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EXECUTIVE SUMMARY

The purpose of this report is to disseminate the findings from an analysis of the energy savings, cost
savings, and cost-effectiveness for large multifamily buildings (i.e., buildings with 5 or more housing
units) treated by U.S. Department of Energy’s (DOE) Weatherization Assistance Program (WAP) during
Program Years (PY) 2007, 2008, and 2009. The main focus of this study is on PY 2008. The analysis
characterizes the population of large multifamily buildings served by the program, estimates the gross
change in energy usage for treated buildings and housing units, makes projections for the first year and
longer-term cost savings, and assesses the cost-effectiveness of the program in terms of direct energy
benefits.

This is one of five energy impact reports developed for the National WAP Evaluation for PY 2008. The
full set of reports covers all housing types (single family, mobile homes, and multifamily buildings) and
summarizes program performance in terms of energy and nonenergy benefits. The reports give
policymakers detailed information on program performance for each building type, as well as overall
program performance.

Background

WAP was created by Congress in 1976 under Title IV of the Energy Conservation and Production Act.
The purpose and scope of the program as currently stated in the Code of Federal Regulations (CFR) 10
CFR 440.1 is “to increase the energy efficiency of dwellings owned or occupied by low-income persons,
reduce their total residential energy expenditures, and improve their health and safety, especially low-
income persons who are particularly vulnerable such as the elderly, persons with disabilities, families
with children, high residential energy users, and households with high energy burden.” (Code of Federal
Regulations, 2011)

At the request of DOE, Oak Ridge National Laboratory (ORNL) developed a comprehensive plan for a
national evaluation of WAP that was published in 2007. DOE furnished funding to ORNL in 2009 for the
evaluation for PYs 2007 and 2008, with a particular emphasis on PY 2008. The Scope of Work (SOW)
for the evaluation includes the following components.

e Impact Assessment — Characterization of the weatherization network and low-income
households, measurement and monetization of the energy and nonenergy impacts of the program,
and assessment of the factors associated with higher levels of energy savings, cost savings, and
cost-effectiveness.

e Process Assessment — Direct observation of how the weatherization network delivers services,
assessment of how service delivery compares to national standards, and documentation of how
weatherization staff and clients perceive service delivery.

e Special Technical Studies — Examination of the performance of the program with respect to
technical issues such as air sealing, duct sealing, furnace efficiency, and refrigerators.

o Synthesis Study — Synthesis of the findings to assess the program’s success in meeting its goals
and identify key areas for program enhancement.

This analysis of energy impacts for large multifamily buildings is part of the Impact Assessment.
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Study Overview

This study collected information on the large multifamily buildings served by the program and measured
program impacts. The study procedures included:

o Development of a representative sample of buildings served by the program using data from
DOE, grantees, and subgrantees.

e Collection of information from subgrantees on building characteristics, diagnostic tests
conducted, installed measures, and measures costs for sampled buildings.

e Collection of energy usage information from energy suppliers.

e Statistical analysis of pre- and-post-weatherization energy usage to develop estimates of the
energy impacts associated with service delivery.

e Projection of measure lifetimes and energy costs to estimate cost savings and program cost-
effectiveness.

This report summarizes the study findings with respect to building characteristics, installed program
measures, estimated energy savings, and program cost-effectiveness.

Program Characterization

The evaluation team collected information on the buildings served by the program and the services
delivered by the program. PY 2008 program production statistics were collected from the Department of
Energy and WAP grantees (i.e., states). Detailed information about the buildings served by the program
and the services delivered to those buildings was supplied by subgrantees (i.e., local agencies).

WAP serves low-income households in all types of housing units and in all parts of the country.
According to DOE statistics, the network of WAP-funded subgrantees served 97,965 housing units in PY
2008 with DOE funding. Table 1 shows the distribution of treated units by housing unit type. About 18
percent of the treated housing units were categorized as units in large multifamily buildings. Table 2
shows the distribution of treated large multifamily buildings by Climate Zone; almost 60 percent of the
treated units in large multifamily buildings in PY 2008 were in the Cold Climate Zone. The top three
states — New York, Wisconsin, and California — were responsible for 62 percent of all large multifamily
jobs in PY 2008.

Table 1. PY 2008 WAP Housing Units by Type

PY 2008 Weighted Percent of PY 2008

Housing Unit Type Count of Units Units
Single Family Site Built 57,518 59%
Single Family Mobile Home 17,754 18%
Small Multifamily (2-4 Units) 5,317 5%

Large Multifamily (5+ Units) 17,376 18%
TOTAL 97,965 100%
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Table 2. PY 2008 WAP Housing Units in Large Multifamily Buildings
by Climate Zone

Climate Zone PY 2008 Units Percent of PY 2008 Units
Very Cold Climate 3,423 20%

Cold Climate 10,125 58%

Moderate Climate 1,301 8%
Hot/Humid Climate 418 2%

Hot/Dry Climate 2,109 12%

TOTAL 17,376 100%

Table 3 shows how treated large multifamily buildings varied with respect to a number of important
building characteristics. Most units used natural gas as their main space heating fuel and their water
heating fuel. The next most common configuration was buildings with fuel oil space heating and water
heating. Some buildings had electric space heat, with room heaters (e.g. baseboard heaters) and electric
water heat. Supplemental heat was reported for relatively few housing units.

Table 3. Characteristics of Large Multifamily Buildings Served by WAP in PY 2008

Characteristic

Number of Units 5-9 Units = 22% 10-24 Units = 20% 25 Units or More = 58%
Year Built Pre 1940 = 27% 1940-1969 = 24% 1970 or Later = 49%
Space Heating Fuel Gas =71% Electric = 10% Fuel Oil = 19%
Heating System Central = 84% Room = 14% Other = 2%
Supplemental Heat Electric =5% Wood = 0% Other = 7%
Water Heating Fuel Natural Gas = 68% Electric = 11% Fuel Oil =21%

The WAP program conducts extensive testing of buildings, both to identify cost-effective energy saving
opportunities and to ensure that equipment is operating safely. However, because large multifamily
buildings vary so much in terms of configuration, heating and water heating systems, and opportunities,
there is more variation in terms of the types of diagnostic tests that need to be conducted and the audit
tools that should be used.

e Equipment Efficiency — Because the heating and water heating equipment are addressing such
large volumes of space and/or water, there are substantial potential gains from improving
inefficient systems. In the largest buildings, close to 80 percent of systems are tested, compared to
only 60 percent of heating equipment and 50 percent of water heating equipment in single family
homes.

o Infiltration Rates — At the other end of the spectrum, it is difficult to conduct pressure testing in
larger multifamily buildings. While pressure testing was reported for almost 90 percent of single
family homes, it was only reported for only 41 percent of buildings with 5-9 units and only 8
percent of buildings with 25 or more units.
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e Audit Tools — For large multifamily buildings (25+ housing units) with building-level heating
equipment, most subgrantees used the EA-QUIP or TREAT audit. For multifamily buildings with
10 to 25 units, priority lists were the most common measure selection procedure identified by
subgrantees, but many subgrantees used the EA-QUIP or TREAT software. For multifamily
buildings with 5 to 9 units, most subgrantees reported using a priority list.

After testing, WAP subgrantees install a comprehensive set of measures matched to the needs of each
building. Table 4 compares the rate at which the major measures were installed in single family homes
and large multifamily buildings during PY 2008. It shows that, nationally, major equipment measures
(e.g., furnaces, water heaters, and refrigerators) were installed in large multifamily buildings at a higher
rate than for single family homes. But, major shell measures (e.g., bypass air sealing, attic insulation, and
wall insulation) were installed at much lower rates than for single family homes.

Table 4. Major Measure Installation Rates for Large Multifamily Buildings Served

by WAP in PY 2008
Rate for Single Rate for Large Highest Expected

Measure Family Multifamily Energy Impact
Bypass Air Sealing 79% 66% w/Blower Door=20%
Attic Insulation 70% 56% None Existing=31%
Wall Insulation 29% 8% Dense Pack=6%
Other Insulation 36% 10% Floor Insulation=5%
Furnace Replacement 22% 36% ECM*=33%
Water Heater Replacement 9% 22% ECM=20%
Refrigerator 12% 42% ECM=44%

* Energy Conservation Measure
Energy Savings for the National Non- New York City Sample

Outside the New York City (NYC) area, the evaluation for PY 2008 found that most of the large
multifamily buildings for which data could be retrieved were those with unit-level heating and water
heating systems. In addition, the final analysis sample was relatively small and does not appear to be
representative of the overall population of large multifamily buildings. Tables 5-7 present energy savings
information for these buildings because they furnish information about what energy was saved in some
large multifamily buildings. However, these findings cannot be projected to the overall population of
large multifamily buildings treated by the WAP program in PY 2008.

Table 5 shows that the gross gas savings for gas heated buildings in PY 2008 was 81 therms" per unit per
year. During the same period, the comparison group of buildings (PY 2009 clients) reduced their usage by
5 therms per unit without receiving any treatments, so net savings due to the program for the buildings
with sufficient data for analysis was 76 therms (8.4%).

1 100,000 British Thermal Units
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Table 5. PY 2008 WAP Energy Impacts for Large Multifamily Buildings — Non-NYC
Gross and Net Gas Savings (therms/unit/year) for Natural Gas Main Heat

# of Gas Use Gas Use Gross Net
Group/Breakout Accounts  Pre-WAP  Post-WAP Savings Savings % of Pre
Treatment 94 903 822 81

) 76 (£36) 8.4% (+3.9%)
Comparison 44 739 734

Weatherization of gas heated apartments in large multifamily also can result in savings of electricity. For
example, air sealing and insulation can reduce the demand for air conditioning in the summer. In addition,
many WAP units also have base load measures such as refrigerators and energy efficient lights installed.
Table 6 shows that the gross electric savings for gas heated buildings with sufficient data for analysis was
200 kWh per unit and the net savings was estimated to be 275 kWh (7.4%).

Table 6. PY 2008 WAP Energy Impacts for Large Multifamily Buildings — Non-NYC
Gross and Net Electric Savings (kWh/unit/year) for Natural Gas Main Heat

# Elec Use Elec Use Gross
Usage Component Accounts  Pre-WAP  Post-WAP Savings Net Savings % of Pre
Treatment Group 118 3,709 3,504 205
. 275 (£378)  7.4% (¥10.2%)
Comparison 36 5,868 5,938 -70

Table 7 shows that the gross electric savings per unit for electric heated buildings in PY 2008 was 4,951
kWh per year. Since there were very few comparison accounts, no net savings analysis was conducted.

Table 7. PY 2008 WAP Energy Impacts for Large Multifamily Buildings — Non-NYC
Gross and Net Electric Savings (kWh/unit/year) for Electric Main Heat

# of Use Pre- Use Post- Gross Net
Group/Breakout Accounts WAP WAP Savings Savings % of Pre
Treatment 68 15,401 10,450 4,951 n/a 32.1% (£7.8%)

The findings presented in Tables 5 through 7 furnish information on the amount of energy saved in the
buildings for which the energy savings analysis could be completed. However, since these buildings are
not representative of the overall population of buildings outside the NYC area that were served, the data
cannot be used to project energy savings or cost-effectiveness for the program.

Energy Savings for the NYC Sample

In the NYC area, the evaluation found that most of the large multifamily buildings treated by the program
had central heating and water heating systems. By working directly with each local agency, the evaluation
was able to collect both the master-meter account numbers for the building and unit-level account
numbers for apartments. In addition, the evaluation was able to identify fuel oil companies that supplied
fuel oil to the buildings and retrieve usage information for many of those buildings. Tables 8-10 present
energy savings information for the buildings weatherized by the NYC area agencies. This analysis allows
us to develop projectable estimates of the gross energy savings for the WAP program in NYC area large
multifamily buildings for PY 2008.
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Table 8 shows the gross natural gas and fuel oil usage impacts for the sample of large multifamily
buildings weatherized in the NYC area in PY 2007-2009. The gross gas savings are 82 therms per year
per unit (12.5%). The gross fuel oil savings are estimated to be 234 therms per year per unit (24.0%). The
high level of savings for fuel oil buildings can be attributed to higher pre-weatherization usage per unit
and a higher rate of heating equipment replacement.

Table 8. PY 2007-2009 WAP Energy Impacts for Large Multifamily Buildings — NYC
Gross Fuel Savings (therms/unit/year)

# of Gas Use Gas Use Gross Net
Group/Breakout Accounts  Pre-WAP  Post-WAP Savings Savings % of Pre
Natural Gas 65 656 574 82 n/a 12.5% (+4.2%)
Fuel Oil 41 973 739 234 nfa 24.0% (£7.2%)

In the NYC WAP program, weatherization services can affect electric usage in three ways. First, lighting
measures and occupancy sensors in common areas can reduce building-level electric usage. Second,
weatherization of the building can result in unit-level reductions in air conditioning demand. Finally,
installation of base load measures such as refrigerators and lights also can reduce unit-level electric usage.
Table 9 shows that the gross electric savings for NYC buildings was 172 kWh per unit (6.7%) for the
common area and 816 kWh per unit (23.2%) for individual units. The major factor in this result was that
almost 50 percent of apartments in NYC buildings had refrigerator replacements.

Table 9. PY 2007-2009 WAP Energy Impacts for Large Multifamily Buildings — NYC
Gross Electric Savings (kWh/unit/year)

# Elec Use Elec Use Gross
Usage Component Accounts  Pre-WAP  Post-WAP Savings Net Savings % of Pre
Common Area 147 2,557 2,385 172 n/a 6.7%
Unit Level 251 3,513 2,697 816 n/a 23.2%

Projected Energy Savings

One goal of the evaluation is to project total energy savings and energy savings per unit for the PY 2008
WAP program. While the measured savings statistics furnish valuable information, they do not furnish
direct estimates for the entire population of housing units treated by WAP. A series of analysis procedures
was used to develop savings estimates for the population of housing units served by the program.

As discussed above, the data furnished by the weatherization agencies and utilities for large multifamily
buildings outside New York City were not sufficient to develop estimates of energy savings for the
population of buildings served by the WAP program. While energy savings estimates could be developed
for some buildings, those buildings were not representative of the overall population of large multifamily
buildings weatherized outside New York City.

2Some WAP grantees required agencies to collect master-meter account numbers and unit-level account numbers for large
multifamily buildings weatherized by the program, but others did not. As a result, the data collected for the PY 2008 evaluation
did not cover certain geographic areas and therefore was not representative of the buildings treated by the program in PY 2008.
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Since about one-third of all large multifamily units weatherized by the WAP program in PY 2008 were in
the New York City area, the evaluation team implemented a special set of procedures for collecting data
from NYC agencies and utilities. Those procedures resulted in estimates of energy savings for NYC large
multifamily buildings. Table 10 summarizes the estimates of projected energy savings per unit for NYC
large multifamily buildings for PY 2008.

Table 10. PY 2008 WAP Energy Impacts for Large Multifamily Buildings — NYC
Gross Savings by Main Heating Fuel

Number of Heating Fuel Savings Electric Savings
Main Heating Fuel Units (MMBtu*/unit/year) (kWh/unit/year)
Natural Gas 3,425 12.4 943
Fuel Qil 1,919 23.5 881
All Fuels 5,344 16.4 921

* Mean Million British Thermal Units
Program Energy Cost Savings and Cost-Effectiveness
The evaluation estimated the cost savings and cost-effectiveness in the following way.

e Energy Savings — The time series of energy savings was estimated for each sampled housing unit
based on first year savings and the estimated life of the measure.

e Cost Savings — Current and projected energy prices were used to transform the energy savings
time series to a cost savings time series for each sampled housing unit.

o Service Delivery Costs — Subgrantees furnished information on the service delivery cost for each
sampled housing unit.

e Cost Effectiveness — Program cost-effectiveness was estimated by comparing the net present
value of energy savings to the service delivery costs for energy measures.

The analysis in this report is restricted to a comparison of the energy benefits to the service delivery costs
for energy measures and incidental home repairs. The overarching impact report will compare energy and
nonenergy benefits to total program costs.

Since the evaluation was not able to develop projectable estimates of energy savings for the population of
large multifamily buildings outside New York City, it was not possible to develop cost savings or cost-
effectiveness information for that population of weatherized units. However, the evaluation was able to
develop estimates for the buildings weatherized by New York City-area agencies.

Tables 11 and 12 furnish estimates of the energy cost-effectiveness of the program for large multifamily
buildings using two different analysis frameworks. The first scenario (Table 11) compares the net present
value lifetime energy cost savings to the WAP-funded energy efficiency measure costs to calculate the
savings-to-investment ratio (SIR) by main heating fuel. The second scenario (Table 12) compares cost
savings to the cost of energy efficiency measures paid for by all sources. The WAP program is highly
leveraged in the New York City multifamily market; building owners are required to make a significant
contribution to the total cost of program measures. Table 11, then, shows the cost-effectiveness with
respect to the funds provided by WAP while Table 12 shows the cost-effectiveness of all funds spent on
the building.
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Table 11 shows that the SIR is estimated to be 2.77 for the population of large multifamily buildings in
New York City when only WAP program expenditures are included in the program costs. It is greater
than 1.0 for all main heating fuel types, but the SIR for fuel oil main heat is more than three times the rate
for buildings with natural gas main heat; the SIR for buildings with natural gas main heat was 1.27 and
the SIR for buildings with fuel oil main heat was 4.64.

Table 11. PY 2008 WAP Impacts for Large Multifamily Buildings - NYC

Energy Cost Savings, Efficiency Measure Costs, and Cost-Effectiveness by Main Heating Fuel WAP Program
Expenditures Only

Energy Cost Savings per Unit

(present value of lifetime savings)

Costs per Unit & Cost Effectiveness

Fuel Electric Total Savings/
Savings Savings Savings per Measure Net Benefits Investment
Heating Fuel per Unit  per Unit Unit Costs per Unit per Unit Ratio
Natural Gas $1,203 $1,207 $2,410 $1,899 $511 1.27
Fuel Oil $10,296 $1,241 $11,538 $2,485 $9,053 4.64
All Buildings $5,237 $1,222 $6,460 $2,179 $4,281 2.77

Table 12 shows that the SIR is estimated to be 1.82 for the population of large multifamily buildings in
New York City when all sources of funding are included in the program costs. The SIR for buildings with
natural gas main heat was 0.80 and the SIR for buildings with fuel oil main heat was 3.10.

Table 12. PY 2008 WAP Impacts for Large Multifamily Buildings - NYC

Energy Cost Savings, Efficiency Measure Costs, and Cost-Effectiveness by Main Heating Fuel
Expenditures — All Funding Sources

Program

Energy Cost Savings per Unit

(present value of lifetime savings) Costs per Unit & Cost Effectiveness

Fuel Electric Total Savings/
Savings Savings Savings per Measure Net Benefits Investment
Heating Fuel per Unit  per Unit Unit Costs per Unit per Unit Ratio
Natural Gas $1,203 $1,207 $2,410 $3,029 -$619 0.80
Fuel Qil $10,296 $1,241 $11,538 $3,721 $7,817 3.10
All Buildings $5,237 $1,222 $6,460 $3,336 $3,128 1.82

Comparing the measure costs in Table 11 to those costs in Table 12 furnishes information on the average
investment by owners of large multifamily buildings. For natural gas, the WAP investment was $1,899
per unit (Table 11) and the total investment was $3,029 (Table 12); WAP paid for 63 percent of the
measure costs for those buildings. For fuel oil, the WAP investment was $2,485 per unit (Table 11) and
the total investment was $3,721 (Table 12); WAP paid for 67 percent of the measure costs for those
buildings.

The overall SIR for large multifamily buildings including all funding sources was 1.82. This result is

heavily influenced by the high level of energy savings and the high average cost of the fuel oil heated
buildings in the New York City sample of buildings.
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1. INTRODUCTION

The purpose of this report is to disseminate the findings from an analysis of the energy savings, cost
savings, and cost-effectiveness for large multifamily buildings (i.e., buildings with 5 or more housing
units) treated by U.S. Department of Energy’s (DOE) Weatherization Assistance Program (WAP) during
Program Years (PY) 2007, 2008, and 2009. The main focus of this study is on PY 2008. The analysis uses
data from a number of sources to characterize the population of large multifamily buildings that were
served by the program, estimate the gross and net change in energy usage for treated buildings, make
projections for the first year and longer-term cost savings associated with the energy savings, and assess
the cost-effectiveness of the program in terms of direct energy benefits.

This is one of a number of energy impact reports developed for the National WAP Evaluation. The full
set of energy impact reports includes:

e Energy Impacts for Mobile Homes

Energy Impacts for Single Family Homes

Energy Impacts for Small Multifamily Buildings

Energy Impacts for Large Multifamily Buildings

Energy and Nonenergy Impacts of the Weatherization Assistance Program

To the extent possible, the WAP program applies consistent procedures across all clients. However, there
are substantial differences in energy equipment, building configuration, and retrofit opportunities across
building types. By furnishing reports for each building type, the evaluation is able to give policymakers
an understanding of the specific challenges associated with maximizing energy impacts from each
building type. The summary report then furnishes comprehensive information on the program’s energy
and nonenergy impacts.

1.1 NATIONAL WEATHERIZATION ASSISTANCE PROGRAM EVALUATION
OVERVIEW

WAP was created by Congress in 1976 under Title IV of the Energy Conservation and Production Act.
The purpose and scope of the Program as currently stated in the Code of Federal Regulations (CFR) 10
CFR 440.1 is “to increase the energy efficiency of dwellings owned or occupied by low-income persons,
reduce their total residential energy expenditures, and improve their health and safety, especially low-
income persons who are particularly vulnerable such as the elderly, persons with disabilities, families
with children, high residential energy users, and households with high energy burden.” (Code of Federal
Regulations, 2011)

At the request of DOE, Oak Ridge National Laboratory (ORNL) developed a comprehensive plan for a
national evaluation of WAP that was published in 2007. DOE furnished funding to ORNL in 2009 for a
national evaluation for Program Years 2007 and 2008, with a particular emphasis on PY 2008. ORNL
subcontracted evaluation research to APPRISE Incorporated and its partners (the Energy Center of
Wisconsin, Michael Blasnik and Associates, and Dalhoff Associates LLC). The Scope of Work (SOW)
for the evaluation includes the following components:



e Impact Assessment — Characterization of the weatherization network and the households that are
income-eligible for WAP, measurement and monetization of the energy and nonenergy impacts
of the program, and assessment of the factors associated with higher levels of energy savings,
cost savings, and cost-effectiveness.

e Process Assessment — Direct observation of how the weatherization network delivers services and
assessment of how service delivery compares to national standards and documentation of how
weatherization staff and clients perceive service delivery.

e Special Technical Studies — Examination of the performance of the program with respect to
technical issues such as air sealing, duct sealing, furnace efficiency, and refrigerators.

e Synthesis Study — Synthesis of the findings from this evaluation into a comprehensive assessment
of the success of the program in meeting its goals and identification of key areas for program
enhancement.

This analysis of large multifamily building energy impacts is part of the Impact Assessment.
1.2 LARGE MULTIFAMILY BUILDING STUDY OVERVIEW

This report furnishes information on how housing units in large multifamily buildings were served by the
WAP program in PY 2008. This analysis is complex because weatherization of a multifamily building
can vary on several dimensions:

e Energy Equipment — Some buildings have centralized energy equipment (e.g., one heating system
for all units in the building) while others have energy equipment for each unit (e.g., electric
baseboard heat for each unit).

e Air Sealing and Insulation — In some buildings, the program can seal and insulate individual
housing units (i.e., apartments) while in others the entire building must be treated as an integrated
system for air sealing and insulation.

e Common Areas — In some buildings, there are significant common areas including lobbies,
stairways, and, hallways. In other buildings, each housing unit has direct access to the outside and
there are no common areas.

As a result, program resources are sometimes focused on building-level measures; at other times, they are
restricted to unit-level measures, and often include both types of measures. This report documents the
number of housing units in large multifamily buildings that were served by the program, furnishes
statistics on the weatherization measures installed at the unit and building levels, estimates unit-level and
building-level energy savings, and assesses the cost-effectiveness of installed measures.

1.2.1 National Sample of Weatherized Housing Units
At the national level, the evaluation team collected information on all types of weatherized housing units
from a representative sample of subgrantees (i.e., local weatherization agencies). Data for the national

sample of multifamily buildings analyzed in this report were collected as part of that process. The data
collection and analysis included:

e Building and Housing Unit Sample — The evaluation team worked with grantees and subgrantees
to select a representative sample of weatherized buildings served by the program in PYs 2007,
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2008, and 2009. When a sampled building was determined to be a large multifamily building, the
data collection process included development of a list of qualified housing units in each building.

o Diagnostics and Measures — Subgrantees supplied information on diagnostic tests conducted,
installed measures, and measures costs for a sample of buildings and units that were treated by
the WAP program.

e Energy Data Collection — The evaluation team collected information from energy suppliers to
assess the amount of energy used at the building-level and unit-level before and after the
installation of weatherization measures.

e Energy Data Analysis — Statistical procedures were used to develop normalized estimates of the
difference in usage between the pre- and post-weatherization periods for the building for which
data were available. However, because of the small sample sizes, it was not possible to develop
robust estimates of the net energy impacts associated with service delivery for the entire
population of large multifamily buildings served by the program.

This combined set of procedures was effective in characterizing the population of large multifamily
buildings served by the program. However, the data were not sufficient to furnish estimates of the energy
savings and cost-effectiveness of the program for large multifamily buildings.

1.2.2 New York City Large Multifamily Building Study

The evaluation team conducted a special study of large multifamily buildings weatherized by New York
City agencies. These agencies weatherized about 33 percent of all the units in large multifamily buildings
that were weatherized in 2008. The data collection and analysis for this study included:

e Building Identification — We used the New York State WAP program database to identify the
large multifamily buildings with 5 or more units that were weatherized by New York City
agencies in 2007, 2008, and 2009.

o Building-Level Data Collection — Evaluation team staff visited each agency and retrieved detailed
information on pre-weatherization energy usage, recommended measures, installed measures, and
installation costs.

o Energy Data Collection — The evaluation team collected information from energy suppliers
(natural gas, electricity, and fuel oil) to assess the amount of energy used at the building level and
unit level before and after the installation of weatherization measures.

These procedures allowed the evaluation team to develop estimates of building-level and unit-level
savings of natural gas, fuel oil, and electricity, and to examine the cost-effectiveness of the program.
While these buildings are not representative of the entire population of large multifamily buildings served
by the program, they do represent a substantial proportion of the population.

1.2.3 Climate Zone Analysis Framework

Figure 1.1 shows how states were assigned to Climates Zones for purposes of this study.
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Figure 1.1. Climate Zone Map for the PY 2008 Evaluation
1.3 ORGANIZATION OF THE LARGE MULTIFAMILY IMPACT REPORT
The report consists of five sections, including:

e Section 1 — Introduction: Furnishes an overview of the Weatherization Assistance Program
Evaluation, the WAP Impact Evaluation, and the evaluation of multifamily buildings.

e Section 2 — Overview of Data Collection Methodology: Documents the data sources that were
used to prepare this report.

e Section 3 —Production, Building Characteristics, and Installed Measures: Furnishes information
on the number and distribution of units in large multifamily buildings, building characteristics,
pre-weatherization conditions, installed measures, and post-weatherization conditions for large
multifamily buildings served by the WAP program.

e Section 4 — Energy Usage Impacts - Furnishes estimates of the energy savings and the
determinants of energy savings for large multifamily buildings served by the program, with a
special focus on the findings from the New York City large multifamily building study.

e Section 5 — Cost Savings, Measure Costs, and Cost-Effectiveness - Furnishes estimates of the cost
savings and cost-effectiveness for large multifamily buildings served by the program, with a
special focus on the findings from the New York City large multifamily building study.

This report is designed to complement other Energy Impact Reports and contribute to the Summary
Report on Energy and Nonenergy Impacts of the WAP program.



2. OVERVIEW OF DATA COLLECTION METHODOLOGY

The purpose of the large multifamily building energy impact study is to measure the energy savings, cost
savings, and cost effectiveness for large multifamily buildings treated by WAP during Program Years
2007, 2008, and 2009. The main focus of the study is on PY 2008. The study used data from a number of
sources, including:

Grantees (i.e., States)

Subgrantees (i.e., Local Agencies)

Electric and Gas Utilities

Delivered Fuel Submeter Studies

U.S. Energy Information Administration (EIA) Energy Price Data and Projections
U.S. National Climatic Data Center (NCDC) Weather Data

This section of the report documents the data collection procedures and outcomes for the two sources of
data used for this study, a representative national sample of weatherized units in all buildings and a census
of large multifamily buildings weatherized in New York City. Together these data sources furnish
information that is used to characterize large multifamily building weatherization in the WAP program.

2.1 SUBGRANTEE AND BUILDING/CLIENT SAMPLE — NATIONAL SAMPLE

The first step in the data collection process was to select a representative national sample of buildings and
clients served in PY 2007, 2008, and 2009. The evaluation used a two-stage sampling procedure. In the
first stage, a sample of subgrantees was selected. In the second stage, a sample of buildings and clients
was selected from sampled subgrantees.

2.1.1 Subgrantee Sampling Procedures

The ORNL Evaluation Team selected a sample of 400 agencies with probability proportionate to size.
The measure of size was planned program funding for PY 2008. The sampling procedure involved the
following steps:

o Grantee Allocation — Each grantee was allocated a share of the sample of 400 subgrantees based
on its share of PY 2008 program funding.

e Subgrantee Sample — For each grantee, a set of subgrantees was sampled with probability
proportionate to size based on PY 2008 planned program funding.

The outcome of this procedure was that states with higher WAP funding had more sampled subgrantees
and the larger subgrantees had a higher probability of selection. These procedures furnished a
representative and statistically efficient sample of clients.

2.1.2 Building/Client Sampling Procedures
The APPRISE Evaluation Team contacted each of the sampled agencies to get information on the
buildings and clients served in PYs 2007, 2008, and 2009. The sampling procedures involved the

following steps:

e Building/Client List — Each subgrantee furnished a list of buildings weatherized for PYs 2007,
2008, and 20009.



o Building/Client Sample — Subgrantees’ lists were stratified into two groups, utility main heat (i.e.,
electric or natural gas) and delivered fuel main heat (i.e., fuel oil, propane, wood, or coal).
Sampling procedures selected one-third of the buildings in the utility main heat stratum and one-
fourth of the buildings in the delivered fuel main heat stratum; for each subgrantee a minimum of
7 buildings was selected for each fuel group for each year.

e Client Information — As part of the data collection process, information was collected for each
eligible client in a weatherized building. For single family site built homes and mobile homes,
there was only one client listed per building. However, for multifamily buildings, there often was
more than one eligible client listed for the building.

2.1.3 Subgrantee and Client Sampling Statistics and Response Rates

The ORNL Evaluation Team selected a census of 51 grantees and a sample of 400 subgrantees. The
following statistics describe the sample and the response rates.

e Grantees
o Population — 51 grantees received WAP funding in PY 2008
o Census — All 51 grantees were included in the sample
o Response — All 51 grantees responded to information requests (100%)

e Subgrantees
o Population
= 905 subgrantees were listed in grantee plans for PY 2008
= 879 subgrantees actually received WAP funding in PY 2008
o Sample
= 400 of 905 subgrantees were sampled
= 3095 of 879 funded subgrantees were sampled

e Response — 379 of 395 funded subgrantees furnished a list of buildings (96%).

Not all subgrantees reported that they weatherized large multifamily buildings. Of the 379 funded
subgrantees that furnished a list of buildings and clients, 116 subgrantees in 30 states reported that they
weatherized large multifamily buildings in PY 2008.

For the national sample, the Evaluation Team selected a sample of 22,134 PY 2008 clients from the 379
funded subgrantees that furnished a list of clients. That sample included 302 large multifamily buildings
with 5,410 clients.

2.2 SUBGRANTEE DATA COLLECTION - NATIONAL SAMPLE

Subgrantees were asked to furnish two kinds of client data to support the evaluation, utility account
information and service delivery data.

2.2.1 Utility Account Information
Subgrantees were asked to furnish main heating fuel, utility account numbers, and copies of data release
waivers for sampled buildings and clients that heated with either natural gas or electricity. For

multifamily buildings, this was more complex than for other building types because several different
kinds of accounts may need to be collected to accurately track all o