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Executive Summary

Pacific Northwest National Laboratory (PNNL) estimated the FY 2002 energy, environmen-
tal, and financial benefits (i.e., metrics) of the technologies and practices in the U.S. Depart-
ment of Energy’s (DOE’s) Office of Building Technology, State and Community Programs
(BTS). BTS is part of DOE’s Office of Energy Efficiency and Renewable Energy (EE), which
uses the estimates of benefits as part of its annual budget request.

This report includes a series of documents that detail the approach and methodology used to
estimate future energy, environmental, and financial benefits produced by technologies and
practices supported by BTS in the fiscal year 2002. An overview is provided that describes
the GPRA process and the models used to estimate savings. The results of the forecasted
energy savings, consumer cost savings, and carbon benefits for each of the 19 BTS programs
are included in individual program summaries and overall results of the FY02 GPRA effort
are summarized for all BTS programs. Technical appendixes include the FY02 GPRA Data
Call as well as descriptions of the models used, baseline assumptions, and diffusion curve
estimates.






Overview of the FY 2002 GPRA Metrics Process

Pacific Northwest National Laboratory estimated the FY 2002 energy, environmental, and fi-
nancial benefits (i.e., metrics) of the technologies and practices in the U.S. Department of
Energy’s (DOE's) Office of Building Technology, State and Community Programs (BTS). BTS
falls within DOE’s Office of Energy Efficiency and Renewable Energy (EE), which uses the
estimates of benefits as part of its annual budget request.

The metrics effort was initiated by EE in 1994 to develop quantitative measures of program ben-
efits and costs. The Government Performance and Results Act (GPRA) of 1993 mandates such
estimates of benefits, which are submitted to EE’s Office of Planning, Budget, and Management
(OPBM) as part of EE’s budget request. The supporting analysis and data are used to set stra-
tegic goals and objectives within BTS and DOE, to communicate the benefits of EE programs to
all interested parties, and to defend the budget before OPMB and Congress.

Estimating the Energy Savings of BTS Programs

Energy savings for the FY 2002 GPRA metrics were based on the FY 2002 budget appropriation and
estimated at a program level and then aggregated to the decision unit level. Benefits were estimated
for 36 BTS programs and then rolled up into 19 programs and the 8 BTS decision units, as shown in
Table 1. BTS’s eight decision units fall into one of two broad areas:

* Building Research and Standards, which develops, implements, and coordinates research
and development (R&D) that improves the energy efficiency of building components and then
uses system design and regulatory activities to integrate these components into building
energy systems.!

» Building Technology Assistance, which is responsible for accelerating the adoption of energy
efficiency and renewable building technologies through technical and financial assistance to
states and local communities.?

Several different approaches are required to estimate the benefits of the wide array of BTS
programs. This section briefly describes the analytical approaches used to estimate energy
savings for the FY 2002 appropriated budget for BTS. Greater detail on each BTS program is
provided later in this document in program-specific summaries.

The benefits of EE programs and technologies were assessed at an aggregated level as decision
units (formerly known as planning units) to simplify cross-sector comparisons and to limit the
number of elements being evaluated to a manageable number. Likewise, the benefits were
assessed for a limited number of defined metrics:

* energy savings
e environmental benefits
e economic/financial metrics.

1“BTS Building Research and Standards Measurement Statement,” FY 2002 Budget Request (internal
BTS document).

2“BTS Office of Building Technology Assistance Mission Statement,” FY 2002 Budget Request (internal
BTS document).
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Table 1. Decision Units and Programs Evaluated for FY 2002 GPRA Metrics

Decision Unit

36 BTS Activities or Technologies

19 BTS Programs Aggregated
for GPRA FY 2002 Metrics

State Energy

e State Formula Grants

e State Formula Grants

Weatherization
Assistance

= Weatherization Assistance Program

« \Weatherization Assistance
Program

Community Energy
Program

= Rebuild America/Energy Smart Schools
Information Outreach
= Training & Assistance for Codes

= Rebuild America/Energy Smart
Schools’

< Information Outreach

= Training and Assistance for
Codes

Energy Star Program

Clothes Washers
Refrigerators

Electric Water Heaters

Gas Water Heaters

Room Air Conditioner
Compact Fluorescent Lights
Dishwashers

Energy Star:
Energy Star:
Energy Star:
Energy Star:
Energy Star:
Energy Star:
Energy Star:

Energy Star

Technology Roadmaps
and Competitive R&D

= Technology Roadmaps and Competitive R&D

Competitive R&D

Residential Buildings
Integration

= Residential Buildings R&D
= Residential Building Codes

Residential Buildings R&D
Residential Building Codes

Commercial Buildings
Integration

= Commercial Buildings R&D
= Commercial Building Codes

= Commercial Buildings R&D
= Commercial Building Codes

Equipment, Materials
and Tools

= Advanced Light Sources (Two-Photon Phosphors)

= Advanced Light Sources (Solid State Lighting)

= Space Conditioning R&D: Residential HVAC
Distribution System

= Space Conditioning R&D: Advanced Electric
Heat Pump Water Heat

= Space Conditioning R&D: Commercial
Refrigeration

= Appliances and Emerging Technologies R&D:
Heat Pump Water Heater

= Appliances and Emerging Technologies R&D:
Compact Fluorescent Lights

= Appliances and Emerging Technologies R&D:
Roof Top Air Conditioning

= Appliances and Emerging Technologies R&D:
Dryers

= Appliances and Emerging Technologies R&D:
Gas Condensing Water Heater

= Appliances and Emerging Technologies R&D:

Recessed Can Lights

Building Envelope R&D: Electrochromic Windows

Building Envelope R&D: Superwindows

Building Envelope R&D: Quick-Fill Walls

Building Envelope R&D: R30/30 Year Roofs

Analysis Tools and Design Strategies

Lighting and Appliance Standards:

Residential Gas Furnace/Boilers

= Lighting and Appliance Standards:
EPAct Stamdards

= Lighting and Appliance Standards:
Distribution Transformers

= Lighting R&D

= Space Conditioning and
Refrigeration R&D

= Appliances and Emerging
Technologies R&D

= Building Envelope R&D:
Electrochromic Windows

= Building Envelope R&D:
Superwindows

= Building Envelope R&D: Thermal
Insulation and Building Materials

= Analysis Tools and Design
Strategies

= Lighting and Appliances
Standards
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Environmental and economic benefits (energy cost savings) were keyed directly to energy
savings. Therefore, the balance of this overview focuses on just the energy-savings' estimates.

For most of the BTS programs for which estimates were developed, the benefits estimates
are broken out by building sector, building type, region, vintage, end use, fuel type, and type
of equipment displaced and then aggregated to obtain the benefits for a program or technol-
ogy. The program and decision unit structure used in this document reflected the structure
used in the FY 2002 budget request.

The analysis considered program goals, technology characteristics (including performance and
cost), the targeted market, and program milestones. The technologies and practices modeled were
chosen as representing a specific program. Not all activities funded by BTS are modeled; activities
were selected if they met some minimal threshold of funding and are likely to result in measurable
energy savings.

The program characteristics were developed through extensive interaction with the BTS Office
Directors and Program Managers. For FY 2002, program characterization summaries were
based on information gathered during interviews conducted throughout the summer of 2000.
The characterizations were then reviewed and revised during meetings with BTS Program
Managers. The program characterizations presented in subsequent sections of this document
represent the results of those interviews, reviews, and revisions.

Modeling Methods Used In Estimating Benefits

The BTS GPRA estimates of benefits were calculated using one of three methods:

* National Energy Modeling System (NEMS)
e Building Energy Savings Estimation Tool (BESET)
e Spreadsheets designed for a specific program.

NEMS allows the costs and benefit characteristics of a technology and its market penetration to
be linked within NEMS. However, NEMS has difficulty representing some BTS technologies,
such as the whole-building programs because NEMS is designed to model specific technologies
and not variable groups of technologies.

BESET was built specifically for estimating the benefits of BTS programs and therefore allows
various types of programs to be characterized, including whole-building, envelope, and equip-
ment programs. The major disadvantage of BESET is that the penetration rates (i.e., fraction of
sales or fraction of installed base) are determined outside the model and therefore are not explic-
itly linked to the program’s cost and benefit characteristics. In addition, BESET cannot model
BTS equipment that competes against more than one baseline equipment type.

For programs that are not easily modeled in BESET or NEMS, spreadsheets were used. For
example, because BTS’s codes and standards programs have already developed its own set of
spreadsheet tools for estimating impacts of the building codes programs, these tools were
adapted for the GPRA estimation process.

Each of the three methods used for deriving energy-saving estimates for the FY 2002 GPRA
metrics is described in more detail in the following subsections.
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NEMS

NEMS is the primary midterm forecasting tool of the Energy Information Administration
(E1A), used for the projections contained in EIA’'s Annual Energy Outlook (AEO) and
numerous special studies for the U.S. Congress and DOE. NEMS consists of a series of
computer simulation models that represent all the major energy supply, demand, and
conversion sectors of the U.S. economy. NEMS represents domestic energy markets by
explicitly representing the economic decision-making involved in the production,
conversion, and consumption of energy products and, where possible, NEMS includes
explicit representation of energy technologies and their characteristics.

Most of BTS's technology programs are modeled using NEMS. The commercial and residen-
tial energy demand modulles within NEMS were used to calculate the savings generated by
the improved BTS technologies. Energy savings in equipment programs were calculated by
comparing new equipment efficiencies with baseline efficiencies.?

The NEMS commercial and residential demand modules generate forecasts of energy demand
(energy consumption) for those sectors. The commercial demand module generates fuel
consumption forecasts for electricity, natural gas, and distillate fuel oil. These forecasts are
based on energy prices and macroeconomic variables from the NEMS system, combined with
external data sources. The residential model uses energy prices and macroeconomic indica-
tors to generate energy consumption by fuel type and census division in the residential
sector.

NEMS selects specific technologies to meet the energy services demands by choosing among a
discrete set of technologies that are exogenously characterized by commercial availability,
capital costs, operating and maintenance costs, efficiencies, and lifetime (see Figure 1). NEMS
is coded to allow several possible assumptions to be used about consumer behavior to model
this selection process. For the GPRA effort, the menu of equipment was changed to include
relevant BTS program equipment, technological innovations, and standards.

The NEMS design can accommodate various technology choices. For the GPRA FY 2002
metrics, the NEMS data input was adjusted to reflect BTS technology choices. For BTS
programs that target shell efficiency, specific shell-efficiency indices were read into the
model. The commercial and residential demand modules in NEMS are summarized below.

NEMS competes
Cost to calculate
market segment

: l

Q& Benefits
Estimates

Figure 1. Developing the Market Segment (NEMS)

3 The FY 2002 metrics used the NEMS model associated with the Energy Information Administration’s
Annual Energy Outlook 2000.
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BESET

BESET is a bottom-up accounting model that compares baseline energy use against the BTS
technology. BESET also is used to centrally collect, store, and report all results produced by
all the various estimation methods. Finally, BESET produces the input files needed for
estimating employment impacts developed in a separate modeling environment.

BESET can estimate benefits for various programs: whole building, envelope, lighting,
HVAC, cogeneration, and water heating. BESET also contains a “tax” algorithm that calcu-
lates the average energy savings per budget dollar for the BTS portfolio so the energy savings
can be applied to an umbrella program. Beginning with the FY 2001 GPRA effort, BESET
was primarily used to model BTS programs that target whole-building energy use. Although
BESET can model equipment and envelope programs, those programs are estimated by
NEMS.

To determine energy savings for specific BTS programs, BESET requires information in the
following areas:

e Program Performance Goals. The goals of each program are assessed in terms of
energy savings (e.g., percent load reductions and equipment efficiency improvements) and
used as inputs to BESET.

e Target Market. Target markets are defined in terms of building sector (e.g. residential
and commercial), building type (e.g. single family and commercial education), size (com-
mercial only), income level (residential only), vintage (e.g., new or existing), and climate
zone or region. Using the Rebuild America program as an example, Figure 2 illustrates
the process used to define the program’s targeted market segment within BESET.

Once the target market has been identified, the penetration into that market is deter-

Building type and Building size Percent
vintage filter filter of market
All commercial | 25.47 billion SF |  23.51 billion SF segment,
(40%) | (37%) used as
floor space input to
63.62 billion SF : Includes only health BESET
care and lodging
buildings >50,000 SF

Estimates of

Include only new and Benefits
existing education and

existing health care,

lodging, and office

buildings.

Figure 2. Developing the Market Segment (NEMS): Rebuild America Example

mined using technology diffusion curves (discussed later in this section). Within BESET,
market penetration is defined as either the fraction of sales for equipment for new build-
ings or the fraction of installed base for existing buildings. The penetration model re-
qguires only the year of introduction into the market, an estimate of market penetration in
2020 (provided by BTS Program Managers), and the selection of the most appropriate
diffusion curve category.
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e Private Investment (Cost). Estimates of private investment for both the baseline and
the BTS technology or practice are entered into BESET. Ideally, the investment costs
would be considered when market penetration is developed; however, the current diffu-
sion model used does not incorporate costs at this time. In addition to private invest-
ment, non-energy savings program benefits are also quantified when possible and entered
into BESET.

The basic steps involved in calculating the energy savings for whole-building programs modeled
in BESET are as follows:

Determine the size of the potential market.

Determine the number of units affected by the BTS program.

Determine the base space conditioning, water heating and other end-use loads if appropriate.
Determine the space conditioning and water heating end-use loads after the program is
implemented.

5. Calculate the energy savings.

rpPwbdE

All estimates were aggregated through a BESET-NEMS interface. BESET contains a report genera-
tor that aggregates the program and technology level benefits into the decision units. The aggre-
gated information is submitted to OPBM to include in the GPRA metrics effort for all EE sectors.

Spreadsheet Models

Whenever possible, programs were modeled within NEMS or BESET to help ensure consistency
in baseline inputs and methodology. However, several BTS programs were modeled in spread-
sheets because of their unique characteristics. The estimated savings generated by the spread-
sheet models were entered by fuel type into “fixed” tables within BESET so that the environ-
mental and energy cost-savings’ benefits can be calculated using the same data set as the
other programs. Spreadsheets were used to model the following programs:

e State Formula Grants. This program was modeled based on historical information that
provides an estimated level of savings per program dollar. Because neither BESET nor
NEMS are designed for this type of analysis, the program continued to be modeled in a
separate spreadsheet.

 Weatherization Assistance Program. This program was modeled based on program
studies that provide per-household savings’ estimates. While these inputs may be able to be
translated into load reductions and the program run through BESET, such an effort has not
been undertaken. The primary barrier to incorporating this program into BESET is that fuel
mix for houses in the target market is significantly different between the BESET baseline
and historical Weatherization program data.

* Information Outreach. The estimates for the FY 2002 request and appropriation were
adopted directly from a study commissioned by BTS.*

4Messersmith, J. and S.A. Azimi. August 2000. Communication Effectiveness Analysis for GPRA.
Technologists, Inc.
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Building Codes. Building code activities are spread among three BTS decision units.
However, because of the interrelationships between the three, savings were estimated for
the building codes and standards as a whole. Savings estimates were then allocated among
the three primary funding sources:

— Training and Assistance for Codes (within the Community Energy Program decision
unit)

— Residential Energy Codes (within Residential Buildings Integration decision unit)

— Commercial Energy Codes (within Commercial Buildings Integration decision unit).

The long-term impact of DOE's assistance to code activities is based largely on data devel-
oped for internal use in building codes and standards. DOE provides a high level of support
for states seeking to adopt new energy codes, either based on ASHRAE Standard 90.1 or the
International Energy Conservation Code (previously the Model Energy Code). Several states
have self-developed codes that are not supported by building codes and standards and are
not counted in the estimates of program impact.

Competitive R&D. Estimates were based on savings estimates developed by the winners
of the FY 1999 Competitive R&D bidding process.

Appliances and Emerging Technologies R&D. While some technologies within this
program were modeled in NEMS, three of the technologies contained either performance
or program characteristics that made them difficult to model in NEMS or BESET:

— Compact fluorescent lights — The compact fluorescent light program had very specific sales
targets for a short (three years) period of time, so a spreadsheet estimation was required.

— Rooftop air conditioning — This program had goals of 10% efficiency improvements applied
to 10% of sales. Because of the wide range of commercial rooftop air-conditioning equip-
ment efficiencies and the specific sales goal, the program was modeled in a spreadsheet.

— Recessed can lights — This program includes lighting technologies that are not specifi-
cally called out in either NEMS or BESET so was modeled in a spreadsheet.

Space Conditioning R&D: Refrigeration. The refrigeration savings estimates were
based on a report on end-use consumption produced by PNNL, program goals, and other
various data sources (Belzer and Wrench 1997). Energy-savings estimates were developed in
a spreadsheet model because commercial refrigeration is a service, not a specific piece of
equipment, and therefore cannot be modeled in NEMS or BESET.

Lighting and Appliance Standards: Distribution Transformers. Distribution trans-
formers are part of the electricity distribution system, not the building system. Therefore,
transformers cannot be modeled in either NEMS or BESET. Savings estimates for a distri-
bution transformer standard were based on a study by Geller and Nadel (1992).

Baseline Inputs

To the extent possible, the underlying assumptions about building stock forecasts, equipment
efficiencies, market shares, and end-use loads were consistent across tools (i.e., NEMS, BESET,
and spreadsheets). This consistency was accomplished by drawing most of the baseline character-
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ization data from the Energy Information Administration (EIA), a statistical agency within DOE.
For example, the same version of NEMS used in this document was used to produce EIA's Annual
Energy Outlook (2000).

For programs modeled in NEMS, consistency is ensured not only across these programs but
also with EIA forecasts. BESET also has a baseline characterization, which is drawn from
NEMS, EIA’s Annual Energy Outlook, the “Residential Energy Consumption Survey,” and the
“Commercial Buildings Energy Consumption Survey.” The consistency of the baseline as-
sumptions of the spreadsheet tools is verified against EIA’s data.

Budget Adjustment Process

The program characterizations that are key to the benefits’ estimates are developed through close
interaction with the BTS Program Managers. The characterizations require the Program Manager
to make assumptions based on the requested level of funding, and the characterization then de-
scribes what would be accomplished at that level. However, the budget request amount sometimes
changes between the time the characterization is developed and the time the benefits estimates are
required. Changes also occur between the final budget request (on which the final estimates are
based) and the actual allocation (for which benefits estimates have also been developed to assist in
planning).

For small changes in budget levels, a basic “budget adjustment” is made to the program estimates.
It is assumed that to get to X savings, a total of Y budget must be spent, where Y is the cumula-
tive budget. A change in the annual budget results in a change in the cumulative budget. Revised
savings are calculated for each year as old savings in year z (new cumulative budget in year z/old
cumulative budget in year z). This adjustment mechanism implicitly suggests that either the frac-
tion of expected sales or the performance of the program has changed but does not explicitly tie
the change to one factor or the other.

For larger changes, the program inputs are revisited with the BTS Program Managers to deter-
mine the impact of a reduced (or increased) budget. Options include changing the year of market
introduction, changing the impact on sales (market penetration), modifying the performance objec-
tive, and adding or removing tasks or technologies within the program (e.g., increased funding in
Energy Star may result in developing an Energy Star rating for an additional technology).

The set of energy-savings' estimates documented in this report was produced based on the ap-
propriations by Congress for FY 2002. Several programs had to be re-evaluated when the
funding level changed significantly. Therefore, the initial estimates had to be re-estimated.

Technology Diffusion Curves

In 1998, a study was conducted by David Belzer, PNNL, to examine the historical market penetration
(i.e., diffusion) for 10 energy-efficient products related to the building sector. Diffusion models were
estimated for each product based on the specification proposed by Frank Bass in the late 1960s. The
resulting models were incorporated into the GPRA metrics analysis for many of the programs and
technologies not modeled within the NEMS framework. The model development and empirical
analysis were designed to generate more credible predictions of the adoption process of important
energy-efficiency technologies in the buildings sector.
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The technologies were placed into four separate categories: lighting, HVAC and refrigera-
tion (HVAC/R), envelope, and design. Two additional categories were added: 1) "Other
Equipment” represents an average of lighting and HVAC/refrigeration technologies and 2)
“Other Program” represents the envelope category. See Appendix C for a summary of this
study.

Contents of this Document

The remainder of this report consists of 19 program descriptions, summarizing information
about program’s objective, long-term goals, and market and its savings in terms of primary
energy savings, carbon equivalent reductions, and consumer cost savings.

Four appendixes provide more detailed information on topics covered in this document.
Appendix A details the baseline scenario and inputs used for the FY 2002 metrics.
Appendix B contains the GPRA Data Call for FY 2002. Appendix C provides more

detailed information on the development of the technology diffusion curves.
Appendix D provides detail on the methodology for the GPRA methodology.
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BTS Primary Energy Savings Forecasts
Based on FY 2002 BTS Budget Appropriation

The results of the forecasted energy savings, consumer cost savings, and carbon benefits for each
of the 19 BTS programs (for 2002, 2010, and 2020) are included in the program summaries in
the next section. Tables that include forecasted benefits up to the year 2030 for all programs
and decision units are included in a separate document, which is available upon request. The
benefit estimates available in that document include the following:

Energy Savings Benefits Tables (TBtu per year)
Total Primary Energy Savings
Primary Electricity savings
Primary Non-Electric Savings
Site Electricity Savings
Site Natural Gas Savings
Site Oil Savings

Environmental Benefits Tables (million metric tons per year)
Carbon Equivalent Emissions Reductions
SO, Emissions Reductions
NO, Emissions Reductions
CO Emissions Reductions
PM Emissions Reductions
VOC Emissions Reductions

Financial Benefits Tables (million $ per year)
Consumer Cost Savings
Non-Energy Cost Savings
Incremental Private Investment

Energy Savings Analysis by Decision Unit

Decision unit benefits are reported annually. The energy savings estimates for 2010 repre-
sent energy saved in 2010 only. These are not cumulative benefits estimates. Note, however,
that the energy savings in 2010 are a function of all program activities from FY 2002 on, so
the number of affected buildings is a cumulative value. For example, the energy saved in
2010 from the compact fluorescent lights programs is the energy saved in 2010 only from all
buildings that have had such lights installed any time between FY 2002 and FY2010.

Total primary energy savings for all BTS programs are estimated to reach 1.2 quadrillion Btu
(QBtu) by year 2010 and 2.9 QBtu by year 2020. Figure 1 charts annual energy savings for all
programs for all years from FY 2002 to 2020.

Of all BTS energy savings (in year 2020), 41% are generated by programs included in the
Equipment, Materials, and Tools decision unit (see Figure 2). This decision unit targets effi-
ciency improvements for specific heating, cooling, and lighting equipment as well as shell
(e.g., windows, roofs and insulation) efficiency improvements, including standards that im-
pact specific equipment. Equipment, Materials, and Tools makes up about 10% of the overall
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Figure 1. Total BTS Program Primary Energy Savings through FY 2020
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Figure 2. Primary Energy Savings by Decision Unit (for FY 2020)

BTS program FY 2002 budget. Technology Roadmaps and Competitive R&D savings make up
27% of the overall primary energy savings in 2020. While the budget for this program is just
2% of the overall FY 2002 BTS program budget, the competitive procurement funding is pro-
vided to industrial partners developing technologies that are close to commercialization.
Programs that support the Community Energy Program make up an additional 13% of the
overall BTS savings (in year 2020). Community Energy Programs include a combination of
programs that target whole-building energy use primarily by providing outreach, education,
training and tools, and partnership assistance. Community Energy Programs make up 5% of
the overall BTS FY 2002 budget.
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In terms of energy savings per budget dollar, the building codes programs and Competitive
R&D have relatively high ratios of savings to budget dollar. The building codes programs
benefit from having high penetration rates because these standards become regulatory man-
dates when adopted by states. Competitive R&D has a relatively high level of energy savings
per budget dollar because it is a cost-sharing program, where DOE financially collaborates
with private sector partners to target particular R&D needs. Programs such as Weatheriza-
tion and State Energy Programs tend to have relatively low ratios of savings to budget dollar
because these programs provide grants and assistance directly to states and households. Fig-
ure 3 charts the FY 2002 budget dollars and the energy savings of each decision unit.
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Figure 3. Budget and Energy Savings Scatter Plot for BTS Decision Units

Summary of Benefits

Table 1 summarizes the primary energy savings, the carbon equivalent reductions, and the
consumer cost savings for the eight BTS decision units.
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Table 1. Summary of Benefits: Analyses of BTS Programs

Decision Unit FY 2002 2002 2005 2010 2020
Budget
(million $)
Primary Energy Savings (Tbtu/Yr

State Energy Program 45 4.7 17.8 35.1 56.0
Weatherization Assistance Program 230 7.4 32.4 71.1 122.2
Community Energy Program 19 49.8 163.7 218.8 341.6
Energy Star Program 3 42.5 120.1 199.8 206.0
Technology Roadmaps and 7 11.7 76.1 322.0 735.9
Competitive R&D
Residential Buildings Integration 12 0.3 2.3 17.2 52.5
Commercial Buildings Integration 4 0.3 3.5 9.6 40.7
Equipment, Materials, and Tools 35 13.4 57.2 282.8 1110.3

Totals 130.1 473.2 1157.0 2665.1

Carbon Equivalent Emission Reductions (MMTC/YT)

State Energy Program 45 0.1 0.3 0.6 1.0
Weatherization Assistance Program 230 0.1 0.5 1.2 2.0
Community Energy Program 19 0.9 2.9 3.7 6.0
Energy Star Program 3 0.8 2.2 3.4 3.6
Technology Roadmaps and 7 0.2 1.4 5.4 131
Competitive R&D
Residential Buildings Integration 12 0.0 0.0 0.3 0.8
Commercial Buildings Integration 4 0.0 0.1 0.2 0.7
Equipment, Materials, and Tools 35 0.3 1.0 4.7 19.2

Totals 2.4 8.5 19.4 46.5

Consumer Cost Savings (million $/yr)

State Energy Program 45 28.4 111.1 246.3 406.3
Weatherization Assistance Program 230 51.0 226.8 523.8 891.9
Community Energy Program 19 307.1 1047.6 1627.5 2671.5
Energy Star Program 3 291.9 871.8 1731.7 1836.2
Technology Roadmaps and 7 75.4 511.1 25445 6074.3
Competitive R&D
Residential Buildings Integration 12 1.7 16.3 130.2 400.5
Commercial Buildings Integration 4 1.9 22.6 69.5 306.4
Equipment, Materials, and Tools 35 87.0 384.6 2146.5 8615.2

Totals 844.4 3192.0 9020.1 21202.2
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State Formula Grants

State Energy Program Decision Unit

{ STATE ENERGY PROGRAM )

Program Objective:®

The State Formula Grants program emphasizes out-
reach, technology deployment, and forming partnerships
to accomplish energy efficiency and renewable energy
projects at the state and local level. The program sup-
ports the federal/state partnerships that are crucial to
developing energy policies and deploying energy tech-
nology. The program provides a supportive framework
with sufficient flexibility to allow states to address their
energy priorities in concert with national priorities.

Long-Term Goal:®

The program’s strategic plan for the 21t century estab-
lishes three key goals to be accomplished by 2010:

1) maximize energy, environmental, and economic ben-
efits through increased collaboration at the federal,
state and community level; 2) increase market accep-
tance of energy efficiency and renewable energy tech-
nologies, practices, and products; and 3) use innovative
approaches to reach market segments and meet policy
goals not typically addressed by market-based solutions.

Market Segment:

Target Market

e Market Description: All markets (including build-
ings, transportation, industry, and power technologies)
except new construction and all categories of energy
end use.

Methodology

For the GPRA metrics, the State Formula Grants pro-
gram is characterized based on an estimated level of
savings per budget dollar, budget request, and lever-
aged funds. The basic assumptions are derived from a
spreadsheet provided by the program in FY 1999. The
assumptions were revised slightly because of external
peer review by A.D. Little. The revisions are outlined
in the sections below.

Estimated Savings Per Budget Dollar:

For the FY 2001 metrics, each program dollar was as-
sumed to yield 0.0063 MBtu of delivered electricity
savings and 0.012 MBtu of other fuel savings per year.
These figures are based on an historical review of pro-
gram savings from 1987-1993, as provided in the pro-

State Formula Grants

Program Type:
Grant

Target Market:
All sectors in all climate zones

End Uses:
All end uses, all fuel types

Unit of Measurement:
Energy savings per budget dollar

Modeling Tool:
Spreadsheet

Program Manager:
Faith Lambert

Website:
http://www.eren.doe.gov/
buildings/state_energy/

006000000000

FY 2002 Benefits
Primary Energy Savings (TBtu)
2002 2005 2010 2020

4.7 178 351 56.0

Carbon Equivalent Reductions
(MMTCE)
2002 2005 2010 2020

.089 330 .621 1.027

Consumer Cost Savings
(million $)

2002 2005 2010 2020
28 111 246 406
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State Formula Grants

State Energy Program Decision Unit
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{ STATE ENERGY PROGRAM )

gram spreadsheet. To develop energy sav-
ings by fuel type for other fuel savings, a split
of 75% natural gas and 25% fuel oil was
assumed.

While this same level of savings was used ini-
tially for the FY 2002 effort, it was modified
based on the A.D. Little peer review. Based
on concerns about the historical versus future
project mix, savings based on recycling and
wood and biomass renewables were removed.
These revisions resulted in an estimate of
0.0044 MBtu of delivered electric savings and
0.0065 MBtu of other fuel savings per program
dollar per year. For FY 2002, the fuel split
was modified to reflect historical information,
yielding a split of 20% natural gas and 80%
fuel oil. The savings also were split between
the residential and commercial sectors (with
the commercial sector representing savings
from industrial, transportation, and utilities)
based on the historical split of savings (7%
residential and 93% nonresidential).

Budget Request and Leveraged Funding:
The estimated energy savings were calcu-
lated using the FY 2002 appropriated budget,

the budget forecast for FY 2002 - FY 2030,
and a leveraged funding forecast. Funds
were assumed to be leveraged at a ratio of $4
for every budget dollar. For FY 2002, the es-
timates were based on the appropriated bud-
get of $45 million, with future projections
that this level of funding would remain con-
stant through the analysis period.

Non-Energy Benefits:

Cleaner air and water, increased jobs, en-
hanced national security, increased economic
competitiveness in world markets, and miti-
gation of global warming.®

Program Strategy (% of budget):

» Research and Development — 0%
o Market Transformation — 95%
e Codes and Standards — 5%.

Sources:

(1) FY 2002 Budget Request — Data Bucket
Report for State Formula Grants Program
(internal BTS document).
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Weatherization Assistance Program

Weatherization Assistance Program Decision Unit

Program Objective:®

The Weatherization Assistance Program provides cost-
effective energy-efficiency services to low-income con-
stituencies who otherwise could not afford the invest-
ment and who would benefit significantly from the cost
savings of energy-efficiency technologies. The program
focuses on households that spend a disproportionate
amount of their income for energy, giving priority to
households with elderly members, persons with disabili-
ties, and children.

In 1999 the Weatherization network of state and local
agencies adopted a new strategic vision for the program
called Weatherization Plus. The new strategy emphasizes
a shift to the whole-house approach and includes electric
baseload measures and incorporates advanced technolo-
gies. Within the new $2500 legislative cap on average ex-
penditure per household, the mix of measures will include
those with enhanced impacts on greenhouse gas emissions
and pollution reduction. Such measures include intensi-
fied building envelope and heating/cooling system mea-
sures, more health and safety measures (supporting other
community goals), and more baseload uses such as water
heating and lighting.

Long-Term Goal:®

The long-term goal of the Weatherization Assistance
Program is to achieve 30% energy savings in 1.8 million
or 3 million existing low-income homes by 2010, depend-
ing on future budget appropriations.

Market Segment:

Target Market

e Market Description:. Low-income homes and tar-
gets measures that include air sealing; caulking and
weather stripping; furnace and boiler tuneup, repair,
and replacement; cooling system tuneup and repair;
replacement of windows and doors; addition of storm
windows and doors; insulation of building shells; re-
placement of air conditioners; ceiling, attic, and
whole-house fans; evaporative coolers; screening;
and window films.® Weatherization Plus would ex-
pand this strategy to include water heating, refrig-
eration, lighting, and cooling.®

e Size of Market: About 29 million eligible low-in-
come homes.

Weatherization Program

Program Type:
Envelope/Grant

Target Market:
Low-income residential housing in
all climate zones

End Uses:
All end uses, all fuel types

Unit of Measurement:
Energy-savings per budget dollar

Modeling Tool:
Spreadsheet

Program Manager:
Greg Reamy

Website:
http://www.eren.doe.gov/buildings/
weatherization_assistance/

000000000000

FY 2002 Benefits
Primary Energy Savings (TBtu)
2002 2005 2010 2020

7.4 324 717 1222

Carbon Equivalent Reductions

(MMTCE)
2002 2005 2010 2020
125 537 1.161 2.002

Consumer Cost Savings
(million $)

2002 2005 2010 2020
51 227 524 892
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Weatherization Assistance Program

Weatherization Assistance Program Decision Unit

Methodology

For the GPRA metrics, the Weatherization As-
sistance program is characterized based on an
estimated level of savings per household, cost
to weatherize each household, budget request,
and leveraged funds and an assumed life ex-
pectancy of 15 years for weatherization mea-
sures. The basic assumptions are derived from
a weatherization spreadsheet provided by the
Weatherization program in September 2001.

Estimated Savings Per Household:
For FY 2002, the savings per household used
for each region are shown in the table below.

Region Regular Plus

Household Household

Savings Savings

(MMBtu/yr) (MMBtu/yr)
South 22.25 24.23
Northeast 31.20 46.04
West 19.04 20.31
Midwest 31.20 49.21

The figures in the table were calculated based
on a 1997 Metaevaluation report® by Oak Ridge
National Laboratory (ORNL), a 2001 ORNL
draft report entitled Meeting The Challenge,®
and special tabulations from the 1997 Residen-
tial Energy Consumption Survey.® Previous
years' estimates were based on program re-
source allocations at levels reflecting a formula
bias towards homes in colder climates in the
northeast and midwest. The higher appropria-
tions levels projected for FY 2002 and beyond
will be allocated under a formula that shifts a
higher proportion of new revenues to the south
and west, where savings rates are lower.

Of the units weatherized in FY 2002, 20%
were assumed to have the higher savings
rates associated with Weatherization Plus.
These savings rates were calculated region-
ally in the ORNL 2001 draft report® and mul-
tiplied times the expected number of Plus
households in each region.

To develop energy savings by fuel type, the fuel
split was based on historical Weatherization
program data in the 1997 ORNL report,® re-
garding the primary heating fuel of weather-
ized households. Because the GPRA metrics
are reported only for electricity, natural gas,
and fuel oil, the other fuel percentages were
allocated within those types based on similari-
ties of emissions. The split was allocated as
shown in the table below.

Primary Heating % of Categorized
Fuel Weatherized As
Households
Natural Gas 50.6 Natural Gas
Liquid Propane Gas 13.2
Fuel Oil 16.0 Fuel Oll
Kerosene 3.2
Other (includes 7.5
wood and coal)
Electricity 9.5 Electricity

Cost to Weatherize Each Household:

For FY 2002, $1,725 was used as an average
cost to weatherize each household, not including
training and technical assistance and adminis-
trative costs.? Incremental investment for
Weatherization Plus homes, estimated at an av-
erage of $1,400, was assumed to be derived from
leveraged funds. Estimated costs by region for
Plus homes are shown in the following table.

Region Cost per Plus
Household
South $2.861
Northeast $3,674
West $1,814
Midwest $3,429

Budget Request and Leveraged Funding:
For FY 2002, leveraged funding of $235 mil-
lion per year was assumed. A 20% program
overhead was subtracted from the total be-
fore calculating the number of households
weatherized with these funds. Leveraged
funding for the DOE Plus homes was
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Weatherization Assistance Program

Weatherization Assistance Program Decision Unit

estimated to total $34.7 million in FY 2002,
based on the costs reflected in ORNL's Meet-
ing The Challenge.® The balance of lever-
aged funds were assumed to be used on regu-
lar and Plus homes in a 70/30 ratio in FY
2002.

Non-Energy Benefits:

A net present value of $161 per household®
(1989 $), adjusted for inflation, was proposed
for the FY 2002 effort, based on the estimated
non-energy benefits resulting from enhanced
property values and extended lifetimes of the
dwellings, reduced fires, and reduced
arrearages.

Program Strategy (% of budget):
» Research and Development — 0%

e Market Transformation — 100%

e Codes and Standards — 0%.

Sources:

(1) FY 2002 Budget Request — Data Bucket
Report of Weatherization Assistance Pro-
gram (internal BTS document).

(2) Berry, L.G., M.A. Brown, and L.F. Kinney.
1997. Progress Report of the National
Weatherization Assistance Program, ORNL/
CON-450, Oak Ridge National Laboratory.

(3) Brown, M.A., L.G. Bery, R.A. Balzer, and
E. Faby, 1993, National Impacts of the
Weatherization Assistance Program in
Single-Family and Small Multifamily
Dwellings, ORNL/CON-326, Oak Ridge
National Laboratory.

(4) Schweitzer, M., Eisenberg J.F. November
2000, Meeting the Challenge: The Prospect of
Achieving 30 Percent Energy Savings
Through The Weatherization Assistance
Program, Draft Analysis. Oak Ridge Na-
tional Laboratory, ORNL/CON 479.

(5) Eisenberg, J.F., Oak Ridge National Labo-
ratory. Special tabulations for the Weath-
erization Population derived from the 1997
Residential Energy Consumption Survey.
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Rebuild America/Energy Smart Schools

Community Energy Program Decision Unit

(==

Program Objective:®

The Rebuild America program builds collaborative part-
nerships with states and communities to help them de-
velop and implement environmentally and economically
sound activities through smarter energy use. The program
connects people, resources, proven ideas, and innovative
practices to solve problems. The program provides one-
stop shopping for information and assistance on how to
plan, finance, implement, and manage retrofit projects to
improve buildings’ energy efficiency and helps communi-
ties find other resources on renewable energy applica-
tions, efficient new building designs, energy education,
and other innovative energy conservation measures. Re-
build America supports the public/private Energy Smart
Schools initiative and competitive Community Energy
Grants to encourage community-wide energy projects.

Long-Term Goal:®

The program’s long-term goals by 2010 include the fol-
lowing: 2000 partnerships, 4 billion sq ft committed to
retrofit (~5% of the market, 2 million sq ft/partnership),
$6 billion in private investments committed, 0.2 quad of
energy saved, and $1.3 billion/year savings.

Market Segment:

Performance Objective:

* Displaced Technology: Current design/building
practices.

e Performance Target: Reduce whole-building en-
ergy use of retrofitted and new buildings by 40%/sq
ft by 2010 (this is characterized by a 71% load reduc-
tion in space heating, space cooling, and water heat-
ing by 2010, which is equivalent to whole-building
energy reduction of 40%).®

Target Market

e Market Description: Existing commercial and insti-
tutional buildings. General target market includes
new and existing multifamily housing, public and as-
sisted single-family residential units, and commercial
buildings, particularly, new and existing assembly,
health care, lodging, office, education buildings.®

e Market Size: See the following table.

e Penetration Goal: 2,000 partnerships retrofitting 2
million sq ft each by 2010. See table below for resulting
penetration rates.

Rebuild America

Program Type:
Whole Building

Target Market:

Existing multifamily residential
units >$25,000/yr income and the
commercial sector in all climate
zones

End Uses:
All end uses, all fuel types

Unit of Measurement:
% load reduction

Modeling Tool:
BESET

Program Manager:
Daniel Sze

Website:
http://www.eren.doe.gov/build-
ings/rebuild/

6006000000000

FY 2002 Benefits
Primary Energy Savings (TBtu)
2002 2005 2010 2020

1.2 15.0 411 474

Carbon Equivalent Reductions
(MMTCE)
2002 2005 2010 2020

.021 .250 .651 .770

Consumer Cost Savings
(million $)
2002 2005 2010 2020

8 99 296 350
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Rebuild America/Energy Smart Schools

Community Energy Program Decision Unit

-

" "Rebuild America

Market Segments | Floor Space | Energy Use/
and Sectors (billion sq ft) Yr (TBtu)

Commercial Total 67.9 5,800

Commercial Local 16.5 1,480

and State

Commercial 51.4 4,320

Private

Residential Total 26.8 1,957

Residential 4.8 450

Public/Assisted

Housing

Residential Private 22.0 1,507

Multifamily

Housing

Total Commercial 94.7 7,757

and Residential

Building | Vintage Penetration Rate

Type Region | 2010 | 2020 | 2030

(%) | (%) | (%)

Assembly | New & North & 35 4.0 4.0
Existing | South

Education | New & North & 35 4.0 4.0
Existing | South

Health New & North & 3.5 4.0 4.0
Care Existing | South

Lodging New & North & 35 4.0 4.0
Existing | South

Office, New & North & 3.5 4.0 4.0
Large Existing | South

Office, New & North & 35 4.0 4.0
Small Existing | South

Multifamily | New & North & 35 4.0 4.0
Existing | South

Single New & North & 12 .13 .13
Family Existing | South

North = zones with >4,000 heating-degree days; south =

zones with <4,000 heating-degree days.

Methodology

Of the 300 million sq ft added to the program
each year, it is assumed that not all of the
square footage per partner would be retrofit in
one year, but that retrofits (and actual savings)
would occur evenly over four years. Penetra-
tion rates were calculated using the square
footage affected by the program as a percentage
of the total square footage in the existing build-
ing stock. The load reductions specified in the
performance objective were applied to the

baseline end-use loads to determine energy
savings at the building level. These energy sav-
ings were translated into national energy sav-
ings using the penetration rates and building
stock within the target market and then ad-
justed using the most recent budget request.

Non-Energy Benefits:®

Revitalized neighborhoods and business dis-
tricts, improved school facilities, better
low-income housing, and positive economic
impact from keeping dollars locally and in-
creasing property values.

Program/Technology Consumer

Costs:

e Cost of Conventional Technology:
Average of $81/sq ft for new commercial
and multifamily; $0 for existing buildings.

e Cost of BTS Technology: $82.60/sq ft
for new commercial and multifamily; $3/sq
ft (2001 to 2009), increasing to $4/sq ft
(2010 to 2030) for existing buildings.

e Incremental Cost: 2% above base for new
buildings; $3/sq ft (2001 to 2009) increasing to
$4/sq ft (2010 to 2030) for existing buildings.

Program Strategy (% of budget):
» Research and Development — 0%

e Market Transformation — 100%

e Codes and Standards — 0%.

Sources:

(1) FY 2002 Budget Data — Bucket Report
for Rebuild America Program.

(2) Table 1.3.6, BTS Core Databook (1999)
(internal document) was used to develop
equivalent reductions in space heating
and cooling and water heating loads.

(3) From a phone conversation with Mark
Bailey, former Rebuild America pro-
gram manager, May 30, 2000. Note the
change from previous years where only
lodging, health care, office, and educa-
tion buildings were targeted.
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Information Outreach

Community Energy Program Decision Unit

Program Objective:®

The Information Outreach program provides BTS with the
technical assistance needed to conduct the various planned
activities that will educate target audiences. Specifically,
the program conceptualizes, plans, and implements a
systematic approach to the marketing and communication
objectives and evaluation of the programs it supports.

Long-Term Goal:®

By 2010, the program’s goal is to support long-term success
in developing energy-efficient systems and processes and
to improve technology transfer/information exchange.

Market Segment:

Methodology®
A slightly modified version of an evaluation conducted for
the Information Outreach program was used to estimate
this program’s GPRA benefits. This section draws exten-
sively from the report® of that evaluation, which was
conducted for protocols used by major public relations
firms and prominent measurement organizations. The
major aspects of the evaluation protocols are as follows:
e Preparation (BTS activities)
— Adequacy of background information base for
designing the program
— Appropriateness of the message and activity
— Quality of the message and activity
presentations.
* Implementation (distribution effectiveness)
— Number of messages sent to media and activities
designed
— Number of activities placed and activities
implemented
— Number who receive messages and activities
— Number who attend to messages and activities.
* Impact (action taken)
— Number who learn message content
— Number who change opinions
— Number who change attitudes
— Number who behave as desired
— Number who repeat behavior
— Social and cultural change.

Information and data from BTS programs, EIA, and the
BTS Core Data Book® were used within the protocol to
estimate energy savings resulting from communications

Information Outreach

Program Type:
Information/Education

Target Market:
New residential and existing
commercial in all climate zones

End Uses:
All end uses, all fuel types

Unit of Measurement:
Energy savings per budget dollar

Modeling Tool:
Spreadsheet

Program Manager:
Lani McRae

6006000000000

FY 2002 Benefits
Primary Energy Savings (TBtu)
2002 2005 2010 2020

449 126.0 105.8 99.6

Carbon Equivalent Reductions
(MMTCE)
2002 2005 2010 2020

837 2270 1.777 1.756

Consumer Cost Savings
(million $)

2002 2005 2010 2020
277 802 780 762
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Information Outreach

Community Energy Program Decision Unit

activities. This evaluation was limited to the
major communication deployment efforts
supported by BTS. The deployments exam-
ined include tradeshows and conferences, BTS
web sites, direct mail (including newsletters),
Energy Efficiency and Renewable Energy
Clearinghouse (EREC) distribution, hotline,
media, and training handouts/tools.

The methodology is summarized as follows:
1. Choose measurable target audiences from
BTS strategic plan (e.g., homeowners,
commercial builders, and building retrofit

decisionmakers) who can implement a
BTS strategy, tip, or technology.

2. Determine the energy-savings’ potential
of each representative in target group
from the BTS Core Data Book,® BTS
programmatic experience, and EIA.

3. Count the total number of impressions
from each distribution method and deter-
mine how many resulted from commercial
builders, building retrofit decisionmakers,
and individual homeowners (target group)
(see the table).

4. Use industry accepted norms to deter-
mine what percentage of the target audi-
ence who received message are likely to
change their opinion or behavior.

5. Multiply the results in step 4 for each
distribution mechanism by the Btu sav-
ings’ potential calculated for each target
audience member in step 2.

The evaluation prepared for the program esti-
mated a total primary energy savings over a
2Y year period of 34.8 Tbtu, resulting in an-

nual energy savings of 13.92 TBtu. The evalu-
ation further assumed that savings lasted for 3
years, after which they are supplanted by ac-
tivities the decisionmaker would have under-
taken in any event. As a result, savings in-
crease over three years to 41.76 TBtu (13.92 x
3) and then stay constant. In the evaluation,®
the savings were assumed to be 5% residential
and 95% commercial, based on the types of
decisionmakers the program reaches. The
fuel distribution of the savings was assumed
to match that of the rest of the BTS portfolio.

Non-Energy Benefits:®

New ideas and technologies, the diversity of
stakeholders, and changing stakeholder needs,
assumptions, and perceptions all increase the
challenges of organizing information and com-
municating effectively. The American public
understands and takes into account the energy
benefits of energy usage during purchases,
giving the consumer more discretionary dollars.

Program Strategy (% of budget):®
e Research and Development — 0%

e Market Transformation — 100%

e Codes and Standards — 0%.

Sources:

(1) FY 2002 Budget Request — Data Bucket
Report for Information Outreach Program
(internal BTS document).

(2) Messersmith, J., and S.A. Azim. August
2000. Communication Effectiveness
Analysis for GPRA. Technologists, Inc.

(3) BTS Core Data Book, 1999, internal document.

Number of Instances a BTS Key Message was Seen or Heard

Deployment FY 2000 FY 1999 FY 1998 Cumulative Impact
Conferences (attendees) 46,300 66,650 1,000 113,950
Internet (page views) 1,065,477 2,455,135 756,426 4,277,038
Media (circulation 762,750,432 | 941,645,457 1,602,561,617 3,306,957,506
Direct Mail (recipients) 35,812 120,064 30,300 186,176
EREC (recipients 17,783 58,984 68,294 145,061
Training (hand-outs) 0 3.500 872 4,372
Hotline (calls) 0 800 1,623 2,423
Totals 763,915,804 | 944,350,590 1,603,420,132 3,311,686,526
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Training and Assistance for Codes

Community Energy Program Decision Unit

CODES &
STANDARDS

Program Objective:

While the Training and Assistance for Codes program
receives separate funding allocation, the program is
characterized as part of the Residential Building Codes
and Commercial Building Codes programs. The benefits
for this program are broken out separately from those
programs.

For information on this program, see the documentation
for Commercial Building Codes and Residential Building
Codes programs.

Training and Assistance
for Codes

Program Type:
Information/Education

Target Market:
New residential and commercial
buildings in all climate zones

End Uses:
All end uses, all fuel types

Unit of Measurement:
Savings as the percentage of
compliance improvement

Modeling Tool:
Spreadsheet

Program Manager:
Jean Boulin

Website:
http://www.eren.doe.gov/
buildings/codes_standards/
bldgstds.htm

000000000000

FY 2002 Benefits
Primary Energy Savings (TBtu)
2002 2005 2010 2020

3.6 22.7 719 194.6

Carbon Equivalent Reductions

(MMTCE)
2002 2005 2010 2020
.069 417 1.225 3.500

Consumer Cost Savings
(million $)
2002 2005 2010 2020

23 147 552 1,560
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Energy Star

Energy Star Decision Unit

g

Money lsn't All You're Saving

Program Objective®:

The Energy Star program increases the market penetra-
tion of high-efficiency appliances, windows, and lighting
products through consumer education and voluntary
industry partnerships. This program works closely with
the private sector to bring new technology into the
market through approaches such as high-volume pur-
chases, utility program coordination, product testing,
labeling, sales training, and provision of technical infor-
mation to key segments of the market.

Long-Term Goal:®
The program’s long-term goal is to achieve a sustained

market share of high-efficiency appliances of 20% by 2010.

Market Segment:

Performance Objective:

e Displaced Technology: Conventional equipment,
appliances, and lights.

e Performance Target: Varies by equipment type and
size. The following represents a sample of typical
Energy Star products on the market:

- Clothes washers — depends on size and type

- Refrigerators — typical refrigerators using ~400
kWh/year

- Electric water heaters — energy factor exceeds .9

- Gas water heaters — energy factor exceeds .6

- Room air conditioners — range from 5000 to 1400
Btu/hr, depending on size of unit

- Compact fluorescent lights — typical product
would have efficacy of 60 lumens/watt

- Dishwashers — typical product would use 400 to
450 kWhlyear.

Target Market

e Market Description: Determined by program
equipment; for FY 2002, the following equipment is
characterized:
- clothes washers (residential)
- refrigerators (residential)
- electric water heaters (residential and commercial)
- gas water heaters (residential and commercial)
- room air conditioners (residential)

Energy Star

Program Type:
Market Transformation

Target Market:

Commercial sector and residen-
tial housing with >$25,000/yr
incomes in all climate zones

End Uses:
Heating, cooling, water heating,
lighting, and appliances

Unit of Measurement:
Load/efficiency per affected unit
for appliances, air conditioning,
water heating, and lighting

Modeling Tool:

NEMS for appliances, air condition-
ing, and water heating. Spreadsheet
for compact fluorescent lights.

Program Manager:
Bill Noel

Website:
http://www.energystar.gov
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FY 2002 Benefits
Primary Energy Savings (TBtu)
2002 2005 2010 2020

425 120.1 199.8 206.0

Carbon Equivalent Reductions
(MMTCE)
2002 2005 2010 2020

793 2.185 3.376 3.625

Consumer Cost Savings

(million $)
2002 2005 2010 2020
292 872 1732 1836
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- compact fluorescent lights (residen-
tial and commercial)
- dishwashers (residential).

Methodology

Clothes washers, refrigerators, electric water
heaters, gas water heaters, dishwashers, and
room air conditioners were modeled in NEMS
using input from EIA’s Annual Energy Outlook
2000. NEMS inputs were determined such that
a 20% market share is obtained for Energy Star
level appliances.

Compact fluorescent lights were modeled in
BESET assuming a market penetration of
20% of the incandescent market in the resi-
dential sectors by 2010.

Non-Energy Benefits: @

Increased comfort for residential homeowners
and office workers and higher profits for
manufacturers.

Program Strategy (% of budget): @
» Research and Development — 1%

e Market Transformation — 99%

e Codes and Standards — 0%.

Sources:

(1) FY 2002 Budget Request — Data Bucket
Report for Energy Star Program (internal
BTS document).
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Competitive R&D

Technology Roadmaps and Competitive R&D Decision Unit

Program Objective®:

The Competitive R&D program creates a shared vision
among diverse groups within each sector and provides a
framework for cooperative technology development.

Long-Term Goal:®

The program’s long-term goal is to displace 90 TBtu in
FY 2010 and 160 TBtu in FY 2020, saving almost $700
million and $1.3 billion, respectively.

Market Segment:

Target Market

e Market Description: Lighting, windows, commer-
cial buildings, and heating, cooling, ventilation, and
refrigeration.

e Market Introduction: Technology-dependent.

e Market Penetration Goal: Assumed to be as speci-
fied in the 19 proposals funded in FY 1999 as part of
the competitive R&D solicitation. A composite market
penetration curve was developed based on the avail-
able information in those proposals.

Methodology

The benefits for this program are based on the adjusted
energy savings from the 19 proposals funded in FY 1999.
The adjusted average energy savings per dollar of invest-
ment were used to estimate the FY 2002 program energy
savings. Adjustments were required to account for the
projects competing for the same market as another BTS
program. This adjustment was made by dividing the
market between programs as appropriate. Therefore, the
two programs split the market.

If a targeted technology complements a BTS program,
the project does not get credit for the entire market.
The project either shortens the time to market penetra-
tion or increases the final market penetration.

Program/Technology Consumer Costs:

e Cost of Conventional Technology: Technology-
dependent.

e Cost of BTS Technology: The incremental cost of
the BTS technology will be determined based on the
average cost across the proposals.

Competitive R&D

Program Type:
10ther? -- R&D Mapping

Target Market:
No specific markets defined

End Uses:
No specific end uses or fuel types

Unit of Measurement:
Energy savings per budget dollar

Modeling Tool:
Spreadsheet

Program Manager:
John Ryan
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FY 2002 Benefits
Primary Energy Savings (TBtu)
2002 2005 2010 2020

11.7 76.1 322.0 735.9

Carbon Equivalent Reductions
(MMTCE)
2002 2005 2010 2020

0.219 1.380 5.428 13.078

Consumer Cost Savings

(million $)
2002 2005 2010 2020
76 511 2545 6074
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Technology Roadmaps and Competitive R&D Decision Unit

Program/Technology Non-Energy Program Strategy (% of budget):®
Costs: » Research and Development — 100%
* Market Transformation — 0%

e Cost of Conventional Technology:
* Codes and Standards — 0%.

Technology-dependent.
e Cost of BTS Technology: Technology-
dependent. Sources:
e Incremental Cost: Technology-dependent. (1) FY 2002 Budget Request — Data Bucket Re-
port for Technology Roadmaps and New and
Innovative R&D (internal BTS document).
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Residential Buildings Integration Decision Unit
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Program Objective:®

The Residential Building R&D program consolidates the
formerly separate systems engineering programs of
Building America, Industrialized Housing, Passive Solar
Buildings, and Indoor Air Quality programs and existing
building research into a comprehensive program to ac-
celerate the introduction of highly efficient building
technologies and practices through R&D of advanced
systems for production builders.

Long-Term Goal:®

The long-term goal of the program is to develop ad-
vanced systems to improve the energy performance of
over 300,000 of the 1 million homes that will be built in
2010. The performance increase will allow the homes to
use 50% less energy for space conditioning and water
heating than typical homes built in 1993.

Market Segment:

Performance Objective:®

* Displaced Technology: Current design/building
practices.

* Performance target: 50% load reduction in space
heating and cooling and water heating by 2010.

Target Market®

* Market Description: New single-family, multifamily,
and manufactured housing units with over $25,000 an-
nual income in all climate zones. Primarily new single-
family homes, multifamily infill, HUD code homes, and
small commercial buildings. Existing homes are to ben-
efit from new technologies and improved construction
practices developed for new homes.

* Size of Market: 1.4 million new housing units built
each year. About 31.1 million existing households
have annual incomes from $25,000 to $50,000. (The
Weatherization program targets the lower-income
households). These homes account for 52,165 million
sq ft of floor space and use 3.19 quadrillion Btu and
are primarily owner occupied.

* Market Introduction: 1997.?®

* Market Penetration Goal:® See table below.

Residential Buildings R&D

Program Type:
Whole Building

Target Market:

New single-family, multifamily,
and manufactured housing units
with >$25,000/yr income in all
climate zones

End Uses:
All end uses, all fuel types

Unit of Measurement:
% load reduction

Modeling Tool:
BESET

Program Manager:
George James/Jon Stone

Website:
http://www.eren.doe.gov/
building/building_america/
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FY 2002 Benefits
Primary Energy Savings (TBtu)
2002 2005 2010 2020

0.1 11 8.6 19.9

Carbon Equivalent Reductions
(MMTCE)
2002 2005 2010 2020

.003 .018 .134 .322

Consumer Cost Savings
(million $)
2002 2005 2010 2020

1 8 65 153
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Market Penetration Curve:
FY 2002 Estimate

(actual numbers, previous years)
Year # Builders # Homes
2001 38 3,600
2002 48 7,2