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ABOUT THIS DOCUMENT

This Energy Efficiency Program Impact Evaluation Guide describes the common terminology, structures, and approaches used
for determining (evaluating) energy and demand savings as well as avoided emissions and other non-energy benefits resulting
from facility (non-transportation) energy efficiency programs that are implemented by local governments, states, utilities, private
companies, and nonprofits. While this guide does not recommend specific approaches, it provides context, planning guidance,
and discussion of issues that determine the most appropriate evaluation objectives and best practices approaches for different
efficiency portfolios. By using standard evaluation terminology and structures and best practices approaches, evaluations can
support the adoption, continuation, and expansion of effective efficiency actions.

The primary audiences for this guide are energy regulators; public and private energy efficiency portfolio administrators such
as utilities, nonprofit organizations, and government agencies; program implementers; and evaluators looking for guidance on
the following:

e The evaluation process and approaches for determining program impacts
¢ Planning evaluation efforts

e Key issues associated with establishing evaluation frameworks for improving the efficacy of energy efficiency portfolios,
documenting the impacts of such portfolios, and comparing demand- and supply-side resources.

Introductory portions and appendices are also intended for policymakers seeking general information about efficiency program
impact evaluation as well as the basic principles of process and market evaluations and cost-effectiveness analyses. Although the
guide is not directly intended for expert evaluation practitioners who can rely on more detailed and specific resources that are
referred to in this guide, it offers introductions to and summaries of evaluation topics that can be useful for explaining concepts
and standard practices to clients, new staff, stakeholders, and others who could benefit from a refresher on principles.

This 2012 version of the guide is an update to the 2007 National Action Plan for Energy Efficiency Model Energy Efficiency Program
Impact Evaluation Guide. Prepared by Steve Schiller, Schiller Consulting, Inc. www.epa.gov/eeactionplan.
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The Energy Efficiency Program Impact Evaluation Guide was developed as a product of the State and Local Energy Efficiency (EPA) Action
Network (SEE Action), which is facilitated by the U.S. Department of Energy and the U.S. Environmental Protection Agency. Content does not
imply an endorsement by the individuals or organizations that are part of SEE Action working groups or reflect the views, policies, or other-
wise of the federal government.

This effort was funded by the Permitting, Siting, and Analysis Division of the U.S. Department of Energy’s Office of Electricity
Delivery and Energy Reliability under Lawrence Berkeley National Laboratory Contract No. DE-AC02-05CH11231.

If this document is referenced, it should be cited as:
State and Local Energy Efficiency Action Network. 2012. Energy Efficiency Program Impact Evaluation Guide.
Prepared by Steven R. Schiller, Schiller Consulting, Inc., www.seeaction.energy.gov.

FOR MORE INFORMATION

For more information regarding the Energy Efficiency Program Impact Evaluation Guide, please contact:

Michael Li Carla Frisch
U.S. Department of Energy U.S. Department of Energy
Email: Michael.Li@ee.doe.gov Email: Carla.Frisch@ee.doe.gov

Regarding the State and Local Energy Efficiency Action Network, please contact:

Johanna Zetterberg
U.S. Department of Energy
Email: Johanna.Zetterberg@ee.doe.gov
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List of Acronyms

ACEEE: American Council for an Energy-Efficient Economy
AEA: American Evaluation Association
ANSI: American National Standards Institute

ASHRAE: American Society of Heating, Refrigerating and
Air-Conditioning Engineers

BAU: business as usual
BM: build margin (for electric generating units)

Btu: British thermal units

CAIR: Clean Air Interstate Rule

CALMAC: California Measurement Advisory Council
C&S: (efficiency) codes and standards

CDD: cooling degree day

CDM: (United Nations Framework Convention on Climate Change)
Clean Development Mechanism

CEMS: Continuous Emission Monitoring Systems

CFL: compact fluorescent light bulb

CMVP: Certified Measurement and Verification Professionals
CO2: carbon dioxide

CPUC: California Public Utility Commission

CSA: conditional savings analysis

CV: contingent valuation

Cx: commissioning

DEER: Database for Energy Efficiency Resources (California)
DOE: U.S. Department of Energy
DR: demand response

DSM: demand-side management

E&T: education and training
ECM: energy conservation measure

EE: energy efficiency

EERS: energy efficiency resource standard

EGU: electric generating unit (a power plant)
EM&YV: evaluation, measurement, and verification
EPA: U.S. Environmental Protection Agency

ER: emission rate

ESCO: energy services company

ETO: Energy Trust of Oregon

EUL: effective useful life

FEMP: Federal Energy Management Program

FERC: Federal Energy Regulatory Commission

GHG: greenhouse gas

HDD: heating degree day

HERS: Home Energy Rating System

HHV: higher heating value

HVAC: heating, ventilation, and air conditioning

IPCC: Intergovernmental Panel on Climate Change
IPM: integrated planning model

IPMVP: International Performance Measurement and
Verification Protocol

IRP: integrated resource planning

I1SO: independent system operator or International Organization
for Standardization

kW: kilowatt
kWh: kilowatt-hour

Ib: pound
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M&V: measurement and verification

MARAMA: Mid-Atlantic Regional Air Management Association
MMBtu: million Btu

MT: market transformation

MW: megawatt

MWh: megawatt-hour

NAESCO: National Association of Energy Service Companies
NEB: non-energy benefit

NEEA: Northwest Energy Efficiency Alliance

NEI: non-energy impact

NERC: North American Reliability Corporation

NOMAD: naturally occurring market adoption rate

NOXx: nitrogen oxide

NPV: net present value

NTG: net-to-gross

NTGR: net-to-gross ratio

O&M: operations and maintenance

OM: operating margin (for electric generating units)

PACT: program administrator cost test
PCT: participant cost test

PMP: Performance Measurement Protocols for Commercial
Buildings (ASHRAE)

PSC: Public Service Commission

PUC: Public Utilities Commission

QAG: quality assurance guideline
QA/QC: quality assurance/quality control

QEM: quasi-experimental methods

RASS: residential appliance saturation studies

RCx: retro-commissioning

RCT: randomized controlled trial

RD&D: research, development, and demonstration
REED: Regional Energy Efficiency Database

RFP: request for proposal

RFQ: request for qualifications

RGGI: Regional Greenhouse Gas Initiative

RIM: ratepayer impact test

RTF: Regional Technical Forum

SCT: societal cost test

SIP: State (air pollution reduction) Implementation Plan
S02: sulfur dioxide

SPM: (California) Standard Practice Manual

SPT: standardized project tracking

TBE: theory-based evaluation
T&D: transmission and distribution
TRC: total resource cost test

TRM: technical reference manual

UMP: Uniform Methods Project

VCS: Verified Carbon Standard

WBCSD: World Business Council for Sustainable Development

WRI: World Resources Institute
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Executive Summary

ES.1 TOPICS COVERED BY THIS GUIDE
AND INTENDED AUDIENCES

This Energy Efficiency Program Impact Evaluation Guide describes and
provides guidance on approaches for determining and documenting
energy and non-energy benefits resulting from end-use energy
efficiency programs and portfolios of programs. It specifically focuses
on impact evaluations for programs designed to reduce facility (e.g.,
home, commercial building, factory) energy consumption and/or
demand as well as related air emissions. This guide’s objective is to
support the implementation of effective energy efficiency actions by
providing information on standard procedures and best practices for
planning and conducting evaluations and reporting results. To this
end, this guide accomplishes the following:

e Defines a systematic evaluation planning and
implementation process

e Describes several standard approaches for determining
energy and demand savings (as well as avoided emissions
and other non-energy impacts)

e Defines key terms related to energy efficiency evaluation
e Provides guidance on key evaluation issues

e Lists publicly available energy efficiency evaluation resources.

The programs primarily addressed in this guide are voluntary; that

is, program participants choose to take the efficiency actions as a
result of some form of inducement. This guide does not focus on,
but does touch on, evaluating mandatory requirements for efficiency
such as found in codes and standards. Similarly, the guide only briefly
addresses evaluating programs for which energy savings are an
indirect benefit, such as contractor training programs.

The audiences for this guide are program designers, implementers,
administrators, evaluators, and public agency officials who oversee
and implement energy efficiency programs. Introductory portions of
this guide are intended for policymakers seeking information about
the basic principles of impact evaluation. Those looking for just the
basics may want to read only through Chapter 3 and refer to the
appendices for overviews of other evaluation types, definitions, and
references. Some readers who are new to evaluation assignments
can benefit from reading the entire document, while others may
benefit from focusing on the evaluation issues and planning chapters
(Chapters 7 and 8, respectively) and using the rest of the document
as a reference. Although the guide is not intended for expert evalu-
ation practitioners, they may find it useful for explaining evaluation
concepts to those without their expertise.

Documents from the U.S. Department of Energy’s (DOE’s) Uniform
Methods Project (UMP) serve as a companion set to this guide and
include model evaluation plans for specific energy efficiency measures
and program categories (e.g., residential lighting, refrigerators,
commercial cooling).!

ES.2 DEFINITION AND IMPORTANCE OF
ENERGY EFFICIENCY EVALUATION

Energy efficiency evaluation includes any of a range of assessment
studies and other activities aimed at determining the effects of

an energy efficiency program. Evaluations can document program
performance, operations, changes in energy efficiency markets, and
cost-effectiveness. There are three broad categories of efficiency
program evaluations: impact evaluations, process evaluations, and
market evaluations. Although this guide focuses on impact evalua-
tions, it is helpful to know the purposes and goals of all three:

¢ Impact evaluations: assessments that determine and document
the direct and indirect benefits of an energy efficiency program.
Impact evaluation involves real-time and/or retrospective
assessments of the performance and implementation of an
efficiency program or portfolio of programs. Program benefits,
or impacts, can include energy and demand savings and non-
energy benefits (sometimes called co-benefits, with examples
being avoided emissions, health benefits, job creation and local
economic development, energy security, transmission and
distribution benefits, and water savings). Impact evaluations also
support cost-effectiveness analyses aimed at identifying relative
program costs and benefits of energy efficiency as compared to other
energy resources, including both demand- and supply-side options.

* Process evaluations: formative, systematic assessments of an
energy efficiency program. They document program operations
and identify and recommend improvements that are likely to
increase the program’s efficiency or effectiveness for acquiring
energy efficiency resources, preferably while maintaining high
levels of participant satisfaction.

¢ Market evaluations: assessments of structure or functioning of
a market, the behavior of market participants, and/or market
changes that result from one or more program efforts. Market
evaluation studies may include estimates of the current market
role of energy efficiency (market baselines), as well as the
potential role of efficiency in a local, state, regional, or national
market (potential studies). Market evaluation studies indicate
how the overall supply chain and market for energy efficiency prod-
ucts works and how they have been affected by a program(s).
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Market evaluations are critical for, but not exclusively used for, Many energy efficiency evaluations are oriented toward developing
programs with market transformation elements and objectives. retrospective estimates of energy savings attributable to a program
Examples of market evaluations are potential studies, baselines  to demonstrate in regulatory proceedings that public or energy

studies, and market effects studies. consumer funds were properly and effectively spent. Beyond
documenting savings and attribution, though, is the role of evaluation
Evaluations have three primary objectives, as shown in Figure ES.1: in improving programs and providing a basis for future savings

e Document the benefits (i.e., impacts) of a program and determine  estimates in resource plans. Therefore, evaluation both fosters

whether the subject program (or portfolio of programs) met its goals ~ more effective programs and justifies increased levels of investment
in energy efficiency as a long-term, reliable energy resource. Perhaps
the imperative for conducting evaluation is best described by a quote
attributed to John Kenneth Galbraith: “Things that are measured
tend to improve.”2

¢ Identify ways to improve current and future programs through
determining why program-induced impacts occurred

e Support energy demand forecasting and resource planning by
understanding the historical and future resource contributions

of energy efficiency as compared to other energy resources. ES.3 IMPACT EVALUATION METRICS

One or more of the following three metrics are usually reported as

FIGURE ES.1: Evaluation objectives the output of impact evaluations:

¢ Estimates of gross (energy and/or demand) savings. These are
the changes in energy consumption and/or demand that result
directly from program-related actions taken by participants in
an efficiency program, regardless of why they participated.

¢ Estimates of net (energy and/or demand) savings. These
are the changes in energy consumption or demand that are
attributable to an energy efficiency program. The primary, but
UNDERSTAND not exclusive, considerations that account for the difference
DOCUMENT AND IMPROVE between net and gross savings are free riders (i.e., those who
LAl PRSI would have implemented the same or similar efficiency projects,
to one degree or another, without the program now or in the
near future) and participant and non-participant spillover
(i.e., savings that result from actions taken as a result of a
SUPPORT ENERGY programs’s influence but which are not directly subsidized or
RESOURCE PLANNING required by the program). Net savings may also include consider-

ation of market effects (changes in the structure of a market).

PERFORMANCE

Determining net savings involves separating out the impacts
that are a result of influences other than the program being
evaluated, such as consumer self-motivation or effects of

prior and/or other programs. Given the range of influences on
consumers’ energy consumption and the complexity in separat-

EVALUATION SUPPORTS SUCCESSFUL ing out both short-term and long-term market effects caused by
EFFICIENCY PROGRAMS the subject programs (and other programs), attributing changes

to one cause (i.e., a particular program) or another can be quite
complex. This is compounded by a general lack of consensus

Documenting the benefits of efficiency, using credible and

transparent methods, is a key component of successfully
among policymakers and regulators on which short-term and

long-term market influences and effects should be considered
when determining net savings. Net savings are discussed in
Chapter 5.

implementing and expanding the role of efficiency in providing
secure, stable, reliable, clean, and reasonably priced energy.
Therefore, evaluation is not an end unto itself but an effective
tool for supporting the adoption, continuation, and expansion of
energy efficiency programs, and thus the efficient use of energy.
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¢ Estimates of non-energy benefits (NEBs). These are the impacts
associated with program implementation or participation
aside from energy and demand savings. These results can be
positive or negative. Some examples include reduced emissions
and environmental benefits, productivity improvements, jobs
created and local economic development, reduced utility
customer disconnects, greater comfort for building occupants,
lower maintenance costs due to better equipment, or increased
maintenance costs due to new and more complex systems.
NEBs are discussed in Section 7.9.

ES.4 ENERGY SAVINGS ESTIMATES
AND UNCERTAINTY: “HOW GOOD IS
GOOD ENOUGH?”

Each of the bullets in Section ES.3 above defines an “estimate”
versus an exact value. This is because energy and demand savings as
well as non-energy benefits resulting from efficiency actions cannot
be directly measured. Instead, savings and benefits are based on
counterfactual assumptions. Using counterfactual assumptions
implies that savings are estimated to varying degrees of accuracy
by comparing the situation (e.g., energy consumption) after a
program is implemented (the reporting period) to what is assumed
to have been the situation in the absence of the program (the

In

“counterfactual” scenario, known as the baseline). For energy impacts,
the baseline and reporting period energy use are compared, while
controlling (making adjustments) for factors unrelated to energy
efficiency actions, such as weather or building occupancy. These
adjustments are a major part of the evaluation process; how they
are determined can vary from one program type to another and

from one evaluation approach to another.

Because the indicated values are estimates, their use as a basis

for decision making can be challenged if their sources and level

of accuracy are not described. Therefore, evaluation results, like

any estimate, should be reported as “expected values”; that is,
based on the impact evaluation, values are expected to be correct
within an associated level of certainty. Minimizing uncertainty and
balancing evaluation costs with the value of the indicated evaluation
information are at the heart of the evaluation process and leads to
perhaps the most fundamental evaluation question: “How good is
good enough?” This question is a short version of asking (1) what
level of certainty is required for energy savings estimates resulting
from evaluation activities, and (2) is that level of certainty properly
balanced against the amount of effort (e.g., resources, time, money)
used to obtain that level of certainty?

Two principles are important when considering “how good is good
enough”: (1) energy efficiency investments should be cost effective,
and (2) evaluation investments should consider risk management
principles and thus balance the costs of evaluation against the value
of the information derived from evaluation (i.e., evaluation should
also be cost effective). The value of the information is directly related
to the risks of underestimating or overestimating the benefits (savings)
and costs associated with efficiency investments. These risks might
be associated with errors of commission or errors of omission. An
error of commission might be overestimating savings, which in turn
can result in continuing programs that are not cost effective and/or
overpaying contractors, administrators, and participants. An error of
omission, on the other hand, might be associated with underestimating
savings or not implementing efficiency actions because of the difficulty
in documenting savings, both of which can result in underinvesting in
efficiency and relying on other energy resources that have their own
risks and uncertainties, such as fuel costs and environmental impacts.

ES.5 EVALUATION AND THE EFFICIENCY
PROGRAM PROCESS

As shown in Figure ES.2, the efficiency program process consists of
planning, implementing, and evaluating activities. Throughout this
process, savings values are typically indicated based on estimates
prepared as part of each activity. One way to describe these savings
is with the following classifications, also displayed in Figure ES.2:

¢ Projected savings: values reported by a program implementer
or administrator before the efficiency activities are completed

FIGURE ES.2: Workflow and reporting for planning,
implementing, and evaluating efficiency programs
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e Claimed savings: values reported by a program implementer or
administrator after the efficiency activities have been completed

ES.5.2 Implementing Impact Evaluations

The impact evaluation is conducted through the following steps:

e Evaluated savings: values reported by an independent third- 1. Verify actual implementation of the program, for example,

party evaluator after the efficiency activities and impact evaluation
have been completed. The designation of “independent” and
“third-party” is determined by those entities involved in the
use of the evaluations and may include evaluators retained, for
example, by the program administrator or a regulator.

With respect to the evaluation activities, they can also be described
as consisting of three phases: planning, implementation, and report-
ing, as shown in Figure ES.3 and described in the next subsections.

ES.5.1 Planning Impact Evaluations

The following provide the basic steps in planning impact evaluations:

by confirming installation and proper operation of the energy
efficiency measures. This usually also includes auditing and
validating assumptions used in the program planning process
and checking program tracking databases, project applications,
and other documentation and related data records for accurate
recording of information.

. Determine first-year program energy (and demand) savings

using one of the following approaches (which are further
defined and described in Chapters 3 and 4):

a. Measurement and verification (M&V): a project-by-project
approach involving estimating energy and/or demand savings by

1. Define the evaluation objectives and metrics in the context of determining the savings for a representative sample of projects
the evaluated program’s (or portfolio’s) intended benefits, risks, and applying these projects’ savings to the entire population
and policy objectives. (i.e., the program). Options for conducting M&V are defined in

2. Select appropriate evaluation approach(es) and prepare a the International Performance Measurement and Verification

program evaluation plan that takes into account the critical
evaluation issues and the expectation for reliability (certainty)
of evaluated impacts.

3. Define data collection requirements.

FIGURE ES.3: Evaluation activities workflow
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b. Deemed savings values: stipulations based on historical

and verified data (in some cases using the results of prior M&V
studies). Similarly, deemed savings calculations are standardized
algorithms. Both deemed savings values and deemed savings
calculations should only be used with well-defined energy effi-
ciency measures that have documented and consistent savings
values. This approach determines gross savings values or net
savings values, if net-to-gross ratios are included in the deemed
savings values or calculations.

c. Large-scale consumption data analysis: uses metered energy
use data to compare the energy use of the program participants
with the energy use of a control group. The control group can be
either program nonparticipants, as is the case with randomized
controlled trials, or participants, as is the case with some quasi-
experimental methods. If the program participants are used,
their energy use before the program and after the program are
compared; in effect, this means that each participant is his/

her own non random control group. All of these methods can
provide results that are either gross or net savings values.

In some cases, the three approaches listed above are combined,
particularly the deemed savings and M&V approaches. Portfolios
of programs also often use different approaches for different
programs to determine total portfolio savings. Multiple-year
programs may also conduct detailed measurement-based studies
(e.g., M&V) for one year of the program and then apply the
savings values (deemed savings) for other program years.

3. Convert, as needed, first-year gross program energy (and
demand) savings to first-year net program savings using a range
of possible considerations as discussed in Chapters 3 and 5.

4. Determine lifetime savings, which are the expected energy
(and demand) savings over the lifetime of the measures that
are implemented in the efficiency program. These savings are
usually calculated by multiplying the first-year annual energy
use reduction associated with the subject measures by the
expected life of these measures with possible consideration
of factors such as performance degradation or in some cases
consideration of rebound (an increased level of service that
is accompanied by an increase in energy use as a result of a
program). Section 7.3 discusses savings persistence.

5. Determine non-energy benefits (NEBs) using a range of
subjective and objective analytical tools. Determining avoided
emissions, which is the primary NEB addressed in this guide,
is discussed in Chapter 6. Evaluating other NEBs is discussed

6. Determine the program’s cost-effectiveness using one or more
of the common cost-effectiveness tests. Inputs into these tests
are the lifecycle net or gross energy and demand savings and
possibly one or more non-energy benefits. See Appendix B for
an overview of cost-effectiveness analyses.

The evaluation approaches described in this guide are often referred
to as “bottom-up” approaches because they add up the savings
from measures and projects to determine program impacts, and
they add up the impacts of programs to determine total portfolio
impacts. Another evaluation category, called “top-down,” uses
approaches that rely on energy consumption data or per-unit energy
consumption indicators (e.g., energy consumption per-unit of output
or per person) defined by market sector, utility service territory, or

a geographic region (e.g., a state or region). Top-down evaluation

is not commonly used for evaluation of efficiency programs and
portfolios, although interest in the approach is growing, and it has
advantages over bottom-up evaluations. A section of Appendix B
covers top-down evaluation.

The following are best practice characteristics for evaluations:

e Evaluation is integral to a typical cyclic planning-implementa-
tion-evaluation process. Therefore, evaluation planning is part
of the program planning process, including the alignment of
implementation and evaluation budgets and schedules. This is
done so that evaluation efforts can support program imple-
mentation and provide timely evaluation results for improving
existing programs and informing future program and energy
resource planning. See Figure ES.4.

¢ The evaluation process is designed to support the policy goals
of the energy efficiency programs being evaluated by providing
appropriate documentation of progress toward the goals,
as well as feedback required by program administrators and
implementers to continuously improve the programs and plan
future efforts.

e Evaluation budgets and resources are adequate to support,
over the entire evaluation, the evaluation goals and the level
of quality (certainty) expected in the evaluation results.
Reported values for metrics are those that are “most likely”
and not biased to be overly conservative or overly aggressive.

e Evaluations use the planning and implementation structure
described in this guide, as well as the definitions provided for

in Section 7.9. evaluation terms.
e Energy and demand savings calculations follow one or more
of the approaches defined in this guide.
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FIGURE ES.4: Evaluation is integral to a typical
cyclic planning-implementation-evaluation process
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e Evaluations are complete, readable, fair, accurate, transparently
documented, relevant, and actionable, as well as balanced
between certainty of results and costs to achieve the results.
They also follow the American Evaluation Association’s guiding
principles, which are listed in Section 7.6.

With the above characteristics in mind, individual entities can

define their own policy-specific program evaluation requirements.
Jurisdictions such as states can establish and document their evalua-
tion requirements in a hierarchy of documents. A useful structure of
planning documents includes the following (see Figure ES.5):

e Evaluation framework. A framework is a primary docu-
ment that lays out evaluation principles, metrics, allowable
approaches, definitions, and metrics for determination of gross
and/or net savings, reporting requirements, schedules, and
the roles and responsibilities of various entities. An evaluation
framework document tends to be “fixed” for several years,
but of course can be updated periodically. It often sets the
expectations for the content and scope of the other evaluation
documents. This is perhaps the principle document that all
stakeholders can focus on and provide high-level input to—the
“forest versus the trees” of evaluation planning.

¢ Portfolio cycle EM&YV plan. This plan indicates the major evalua-
tion activities that will be conducted during the evaluation cycle
(typically one, two, or three years). It includes the budget and
allocation among the programs, measures, and market sectors,
as applicable.

¢ Evaluation activity-specific detailed plans. Evaluation plans
are created for each of the major evaluation activities (typically
the evaluation of an energy efficiency program but may include
studies such as market assessments) in a given cycle prior to
the time each activity is launched.

¢ Project-specific plans. Project-specific plans may be required
for custom project sites that are analyzed and inspected.

Also complementary to this hierarchy of planning documents is
a reporting structure that can include individual site evaluation
reports, program reports, and annual portfolio reports.

Another typical resource document for large-scale efficiency portfolios
(such as those for a state or regional consumer-funded efficiency
program) is a technical reference manual (TRM). A TRM is a database
of standardized, state- or region-specific deemed savings calculations
and associated deemed savings values for well-documented energy
efficiency measures. Energy efficiency program administrators and
implementation contractors use TRMs to reduce evaluation costs
and uncertainty.

ES.5.4 Evaluation Planning Issues

The evaluation requirements described in each of the planning
documents listed above are determined by the program objectives,
regulatory mandates (if any), expectations for quality (i.e., reliability)
of the evaluation results, available budgets, timing of reporting dead-
lines, intended uses of the evaluation results, and other factors that
can vary across jurisdictions and programs. In this guide (Chapter 8),
14 key evaluation planning issues are presented and discussed to
help define policy-specific program evaluation requirements:

1. What are the policy and/or regulatory goals that are the basis
for the efficiency programs, and what are the evaluation
objectives, metrics, and research issues that support the
program policies and/or regulations?

2. What are the evaluation principles that drive the effort?
3. What is the scale and budget of the evaluation effort?

4. Who will conduct the evaluations, how is an independent
evaluation defined, and what are the relative EM&YV roles
between implementers, evaluators, regulators, stakeholders,
and others?
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5. Is performance determined on the basis of net or gross
savings? What factors are included in defining net savings?

6. What are the baselines against which savings are determined?

7. What is the reporting “boundary”? Are transmission and
distribution (T&D) losses included, and how “granular” will the
results be?

8. What are the schedules for implementing the evaluation
and reporting?

9. What impact evaluation approaches will be used?

10. What are expectations for savings determination certainty
(confidence and precision)?

11. Which cost-effectiveness tests will be used?

12. How are evaluated savings estimates applied—looking
back/going forward?

13. What are the data management strategies?

14. How are disputes addressed?

FIGURE ES.5: Hierarchy of EM&V planning documents
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Executive Summary: Notes

1 “Uniform Methods Project.” (2012). U.S. Department of Energy.
www1.eere.energy.gov/deployment/ump.html.

2 Although, as discussed in this guide, this sentiment needs to be
tempered with a quote that some attribute to Albert Einstein:
“Not everything that can be counted counts, and not everything
that counts can be counted.”
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Chapter 1

Introduction

1.1 GUIDE OBJECTIVE

Jurisdictions and organizations (e.g., state agencies, regulatory bodies,
utilities, efficiency portfolio administrators) can use this guide as
both a primer on efficiency impact evaluation and for defining their
own institution-specific, general evaluation requirements as well

as specific impact evaluation requirements. While each jurisdiction or
entity will need to define its own evaluation requirements, this guide
provides a structure, a set of evaluation approaches, suggestions on
key evaluation issues, and definitions that can be applied to a variety
of policy situations.

Applying the information in this guide can be particularly helpful
for jurisdictions and organizations just starting or ramping up their
efficiency and evaluation activities. By using standard approaches
and terminology, developed through 30-plus years of efficiency
program evaluation experience, costs for starting up an evaluation
effort and moving “up the learning curve” can be reduced. Use of
common approaches and terminology can also support comparison
of efficiency programs in different jurisdictions and facilitate the
implementation of “cross-border” energy efficiency and/or green-
house gas and other air emissions mitigation programs.

1.2 SUBJECTS COVERED IN THIS GUIDE

This 2012 guide is an update to the 2007 National Action Plan for
Energy Efficiency Model Energy Efficiency Program Impact Evaluation
Guide .3 It includes new and updated material based on feedback
received on the 2007 guide and lessons learned from impact evaluations
conducted during the last five years.

This guide focuses on bottom-up evaluations# of the impacts—pri-
marily energy, demand, and emissions savings—of energy efficiency
programs implemented in facilities, and for which energy and demand
savings are the primary objectives. Therefore, the guide helps users
determine the end-use fossil fuel (e.g., natural gas) and electricity
savings from programs that encourage lighting, space conditioning,
process approaches, and similar energy efficiency strategies in resi-
dential, commercial, institutional, and industrial facilities. In addition,
while not a focus of this guide, some guidance is provided in Chapter
7 on documenting non-energy benefits and evaluating market transfor-
mation, behavior, training, and behavior-based programs. Appendix
B also has sections on market effects and process evaluations, top-down
evaluations, and cost-effectiveness analyses.

EXPECTATIONS AFTER READING

THIS GUIDE

After reading this guide, the reader will be able to define

the basic objectives, structure, and evaluation approaches
that can be used to plan and conduct impact evaluations of
efficiency programs. The reader will also be able to support
and provide input for an energy efficiency evaluation framework
(general guidance documents) and review impact evaluation
plans and reports.

This guide provides the following:

e Policy-neutral> descriptions and guidance for planning and
conducting impact evaluations of end-use efficiency programs®
to determine energy and demand savings

¢ Information on determining energy and demand savings,
as well as avoided emissions that result from energy
efficiency programs

¢ Discussions about issues encountered with planning and
implementing impact evaluations

e A planning process for impact evaluations including a
recommended hierarchy of documents and evaluation reports

e Background on other types of energy efficiency evaluations
e A glossary of evaluation terms

e Alist of other reference documents and resources on energy
efficiency evaluation.

In practical terms, evaluation planners can use this guide to do
the following:

¢ Define the questions and hypotheses that the evaluation effort
is intended to address

¢ |dentify appropriate evaluation approaches and methods
that, from a budgetary perspective, balance the value of the
information provided by impact evaluations with the costs to
provide such information at an acceptable level of accuracy

e Set realistic expectations among the evaluation process
stakeholders regarding the nature and practical value of results
to be delivered, the timing of when evaluation results can be
available, and the expected quality of quantitative estimates of
program impacts

e Set appropriate schedules and budgets that reflect the desired
level of certainty expected in the results.
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PLANNING ISSUES

While reading this guide’s first seven chapters, keep in
mind the 14 “evaluation planning” issues listed in

the Executive Summary and addressed in Chapter 8 with
respect to preparing an evaluation plan.

It is also important to indicate what the guide does not cover:

e |tis not sufficiently detailed to be the only resource for plan-
ning or conducting evaluations of specific programs. Rather,
the guide provides high-level guidance, identifies issues, and
directs users to resources for defining policy and program-
specific requirements and details. For example, it does not
describe specific data collection and analysis options, although
Appendix C does list documents where this information can be
found for various program types and technologies.”

e |tis not a guide describing how to perform feasibility studies
or potential studies, which are intended to assess potential
savings and benefits from future energy efficiency projects or
programs, respectively. Instead, this guide can be used to help
define and conduct studies that inform on what has been or is
being accomplished with existing programs.

1.3 GUIDE STRUCTURE AND HOW TO USE
THIS GUIDE

Table 1.1 at the end of this chapter provides a summary of the guide
contents and suggestions for which chapters different audiences will
find of interest.

This guide’s intended audience includes the following:

e Program and evaluation managers looking for basic guidance—
or a “road map”—on approaches and key issues including:

— Defining and documenting net and gross energy and
demand savings

— Documenting avoided emissions

— Comparing demand- and supply-side resources

e Energy system resource planners and demand forecasters
looking for how end-use efficiency impact evaluation strategies
and results can be effectively used in resource planning efforts

e Program designers looking to understand how their programs
will be evaluated and the benefits they can receive from evaluations

e Policymakers and regulators looking for a basic understanding
of evaluation objectives, processes, and issues

e Members of the energy efficiency community looking for
the following:

— Common terminology and definitions

— A central reference that provides guidance and also lists
publicly available best practices resources

— An understanding of the mechanisms for determining the
potential value of energy efficiency as an emissions avoid-
ance strategy

e Expert evaluation practitioners looking to provide introductions
and summaries of evaluation topics to those who do not have
their expertise.

1.4 SOURCE DOCUMENTS

The information in this document is a summary of definitions,
approaches, and best practices developed during more than

30 years of energy efficiency program implementation and evaluation.
This experience and expertise is documented in numerous guides,
protocols, papers, and reports. More information on these documents
and other evaluation resources is included in footnoted references
throughout the guide and in Appendix C.

USING THIS GUIDE

Policymakers and those looking for the “basics”: Read the
Executive Summary and first three chapters and refer to the
appendices for overviews of other evaluation types, defini-

tions, and references.

Experienced evaluation planners: Go straight to the evaluation
considerations chapter (Chapter 7) and the planning chapter
(Chapter 8) and use the rest of the document as a reference.

Readers new to evaluation or energy efficiency: Read the
entire document.
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TABLE 1.1: Summary of Guide Content and Intended Audience for Each Part of the Guide

PART CHAPTER INTENDED AUDIENCE CONTENTS
Part 1 Executive Summary Readers interested in a brief The Executive Summary provides an overview of
summary and introduction to impact evaluation, with discussion of the importance
impact evaluation and types of evaluations, the impact evaluation
process, key issues, and evaluation planning.
Part 2 Chapter 1: Introduction Readers who want an overview The Introduction describes the guide’s objective,
of evaluation and the key a review of what is and is not covered in the guide,
Chapter 2: Energy . . . .
Effici b aspects of impact evaluation and recommendations for how to use the guide.
ciency Program . N .
B 4 5 g . Chapter 2 describes the objectives of evaluation
valuation Overview . — . -
and provides definitions of different efficiency
Chapter 3: Impact program types and evaluation categories. Chapter 3
Evaluation Basics summarizes the basics, processes, and approaches
associated with impact evaluation.

Part 3 Chapter 4: Calculating Readers who want additional Chapter 4 covers the three categories of approaches

Energy Savings detail on impact evaluation for determining energy and demand savings. Chapter
o approaches 5 defines net savings terms and uses, briefly describes
Chapter 5: Determining - . .
] methods for determining net savings, and discusses
Net Energy Savings . . . .
issues associated with the use and calculation of
Chapter 6: Calculating net savings. Chapter 6 provides approaches for
Avoided Air Emissions determining avoided air emissions associated with
efficiency programs.

Part 4 Chapter 7: Impact Program implementers, Chapter 7 provides background on topics associated
Evaluation evaluators, and managers/ with implementing impact evaluations that are
Considerations regulators of evaluations not covered in other chapters, such as persistence,

looking for guidance on key demand savings, controlling uncertainty, non-energy
Chapter 8: Impact L . ) Lo
) ] evaluation issues and planning benefits, program costs, and evaluation issues
Evaluation Planning . . . . .
of evaluations as well as readers associated with certain unique program types.
with a background in evaluation . ) .
. Chapter 8 “brings it all together” and describes how
may want to go directly to these ) ) . . .
A the basics and details described in earlier chapters
can be used to plan evaluation efforts.
Part 5 Appendix A: Glossary Readers interested in standard The appendices provide resources and further
) energy efficiency evaluation background on evaluation topics.
Appendix B: Other o
Sl (2 ) definitions and reference
valuation Categories . . .
g materials used in the evaluation
and Approaches . .
industry as well as summaries
Appendix C: Resources of process, market evaluations,
References cost-effectiveness analyses, and
top-down evaluation
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Chapter 1: Notes

3 National Action Plan for Energy Efficiency. (2007). Model Energy
Efficiency Program Impact Evaluation Guide. Prepared by Steven R.
Schiller, Schiller Consulting, Inc. www.epa.gov/eeactionplan.

4 “Bottom-up” evaluation involves adding up the savings from
measures, projects, and programs to estimate total portfolio
impacts. Another evaluation category, termed “top-down,” refers to
approaches that rely on energy consumption data or per-unit energy
consumption indicators (e.g., energy consumption per-unit of output
or per person) defined for a market sector, utility service territory,

or jurisdiction as the starting point for savings determination using
macro-economic approaches.

5 Because the guide is a policy-neutral document, evaluation plans
must address any jurisdiction-specific policy requirements.

6 The guide does not cover transportation-related energy efficiency
programs.

7 In addition to guidance documents, the planning and implementa-
tion of impact evaluation activities requires skilled and experienced
practitioners.
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Chapter 2

Energy Efficiency Program Evaluation Overview

Chapter 2 provides an overview of the three main categories of energy efficiency program evaluation. The chapter also

makes the distinction between evaluations for individual energy efficiency projects and multifaceted efficiency programs.

Because this guide focuses on end-use energy efficiency program evaluation, some background on different program

categories is also provided. The last sections cover the importance and objectives of energy efficiency evaluation.

2.1 ENERGY EFFICIENCY PROGRAM
CATEGORIES AND DEFINITIONS

Before describing the different categories of evaluation and its
importance and objectives, this section provides some context
regarding categories of efficiency programs that are the subject
of evaluations, as well as definitions of the savings hierarchy.

2.1.1 Policy Context of Energy Efficiency Programs
The evaluation of energy efficiency programs should support the
policy goals of the programs. Thus, understanding policy goals, and
the context in which the programs are being implemented, affects
program evaluation. Policy goals can vary widely; however, a major-
ity of states now have policies in place that establish specific energy
savings targets for energy efficiency programs provided to customers
by their utilities or related organizations.8 The following are three
common ways in which states have set their efficiency goals—by
legislation, regulation, or voter initiative.

o All cost-effective energy efficiency. This requires that the state
or its utilities must acquire all energy efficiency measures that
are less expensive than energy supply options. Funding for
efficiency programs can be drawn from dedicated utility bill
surcharges and/or the budgets that utilities would otherwise
use to procure a more expensive energy supply.

e Energy efficiency resource standard (EERS). An EERS requires
that a percentage of the resources used by utilities to supply
their customers must come from energy efficiency. An EERS
policy can mandate that the utility increase the percentage
of energy efficiency incrementally over a number of years
(e.g., 1% per year) or achieve a specific target percentage
by a future date (e.g., 20% by 2025):

¢ Target spending budget. This requires that an efficiency
program administrator spend a certain amount of money on
energy efficiency portfolios and maximize energy or peak sav-
ings within these portfolio budgets.

2.1.2 Efficiency Program Categories

There are many types of energy efficiency programs and several
approaches to differentiating them. One approach is to divide
programs into two categories: voluntary and mandatory. Mandatory
programs involve codes and standards that require mandated levels
of efficiency in buildings and/or products (e.g., equipment or appli-
ances). Voluntary programs involve a wide range of mechanisms to
incent consumers to use energy more efficiently.

Voluntary programs can be defined as including the following
subcategories and objectives:

e Resource acquisition. The primary objective of this program
category is to directly achieve energy and/or demand savings,
and possibly avoid emissions, through specific actions. This
category includes activities such as rebate and direct-install
programs for energy-efficient equipment, specific operational
or maintenance actions (e.g., boiler tune-ups, building
commissioning), and behavior-based programs that encourage
consumers to adopt energy and demand savings practices.
These later programs typically include outreach, education,
rewards, benchmarking, and/or feedback elements.

¢ Market transformation (MT). The primary objective of this
program category is to change the way in which energy
efficiency markets operate (e.g., how manufacturers, distribu-
tors, retailers, consumers, and others sell and buy energy-
related products and services), which tends to result in more
indirect energy and demand savings. Education and training
(E&T) programs and programs that support the development
of or compliance with codes and standards (C&S) are examples
of market transformation activities. These programs indirectly
result in energy savings. To a large extent, all programs can
be considered market transformation programs in that they
involve a change in how energy efficiency activities take place
in the marketplace.

e Multiple objectives. Programs can include some or all of the
above-listed objectives.
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SOME APPLICATIONS OF ENERGY

EFFICIENCY EVALUATIONS

e Utility-administered energy efficiency programs

e Government efficiency programs, either for public
facilities or for private-sector incentive programs

¢ Independent system operator (ISO) programs to reduce
demand (e.g., a forward capacity market).

e Air pollution and greenhouse gas mitigation programs
that rely on efficiency actions

e Private company programs

e Energy service company contracts

This guide focuses on documenting the impacts of resource acquisi-
tion programs, including directly achieved energy and demand
savings and related emission reductions. Section 7.10 of this guide
briefly discusses evaluation of market transformation programs,
including education and training and codes and standards programs.
It should be noted that while a program may have just one primary
objective, there are often secondary objectives that are integral

to the program’s overall success. This is frequently the case when
resource acquisition and market transformation objectives are
involved. With respect to impact evaluation, it is more important to
focus on the performance goals to be assessed and establish metrics
than to categorize individual program types.

End-use (consumer) energy efficiency is part of the very general
category of activities known as demand-side management (DSM).
Demand-side management programs are designed to encourage
consumers to modify their level and pattern of energy use. Another
category of DSM is demand response (DR), defined by the Federal
Energy Regulatory Commission (FERC) as “a reduction in the consumption
of electric energy by customers from their expected consumption in
response to an increase in the price of electric energy or to incentive
payments designed to induce lower consumption of electric energy.”®
Demand response programs employ energy rate design (pricing),
customer incentives, and technology to enable customers to change
their demand in response to system conditions or prices.

While this guide does not specifically address DR programs, the basic
evaluation approaches and planning process explained here can be
applied to DR with the understanding that the emphasis for DR program
evaluation is demand savings. Demand savings definitions and evaluation
techniques are highlighted in Sections 7.2 and 7.10.5.

2.1.3 Savings Hierarchy

The starting point for evaluating energy and demand savings, at least

with bottom-up evaluation approaches, is a savings hierarchy for

energy efficiency actions, as shown in Figure 2.1. This figure shows
the energy efficiency actions in the following order:

Energy efficiency measure: at an end-use energy consumer
facility, an installed piece of equipment or system; a strategy
intended to affect consumer energy use behaviors; or modification
of equipment, systems, or operations that reduces the amount
of energy that would otherwise have been used to deliver an
equivalent or improved level of end-use service. Examples
include lighting retrofits, HVAC retrofits, and commissioning.

Project: an activity or course of action involving one or multiple
energy efficiency measures at a single facility or site. Examples
include home retrofits and commercial new construction projects.

Program: an activity, strategy, or course of action undertaken
by a program implementer or administrator. Each program

is defined by a unique combination of program strategy,

market segment, marketing approach, and energy efficiency
measure(s). Programs consist of a group of projects with similar
characteristics and installed in similar applications. Examples
include a utility program to install energy-efficient lighting in
commercial buildings, a developer’s program to build a
subdivision of homes that exceed common practice, or a state’s
effort to improve compliance with energy efficiency codes.

FIGURE 2.1: Hierarchy of energy efficiency activities
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¢ Portfolio: either (1) 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 (2) the set of all programs adminis-
tered by one organization, such as a utility.

2.2 PROGRAM EVALUATION CATEGORIES
AND IMPACT EVALUATION DEFINITIONS

The variety of evaluation activities that are associated with energy
efficiency can be categorized in several different ways, one of which
is to define evaluations as either formative or outcome. Formative
evaluations are associated with helping efficiency programs be as
effective as possible. Outcome evaluations are associated with
documenting program results. However, the most common way

to categorize efficiency evaluations is as impact, process, or market
evaluations. These are defined as follows (with the first two
described in more detail in Appendix B).

¢ Impact evaluations: outcome evaluations of the changes
attributable to an energy efficiency program. While impact
evaluations usually focus on determining the quantity of
changes in energy use and demand associated with a program,
the calculation of non-energy benefits (or co-benefits) such
as avoided emissions and job creation that directly or indirectly
result from a program can also be an output of impact evaluations.
Impact evaluations often support cost-effectiveness analyses
that document the relationship between the value of program
results (i.e., energy, demand, and emission savings) and the
costs incurred to achieve those benefits. Cost-effectiveness
(sometimes called cost-benefit) analyses may also take into
account market evaluation results considering a program'’s
short- and long-term market effects.

e Process evaluations: systematic assessments of an energy
efficiency program. Their purpose is to document program
operations and identify and recommend improvements to
increase the program’s efficiency or effectiveness for acquiring
energy resources while maintaining high levels of participant
satisfaction. For example, process evaluations can include an
assessment of program delivery, from design to implementation,
to identify bottlenecks, successes, failures, constraints, and
potential improvements. Timeliness in identifying opportunities
for improvement is essential to making corrections along the
way. Process evaluations also provide a backdrop for interpreting
the results of impact evaluations.

WHY CONDUCT EVALUATIONS?

The reasons to do an evaluation can be summarized in two
words: improvement and accountability. Evaluations provide
information that can help improve programs and demonstrate
internal and external accountability for the use of resources.

Program evaluations provide timely information to improve
not only program implementation, but also the design of
future programs and individual energy efficiency projects.
They can answer the following questions:

e Are the program and the projects that make up the
program achieving their goals? If so, how and why?

¢ How well has the program/project worked?

e What changes are needed to improve the
program/project?

e What is the program’s impact on actual projects
and future projects?

¢ Should the program/project be replicated, adjusted,
or cancelled?

Program evaluations also provide an understanding of
the following:

e Program approaches that are most and least effective,
as well as how to improve future programs

e Where to focus for greater savings

e Actual values that can be used in future estimates of
benefits (e.g., estimates of energy savings per square
foot of office space).

Market evaluations: a very broad category of activities that
document aspects of the marketplace with respect to energy
efficiency. One particular type is a market effects evaluation,
which characterizes changes in the structure or functioning of

a market or the behavior of market participants that resulted
from one or more program efforts. Market effects evaluations
can include projections of impacts that a market could have on
future energy efficiency efforts. If the evaluation’s goal is to
assess cost-effectiveness for stakeholders or regulators, excluding
the measurement of market effects could result in underesti-
mating (or possibly overestimating) a program’s overall benefits
or cost-effectiveness.

December 2012

Www.seeaction.energy.gov

2-3


http://www.seeaction.energy.gov

)

TABLE 2.1: Summary of Evaluation Categories and Types

EVALUATION PHASE AT WHICH IT IS EVALUATION OR ASSESSMENT

CATEGORY IMPLEMENTED ANALYSIS TYPE LEVEL

Market Assessment Analyses .
. L . Market, Portfolio, Program
(includes characterization, baseline)

Pre-program Planning Phase

Potential or Feasibility Analyses . .
Portfolio, Program, Project

Formative Portfolio, Program, Project
Implementation Phase Process Evaluations Portfolio, Program
and Ongoing and/or After
Program Implementation Market Effects Assessments Portfolio, Program
Impact Evaluations Program, Project, Measure

Implementation Phase—
Outcomes Ongoing and/or After Market Effects Evaluations Market, Portfolio
Program Implementation

Cost-Effectiveness Analyses Portfolio, Program, Project
The following are example questions that could be used to implicitly bundled with impact evaluation. Table 2.1 summarizes
determine market effects: these categories of efficiency evaluation, although not all of these
— Did a program encourage more vendors to offer energy- different evaluations are necessary for every program or portfolio.

efficient products, and will there thus be future efficiency
benefits associated with such increased availability of
products?

2.2.1 Evaluation Definitions
Evaluation is the conduct of any of a wide range of assessment

studies and other activities aimed at determining the effects of a
— Did a voluntary incentive program prove that a new tech-

nology is viable, cost effective, and accepted by consumers,
and therefore make it possible for this technology to be

program (or a portfolio of programs). This includes understanding

or documenting program performance, program or program-related

markets and market operations, program-induced changes in energy

included in a future building code or appliance standard? - .
efficiency markets, levels of demand or energy savings, or program

. cost-effectiveness. While this guide focuses on evaluations of
There are other types of market evaluations: market assessment

studies used to determine current practices for the purposes
of establishing measure, project, or program baselines; and
potential studies used to estimate the technical, economic, or

individual programs, the basic concepts can be applied to portfolios.

Measurement and verification (M&V) is another term often used

when discussing analyses of energy efficiency activities. M&V can be
market-based potential of increasing the amount of energy

a stand-alone activity or it can be a subset of program impact evaluation.
efficiency for various products and services.

In either case, it is associated with the documentation of energy

. . . . and/or demand) savings at individual sites or projects using one
While this document focuses on impact evaluation, all types of (and/ ) g proj g

. . . or more options that can involve measurements, engineering calcula-
formative and outcome evaluations are not mutually exclusive, and

tions, statistical analyses, and/or computer simulation modeling.
These options are defined in the International Performance
Measurement and Verification Protocol (IPMVP).10 Generally speaking,

there are benefits to undertaking more than one type at a time and
integrating the data collection and analyses functions. Thus, process
evaluation and market effects evaluation often end up explicitly or
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the differentiation between evaluation and project M&V is that
evaluation is associated with programs (or portfolios) and M&YV is
associated with projects. Contractors and the owners of facilities tend
to be interested in only M&V on their own project(s), while program
administrators are interested in evaluation of their programs and
portfolios.

As discussed in later chapters, M&V is also one of the three
approaches used for program evaluation, where M&V techniques
are typically used to determine the savings from a sample of projects
(versus a census), with the results applied to the entire program
population of projects. The other two evaluation approaches are
deemed savings (which does not involve any project-specific mea-
surement) and large-scale consumption data analysis. Both are
typically applied to all of the projects (or sites) in a program.

The term evaluation, measurement, and verification (EM&V) is
frequently seen in evaluation literature and is a catchall term for
determining both program and project impacts.

2.3 OBJECTIVES AND IMPORTANCE
OF EVALUATION

The first step in the evaluation process is to define the objectives
for given evaluation activities. This leads to defining the metrics,
assumptions, approaches, budgets, and other characteristics of the
evaluation effort. Evaluations have three overarching objectives:

1. Document the benefits/impacts of a program and determine
whether the program (or portfolio of programs) met its goals.
Rigorous evaluations help ensure that programs are cost-effective
and that benefits (e.g., energy savings, avoided emissions)
are both “real” and sustained over time. This often includes
assessment of compliance with regulatory requirements
associated with programs funded by the public (or energy
consumers). Energy efficiency impact evaluations are oriented
toward developing retrospective estimates of energy savings
attributable to a program, in a manner that is defensible
in regulatory proceedings conducted to ensure that public
funds are properly and effectively spent. Regulators support
evaluation activities because of their interest in documenting
total savings, assessing the cost-effectiveness of efficiency
compared to generation alternatives, and assessing savings
attribution (e.g., the contributions of efficiency portfolio
administrators in achieving savings versus the influences of
common practice, end-user self-motivation, or codes and
standards). With respect to this last objective, evaluation can
also be used explicitly for retrospectively determining the
performance (and resulting payments, incentives, or penalties)

of contractors and administrators responsible for implementing
efficiency programs.

2. Help understand why program-induced effects occurred
and identify ways to improve current programs and future
programs. The role of evaluation can go well beyond simply
documenting savings to actually improving current and future
programs. If applied concurrently with program implementation,
evaluations can provide information in real time to allow for
as-needed course corrections. Evaluation fosters more-effective
programs and can justify increased levels of energy efficiency
investment as a long-term, reliable energy resource. Perhaps
the imperative for conducting evaluation is best described by
a quote attributed to John Kenneth Galbraith: “Things that are
measured tend to improve.”

3. Support energy demand forecasting and resource planning
by understanding the historical and future effects of energy
efficiency as compared to other energy supply and demand-
side resources. As efficiency has become a more important
energy resource in state and regional energy plans, an objective
of impact evaluations can be to support state and regional
energy forecasting and resource-planning efforts. Understanding
and supporting the needs of forecasters and planners (and
their data formats and definitions) can thus be an important
consideration when defining end-use efficiency program
evaluation metrics and reporting requirements. In addition,
evaluation can support resource planning through projections
of non-energy benefits, specifically emissions profiles for
planning how to meet air quality and greenhouse gas
mitigation objectives (see Chapter 6).

There are several technical and policy barriers to the full use

of cost-effective energy efficiency, and to the incorporation of
efficiency programs into energy resource portfolios. One of these
barriers is proving that energy efficiency “can be counted on” or is

|"

“real.” Consistent, complete, accurate, and transparent evaluation
mechanisms for documenting energy and demand savings, as well as
non-energy benefits such as avoided emissions, address this barrier.
Indeed, having effective evaluation policies, processes, and trained
personnel in place to document the energy and non-energy benefits
of energy efficiency programs is critical to the success of energy
efficiency, emission, and climate change-mitigation programs that

must prove their value and worthiness for continued investment.

Evaluation is thus not a goal unto itself; it should be viewed as one
part of a continuous, and usually cyclic, process of program planning,
implementation, and evaluation. The results of impact evaluation
studies do not stand alone but are used as inputs into planning
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and improving future programs. As shown in Figure 2.2, thereis a
continuum of strategies associated with moving energy efficiency
actions from the research, development, and demonstration (RD&D)
stage to an increasing level of adoption, and to ultimately have
them become standard practice or be mandated through codes

and standards. With public policy orientated toward accelerating
the success and fulfillment of these strategies and greater energy
savings, evaluation is a tool that supports the acceleration through
documentation, feedback, and energy resource planning.

FIGURE 2.2: Continuum of energy efficiency actions

DEPLOYMENT TRANFORMED MARKETS

Voluntary implementation
of projects and programs:
outreach, education,

and subsidies.

e Standard practice
or
e Codes and standards
RD&D
Research For example:
Development ¢ Incenting customers, distributors,
Demonstration and manufacturers
¢ Mass market and individual
market strategies
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Chapter 2: Notes

8 Nowak, S.; Kushler, M.; Sciortino, M.; York, D.; Witte, P. (June 2011).
Energy Efficiency Resource Standards: State and Utility Strategies

for Higher Energy Savings. American Council for an Energy-Efficient
Economy (ACEEE). Report Number U113. www.aceee.org/
research-report/ull3.

9 Federal Energy Regulatory Commission (FERC). (June 2010).
National Action Plan on Demand Response. Docket No. AD09-10.
Prepared by FERC staff. www.ferc.gov/legal/staff-reports/
06-17-10-demand-response.pdf.

10 Efficiency Valuation Organization (EVO). International Performance
Measurement and Verification Protocol (IPMVP). (multiple dates).
www.evo-world.org. The IPMVP is an international M&V guidance
document. It is discussed in Chapter 4 and references are

in Appendix C.
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Chapter 3

Impact Evaluation Basics

Chapter 3 is a stand-alone introduction to the basic concepts associated with energy efficiency impact evaluation.

It introduces the evaluation process, the role of evaluators versus administrators of efficiency programs, and some

key metrics. Also presented is the concept of savings determination based on a counterfactual situation and the

fundamental resulting issue of evaluation being the balancing of evaluation costs with the reliability of savings

estimates. The chapter concludes with a brief introduction to the approaches used for determining energy and

demand savings: deemed savings, measurement and verification, and large-scale consumption data analysis.

3.1 IMPACT EVALUATION PROCESS

Impact evaluations determine program-specific induced effects,
which include reductions in energy use (such as kilowatt-hours [kWh]
and therms) and demand (kilowatts [kW]), and non-energy benefits
such as avoided air emissions. The basic steps in the evaluation
process are as follows:

e Set the program evaluation objectives in the context of the
program policy objectives.
e Select an impact evaluation savings determination approach,

define baseline scenarios, and prepare a plan that takes into
account the critical issues.

e Determine energy and demand savings.
e Determine non-energy benefits (as needed).

e Report the evaluation results and, as appropriate, work with
program administrators to implement recommendations for
current or future program improvements and/or resource
planners and demand forecasters to support their efforts.

The program evaluation process begins with defining and assessing
the evaluation objectives. Well-defined objectives indicate what
data need to be collected or developed during the evaluation effort
and the scope and scale of effort required for meeting the objectives
(e.g., the cost of obtaining the desired information, schedules, labor
requirements). A key to successful evaluation is the comparison of
the costs of evaluation with the value of the information that will come
from the evaluation, possibly through an iterative planning process
that balances cost and value.

3.1.1 Verification and Documentation

Within the impact evaluation process there tends to be two types of
major activities: verification and documentation. These may be more
aptly called “verifying the potential to generate savings” and “documenting
(determining) the actual savings.” To illustrate the difference between
the two, consider a project involving replacement of 100-watt
incandescent lamps with 23-watt compact fluorescent lamps (CFLs).

EVALUATION PLANNING ISSUES

Chapter 8 discusses the evaluation planning process.
The planning process is used to decide which (or which
combination) of the evaluation metrics and approaches
defined in this guide should be used.

Verification would involve confirming that the replaced lamps are
100 watts, that the new CFLs are 23 watts, and that the CFLs were
installed and are working. As a result of this verification, it can be
confirmed that the project has the potential to save energy, with the
amount of energy saved dependent on how many hours the lamps
operate. Determining how many hours the lamps operate, in this
case, would be the “documentation” activity (or what some might
call the “measurement,” although as discussed in Section 3.3, savings
cannot be literally measured).

In this guide, verification is defined formally as an independent
assessment that a program has been implemented per the program
design. For example, the objectives of measure installation verification
are to confirm (1) the installation rate (humber of units installed),

(2) that the installation meets reasonable quality standards, and (3)
that the measures meet the program eligibility requirements and
are operating correctly with the potential to generate the predicted
savings. For some programs, it may be that verifying the potential to
generate savings is all that is needed to meet the evaluation objectives,
while in many other situations, both verification and documentation
of the actual savings value will be required.

Verification may include one-time or multiple activities over the
estimated life of the measures and can overlap with commissioning
(Cx) or retro-commissioning (RCx) activities, which have similar
objectives—to ensure the installed equipment is working correctly
and per design. However, verification may not go “as far” as Cx or
RCx to ensure the operation of the energy efficiency measure(s).
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BASIC IMPACT EVALUATION CONCEPTS

e Impact evaluations are used for determining achieved
program effects.

e Savings cannot be directly measured, only indirectly
determined by comparing energy use and demand
after a program is implemented to what they would
have been had the program not been implemented
(i.e., the baseline).

e Successful evaluations harmonize the costs incurred
with the value of the information received; in other
words, they appropriately balance risk management,
uncertainty, and cost considerations.

There are several entities involved in the actual implementation of
efficiency projects and programs, and they may each conduct their
own impact evaluation activities. These entities include the end-use
energy consumers who have projects installed in their facilities,
designers, contractors, and program implementers and administra-
tors. Some of these entities may only be interested in verification
activities or just their own individual projects’ measurement and
verification, while others will conduct complete program evaluations.
The following definitions help to explain these roles.

Entities:

e Administrator: an entity selected by a regulatory or other
government organization to contract for and administer an
energy efficiency portfolio within a specific geographic region
and/or market. Typical administrators are investor-owned or
public utilities, nonprofits, and state government agencies.
An administrator could also be a private entity that hires a
company, such as an energy services company (ESCO), to
implement its efficiency program(s).

¢ Implementer: an entity selected and contracted with, or
qualified by, a program administrator to provide products
and/or services to consumers, either directly or indirectly.

¢ Independent third-party evaluator: an entity that conducts
evaluations and is designated to be independent of the
implementer and administrator.

Reported Savings:

e Projected savings: values reported by an implementer or
administrator prior to the time the subject energy efficiency

activities are completed. These are typically estimates of savings
prepared for program and/or portfolio planning purposes.

e Claimed savings: values reported by an implementer or
administrator after the subject energy efficiency activities
have been completed.

¢ Evaluated savings: savings estimates reported by an independent
third-party evaluator after the subject energy efficiency activities
and an impact evaluation have been completed. These can
differ from claimed savings in that an independent third-party
evaluator, to an agreed-to level of rigor, has conducted evaluation
and/or verification activities.

The implementers and/or administrators usually prepare their
projected savings estimates and claimed savings estimates. They will
thus conduct their own evaluation activities, using their own evalua-
tion staff or consultants, for purposes such as confirming any incen-
tive payments to program participants or contractors and preparing
documentation for internal and external reporting.1! If an indepen-
dent third-party evaluator is used, that evaluator will then conduct
some level of evaluation (verification only or verification and their
own data collection/analysis to determine savings) for preparation of
its own evaluation reports and a realization ratel? comparing evalu-
ated savings with projected savings estimates and/or claimed savings
estimates. Of course, the evaluator can and should be brought into
the process before any of this work is conducted to participate in
defining the roles and responsibilities of the administrators, imple-
menters, and evaluators as well as reporting requirements. The
designation of “independent” and “third-party” is determined by
those entities involved in the use of the evaluations and may include

QUALITY ASSURANCE GUIDELINES

The impact evaluation approaches described in this guide are
based on new and unique analyses of energy and demand
savings. However, often there is documentation on energy
and demand savings from analyses prepared independently
of the subject impact evaluation. Even though such documentation
was not necessarily prepared per predetermined evaluation
requirements, it may be sufficient for meeting the evaluation
objectives. Using existing documentation in combination with
quality assurance guidelines (QAG) can significantly reduce
overall program/evaluation costs. Essentially, a QAG can help
determine whether indicated savings, and the assumptions
and rigor used to prepare the existing documentation, can be
used in place of new evaluation efforts.
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evaluators retained, for example, by the administrator or a regulator.
Defining the relative roles of the administrator, implementer, and
independent third-party evaluator is another important activity of
the planning process. Section 8.3.2 of this guide discusses evaluator
roles and selection.

3.2 ENERGY AND NON-ENERGY BENEFIT
EVALUATION METRICS

For energy and demand savings (and conceptually for non-energy
benefits) the primary metrics are known as gross energy savings
and net energy savings. In this guide, based on industry standard
practice, gross and net energy (and demand) savings are defined
as follows:

e Gross energy 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. This is the physical change in energy use
after taking into account factors not caused by the efficiency
actions (e.g., changes in weather or building occupancy).

e Net energy savings: the change in energy consumption
and/or demand that is attributable to a particular energy
efficiency program. Estimating net energy savings typically
involves assessing free ridership and spillover, although this
guide discusses additional considerations. In the efficiency
industry, free ridership refers to the portion of energy savings
that participants would have achieved in the absence of the
program through their own initiatives and expenditures
(i.e., the participant would have undertaken the energy-saving
activity anyway). Spillover refers to the program-induced
adoption of measures by nonparticipants and participants
who did not claim financial or technical assistance for addi-
tional installations of measures supported by the program. For
instance, a participant undertakes additional energy efficiency
measures due to positive experience with the program, or a
nonparticipant undertakes such measures based on observing
a program participant’s results. Net savings estimates also
sometimes include consideration of market effects.

The difference between these two metrics is associated with (1)
attribution of the savings—in other words, the determination of
whether the savings were caused by the program being studied
(entirely or partially) or by other influences such as prior year
programs or other programs/influences operating at the same time
as the program; and (2) differences in how different entities (e.g.,
regulatory bodies) define net and gross savings. Approaches for
determining gross and net savings are summarized in this chapter,
with additional information provided in Chapters 4 and 5.

SAVINGS

Savings, or more accurately stated “savings estimates,”
from energy efficiency measures, projects, programs, and
portfolios are reported at various times in the lifecycle of
the efficiency activity and with varying degrees of cer-
tainty. Savings are most commonly reported at two major
milestones—prior to and after the implementation of the
activity. Savings can also be indicated as first-year, annual,
and/or lifetime energy or demand savings values. They also
can be indicated as gross savings and/or net savings values.
Different jurisdictions currently have different names for
savings reports, what they contain, and whether and what
adjustments or evaluation activities take place between
preimplementation and postimplementation. Ideally, the
terms and methods in this guide should be applied. However,
whenever savings are reported, it is critical that the basis for
the values indicated be made clear.

When energy or demand savings are reported, they are typically
estimated for the first year of a program, for a specific number of
years (e.g., 5, 10, 15), or for the life of the program’s measures.
Measure life is the length of time that an energy efficiency measure
is expected to be functional and generating savings. It is a function
of equipment life and measure persistence. Equipment life is the
number of years that a measure is installed and will operate until
failure. Measure persistence refers to the duration of an energy-
consuming measure, taking into account business turnover, early
retirement of installed equipment, and other reasons measures
might be removed or discontinued. Measure life is sometimes
referred to as expected useful life (EUL).

The other two main metric categories are non-energy benefits
and cost-effectiveness.

* Non-energy benefits (NEBs): the identifiable—although
sometimes unquantified—non-energy impacts associated with
program implementation or participation; also referred to as
non-energy impacts (NEI) or co-benefits. Examples of NEBs
include environmental benefits, productivity improvements,
jobs created, reduced program administrator debt and disconnects,
and higher comfort and convenience levels of participants. The
value of NEBs is most often positive, but may also be negative
(e.g., the cost of additional maintenance associated with a
sophisticated energy-efficient control system), which is why
some practitioners prefer the term NEls. Potential benefits of
efficiency to the energy system (e.g., price stability, grid reliability,
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and power quality) are “energy-related” but are also often put
into this general category of NEBs. The primary NEB addressed
in this guide is avoided air emissions (see Chapter 6). Section
7.9 has more information on calculating non-energy benefits.

e Cost-effectiveness: an indicator of the relative performance
or economic attractiveness of any energy efficiency investment
or practice relative to energy supply resources. It is another
metric that is commonly used when reporting the results of
impact evaluations. In the energy efficiency field, the present
value of the estimated benefits produced by an energy efficiency
program is compared with the estimated total costs of the
program in order to determine whether 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 or from a program participant perspective).

3.3 FUNDAMENTAL ENERGY EFFICIENCY
IMPACT EVALUATION CONCEPTS: THE
COUNTERFACTUAL AND MANAGING
UNCERTAINTY

In theory, the true energy savings from an energy efficiency program
is the difference between the amount of energy that participants in
the program use relative to the amount of energy those same partici-
pants would have used had they not been in the program (during the
same time period). This baseline is called the counterfactual scenario
(see Figure 3.1). However, in practice, we can never observe how
much energy those participants would have used had they not been
in the program, because at any given time a participant must either
be in the program or not. Thus, there is no direct way of measuring
energy (demand) savings, because (1) it is not possible to measure a
participant’s energy use with and without the program, at the same
time; and (2) one cannot measure the absence of energy use.

Defining this counterfactual scenario represents the fundamental
concept and the greatest challenge to documenting the benefits

of energy efficiency. This challenge is met with impact evaluations
measuring energy consumption—but, the savings themselves will
always be estimates. The savings estimate is the difference between
(1) actual energy consumption after a project or program is imple-
mented, and (2) what energy consumption would have occurred
during the same period, by the same participants, had the efficiency
project/program not been implemented.

The graph in Figure 3.2 summarizes this estimation process. The blue
line represents energy use of a building before, during, and after an
efficiency project is implemented. This energy use can be known

TRUE
PROGRAM
SAVINGS

Counterfactual:
Exact Same Households,
Same Time Period, No Program

Households
in Program

(e.g., through measurement), but to determine the savings (the blue
shaded area), the energy use that would have occurred without the
project (the green line) has to be estimated in order to determine a
value for energy savings.

As discussed in Chapter 2, an objective of program evaluation is

to produce energy and demand savings values (and, as desired,
associated non-energy benefits). However, as noted above, these
values are always going to be estimates; the use of these estimates
as a basis for decision making can be called into question if their
sources and level of accuracy are not analyzed and described.
Therefore, evaluation results, like any estimate, should be reported
as “expected values” with an associated level of uncertainty. Most
of the remainder of this guide describes the approaches, issues, and
planning processes that should be considered when addressing the
counterfactual challenge and undertaking impact evaluations.

The baseline is the counterfactual scenario, determined on the basis
of a number of considerations: the evaluation approach being used,
the type of project being implemented, site-specific issues, and
broader policy-orientated considerations. These considerations usu-
ally result in one of three different types of baselines being selected
for the impact evaluation: existing conditions, common practice, or

December 2012

www.seeaction.energy.gov 3-4


http://www.seeaction.energy.gov

)

FIGURE 3.2: Energy consumption before, during, and after a project is implemented
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codes/standards. Baselines are discussed throughout this guide with e Control group approaches. These are the large-scale consumption
respect to the evaluation approaches and planning for evaluation data analysis approaches that are also described in Chapter 4.
activities. The first section of Chapter 7 provides more information With these approaches, a comparison group’s energy use is
on selecting baselines. compared with the energy use of program participants. These
approaches, in most cases, generate estimates of net savings,

3.4 DETERMINING ENERGY AND taking into consideration free ridership and participant spillover,
DEMAND SAVINGS but do not take into account nonparticipant spillover and long-
The three impact evaluation approaches used to determine energy term market effects, which some jurisdictions include in the net
and demand savings can be grouped into two conceptual frameworks: savings determination.

noncontrol group approaches and control group approaches.

3.4.1 Noncontrol Group Impact Evaluation Approaches

¢ Noncontrol group approaches. These are the deemed savings . . .
group app & The following are brief summaries of the two noncontrol group

and M&YV approaches defined below and in greater detail
in Chapter 4. With these approaches, pre-project (or pre-
program) baseline energy use is defined using one or more

approaches: measurement and verification and deemed savings.

e Measurement and verification (M&V). Measurement and

of a variety of different methods. This baseline is compared verification is the process of using measurements to reliably

with post-project (or post-program) energy use measurements
or assumptions to estimate savings. These noncontrol group
approaches generate estimates of gross savings, which require
adjustments to determine net savings.

determine energy and/or demand savings created within an
individual facility. The International Performance Measurement
and Verification Protocol (IPMVP), an international M&V
guidance document, defines four M&V options used in the
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efficiency industry: two end-use metering approaches, energy
use data (billing data) regression analysis, and calibrated
computer simulation.

e Deemed savings. Deemed savings are based on stipulated
values, which come from historical savings values of typical proj-
ects. A typical source of such historical values are prior year M&V
or large-scale consumption data analysis studies. Unlike the
M&V approach, with the use of deemed savings, there are no (or
very limited) measurement activities; instead, only the number
of measures implemented is verified (e.g., number of motors

MEASUREMENT AND VERIFICATION

VERSUS DEEMED SAVINGS

For simple, well-defined, efficiency measures whose
performance characteristics and use conditions are well
known and consistent, a deemed savings approach may be
appropriate. Since they are stipulated and, by agreement,
fixed during the period for which savings are reported (e.g.,
first year or lifetime), deemed savings can help alleviate some
of the guesswork in program planning and design; in effect,
they minimize one type of risk by providing certainty.
However, deemed savings can result in another form of

risk if not properly developed and applied—overestimates

or underestimates of savings if the projects or products do
not perform as expected. This can occur, for example, if the
deemed savings value is incorrectly calculated or the deemed
savings value was simply applied to the wrong type of application.

Measurement-based approaches are more appropriate

for more complex efficiency projects or for project with
significant savings variability (i.e., those with a significant
amount of savings, or “risky” savings, or with no history or
analysis or metering on which to base a deemed savings value).
Measurement-based approaches are also more rigorous than
deemed savings approaches and involve site data collection
during the period of evaluation for at least the most critical
variables. These approaches add to evaluation costs but may
provide more accurate savings values.

Also, deemed savings can be used together with some
monitoring of one or two key parameters in an engineering
calculation. For example, in a high-efficiency motor program,
actual operating hours could be monitored over a full work
cycle. This approach is consistent with IPMVP Option A, which
is described in Chapter 4.

installed correctly, number of point-of-sale CFLs that were sold).
This approach is only valid for projects with fixed operating
conditions and well-known, documented stipulation values. This
approach involves multiplying the number of installed measures
by the estimated (or deemed) savings per measure.

A variant of deemed savings is the deemed savings calculation,
which is one or more agreed-to (stipulated) engineering algorithm(s)
used to calculate the energy and/or demand savings associated

with an installed energy efficiency measure. These calculations may
include stipulated assumptions for one or more parameters in the
algorithm, but typically they require users to input data associated
with the actual installed measure into the algorithm(s).

A reliable (precise, unbiased) approach for estimating energy savings
from efficiency programs is to measure the difference between the
energy use of facilities (e.g., houses) participating in a program (the
“treatment group”) and that of a similar comparison group of non-
participating facilities (the “control group”) during the same period
of time. The two generic categories of control group approaches are
randomized controlled trials and quasi-experimental methods:

¢ Randomized controlled trials (RCTs). In an RCT, a study population
(e.g., single-family houses in Seattle that have electric heat) is
defined and randomly assigned to either the treatment group
or the control group. Energy use (consumption) data must be
collected for all of the project sites in the treatment and control
group in order to estimate energy savings. The energy savings
estimate is then calculated by comparing the difference between
the measured energy use (or preferably the difference between
the measured change in energy use) of the treatment house-
holds and the energy use of the control households during the
same period.

e Quasi-experimental methods. Unlike RCTs, with quasi-exper-
imental methods the assignment of the control group is not
totally random. Thus, quasi-experimental methods, relative to
RCTs, often suffer from selection bias and may produce biased
estimates of energy savings. However, because of the difficulty
and costs of conducting RCTs, quasi-experimental approaches
are more common than RCTs, with perhaps the most common
being the “pre-post” approach. With this approach, sites in the
treatment group after they were enrolled in the program are
compared with the same sites’ historical energy use prior to
program enrollment. In effect, this means that each site in the
treatment group is its own nonrandom control group.
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With these approaches, statistical analyses are conducted on the
energy use data (typically collected from the meter data reported on
monthly utility bills) and other important independent variable data

It is not unusual for combinations of these approaches to be used.
For example, rigorous randomized controlled trials may be used
every three years, with self-reported or deemed NTG ratios used for
the other program years. More information about determining net
savings is provided in Chapter 5.

THE COUNTERFACTUAL SCENARIO

A counterfactual analysis occurs when a person modifies

(e.g., weather) for those in the control and treatment groups. These
approaches are primarily used for programs with relatively homog-
enous participants and measures, when project-specific analyses are
not required or practical, but could, at least in theory, be considered
for every type of program. Example applications are large-scale
weatherization programs and residential behavior-based programs.

a factual antecedent (a thing or event that existed before
or logically precedes another) and then assesses the conse-
qguences of that modification. A person may imagine how
an outcome could have turned out differently if the factual

For the noncontrol group approaches where gross savings are
determined, the difference between net and gross savings is

specified as a net-to-gross (NTG) ratio. The following common situation, or what led to it, did not occur. This may seem

approaches are used to determine net savings: daunting, but for energy efficiency impact evaluations, this is

Stipulated net-to-gross ratios. These are ratios that are
multiplied by the gross savings to obtain an estimate of net

savings and are based on historical studies of similar programs.

Sources of stipulations can cover a wide range, from simply
using “negotiated guesses” to historical values to structured
expert judgment panels. This is the least expensive approach.

Self-reporting surveys and enhanced self-reporting surveys.
Enhanced surveys include interviews and documentation
review and analysis. These are moderately expensive approaches.

Panel of trade allies. A significant number of trade allies
provide information on their recent projects, whether the
projects are in the subject program or not, to assess the
program’s impact on incented and nonincented program
energy efficiency measures.

Large-scale consumption data analysis approaches (ran-
domized controlled trial methods and quasi-experimental
methods). When a control group of nonparticipants is used,
the savings indicated are “net” of free riders and participant
spillover. These are discussed in Chapter 4.

Cross-sectional studies. These studies are comparisons of
market share of targeted technologies or behaviors between a
baseline area not served by the program and the area served
by the program.

Top-down evaluations. These evaluations use state, regional,
or national data at a sector level to assess the extent to which
markets for energy-efficient products and services have been
affected by programs.

simply defining what the energy use (or demand, emissions,
number of jobs, etc.) would have been if the program had not
been implemented.

The fact that energy and demand savings, as well as related
non-energy benefits, from efficiency efforts cannot be directly
measured results in analyses based on a counterfactual scenario.
It is counterfactual because savings are not measured, but
rather estimated to varying degrees of accuracy by comparing
energy consumption after a program is implemented (the
reporting period) with what is assumed to have been the
energy consumption (and demand) in the absence of the
project program (the baseline or the counterfactual scenario).
The baseline and reporting period energy use and demand
are compared and adjusted so that only program effects are
considered when determining savings. These adjustments are
a major part of the evaluation process and can vary from one
program type to another and from one evaluation approach
to another.
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Chapter 3: Notes

111n many administrator organizations, these internal evaluations are
called “measurement and verification” or just “verification” and are
conducted by the same team that implements the programs.

12 Realization rate is used in several contexts for comparing one
savings estimate with another. The primary and most meaningful
application is the ratio of evaluated gross savings to claimed gross
savings (versus comparing net and gross savings estimates, which is
best defined with a net-to-gross ratio). Basis for the ratio not being
1.0 can include several considerations such as the following: (1)
adjustments for data errors, (2) differences in implemented measure
counts as a result of verification activities, and/or (3) other differ-
ences revealed through the evaluation process, such as with respect
to baseline assumptions.
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Chapter 4

Calculating Energy Savings

As discussed in Chapter 3, there is no direct way of measuring energy savings, because one cannot measure the absence

of energy use. However, the absence of energy use (i.e., savings) can be estimated. Within the efficiency evaluation

industry there are three generic classifications of savings determination approaches, and the following sections describe

each of them in more detail than what was summarized in earlier chapters: measurement and verification, deemed
savings, and large-scale consumption data analysis (with the use of control groups). These descriptions are intended to
be overviews, with additional information sources referenced in Appendix C. The last section of this chapter describes

some criteria for selecting an approach. Supporting information in Chapter 5 provides information on determining net

savings. Chapter 7 provides information on other impact evaluation topics related to calculating energy savings (and

demand and non-energy benefits), and Chapter 8 discusses planning evaluation efforts.

4.1 MEASUREMENT AND VERIFICATION
APPROACH

Measurement and verification (M&V) is the determination of gross
energy savings at individual sites or projects using one or more
methods that can involve measurements in combination with
engineering calculations, statistical analyses, and/or computer
simulation modeling.

Measurement and verification is a project-based approach to
determining savings. Its genesis was in the efficiency performance
contracting industry, starting in the 1970s. With performance
contracting, a contractor implements an efficiency project for a client
via a contractual arrangement that includes a savings (performance)
guarantee or an arrangement that payment to the contractor is
dependent on the savings achieved. These arrangements required
“measurement and verification” to determine what level of savings
were being achieved at the client’s facility. By the early 1990s, the
growth of the performance contracting industry was constrained,

in part, by the lack of robust methodologies for verifying project
savings, which, in turn, restricted the ability of the project finance
industry to participate in the market. To this end, the efficiency
industry (represented by the National Association of Energy Service
Companies)14 worked with the U.S. Department of Energy (DOE), the
American Society of Heating, Refrigerating and Air-Conditioning
Engineers (ASHRAE), and other stakeholders in the mid-90s to
develop guidelines, which became the basis for the International
Performance Measurement and Verification Protocol (IPMVP),15
described below.

As publicly funded efficiency programs became more prevalent in
the 1990s, the energy efficiency industry adopted M&V techniques
and concepts into the growing number of evaluations that were
being conducted for efficiency programs. Thus, M&V is now used

extensively as a program evaluation approach, primarily for “custom
projects” whose savings are dependent on the technologies applied
and/or the situations in which they are applied. For program evalua-
tion, M&YV involves the following activities:

e Selecting a representative sample of projects in a specific
efficiency program, although in some programs all of the
projects may be selected for M&V (a census)

e Determining the savings of each project in the sample, which is
done with M&V activities consisting of the following:

e Development of a M&V plan
— Meter calibration and installation and, for long-term mea-
surements, maintenance
— Data gathering and screening
— Computations of savings with measured data
— Quality assurance reviews and reporting
e Applying the sample projects’ savings to the entire population
(i.e., the program).

UNIFORM METHODS PROJECT

A source of more detailed impact evaluation information is
DOE’s Uniform Methods Project (UMP),13 which provides
model evaluation plans for specific energy efficiency
measures and project categories. These UMP documents
contain additional information and specific examples that
apply the concepts presented in this guide and include
examples of the three impact evaluation approaches
presented in the following sections.
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FIELD INSPECTIONS OF ENERGY

EFFICIENCY MEASURES

Not all of the evaluation approaches described in this chapter
require field inspections, but typically there are some physical
assessments for at least a sample of the individual projects in
a program (i.e., field activities). As part of a broader verification
process, field inspections ensure that the measures installed
meet appropriate specifications and that the projects included
in a program have the potential to generate savings. This
potential to generate savings can be verified through observa-
tion, inspections, and spot or short-term metering conducted
immediately before and after project installation. These field
activities can also be conducted at regular intervals during the
reporting period to verify a project’s continued potential to
generate savings. The field activities are an inherent part of
the data collection aspects of the M&V approach, though they
may be considered “add-ons” to the other approaches.

M&YV also includes all field activities dedicated to collecting site
information, including equipment counts, observations of field
conditions, building occupant or operator interviews, measurements
of parameters, and metering and monitoring.

The industry’s primary M&YV resource is the IPMVP, which is an
international end-use, energy efficiency M&V guidance document.
It provides a framework for conducting M&YV, and most important,
defines four M&V options that are used in the efficiency industry.
The options involve metering of all relevant parameters, metering
of key parameters, energy use (billing) data regression analysis,
and/or computer simulation. Complementing the IPMVP are the
Federal Energy Management Program (FEMP) M&V Guidelines.16
These guidelines, and companion technical notes, provide more
details on M&V for specific measure and technology applications.
A third important M&V resource is ASHRAE Guideline 14 (2002):
Measurement of Demand and Energy Savings.17 This guideline
provides technical detail on subjects such as metering. A new
version of Guideline 14 is expected to be available in early 2013.

The following subsections provide material mostly from the 2010
version of the IPMVP (EVO 10000—1:2010). They cover the basic
M&V concept (algorithm) for calculating gross energy savings at the
project level and introduce the four IPMVP Options—A, B, C, and
D—using the descriptions found in the IPMVP.

With M&V, energy (and/or demand) savings are determined for a
project by comparing energy use (and/or demand) before and after
implementation of the energy efficiency measures. Thus, the following
fundamental algorithm applies for energy (and demand) savings:

Energy savings = (Baseline energy use) — (Reporting period
energy use) t (Baseline adjustments)

e Baseline energy use: the energy consumption that would have
occurred without implementation of the energy efficiency
activity. When discussed in terms of specific projects, where
energy saving is the metric of interest, it is sometimes called
preinstallation energy use.

e Reporting period energy use: the energy consumption that
occurs within the time frame following implementation of
an energy efficiency activity during which savings are to be
determined. When discussed in terms of specific projects, it is
sometimes called postinstallation energy use.

e Baseline adjustments: factors that modify baseline energy or
demand values to account for independent variables (such as
weather) that influence energy use. These adjustments account
for conditions in the reporting period that are different from
the conditions during the baseline period but are not a result
of the project activity. They distinguish properly determined
savings from a simple comparison of energy use before and
after implementation of a program. By accounting for independent
variables that are, or are not, beyond the control of the program
implementer or energy consumer, the adjustments term brings
energy use in the two time periods to the same set of condi-
tions. Common examples of adjustment include the following:

— Weather corrections (e.g., if the program involves heating
or air-conditioning systems in buildings)

— Occupancy levels and hours (e.g., if the program involves
lighting retrofits in hotels or office buildings)

— Production levels (e.g., if the program involves energy
efficiency improvements in factories).

One of the other considerations for adjustments is unique to
program evaluation. In almost all bilateral performance contracts
between a contractor and its client, the baseline is considered to be
whatever “exists in the facility” before the efficiency measures are
implemented. However, in many programs using public or energy
consumer funds, the baseline may be defined as common practice or
as required by a code or standard (in order to not give credit for what
would have been done without the project activity). In this situation,
the savings calculated from an end-use consumer perspective may

December 2012

www.seeaction.energy.gov 4-2


http://www.seeaction.energy.gov

)

be different from the savings determined for a government agency
or regulatory body. Thus, a single project may involve two different
sets of savings calculations—one that supports the contract between
the energy services contractor and the customer (using a baseline

of existing conditions in the customer facility), and a second that
supports the customer’s claim to a utility rebate (using a baseline of
current codes and standards). See Chapter 7 for more discussion of
the nuances of selecting baselines.

If M&V is a part of the evaluation process, at least some M&YV details
will need to be specified in the evaluation planning documents, and
if sampling is used, a basis for selecting the sample of specific project
sites at which M&V activities will take place will be needed. In addition,
as M&YV is a project-specific approach to evaluation, each project
evaluated will need to have a project-specific M&V plan. There are
two types of project-specific M&V plans: prescriptive method plans
and generic method plans.

e Prescriptive method plans. For project types with significant
M&YV “experience” and well-understood determinants of
savings (e.g., lighting and motor retrofits), there are established
M&YV procedures, example plans, and standardized algorithms.
The FEMP M&V Guidelines contain prescriptive approaches
for documenting savings for several common energy efficiency
measures, as does ASHRAE Guideline 14. The DOE UMP materials
also include several standardized approaches to documenting
savings. The UMP documents do so in the context of M&V as
an evaluation approach and are thus more germane to the
subject of this guide than the FEMP and ASHRAE documents
which are more specific.

e Generic method plans. There are conceptual approaches applicable
to a variety of project types for which prescriptive M&V methods
are not available (e.g., comprehensive building retrofits and
industrial energy efficiency measures). The FEMP and ASHRAE
guidelines contain several generic M&V approaches.

One of the other important aspects of M&V is defining a measurement
boundary. The measurement boundary might be a single piece of
equipment (e.g., the replaced motor in a factory), a system (e.g., the
entire lighting system retrofitted in a commercial building), or the
whole facility (e.g., a home that has undergone a complete retrofit).
Any energy effects occurring beyond the measurement boundary
are called “interactive effects.” A typical interactive effect is the
decrease in air-conditioning requirements or increase in space heat-
ing requirements that can result from a lighting retrofit, which by its
nature reduces the amount of heat produced by a lighting system.

The magnitude of such interactive effects, if significant, should be
considered, and a method developed to estimate them under the
savings determination process.

The four IPMVP options (A, B, C, and D) provide a flexible set of
methods for evaluating project energy/demand savings. Having
four options provides a range of methods for determining energy/
demand savings with varying levels of savings certainty and cost.

A particular option is chosen based on the specific features of each
project, including the following:

e Energy efficiency measure technologies employed and the end
uses in which they are applied

e Complexity, particularly in terms of interactive effects with
multiple measures and energy-using systems

¢ Potential for changes in key factors during the baseline and/or
reporting periods

e Uncertainty of the project savings as compared to the value of
project savings

¢ Value of understanding the performance of the measures
(e.g., for a new technology).

The options differ in their approach to the level, duration, and type
of baseline and reporting period measurements. The options also
differ in terms of measurement boundaries:

e Measurement boundaries with Options A and B are made at
the end use, system level (e.g., lighting, HVAC).

e Measurement boundaries with Options C and D are at the
whole-building or whole-facility level.

Additionally, they differ in terms of type of measurements and
their duration:

e Option A involves using a combination of both stipulations and
measurements of the key factors needed to calculate savings
in engineering models. Data collection tends to involve either
spot-measurements or short-term measurements.18

e Options B and C involve using spot, short-term, or continuous
measurements in engineering models (Option B) or regression
analyses (Option C).

e Option D may include spot, short-term, or continuous measure-
ments to calibrate computer simulation models.

The four generic M&V options are summarized in Table 4.1.
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TABLE 4.1: IPMVP Options Summary

IPMVP OPTION

HOW SAVINGS ARE
CALCULATED

TYPICAL APPLICATIONS

A. Retrofit Isolation: Key Parameter Measurement

Savings are determined by field measurement of
the key performance parameter(s), which define the
energy use of the energy conservation measures
(ECMs) affected system(s) and/or the success of

the project.

Measurement frequency ranges from short-term to
continuous, depending on the expected variations
in the measured parameter and the length of the
reporting period.

Parameters not selected for field measuring are
estimated. Estimates can be based on historical
data, manufacturer’s specification, or engineering
judgment. Documentation of the source or
justification of the estimated parameter is required.
The plausible savings error arising from estimation
rather than measurement is evaluated.

B. Retrofit Isolation: All Parameter Measurement

Savings are determined by field measurement of the
energy use of the ECM-affected system.

Measurement frequency ranges from short-term to
continuous, depending on the expected variations in
the savings and length of the reporting period.

C. Whole Facility

Savings are determined by measuring energy use
at the whole-facility or subfacility level.

Continuous measurements of the entire facility’s
energy use are taken throughout the reporting
period.

D. Calibrated Simulation

Savings are determined through simulation of the
energy use of the whole facility or a subfacility.

Simulation routines are demonstrated to adequately
model actual energy performance measured in the
facility.

This option usually requires considerable
skill in calibrated simulation.

Engineering calculation of baseline
and reporting period energy from:

e Short-term or continuous
measurement of key
operating parameter(s);
estimated values

e Routine and nonroutine
adjustments as required.

Short-term or continuous
measurement of baseline and
reporting period energy, and/or
engineering computations using
measurements of proxies of energy
use. Routine and nonroutine
adjustments as required.

Analysis of whole facility baseline
and reporting period (utility)
meter data.

Routine adjustments as required,
using techniques such a simple
comparison or regression analysis.

Nonroutine adjustments as
required.

Energy use simulation, calibrated
with hourly or monthly utility
billing data. (Energy end-use
metering may be used to help
refine input data.)

A lighting retrofit in which power draw is
the key performance parameter that is
measured periodically. Estimate operating
hours of the lights based on building
schedules and occupant behavior.

Application of a variable-speed drive and
controls to a motor to adjust pump flow.
Measure electric power with a kW meter
installed on the electrical supply to the
motor, which reads the power every minute.
In the baseline period, this meter is in place
for a week to verify constant loading. The
meter is in place throughout the reporting
period to track variations in power use.

Multifaceted energy management program
affecting many systems in a facility. Measure
energy use with the gas and electric utility
meters for a 12-month baseline period and
throughout the reporting period.

Multifaceted energy management
program affecting many systems in a
facility but where no meter existed in
the baseline period.

Energy use measurements, after
installation of gas and electric meters,
are used to calibrate a simulation.

Baseline energy use, determined using the
calibrated simulation, is compared to a
simulation of reporting period energy use.

Source: Efficiency Valuation Organization (EVO). International Performance Measurement and Verification Protocol. (2010). IPMVP, EVO 10000—1:2010. www.evo-world.org.
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Option A involves project- or system-level M&V assessments in
which the savings associated with a particular project can be isolated
at the “end-use” (e.g., ventilation system, lighting system) level. With
this option, key performance parameters or operational parameters
can be measured during the baseline and reporting periods. However,
some parameters are stipulated rather than measured. This level of
verification may suffice for types of projects in which a single parameter
represents a significant portion of the savings uncertainty.

Under Option A, energy and demand savings are calculated using
“engineering models.” These models are essentially groups of equations
defining energy use as a function of various inputs—often simple
spreadsheet models—and involve the development of estimates of
energy and demand savings based on the following:

e Assumptions concerning operating characteristics of the
equipment or facilities in which the equipment is installed,
which are informed by measurements (from spot to continuous).
Examples are power draws (wattage) of light fixtures or fan
motors and efficiencies of air conditioners (kWh/ton) and
heaters (Btu out/Btu in).

e Assumptions about how often the equipment is operated or
what load it serves. Examples are operating hours of lights or
fixed-speed fans and air-conditioning loads (tons) or heater
loads (Btu).

The most straightforward application of engineering models involves
using savings algorithms that calculate energy use for the subject
end use (e.g., cooling system or lighting system). Savings are then
estimated by changing the model parameters that are affected by
program participation. With Option A, at least one of the key model
parameters must be measured. The parameters not measured are
stipulated based on assumptions or analysis of facility historical data
or manufacturer’s data on the affected baseline and/or project equip-
ment. It is appropriate to use a stipulated factor only if supporting
data demonstrate that its value is not subject to fluctuation over

the term of analysis and it is demonstrably applicable to the project.

This option and Option B are best applied to programs that involve
retrofitting equipment or replacing failed equipment with efficient
models. All end-use technologies can be verified using Option A or B;
however, the validity of this option is considered inversely propor-
tional to the complexity of the measure and the variability of its
savings (e.g., Option A is not a very reliable option for energy
management system retrofits that involve complex building,
environment, user, and operator interactions). Thus, the savings

from a simple lighting retrofit (less complex) may be more accurately
determined with Option A than could the savings from a chiller
retrofit (more complex).

Also true with Options A and B is that measurement of all end-use
equipment or systems may not be required if statistically valid
sampling is used. For example, the operating hours for a selected
group of lighting fixtures and the power draw from a subset of
representative constant-load motors may be metered.

Savings determinations under Option A can be less costly than
under other options because the cost of measuring one or two
parameters is usually less than measuring all of the parameters.
However, because some stipulation is allowed under this option,
care is needed to review the engineering design and installation to
ensure that the stipulations are realistic, applicable, and achievable
(i.e., the equipment can truly perform as assumed). This can be done
through “desk reviews” of data but is more reliably done as part of
the verification process, where site inspections check the efficiency
measure characteristics and collect site data. At defined intervals
during the reporting period, the installation can be reinspected to
verify the equipment’s continued existence and its proper operation
and maintenance. Such reinspections will ensure continuation of the
potential to generate predicted savings and validate stipulations and
prior savings estimates.

Option B, as with Option A, involves project or system-level (end-use)
M&YV assessments with performance and operational parameters
measured at the component or system level. Option B also involves
procedures for verification activities that are the same as Option A.
In addition, savings calculations, as with Option A, involve the use of
engineering models. However, unlike Option A, Option B does not
allow stipulations of any major factors that would have a significant
influence on energy or demand savings.

Thus, Option B requires additional and often longer-term measurements
compared to Option A. These include measurements of both equip-
ment operating characteristics (as may be required under Option A)
and relevant performance factors (which may not be required under
Option A). Commonly measured parameters include operating hours
for lighting and HVAC equipment, wattage for lighting and HVAC
equipment, and flow rates and pressure for various compressed-air
applications. Spot or short-term measurements may be sufficient

to characterize the baseline condition. Short-term or continuous
measurements of one or more parameters take place after project
installation to determine energy use during the reporting period.
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All end-use technologies can be verified with Option B, but determining
energy savings using Option B can be more difficult than doing so
with Option A. And, as noted above for Option A, the difficulty and
cost increase as measurement complexity and savings variability
increase. The savings, however, are typically more reliable than
those determined with Option A.

Option Cinvolves use of whole-building meters or submeters to
assess the energy performance of a building or facility. These meters
are typically the ones used for utility billing, although other meters,
if properly calibrated, can also be used. With this option, energy
consumption from the baseline period is compared with energy
consumption data (usually derived from energy bills) from the
reporting period. Option C also involves procedures for verification
activities that are the same as Option A.

Whole-building or facility-level metered data are evaluated using
techniques ranging from simple bill data comparisons to multivariate
regression analysis. Option C regression methods can be powerful
tools for determining savings, while simple bill comparison methods
are strongly discouraged. The latter approach does not account for
independent variables such as weather.

For the regression analyses to be accurate, all substantive explana-
tory (independent) variables that affect energy consumption need to
be monitored during the performance period. Substantive variables
may include weather, occupancy schedules, industrial throughput,
control set points, and operating schedules. Most applications

of Option C require at least 9 to 12 months of monthly baseline
(preinstallation) meter data and at least 9 to 12 months of monthly
data from the reporting period (postinstallation).

All end-use technologies can be verified with Option C. However, this
option is intended for projects in which savings are expected to be
large enough to be distinguishable from the random or unexplained
energy variations normally found at the level of the whole-facility
meter. The larger the savings, or the smaller the unexplained varia-
tions in the baseline consumption, the easier it will be to identify
savings. In addition, the longer the period of savings analysis after
project installation, the less significant the impact of short-term
unexplained variations. Typically, savings should be more than 10%
of the baseline energy use so that they can be separated from the
“noise” in baseline data.

Option Cis the most common form of M&V for some multi-measure
building energy efficiency retrofits in the performance contracting
industry (although ESCOs use Option A as much as possible and then

use Options B, C, or D as needed). For programs targeting integrated
whole-building approaches to energy efficiency, utility bill analysis
can be used to statistically evaluate persistence. One useful tool for
this purpose is the U.S. Environmental Protection Agency’s (EPA’s)
ENERGY STAR® Portfolio Manager (see sidebar on the next page).

It should be noted that the term billing analysis is often used generically
to describe any analytic methodology used to determine project or
program energy savings based on the use of the energy consumption
data contained in consumer billing data. It compares billing data
from program participants over a period of time before the energy
efficiency measures are installed at customer sites to billing data for
a comparable period of time afterward. If used to describe a project-
based measurement and verification approach, it is equivalent to
the IPMVP Option C: Whole Facility Analysis. If billing analysis is used to
describe a program-based evaluation approach, it is comparable to
the large-scale consumption data analysis approach, which involves
billing data from both participants and nonparticipants (control group).

Option D involves calibrated computer simulation models of systems,
system components, or whole-facility (usually residential or commercial
buildings) energy consumption to determine project energy savings.
While in theory simulation can involve the use of any computer
analysis tools, such as spreadsheets, these calibrated simulations are
typically associated with complex building analysis tools that model
heating, cooling, lighting, ventilation, and other energy flows as well
as water use and sometimes onsite air emissions. Examples of such
programs are DOE-2 and EnergyPlus.19 The quality of the savings
estimate depends on how well the simulation models are calibrated
and how well they reflect actual performance.

INTERACTIVE FACTORS AND LEAKAGE

Interactive effects are those that an energy efficiency
measure has on energy use in a facility, but which are
indirectly associated with the measure. For example,
reduction in lighting loads through an energy-efficient
lighting retrofit will reduce air conditioning and/or increase
heating requirements, since there is less heat generated

by the energy-efficient lights. When energy efficiency
programs have interactive effects beyond a single building
and start to affect energy supply and distribution systems,
there can be implications for calculating avoided emissions
and other related co-benefits. In this situation of wide-scale
interactive effects, the term leakage is used.
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U.S. EPA'S PORTFOLIO MANAGER

One tool that can be used to analyze facility utility billing
meter data is U.S. EPA’s Portfolio Manager (PM). Over
300,000 buildings have been benchmarked with PM, which
provides a consistent framework and metric that building
energy managers can use to track, measure, and monitor
whole-building energy use. PM employs a methodology

that is consistent with IPMVP Option C. It aggregates all the
meter data from a building so that performance changes can
be assessed at the whole-facility level. Savings are deter-
mined at the building level to promote system-wide energy
reductions. Additionally, because the PM approach combines
multiple meters, it accounts for differences among fuel
types. This is done by converting site meter data into source
energy consumption. www.energystar.gov/portfoliomanager.

Typically, reporting period energy use data are compared with the
baseline computer simulation energy use prediction (using reporting
period independent variable values) to determine energy savings,
although simulation results (reporting period) to simulation results
(baseline) are also used to determine savings.

Models are often calibrated by comparing simulation results with
historical data to ensure that the models have accurately captured
the operating characteristics of the building. Manufacturer’s data,
spot measurements, or short-term measurements may be collected
to characterize baseline and reporting period conditions and operating
schedules. The collected data serve to link the simulation inputs to
actual operating conditions. The model calibration is accomplished
by comparing simulation results with end-use or whole-building
data. Whole-building models usually require at least 9 to 12 months
of preinstallation data for baseline model calibration. However, these
models are sometimes calibrated with only reporting period data so
that they can be used with new construction projects for which no
baseline data exist.

Any end-use technology can be verified with Option D if the drop in
consumption is larger than the associated simulation modeling error.
This option can be used in cases in which there is a high degree of
interaction among installed energy systems or the measurement

of individual component savings is difficult. Option D is commonly
used with new construction energy efficiency programs, where the
baseline is typically modeled using standard practice or building
code requirements to define what would have occurred without the
efficiency activity.

4.2 DEEMED SAVINGS APPROACH

Deemed savings values, also called stipulated savings values, are
estimates of energy or demand savings for a single unit of an
installed energy efficiency measure that (1) has been developed from
data sources (such as prior metering studies) and analytical methods
that are widely considered acceptable for the measure and purpose,
and (2) is applicable to the situation being evaluated. Individual
parameters or calculation methods can also be deemed; for example,
effective useful life of a measure or the annual operating hours of
light fixtures in an elementary school classroom. Common sources

of deemed savings values are previous evaluations and studies that
involved actual measurements and analyses. Deemed savings values
are used for both planning and evaluation purposes.

Deemed savings are used to stipulate savings values for projects with
well-known and documented savings values. Examples are energy-
efficient appliances such as washing machines, computer equipment,
and refrigerators, and lighting retrofit projects with well-understood
operating hours. Many performance contracting projects document
their savings with deemed savings, and it is also a popular evaluation
approach for many efficiency programs because of both the relatively
low cost of using deemed savings and the certainty of savings values
that all parties can rely on for their own purposes.

The use of deemed values in a savings calculation is thus essentially
an agreement between the involved parties to an evaluation to
accept a stipulated value or a set of assumptions for use in determining
the baseline or reporting period energy consumption. With the
deemed savings approach, it is increasingly common to hold the
stipulated value constant regardless of what the actual value is during
the term of the evaluation. If certain requirements are met (e.g.,
verification of installation and performance, satisfactory commis-
sioning results, and sufficient equipment or system maintenance),

BUILDING ENERGY

SIMULATION PROGRAMS

For about 40 years, engineers and scientists have been
developing computerized models that describe how the
energy use of buildings changes in response to independent
variables such as weather. The sophistication and complexity
of these models is quite varied. To learn about some of the
building simulation models that are publicly available, visit
http://simulationresearch.Ibl.gov/resources.
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the project savings are considered to be confirmed. The stipulated
savings for each verified installed project are then summed to
generate a program savings value. Installation might be verified by
physical inspection of a sample of projects or perhaps just an audit
of receipts. Savings can also be verified for “persistence” with
periodic inspections that verify that the retrofits are still in place
and functioning.

A variant of deemed savings is the deemed savings calculation,
which is an agreed-to (stipulated) set of engineering algorithm(s)
used to calculate the energy and/or demand savings associated with
an installed energy efficiency measure. These calculations are devel-
oped from common practice that is widely considered acceptable
for the subject measure and its specific application. It may include
stipulated assumptions for one or more parameters in the algorithm,
but typically it requires users to input data associated with the actual
installed measure into the algorithm(s).

The use of deemed savings is quite popular for evaluations of energy
consumer-funded programs. The following is from a recent survey of
evaluation practices in the United States:

We found that nearly all states (36 states, 86%) use some type
of deemed values in the evaluation framework. In terms of
what types of values are “deemed,” we found 35 states (97% of
those responding to this question) deem savings amounts for
particular measures, 32 states (89%) deem the “lifetime” over
which to claim savings for particular measures, and 20 states
(65%) deem free-ridership or net-to-gross factors.

We also inquired about the source of the deemed values used
by the states. It appears that there is a lot of “borrowing”
going on within the industry. Twenty-six states (70%) cite the
use of sources or databases from other states. In nine states,
the utilities develop and file certain key deemed values, and in
two states, the Commission is responsible for developing the
deemed values. In most states (28 states, 80%), the results of
their own in-state evaluations are used to modify and update
deemed values over time.20

Deemed savings values and deemed savings calculations are usually
documented in a database in formats from spreadsheets to online
searchable databases. A term of art for such databases is technical
reference manuals (TRMs). These are resource documents that
include energy efficiency measure information used in program plan-
ning and energy efficiency program reporting. It can include savings
values for measures, measure life information, hourly load shapes of
savings, engineering algorithms to calculate savings, impact factors

to be applied to calculated savings (e.g., net-to-gross values), source
documentation, specified assumptions, and other relevant material
to support the calculation of measure and program savings as well as
the application of such values and algorithms in appropriate applica-
tions. For example, a value for operating hours in an elementary
classroom with no summer hours should not be applied to a high
school classroom with summer sessions.

As of the date of this guide’s publication, there are approximately

17 TRMs in use across the United States. These include state and
regional TRMs, which are listed in Appendix C. In a recent SEE Action
report on TRMs,21 it was shown that these resources are very valu-
able, but there are a wide variation in methodologies for estimating
savings and the actual values. Some TRMs include information based
on prior year evaluations including, in some cases, rigorous metering
and analysis, and thus these TRMs contain robust (reliable) savings
values. Many others have values based on analyses (e.g., using com-
puter simulations or engineering algorithms), with consideration in
their calculations of waste heat factors, in-service rates, and partial
load factors. The transparency and level of detail regarding methods
and assumptions also ranges from substantial to minimal.

Thus, as would be expected when using any assumptions or stipulated
values in an analysis, caution should be used to understand the
sources of such values and ensure that the assumptions that went
into determining a value are applicable to the situation (e.g., mea-
sures, measure delivery mechanism, facility types) being evaluated.
Deemed values, if used, should be based on reliable, traceable, and