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1. EXECUTIVE SUMMARY

1.1 OVERVIEW OF STUDY OBJECTIVES

The principal objective of this study was to update the current measure life estimates used by
the Focus Evaluation Team and the Focus Program. The evaluation team’s approach to this
study consisted entirely of secondary research; the team did not conduct primary research,
fieldwork, or produce a savings persistence study.

Measure life is an estimate of the median length of time an energy efficiency measure is
installed before it is replaced or upgraded. It is an important component of the benefit-cost
analysis and the life cycle net savings (LCNS) alternative attribution analysis methodology'.
The energy savings benefits obtained as a result of a given program are limited by the length
of time an energy efficiency measure is installed and operating. Measure life estimates
currently being used by the Business Program (BP) portion of the benefit-cost analysis are
potentially outdated, lacking source documentation, and could be defined at a more detailed
level for some technologies or groups of technologies. Given the importance of measure life
as an input to the benefit-cost analysis and LCNS method, KEMA updated the current
measure life estimates to contribute to improved accuracy of these analyses and appropriate
representation of program benefits.

As a secondary objective, KEMA outlined the quality of information that could potentially be
gathered through an exploratory phone survey with past Focus on Energy participants. This
outline included the recommended measure groups for further study, information that could
be gathered, and the potential increase in the quality of the final result.

1.2 UPDATES TO MEASURE LIFE ESTIMATES

The primary objective of the study was to update the measure life estimates. Measure life
estimates currently being used by the Business Program portion of the benefit-cost analysis
are based on a previous Energy Center of Wisconsin (ECW) technical potential study® and
information collected during the FY07 program year from the California Database for Energy
Efficient Resources (DEER). For this study, we reviewed existing studies, databases, and
other sources to estimate measure life for equipment by end-use and when possible by
WISeerts group description and tech code level. The estimates currently being used vary by
end-use and by program sector. Table 1-1 summarizes the current measure life estimates.

' The Focus on Energy Evaluation Team. State of Wisconsin Public Service Commission, Focus on
Energy Evaluation, Evaluation Calendar Year 2009, Detailed Evaluation Plan. April 21, 2009.

2 Energy Center of Wisconsin. Energy Efficiency and Customer-Sited Renewable Energy:
Achievable Potential in Wisconsin 2006—-2015. November 2005.
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Table 1-1. Current Measure Life Estimates®

Sector

Schools and

End-use Category Agricultural | Commercial Industrial | Government
Building Shell 10 10 10 10
HVAC 15 15 15 15
Lighting 15 15 15 15
Manufacturing Process 12 12 12 12
Other 17 19 28 10
CFL 6 6 6 6
Motors 16 16 16 16

The current measure life estimates do not differentiate between life for equipment or
technology measure and life of service measures. Savings for equipment or technology
measure are related to the design or implementation of a device, control, or system. In
contrast, savings for service measures are obtained through tuning equipment for optimal
performance. Service measures generally need to be performed several times over the life of
the equipment to maintain the savings. These could include boiler tune-ups, chiller tune-ups,
compressed air leakage repair, and steam trap maintenance. As a result, equipment or
technology measure life tends to be much longer than service measure life. If a weighted
average measure life estimate is calculated based on the current mix of measure savings,
bias will be introduced into life cycle net savings and benefit cost analysis if the mix of
measure savings changes in the future. To minimize this potential, we found measure life
estimates for both types of measures.

1.2.1 Methods

To update the measure life estimates, a team of KEMA engineers reviewed secondary
sources to find current data on measure life. We reviewed existing studies, workpapers, and
technical guides to obtain relevant data. To find as many relevant sources as possible, we
encouraged the Public Service Commission of Wisconsin (PSCW) and the Focus Program to
provide sources or leads to sources. When possible, we also reviewed the underlying sources
and empirical data to understand the strength of the source.

KEMA gathered data at the technology code level then aggregated the data into end-use
categories and WISeerts group descriptions.* Some sources (e.g., DEER) provide data for
very specific measures. The aggregation into WISeerts group descriptions and end-use

® The Focus on Energy Evaluation Team. State of Wisconsin Public Service Commission, Focus on
Energy Evaluation, Semiannual Report (18-month Contract Period). April 8, 2009.

* Focus on Energy measures are tracked in the WiSeerts database at a technology code level. There
are over 700 technology codes currently in use. These technology codes are further classified by end-
use categories and WISeerts group descriptions. Appendix B lists the measures by technology code
and indicates the associated WISeerts group description.
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categories was done using the historical program savings from the period of January 2008 to
September 2008 as weights for individual measures. The end-use categories and WiSeerts
group descriptions are used by the Focus Program for program planning and by the
evaluation team for analyses such as impact evaluation, benefit cost, and LCNS.

The measure life estimates reported in the secondary sources were determined through a
number of methods such as field research, secondary research based on field research, lab
study, and professional collaboration and estimation. KEMA assessed the validity and
applicability of each measure life estimate by reviewing the underlying sources or supporting
research. Where a measure life estimate was not applicable to Focus on Energy measures,
we excluded the finding from our results. For measure life estimates that were applicable to
Focus measures, KEMA assigned a rating to define the basis of the estimate. The rating
shows if the source of the estimate was primary research, secondary research, or
professional judgment. The rating helped to determine which estimate(s) would provide the
most value to updating the existing BP measure life estimate.

Following the assessment of the secondary sources, KEMA estimated a measure life for each
measure based on the sources with the best ratings. We looked for estimates that were
consistent between sources. When estimates from different sources were substantially
different, we used the estimate with the best source rating. When there were multiple sources
with the same best rating, we used the average of the associated ratings. The measure level
estimates of measure life were then aggregated to end-use and WISeerts group description.
The end-use and WISeerts group description measure life estimates were calculated
separately for service measures and technology/equipment measures. The service measures
include, but are not limited to, boiler tune-ups, chiller tune-ups, compressed air leakage repair
and steam trap maintenance. The aggregated estimates are weighted averages of the
measure life by individual tech code. The weights are based on avoided cost of generation of
the savings from January 1, 2008, to September 30, 2008, of the 18-month Contract Period
(18MCP).

1.2.2 Results

The secondary research showed a lack of primary research on measure life for many
technologies. In addition, the primary research supporting measure life estimates is generally
limited to a few studies. The challenges and costs of performing primary research on
measure life relative to the quality of the potential results limited the scope of this research
effort. The findings of this study are based on the best available measure life data currently
available. If future primary research finds substantial differences in measure life estimates,
the findings of this study should be reevaluated.

Table 1-2 shows our recommendations for measure life by WISeerts group description. These
estimates provide a more focused perspective than the estimates by end-use previously
used. We separated the equipment or technology measures from the service measures.
Several group description categories do not currently have service measures. However, we
have included a service category in the table for each group description and indicate the
category as not applicable (i.e., “NA”). We believe this will provide clarity if future service
measures are added to these categories.

1-3
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Table 1-2. Recommended Measure Life by WiSeerts Group Description

Sector
Schools Weighted
and Average Source
Group Description | Measure Type | Agricultural | Commercial | Industrial | Government Rating”
Boilers & Burners Equip or Tech 18 18 18 18 2
Service 1 1 1 1 2
Lighting Equip or Tech 11 10 10 10 2
Service NA NA NA NA NA
Refrigeration Equip or Tech 9 9 9 9 3
Service NA NA NA NA NA
HVAC Equip or Tech 15 15 15 15 2
Service 5 5 5 5 3
Process Equip or Tech 10 10 10 10 2
Service NA NA NA NA NA
Domestic Hot Equip or Tech 15 15 15 15 3
Water Service NA NA NA NA NA
Building Shell Equip or Tech 20 20 20 20 3
Service NA NA NA NA NA
Laundry Equip or Tech 12 12 12 12 3
Service NA NA NA NA NA
Compressed Air, Equip or Tech 13 13 13 13 3
Vacuum Pumps Service 2 2 2 2
Agriculture Equip or Tech 13 13 13 13 2
Service NA NA NA NA NA
Wastewater Equip or Tech 11 11 11 11 2
Treatment Service NA NA NA NA NA
Industrial Ovens & | Equip or Tech 13 13 13 13 3
Furnaces Service NA NA NA NA NA
Pools Equip or Tech 5 5 5 5 3
Service NA NA NA NA NA
Food Service Equip or Tech 11 11 11 11 2
Service NA NA NA NA NA
Information Equip or Tech 2 2 2 2 2
Technology Service NA NA NA NA NA
Plug Loads Equip or Tech 10 10 10 10 3
Service NA NA NA NA NA
Motors Equip or Tech 16 16 16 16 2
Service NA NA NA NA NA
New Construction | Equip or Tech 18 18 18 18 NA
Service NA NA NA NA NA

* A “1” indicates the source used primary research; a “2” indicates the source researched reports that were
originally based on primary research; and a “3” indicates the basis of the measure life is an opinion, manufacturer
design specification, or unknown.
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Table 1-3 shows KEMA’s recommended measure life estimates by end-use.

Table 1-3. Recommended Measure Life by End-Use

Sector Weighted
Schools and Average
End-use Category | Measure Type | Agricultural | Commercial | Industrial | Government | Source Rating*
Building Shell Equip or Tech 19 19 19 19 3
Service NA NA NA NA NA
HVAC Equip or Tech 15 15 15 15 2
Service 5 5 5 5 3
Lighting Equip or Tech 12 12 12 12 2
Service NA NA NA NA NA
Manufacturing Equip or Tech 11 11 11 11 2
Process Service 2 2 2 2
Other Equip or Tech 12 12 12 12 3
Service NA NA NA NA NA
CFL Equip or Tech 7 5 4 5 2
Service NA NA NA NA NA
Motors Equip or Tech 16 16 16 16 2
Service NA NA NA NA NA

* A “1” indicates the source used primary research; a “2” indicates the source researched reports that were
originally based on primary research; and a “3” indicates the basis of the measure life is an opinion, manufacturer
design specification, or unknown.

1.2.3 Recommendations

Based on the research findings, KEMA makes the following recommendations for the PSCW

to consider:

1. Use the measure life estimates based on WISeerts group description categories for

program analysis whenever possible. These categories are more focused and can
provide a clearer understanding of the impact specific equipment has on potential
lifetime savings.

. Use the updated measure life estimates based on end-use categories for program
analysis when the data do not allow for disaggregating to the WISeerts group
description level.

. We recommend aggregating measure life data into group description or end-use
categories for the purpose of program planning and evaluation (Recommendations
1 and 2). However, there are situations where the use of a measure specific life
estimate may be more appropriate; for example, when the Program is considering
additions or revisions to specific measures. The measure specific estimates are
provided in Appendix B.

. Use of separate service measure life estimates in both the end-use and group
description categorizations. We could calculate a weighted average measure life
estimate based on the current mix of measure savings. However, bias will be
1-5
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introduced into life cycle net savings and benefit cost analysis if the mix of measure
savings changes in the future. To minimize this potential, we recommend separate
measure life estimates for service and equipment or technology measures.

1.3 MEASURE LIFE PHONE SURVEY SCOPING STUDY

As a secondary objective, KEMA conducted a scoping study to investigate the quality of data
that could potentially be gathered from an exploratory phone survey with past Focus
participants. The purpose of the scoping study was to discern whether or not this is a viable
method for Focus on Energy and for which measures or groups of measures. KEMA’s
previous experience suggested that this type of survey may not provide enough data for a
broad-based savings persistence study and that there are challenges for data collection.
However, focused efforts have the potential to inform the estimate provided as part of the
Updates to Measure Life Estimates task of this study.

The exploratory phone survey is not intended to collect data for a statistically based
persistence study. Savings persistence studies are very expensive, require large samples,
and still result in high levels of uncertainty. KEMA'’s proposed survey would collect Wisconsin
specific information that would enable KEMA engineers to improve the quality of the existing
measure life estimates. Such an effort could prove to be particularly valuable for measure life
estimates that are not based on primary research.

KEMA assessed the results of the Updates to Measure Life Estimates task and determined
which measure life estimates could benefit from additional data. We evaluated the likelihood
of obtaining additional data through phone interviews based on our experience and interviews
with Focus on Energy advisors.

1.3.1 Methods

To determine the viability of the phone survey, we reviewed historical savings and available

measure life data at a technology code level. We then interviewed Focus on Energy energy

advisors. Based on this information and our experience we estimated the quality of the data

that could be collected and the potential increase these data could have on the quality of the
measure life estimates calculated as part of the Updates to Measure Life Estimates task.

To determine the possible quality of data available by phone, we asked the Focus on Energy
energy advisors general questions such as:

e What percentage of participants would be able to answer questions about efficiency
of equipment when it was installed and the current efficiency of equipment?

e What percentage of participants would know about equipment installed through the
program five years ago (specifically is it still installed, what was the efficiency at
installation, and what is the current efficiency)?

Using the opinions provided by the Focus advisors and our experience, we estimated the
quality of measure life data that we could obtain through phone interviews. We estimated the
possible quality of data based on the percentage of participants who are likely to be able to
answer a question on the measure. The ability of participants to answer questions accurately
is further dependent on finding a person within the company who has technical knowledge of
the system in question.

1-6
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1.3.2 Findings

Table 1-4 summarizes the assessment (by end-use) of possible increases in measure life
data quality through a phone survey. The greatest potential for improvements to the quality of
the measure life estimates via a phone survey with past program participant was found with
building shell and HVAC service end-uses. We believe there would be a reasonable increase

in measure life data quality for these end-uses.

Table 1-4. Assessment of Data Quality Increase through Phone Survey by End-Use

Include in
Weighted Average Possible Quality of | Possible Increase in Phone

End-use Category | Measure Type Source Rating* Data by Phone Quality of Data Survey?

Building Shell Equip or Tech 3 Medium Some Yes
Service NA

HVAC Equip or Tech 2 Medium Minimal No
Service 3 Medium Some Yes

Lighting Equip or Tech 2 High Some No
Service NA

Manufacturing Equip or Tech 2 Medium Minimal No

Process Service Medium Minimal No

Other Equip or Tech 3 Low Minimal No
Service NA

CFL Equip or Tech 2 High Some No
Service NA

Motors Equip or Tech 2 Low Minimal No
Service NA

* The "weighted average source rating" is from the Updates to Measure Life Estimates task. A “1” indicates the
source used primary research; a “2” indicates the source researched reports that were originally based on primary
research; and a “3” indicates the basis of the measure life is an opinion, manufacturer design specification, or

unknown.

Table 1-5 summarizes the assessment (by WISeerts group descriptions) of possible
increases in measure life data quality through a phone survey. Based on the scoping study,
we recommend a phone survey with past Focus participants that installed measures
classified in the HVAC service, building shell, compressed air, and new construction WiSeerts
group descriptions. We believe there would be a reasonable increase in measure life data

quality for these WISeerts group descriptions.
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Table 1-5. Assessment of Data Quality Increase through Phone Survey
by WISeerts Group Description

Include in
Weighted Average | Possible Quality | Possible Increase Phone

Group Description | Measure Type | Source Rating* of Data by Phone in Quality Survey?

Boilers & Burners Equip or Tech 2 Medium Minimal No
Service 2 Medium Minimal No

Lighting Equip or Tech 2 High Some No
Service NA

Refrigeration Equip or Tech 3 Low Minimal No
Service NA

HVAC Equip or Tech 2 Medium Minimal No
Service 3 Medium Some Yes

Process Equip or Tech Medium Minimal No
Service NA

Domestic Hot Equip or Tech 3 Low Minimal No

Water Service NA

Building Shell Equip or Tech 3 Medium Some Yes
Service NA

Laundry Equip or Tech 3 Low Minimal No
Service NA

Compressed Air, Equip or Tech 3 Medium Some Yes

Vacuum Pumps Service 1 Medium Minimal No

Agriculture Equip or Tech 2 Low Minimal No
Service NA

Wastewater Equip or Tech 2 Medium Minimal No

Treatment Service NA

Industrial Ovens & | Equip or Tech 3 Low Minimal No

Furnaces Service NA

Pools Equip or Tech 3 Low Minimal No
Service NA

Food Service Equip or Tech 2 Low Minimal No
Service NA

Information Equip or Tech 2 Low Minimal No

Technology Service NA

Plug Loads Equip or Tech 3 Low Minimal No
Service NA

Motors Equip or Tech 2 Low Minimal No
Service NA

New Construction | Equip or Tech NA Medium Some Yes
Service NA

* The "weighted average source rating" is from the Updates to Measure Life Estimates task. A “1” indicates the
source used primary research; a “2” indicates the source researched reports that were originally based on primary
research; and a “3” indicates the basis of the measure life is an opinion, manufacturer design specification, or

unknown.
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In either the end-use or group description categorization, lighting measures show a high
possibility of quality data by phone, but we do not recommend including these in the phone
surveys. This is because the measure life estimates for lighting measures are generally
based on secondary research of actual field studies. The phone survey is unlikely to provide a
reasonable increase in the data quality relative to the cost of the research effort.

1.3.3 Recommendations

KEMA recommends the PSCW consider a phone survey with past Focus participants that
installed measures classified in the HVAC service, building shell, compressed air, and new
construction WISeerts group descriptions. KEMA did not find empirical research during the
Updates to Measure Life Estimates task for these WISeerts group descriptions; however
based on the scoping study we believe the existing estimates can be improved with
information that could be collected from past Focus participants.

We are not recommending a statistically based savings persistence study. A savings
persistence study would be very expensive, require large samples, and still result in high
levels of uncertainty. KEMA’s proposed exploratory survey would collect Wisconsin specific
information that would enable KEMA engineers to improve the quality of the existing measure
life estimates. Such an effort could prove to be particularly valuable for measure life estimates
that are not based on primary research. If the PSCW decides to pursue the additional
research, KEMA recommends the research plan and budget is included in the next detailed
evaluation plan.

1-9
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2. INTRODUCTION

The principal objective of this study was to update the current measure life estimates used by
the Focus Evaluation Team and the Focus Program. The evaluation team’s approach to this
study consisted entirely of secondary research; the team did not conduct primary research,
fieldwork, or produce a persistence study.

Measure life is an estimate of the median length of time an energy efficiency measure is
installed before it is replaced or upgraded. It is an important component of the benefit-cost
analysis and the life cycle net savings (LCNS) alternative attribution analysis methodology®.
The energy savings benefits obtained as a result of a given program are limited by the length
of time an energy efficiency measure is installed and operating. Measure life estimates
currently being used by the Business Program (BP) portion of the benefit-cost analysis are
potentially outdated, lacking source documentation, and could be defined at a more
disaggregate level for some technologies or groups of technologies. Given the importance of
measure life as an input to the benefit-cost analysis and LCNS method, KEMA found new
measure life estimates to contribute to improved accuracy of these analyses and appropriate
representation of program benefits.

As a secondary objective, KEMA outlined the quality of information that could potentially be
gathered through an exploratory phone survey with past Focus on Energy participants. This
outline included the recommended measure groups for further study, information that could
be gathered, and the potential increase in the quality of the final result. The study would
include questions that would help define the measure life of installed measures. In some of
these questions, we would be looking at savings persistence while others would be focused
only on how long the equipment was installed and operating (i.e., measure life).

2.1 UPDATES TO MEASURE LIFE ESTIMATES

The primary objective of the study was to update the measure life estimates. Measure life
estimates currently being used by the Business Program portion of the benefit-cost analysis
are based on a previous Energy Center of Wisconsin (ECW) technical potential study® and
information collected during the FY07 program year from the California Database for Energy
Efficient Resources (DEER). For this study, we reviewed existing studies, databases, and
other sources to estimate measure life for equipment by end-use and when possible by
WISeerts group description and tech code level. The estimates currently being used vary by
end-use and by program sector. Table 2-1 summarizes the current measure life estimates.

® The Focus on Energy Evaluation Team. State of Wisconsin Public Service Commission, Focus on
Energy Evaluation, Evaluation Calendar Year 2009, Detailed Evaluation Plan. April 21, 2009.

® Energy Center of Wisconsin. Energy Efficiency and Customer-Sited Renewable Energy:
Achievable Potential in Wisconsin 2006—-2015. November 2005.

2—-1
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Table 2-1. Current Measure Life Estimates’

Sector

Schools and

End-use Category | Agricultural | Commercial | Industrial | Government
Building Shell 10 10 10 10
HVAC 15 15 15 15
Lighting 15 15 15 15
Manufacturing Process 12 12 12 12
Other 17 19 28 10
CFL 6 6 6 6
Motors 16 16 16 16

The current measure life estimates do not differentiate between life for equipment or
technology measure and life of service measures. Savings for equipment or technology
measure are related to the design or implementation of a device, control, or system. In
contrast savings for service measures are obtained through tuning equipment for optimal
performance. Service measures generally need to be performed several times over the life of
the equipment to maintain the savings. These could include boiler tune-ups, chiller tune-ups,
compressed air leakage repair, and steam trap maintenance. As a result, equipment or
technology measure life tends to be much longer than service measure life. If a weighted
average measure life estimate is calculated based on the current mix of measure savings,
bias will be introduced into life cycle net savings and benefit cost analysis if the mix of
measure savings changes in the future. To minimize this potential, we found measure life
estimates for both types of measures.

The relative program savings for equipment and service measures show the importance of
understanding the measure life for both types of measures. Table 2-2 shows the savings
percentage from January 1, 2008, to September 30, 2008, for the 18-month contract period®
by end-use and type of measure. Savings related to service buy-downs for HVAC and
manufacturing process end-uses are substantial (especially therm savings).

" The Focus on Energy Evaluation Team. State of Wisconsin Public Service Commission, Focus on
Energy Evaluation, Semiannual Report (18-month Contract Period). April 8, 2009.

8 Tracking gross savings for measures installed during the 18MCP from two versions of the WiSeerts
database: (1) WISeerts database as synchronized on April 29, 2008: measures installed in the18MCP
included in the sampling frame; and (2) WISeerts database as synchronized on November 7, 2008:
measures installed in the second six months of the 18MCP included in the sampling frame.
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Table 2-2. Program Savings by End-Use and Savings Type

Percent of Program Savings
End-use Category kW kWh therm

Building Shell

Technology or Equipment Replacement 0.2% 0.1% 4.0%

Service Buydown 0.0% 0.0% 0.0%
HVAC

Technology or Equipment Replacement 9.8% 14.5% 47.0%

Service Buydown 8.1% 2.2% 29.8%
Lighting

Technology or Equipment Replacement | 31.1% 31.1% 0.0%

Service Buydown 0.0% 0.0% 0.0%
Manufacturing Process
Technology or Equipment Replacement 12.3% 13.5% 16.6%
Service Buydown 3.1% 4.7% 0.0%
Other
Technology or Equipment Replacement 5.7% 9.2% 2.6%
Service Buydown 0.0% 0.0% 0.0%
CFL
Technology or Equipment Replacement 29.2% 24.0% 0.0%
Service Buydown 0.0% 0.0% 0.0%
Motors
Technology or Equipment Replacement 0.5% 0.7% 0.0%
Service Buydown 0.0% 0.0% 0.0%
Total 100.0% | 100.0% | 100.0%
Technology or Equipment Replacement 88.78% | 93.12% | 70.17%
Service Buydown 11.22% 6.88% | 29.83%

2.2 MEASURE LIFE PHONE SURVEY SCOPING STUDY

As a secondary objective, KEMA conducted a scoping study to investigate the quality of data
that could potentially be gathered from an exploratory phone survey with past Focus
participants. The purpose of the scoping study was to discern whether or not this is a viable
method for Focus on Energy and for which measures or groups of measures. The exploratory
phone survey is not intended to collect data for a statistically based savings persistence
study. Savings persistence studies are very expensive, require large samples, and still result
in high levels of uncertainty. KEMA’s proposed survey would collect Wisconsin specific
information that would enable KEMA engineers to improve the quality of the existing measure
life estimates. Such an effort could prove to be particularly valuable for measure life estimates
that are not based on primary research.

2-3
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The phone survey would aim to answer three primary questions:
1. Is the participant still in business?

2. If yes, is the measure still installed? What portion of the original savings estimate is
still being realized?

3. If no, is the measure still installed? What portion of the original savings estimate is
still being realized? If none—is the equipment idle? Removed? etc.

KEMA'’s previous experience suggested that this type of survey may not provide enough data
for a broad-based savings persistence study. A primary challenge is finding a respondent
within each sampled participating company who knows about the efficiency measure and can
provide a history of the operation of the measure. Another challenge is to identify which
technologies are compatible to this method. For example some technologies, such as wall
insulation, are hidden from building occupants and changes are hard to sense. Measure
installation can usually be confirmed over the phone for most measures if the business is still
operating and has a low employee turnover. However, confirming the fraction of energy
savings still being realized may be more challenging for certain measures and measure
groups. KEMA assessed the results of the Updates to Measure Life Estimate task and
determined which measure life estimates could benefit from additional data. We evaluated the
likelihood of obtaining additional data through phone interviews based on our experience and
interviews with Focus on Energy energy advisors.

23 ORGANIZATION OF REPORT
The remainder of the report is organized as follows.

Section 3 presents the research and findings for updated measure life estimates. In this
section, we describe the methods for research and analysis. We also present the results of
the analysis. Finally, we provide our conclusions, recommendations for measure life updates,
and recommendations for further research.

Section 4 presents the scoping study to determine the effectiveness of phone surveys to
improve the quality of measure life estimate data. This section describes the method we used
to determine the quality of data obtained through phone surveys and our analysis of which
end-uses and WISeert group descriptions would benefit from such a survey. Finally, we
provide our recommendations for phone surveys.

Appendices contain information about sources, raw measure life data findings, the scoping
study expert interview guide, and recommended hours of use for lighting and CFL measures.
The interview guide was broken into several sections including:

e Boilers and boiler tune-up measure life
e Steam trap repair measure life
e Chiller tune-up measure life

e Compressed air leak repair measure life

24
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Thermostat set point (controls) measure life
Lighting measure life

Agricultural

Industrial

General.
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3. UPDATES TO MEASURE LIFE ESTIMATES

3.1 INTRODUCTION

In this section, we describe the methods for research and analysis. We also present the
results of the analysis. Finally, we provide our conclusions, recommendations for measure life
updates, and recommendations for further research.

3.2 METHODS

To update the measure life estimates, a team of KEMA engineers reviewed secondary
sources to find current data on measure life. We did not perform any primary research as this
was beyond the scope of the study. We reviewed existing studies, workpapers, and technical
guides to obtain relevant data. To find as many relevant sources as possible, we encouraged
the Public Service Commission of Wisconsin and the Focus Program to provide sources or
leads to sources. When possible, we also reviewed the underlying sources and empirical data
to understand the strength of the source.

KEMA gathered data at the technology code level then aggregated the data into end-use
categories and WISeerts group descriptions.? Some sources (e.g., DEER) provide data for
very specific measures. The aggregation into WISeerts group descriptions and end-use
categories was done using the historical program savings from the period of January 2008 to
September 2008 as weights for individual measures. The end-use categories and WiSeerts
group descriptions are used by the Focus Program for program planning and by the
evaluation team for analyses such as impact evaluation, benefit cost, and LCNS.

The existing measure life estimates are based on the following general end-use categories:
“Lighting,” “CFLs,” “Motors,” “Building Shell,” “HVAC,” “Manufacturing Processes,” and
“Other.” We also investigated the development of estimates based on the new WiSeerts
group description categorizations (Table 3-1) and at the more specific WISeerts technology
code levels. The estimates by end-use, WISeerts group descriptions, and WISeerts
technology codes depended on the availability of credible secondary research and the
contributions these groups and technologies make toward tracked energy savings. That is,
the groups and technologies that account for the larger fractions of tracked savings were
prioritized.

® Focus on Energy measures are tracked in the WiSeerts database at a technology code level. There
are over 700 technology codes currently in use. These technology codes are further classified by end-
use categories and WISeerts group descriptions. Appendix B lists the measures by technology code
and indicates the associated WISeerts group description
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Table 3-1. WiSeerts
Group Description Categorizations

Group Description Category ID
Boilers & Burners 1
Lighting 2
Refrigeration 3
HVAC 4
Process 5
Domestic Hot Water 6
Building Shell 7
Laundry 8
Compressed Air, Vacuum Pumps 9
Agriculture 10
Wastewater Treatment 11
Industrial Ovens & Furnaces 12
Pools 13
Food Service 14
Information Technology 16
Plug Loads 17
Motors 61
Other 70

The current measure life estimates do not differentiate between life of equipment or
technology measure and life of service measures. Savings for equipment or technology
measure are related to the design or implementation of a device, control, or system. In
contrast, savings for service measures are obtained through tuning equipment for optimal
performance. Service measures generally need to be performed several times over the life of
the equipment to maintain the savings. These could include boiler tune-ups, chiller tune-ups,
compressed air leakage repair, and steam trap maintenance. As a result, equipment or
technology measure life tends to be much longer than service measure life. If a weighted
average measure life estimate is calculated based on the current mix of measure savings,
bias will be introduced in life cycle net savings and benefit cost analysis if the mix of measure
savings changes in the future. To minimize this potential, we found measure life estimates for
both types of measures

In the following subsections, we explain how we summarized the findings of the secondary
research and assessed the quality of the reviewed measure life estimates. We also explain
how the team of KEMA engineers developed updated measure life estimates for each of the
end-use categories and the new WISeerts group description categorizations based on the
research findings. Finally, we identify measures that would benefit from additional primary
research. These include measures with substantial related savings and limited or unavailable
reliable measure life estimates.

3.2.1 Review of secondary research

The current measure life estimates used by the Business Programs portion of the benefit-cost
analysis are based on the previous Energy Center of Wisconsin (ECW) technical potential
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study'® and information collected during the FY07 program year from the California Database
for Energy Efficient Resources (DEER). KEMA's review of the secondary research began
with:

1. Energy Efficiency and Customer-Sited Renewable Energy, Wisconsin, 2005
2. Energy Efficiency and Customer-Sited Renewable Energy, Wisconsin, 2009
3. The California Energy Commission, 2009.

These sources contain estimates of measure life for a variety of energy efficiency and
renewable energy technologies obtained from other secondary sources. DEER contains
information on selected energy-efficient technologies and measures, including estimates of
effective useful life (EUL). Since measure life estimates can be developed through field
research, secondary research based on field research, lab study, and professional
collaboration and estimation, KEMA engineers performed a thorough review of underlying
source materials and empirical research performed to determine the validity and applicability
of the underlying sources to Focus on Energy.

By reviewing these sources, searching the internet, and talking with experts, we found an
additional 14 sources with measure life data that was relevant to Focus on Energy
measures.' These sources are:

e Measure Life Report, New England, 2007

e Efficiency Vermont, 2005

e CL&P and Ul Program Savings, Connecticut, 2008
e ASHRAE Online Database, 2009

e Updated Measure Lifetime Estimates, 2007

e Natural Gas Energy Efficiency, New York, 2006

¢ Measure Life Study, Massachusetts, 2005

e Steam System Survey Guide, 2002

e Steam Traps Workpaper, California, 2006

e Questar Estimated Gas Savings, Utah, 2008

e Xcel Energy Deemed Savings, 2009

¢ Natural Gas Efficiency, Oregon, 2003

e Assessment of the Market for Compressed Air Efficiency Systems, 2001

e BC Hydro Measure Life Study, 2009.

"% Energy Center of Wisconsin. Energy Efficiency and Customer-Sited Renewable Energy: Achievable
Potential in Wisconsin 2006—-2015. November 2005.

" Formal citations and high-level description of the source can be found in Appendix A.
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A team of KEMA engineers reviewed each of these sources to gather measure life estimates.
We also reviewed the underlying sources and primary research to determine the basis for the
estimates. We identified the median measure life for each relevant measure within the source
and matched them up with the associated Focus on Energy technology code. When sources
contained measures that were not an exact match with Focus tech codes, KEMA made
informed and appropriate assessments.

3.2.2 Assessment of secondary source data

The measure life estimates reported in the secondary sources were determined through a
number of methods such as field research, secondary research based on field research, lab
study, and professional collaboration and estimation. KEMA assessed the validity and
applicability of each measure life estimate by reviewing the underlying sources or supporting
research. Where a measure life estimate was not applicable to Focus on Energy measures,
we excluded the finding from our results. For measure life estimates that were applicable to
Focus measures, KEMA assigned a rating to define the basis of the estimate. The rating
shows if the source of the estimate was primary research, secondary research of primary
research, or professional judgment. The rating helped to determine which estimate(s) would
provide the most value to updating the existing BP measure life estimate. We assigned a one
to measure life estimates that are based on primary field research data, a two to measure life
estimates that are based on secondary research of primary research reports, and a three to
estimates based on professional judgment or manufacturer design life. When we were unable
to determine the basis, we indicated the estimate with an “X” (see Table 3-2).

Table 3-2. Source Rankings WISeerts
Group Description Categorizations

Basis of Measure Life Estimate Rank

Primary Field Research Data 1
Secondary Research of Primary Research Reports 2
Professional Judgment or Manufacturer Design Life | 3
Undetermined X

In our analysis of the measure life sources, we treated sources assigned a “3” or “X” as equal.
However, we wanted to maintain the distinction between sources we knew to be opinions and
sources with unknown basis. Future research may prove that an “X” source is truly based on
primary research.

For easy reference, we tabulated our findings to allow discussion and ease of future revisions
(see Appendix B). As additional studies are completed on specific measures, the tabulated
findings can be updated and the appropriate measure life estimates can be adjusted. The
table in Appendix B is organized as follows:

e The first three columns are the WISeerts group description, the WISeerts technology
code, and the WISeerts technology code description.

o The next two columns are the KEMA recommended measure life estimates.

e The remaining columns show the measure life estimates obtained from the various
sources. A couple of these sources included persistence data and we included these
data in the table as well.
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3.2.3 Estimation of measure life

Estimation of measure life is not a simple task and requires understanding of many issues
surrounding the measure. Measure life is often defined as “the median number of years that a
measure is installed and operational.”"® This time period is based on the estimated life of the
piece of equipment and the possibility the equipment will be removed prior to failure.
Equipment may be removed prior to failure due to changes in the business. Other sources
define measure life as the minimum of design lifetime, economic lifetime, or social lifetime'®.
These terms can be defined as:

e Design lifetime is the length of time the manufacturer intended for the equipment to be
useful. This estimate is usually based on laboratory tests and may not be achieved in
real world applications. When equipment is installed it is often subjected to stresses
beyond those used for the laboratory testing.

e Economic lifetime is the length of time an installation is economically attractive.

e Social lifetime is the length of time before the installation is replaced for reasons other
than technical or economic failure. For example, asbestos insulation is generally
replaced due to health concerns.

While the second definition provides clarity about the reason for removal, most existing
sources have focused on the first definition. The first definition of measure life can be used to
describe most measures currently included in the Focus on Energy Business Program
portfolio. However, service measures do not fit this definition.™ Over time, the efficiency of
equipment can diminish. A service measure is maintenance work that needs to be performed
periodically to ensure the equipment is operating at optimal efficiency. For most equipment,
the maintenance needs to be done several times over the life of a piece of equipment that is
installed and operating. For this study, we define measure life for service buy-downs as the
number of years when efficiency gains due to maintenance have decreased by 50 percent
from optimal performance to un-maintained performance.

After compiling the results of the research, we looked for consistency between estimates from
different sources. When the measure life estimates were consistent between sources, we
used the estimate as the recommended measure life. When there were substantial
differences between the estimates, we used the measure life for each measure based on the
source with the best rating. At times, there were multiple sources with the same best rating. In
these cases, we found the average of the estimates.

'2 ERS. Measure Life Study Prepared for the Massachusetts Joint Utilities. November 17, 2005.

13 Harry H.J Vreuls, G.M. Piet, and Harold J. M. B. Pauwels, Energy Savings Lifetimes of Measures:
Will the New European Harmonized Lifetimes Account for Less Energy Savings Compared to the
Policy Induced Energy Savings Measures?. IEPEC 2007.

" HVAC service buy-down measures include boiler tune-ups, chiller tune-ups, and steam trap repair.
Manufacturing process service buy-down measures include compressed air leak repairs.
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Following the assessment of the secondary sources, KEMA estimated a measure life for each
measure based on the sources with the best rating. We looked for estimates that were
consistent between sources. When estimates from different sources were substantially
different, we used the estimate with the best source rating. When there were multiple sources
with the same best rating, we used the average of the associated ratings. The measure level
estimates of measure life were then aggregated to end-use and WISeerts group description.
The end-use and WISeerts group description measure life estimates were calculated
separately for service measures and technology/equipment measures. The service measures
include, but are not limited to, boiler tune-ups, chiller tune-ups, compressed air leakage
repair, and steam trap maintenance. The aggregated estimates are weighted averages of the
measure life by individual tech code. The weights are based on avoided cost of generation of
the savings from January 1, 2008, to September 30, 2008, of the 18-month Contract Period
(18MCP).

A. IMPACT OF HOURS OF USE ON MEASURE LIFE ESTIMATES

Different hours of use from one sector to another can cause differences in the measure life

among sectors. This effect primarily impacts lamp replacement measures. If a lamp rated to
operate 10,000 hours only operates 1,000 hours per year, we would expect the lamp to last
approximately ten years. If the same lamp operates 5,000 hours per year, we would expect
the lamp to last only two years.

Since measure life for a lamp is likely to vary by annual hours of use, we adjusted the
measure life based on proposed annual hours of use included in Appendix D and Appendix E.
Appendix D provides the operating hours by sector for lighting end uses based on existing
research. Appendix E provides the operating hours by sector for CFL end uses. We made the
adjustment to measure life estimates for lamp replacement measures (e.g., replacing an
incandescent lamp with a CFL). We did not make any adjustment for light fixtures. Light
fixtures are likely to be replaced with a new technology when a substantially more efficient
technology is available or during a planned renovation of a space. Therefore, the operating
hours do not affect the measure life estimates for light fixture measures.

3.3 RESULTS

The results of this study are based on the best available measure life data. We should note
however that our research shows a lack of primary research on measure life for many
technologies. In addition, the primary research supporting measure life estimates is generally
limited to a few studies. These studies have generally been in California or New England. The
challenges and costs of performing primary research on measure life relative to the quality of
the potential results limited the scope of this research effort. The difference in climate from
California to Wisconsin could cause differences in measure life for some measures (e.g.,
heating or cooling systems). Even with these limitations, the findings of this study are based
on the best available measure life data currently available. If future primary research finds
substantial differences in measure life estimates, the findings of this study should be
reevaluated. In the following subsections we present the results of this task by WiSeerts
group description and by end-use description.

3.3.1  Measure life by WiSeerts group description

The WISeerts group descriptions provide a more focused perspective than the estimates by
end-use previously used. As with measure life by end-use, we separated the equipment or
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technology measures from the service measures. Several group description categories do not
currently have service measures. However, we have included a service category in the table
for each group description and indicate the category as not applicable (i.e., “NA”). We believe
this will provide clarity if future service measures are added to these categories. Table 3-3
shows the proposed measure life by group description.
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Table 3-3. Recommended Measure Life by WiSeerts Group Description

Sector
Schools Weighted
and Average Source
Group Description | Measure Type | Agricultural | Commercial | Industrial | Government Rating*
Boilers & Burners Equip or Tech 18 18 18 18 2
Service 1 1 1 1 2
Lighting Equip or Tech 11 10 10 10 2
Service NA NA NA NA NA
Refrigeration Equip or Tech 9 9 9 9 3
Service NA NA NA NA NA
HVAC Equip or Tech 15 15 15 15 2
Service 5 5 5 5 3
Process Equip or Tech 10 10 10 10 2
Service NA NA NA NA NA
Domestic Hot Equip or Tech 15 15 15 15 3
Water Service NA NA NA NA NA
Building Shell Equip or Tech 20 20 20 20 3
Service NA NA NA NA NA
Laundry Equip or Tech 12 12 12 12 3
Service NA NA NA NA NA
Compressed Air, Equip or Tech 13 13 13 13 3
Vacuum Pumps | service 2 2 2 2 1
Agriculture Equip or Tech 13 13 13 13 2
Service NA NA NA NA NA
Wastewater Equip or Tech 11 11 11 11 2
Treatment Service NA NA NA NA NA
Industrial Ovens & | Equip or Tech 13 13 13 13 3
Furnaces Service NA NA NA NA NA
Pools Equip or Tech 5 5 5 5 3
Service NA NA NA NA NA
Food Service Equip or Tech 11 11 11 11 2
Service NA NA NA NA NA
Information Equip or Tech 2 2 2 2 2
Technology Service NA NA NA NA NA
Plug Loads Equip or Tech 10 10 10 10 3
Service NA NA NA NA NA
Motors Equip or Tech 16 16 16 16 2
Service NA NA NA NA NA
New Construction | Equip or Tech 18 18 18 18 NA
Service NA NA NA NA NA

* A “1” indicates the source used primary research; a “2” indicates the source researched reports that were
originally based on primary research; and a “3” indicates the basis of the measure life is an opinion, manufacturer
design specification, or unknown.
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3.3.2 Measure life by end-use

Based on the currently available research, our analysis suggests only minor changes to the
measure life estimates for most end-uses. We propose substantial changes in the following
areas:

e Separate equipment or technology based measures from service measures
¢ Increase the measure life of “Building Shell” end-use from 10 to 19 years

e Decrease the measure life for “Other” end-use to 12 years for all sectors.

We also propose minor adjustments in measure life some of the remaining end-uses. Table
3-4 shows proposed measure life by end-use. The source rating in the last column is a
weighted average of the source ratings used to develop the measure life estimate. A one
indicates the source used primary research; a two indicates the source researched report that
were originally based on primary research; and a three indicates the basis of the measure life
is an opinion, manufacturer design specification, or unknown.

Table 3-4. Recommended Measure Life by End-Use

Sector Weighted
Schools and Average
End-use Category | Measure Type | Agricultural | Commercial | Industrial | Government | Source Rating*
Building Shell Equip or Tech 19 19 19 19 3
Service NA NA NA NA NA
HVAC Equip or Tech 15 15 15 15 2
Service 5 5 5 5 3
Lighting Equip or Tech 12 12 12 12 2
Service NA NA NA NA NA
Manufacturing Equip or Tech 11 11 11 11 2
Process Service 2 2 2 2
Other Equip or Tech 12 12 12 12 3
Service NA NA NA NA NA
CFL Equip or Tech 7 5 4 5 2
Service NA NA NA NA NA
Motors Equip or Tech 16 16 16 16 2
Service NA NA NA NA NA

* A “1” indicates the source used primary research; a “2” indicates the source researched reports that were
originally based on primary research; and a “3” indicates the basis of the measure life is an opinion, manufacturer
design specification, or unknown.

3.4 CONCLUSIONS

We found substantial differences between the existing end-use measure life estimates for
“Building Shell” and “Other” measures. In addition, the existing measure life estimates do not
separate service measures from equipment or technology measures. If a weighted average
measure life estimate is calculated based on the current mix of measure savings, bias will be
introduced into life cycle net savings and benefit cost analysis if the mix of measure savings
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changes in the future. To minimize this potential, we found measure life estimates for both
types of measures.

KEMA makes the following recommendations for the PSCW to consider:

1. Use the measure life estimates based on WISeerts group description categories for
program analysis whenever possible. These categories are more focused and can
provide a clearer understanding of the impact specific equipment has on potential
lifetime savings.

2. Use the updated measure life estimates based on end-use categories for program
analysis when the data do not allow for disaggregating to the WiSeerts group
description level.

3. Aggregate measure life data into group description or end-use categories for the
purpose of program planning and evaluation (Recommendations 1 and 2). However,
there are situations where the use of measure specific life estimate may be more
appropriate; for example, when the Program is considering additions or revisions to
specific measures. The measure specific estimates are provided in Appendix B.

4. Use separate service measure life estimates in both the end-use and group
description categorizations. We could calculate a weighted average measure life
estimate based on the current mix of measure savings. However, bias will be
introduced in life cycle net savings and benefit cost analysis if the mix of measure
savings changes in the future. To minimize this potential, we recommend separate
measure life estimates for service and equipment or technology measures.

3.4.1 Recommended further research

This study was a broad-based measure life study using existing research to update the
measure life estimates for the seven end-uses and eighteen WISeerts group descriptions.
The results of this study provide a reasonable basis for program planning and evaluation;
however, as shown above, the measure life estimates for several end-uses and WISeerts
group descriptions are not well supported by existing research. Further research could
provide support for some of these estimates. These recommendations are in addition to those
in the measure life phone survey scoping study discussed later.

The review of secondary sources revealed a lack of measure life data for most service
measures. As discussed earlier, these measures include services such as:

e Steam traps repair
e Boiler tune-ups

e Compressed air leak repair.

In addition, this study was not a savings persistence study. Savings persistence describes the
percentage of original savings that will remain over time. Savings could change over time if
the efficiency of the high efficiency technology degrades at a different rate than its standard
efficiency counterpart. Savings could also be reduced over time due to behavioral changes.
For example, the system operator may alter temperature set points and operating hours for
an HVAC control system. Measures susceptible to behavioral changes include:
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e Lighting control systems

e HVAC control systems.

Therefore, measures subject to savings changes over time are not fully described by the
findings in this study.

Finally, most of the available research is based on the median number of years that a
measure is installed and operational with no indication of the cause of the elimination of the
measure. This definition limits the usefulness of the results. The differences between design,
economic, or social lifetimes could be dramatic. Knowledge of the economic or social lifetimes
could allow program planners the opportunity to develop programs that could extend these
lifetimes. Additional research could focus on understanding these different lifetimes for
measures with substantial program savings.

Additional research on the measure life could be considered for the following areas. This
research could provide data that would be beneficial for both measure life and deemed
savings.

e Steam traps. This research could include:

— Measure life by pressure or application (high pressure versus low, industrial
process versus HVAC)

— Likelihood of maintenance programs in industrial versus commercial settings
— Failure mode of failed traps
Percentage of traps that failed closed.
Percentage of traps that failed open.
Percentage of traps that failed leaking. This could be further studied on the
basis of percent leakage.

e Persistence of savings for boiler tune-ups. The current findings indicate that the
savings associated with a boiler tune-up are expected to last two years. However, we
do not know how the savings change over time.

e Measure life of compressed air leak repair. This research could include:
— Measure life by pressure or application
— Likelihood of maintenance programs in industrial vs. commercial settings

e Measure life estimates based on by design, economic, and social lifetimes.

e Persistence of savings for day-lighting and time-based lighting controls as well as
temperature set point/setback savings strategies. These measures are subject to
adjustments to suit the desires and needs of the occupants and maintenance staff.
These adjustments could reduce or eliminate expected savings over time.
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4.1 INTRODUCTION

In this section we describe the method we used to determine the quality of data obtained
through phone surveys and our analysis of which end-uses and WISeerts group descriptions
would benefit from such a survey. We also provide our recommendations for phone surveys.

4.2 METHODS

To determine the viability of the phone survey, we reviewed historical savings and available

measure life data at a technology code level. We then interviewed Focus on Energy energy

advisors. Based on this information and our experience we estimated the quality of the data

that could be collected and the potential increase these data could have on the quality of the
measure life estimates calculated as part of the Updates to Measure Life Estimates task.

The exploratory phone survey is not intended to collect data for a statistically based
persistence study. Savings persistence studies are very expensive, require large samples,
and still result in high levels of uncertainty. KEMA’s proposed survey would collect Wisconsin
specific information that would enable KEMA engineers to improve the quality of the existing
measure life estimates. Such an effort could prove to be particularly valuable for measure life
estimates that are not based on primary research.

4.2.1 Review of historical savings and measure life data

The basis of the measure life estimates that we found in the Updates fo Measure Life
Estimates task vary widely. Some measure life estimates are based on field research while
other estimates are based on opinions or manufacturer design specifications. In the Updates
to Measure Life Estimates task, we rated the estimates on a scale of one to three where a
one indicated the estimate was based on primary field research, a two indicated the estimate
was based on secondary studies of field research, and a three indicated the estimate was
based on opinions or manufacturer design specifications. A phone survey could add to the
quality of measure life data that was not based on field research. Therefore, the scoping
study focused on the measure life data that was based on opinions or manufacturer design
specifications.

4.2.2 Focus on Energy advisor interviews

Our experience with program participant phone interviews provides one perspective on the
knowledge participants may have about measures that are installed in their facilities. To gain
an additional perspective, KEMA interviewed eight Focus on Energy energy advisors about
the knowledge participants would have with technologies installed within their facilities. Three
advisors represented the agricultural sector, three represented the commercial sector, and
two represented the industrial sector. One of the advisors also represented the schools and
government sector in addition to their other sector. We asked the advisors general questions
such as:

e What percentage of participants would be able to answer questions about the
efficiency of equipment when it was installed and the current efficiency of
equipment?

41

Measure Life Study. Final: 8/25/09



4. Measure Life Phone Survey Scoping Study

e What percentage of participants would know about equipment installed through the

program five years ago (specifically is it still installed, what was the efficiency at
installation, and what is the current efficiency)?

In addition to general questions, we asked the advisors specific questions about measures
with substantial savings and poor measure life source ratings. These more specific questions

where in the following areas:

1. Boilers and boiler tune-up measure life
Steam trap repair measure life
Chiller tune-up measure life

Compressed air leak repair measure life

Lighting measure life

Agricultural

©® N o 0o~ 0 D

Industrial.

Thermostat set-point (controls) measure life

Refer to Appendix C for the complete list of questions.

4.2.3 Estimating the quality increase in measure life data

Using the opinions provided by the Focus advisors and our experience, we estimated the
quality of data about measure life that we could obtain through phone interviews. We
estimated the possible quality of data based on the percentage of participants who are likely
to be able to answer a question on the measure (see Figure 4-1).

Figure 4-1. Decision Tree to Determine the Possible Quality of Measure Life Data by Phone

What percentage
of participants are
likely to know
about a measure?

Less than More than
9 67%
33% Between 33
and 67%
Low Medium High
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The knowledge of the respondent could be affected by several factors. These could include:

e Size and stability of the company. It is easier to find an individual knowledgeable
about a past project in a large company with low turnover than in a small company
with high turnover.

e Technical background of the respondent. A respondent whose work is to maintain
facility systems will more likely answer technical questions accurately.

Since the energy advisors work with participants in each sector, we used their experience
with program participants to ensure that we had a reasonable understanding of knowledge
that participants may have. We then compared these estimates to the typical ratings of the
sources for measure life estimates by end-use and by WISeerts group description. Where our
estimated quality exceeded the quality of measure life estimate source data, we projected the
possible improvement in data quality (see Figure 4-2).

Figure 4-2. Decision Tree to Determine the Possible Increase in Quality of Measure Life Data

Is the possible
quality of data
by phone low?

Yes

Is the possible
quality of data by
phone medium?

No Yes

The possible
quality of data by
phone is high.

Is quality of
source data
1or2?

Some Minimal

4.3 RESULTS

This section provides the results of our exploratory interviews with Focus on Energy energy
advisors, our assessment of the merits of participant surveys to collected additional measure
life data, and the estimated cost of performing such a survey effort.

4.3.1 Focus on Energy advisor interviews
Table 4-1 summarizes the average responses of the Focus on Energy Advisors and indicates

the potential quality of data that could be obtained through a phone survey. These opinions
suggest that a phone survey can improve the quality of equipment retention rate data for
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some measures. We used the overall program percentage for our analysis and included the
sector specific percentages to inform the design of the phone survey. The usefulness of the
sector percentages is limited by small sample sizes. For example, the Schools and

Government percentages are based on a single respondent.

Table 4-1. Focus on Energy Advisor Responses and Potential Quality of Phone Survey Data

Sector
Schools
Technology Overall and Potential
Area Percent of Participants who: Program | Agricultural | Commercial | Industrial | Government | Quality

Know the date of the last boiler tune-

up 67.5% 66.7% 66.7% 70.0% 50.0% High

Know the frequency of boiler tune-ups 66.9% 51.7% 66.7% 90.0% 50.0% High

Know the pre- and post-tune-up boiler

efficiency 50.0% 51.7% 38.3% 65.0% 5.0% | Medium
Boilers Know the current boiler efficiency 39.4% 45.0% 56.7% 5.0% 20.0% | Medium

Know the efficiency of steam

distribution system, excluding steam

traps 22.3% NA 43.7% 1.5% 1.0% Low

Know the boiler efficiency

improvement due to flue gas (or other)

heat recovery 21.3% NA 48.3% 12.5% 5.0% Low

Know the date of the last steam trap

survey 69.2% NA 85.0% 80.0% 100.0% High

Know the percentage of failed steam
Steam traps traps found 60.0% NA 83.3% 55.0% 100.0% | Medium
Traps Know the percentage of failed steam

traps by size, type or mode of failure 51.7% NA 83.3% 30.0% 100.0% | Medium

Know the frequency of steam trap

surveys and repairs 52.5% NA 51.7% 80.0% 0.0% | Medium

Know the date of the last chiller tune-

up 58.1% 26.7% 68.3% 90.0% 50.0% | Medium
Chillers Know the frequency of chiller tune-ups 51.3% 23.3% 53.3% 90.0% 5.0% | Medium

Know the pre- and post-tune-up chiller

efficiency 31.3% 16.7% 53.3% 20.0% 5.0% Low

Know the current chiller efficiency 29.4% 18.3% 53.3% 10.0% 5.0% Low

Know the percentage of compressed

air leaks found 54.4% 58.3% 46.7% 60.0% 0.0% | Medium

Of the leaks found, the percentage of
Compressed | compressed air leaks repaired 64.4% 60.0% 51.7% 90.0% 0.0% | Medium
Air Know the date of last compressed air

leak survey 61.4% 51.7% 48.3% 65.0% 0.0% | Medium

Know the frequency of compressed air

leak surveys and repairs 64.3% 60.0% 46.7% 65.0% 0.0% | Medium

Know the thermostat set points prior to

measure installation 72.1% 58.3% 70.0% 60.0% 80.0% High
Thermostats | Know the thermostat set points

immediately after measure installation 82.1% 58.3% 73.3% 90.0% 80.0% High

Know the current thermostat set points 77.9% 58.3% 73.3% 75.0% 80.0% High
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Sector
Schools
Technology Overall and Potential
Area Percent of Participants who: Program | Agricultural | Commercial | Industrial | Government | Quality

Know what fixtures were delamped

then relamped 69.4% 75.0% 76.7% 50.0% 75.0% High

Know the lighting control schedule

prior to measure installation 74.4% 88.3% 76.7% 50.0% 100.0% High
Lighting

Know the lighting control schedule

immediately after measure installation 76.3% 88.3% 81.7% 50.0% 100.0% High

Know the current lighting control

schedule 78.1% 88.3% 83.3% 55.0% 100.0% High

Know the efficiency of their grain

dryers 5.0% 3.3% NA NA NA Low
Agricultural

Know the efficiency of their agricultural

ventilation fans (cfm per watt) 16.7% 16.7% NA NA NA Low
Industrial Know the efficiency of melting furnaces 35.0% NA NA 50.0% NA | Medium

Can answer questions about efficiency

of equipment when it was installed and

the efficiency of equipment now 42.5% 50.0% 53.3% 15.0% 25.0% | Medium

Know about equipment installed
General through the program five years ago 59.3% 58.3% 63.3% 25.0% 80.0% | Medium

Have a program to monitor energy use 26.4% 5.0% 33.3% 35.0% 10.0% Low

Have an energy monitoring program

sophisticated enough to observe

decreases in energy efficiency 20.4% 5.0% 44.0% 8.0% 2.0% Low

Some of the questions we asked the energy advisors were related to savings persistence. We
asked these questions as a method to quickly gauge the potential knowledge of the
participant. This assumes that if a participant can answer savings persistence questions, they
should be able to easily address measure life questions.

Finally, we asked the energy advisors about turnover rates. If a firm has a high turnover rate,
the likelihood of finding a person knowledgeable about the technology decreases. According
to the energy advisors, turnover rates for agricultural participants are likely to be very low
since these are generally family businesses. On the other hand, turnover rates for industrial,
commercial, and school and government participants are likely to be higher. Higher turnover
rates can reduce the chance of gaining useful information but should not pose a substantial
problem. However we believe higher quality measure life data in specific areas can be obtain
via phone interviews with past Focus participants. For example, we believe we could obtain
data of medium or high quality for steam trap measure life estimates. Many participants are
likely to know dates and frequency of surveys as well as the number of traps repaired. These
data would help evaluators to more accurately estimate the measure life of these measures.

4.3.2 Estimating the quality increase in measure life data

Table 4-2 summarizes the assessment (by end-use) of possible increases in measure life
data quality through a phone survey. The possible increase in the quality of data was
determined by comparing the weighted average source rating and the possible quality of data
by phone. The greatest potential for improvements to the quality of the measure life estimates
via a phone survey with past program participants was found with building shell and HVAC
service end-uses. For example, the weighted average source rating for HVAC service end-
use measures is three; we believe measure life data available by phone for this measure
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would be of medium quality and that there would be a reasonable increase in measure life
data quality for these end-uses. The increase in quality is likely to be beneficial for building
shell and HVAC service end-uses since the savings associated with these end-uses from
January 1, 2008, to September 30, 2008, for the 18MCP are 8.3 percent of kW, 2.4 percent of
kWh, and 35.6 percent of therms.

Table 4-2. Assessment of Data Quality Increase through Phone Survey by End-Use

Include in
Weighted Average Possible Quality of | Possible Increase in Phone

End-use Category | Measure Type Source Rating* Data by Phone Quality of Data Survey?

Building Shell Equip or Tech 3 Medium Some Yes
Service NA

HVAC Equip or Tech 2 Medium Minimal No
Service 3 Medium Some Yes

Lighting Equip or Tech 2 High Some No
Service NA

Manufacturing Equip or Tech 2 Medium Minimal No

Process Service Medium Minimal No

Other Equip or Tech 3 Low Minimal No
Service NA

CFL Equip or Tech 2 High Some No
Service NA

Motors Equip or Tech 2 Low Minimal No
Service NA

* The "weighted average source rating" is from the Updates to Measure Life Estimates task. A “1” indicates the
source used primary research; a “2” indicates the source researched reports that were originally based on primary
research; and a “3” indicates the basis of the measure life is an opinion, manufacturer design specification, or
unknown.

Two end-use categories, “Lighting” and “CFL,” are likely to provide high quality measure life
data through a phone survey. However, we do not recommend including these in a phone
survey because the measure life estimate is already based on field research. This is because
measure life estimates for lighting measures are generally based on secondary research of
actual field studies. The phone survey is unlikely to provide a reasonable increase in the data
quality relative to the cost of the research effort.

Table 4-3 summarizes the assessment (by WISeerts group description) of possible increase
in measure life data quality through a phone survey. Based on the scoping study we
recommend a phone survey with past Focus participants who installed measures classified in
the HVAC service, building shell, compressed air, and new construction WISeerts group
descriptions. We believe there would be a reasonable increase in measure life data quality for
these WISeerts group descriptions. The increase in quality is likely to be beneficial since the
savings associated with these WISeerts group descriptions from January 1, 2008, to
September 30, 2008, for the 18MCP are 12.5 percent of kW, 7.9 percent of kWh, and 12.8
percent of therms.
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Table 4-3. Assessment of Data Quality Increase through Phone Survey
by WISeerts Group Description

Include in
Weighted Average | Possible Quality | Possible Increase Phone

Group Description | Measure Type | Source Rating* of Data by Phone in Quality Survey?

Boilers & Burners Equip or Tech Medium Minimal No
Service Medium Minimal No

Lighting Equip or Tech 2 High Some No
Service NA

Refrigeration Equip or Tech 3 Low Minimal No
Service NA

HVAC Equip or Tech Medium Minimal No
Service 3 Medium Some Yes

Process Equip or Tech 2 Medium Minimal No
Service NA

Domestic Hot Equip or Tech 3 Low Minimal No

Water Service NA

Building Shell Equip or Tech 3 Medium Some Yes
Service NA

Laundry Equip or Tech 3 Low Minimal No
Service NA

Compressed Air, Equip or Tech 3 Medium Some Yes

Vacuum Pumps | service 1 Medium Minimal No

Agriculture Equip or Tech 2 Low Minimal No
Service NA

Wastewater Equip or Tech 2 Medium Minimal No

Treatment Service NA

Industrial Ovens & | Equip or Tech 3 Low Minimal No

Furnaces Service NA

Pools Equip or Tech 3 Low Minimal No
Service NA

Food Service Equip or Tech 2 Low Minimal No
Service NA

Information Equip or Tech 2 Low Minimal No

Technology Service NA

Plug Loads Equip or Tech 3 Low Minimal No
Service NA

Motors Equip or Tech 2 Low Minimal No
Service NA

New Construction | Equip or Tech NA Medium Some Yes
Service NA

* The "weighted average source rating" is from the Updates to Measure Life Estimates task. A “1” indicates the
source used primary research; a “2” indicates the source researched reports that were originally based on primary
research; and a “3” indicates the basis of the measure life is an opinion, manufacturer design specification, or

unknown.
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In either the end-use or group description categorization, lighting measures show a high
possible quality of data by phone, but we do not recommend including these in the phone
surveys. This is because measure life estimates for lighting measures are well supported by
research and the phone survey is unlikely to provide a reasonable increase in the data quality
relative to the cost of the research effort.

4.4 CONCLUSIONS

We believe that a phone study can improve the data quality for some measure life estimates.
KEMA recommends the PSCW consider a phone survey with past Focus participants that
installed measures classified in the HVAC service, building shell, compressed air, and new
construction WiSeerts group descriptions. KEMA did not find empirical research during the
Updates to Measure Life Estimates task for these WISeerts group descriptions; however,
based on the scoping study we believe the existing estimates can be improved with
information that could be collected from past Focus participants.

We are not recommending a statistically based savings persistence study. A savings
persistence study would be very expensive, require large samples, and still result in high
levels of uncertainty. KEMA’s proposed exploratory survey would collect Wisconsin specific
information that would enable KEMA engineers to improve the quality of the existing measure
life estimates. Such an effort could prove to be particularly valuable for measure life estimates
that are not based on primary research. If the PSCW decides to pursue the additional
research, KEMA recommends the research plan and budget is included in the next detailed
evaluation plan.
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Reference
Number Source Bibliography Abbreviated Title | Date Summary
1 Measure Life Report - Residential and Measure Life Report, 2007 | This study was performed for the New England programs

Commercial/Industrial Lighting and HVAC Measures,
prepared for The New England SPWG by GDS
Associates, June 2007

New England, 2007

to develop their measure lives. It was a literature review
rather than a direct-measurement or survey study. Most
data were from the 2005 Measure Life Study Report
prepared for The Massachusetts Joint Utilities, by ERS
(energy & resource solutions).

2 Efficiency Vermont, Technical Reference User Manual, | Efficiency Vermont, 2005 | This is the energy savings protocol document for
November 2005 2005 Efficiency Vermont. It has measure lives for most of their
measures and cites sources for measure lives for some
measures, like refrigeration (DOE study). For most
measures, however, no source is listed.
3 CL&P and Ul Program Savings Documentation for 2008 | CL&P and Ul Program | 2008 | This is the energy savings protocol document for CL&P
Program Year (Connecticut) Savings, Connecticut, and Ul It has measure lives for most of their measures, no
2008 sources are listed except for a single statement at the
beginning of the document, "Generally based on
experience or studies."
4 ASHRAE Online Service Life Database, Accessed May | ASHRAE Online 2009 | Results based on survey data collected by ASHRAE.
27,2009 Database, 2009
5 Updated Measure Lifetime Estimates: EULs Based on | Updated Measure 2007 | This source was a presentation at the 2007 IEPEC
10 Years of Studies, Skumatz, L & Dimetrosky, S, 2007 | Lifetime Estimates, conference and is a summary of more than 100
2007 retention/persistence studies, though what studies these
are is not listed in the presentation.
6 Natural Gas Energy Efficiency Resource Development | Natural Gas Energy 2006 | This is a report on the potential savings from various
Potential In New York, prepared for NYSERDA by Efficiency, New York, measures in New York and includes suggested measure
Optimal Energy Inc, ACEEE, Vermont Energy 2006 lives. Sources are not listed, except that the report says
Investment Corporation, Resource Insight Inc, and that the data comes from retailers, DOE documents,
Energy and Environmental Analysts Inc, October 2006 NYSERDA data, Efficiency Vermont, and professional
experience.
7 Measure Life Study prepared for The Massachusetts Measure Life Study, 2005 | This is a comprehensive study of measure life. It is based
Joint Utilities by ERS, November 17, 2005 Massachusetts, 2005 on a literature review of measure lives for a number of
programs across the country, some publicly available and
others not publicly available.
8 Energy Efficiency and Customer-Sited Renewable Energy Efficiency and | 2009 | Technical potential study developed for the state of

Energy: Achievable Potential in Wisconsin 2012 and
2018, prepared by Energy Center of Wisconsin, public
comment draft, April 6, 2009

Customer-Sited
Renewable Energy,
Wisconsin, 2009

Wisconsin by ECW.
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9 The California Energy Commission. (2009). Database The California Energy | 2009 | Comprehensive study of measure life based on several
for Energy Efficient Resources. Retrieved June 5, 2009, | Commission, 2009 California studies and databases.
from http://www.energy.ca.gov/deer/

10 Energy Efficiency and Customer-Sited Renewable Energy Efficiency and | 2005 | Earlier technical potential study developed for the State of
Energy: Achievable Potential in Wisconsin 2006—2015, | Customer-Sited Wisconsin by ECW. This source was used to help develop
prepared by Energy Center of Wisconsin on behalf of Renewable Energy, the existing end-use measure life.

The Governor's Taskforce on Energy Efficiency and Wisconsin, 2005
Renewables

11 Steam System Survey Guide by Oak Ridge National Steam System Survey | 2002 | Based on data obtained from a variety of textbooks on
Labs Guide, 2002 steam systems.

12 Steam Traps Workpaper for PY2006-2008, prepared for | Steam Traps 2006 | Review of a number of studies on steam trap failures for
Southern California Gas Company, prepared by Energy | Workpaper, California, SCGC. References all of the studies shown in its
and Environmental Analysis, Inc, December 2006 2006 attachments shown below (12-x)

12-1 kW Engineering Steam Trap Survey kW Engineering Steam | 2006 | On-site survey of five southern California dry cleaners and
Trap Survey billing analysis of SCGC customers.
12-2 Enbridge Steam Trap Survey Enbridge Steam Trap | 2006 | On-site survey of boiler plants by Enbridge (Excel
Survey spreadsheet).
12-3 Enbridge Steam Saver Program 2005 Enbridge Steam Saver | 2006 | Overview of the Endbridge Steam Saver program.
Program 2005 Includes a benchmarking study of 25 medium and large
boiler plants.
12-4 Key Parameters for Steam Traps - Mar14 Key Parameters for 2006 | Part of the Enbridge benchmarking study.
Steam Traps - Mar14
12-5 Armstrong Steam Trap Survey Armstrong Steam Trap | 2006 | Survey of nine dry cleaners by Armstrong International.
Survey
12-6 Enbridge Industrial SteamSaver Program Enbridge Industrial 2006 | Marketing document for the Steam Saver Program -
SteamSaver Program includes suggested gas savings data.
12-7 Steam Boiler Efficiency Steam Boiler Efficiency | 2006 | Unclear what this is. Appears to be the results of a survey
of steam systems.

13 Questar Gas Company (Utah) Estimated Gas Savings, | Questar Estimated Gas | 2008 | Energy savings protocols for Questar Gas. Includes

2008 Savings, Utah, 2008 measure lives for various measures. Cites 2003 Xenergy
study, although we cannot find the data that they are
citing.

14 Xcel Energy Deemed Savings Technical Assumptions: | Xcel Energy Deemed | 2009 | Technical assumptions for Xcel Energy Deemed Savings
CO Deemed Boiler Efficiency, 2009 Savings, 2009 values. Includes measure lives. Sources not listed.

15 Natural Gas Efficiency and Conservation Measure Natural Gas Efficiency, | 2003 | No sources listed.

Resource Assessment, prepared for the Energy Trust of | Oregon, 2003
Oregon by Ecotope, Inc, August 2003
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16 Assessment of the Market for Compressed Air Assessment of the 2001 | Extensive market assessment/potential study for boiler
Efficiency Systems for US DOE by Xenergy, June 2001 | Market for measures based on a survey of energy audit data from
Compressed Air the Compressed Air Challenge and interviews with
Efficiency Systems, personnel from manufacturing plants.
2001
17 BC Hydro Measure Life Study (based on conversation | BC Hydro Measure Life | 2009 | This was a telephone conversation in which information
with Christine Gustafson at BC Hydro) Study, 2009 on BC Hydro measure lives and sources were shared
over the phone. BC Hydro could not provide the document
for reference because it also contained sensitive program
information.
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APPENDIX B: RAW MEASURE LIFE DATA FINDINGS

The following pages contain the raw measure life data findings.
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