to convert from days to hours

0.018 = Volumetric heat capacity of air (Btu/ft>°F)

EFLHn = Equivalent full load heating hours (Table 69)

CAP = Heating capacity (BTU/hr)

3,412 = Constant to convert from Btu to kWh

Heating Savings (Gas Furnace):

(DLyye — DLyost) X 60 X HDD X 24 x 0.018
100,000 X AFUE

Thermssavings,H =

(68)
OR

ADSE X EFLHy X CAP
100,000 x AFUE

Thermssavings,H =

(69)
Where:
DLpre = Pre-improvement duct leakage at 25 Pa (ft3/min)
DLpost = Post-improvement duct leakage at 25 Pa (ft3/min)
ADSE = Assumed improvement in distribution system efficiency = 5% = 0.05
60 = Constant to convert from minutes to hours
HDD = Heating degree days (Table 2)
24 = Constant to convert from days to hours
0.018 = Volumetric heat capacity of air (Btu/ft*°F)
EFLHH = Equivalent full load heating hours (Table 69)
CAP = Heating capacity (Btuh or BTU/hr)
100,000 = Constant to convert from Btu to therms
AFUE = Annual Fuel Utilization Efficiency of existing system = 0.78 (default)*

99 wwwi.eere.energy.gov/buildings/appliance standards/product.aspx/productid/72.
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