Chapter 1: Introduction

Since its inception in 1975, the Virginia Weatherization Program has installed energy con-
servation measures in more than 60,000 low-income housing units. The program has been
administered by the Virginia Department of Social Services (VDSS)' with funds provided by
the federal Weatherization Assistance Program in the U.S. Department of Energy (DOE) and
supplemented in recent years by state “oil overcharge” funds. Under contract to VDSS, the
program is operated by the Virginia Association of Community Action Agencies, Inc.
(VACAA), which issues subcontracts to local community action and other agencies (so-called
“subgrantees”) to implement the program at the local level. VACAA oversees local imple-
mentation by establishing installation standards for the energy conservation measures and
procedures to be applied, inspecting and monitoring houses completed, and reimbursing
local agencies for job completions based on the cost of materials put into the houses.

For many years, VACAA based its installation standards on "Project Retro-Tech”, a priority
system developed by DOE. Recent advances in weatherization in other states convinced
VACAA staff that some of the measures in Virginia’s standards may not be as effective as
other new measures. In 1988, VACAA began making changes to their standards to refiects
some of these advances. However, the agency soon realized that a full evaluation of the
program would be necessary to see how these new measures fit Virginia’s climate, housing
stock, and local weatherization capabilities, and how much they could improve the effec-
tiveness of the program.

In June 1989, the Virginia Association of Community Action Agencies, Inc. (VACAA) con-
tracted the Virginia Center for Coal and Energy Research (VCCER) to conduct an evaluation
of the Virginia Weatherization Program. The study ran through December 1990. The main
objective of the evaluation was to improve the energy savings and cost-effectiveness of the
program by developing a new protocol of energy conservation measures and recommending
improvements in administrative procedures.

This final report of the study describes the project and its principal findings and recommen-
dations. The project was conducted by VCCER’s John Randolph and Kathy Greely with as-
sistance from Bill Hill (Center for Energy Research, Education Service at Ball State
University) and Larry Kinney (Synertech Systems Corp.). Special training of Virginia
weatherization crews for purposes of the study was conducted by R.W. Davis and Rudy
Leatherman (Corporation for Ohio Appalachian Development), Rana Belshe and Tom Wilson
(Residential Energy Conservation Consulting Group (RECCG), and Jim Fitzgerald. In addition
to the final report, a Training and Technical Assistance Manual for Virginia Weatherization
produced by COAD, RECCG, and Larry Kinney, was a product of the evaluation project.

The project included five main components which are discussed in the chapters that follow.

t As of July 1991, administration of the program was transfered to the Department of Housing and
Community Development. In discussing our recommendations for the program, however, we will
continue to refer to the managing agency as "VACAA,” for the sake of simplicity.
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Chapter 2 describes a study to provide information on the energy savings and cost-
effectiveness of conservation measures implemented under Virginia weatherization prior
to the evaluation. The study used the Princeton Scorekeeping Method (PRISM), a com-
puter model which derives energy savings from utility billing data. In addition to provid-
ing important data on the relative effectiveness of measures being implemented under
the prior program, this analysis provided a baseline with which to compare savings from

new measures tested in the pilot study.

Chapter 3 examines the savings and cost-effectiveness of various energy conservation
measures, based on engineering-economic analysis using Virginia climate and fuel cost
data. The technical discussion of individual measures also draws heavily from the lit-
erature and evaluations in other states. The analysis served as a first screening of
measures to be tested in the pilot study, as well as supporting evidence for our rec-

ommendations.

Chapter 4 presents the heart of the evaluation -- the pilot study. The study was designed
to test the energy savings and implementation of selected new weatherization measures

in four local Virginia agencies. It observed in the field how effectively some of the new

measures used in other states actually perform in Virginia’s housing stock and climate,
as well as how capable Virginia weatherization crews are to learn and implement the

installation of these measures.

Chapter 5 provides a synthesis of the results of the PRISM study, the engineering anal-
ysis, and the pilot study, and based on this synthesis develops a recommended protocol
of new energy conservation measures for Virginia weatherization.

Chapter 6 identifies and discusses administrative issues which may affect the ability of
Virginia’s weatherization Program to implement effectively the recommended protocol

of measures presented in Chapter 5.

Finally, Chapter 7 provides a summary of findings and recommendations of this evalu-
ation project.
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Chapter 2: Effectiveness of the Virginia Weatherization
Measures, 1988-89 Contract Year

Introduction

The purpose of this part of the evaluation is to provide information on the savings and cost-
effectiveness of conservation measures implemented under the Virginia weatherization
program prior to this project. In addition to determining program savings (by building and
heating fuel type), this evaluation examines the savings and cost-effectiveness of commonly
installed weatherization measures, where possible. This study also looks at the types of
homes being served by Virginia weatherization, their energy intensity, the types of measures
being implemented across the state, and typical costs associated with weatherization. In
addition to providing important data on the relative effectiveness of measures being imple-
mented under the prior program, this analysis provides a baseline with which to compare
savings from new measures which were tested in the pilot study (see Chapter 4).

This evaluation was conducted using the Princeton Scorekeeping Method (PRISM), a com-
puter model which derives energy savings from utility billing data (Fels, 1986). Using one
year each of pre- and post-retrofit utility bills, PRISM computes energy usage for the periods
‘before and after weatherization, adjusted for changes in weather between the two time
frames. PRISM has the advantage of being a widely accepted weather-correction technique
that can be applied to utility bills, which are readily available for houses heated with gas or
electricity. Therefore, it can provide accurate energy savings results on a large number of
houses, without the need for expensive submetering.

This study focuses on energy savings in Virginia gas- and electrically heated homes
weatherized between July 1988 and June 1989. Site-built single-family homes, mobile
homes, and multifamily dwellings are all included within its scope. The discussion below
focuses on the characteristics of the buildings and households in our sample, the types ot
measures installed and their costs, and the energy savings and cost-effectiveness of the
weatherization performed in these homes. Although we tried to calculate savings for all of
the gas- and electrically heated homes weatherized during that period (close to 1500
dwellings), reliable energy savings estimates were obtained for only about 200 homes, due
to difficulties in obtaining billing data. Appendix A contains more detailed explanations of
our methodology (including results for our control group), causes of sample attrition, quality
of the energy savings data, and representativeness of the sample.

Building and Household Characteristics

Our final sample of homes with reliable energy savings data consisted of 188 houses. More
than half were heated with natural gas (105 houses), while the remainder used electricity for
space heating (83 homes). Table 2-1 displays the characteristics of these households, In
terms of building type, climate zone, and occupancy. Site-built single-family homes ac-
counted for 60% of the structures we examined. The remaining dwellings were evenly split
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between mobile homes and multifamily apartment units. All climate zones in the state were
well-represented, with the Washington (D.C.), Bristol, and Richmond regions accounting for
more than 70% of our sample houses (climate zones are illustrated in Figure A-1, Appendix
A). Over 60% of the homes were owner-occupied. The typical home in our sample had two
occupants; 44% had at least one elderly occupant, and over one-third housed one or more

children.

TABLE 2-1: BUILDING AND HOUSEHOLD CHARACTERISTICS

Gas Heat Electric Heat
(# of dwellings) (# of dwellings)
L BT S R

Building Type:
-Site-Built Single Family

-Mobile Home

-Multifamily

Climate Zone':
-Norfolk VA (3398 HDD)
-Richmond VA (3914 HDD)
-Lynchburg VA (4295 HDD)
-Washington DC (4981 HDD)
-Roanoke VA (4344 HDD)
-Bristol TN (4316 HDD)

Occupancy:
-Owner-Occupied
-Renter-Occupied
-Units with Elderly

-Units with Children

-# of Occupants (median)

'Virginia climate zones as defined by the National Oceanic and Atmospheric Administration,
based on similarity of weather patterns. Here, these zones are represented by their major
climate data collection center and long-term average heating degree-days (base 65° F).

Representation of Weatherization Agencies

During the time these houses were weatherized (mid-1988 to mid-1989), there were 30 local
weatherization agencies operating in Virginia. Twenty-one of these organizations are re-
presented in our final sample; however, 70% of the houses were weatherized by just five
agencies. This “clustering” of houses by weatherization agency reflects the service areas
of utilities which could provide sufficient historical data. State agency staff informed us that
these particular agencies represent average to better-than-average weatherization in
Virginia. Therefore, the results for these agencies could be slightly better than the state
average.

Pre-Retrofit Energy Consumption

We also examined the pre-retrofit energy usage of these households. It is generally thought
that homes in milder climates like Virginia’s are less energy-intensive than the average U.S.
home. We found this not to be the case for our sample. As can be seen in Figure 2-1, the
Virginia sample of gas- and electrically heated site-built single-family, multifamily, and mo-
bile homes consumed almost as much energy per dwelling, and even more in some cases,
than the U.S. average, despite the fact that the Virginia homes are much smaller than those
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Figure 2-1. Energy usage and size of the final Virginia sample vs. the U.S. stock.

Gas consumption represents all gas end-uses (typically space heat, hot water, and cooking),
while electricity use typically includes space heat, hot water, cooking, lights, and appliances.
Although the houses in the Virginia sample are much smaller than the U.S. residential stock,
energy use by the Virginia homes is as high or higher than that of the U.S. multifamily apart-

ment units. Source: EIA, 1987.
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in the U.S. stock.! For example, three-quarters of the Virginia sample are smaller than 1000
ft2. while only one-third of the gas-heated U.S. stock, and 45% of the electrically heated
stock, fall into this category. Furthermore, there is anecdotal evidence from the state agency
and local crews to suggest that Virginia weatherization homes heated with gas or electricity
tend to be in better structural repair, and therefore probably less energy intensive, than
weatherized homes heated with oil, wood, and coal. This would imply that energy use in the
typical Virginia weatherized home might be even higher than the results from our sample

suggest.

Retrofit Measures and Costs

Figure 2-2 illustrates the kinds of conservation measures that were installed in the Virginia
homes. Notice that the total number of retrofits is greater than the number of houses, since
more than one measure is usually installed in each home. Infiltration reduction (consisting
primarily of caulking and weatherstripping) was by far the most popular measure, installea
in all of the site-built single-family and multifamily buildings and in more than 90% of the
mobile homes. One-quarter of the site-built single-family homes had less than 20 tubes of
caulk applied, which we refer to below as “low infiltration” work, while the remainder re-
ceived from 20 to over 100 tubes, referred to below as ”high infiitration” work. {However,
even 20 tubes of caulk may in fact be excessive under the advanced air sealing techniques
implemented in the pilot study (see Chapter 4).) The majority of multifamily and mobile
homes received “low infiltration.” Storm windows were the next most popular conservation
measure, installed in about half of the site-built single-family and mobile homes. Window

and door replacements were also frequently used: primary windows were installed in one-
quarter of the site-built single-family homes, 30% of the multifamily units, and 60% of the

mobile homes. while one or more doors were replaced in one-third of the site-built single-
family houses and two-thirds of the mobile homes. Attic insulation was installed in half of
the single-family homes, and attic venting was done not only in these homes but also iIn
many which received no additional attic insulation. Water heater blanket installation varied
greatly by building type: water heaters were insulated in one-quarter of the single-family
houses, one-third of the mobile homes, and two-thirds of the apartments. Floor insulation
(in single-family and mobile homes) and skirting (in mobile homes) were installed in only a
few of the dwellings.

The cost of materials was reported for each weatherized house in our sample. Since Virginia
reimburses local agencies based on a fixed percentage of materials costs, we calculated
total costs (including materials, labor, program support, and administration) as the materials
cost multiplied by the median reimbursement rate of the local agencies included in this
study (229%), in 1988/89 dollars.? Table 2-2 summarizes the total costs for homes in our
sample, by building and heating fuel type. The median cost for gas-heated homes was
$1573, very close to the federally mandated limit of an average expenditure of $1600 per
house. Costs for our small sample of gas-heated apartments were a bit higher ($1819), be-
cause primary windows were replaced in most of the dwellings in this group. Costs in
electrically heated homes were significantly lower, primarily due to the large number of

1 Square footage of weatherized houses is not ordinarily recorded by Virginia weatherization agencies.
The state agency derived areas for most of the homes in the final sample either from attic square
footage plus Retrotech type (which reveals the number of stories in a home) or from the volume of
the house. Therefore, this square footage data is not completely reliable, and we will not rely on it
extensively in discussing our results. It does, however, give a general idea of the size of homes In

the weatherized sample.

2 Many program evaluations include only materials and labor costs in cost-effectiveness calculations;
however, Virginia did not break out these cost components.
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apartments in which only caulking, weatherstripping, and water heater blankets were in-
stalled, at the extremely low cost of $75. Even for site-built single-family homes, however,
weatherization costs were much lower in electrically heated dwellings; this difference in cost
can be attributed to lower levels of infiltration work, attic insulation, and door replacements
in the electrically heated houses. Interestingly, weatherization in mobile homes was only
slightly less expensive than that in gas-heated site-built houses, and much more costly than
that in electrically heated site-built homes, despite the smaller size and lower pre-retrofit
energy consumption of mobile homes. This was most likely a result of the high number of
window and door replacements in mobile homes.

Building Type

Single Family
Mobile Home
Multifamily

Retrofit Type

L ow Infiltration
High Infiltration
=<2 Primaries
>2 Primaries
=<2 Storms

>2 Storms
Door(s)

Attic Insulation
Attic Vents.
Floor Insuiation
Skirting

DWH Blanket

0 20 40 60 80 100 120
Number Of Dwellings

Figure 2-2. Conservation measures installed in weatherized households, by building

type.
The number of measures is greater than the number of houses because more than

one measure is often installed in each building. “Low Infiltration” refers to homes
sealed with less than 20 tubes of caulk, while “High Infiltration” means that over 20

tubes of caulk were used.

2-5



Energy Savings and Cost-Effectiveness

Overall Results

Savings from the existing program were rather low: median annual sjte energy savings
were 6.5 MBtu/dwelling for gas-heated homes, or 6% of gas consumption (used for et.ther
space heating only, space heat and hot water, or space heat, hot watgr, and cooking).
Savings in electrically heated dwellings amounted to 1.5 site MBtu ldwelll_ng (44'0 kWh), or
4% of electricity usage (typically space heating, hot water, coo_kmg, I|ght§, and
appliances).? Table 2-2 and Figure 2-3 summarize savings and cost-gffect!veqess |r_1d|c_ators,
by heating fuel and building type. Both absolute and pergent savings in SIte-b_mIt single-
family homes were slightly higher than for gas- and electrically heated homes In ggneral;
savings in apartment units, on the other hand, were very onv for tho.se' heatned ‘wnh gas
(0.5%), and slightly lower than average for those he.atec':l wntr} elgctr|0|ty (_3 %).* Median
savings in mobile homes were also slightly lower than in site-built single-family homes: 1.7

MBtu (500 kWh), or 3%

e 6.9 MBtwunit
670 kwh/unit

Single Family m.-_g}

Infil. Only (N=20
i (N=0

Attic Ins. (N=9I)
+ Infil.
(no existing ins.)

Attic Ins. (N=14)
+ Infil.
(some existing ins.)

Attic Ins. (N=14)
+ Storms & Infil.
(no existing Ins.)

Attic ins. (N=6)
& Storms & Infil.
(some existing ins.)

Storms & Infil.
(N=13)

aaaaaaaaaaaaa

lllllllllllllllll

;;;;;;;;;; B e
s e s

R I B s

Energy Savings (% NAC)

Figure 2-3. Savings by primary retrofit strategy for single-family homes weatherized under the

isti rogram. | |
;xt-:l(s:ta'zgeppegrcent energy savings in gas- and electrically heated homes are for different end

uses (space heat, hot water, and/or cooking in gas-heated houses, Vvs. all end uses in elec-
trically heated homes), we have shown them separately in this figure.

3 “Site” energy is end use energy; i.e., for electricity 1 kwh= 3412 Btu.

4 Energy savings in multifamily units may be unreliable, due to heat transfer t?etwegn'apartm_ents. In
this sample, not all the apartments in a particular building were weatherized; It is possible that
unweatherized units received some of the energy-saving benefits of the weatherization work.

s |n the absence of a control group composed of households eligible for weatherization but not yet
serviced. we looked at weather-corrected residential consumption trends for some Virginia utilities.
Based on this information, we decided to make no adjustments to gross savings attributable to the
weatherization program. See Appendix A for more information.
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~able 2-2 also shows savings as a percentage of space heat usage (necessary to compare
=xisting program results with the pilot study). Space heat consumption was not measured
1irectly, but rather approximated using the PRISM-derived space heat fraction. Since
>RISM’s space heat fraction is not as well-determined as the NAC, and usually overesti-
mates space heat usage, we place more confidence in the NAC results.

~“he bottom line is that all of these savings are low. In fact, the savings for some of the above
categories are not statistically significant; that is, the savings are not statistically
differentiable from zero at the 90% confidence level. Only the savings for those categories
of homes indicated with an asterisk in Table 2-2 are statistically significant.

in addition to energy savings, we looked at three indicators of the cost-effectiveness of
weatherization: the payback time, the cost of conserved energy, and the benefit-cost ratio.
When judged solely on energy savings, weatherization in this sample of buildings was not

TABLE 2-2: SUMMARY OF SAVINGS AND COST-EFFECTIVENESS INDICATORS®

Site-Built Mobile
Single Family Home
9 [ | % | 14 | 26

# of Dwellings

Pre-retrofit Energy
Use?
site — MBtu
-~( dwelling ) 9514 639 3845
| Energy Savings®
site — MBtu
- dwelling ) 0.3137 1.2115
--(% NAC) 05174
--(% Space Heat) 0.6106
Total Cost
$
..( dwem'ng ) 1289 1447 18194994 1943
Payback Time3*
(years)

CCE34

$

Benefit-Cost Ratio* | 0.26 1007 0.17 £0.17

'"Walues given are median + standard error (standard error = interquartile range \/n—)

’Energy use and savings figures are normalized annual consumption (NAC). For gas-heated houses, NAC is
space heat, hot water, and/or cooking; for electrically heated houses, NAC is total household consumption
Space heat consumption is as derived by PRISM.

3qtandard errors could not be calculated for these indicators, as several houses had negative savings, and
therefore infinite payback times and cost of conserved energy.

‘See Appendix A for definitions of economic indicators.

‘The median payback for this group of houses is infinite.

*Savings are statistically significant at the 90% level for these categories.

cost-effective. For both gas- and electrically heated homes, median payback times were
extremely long (34 and 39 years, respectively), costs of conserved energy were higher than
average Virginia residential energy prices at that time ($22/MBtu saved for weatherization
in gas-heated houses, vs. $5.65/MBtu for gas in 1988; $62/MBtu saved for weatherization in
electrically heated homes, vs. $16.70/site MBtu for electricity), and benefit-cost ratios were
less than one (0.26 and 0.27 for gas- and electrically heated homes, respectively). When
examined by building type, only weatherization in electrically heated apartments appears to
be cost-effective. However, the energy savings in these dwellings were very small and not
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statistically significant; the apparent cost-effectiveness stems from the fact that very little
money was spent (only $75/apartment, spent on caulk, weatherstripping, and water heater

blankets).

Houses with High Savings

It is always instructive to examine houses with particularly high or low savings. Savings of
10% or more were achieved in 35% of the weatherized sample (42% of gas-heated homes
and 25% of those with electric heat).® High savings occurred more often in gas-heated site-
built single-family homes than in any other building type. We found that houses with attic
insulation {either alone or in combination with other weatherization measures) are dispro-
portionately represented among the “high savers”. In fact, more than half of the "high
savers” were weatherized with attic insulation (alone or in combination with other meas-
ures), while only 1/5 of the homes with savings below 10% received attic insuiation. Homes
with infiltration reduction alone accounted for only 15% of the high savers, but for half of the

homes with low savings.

Houses with Increased Energy Usage

Energy use in 31% of our sample increased following weatherization. Since we do not have
any information on changes in the building or household after weatherization, it is impossi-
ble to attribute the increased energy usage to changes in the number of occupants, building
or appliance additions, or failure of the retrofit. Relatively more of the multifamily and elec-
trically heated site-built single-family dwellings, and proportionately fewer of the gas-heatea
site-built single-family and mobile homes, displayed increased consumption. Homes
weatherized with infiltration reduction work only, or primary window replacements plus in-
filtration work, are more heavily represented among the buildings with increased usage than

in the sample at large.

The Relationship between Savings and Pre-Retrofit Consumption

Evaluations of many residential retrofit programs have observed a strong correlation be-
tween energy savings and pre-retrofit consumption (Synertech, 1987; Schlegel and Pigg,
1990: Hill, 1990; Shen, et al., 1990). That is, energy savings are typically larger in homes with
high pre-retrofit usage. Some weatherization programs, interested in maximizing the total
energy savings they achieve, even screen clients to focus their efforts on high-consumption
households. To see if this relationship holds true for our sample of homes, we looked at
energy savings vs. pre-retrofit usage for gas- and electrically heated homes (Figure 2-4).
We found little correlation between savings and pre-retrofit usage (for site-built gas-heated
homes, R?=0.02; for site-built electrically heated homes, R*=0.26; for mobile homes,
R?=0.00); energy savings varied widely at all levels of pre-retrofit consumption. This cor-
relation between savings and pre-retrofit use was better for homes weatherized in the pilot

study (see Chapter 4).

L i il

6  Of course, 10% savings are not extraordinarily high. In our pilot study, for example, average savings were
over 20% of space heat usage (see Chapter 4).
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The Relationship between Savings and Weatherization Cost

There is a belief that spending more money on weatherization will result in larger savings.
We investigated this relationship in Figure 2-5. We found no correlation between energy
savings and total weatherization cost, for both gas- and electrically heated homes (R?=0.00
and 0.04, respectively). We attribute this lack of relationship between energy savings and
weatherization costs to large investments in ineffective weatherization strategies (see

"Savings by Retrofit Strategy,” below).

Savings by Retrofit Strategy

In addition to looking at program-wide energy savings, we were also interested in deter-
mining savings attributable to specific conservation measures installed by the
weatherization program. Since more than one conservation measure was installed in almost
every building, it is impossible to attribute energy savings to specific retrofits; however, we
were able to categorize the houses by the combination of weatherization techniques which
were implemented. Table 2-3 summarizes energy savings, costs, and cost-effectiveness for
seven commonly installed “packages” of measures, for building types and heating fuels
which are well-represented in our final sample of houses.” Figure 2-3 graphically displays
energy savings for site-built single-family houses. Each house was assigned to the
narrowest category which encompasses all the conservation measures installed in that
building. For example, a house weatherized with attic insulation and caulking would be
placed in the ”“Attic Insulation and Infiltration” category, while one with only caulking and
weatherstripping would be placed in the “Infiltration Only” category. As used here, “infil-
tration” includes caulking, weatherstripping, window and door repair, replacement of 1 or 2
windows, and/or door replacement. Houses were assigned to a “window” category If more
than 2 primary or storm windows were installed. (In defining these categories, we ighored
the effects of hot water wraps and attic venting, as these measures were so pervasive there
was no clear way to separate out their effects.)

None of these groups of retrofits appears to be a clear-cut success, as judged by the cost-
effectiveness indicators:

e Median energy use in site-built single-family homes which received only infiltration work
increased slightly after weatherization; that is, energy savings were negative.

¢ The packages containing attic insulation, particularly those cases in which there was no
existing attic insulation, came closer to being cost-effective than any of the remaining
groups of measures. (The difference in savings between homes with no existing insu-
lation and those with some insulation (typically R-11) was more pronounced for the "attic
insulation and infiltration” category than for the “attic insulation and storms and infil-
tration” group.) We attribute the surprising lack of cost-effectiveness of packages con-
taining attic insulation to the large amount of money spent on infiltration work in these
homes. Attic insulation accounted for only 1/3 of the materials cost for homes in the
”attic insulation and infiltration” category, while infiltration measures were responsible
for more than 40% of the costs. Insulation and storm windows accounted for about half
of the materials costs in the “insulation/storms/infiltration” category; another 25% of
weatherization costs in these houses was attributable to infiltration reduction.

A L ==

7 Because we question the reliability of the data on multifamily units (the energy savings may be inaccurate
due to heat transfer between apartments; almost all of the units were weatherized by one agency), we have
eliminated them from this discussion.
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Figure 2-6. Median benefit-cost ratios for 6 local weatherization agencies whose
houses were well-represented in the final sample.

There is a wide range in cost-effectiveness of weatherization work by different agen-
cies, even for similar building types. "SB” are site-huilt single-family homes, and
"MB” are mobile homes.

* Primary windows were replaced, plus storm windows were installed on the same win-
dows in 12 mobile homes, again resulting in high weatherization costs ($1800) and low
savings (3%,).

¢ Homes in the "storms and infiltration” group typically saved 10%, but the costs were so
high that this weatherization was not cost-effective. Costs for the storm windows alone
accounted for 60% of the total costs in this category. There was no correlation between
the number of storms installed and energy savings.

¢ |nfiltration work and skirting installed in mobile homes typically cost $1200/dwelling and
saved no energy.

We attribute the lack of cost-effectiveness of many of these retrofit packages to the large
amount of money being spent on infiltration-reduction measures with questionable energy
savings. Thirty to fifty percent of materials costs in the "attic insulation and infiltration,” "attic
insulation and storms and infiltration,” and ”“storms and infiltration” categories are for
infiltration-reduction measures (excluding window and/or door replacements). This infil-
tration work consists of considerable sealing of leaks in the neutral-pressure plane (caulking
and weatherstripping around windows, doors, and baseboards); hundreds of dollars were
spent on caulk alone in many homes. As the results in Table 2-3 for the "infiltration only”
site-built single-family homes show, little energy savings were realized from this type of
work. “Infiltration reduction” also included some home repair, using materials such as
lumber, roof coating, etc. These measures would not be expected to yield much in the way

of energy savings.
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Cost-Effectiveness by Local Weatherization Agency

As pointed out in the section on “Building and Household Characteristics,” there were 21
local weatherization agencies represented in our final sample. Figure 2-6 illustrates the
cost-effectiveness of weatherization done by six of these agencies whose work is well-
represented (i.e., at least six houses by each agency in a given building type/heating fuel
category). Since we’re primarily interested in the range of agency cost-effectiveness, rather
than the performance of specific organizations, each agency has been identified by a humber
only. We’ve broken down the houses each agency weatherized by building and heating fuel
type, since we expected these factors to explain some of the variation in savings by agency.
However, there is still a wide range in agency cost-effectiveness within each building and
heating fuel type category, as measured by the median benefit-cost ratio. This fact implies
that some attention needs to be paid to improving the work of the less cost-effective agen-
cies to ensure that weatherization clients throughout the state are receiving equivalent, and

equitable, levels of service.

TABLE 2-4: PERCENT REDUCTION IN BLOWER DOOR READING

Site-Built Mobile
Single-Family Home
% Reduction, 39% 54%
All Measures’ (N=62) (n=24)

'Values given are medians. Results for multifamily homes are not
listed here, as we are skeptical about their validity (they were
taken simply by pressurizing a single apartment and did not ac-
count for air exchange between apartments).

Air Leakage Reduction

Air leakage reduction was one of the major strategies by which weatherization agencies
sought to reduce energy consumption in this sample of houses. Infiltration-reduction work
and window and door replacements, which comprised the majority of weatherization meas-

ures in these homes, are all aimed at reducing air leakage sites.

Table 2-4 shows the percent reduction in air leakage for each building type. Note that blower
door readings were only available for about half of the single-family homes, and two-thirds
of the mobile homes (readings for the remaining homes were either not taken at all, or taken
at different pressures before and after weatherization). Reductions in air change rates were
fairly high, at 39% for single-family homes and 54% for mobile homes. However, as men-
tioned earlier, much of this infiltration reduction was accomplished by sealing leaks in the
neutral-pressure plane, and would not be expected to contribute to significant energy

savings.
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Energy Intensity

Table 2-5 presents information on the pre- and post-retrofit energy consumption and energy
intensity of homes in our final sample. By referring back to Figure 2-1, it can be seen that
post-retrofit energy consumption is still fairly high compared to usage in relevant sectors of
the U.S. stock. Energy intensity is a way of comparing the energy use of different size
houses located in different climate zones. By dividing the annual space heating use by the
floor area of the house (in square feet) and the annual heating degree-days (base 65° F), we
can arrive at a "normalized” measure of space heating in Btu/ft>-DD. A new home built to
current energy codes will have an energy intensity of about 10 Btu/ft>~-DD, while very well-
insulated houses will have energy intensities on the order of 5 Btu/ft>~-DD or less. As dis-
cussed previously, the space heat fraction derived by PRISM and the square footage data for
our final sample are not completely reliable, so we do not wish to place too much emphasis
on this way of presenting energy savings. However, since we compute energy intensities
for the new weatherization techniques tested in the pilot study (see Chapter 4), we felt it
would be useful to present these results as a basis for comparison.

TABLE 2-5: ENERGY INTENSITY OF VIRGINIA SAMPLE’
Site-B Mobile
Single F Home*

uilt
amily*
Pre-retrofit?
-« NAC (site-MBtu) 99.5 5244
-- Space Heat
site — Bilu
( 7 — DDigs ) 24 741

Post-retrofit?
-- NAC (site MBtu) 89., 9143 9349
-- Space Heat
site — Bilu
(F2 DDy ) LLEY 741 18+,

Savings??
-- NAC (site MBtu)
-- Space Heat

( site — Btu

ft? — DDgs

56*11 3915

)

'Values given are median + standard error (standard error = interquartile range - \/n_ ).

‘Energy use and savings figures in site MBtu are normalized annual consumption (NAC). For gas-heated houses,
NAC is space heat, hot water and/or cooking; for electrically heated houses, NAC is total household consump-
tion. Space heat energy intensities, in site Btu/ft*-DD, are space heating use as derived by PRISM. Space heat
energy intensities were not calculated for multifamily units as no square footage information was available.

*Median savings do not equal the difference between median pre- and post-retrofit usage, due to the nature of
the median as a measure of central tendency.

‘Square footage data were reported for about half of the single-family and mobile homes; energy intensities were
calculated for these homes only.

Representativeness of Virginia Sample

Throughout this chapter, we have looked at the savings and cost-effectiveness of
weatherization performed in the 188 homes for which we were able to obtain reliable en-
ergy consumption data. How closely does this sample represent “typical” houses served
by Virginia’s weatherization program during fiscal year 19897 To answer this question, we
compared our sample with all houses weatherized that year, in terms of building type,
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mez: ng fuel, measures installed, and weatherization cost. The details of this analysis are
c=—zined in Appendix A. From the comparison, we concluded that overall program results
are probably slightly better than the results we found for gas-heat houses (savings of 6%,
savoack time of 34 years), primarily because our analysis was unable to look at homes
mezted with oil or wood, in which we would expect to see somewhat higher savings.

Comparison with Other Low-Income Weatherization Evaluations

~z properly understand the implications of these resuits for the Virginia weatherization
-rogram, we need to place them in the context of the savings and cost-effectiveness of
~tner low-income weatherization programs operating around the country. Figure 4-6 com-
~ares these results with other evaluations of standard low-income weatherization programs
~scumented in Lawrence Berkely Laboratory’s BECA-B database (Cohen et al., 1991); the
axisting Virginia program had savings at the lower end of this range of weatherization
avaluations, and was the least cost-effective of any.

Conclusions

“his analysis looked at energy savings from 188 gas- and electrically heated homes to de-
-armine the effectiveness of measures installed by the Virginia weatherization program
during the 1988-89 contract year. Savings and cost-effectiveness are summarized in Table
2-2 and Figure 2-3: savings in gas-heated houses were 6% of pre-retrofit usage (for space
heat. and hot water, and/or cooking), while savings in electrically heated homes amounted
to 4% of pre-retrofit consumption (for all end uses). By comparing these results with
savings from other low-income weatherization program evaluations, we see that results for
the Virginia program are among the poorest of all states that have conducted evaluations.
Payback times for both gas and electrically heated houses were over 30 years. We found
no correlation between energy savings and pre-retrofit consumption, implying that the
Virginia weatherization program is not taking full advantage of the greater savings oppor-
tunities available in buildings with high energy usage.

When examining savings and cost-effectiveness for various retrofit “packages” (combina-
tions of energy conservation measures typically installed in these homes), we found that
houses which received infiltration-reduction work only had virtually no savings. Houses in
which attic insulation and infiltration work were installed showed savings of 6 to 18%, but
rather long payback times. We attribute the lack of cost-effectiveness of this 1988-89 sam-
ple to large expenditures on ineffective weatherization strategies, in particular infiltration
reduction in the neutral-pressure plane and primary window replacements. There was also
a large variation in cost-effectiveness of weatherization work performed by different local
agencies, suggesting that attention needs to be paid to raising the technical competence
of the less cost-effective agencies.

Overall. these results indicate that there is considerable room for improvement in Virginia’'s
existing weatherization program. Of course, there are other benefits from weatherization
that we were unable to guantify in a study of this type, such as improved occupant comfort
and structural integrity. But overall, the Virginia weatherization program has been missing
many opportunities for more cost-effective energy conservation and better service to their

low-income clients.
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Chapter 3: Analysis of Weatherization Measures

Introduction

In this chapter we examine the savings and cost-effectiveness of various measures tested
in other states. Because most of these measures have not yet been used in mild-climate
states, we use engineering analysis to look at savings expected from these measures for

houses in various parts of Virginia. Then, using Virginia energy price data, we calculate the
cost-effectiveness of these measures. These analyses served as the first screening of
measures to test in the pilot study. The pilot study (discussed below in Chapter 4) then
tested these proposed measures on actual houses in the field. These analyses were also
used directly as we developed recommended measures and installation standards (dis-
cussed below in Chapter 35).

The first section below discusses some of the principal lessons learned over the last decade
from weatherization program evaluations, building science research, and weatherization
crews in the field. The next section briefly outlines the methodological approach used in the
engineering-economic analyses which were performed to assess the applicability and cost
effectiveness of various weatherization measures in Virginia.

The following sections assess the strengths and weaknesses of each of the weatherization
measures considered and present the results of the engineeering-economic analyses. For
each we first describe how the measure saves energy, and briefly describe installation de-
tails essential to its success. This discussion is based on both published literature and
communication with the “network” of researchers and practitioners in the weatherization and
building science fields across the U.S. and Canada. We then describe the energy savings
which we would expect to be realized across the Commonwealth and assess the cost ef-
fectiveness for various combinations of climate, heating system efficiencies, fuel costs, and
installed costs. The final section reviews other measures not amenable to engineering cal-
culations.

The Revolution in Low-Income Weatheriz_gtion

In the last decade, and especially in recent years, great strides have been made in advanc-
ing the “state of the art” of weatherization. Interestingly, many of the advances have come,
not from the research labs or academe, but from the “front lines”, the crews in the field, and
one of the principal ”“change agents” has been program evaluation. When state
weatherization programs began careful evaluations of the energy savings being realized
from weatherization, the shock was almost palpable. Rather than savings of 20% to 40%
which they had expected to find based on engineering estimates, evaluators found savings
on the order of 10%. Once they got over the shock, these state programs began to look in
earnest to discover where those expected savings had gone. Using diagnostic tools such
as blower doors and infrared cameras, these programs found what worked and what didn’t
and, in the process, learned a lot about how buildings work.
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Below, we summarize some of the principal findings of the last decade. Rather than pre-
senting this in the form of a detailed "academic” literature review, we instead present these
findings in a form most conducive to the task at hand -- improving the Virginia Weatherization
program. The reader is referred to Appendix C of the Progress Report for this project
(Randolph and Greely 1990a) for an annotated review of the literature and other states” ac-
tivities. At the end of this report, bibliographic references that contributed to this overview
are presented. Specific references cited herein are listed at the end of this chapter.

Some of the Lessons Learned

Actual (measured) savings are less than engineering estimates. Why? First, buildings
didn’t behave in quite the same way as the theoretical models predicted they would. Sec-
ond, often the models lost something in the translation to the field level. For example, per-
centage savings are not additive; 5% savings from this measure plus 10% from another

usually do not add up to 15%.

Houses are systems. Residential energy use is a result of interactions between the
building’s thermal envelope, the heating system and the occupants. Moreover, there is a
high degree of “interconnectedness” among the components of the building envelope (e.g.,
attic, walls, basement) which interact in ways we didn’t fully understand before. In order to
achieve energy savings, this interconnectedness of the house as a system has to be under-
stood and dealt with.

Attention to detail in installing insulation is important. This is probably one of the more
far-reaching findings of the last decade, affecting not only weatherization, but new con-
struction as well. Insulation is traditionally thought of as a low-skilled, minimum wage job.
The feeling was that all you needed to do was throw some insulation at it, and if you didn’t
get complete coverage or missed some spots, no big deal. Researchers have found that this
is simply not true. First of all, a small amount of missed insulation can seriously degrade the
overall R-value of insulation. Moreover, it’s not just missed insulation that hurts you, but
poorly installed insulation as well. Back in the early 70s, Princeton researchers in the
ground-breaking Twin Rivers study (Socolow 1978) discovered how “convective loops” could
work to “bypass” insulation, losing heat in amounts far out of proportion to their areal extent.
In the years since, we have learned that these convective loops can in fact be set up in very
small places, such as gaps and “gathers” in insulation caused by improper installation.
Moreover, very large amounts of heat could be lost through small “misses” or “bypasses”
in the insulation if these misses served to connect large inside surfaces with cold outside
surfaces (e.g., a “miss” in sidewall insulation in the joist space between the first and second
floors which connects to a porch). The infrared camera has been instrumental in advancing
the state of our knowledge in this area.

Many of the ~traditional” weatherization measures aren’t cost effective. Evaluations of
measured savings in weatherization programs across the U.S. (but primarily in the northern
states) found that many of the measures which had made up the brunt of weatherization in
its early years simply were not producing large enough energy savings to justify their cost.
These measures, discussed in more detail below, include routine caulking and
weatherstripping, replacement windows and storm windows.

Caulking and weatherstripping in the neutral pressure plane doesn’t produce much in the
way of savings. In the late 70s and early 80s it was “common knowledge” that a few hours
spent with a caulk gun was one of the most cost-effective things you could do - low cost and
big savings. Or so we thought. We first learned it was better to caulk the interior of a house
than the exterior. So we all brought our caulk guns in from the cold and started caulking
everything that didn’t move in clients’ living rooms. As noted above in Chapter 2, Virginia
Weatherization crews were still very much in this mode in the 1988-89 contract year, tre-
~ quently emptying over 20, and sometimes more than 100, tubes of caulk per house. While
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the caulk on the interior stood a better chance of lasting than did the caulk on the exterior,
we still weren’t sealing the right leaks. It turns out that the leaks of importance are those in
the attic and those in the basement/crawlspace. The reasons for this are discussed in more
detail in the section on “Advanced Air Sealing” below.

The potential savings in heating system repairs may be larger than previously imagined.
But, these savings are not to be found where we thought. There have been remarkable ad-
vancements made in this area in the last decade. Early heating system work was directed
primarily at increasing the steady-state efficiencies of gas- and oil-fired furnaces by cleaning,
tuning, de-rating nozzles and retrofitting burners. While these generally resulted in some
savings, this was not where the big savings were to be found. Major potentials for energy
savings showed up when researchers and crews alike started looking at duct losses. Not
only did we find leaking ducts, but ducts which weren’t connected and were dumping heated
air into basements and crawlspaces. The magnitude of the problem was discovered by the
routine use of the blower door by crews in the field; mobile homes were found to be par-
ticularly at risk for leaking, poorly fitted or disconnected ducts.

Heating systems in low-income housing often pose significant heailth and safety risks. It
turns out that a weatherization agency that neglects the heating system is not only passing
up potentially large savings, but may, more importantly, be putting its clients’ lives in dan-
ger. As increasing numbers of weatherization agencies across the country were trained and
began looking carefully at heating systems, they discovered more and more cases of im-
proper and illegal installations, poor maintenance and other problems which could poten-
tially result in property loss, adverse health effects or death. The health effects were of
particular concern in that weatherization agencies which tightened houses against air infil-
tration without checking the heating systems for safety could exacerbate existing problems
with dire consequences to the clients. Some of the problems discovered were cracked heat
exchangers, improperly installed or broken flue pipes or chimneys, and missing or under-
sized return air ducts. Moreover, they discovered more and more cases of furnaces which

backdrafted, spilling their deadly combustion gases into the indoor air supply.

Weatherization quality improves with increased crew involvement. Perhaps one of the more
exciting lessons from recent years was that weatherization crews, if given the opportunity,
could not only master the new technical skills required, but actually enjoyed the new re-
sponsibilities and challenges. Feedback from a number of evaluations suggests that while
there may be some initial reluctance on the part of crews to learn new tricks, once they get
over that hurdle, they take to the new measures with very positive resuits in terms of proc-
ess and product: the esprit de corps of the crews improves as does the quality of the
weatherization work being done in clients” homes. Weatherization crews, like workers any-
where, like to know that they are accomplishing something, rather than just going through
the motions.

Training and technical assistance requirements for crews are increasingly important. As
we learned more and more about how houses worked as systems, and found that the old
weatherization strategies were not producing cost-effective savings, it became apparent that
old ideas of crew training would not suffice. It also became increasingly clear that there was
a growing conflict between the legacy of the early years of the weatherization program, when
job training was seen as a major objective of the program, and operating an effective
weatherization program. It is not at all obvious that a cost-effective weatherization program
can be run by hiring minimum wage personnel, providing them with some minimal level of
training, and then having them move on to “something better” after a few years. The levels
of training (and concomitant costs) required will make it increasingly important that program
personnel be retained for the long term.

An ongoing evaluation program, that gets feedback to the crews in a timely manner, can
be very effective in improving weatherization. Weatherization programs which have main-
tained ongoing evaluations of both energy savings and costs have made the largest im-
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provement in the energy savings achieved and the quality of the weatherization “product”
being delivered. Ongoing evaluations provide new information on what works and what

doesn’t, continuing to move programs up both the learning curve and the savings curve. |t
forces a hard look at not just what produces savings, but what produces cost-effective
savings. It is a very useful part of crew training, providing feedback to individual crews on

what they are doing that produces cost-effective savings and what they are doing that does
not.

Extrapolating These Lessons to Virginia

So, you ask, why not just apply these above lessons to Virginia’s program? Why do we need
another study? Why not just take the best measures and get on with it? The answer is that
you have to be careful in making wholesale imports of what worked in one part of the country
and applying it to another. We learned this lesson the hard way in the mid-70s when plans
for solar-heated houses designed for northern climates, were imported and built in Virginia
and similar milder climates; suffice it to say that the designs lost much in the translation.

First of all, something which is cost-effective in a northern climate is not necessarily going
to be cost-effective in Virginia’s milder climate. Since savings are directly proportional to
the severity of the winters (as measured by the number of heating degree-days), a
weatherization measure just barely cost-effective in, say, Minnesota, will not be cost-
effective in Virginia. Moreover, something that works in a cold climate might not work, or
worse, might cause problems in a warmer climate.

Besides differences in climate, you need to also consider differences in the heating fuels
(both the mix of fuels used and the costs). Cost effectiveness is very sensitive to the value
of the fuel being saved. Something which is cost-effective in, say, the Northeast where home
heating oil predominates and where electricity costs 10 cents or more per kwh, may not be
cost-effective in Virginia with its lower-priced natural gas, electricity, coal and wood.

Finally, the differences in housing type and quality are factors which need to be considered.
Weatherization measures appropriate for the well-built, fairly tight houses of the upper Mid-
west, for example, may not be appropriate for Virginia’s housing stock. While available data
are poor, anecdotal evidence suggests that Virginia’s low-income housing includes a wide
range of housing types and conditions, including some really poor quality housing and a
large proportion of mobile homes in various states of disrepair.

Engineering-Economic Analyses

Heat loss analysis

In the past, engineering estimates tended to badly overstate actual savings. This was due
in part to problems with the models themselves (or to poor calibration of the models for this
low-income housing stock) and in part to the improper application of these models. In the
past 10 years we have gotten better at estimating savings, as the models have been fine-
tuned to reflect actual (measured) savings. Still, some measures lend themselves to engi-
neering analysis more so than others. For example, the analysis of savings from insulation
installed in an attic or sidewall is relatively straightforward, with relatively few assumptions
required; we can be reasonably sure of the accuracy of the savings estimates. Savings from

reductions in infiltration, on the other hand, can be predicted with much less accuracy.
The approach used to estimate energy savings herein is the ASHRAE (1989) modified

degree-day method (MDD) in which annual savings are a function of the annual heating
degree-days (HDD). There are more sophisticated models, but this model’s level of accuracy
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is suitable to the task at hand. The wide range of possible values for some of the key pa-
rameters, coupled with uncertainty in the energy price data, simply do not warrant more
detailed models. One important attribute of this MDD method is its simplicity and the fact
that all the assumptions are clearly laid out for all to see (and change as warranted), as op-
posed to “black box” computer models which tend to hide the underlying assumptions.

In the MDD method, savings (in BTU/ft*>-yr), are given by the equation:
Energy SaVingS = CD 24 " (Uﬂefwe — UAfter) *HDD

where:
Userore @and Usner are simply the U-values (reciprocals of the R-values) of the building

component (attic, walls, windows) before and after,
HDD is the total annual heating degree-days (base 65°F), and

C, is the “empirical correction factor” in ASHRAE’s MDD method which adjusts for the
errors inherent in the method. (Basically, it corrects for the fact that the heat required
to keep the house at 70°F will be less than that predicted by the (base 65°F) degree-
days). All of the analyses below assume a C, of 0.65.

For most of the measures it is not necessary to make any assumptions regarding the type
or size of the house; both savings and costs can be calculated on a “per square foot basis.”
Only in the case of infiltration is it necessary to make assumptions regarding the house di-
mensions. In these cases we use the Project Retrotech “A” house, a ranch house of ap-
proximately. 1250 square feet as described in Virginia’s Home Weatherization Job Book
(Virginia Weatherization Program 1980), and assume a certain percent reduction in an initial

air exchange rate of 1.5 ACH.

Economic Analysis

In any economic analysis, the first question you need to ask is, "Whose perspective should
the analysis reflect?”. Lacking any clear guidance from DOE on this, we have adopted the
perspective of the individual weatherization client. Thus, we do not take into account any
societal benefits such as those accruing from reduced dependence on foreign oil, decreased
production of acid rain precursors or global warming gases, etc. The benefits considered
are only those accruing to the individual homeowner or tenant.

Moreover, the benefits considered are only those resulting from savings in energy. This is
an important point. While it is common knowledge that the weatherization program
produces many benefits besides energy savings, such as increased thermal comfort, in-
creased health and safety, home improvement, and job training (of the weatherization crew
members), only savings in energy are considered in the analyses below.

The discount rate and economic lifetimes assumed are the same as those used in the PRISM
analysis described above in Chapter 2. The discount rate of 7% is equivalent to a nominal
rate of 12% with inflation running at 5%. Lifetimes of the various measures are those used
in the BECA database at Lawrence Berkeley Laboratory: 25 years for insulation, 20 years for
replacement windows, 15 years for storm windows and 10 years for infiltration measures.’
We assume a 0% fuel escalation rate; that is, we assume that the cost of heating fuels will

not increase any faster than the general rate of inflation (quite possibly a conservative as-
sumption).

1 S.B. Cohen, LBL, personal communication, 1990.
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As was the case with the PRISM analysis, three indicators of cost effectiveness are com-
puted: simple payback time (SPT), benefit cost ratio (BCR), and cost of conserved energy
(CCE). (The reader is referred to Appendix A for a description of each of these and how each
is computed.) While the SPT is the most widely reported, it is not the indicator of choice.
It is a good first-cut indicator, but it is crude in that it does not take into account either the
cost of money (i.e., the discounting of future energy savings) or the economic lifetimes of the
different measures. While all three indicators are reported below, the criterion used below
to determine whether something is or is not cost-effective is the BCR. A measure is cost-

effective if it has a BCR of one or more -- that is, if the annual energy savings are greater
than the annualized costs of that measure.?

In Virginia we are dealing with a wide range of winter temperatures, yielding a miid 3000
HDD or so heating degree-days in the Tidewater area to more than 5000 HDD in the moun-
tains. The colder the winter, the larger the savings. A weatherization measure which is
cost-effective in the mountains may not be cost-effective on the coast. In the analyses below
the cost-effectiveness of each measure is computed for three HDD values, representing av-

erage values for the Coastal areas of Virginia (3400 HDD), the Piedmont (4200 HDD) and the
Mountains (5000 HDD).

A home’s heating fuel and heating system also directly affect energy savings, and Virginia
has a wide range of fuel types and fuel prices. The more expensive the fuel being used to
heat the home, the greater the value of the savings achieved by not consuming it. Similarly,
the less efficient the heating system, the greater the savings from having this heating system
run less as a result of conservation measures. Heating fuels used in Virginia homes include
electricity, natural gas, oil, kerosene, LPG, coal and wood. The value of the energy saved
is a function of the price paid for the energy and the efficiency with which this energy is
converted into heat. Electricity, a very high quality energy source, costs much more per
million BTU (MBTU) of heat delivered than does natural gas or oil or other directly-
combusted fossil fuels. However, at the point of use, electricity can be used more efficiently.
Table 3-1 shows the range of values of energy which can be saved by weatherization, de-
pending on the fuel type and cost and the heating system efficiency.? The energy prices used
in this table are from the Energy Information Administration (1989a,b,c) and represent aver-

age values for Virginia; because of the large difference in rates between the two main
electric utilities in Virginia, energy costs are shown for both.

As shown in this table, the value of a MBTU of energy saved in Virginia can vary significantly,
from a low of about $7/MBTU for a house heated with a high-efficiency (condensing) gas
furnace, to a high of about $26/MBTU for a home in Virginia Power’s service area heated
with a forced air “electric furnace” such as those often found in mobile homes. The value
of energy saved in houses heated with wood or coal obtained by the occupants at little or
no cost could actually be lower than $7/MBTU. However, this cost does not reflect the true
value of these indigenous fuels; their apparent cost does not take into account the labor and
the inconvenience involved in both the gathering and burning of these fuels. Theretore, we

have valued wood and coal at the cost of oil, its most likely replacement if households could
afford it.

2 Using a discount rate of 7%, a measure with an economic lifetime of 25 years would need to have a

simple payback time (SPT) of 11.7 years or less to be cost-effective; a measure with an economic

lifetime of 15 years would need a SPT of 9.1 years to be cost-effective, while one with a lifetime of
10 years would require a SPT of 7 years.

3 Qverall heating system efficiencies take into account steady-state efficiencies, standby losses, and
duct/pipe losses and are our best estimates based on values given in the literature. One very good

reference on this is a Northwest Power Planning Council (1988) study which summarizes the results
of 17 other studies which used both measured and model data.
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TABLE 3-1 VALUE OF ENERGY SAVED ($/MBTU)

Natural Gas and Qil Heating Systems

Efficienc Efficienc | 5.60/therm 5.90/gal
80%AFUE | 5% | 11 | = $12
Electric Heating Systems |
stem Efficienc 5.056/kWh 5.072/ kWh
—  Baseboard |  100% |  $16 | = $1

All Other Heating Systems
ood, Coal. LPG, Propane, Kerosene

While actual costs of these fuels may be very low (approaching zero
for wood and coal in some areas), this cost does not reflect the true

value of the energy; most of these Wx clients would be using more
expensive fuels if they were available and affordable. Theretore,

these fuels are all valued at the cost of 0il.

Weighted Average Value of Energy Saved
Percent* S/MBTU

Natural Gas 19% ‘
Qil 34%

Electric 16%
All Other 31%

N =t [N |ad

—h
W

Weighted Ave. Cost of Energy =
* Approximate breakdown by fuel type of houses weatherized

by VACAA in 1987-1988.

-
L _J
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These two variables, climate and value of energy saved, affect the savings side of the
benefit-cost equation; on the other side is the instalied cost of the measure. While costs
of measures are usually easy to determine, that is not the case here because Virginia

weatherization does not document the labor costs of measures installed. The estimates of
annual energy savings, for all their shortcomings, are in many cases better determined than

is the cost side of the equation. Cost data were obtained from the following sources: actual
Virginia weatherization cost data where available (from Home Weatherization Worksheets --
HWWs)4, quotes from Virginia vendors, other private sector contractors, other states’
weatherization programs, and the Center for Energy and the Urban Environment (1990}
whose “Operation Insulation” report is a good source of cost data for various types of insu-

lation work.

The "Average” Low-Income Home in Virginia

Iin an ideal world one would determine cost-effectiveness, and hence what measures to in-
stall, on a house-by-house basis, taking into account the climate, the type of heating system,
the cost of the fuel, and an agency’s actual costs. |n the real world of political, institutional
and pragmatic constraints, such an approach is not feasible. It is politically and administra-
tively preferable to make generalized decisions on the cost effectiveness of individual ECMs
for the Commonwealth as a whole and then apply standards and protocols uniformly across
the state. To do this requires that we somehow take into consideration the wide range of
values for the above variables and come up with an “average Virginia low-income home”,

The average climate for this home could be considered to be the 4200 HDD figure used for
the Piedmont, conveniently half-way between the HDD values of the mountains and the
coast. The average costs are our "best estimates” of actual installed costs for Virginia
weatherization agencies. Obtaining an average value of energy saved is a bit more convo-
luted, as one has to account for not only the range of fuel costs and efficiencies, but also the
relative proportions of each in Virginia’s stock of low-income housing. To do this we com-
puted a weighted average value based on Virginia fuel costs, estimated heating system ef-
ficiencies, and data from VACAA on the number of houses [weatherized in 1988-89] with each
of the different heating systems. This weighted-sum-of-averages approach, shown at the
bottom of Table 3-1, yields a value of $13 per MBTU as a good average figure to use for the
value of energy saved as result of Virginia weatherization efforts.

The Cost-Effectiveness Tables

The calculated cost-effectiveness indicators for each measure are presented in each of the
sections below in the form of matrix which is intended to "bound the analysis.” Each table
shows cost-effectiveness under 27 different combinations of the three variables -- three cli-
mate zones, three values of energy savings, and three installed costs. The three climate
zones are represented by the three HDD values given above. The three values of energy
savings used are $11/MBTU (corresponding to an 80% AFUE gas furnace), $23/MBTU (cor-
responding to an “electric furnace” using electricity at a rate between APCQO’s and Virginia
Power’s) and $13/MBTU (the weighted average energy savings value discussed above). Our
intent here is to present as much information as possible, but in a way which is still useful

L — I

+ Unfortunately, the cost data which were available were not of very good quality. A lot of information
is collected on the HWWs, but not in a form that makes it usable for this sort of analysis. While the
material costs are usually fairly well documented, the labor costs are not. Since this is the least
well-determined part of the cost effectiveness calculations at present, we strongly recommend that
efforts be made to more clearly assess these installed costs as the program moves ahead with the
recommendations from this evaluation.




to the reader. (These matrices have also been designed so that they can be quickly and
easily modified to make use of new data as it becomes available.)

Attic Insulation

Overview

Attic insulation has been one of the mainstays of the weatherization program since the be-
ginning and, unlike many of the other early weatherization techniques, one that has proven
to be cost-effective. The reason for this is very simple: Warm air rises, so the largest tem-
perature differential, and hence the largest heat loss, is at the ceiling. Combine this large
heat loss with the fact that ceilings/attics can usually be insulated relatively inexpensively
and you have all the ingredients for a very cost-effective measure.

While attics can be insulated with fiberglass batts, it is easier and less expensive to blow the
attic with cellulose or fiberglass. The economic analyses below assume blown cellulose.

Heat loss analysis

While energy savings are due primarily to a decrease in conductive heat losses across the
ceiling, blown cellulose has also been shown to result in some sealing of air leakage sites
and, hence, energy savings resulting from a reduction in air changes per hour (ACH). The
analyses below, however, do not assume any savings from reduced infiltration, but include
only those resulting from an increase in R-value.

The heat loss calculation here is straightforward; the only new assumption necessary con-
cerns the initial R-value of the uninsulated attic. A ceiling with no insulation will have an
R-value of less than R-2; however, the roof and the air space between ceiling and roof
combine to add additional R-value, with the exact value depending on roof slope and amount
of ventilation. The analyses below assume an initial R-value of 4; as it turns out, this is not
a critical assumption.

Economic Analysis

The installed costs here are especially difficult to deal with in that the cost will vary with the
amount of insulation installed. In all cases we have assumed that the maximum insulation
installed will be R-305; however, the amount installed will depend on how much insulation is
there to begin with. The total cost of adding attic insulation can be considered to be com-
prised of two costs, a fixed cost and a variable cost. The former says it costs some fixed
amount just to show up with the truck and the blower and get set up and into the attic; the
latter reflects the material and labor costs which we assume vary linearly with the amount
of insulation installed. The range of these fixed and variable costs used for this analysis
represent our best estimates based on a mixture of actual Virginia weatherization costs and

private sector quotes.

Table 3-2 presents a summary of the cost effectiveness of attic insulation installed in an un-
insulated attic in Virginia. This matrix (and similar ones for other measures discussed be-
low) gives the simple payback time (SPT) and benefit cost ratio (BCR) for the 27 different

5 This is the level of insulation decided upon by VACAA, it corresponds to the level recommended by
DOE for Virginia for homes heated with oil, natural gas and heat pumps. The DOE-recommended level
for homes in Virginia with electric resistance heating is R-38.
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combinations of climate, value of energy saved and installed cost discussed above. The
"vas/No” column indicates whether the measure is cost-effective based on the BCR. As
discussed above, a measure is cost-effective if it has a BCR greater than or equal to one.

The results here are clear cut: adding insulation to an attic which has none is cost-effective
in every case. Even under the “worst case scenario” of mild climate (3400 HDD), inexpensive
energy being conserved ($11/MBTU), and high installed cost ($0.50 per square foot), the attic
insulation has a BCR of 2.9. That is, it returns $2.9 for every $1 invested. Under the "best
case scenario” -- a house in the mountains with electric resistance heating and a low in-
stalled insulation cost of $0.30 per square foot -- the BCR is 15.1. The simple payback time
(SPT) (again, a less accurate indicator) shows that this insulation will pay for itself in any-

where from less than a year to 4 years.

Table 3-2 also gives the cost of conserved energy (CCE). Note that this indicator is not de-
pendent on either the cost of the heating fuel or the heating system efficiency; in essence,
it gives the “purchase price” for the BTUs being conserved. If this CCE is less expensive that
the cost of energy used to heat the house, then the investment is cost-effective. Table 3-2
shows that, under the worst case scenario of mild climate and high installed cost, the CCE
is $3.74/MBTU. This tells us is that insulation installed in an uninsulated attic will be cost-
effective no matter what heating system the house has, since, as noted in the discussion
above, the least expensive source of heat (natural gas burned in a high efficiency furnace)

costs $7 per MBTU; the CCE in all cases is decidedly lower.

What Level of Insulation is Enough?

The above demonstrates that installing attic insulation when there is none is definitely cost-
effective. What if there is some attic insulation already? The law of diminishing returns ap-
plies here: the first inch of insulation saves a lot, and each additional inch saves a little less.
At what point is it no longer cost-effective to add additional insulation? [t should be apparent
from Table 3-2 that there is not going to be one single answer to this question; the level of
insulation that is cost-effective will depend not only on how much is there aiready, but on
all the variables discussed above as well. Table 3-3 asks whether it is cost-effective to add
insulation to an attic which already has R-11 in place. The results show that it is cost-
offective under almost all cases, the one exception being a house near the coast, heated
with natural gas or oil with a reasonably efficient furnace, and high installed insulation costs.

Table 3-4 asks whether it is cost-effective to add insulation to an attic already insulated to
R-19. The results here suggest that for most gas and oil furnaces this will not be cost-
effective, unless the additional insulation can be installed at our lowest assumed cost. With
electric resistance heating at $23/MBTU, however, this additional insulation will be cost-
effective in almost all cases. What’s the bottom line here? Although the cost-effectiveness
of adding attic insulation varies, for political and administrative reasons it is useful to have
a single decision criterion for when to add more. If Virginia must have a single criterion for
a yes/no decision on additional insulation, R-19 is probably as good as any. For "average”
costs, climate and value of energy saved, it is not cost-effective to add insulation if the attic
is insulated to R-19 already. |t is important to note, however, that this analysis no longer
holds if you have the insulation and blower on site for something else (sidewalls or an un-
insulated section of attic). If you’re set up to blow insulation anyway, it will almost always
be cost-effective to bring all the attic insulation up to R-30.

Installation Concerns

Seal before you blow. The section immediately below discusses the importance of careful
air-sealing in attics. Suffice it to say at this juncture that blowing insulation in an attic without
first attending to bypasses and air leakage sites is bad practice. While cellulose insulation
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may seal some of the leaks to some extent, the proper protocol is to air-seal before blowing;
if weatherization is to achieve its full potential savings, it is crucial that this opportunity not
be missed. If the attic already has some insulation, use it as a diagnostic tool; air leakage
sites will very often be marked by dirty insulation.

A complete and careful installation is important. Voids or missed areas seriously degrade
the quality of the insulation and reduce savings. Table B.1 in Appendix B shows that insu-
lation “misses” or “voids” comprising only 5% of the total attic area can reduce by nearly
50% the overall average R-value of an attic insulated to R-30. This is a simplistic analysis
which takes into account only the effect the voids have on the average R-value; it does not

account for interactions and bypasses. It makes a strong argument for blowing insulation;
it’s much easier to snake a hose into hard-to-reach attic spaces than it is to get in there with
blankets or batts. Inspectors should insist on 100% insulation coverage, and that includes

attic scuttle (access) doors.

To vent or not to vent? This is one of the more controversial questions in the weatherization
field today. It is probably not necessary in most cases and can certainly increase heat loss
and negatively impact savings if the ceiling is leaky. The bottom line, however, is that DOE
standards still require it. Our bottom line is this: If you don’t insulate the attic, by all means
don’t vent it (unless there is an obvious moisture problem; and even then you would be wise
to look elsewhere for the solution); if you do vent, do careful attic air sealing first.

Advanced Air Sealing

Overview

Air sealing or infiltration reduction in the past was primarily restricted to caulking and
weatherstripping doors and windows, as well as general repairs included in the Project
Retrotech book under the rubric of “General Waste Heat” reduction. In Virginia in recent
years, replacement windows have also been justified on the basis of infiltration reduction.
Unfortunately, these air sealing measures have not resulted in the energy savings intended.
As noted above in the introduction to this chapter, we have learned a lot about infiltration in
the last decade, much of it as a result of the use of blower doors and infrared cameras and
scanners. To its credit, Virginia was one of the first states to require that all its subgrantees
use blower doors in air sealing. Unfortunately, a blower door does not, in itself, guarantee
good air sealing; in fact, a blower door incorrectly used may result in large additional ex-
penditures of materials and labor with very little to show in the way of savings. The PRISM
results discussed above in Chapter 2 suggest that this may in fact have been the case in
Virginia, where many houses received a lot of caulking with no appreciable energy savings

to show for it.

How can this be? How is it possible to seal air leaks as identified with the blower door, show
measured reduction in the air changes per hour at 50 pascals (ACHsy), and still not realize
energy savings? To answer this question we need to discuss the basics of air movement in
a house. For infiltration to occur you need two things, a hole and a driving force. The blower
door is very good for identifying the holes; what it doesn’t tell you is which of these holes
are important. The driving force is a difference in pressure. The pressure difference that
we used to concern ourselves with was that resulting from wind blowing against the side of
a house. And, sure enough, this wind-driven pressure can result in air leaking in the
windward side and leaking out the leeward side. So far so good. Unfortunately, this wind-
generated pressure difference is usually not the principal cause of infiltration in a house.
As dramatic as it appears when the wind blows the curtains near a leaky, un-
weatherstripped window, the fact is, the wind just doesn’t blow all that much, especially in
an urban or suburban area.

3-14




T-= driving force which we need to be concerned with is one that, though less noticeable
=z the wind, works more or less continuously. This driving force is the pressure difference
-z.sed by the ”stack effect.” Air heated in the house by the expenditure of energy naturally
- ses, resulting in a slight positive pressure in the upper part of the house and a slight neg-
zuive pressure near the bottom. |If there are holes in the ceiling, this warm air leaks out
(exfiltrates) through the attic or roof and is replaced by cold air which leaks in (infiltrates)
around the bottom of the house (through the basement/crawlspace cracks and around sill
plates, rim joists, etc). The windows and doors where we used to spend so much time and
dollars caulking and weatherstripping are located in what is called the “neutral pressure
plane,” the area in the house which is subject to neither the positive pressure at the top of
the house nor the negative pressure at the bottom of the house. The "bottom line” here is
that we need to take our caulk guns out of the comfort of the living rooms and get up into the
attic and down into the basement and seal the leaks there. These are not always the most
pleasant places to work, but that’s where the savings are to be found.

The first thing we should do is look for the “big leaks.” Quite often a house with large air
leakage (as measured by the blower door) will have some big holes, and sometimes these
are not immediately obvious (such as above dropped ceilings). Weatherization crews need
to be trained in how to look for these big leaks. It’s not work which can be done “by the
book”: it’s work which rewards careful thinking and detective work. One other important
place to look for leaks, and one even more important than holes in the attic and crawlspace,
is the ductwork. Since it is heated air that is leaking out of these, whether it be supply or
return air, it is especially important to find and seal these duct leaks. Lots of good work has
been done in this area in the last few years. The Air Sealing portion of the Training and
Technical Assistance Manual accompanying this report describes in considerable detail both

what to look for and how to seal important leaks.

Heat Loss Analysis

Heat lost through infiltration is extremely difficult to quantify. Even if we have good blower
door readings before and after weatherization, we cannot predict the energy savings with
any reasonable degree of confidence. There are two reasons for this: First of all, it is diffi-
cult to extrapolate from air leakage measured at pressure (typically 50 pascals, indicated
ACHs,) to air leakage under ”“natural conditions.” While there are both rules of thumb and
sophisticated models for doing this, none really is terribly reliable. Second, the blower door
doesn’t tell us where the leaks are, and as discussed above, all leaks are not created equal.
Consider a 30% reduction in ACHs, as measured by the blower door. |If this reduction is a
result of sealing holes in the neutral pressure plane, it is much less likely to show up as
lower energy consumption than is a similar reduction which is the result of sealing holes In
the attic or crawispace.

For these reasons, any estimates we provide regarding energy savings from infiltration re-
duction will, of necessity, be very approximate. The purpose in doing any cost-effectiveness
calculations at all is so that we can see how air sealing compares with the other measures
under consideration. A number of assumptions are necessary in order to make these cal-
culations: First, we assume a fairly “leaky” Retrotech “A” house with a volume of 10,000 ft°
and a ”“natural” infiltration rate of 1.5 ACH. We assume that this initial pre-weatherization

infiltration is reduced by 30%. This reduction rate is supported by evaluations studies done
in weatherization programs in the upper Midwest, most notably by Minnesota’s M-200 pro-
gram which achieved an average reduction of 36% on 120 houses (Shen et al. 1990). The
initial ACH of 1.5 is higher than that measured in more northern states, but anecdotal evi-
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dence suggests that houses in more southern climates such as Virginia’s are leakier to be-
gin with.®

Economic Analysis

While the above assumptions necessary for the heat loss analysis are crude, the assump-
tions regarding costs may be even worse. One problem is that cost data from past Virginia
weatherization work is not valid in that most of it was not the type of air sealing we’re talking
about here. Even if that were not the case, there would still be a problem because costs vary
widely: If you find and seal one big hole you can achieve significant infiltration reduction at
a very low cost; conversely, it is possible to spend a lot of hours and achieve little reduction
in ACH. Another complication arises from the fact that significant air sealing can be
achieved by insulating the sidewalls using the “hard blowing” technique discussed in the
section below. While infiltration reduction as a result of blowing sidewalls with cellulose is
well documented and, in fact one of the main reasons for using this approach, we have
elected below not to count these savings in the economic analysis of that measure, but in-
stead include them here under air sealing.

For all these reasons, the costs used in this analysis are little more than educated
guesses.” The results of this admittedly approximate analysis are given in Table 3-5. What
this table tells us is that if we can reduce infiltration by 30% in an average size house for
$300 or less it will be cost-effective no matter where the house or what the fuel type. At a
cost of $500, however, this 30% reduction in infiltration will be cost-effective only in the
mountains with natural gas or oil, or anywhere in the Commonwealth if the house has elec-
tric resistance heating.

How sensitive is this analysis to the assumption regarding the size of the house? More
specifically, would this same reduction be cost-effective in a mobile home? Table 3-6 pre-
sents the results of this analysis. Since it is reasonable to assume that it would cost less to
achieve the same percentage reduction in ACH in a home of a smaller volume, we have used
a different range of costs in this table, namely, $100, $175 and $250. As this table shows, if
this air sealing can be done for $175 it will be cost-effective for all cases except $11/MBTU

heating costs along the coast.

It is apparent from the above analyses that cost-effectiveness is very sensitive to costs.
Recognizing this fact, at least two programs -- Minnesota’s M-200 Program (Nelson and Dutt
1988) and one developed by the Wisconsin Energy Conservation Corporation (WECC 1588)
—- have developed procedures whereby the amount of air sealing done is explicitly driven
by the cost of obtaining it. These programs have developed specific criteria for deciding
whether each increment of infiltration reduction achieved is cost-effective. For example, in
the M-200 program, the criterion used was that, “...air sealing is no longer cost-effective
when it costs more than about $40 in labor and materials to achieve a 100 cfms, air flow re-
duction” {(Shen et al. 1990, p. 8). Table 3-7 presents the results of similar analysis done for

6 While the infiltration data for the M-200 program (Shen et al/. 1990) is given in cfmsgp it is possible,
using assumptions regarding house volume (10,000 ft° seems reasonable given the average floor
area of 1346 ft>) and the relationship between ACHsy and ACH under normal conditions (20:1), to ar-
rive at before and after infiltration rates in ACH. Using these assumptions, the before-weatherization
ACH for this 120 house sample was 0.8 and the after-weatherization ACH was 0.5.

7 The M-200 program (Shen et al. 1990, p.13) provides one useful data point here: Thirty-two percent
of the 128 houses in their sample received "...some caulking, weatherstripping, and/or repair of win-
dows and sashes (at an average cost of $104).” (However, 70% of the houses in the sample received
attic bypass sealing work and 52% received some wall insulation. It is likely that these latter meas-
ures were more responsible for the 36% average reduction in infiltration that was achieved.)
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TABLE 3-7 SPENDING LIMITS FOR COST EFFECTIVE AIR SEALING

—_—— . s - . an. R ————
- e — T E— S S—" Sl s L

[ Amount That It Is Cost Effective to Spend Per 100 CFM-50 of Infiltration Reduction
m Value of Energy Saved

11 ($/MBTU 13 ($/MBTU 23 ($/MBTU

Coast

3400
HDD

$22 $26 $46

Piedmont

4200
HDD

$32 $57

Mountains

5000 $33 $38 $68
HDD

| ASSUMPTIONS:

| Cost effectiveness criterion is BCR greater than or equal to one.
| Discount rate = 7%

Economic lifetime = 10 years
| Cd=0.65

| CFM @ 50 Pascals = 20 times CFM under "nomal"” conditions
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Virginia. Instead of coming up with “one number” to use all across the Commonwealth, we
have, to be consistent with the approach used throughout this chapter, caiculated a “cutoff
cost” for each of the three climate zones and each of the three values of energy saved. If
Virginia were to decide to adopt this sort of approach to cost-effective blower-door assisted
air sealing and wanted a single figure, it might want to use the “average” cost of $32. That
is, air sealing, in order to be cost effective, would need to achieve 100 cfms, reduction in air
flow for each $32 of labor and materials spent.

Air Tightening Concerns

Certainly a primary concern in Virginia and elsewhere is, "How tight is too tight?” At what
point do you stop air sealing out of concern for indoor air quality and moisture problems?
ASHRAE established a new ventilation standard for acceptable indoor air quality in 1989.
The standard for residences is based on a minimum rate of 15 cfm/person and is given as
0.35 ACH/person (ASHRAE 1989). The M-200 program (Shen et a/. 1990, p.1) translated this
standard into a minimum blower door reading at 50 pascals so crews could guard against
making houses too tight. For deciding when to stop air sealing, the minimum air-tightness
of a house was set at 1200 cfms, or, in cases when the number of occupants exceeded five,
225 cfms, per occupant. Other states have used similar guidelines.

Sidewall Insulation

This measure is a good example of how the thinking has changed in weatherization over the
past decade. Virginia’s “Project Retrotech” manual states that, “While sidewalls are rated
high on the priority list, Virginia does not include this measure as a requirement. This de-
cision is based on the required skill level needed to accomplish the blowing, man hours re-
quired and the payback.” (Virginia Weatherization Program, 1980, p. 6). Recent studies in a
number of states have found that sidewall insulation is not only eminently “doable”, but, if
properly installed, one of the most cost-effective conservation measures there is. The pay-
back is actually extremely good.

The key phrase in the above is, “if properly installed.” By proper installation we mean
something very specific here -~ namely, the technique, honed to a fine art in Minnesota by
Jim Fitzgerald (1989, 1990), and known variously as the "high density,” “single hole, tube-fill,”
"dense pack” or “hard blowin’” method. In this method one hole is drilled into each stud
cavity (from either inside or outside the house®) and a vinyl tube connected to the insuiation
blower is inserted into the hole until it reaches the top (or bottom) of the cavity. By slowly
withdrawing the tube as the cavity fills with insulation, the cavity can be completely filled
with well-packed instlation at a density of approximately 3.5 Ibs/ft°.

The beauty of the procedure is that, if done properly, not only do you get the benefits of the
increased R-value, but you also achieve significant air-sealing benefits as well. In
Minnesota’s M-200 Program, in which high density sidewall blowing was a major part of the
protocol, an average reduction in air leakage of 36% (as measured by the change in cfims)
was obtained on a sample of 120 houses (Shen et a/. 1990, p. 23). Similar results are re-
ported by Fitzgerald et al. (1990, pp. 14-15) for a 32 house sample in Minnesota (46% re-
duction) and a 92 house study in Ohio (38% reduction). In the latter it was estimated that the

il - il I i il

8 Access to stud cavaties can also sometimes be obtained through the attic or sill plate area.
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dense-pack sidewall insulation and attic insulation accounted for over 50% of the measured
air leakage reduction.

The air leakage reduction occurs by the action of the (fiendishly clever) cellulose fibers
which are capable of not only seeking out the smallest of cracks, but sealing them as well.
Often, sufficient air sealing is obtained by sidewall blowing and attic bypass sealing alone,
so that no further (traditional) air sealing by caulking and weatherstripping is required.

This high density method of sidewall insulation addresses two of the complaints which have
given blown sidewall insulation a bad reputation over the years. One complaint is that the
insulation settles over time, resulting in an uninsulated space at the top of each stud cavity.
This settling did, in fact, occur all too frequently, as can be verified on numerous houses by
use of an infrared camera. This problem was a result, not of the two-hole method, per se,
but rather occurred as a result of the insulation being installed at too low a density, some-
thing which is much less likely to happen with the single tube method of blowing. The sec-
ond complaint concerns voids or “missed stud cavities.” As noted above in the section on
attic insulation, voids and “misses” in insulation can result in serious reductions in average
R-values. This problem also is a result, not of any method per se, but of poor installation
practice. While the high density, single tube method cannot rule out poor workmanship, it
does it make it more difficult to do a poor job. The usual reason for voids or “misses” is
simply improper probing for obstructions in the stud cavities. While “good practice” man-
dates the probing of each and every stud cavity when using the two-hole method, in actual
practice this is seldom done. With the single hole, tube fill method each cavity gets probed
as part of the process.

High density sidewall insulation is not without its “downside”. It does require a certain
amount of practice to achieve the optimal density of the packed insulation. Fitzgerald notes
that at densities of less than 3.5 Ibs/ft® they still see some air flow (using the infrared camera
in conjunction with the blower door), and at densities of over 4 Ibs/ft® they have blown out
walls. It is important to check for water-damaged or otherwise weakened plaster or
gypboard walls before blowing, as these walls can easily fail under the pressures necessary
to achieve this desired density, and filling a client’s bedroom with cellulose is not good
public relations. Articles by Fitzgerald et al. (1989, 1990) and Jones (1989) as well as the
Sidewall Insulation section of the Training and Technical Assistance Manual accompanying
this report present much useful “how to” information on this single tube method, but there
is no substitute for “hands on” training. While the required “learning curve” may appear
daunting, it is a skill readily achievable by weatherization crews, as attested to by the many
such crews now installing this measure with excellent results in a number of states.

Heat Loss Analysis

As noted above, the energy savings from high density sidewall blowing result from two
mechanisms -- 1) the reduction in heat loss across the wall due to the higher R-value, and
2) reduced infiltration from the air sealing effects of the insulation. In the analysis below we
have ignored the latter, and and report only savings due to increased R-value. There are two
reasons for this: First, we wish to reduce the chance of these results being misinterpreted
by the double counting of savings benefits. A second reason is that it is not necessary to
include these infiltration savings. As will be demonstrated below, sidewall insulation is
cost-effective in Virginia for all combinations of climate, installed cost and fuel value, even
without accounting for these air sealing benefits.

The savings resulting from the increased R-value of the wall are relatively straightforward to

calculate. As was the case with attic insulation, we need to make some assumptions re-
garding initial R-value and the R-value per inch of high density insulation. Unlike attics, the
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amount installed will be well determined; it’s simply the depth of the stud cavity, and below
we assume either 3.5 or 4 inches. Tables B.2 and B.3 in Appendix B show how the overall
R-value of a wall is calculated, with and without insulation. Table B.2 assumes a wall in an
older house with full dimension two-by-fours and three-quarter inch woor! siding, while Table
B.3 gives the results for more recent construction. In the analysis below we have used the
former, older construction. For these analyses we assume cellulose blown to a density of
3.5 pounds per square foot, which yields an R-value of approximately 3.4 per inch. These
assumptions result in an increase in the average R-value of the wall from R-3.8 to R-12.9.

Economic Analysis

The above increase in R-value will result in annual savings ranging from $0.11/ft* (for
$11/MBTU fuel costs on the coast) to $0.33/ft* (for electric resistance heating in the moun-
tains). On a typical house (e.g., one the size of the Retrotech "A” house) this translates into

savings ranging from about $120 to $370 per year.

The cost side of the equation is quite well determined for this measure. Unlike the case with
attic insulation, with sidewalls you are always installing essentially the same amount of in-
sulation per square foot. The only uncertainty here is the labor costs which will depend in

large part on how difficult it is to drill and repair holes in the home’s walls. A good source
of cost data for sidewall insulation is the manual prepared by the Center for Energy and the
Urban Environment (1990) which provides costs for both interior and exterior filling, and for
various types of siding. Their quoted costs range from $.70/ft?> for wood siding to $1.05/ft* for
stucco. Other costs were obtained from other state Weatherization programs and private
sector contractors. The range of costs used in the analysis below are $.60, $.80 and $1.00
per square foot.

As shown in Table 3-8, sidewall insulation is cost-effective in Virginia under all conditions.
The cost of conserved energy (CCE) varies from $3.56 to $8.72 per MBTU, less expensive
than almost all fuel and heating system combinations. Even under the “worst case scenario”

of a house on the coast with a reasonably efficient gas furnace ($11/MBTU) and insulation
installed at $1.00/ft?, the BCR is 1.3 to 1 and it pays for itself (SPT) in 9.2 years. At the other
end of the spectrum, a house in the mountains with electric resistance heating and installed
costs of $.60/ft?, the BCR is 6.5 and the insulation pays for itself in 1.8 years.

Again, benefits from reduced air leakage are not included in the above; these savings are
solely due to the increase in the wall’s R-value. The results of an analysis which did con-
sider the benefits of reduced air leakage are included in Table B-4 in Appendix B. The re-
sults given in that table include savings from a 30% reduction in infiltration, as well as the
R-value savings. With these additional infiltration reduction benefits, the BCR ranges from

1.8 to 9.0, with SPTs ranging from 1.3 to 6.6 years.

Storm Windows

Overview

The use of storm windows as an energy conservation measure dates to the earliest days of
the weatherization program, when it was one of the measures to install. It seemed logical,
and the arguments went like this: First, windows represent the “thermal weak link” in any
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and the arguments went like this: First, windows represent the "thermal weak link” in any
house: adding storm windows increases the R-value from R-1 to R-2 , cutting the heat loss
for this component in half. Second, storms can be used to effectively seal leaky primary
windows against air leakage. Third, storms can increase the mean radiant temperature of
the inside of the primary, resulting in increased thermal comfort. And finally, storm windows

are relatively inexpensive, can be installed quickly, and help to increase the value of a home.
While there is, indeed, some truth in all of the above statements, the bottom line is that In

Virginia they are generally not cost-effective.

Let’s consider the above arguments one-by-one: First, while windows are the thermal weak
link of a house in terms of R-value, these windows typically don’t account for much more
than 10 to 15 percent of total wall area, and much less of total house surface area. Moreover,
while an old style wood storm will more than double the R-value of a single-pane primary,
an aluminum storm increases it only to about R-1.67, 25% less than a wood storm.

Using storm windows to seal against air leakage is not a good idea for two reasons: First,
as discussed above, it turns out that these air leakage sites in the “neutral pressure plane”
are not all that important in terms of energy savings. Second, because of moisture concerns,
you don’t want to use the storm as the air barrier. You want the primary window to be the
barrier against air, and hence moisture, exfiltration. If the primary is leaky, the warm moist
air will be able to leak into the space between the primary and storm, condense on the cold
surface of the storm, and ultimately result in water damage to the sill and other window and
wall components. Therefore, storm windows cannot be recommended as a measure for

infiltration reduction.

The third argument, that storm windows can increase thermal comfort, does have merit. A
person sitting in line of sight of a single-pane window can feel quite cold, even when the air
temperature of the room is 70°F or above. Why? Because the warm body “sees” the cold
interior surface of the window and radiates heat to it. By putting a storm on that window, the
mean radiant temperature (MRT) of the inside of the primary is increased; thus, less heat
will be radiated to it, and the person sitting in front of it will feel more comfortable. Some
have argued (see, for example, Wilson and Belshe, 1988) that this increase in MRT will
translate into energy savings, though we are aware of no studies which have documented
this and none are assumed in the calculations herein. Regardless, the thermal comfort im-

provement is real.’

The final argument, that storms are relatively inexpensive and, therefore, cost-effective is
dealit with in the Economic Analysis section below. It turns out that, while they are relatively
inexpensive (compared to replacement windows) the savings are also quite modest.

Heat Loss Analysis

The analysis of the energy savings which will result from the installation of storm windows
is straightforward. In this analysis we assume that the existing primary window is single-
pane, wood sash with an R-value of 1.01, and the storm window being installed is an alumi-
num “triple track” with an overall R-value of 1.67. All energy savings are due to the increase
in R-value alone. As discussed above, it is not appropriate to use storms as an air leakage

reduction measure.

9 One approach here, as suggested by Wilson and Belshe (1988), might be to install storm window or,
better yet, moveable insulation, on only the windows in those rooms where the clients spend most
of their sedentary time, such as the living room/family room, and ignore the windows in rooms where
thermal comfort concerns are not so important.
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Energy savings, as usual, will vary with the value of the heat being saved and the number
of degree-days. In Virginia, storm windows will save anywhere from $.23/t* for a house on

the coast heated with gas or oil at $11/MBTU, to $0.70/ft* for a house in the mountains with
electric resistance heating at $23/MBTU.

Economic Analysis

As usual, the cost side of the equation is the least well determined. Virginia weatherization
program data for FY 1988-89 taken from HWWs, yield material costs of $5 to $7 per ft*: using
an average reimbursement rate of 125% results in total installed costs of $11 to $16 per ft.
However, one could argue that using this reimbursement rate to account for labor costs
grossly inflates the cost for this measure, in that actual installation costs are actually much
lower. Private sector quotes for aluminum triple track storms come in at $7 to $10 per ft°.
The installed costs of $4, $6 and $8 per ft* used in Table 3-9 are, if anything, perhaps a bit
optimistic (i.e., low).

As shown in Table 3-9, even with these somewhat optimistic costs, storm windows are not
cost-effective in most of the Commonwealth. The cost of conserved energy (CCE) ranges
from about $14/MBTU to $42/MBTU, and simple payback times (SPTs) range from 5.7 years
under the most favorable conditions (mountains and electric heat) to 35 years under the least
favorable (coast and relatively efficient gas or oil furnace). Storm windows are cost-effective
only with electric resistance heating, and then only at the low end of the installed costs.

The bottom line here is that storm windows are not cost-effective in most cases in Virginia.
However, this analysis does not consider the non- quantifiabie benefits of increased thermal
comfort. While storms cannot be justified on the basis of energy savings, it may be appro-
priate to install them in certain selected rooms of a client’s home in order to increase ther-
mal comfort.

Replacement Windows

Overview

Replacement windows have been a very popular measure in the Virginia Weatherization
Program over the years, and were still being installed in many homes in the most recent
fiscal year. There are a number of reasons for the popularity of this measure: Clients like
them because they improve the “look” and value of their home. Window manufacturers like
them for obvious reasons. Crews like them because it's a “cleaner” job than installing in-
sulation, and it requires skills which are readily transferable to the private sector. Finally.
the weatherization agencies (subgrantees) in Virginia like them because, under the current
reimbursement scheme, they can make money on them; current reimbursement policies
favor measures, such as windows, with high materials costs and low labor costs. The only
"downside” to replacement windows is they don’t save much energy, which, when coupled
with their high installed cost, results in really dismal cost-effectiveness, any way you meas-
ure it.

Numerous studies have documented the small savings and poor cost-effectiveness of re-
placement windows. A recent study of a low- and moderate-income energy conservation
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program in Indiana (Hill 1991) found no significant savings (average savings of only 1.4%) in
a sample of 41 houses which installed replacement windows.

In recent years the Virginia program has justified replacement windows on the basis of in-
filtration reduction. As discussed above, it is now well understood that the leaks around
windows, because they are in the neutral pressure plane, do not contribute significantly to
infiltration. Thus, whether one seals these leaks with caulking and weatherstripping or by
the installation of replacement windows, the air sealing benefits are going to be the same
~ insignificant. Even if large savings from infiltration reduction could be obtained, the
measure would still not be cost-effective because of the very high costs involved. (Table

B-5 in Appendix B documents this.)

Heat Loss Analysis

The assumptions here are very similar to those described above for storm windows. The
assumptions used are designed to make replacement windows look as good as possible:
The replacement window were assumed to be wood or vinyl with a half-inch air space be-
tween the panes of glass, resulting in an overall R-value of 2.15. The windows being re-
placed were assumed to be the same as those for the storm window case - single-pane,
wood sash. Using these assumptions, annual savings range from a low of $.31/ft* (for
$11/MBTU and 3400 HDD) to $.94/1t* (for $23/MBTU and 5000 HDD).

No savings due to decreased infiltration are assumed for two reasons. First, as discussed
at length above, these savings from air leakage control in the neutral pressure are most
ikely insignificant. Second, as will be shown below, it is a moot point; that is, no amount
of air sealing benefits are going to make replacement windows cost-effective.

Economic Analysis

As usual. the cost data are the least well determined part of the benefit-cost equation. Cost
data obtained from 1988-89 HWWs suggest material costs on the order of $9/ft’; using a
195%, reimbursement rate to determine labor costs results in total costs of about $20/ft°.
However, as noted above in the discussion of storm windows, this reimbursement rate
probably overestimates actual labor costs. Private sector cost quotes result in a figure of
about $15/ft? for replacement windows. The figures used in Table 3-10 are $9, $14 and $19

per ft.

As clearly shown in Table 3-10, replacement windows are not cost-effective in Virginia ex-
cept under the most favorable of circumstances -- namely, electric resistance heating in the
mountains at an installed cost of $9/ft> or lower. The cost of conserved energy (CCE) for
replacement windows ranges from about $21/MBTU to $64/MBTU, and simple payback times
range from about 10 years to over 60. It should be apparent from these numbers that re-
placement windows simply do not produce cost-effective energy savings.

Summary of Engineering-Economic Analyses

Table 3-11 summarizes the results of the analyses for the five energy conservation measures
discussed above. Annual savings, cost, simple payback time (SPT), benefit-cost ratio (BCR)
and cost of conserved energy (CCE) are given for each of the measures. The savings given
are those for the weighted average of fuel costs, $13/MBTU, as derived in Table 3-1, and for
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TABLE 3-11 RELATIVE COST EFFECTIVENESS OF WEATHERIZATION MEASURES

Measure Assumptions $/yr 3 rs $/MBTU

@“—__ﬁmm

| Attic R-4 to R-30
I| Insulation No inf. savings $500 $2.40
Cost = $0.40/1t2

Area = 1250 ft2
l Lifetime = 25 years

Sidewall No inf. savings

Insulation Cost = $0.80/ft2 $173 $880 5.1 $5.70
Area = 1100 ft2
Lifetime = 25 yrs

Advanced 30% reduction in

Air Sealing initial ACH of 1.5 $69 $300 1.6 $8.10
Volume = 10,000 ft3 - |
Lifetime = 10 yrs |

Storm No inf. savings ' . l

Windows Cost = $6/ft2 $600 18 0.5 $26.00
Area = 100 ft2 II
Lifetime = 15 yrs |

No inf. savings

Cost = $14/1t2
Area = 100 ft2

Lifetime = 20 vrs

Replacement

Windows

Assumptions for all measures:
Real discount rate = 7%

Value of energy saved = $13/MBTU
Heating degree days = 4200
"Average" installed costs

Cd =0.65




the “median climate” of 4200 HDD. The cost figures are the average costs from the analyses
above. The measures are listed in order of cost-effectiveness by CCE.

When assessed in this light -- i.e., average costs and savings for the Commonwealth -- the
results are quite clear. The first three measures -- attic insulation, advanced air sealing, and
sidewall insulation -- are all cost-effective in Virginia. Storm windows and replacement
windows are not.

Table 3-12 shows the expected savings when these three cost-effective measures are in-
stalled in a house similar to the RetroTech “A” house. The "before” house is completely
uninsulated, with a infiltration rate of 1.5 ACH. The “after” case shows the effects of insu-
lating the attic to R-30, blowing the sidewalls, and sealing enough air leaks to reduce the
ACH by 30%. Note that work in other states, discussed above, suggests that this 30% re-
duction in infiltration could quite often be realized by the sidewall blowing alone.

The house before weatherization loses 50% of its heat through the uninsulated attic and
sidewalls. Insulating just these two components cuts the heat loss by almost 40% and saves
over $400 per year. The 30% reduction in air leakage, whether achieved by sidewall blowing
or additional air sealing work, results in another 7% savings on the annual heating bill,
bringing the total annual energy savings to about 45%. Assuming that these measures are
installed for about $1500, the simple payback time (SPT) is 3.2 years and the cost of con-
served energy comes out to about $3.50/MBTU.

The above, of course, assumes a totally uninsulated house. Savings on houses with some
insulation. or with less air leaks, will not be quite this impressive. However, anecdotal evi-
dence suggests that Virginia has a fair number of houses which fit this example. It appears
(somewhat ironically perhaps in light of the Project RetroTech book) that sidewall insulation
may in fact be extremely well suited to Virginia, precisely because of the nature of the low-
income housing stock. Houses with no sidewall insulation which were “loosely” constructed
to begin with are those which will yield the largest benefits from high density sidewall
blowing.

Other Measures Less Amenable to Economic Analysis

There are some measures which simply are not as amenable to the above sorts of
engineering-economic analyses. In some cases, the retrofit measure is too difficult to
model. in others the engineering analysis would appear to be straightforward, but field re-
sults have not matched estimates that well. Therefore, no assessment of cost effectiveness
is presented for these measures. Instead, we briefly present the current state of knowledge
for each.

Heating Systems

There are two reasons for including heating systems in weatherization procedures -- 1) to
improve their efficiency and save energy, and 2) out of concern for the heating system’s
impact on the health and safety of the occupants. The latter is of course the more critical.
States which have begun addressing heating systems are finding that the health and safety
concerns are indeed very real, with numerous houses failing basic safety inspections, and
many of the heating systems presenting potentially life-threatening situations. The safety
problem becomes especially serious as weatherization crews become better at sealing air
leaks and reducing infiltration/ventilation. A good example of the sorts of deadly serious
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serious safety problems we need to be looking for is provided in an article by that name
written for Energy Exchange (Hill, 1989). The energy savings from heating system work are
less well-defined. First of all, there is a wide range of heating systems out there, and many
different approaches to “improving them.” Early work emphasized steady-state efficiency
(SSE) improvements, such as by tuning, replacing burners, etc. Savings from “clean and
tunes” appear to vary widely, from zero to 8%, due to two factors: widely varying initial
conditions of the heating systems, and differing definitions of what actually comprises a
“clean and tune” (Witte and Kushler, 1985, 1987; Warner and Claridge, 1986; Macriss, et al.,
1984). Oil burner replacements with flame retention-head burners show more promise, with
savings in the neighborhood of 10 to 20% (Hopkins, 1988; Berry and Witte, 1988). Other ap-
proaches, such as the installation of vent dampers, and intermittent ignition devices, were
aimed at reducing stand-by losses. Vent damper savings appear extremely variable and
highly dependent on the degree of off-cycle losses and the thermal communication between
the furnace room and the living area. The studies in which their use has been investigated
reveal little to no savings, on average (Berry and Witte, 1988; Wisconsin Energy Conservation
Corporation, 1984; Witte and Kushier, 1987). High-efficiency furnace replacements are the
only gas furnace “retrofit” with clear-cut savings (ranging from 15 to 35%) at this point in
time (McBride, et al., 1988; Hall, 1988; Hewitt, et al., 1986; Ternes, et al., 1987; Macriss, et al.,
1984). They are costly, but in many cases are cost-effective.

More recent work has focused on the whole system, and especially the ducts. Cummings,
et al. (1990) found huge losses from leaky ducts. Losses from leaky or missing ducts have
been found to be an especially serious problem in mobile homes, as discussed below.

Water Heating

Water heaters are typically the second highest energy user in a house aiter space heating.
Furthermore, the potential savings are significant (though here also actual measured savings
have generally not been as large as engineering models predicted.) It is difficult to accu-
rately estimate energy savings because of the number of variables which affect how much
energy is used to heat water in a home -- the amount of hot water use, the pattern of the use,
inlet temperatures, where the tank is located, the length of plumbing runs, tank and pipe in-
sulation, etc. The costs are small and measured savings in a number of programs which
have installed water heater jackets or wraps suggest that the savings can be significant and
cost-effective (Brown et al. 1987; Lucas 1986). Low-flow showerheads are also a common

component of many other weatherization programs (e.g., Massachusetts, Wisconsin, New
York).

Water heater wraps are currently a part of the Virginia Weatherization program and we would
urge that they remain so. Procedures used to call for insulating the hot water pipe for a
distance of at least 4 feet from the tank. This protocol should be expanded to include the
cold water pipe as well. Infrared cameras (or a hand placed on the pipe) clearly show that
the cold water pipe is equally effective at drawing heat out of the tank and dissipating it into

the air.

Basements and Crawlispaces

It is extremely difficult to accurately model heat loss through basements and crawlspaces.
Many factors affect this heat loss, including: |s the basement heated or not? How much of
the wall is exposed to ambient air temperatures and how much is beneath the ground sur-
face? What is the soil type and how moist is it? Are the heating system and duct runs in the
basement/crawlspace? While we can’t accurately estimate savings, we can offer these bits
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of accumulated wisdom. |f the heating system and duct runs are in the basement don’t in-
sulate the floor above it: most of these losses will become heat gains to the floor above. |f
it’'s a crawlspace you might consider insulating the perimeter. For either basement or
crawlspace you will of course want to seal the air leaks around the perimeter (as per the
discussion under Advanced Air Sealing above), paying special attention to the cracks be-
tween sill plates, rim joists, and floor. Mobile homes are a special case (as discussed be-
low) where insulating the floor via the belly board appears to be quite cost effective.

Mobile Homes

Mobile home weatherization in Virginia has traditionally resembled that done in site-built
single-family housing, concentrating on such measures as caulking and weatherstripping
and window and door replacements. However, our study of Virginia’s 1988-89 weatherization
program confirmed that these measures result in low savings for mobile homes (see Chapter
2). Indoor air quality is even more of a concern that in site-built homes, given the small
volume of air involved and the high incidence of unsafe heating systems. Recent research
has tried to find ways to produce energy savings and deal with safety concerns in this seg-
ment of the housing stock. Blower-door-directed air sealing, duct repairs, blown insulation
of belly boards, and interior storm panels are the most often mentioned cost-effective
measures (Judkoff, 1991; Judkoff, et al., 1990; Knight, 1989).

"How tight is too tight” takes on special significance because of the small volumes of air in-
volved. And this becomes an extremely serious potential problem with wood and coal
stoves in a mobile home.

Multifamily Housing

We did not address multifamily housing in this evaluation project. However, it is important
to note that it, like mobile homes, has its own unique problems and cannot be weatherized
as if it were a detached site built house. This is an especially important point as we saw In
Chapter 2 that there were some agencies in Virginia that were weatherizing large numbers
of units in multifamily complexes, applying the same measures -- primarily caulking,
weatherstripping and water heater wraps -- as they would in single family detached housing.
Unfortunately, these measures installed in a multifamily complex of attached units have little
chance of saving significant amounts of energy. Air leaks identified by a blower door may
be completely irrelevant, as the air leaking in may well be heated air from the neighbor next
door. Bypasses are both different and potentially more significant than in single family de-
tached housing. Water heaters are frequently located in utility closets which are typically
within the heated envelope. While wrapping these water heaters may cut down on the air-
conditioning load, it will have no effect on winter heating energy use, because the heat being
“lost” from the water heater helps to heat the unit.

The largest savings in multifamily are usually to be found in improvements to the heating
system. But here also, we are often talking about very different sorts of heating systems
than those typically found in single family detached housing (Goldman, Greely, and Harris,
1988). In sum, there is great potential for cost-effective energy savings in multifamily hous-
ing, and Virginia would be well advised to deal with this at some point in the near future.
While the selection of methods most appropriate for weatherizing this stock of housing is
outside the scope of this research, suffice it to say that the methods and procedures dis-
cussed herein should not be assumed to be applicable to large multifamily units.
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Chapter 4: Testing New Weatherization Measures: The
Pilot Study

Introduction

The heart of the Virginia weatherization evaluation project was the pilot study, designed to
evaluate the energy savings and implementation of selected new weatherization measures
in four local weatherization agencies. The study observed in the field how effectively some
of the new measures used in other states perform in Virginia’s housing stock and climate,
as well as how capable Virginia weatherization crews are of learning to install these meas-
ures. This information contributed significantly to the overall recommendations of this
project.

The study involved several steps, including:

1. the selection of pilot agencies and pilot homes, ,

2. installation of furnace elapsed-time meters to measure energy use before and after
weatherization,

3. selection of new measures to be installed and development of installation standards for
these measures,

4. training of pilot agency crews on the new measures and installation of measures in pilot
homes, and

5. follow-up interviews with local coordinators, crews and clients.

Delays in the start of the project, and especially in final selection of pilot agencies, placed
severe time constraints on the study. One adverse effect of these delays was the reduced
number of dwelling units that could be included in the pilot, although this was also affected
by the (non-pilot related) contractual production requirements of the involved agencies.
However, the study did succeed in implementing the numerous tasks included in the pilot
study design. The following sections briefly describe those activities, then present the
quantitative results and discuss their implications for the program’s effectiveness.

Pilot Study Procedures

The pilot study followed a design developed in late summer 1989. This section describes the
study procedures and how they were implemented.

Measuring Energy Savings: The Use of Furnace Elapsed-Time Meters

An essential part of the pilot study was to measure the change in a house’s energy con-
sumption resulting from the weatherization work. While there are various means to measure
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consumption,! the use of furnace elapsed timers was selected because it is simple and in-
expensive and, given the right weather conditions, can be employed in a relatively short
period of time (12 to 20 weeks). It involves wiring elapsed time meters in parallel with the
solenoid valve (in the case of a gas furnace) or the motor which drives both fan and oil pump
(in the case of an oil burner). The meters record the run-time of the furnace which, when
multiplied by the furnace’s firing rate (in Btu/hr), gives energy consumption for a measure-
ment period (usually a week). The procedure calls for obtaining timer readings and com-
puting consumption weekly. Dividing this consumption by the heating degree-days for this
period and the house floor area (in square feet), gives a measure of the house’s energy in-
tensity (Btu per sq. ft. per degree-day). By comparing the energy intensities for those weeks
after the weatherization work to those before, the energy savings can be obtained. (See
Appendix C.1 for a more complete discussion and a copy of the logging sheet used to record
readings and compute energy intensities.)

Larry Kinney of Synertech Systems, Inc., provided the meters and; in September 1989,
trained pilot agency personnel to install them and perform the necessary paperwork. A
brochure (see Appendix C.2) was provided to clients to explain the program and the proce-
dures. Agency personnel made weekly calls to clients to obtain the meter readings and
performed the calculations. They provided VCCER with copies of the logging sheets for each
house on a weekly basis. Overall, this system worked very well, although we ran into some
problems with the reporting of meter readings by occupants. A few occupants tired of the
weekly phone calls and refused to report further meter readings. Several elderly occupants
had difficulty reading the small numbers on the meters.

Selection of Pilot Study Agencies and Houses

Four local agencies participated in the pilot study: Community Energy Conservation Program
(CECP) of Charlottesville; PEOPLE, Inc. of Abingdon; Rappahannock-Rapidan Community
Services Center (Rapp-Rap) of Culpeper; and Total Action Against Poverty (TAP) of Roanoke.
Selection of these agencies was based on getting a mix of large and small, urban and rural
agencies and a diverse housing stock, as well as on agencies’ willingness to participate.
Despite some initial difficulties, including bringing two agencies in very late (mid-
September), a lower number of units than anticipated, and a fire which destroyed TAP’s of-
fices in December,? most of the agencies participated in all aspects of the pilot to the extent
possible.

Selection criteria used for pilot study houses included: (a) use of gas, oil or electricity in a
thermostatically controlled space heating system; (b) no reported use of secondary heating
fuels; (c) expectation of the client to remain living in the house for the course of the study;
and (d) willingness of the client to report the meter readings over the telephone each week
from October through April.

The original goal, laid out in the pilot study design, was to test the new procedures on 120
houses. However, due to time delays, the constraining selection criteria, and the production
capabilities of participating agencies, 61 houses were ultimately selected.

1 Including use of fuel bills (which is time-intensive, generally requiring 12 months of pre- and 12
months of post-retrofit data) or extensive instrumentation (which may require only a winter week in
time, but can be prohibitively expensive).

2 The effects of the TAP fire were mitigated by our requiring copies of all paperwork on the pilot houses
including furnace timer sheets; we had these in hand when the fire occurred. Although work was
completed on these houses, it was delayed, and in many cases, this left little time for post-
weatherization, cold weather monitoring of furnace run time.
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Table 4-1 gives a breakdown of the pilot houses by agency, building type, floor area, and
>ccupant characteristics. Two of the 61 houses were eliminated during the course of the
z=tudy due to lack of client participation or excessive use of secondary fuel,

TABLE 4-1: PILOT STUDY AGENCIES AND HOUSES

ALL CECP PEOPLE RAP-RAP TAP
Total Units 61 15' 10° 15 21
MNo. of Usable Units 59 14 9 15 21
# Units (Avg. Ft)
- Site Built 43 (1166) 2 (1164) 6 (1303) 14 (981) 21 (1251)
- Mobile Homes 16 (668) 12 (664) 3 (617) 1 (8T1) 0 ()
Avg. # of Occupants 2.T 2.4 1.6 33 2.8
%% Owner-Occupied B0% T9% B9% 93% 67%

‘Includes one site-built, oil-heat home later lost because client refused continued participation.
Yincludes one site-built, oil-heat home later lost due to extensive use of secondary heating source.

Selection of Energy Conservation Measures To Be Included in Pilot Study

The process for selecting measures to be tested in the pilot study involved: (a) surveying the
literature, especially other states’ programs and evaluations; (b) assessing the experience
and capabilities of local agencies, and (c) performing some preliminary engineering calcu-
lations and other analyses to assess the suitability of candidate measures to Virginia’'s
housing stock and climate (see Chapter 3). Although this work identified a range of candi-
date measures, it was decided to test only a few in the pilot study because of two con-
straints: first, the questionable capability of the agencies to implement a long list of new
measures all at once, and second, the ability to assess the effects of specific measures. As
a result, the following new measures were selected for the pilot:

high-density, bilown wall insulation,
advanced air sealing techniques,
heating system inspections, and
furnace cleaning and tuning.

- & & &

With a few exceptions, most of the measures in the existing VACAA installation standards
were retained.

Installation Standards

Installation standards were developed for the measures to be applied to the pilot study units.
The full standards are given in Appendix C.3. In summary, they emphasize the new meas-
ures listed above, and retain certain of the current VACAA requirements, while downplaying
others. For example, traditional interior caulking methods (e.g., caulking all baseboards,
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window and door frames, etc.) were de-emphasized in favor of advanced air sealing methods
concentrating on heating system duct leaks and on large leaks and bypasses in the
basement/crawl space and attic areas. In addition, window replacements were eliminated
for the purpose of air leakage reduction; primaries could only be replaced if the window was
so deteriorated that it could not be cost-effectively repaired. High-density, blown wall insu-
lation and attic insulation were required for all appropriate site-built houses as defined in the
standards. In mobile homes, traditional caulking was again de-emphasized in favor of ad-
vanced air-sealing techniques, belly-board insulation was required where possible, and
window replacements were eliminated in all but the most extreme cases.

Training Sessions

Three trainings were held in conjunction with the pilot study. In September 1989, Larry
Kinney of Synertech Systems, Inc., spent one day at each of the pilot agencies demonstrat-
ing furnace elapsed-time meter installation and data collection methods. This training went
well, and the agencies were subsequently able to install meters, record readings, and tabu-
late results without major problems.

The second training session, on heating system inspections and clean-and-tune technigues,
was held in November by R.W. Davis and Rudy Leatherman of the Corporation for Ohio
Appalachian Development (COAD), Ohio. CECP hosted this training, which consisted of two
days of classroom work, one day of field work at CECP, and one day of field work at each
of the other pilot agencies. This training was attended by one or two people from each pilot
agency. CECP and Rapp-Rap received some additional training in performing furnace
clean-and-tunes as part of their day of field work, although only Rapp-Rap felt comfortable
with carrying out clean-and-tunes after this instruction.

The classroom portion of this training went well, although some weatherization staff felt that
too much information was covered in the short time period. (For additional reactions of
weatherization staff to all of the training sessions, see “Weatherization Staff Reactions”, be-
low.) However, the day of field work at CECP presented some problems, which stemmed
mainly from the trainers not visiting the homes before the day of the training (e.g., one
homeowner refused to let them work on his furnace, another home had a brand-new fur-
nace). The field work at the other agencies proceeded without similar difficulties. Avail-
ability of inspection equipment caused a few problems at the training (but more problems
later in the process--see "Heating System Work”, below). At the training, it became apparent
that the computerized inspection equipment (at $2500 per inspection kit) is vastly superior
to the older chemical kits (at about $700 each for refurbishing the components VACAA al-
ready had; purchasing all new equipment for these kits would have come to about $1200).
For the inspections, it was possible to make-do with the chemical kits, but the large nhumber
of tests needed to perform a clean-and-tune made use of the older equipment extremely
time-consuming. Fortunately, VACAA was able to borrow a computerized inspection kit for
use by the agency doing the clean-and-tunes.

From observations at the trainings as well as follow-up interviews with the weatherization
staff, it is clear that the training was too short. At least another day of field work would have
been helpful in familiarizing the inspectors with their tasks. In addition, it became clear that
some follow-up training, a month or so after the initial training session, is required. Agency
personnel had many questions about unusual situations they encountered in the field, which
some follow-up training would help to resolve.

The third training, hosted by TAP in December, covered high-density wall insulation and ad-
vanced air-sealing techniques. The trainers were Rana Belshe and Tom Wilson of Residen-
tial Energy Conservation Consulting Group, Wisconsin, and Jim Fitzgeraid of Fitzgerald
Contracting, Minneapolis. This training was more widely attended, with two or three people
from each agency (usually coordinators, estimators, and/or crew chiefs) and several crews
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from TAP present. One day was spent in the classroom, outlining principles of air movement
and heat loss and techniques for wall insulation, then two days were spent in the field at
TAP, practicing air-sealing methods and learning to insulate walls from both inside and out-
side the house. An additional day of field work was spent at each pilot agency. Despite
snowstorms and cold weather, this training went very well. The only problem was that the
agencies’ blowers, which worked adequately for loose-fill attic insulation, did not work so
well for high-density wall insulation. Difficulties included lack of feed gates for controlling
insulation flow, malfunctioning remote controls, and poor blower seals. Repairing blowers
took several weeks, in some cases cutting into the time planned for weatherization of pilot
study homes (and thereby shortening the amount of post-weatherization energy consump-
tion data available).

Because one of the trainers (Jim Fitzgerald) was available to return for a second visit, a day
of "follow-up training” was scheduled at TAP in February 1990 after some of the pilot houses
had been weatherized. By using an infrared camera and quizzing the crew chief on his
decision-making process, the trainer ascertained that the TAP crews were doing a good job
of achieving a high-density insulation pack in the areas that they insulated (achieving the
proper density is key to the success of this method), but were missing a few key bypasses
(e.g., areas above windows, kneewalls). We conclude that the length of the initial training
was fine, but that a follow-up session, to help crews fine-tune their skills after having had a
chance to practice a bit, is very important in achieving optimum savings from these meas-
ures. An infrared camera is an invaluable tool for this training.

Weatherization Work and Documentation

Armed with this training and the installation standards, the four pilot agencies set out to
perform the necessary work on the pilot houses.

In addition to installing the measures described in the standards, pilot agencies were re-
quired to take blower door readings before and after specific sets of measures were in-
stalled, and to record the number of person-hours required for installation of each measure.
A series of forms provided to the agencies (including a logging sheet, an air leakage and
bypass report and a heating system inspection report) were completed by agency personnel
and submitted as documentation of the work performed (these forms are included in Ap-
pendix C.4).

Treatment of the pilot study homes took place in two steps. Heating system inspections
were done from late November through February. Clean-and-tunes, done only by Rapp-Rap,
took place at the same time. The homes were weatherized from mid-December 1989
through the beginning of March 1990. In some agencies, heating system inspections were
done prior to the weatherization measures; in others the heating system work was done
while crews were installing the remaining measures.

inspections of 48° of the 59 pilot study homes were carried out between late April and mid-
May, with each house visited by a VACAA field representative and at least one member of
the VCCER project team. Following an inspection report form, reviewing the agency doc-
umentation for the house, and using a blower door, the inspectors examined the installation
quality and tried to identify areas missed and other factors that might affect energy con-
sumption. At the time of inspection, the clients were interviewed to ascertain their energy
use behavior (e.g., thermostat settings, use of supplemental heat) and any changes in the
house or heating system that occurred during the winter. This information is extremely im-
portant in the analysis of the energy consumption data; data from two mobile homes were

3 Inspections could not be conducted at 11 houses (3 at CECP, 3 at RAPP-RAP, and 5 at TAP) because
the client could not be contacted or was not at home.
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disqualified because of a faulty thermostat in one case and modification of the furnace in the
other. Clients were also asked about their satisfaction with the weatherization work and
perceived changes in the comfort of their homes (see Appendix C.5 for client interview
questionnaire and house inspection form.)

Follow-Up Agency Interviews

After the inspections, telephone interviews were conducted with the agency coordinators,
pilot house estimators and heating system inspectors; in addition, most crew members who
participated in the pilot provided completed questionnaires (see Appendix C.6 for the inter-
view forms). These perceptions of agency personnel were very important in assessing the
effectiveness of the training and the ease of implementation of the measures tested, and in
identifying specific problems encountered.

Analysis of Results

The data collected from the elapsed-time meter records, the crew logging sheets, and the
inspections, as well as the client and agency interviews, provided the basis for analysis of
energy savings and cost-effectiveness. Additional labor and warehousing cost information
was obtained from the agencies. Numerical data on each house were logged into a com-
puter database and analyzed using dBase and SAS statistical analysis software. Results are
presented in the following section.

Pilot Study Results

This section first describes the work that was conducted on the pilot houses then presents
the analysis of energy savings, cost-effectiveness, and agency and client reactions.

Heating System Work

Review of other states” programs and the literature indicated that one important new area
for Virginia weatherization is heating system improvements. Studies in other states showed
that cost-effective energy savings can be achieved through duct sealing, oil burner replace-
ment, and even furnace replacement in some cases. More importantly, inspections of sys-
tems revealed that safety problems were prevalent in the heating systems of low-income
residents. Moreover, in cases where occupants are exposed to combustion gases or gas
leaks, weatherization can make conditions worse by tightening up the house and reducing
infiltration/ventilation. It became obvious to VACAA and the evaluation team that Virginia
could no longer ignore heating systems in weatherization.

The pilot study aimed to assess two heating system measures believed to be within the ca-
pabilities of Virginia weatherization agencies: (a) basic inspections for safety and efficiency,
and (b) furnace cleaning and tuning. Specifically, the pilot study addressed the following
questions:

* with adequate training, are local weatherization agencies in Virginia capable of per-
forming basic inspections on heating systems?

¢ with adequate training, are local weatherization agencies in Virginia capable of per-
forming improvements such as furnace cleaning and tuning?

o what level of training is “adequate” for these purposes?

e what are the typical efficiencies and safety conditions of heating systems in Virginia
weatherization units--i.e., is there a need for heating system work?

¢ what are the typical labor requirements for inspections and “clean & tunes”?
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* what are the equipment needs for efficient and effective heating system work?

Heating Systems in the Pilot Study

3ecause of the constraint imposed by the method used to monitor energy consumption in
ne pilot study (i.e., use of furnace elapsed-time meters), all pilot units had thermostatically
controtled natural gas or oil (plus a few electric and propane) furnaces. While this offered
:ne opportunity to examine heating system measures on these devices, the study could not
address measures for other systems, such as solid fuel stoves or non-thermostatically con-
:rolled oil or gas burners.

Table 4-2 shows the assortment of types of heating fuel and distribution systems in the four
oilot agencies. The fuels are almost evenly split between natural gas and oil with only three
units using propane or electric heat. Nearly nine in ten of the systems used forced air dis-
tribution; the remaining distribution types included floor furnaces, gravity, and boiler sys-
tems.

TABLE 4-2: FUEL TYPES AND HEATING SYSTEM IN PILOT UNITS

Total Fuel Type Furnace/Dist. Type*

‘ Units Gas Oil  Electric Prop. | FA FF G B
CECP 14 2 10 2 -- 14 -- - --
PEOPLE 9 5 3 - 1 9 -- - --
RAPP-RAP 15 3 12 -- - 11 4 -- --
TAP 21 17 4 - - 18 -- 2 1
TOTAL 59 27 29 2 1 52 4 2 1

* FA = forced air; FF= floor furnace; G=gravity furnace; B =boiler

Inspections, Safety Problems, and Repairs

Heating system inspections were done on 44 of the 59 pilot units. All four agencies did some
inspections, although 95% of the inspections were performed by three of the agencies. The
inspections of combustion furnaces and water heaters utilized the Heating System In-
spection Report given in Appendix C.4. The form called for basic information on the system,
identification of fuel leaks, responses to 21 visual inspection questions, test results on flue
gas measurements and steady-state efficiency, and a response for further work required, if
any.

Table 4-3 gives the results of the inspections. Safety problems were discovered in 13 (30%)
of the 44 units inspected. Problems included unsafe flues, fuel leaks, and miscellaneous
others (e.g., a cracked heat exchanger, a bad burner, a faulty gas valve). Non-safety repair
needs were cited in 4 other units including cleaning the blower and replacing a non-
functioning furnace.
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TABLE 4-3: HEATING SYSTEM SAFETY AND REPAIR PROBLEMS

Units With Safety Problems Encountered
Total Safety Safety: Safety: Safety: Non-safety
Inspections Problems Bad Flue Fuel Leaks Other* Repairs
CECP 2 1 1 1 - 1
PEOPLE 9 1 - - 1 3
RAPP-RAP 14 5 3 - 2 1
TAP 18 6 3 3 1 1
TOTAL 44 13 6 4 4 6

*other safety problems include cracked heat exchanger, bad burner, faulty gas valve.

One potential problem identified early in the study concerned local agencies’ ability to re-
spond to heating system problems once they were discovered. The Virginia Department of
Social Services agreed to provide fuel emergency funds of up to $700 per unit to hire con-
tractors to fix serious safety problems and set up a response procedure (see DSS Memo
included in Appendix C.7). Early in the pilot study, the DSS program was used to replace a
non-functioning furnace in one pilot house. However, after the December 1989 cold snap, the
DSS emergency fund was depleted and could not support additional furnace repair. After the
DSS fund was depleted, VACAA approved use of weatherization funds for material costs of
needed repairs which the pilot agencies felt capable of performing themselves.

Local agencies ended up using several means of getting necessary repairs done. As shown
in Table 4-4, most were done by the weatherization heating system inspector. In two cases,
Virginia Housing and Community Development Emergency repair funds were used. In one
case, the landlord paid for the repair. Gas utilities fixed leaks in a number of cases.

TABLE 4-4: HEATING SYSTEM REPAIRS

Units Performed by:

Needing

Repairs | Pilot Agency Housing Rehab DSS Utilities Landlord
CECP 2 1 - 1 - .
PEOPLE 4 3 - - - 1
RAPP-RAP 6 6 - - - -
TAP 6 2 2 - 2 -
TOTAL 18 12 2 1 2 1

Furnace Efficiencies and Effect of Clean and Tune
One agency, Rapp-Rap, went beyond inspections and performed some basic cleaning and

turning of furnaces in ten units. Typical measures performed are listed in Table 4-5. As
mentioned above, while the inspectors in the other agencies used chemical testing kits to
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test flue gases, the Rapp-Rap inspector used computerized testing equipment which
produced more reliable results in less time.

TABLE 4-5: TYPICAL FURNACE CLEAN & TUNE

Clean Heat Exchanger

Adjust Draft

Adjust Combustion Air

Adjust Pump Pressure

Table 4-6 gives the average values for steady-state efficiency (SSE) for the inspected fur-
naces. The overall average SSE for 41 units was 75.1%. Gas units ranged from a low of 70
to a high of 85%; the range for oil was 62 to 83%. Six of the inspected oil furnaces (29%)
had a SSE below 72%.*

TABLE 4-6: STEADY-STATE EFFICIENCIES OF INSPECTED FURNACES

Ave. SSE Ave. SSE %
# Units Before After Change
Inspection:
Oil 21 74.9% - --
Gas/Propane 20 75.9% - -
Inspect. + Clean & Tune:
Oil 10 75.1% 78.5% +4.8%

The simple cleaning and tuning done by Rapp-Rapp on nine units (one unit had no post SSE
test) resulted in an average SSE improvement of 4.8% (difference in efficiency significant at
the 5% level). In three of the cases, the SSE increased by more than 6% (in one case by
18%) after the clean and tune.

Weatherization Work

As discussed above under “Selection of Energy Conservation Measures,” the weatherization
work emphasized in the pilot study included a combination of new methods and existing
VACAA measures. For work on mobile homes, the standards implied little more than
VACAA'’s existing requirements. However, not all pilot agencies were fully “up-to-speed” in
implementing these requirements. The pilot standards stressed duct and duct register boot
sealing, and sealing large holes such as utility penetrations, while downplaying caulking.
Likewise, bellyboard floor insulation was required where possible, and window and door
replacements were allowed in cases of severe disrepair but de-emphasized. The standards
were thus somewhat different from the traditional practices in most of the pilot agencies.

For site-built houses, however, the standards went well beyond both VACAA’s requirements
and the agencies’ practices. The pilot agencies were asked to employ advanced diagnos-

4 To put these numbers in perspective, many furnace programs call for an oil burner replacement if the
SSE is 72% or less.



tics, bypass and air leak sealing, and high-density, blown sidewall insulation. Existing
measures such as domestic hot water insulation and attic insulation with venting were also
included, but interior caulking and window/door replacements were de-emphasized as air
leakage control measures. (See Installation Standards in Appendix C.3.)

Measures Installed

Figure 4-1 and Table 4-7 give data on the measures installed in the pilot houses. All housing
units had some air sealing. This ranged from traditional caulking and weatherstripping to
application of the advanced diagnostics and large hole sealing technigues that were the
subject of the air sealing training.

TABLE 4-7: PERCENT OF PILOT UNITS RECEIVING INDIVIDUAL MEASURES'

TOTAL CECP PEOPLE RAPP-RAP TAP

# Units SB 43 2 6 14 21
MB 16 12 3 1 0

Air Sealing SB 100% 100% 100% 100% 100%
MB 100% 100% 100% 100% 100%

Dom. Hot Water SB 79% 50% 83% 64% 91%
MB 50% 42% 100% 0% -

Duct/Boot Sealing SB 37% 50% 50% 36% 33%
MB 81% 83% 100% 0% -

Wall Insulation SB 40% 50% 100% 14% 38%
Attic Insulation SB 65% 50% 100% 100% 33%
Attic Venting SB 79% 50% 100% 93% 67%
Floor Insulation MB 25% 17% 67% 0% -
Window Repl. (=>1) SB 19% 0% 0% 7% 33%
MB 81% 75% 100% 100% -

Door Repl. (=1) SB 28% 0% 33% 7% 43%
MB 75% 67% 100% 100% -

'SB = Site-built houses; MB = Mobile homes

As discussed above, the pilot standards posed few new requirements for mobile homes.
However, much of that which was new, was not fully implemented by the pilot agencies.
While the installation standards called for blown bellyboard floor insulation where applicable,
only two bellyboards were blown, both by PEOPLE. CECP installed batt floor insulation in
two mobile homes but did not attempt to blow the belly boards in ten other mobile homes.

Although window and door replacements were de-emphasized in the standards, they were
still a popular practice in the pilot mobile homes. Thirteen of the 16 pilot mobile homes had
an average of 7 window replacements each. Twelve of the 16 had at least one new door
installed.
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Figure 4-1. Percentage of site-built single-family and mobile homes weatherized in
pilot study which received specified measures.
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One exception to this general pattern of not fully implementing the new requirements was
the emphasis given to duct and duct boot sealing which was applied to 81% of the mobile
homes.

While the mobile home work resembled traditional weatherization, the work on site-built
houses was quite different. In many houses, air sealing focused on major leaks and by-
passes. High-density cellulose was blown into walls of 17 houses (40% of site-built units).
Of these, 10 were blown from the outside and 6 were blown from the inside; in one house
walls were blown from both inside and outside. Only one-fifth of the site-built houses (8)
received windows, and these averaged only two windows each. Twelve of the 43 houses
received an average of one door each.

Table 4-7 also shows the variation in measures installed among the pilot agencies. It gives
by agency the percentage of applicable units in which the different measures were applied.
Of particular note is that PEOPLE blew sidewall insulation in all of its 6 pilot site-built homes;
TAP applied wall insulation in 8 of its 21 site-built units. CECP had only 2 site-built homes
among its pilot units, and was able to insulate walls in only one of these. Rapp-Rap blew
wall insulation in only 2 of its houses, due to two factors: an unexpected number of homes
with existing wall insulation, and a reluctance to do inside insulation jobs, which would have
been required given their predominantly brick housing stock.

Quality of Installation

The utility of weatherization depends not only on the measures installed, but also on the
quality of installation. In order to properly interpret the data on energy savings, as well as
assess the effectiveness of the training and the capabilities of Virginia local agencies, it is
important to evaluate the quality of the work performed in the pilot study. This assessment
is largely subjective since it is based on the inspections of 48 of the 59 pilot homes after
weatherization was completed; at this stage much of the work is covered up and evaluation
can be made only by visual inspection and by use of the blower door. However, some of the
TAP houses were also visited with an infrared camera. This offered some valuable insight
into the quality of work and demonstrated the camera’s utility in monitoring wall insulation
and bypass sealing work.

It should be noted at this point that the pilot agencies did not have an easy task in this study.
While trying to maintain their contracted production schedule, they were asked to learn and
apply several new measures with minimal training and no on-site supervision. The meas-
ures themselves, especially building diagnostics and bypass identification, are not easily
transferred through conventional training, but rather are learned through experience. The
diagnostic approach stressed in the study is quite foreign to most Virginia weatherization
personnel. As a result, one should not expect perfect implementation of weatherization
measures according to the installation standards. The pilot study should be viewed as a first
step. With more training and experience, the quality of installation, as well as the time re-
quirements, are likely to improve.

CECP. CECP had a disappointingly low number of site-built houses (2) in the pilot. The lack
of site-built units provided little opportunity to demonstrate innovative work. Most work on
mobile homes resembled traditional weatherization, with heavy reliance on windows and
doors. Sealing of large holes and duct register boots was generally good. Less attention
was given to sealing the duct runs, with one exception where the ductwork was exposed
(there was no belly board). CECP’s reluctance to blow insulation into bellyboard cavities
was clear, as it passed up some excellent opportunities, citing low clearance, presence of
permanent skirting, and bad working conditions as reasons not to insulate. CECP blew
sidewalls from the inside in one site-built house, and the work appeared to be good. The
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agency has taken the initiative to gain additional experience in wall insulation and bypass
sealing in some non-pilot units. CECP did very few heating system inspections; some of
their pilot homes were weatherized before the necessary inspection equipment was avail-
able.

PEOPLE. PEOPLE did the most careful and complete implementation of new measures of the
four agencies and they gained the most experience in wall insulation and bypass sealing.
PEOPLE’s housing stock of old, large houses was also well-suited to the new measures, as
wall, basement, and attic bypasses were quite prevalent. [n its careful efforts to implement
the measures, however, a great deal of time was spent, and this is likely to affect the cost-
effectiveness of its pilot work. The agency did an effective job of blowing sidewall insulation
from both inside and outside and in identifying and accessing bypasses. |t showed no re-
luctance to cut into walls or ceilings to access areas needing insulation. PEOPLE demon-
strated that Virginia agencies have the capability of understanding and applying advanced
diagnostics and sealing techniques. In certain complex houses, some bypasses were
missed, but these were generally minor. PEOPLE is continuing with wall insulation and by-
pass sealing in some of its non-pilot units. In mobile homes, the agency did a very good job
of blowing insulation into the floor cavity up through the bellyboard. However, PEOPLE did
not adequately address duct sealing in the pilot houses. Upon inspection, leaking ductwork
and register boots appeared to be the major remaining sources of heat loss in several
houses. PEOPLE did heating system inspections in all their houses, and in addition cleaned
several furnace blowers.

RAPP-RAP. Rapp-Rap gained the most experience in heating system work, performing fur-
nace clean-and-tunes on most of its pilot houses. It should be noted that Rapp-Rap volun-
teered for the additional task of doing clean-and-tunes, and carried them out very well.
Perhaps because of the time required for this, the agency installed sidewall insulation in only
2 of its 14 site-built houses, both from the outside. Although some of the houses had existing
wall insulation, others appeared to be good candidates for inside blowing of wall insulation.
Inspection of several houses was hampered by the unavailability of a blower door. However,
there was evidence of good air sealing and bypass sealing work in those houses inspected
with use of the blower door. Again, Rapp-Rap is doing additional wall insulation and bypass
sealing in its non-pilot homes.

TAP. TAP’s involvement in the pilot study was affected by a number of factors, including
coming into the study late, its December fire, and a number of complex houses. Despite
these problems, the agency had the most pilot houses and the most sidewall insulation jobs
of the four agencies. At Fitzgerald’s follow-up training session using the infrared camera,
TAP’s wall insulation blowing was shown to have achieved a solid, high-density pack.
However, the follow-up also showed that TAP missed several bypasses which allowed cold
air to penetrate interior wall and floor cavities. Likewise, on inspection, many of the jobs
were shown to be incomplete: interior partition walls were open to leaky tongue-and-groove
floors, exterior walls were not blown, some kneewall and porch roof connection bypasses
were missed. While the agency proved it can blow sidewall insulation, it needs additional
training and experience in diagnostics of air leakage, bypass and duct leakage problems.

Costs of Weatherization

An important part of the pilot study was to determine the actual costs of implementing spe-
cific measures. Since VACAA’s current reimbursement system pays local agencies based
on material costs multiplied by an agency-specific reimbursement rate, there was no infor-
mation available on the labor costs associated with different measures. Therefore, infor-
mation on actual costs was essential for calculating the cost-effectiveness of the pilot work.
In addition, cost data were needed in order to assess the viability of specific measures under
the current reimbursement system.
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On-site cost information came from the pilot study logging sheets that local agency crew
supervisors were required to fill out for each job (the logging sheet is in Appendix C.4). In-
formation included the materials cost and labor time by measure. Additional data were
supplied by the local agencies on labor wage rates, materials warehousing costs, and pro-
gram support and administration costs (see Table 4-8).

TABLE 4-8: PILOT AGENCY COSTS INFORMATION*

Crew Wages (including benefits) $8.11/hour
Estimator/heating system inspector wages (including benefits) $11.16/hour
Materials storage & handling (as a percent of purchased material cost) 9.96%
Program Support & Administration $466/house

* All figures are averaged over the 4 pilot agencies, weighted by the number of pilot units each agency
weatherized. Costs are derived from each agency’s Program Planing Document for Fiscal Year 1990 and
discussion with agency personnel.

Costs by Measure

Table 4-9 gives the average materials and labor costs by measure for the pilot units by
building type. Total on-site costs (sum of materials and labor) and the ratio of labor cost to
materials cost is also given. Materials costs include warehousing. It should be noted that
pilot labor costs were greater than one would expect under normal conditions for two rea-
sons. First, additional time was required in the pilot to take several intermediate blower
door readings during the course of weatherization and to document the work. These blower
door readings also slowed the pace of work by requiring that crews not work on different
measures simultaneously. This was necessary to determine the infiltration reduction attrib-
utable to different measures, but it definitely added to work time. Second, in applying the
new measures, crews were “learning by doing.” With more experience labor costs would
probably decrease.

Figures 4-2 and 4-3 display some of this data graphically. Figure 4-2 gives the average in-
stalled costs for measures that averaged less than $50 per house; these included estimation,
heating system inspection, duct sealing, and insulating the hot water heater.

Figure 4-3 gives average installed costs for measures that averaged more than $50 per
house. These include window and door replacement, mobile home floor insulation, attic in-
sulation and venting, and blown wall insulation. Wall insulation proved to be the most costly
measure and the most labor-intensive measure as well. This is shown by the distribution
of materials and labor costs in Figure 4-3 and by the ratio of labor-to-materials cost given in
Table 4-8 and Figure 4-4. At a labor-to-materials cost ratio of 2.9 to 1, sidewall insulation
exceeds all other high-cost measures by nearly five times. In terms of VACAA's re-
imbursement rate, an agency installing just wall insulation, at the average scale and pace
of the pilots, would require a reimbursement rate of 290% to cover just its labor costs. De-
spite its high cost, wall insulation was shown to be one of the most cost-effective measures
for Virginia weatherization in our engineering analysis (see Chapter 3). Therefore, its high
cost and labor-intensive nature should definitely not be deterrents to its implementation.

It bears repeating that the labor-to-materials cost ratio experienced in the pilots may not be
a reasonable approximation of costs of future application of wall insulation. With more ex-
perience and training it is believed that labor time will be cut substantially. The experience
of the VACAA-run crew in the Shenandoah area (which has been installing wall insulation
more quickly than the pilot agencies) supports this notion.
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Figure 4-2. Average on-site installation costs (broken down into materials and labor
components) of pilot study measures costing less than $50 per unit.
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Figure 4-3. Average on-site installation costs (broken down into materials and labor
components) of pilot study measures costing between $50 and $1,000 per
unit.
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TABLE 4-10. WEATHERIZATION COSTS IN PILOT UNITS BY AGENCY'

AVERAGE CECP PEOPLE RAPP-RAP TAP
SB MB SB MB SB MB SB MB SB

Materials Cost® 553 442 (319 364 |996 747 | 375 462 568

(%) +47 +68 +68 +70 | +132  +127 +39 +57
Time 54 22 54 21 109 25 25 18 57
(person-hours) 18 14 138 5 +19 +4 +6 +12
Labor Cost’ 446 183 | 444 179 [ 903 213 | 213 153 a71
(%) +64 +£32 | +307 442 | +158 35 +50 +87
On-Site Cost* 1000 626 |[763 543 |1900 960 | 588 614 1039
(%) 1100  +81 +375  £104 | 247  +161 71 £134
Total Cost® 1466 1092 |1229 1009 |2366 1426| 1054 1080 1505
including Program £100 91 +375 +104 | £247 1161 7 +134

Support ($)

Cost Based on 250% 1258 1005 | 725 828 [2265 1699 853 1050 1292
Reimbursement Rate +106 +154 | +155 +158 | 4301  £290 +90 +129

'Average per house, + standard error; SB = site-built houses, MB = mobile home.

2Materials cost includes costs of warehousing.

3Based on crew & estimator/heating system inspector wages, averaged across 4 pilot agencies.

“‘Defined as maiterials costs + on-site labor costs.

SDefined as on-site costs plus all off-site wx-related costs per house, averaged across 4 pilot agencies. Program
support costs taken from FY90 Planning Documents.

Costs by Agency

Table 4-10 gives average unit costs for the pilot houses by agency and housing type. Figure
4-5 presents this information graphically. Average total on-site costs for site-built houses
ranged from $588 for Rapp-Rap to $1900 for PEOPLE; for mobile homes they ranged from
$543 for CECP to $960 for PEOPLE. PEOPLE’s high unit costs for site-built houses resulted
from the labor-intensive wall insulation and bypass sealing applied to all its units.

Total costs, including off-site program support and administration requirements, are also
presented. The off-site cost of $466 per unit is an average of the program support and ad-
ministration costs (not including on-site labor) for the four agencies. Average total costs for
ail pilot agencies were $1466 for site-built and $1092 for mobile homes. Actual reimbursed
costs received by each agency under VACAA’s reimbursement system (calculated as mate-
rial costs multiplied by 250%) are shown for contrast. Note that the reimbursed costs are
almost always less than the actual total costs for these weatherization measures.

Energy Savings

The most important results of the pilot study are the data on energy savings accruing from
the weatherization measures installed, for these will indicate how effective these measures
may be in Virginia. These results-must be viewed with the realization that in implementing
the new measures, the agencies were “learning by doing.” As discussed above, this af-
fected the quality of their work, the time it took, and the costs. From this perspective, the
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Figure 4-4. Ratio of labor costs to material costs for measures installed in site-built
single-family and mobile homes during pilot study.
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Figure 4-5. Average actual weatherization costs (broken down into materials, labor,
and off-site components) and reimbursed costs for site-built single-family
(SB) and mobile homes (MB), by local weatherization agency.
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energy savings cited here (as well as later estimates of cost-effectiveness) may well be
conservative.

Another important issue concerns the reliability of the energy data. Whiie the general ap-
proach taken (i.e., use of furnace elapsed-time meters to indicate energy use before and af-
ter weatherization) is reliable, its accuracy depends on adequate periods of pre- and
post-weatherization data collection and sufficiently cold weather during those periods. This
pilot study faced potential problems in both regards. Because of the constrained time period
for the study and late entry of two of the agencies, some meters were not installed until early
November 1989. Fortunately, cold December weather provided a good period of furnace
operation before most of the weatherization took place. (Only one unit that was weatherized
in mid-December appears to have questionable pre-weatherization data.)

However, the weatherization work took longer than expected for many units because of the
TAP fire and time spent by PEOPLE on each unit. In some cases, work was not completed
until early March. The mild winter provided few cold weather periods for steady furnace
operation after the weatherization on several units. If anything, the mild post-weatherization
weather has made the savings appear lower than they truly are, since energy use per
degree-days is usually higher during mild periods.

The results below carefully account for these problems. The potential uncertainties posed
by having a low number of data points are reflected in the statistical standard errors.?

The change in energy consumption resulting from the weatherization was computed from the
weather-corrected furnace meter data for each unit in the pilot study. The energy data re-
flect savings from all work done in each house (“whole job” savings); therefore, it is very
difficult to identify the savings accruing from specific conservation measures. However, we
will look at the savings from houses in which certain measures (e.g., sidewall
insulation/bypasses) were emphasized, as well as incremental blower door readings re-
corded during the work, to glean as much information as possible about savings from indi-
vidual measures.

Calculation of Energy Savings

The furnace run-time for each meter reading period (usually weekly) was reported to the
pilot agencies by the clients. This run time was multiplied by the furnace’s firing rate
(measured when the meter was installed) to find the house’s Btu consumption for each me-
ter reading period. The space heating energy per square foot per degree-day (Btu/ft>-DD)
was then derived by dividing the energy usage by the house’s floor area and the number of
heating degree-days (base 65°F) for each period (Equation 4-1). Then, the average Btu/ft>-DD
was calculated for the pre- and post-weatherization period for each house (Equation 4-2).
Periods with anomalous data, as revealed in the client interviews (e.g., house unoccupied
for a week), were excluded from the average, as were periods with Btu/ft*-DD differing from
the average by more than 50%.% The pre- and post-retrofit average heating consumption,
absolute and percentage savings (from Equations 4-3 and 4-4), and standard errors for each
house are listed in Appendix C.8.

5 The standard error is an estimate of the standard deviation of a sample, which is a measure of the distribution
of the data around the average value. A small standard deviation means that the data is tightly clustered
around the average, while a large standard deviation implies a wide range in data values. The average plus
and minus one standard deviation encompasses about 2/3 of the data points.

8 Obvious outliers were first noted by visual inspection; the “50% different from average” rule evolved out of this

visual inspection. Outliers usually corresponded with weeks which had extremely mild weather. This rule typ-
ically resulted in the exclusion of 1 or 2 data points for each house.
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Eq. 4-1: House weekly energy consumption (Btu/ft*-HDD) =

Weekly furnace runtime (hr) x furnace firing rate (btu/hr)

floor area (ft?) x weekly HDD

Eq. 4-2: Mean energy consumption (Btu/ft>-HDD) =

X weekly energy consumption (btu/ft* - HDD)

Number of Weeks
Eqg. 4-3: Energy savings = Mean pre-wx energy consumption - Mean post-wx energy con-
sumption

Energy savings
Mean pre-wx energy consumption

Eq. 4-4: % Energy savings =

Since the measurement of the firing rate is subject to some error (due to inaccuracies in
clocking gas consumption or an oil furnace’s actual firing rate differing from its nameplate
rating), we have relied on percent energy savings, rather than absol/ute savings, wherever
possible in the following discussion.

Savings by Building Type and Agency

Table 4-11 presents the average reduction in heating energy consumption experienced in the
pilot units after weatherization. Data are given for site-built and mobile homes for all the
agencies combined and for each agency. Each subsequent row of the table represents
savings of increasing accuracy. The first row, “All Homes,” includes all 59 houses
weatherized in the pilot study. The next category, "Homes with Consistent Heating Sys-
tems,” excluded 2 mobile homes with inaccurate metered data (due to a faulty thermostat in
one case, and a major furnace repair in the other). "Homes without Supplemental Heating
Fuel” excludes houses in which significant use of kerosene, wood, or supplemental electric
heaters was noted (despite prior assurances by the clients that they would use no heat
sources aside from their furnace over the course of the pilot study). For these homes with
supplemental heating, actual energy savings are probably somewhat higher than reported
by the furnace meters, since supplemental heat was consistently used more often during the
cold December pre-weatherization period than during the milder post-weatherization period.

For homes with consistent heating systems in all four agencies, savings in site-built houses
averaged nearly 26% and in mobile homes about 20%. Savings for site-built houses ranged
from 7% at CECP to 47% at PEOPLE. Savings for mobile homes ranged from 10% at
Rapp-Rap’s one unit to nearly 23% at CECP. *—

To put these energy savings in perspective, recall from Chapter 2 that savings from single-
family and mobile homes weatherized in Virginia during 1988 and 1989 were in the neigh-
borhood of 10%. The pilot houses represent a two-fold improvement. Not only did the pilot
study represent a substantial improvement over the existing Virginia weatherization pro-
gram, it also compares favorably with other weatherization demonstration programs
throughout the country (Figure 4-6). Savings were greater than in all but one of the other
demonstration programs documented in the BECA-B database (Cohen et al., 1991).
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VA vs. Other Weatherization Programs

CCE
($/MBtu)
1988 VA 16.10

1988 IL 5.40
1988 NY 5.60

. 1986MI 6.50
51934 OH 13.00
D 1984 MI 6.90
&£ 1984 MN 9.90
1983 MI 5.70
1982 W1 13.30
1981 MN 5.30
1981 W1 11.70

Standard LW

(] . _ o
(EJ 1988 MN 5.90 '
'g, 1986 MI 3.60
& 1979 US19.70

1979 US2 5.20

Demonstration

0 5 10 15 20 25 30
Space Heat Savings (%)

Figure 4-6. Space heat savings and cost of conserved energy for Virginia evaluations com-
pared to other standard and demonstration weatherization programs.
"US1” and “US2” refer to the Community Services Administration study of
shell/system measures, respectively. Source: Cohen et al. 1991,
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Figure 4-7. Energy savings vs. pre-retrofit consumption for homes weatherized in the pi
study.
For site-built homes, R? = 0.26, while for mobile homes R? = 0.65.
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Savings vs. Pre-Retrofit Consumption

We also investigated the correlation between energy savings and pre-retrofit consumption
for the pilot study homes. One would expect a strong relationship between these factors,
as there are greater opportunities for energy savings in more energy-intensive houses.
Other studies have confirmed the presence of this relationship in residential retrofit pro-
grams (Synertech, 1987; Schiegel and Pigg, 1990; Hill, 1990; Shen, et al. 1990). Figure 4-7
illustrates this relationship for homes weatherized in the pilot study. There was some cor-
relation between savings and pre-retrofit use for site-built homes (R?=0.26) and a stronger
correlation for mobile homes (R*=0.65). The correlation between savings and pre-retrofit
use is much greater for the pilot study houses than for the gas-heated homes weatherized
in the PRISM study (see Chapter 2). This suggests that the pilot study weatherization was
more effective at identifying and correcting the problems of energy-intensive households.

Cost-Effectiveness of Pilot Weatherization

Weatherization aims to save not only energy, but also money. As a public program, it is
important to demonstrate that the public investment is cost-effective (i.e., that the energy
saved is worth more than the costs incurred to achieve the savings). This section takes the
pilot study cost and energy savings data presented above and with certain assumptions,
computes the cost-effectiveness of the weatherization in the pilot homes.

There are several measures of cost-effectiveness that can be applied to energy conservation
investments. Perhaps the simplest measure, and the most used in weatherization evalu-
ation, is the simple payback time (SPT). This is the period of time it would take to recover
the investment costs through the reduction in fuel costs resulting from the energy savings.
It is computed by dividing the investment cost by the annual saving.

Weatherization Cost

SPT = Annual Energy Savings * Energy Price
Btu saved
Where: Annual Energy Savings = 2-DD * Floor Area * Annual Degree-Days

$6.77/1000 ft* for natural gas
$0.869/gallon for oil
$0.0567/kWh for electricity
$0.619/gallon for propane

Energy Price’

1l

4189 for CECP

4688 for PEOPLE

4417 FOR RAPP-RAPP
= 4315 for TAP

Annual Degree-Days
(base 65°F)

i

We computed payback times based on both on-site weatherization costs and total
weatherization costs (including program support and administration) as well as based on the
current reimbursement system. Averages were computed for each agency by housing type.

7 These prices are average for residential customers in Virginia during 1988 and 1989 (the most recent prices
available at the time of this analysis). (Energy Information Administration. 1990).
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Table 4-12 presents the results of these calculations. For all units with consistent heating
systems the average SPT for site-built houses is 5.8 years based on on-site costs, 9.7 years
based on total costs, and 8.0 years based on reimbursed costs. For mobile homes it is
substantially higher: 9.6 years using on-site costs, 17.6 years using total costs, and 15.8
years based on reimbursed costs. Interestingly, PEOPLE, which had the highest per unit
total cost of the agencies for site-built houses, has the best payback period. (Other cost-
effectiveness indicators for the pilot study homes are discussed later in this chapter.)

One must be cautious when interpreting this data. The on-site and total paybacks are based
on the pilot costs including labor. Pilot labor times were greater than one would expect
under normal conditions for two reasons. First, additional time was required in the pilot to
take several intermediate blower door readings during the course of weatherization and to
document the work. These blower door readings also slowed the pace of work by requiring
that crews not work on different measures simultaneously. This was necessary to ascertain
the infiltration reduction attributable to different measures, but definitely caused the work to
take longer than would otherwise have been the case. Second, in applying the new meas-
ures, crews were “learning by doing.” With more experience, labor time and costs would
likely drop.

It is impossible to account precisely for these factors in the data given in Table 4-12. How-
ever, it can be said that these SPTs are upper bounds of the paybacks expected for the work
tested in the pilots.

Assessment of Energy Savings By Measure

The “whole job” energy savings given above shed little light on the effectiveness of specific
measures. This section looks more closely at some of the study data to glean information
on individual measures.

Blower Door Readings and Individual Measures

For each pilot job, crews were required to collect blower door readings after specific meas-
ures were installed (see logging sheet in Appendix C.4). By comparing the incremental
contributions of individual measures to reduction in blower door readings, one can estimate
the measures’ relative contribution to air leakage control, a major factor in energy savings.
It should be noted that air leakage is not the only factor involved in energy savings, as re-
duction in conductive heat loss through insulation also plays a major role. And there is
some question about how accurately blower door readings, with the house pressurized or
depressurized, reflect air leakage under ambient conditions.

Table 4-13 gives the percent reduction in blower door readings as a result of weatherization
work in the pilot study.® It shows the average total percent reduction achieved in the two
housing types for each agency and for all pilot units. [The average total reduction was about
the same for site-built (34 percent) and mobile homes (33%).] Across the agencies, blower
door reductions were comparable with the exception of PEOPLE where the blower door
reading dropped by two-thirds (67%) for the three site-built houses with reliable readings.
Although the infiltration reduction accomplished by the pilot study measures is slightly lower
than that from the existing program, the air sealing in the pilot focused on leaks that were
not in the neutral-pressure plane, and which would therefore be expected to lead to rela-
tively greater energy savings.

# We were not able to compare absolute changes in infiltrations rates, as in many homes crews could not achieve
the standard pressure of 50 Pascals and were forced to take pre- and post-weatherization blower door readings
at a lower pressure.
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TABLE 4-13:
AVERAGE PERCENT REDUCTION IN BLOWER DOOR READING BY AGENCY*

ALL CECP PEOPLE RAPP-RAP | TAP

SB MB SB MB SB MB SB MB SB

% Reduction, 30% 33% | 3% 31% | 67% 44% | 30% 34% | 32%
All Measures | (h=39) (1D | @ ® | 3 (2 | (149 (1) | (20

*§B = site-built house, MB = mobile home.

Table 4-14 breaks down the total average reduction in blower door reading by measure. The
sums of the reductions of the individual measures do not add up to the total because blower
door reductions were not always documented for each measure installed. Substantial con-
tributions to blower door reductions were made by repairs and air sealing in both site-built
(22%) and mobile homes (10 percent), duct register boot sealing (11%) and window/door
replacement (17%) in mobile homes, and wall/attic insulation in single family homes (10%).
The 10% reduction due to wall and attic insulation is not a good reflection of wall insulation’s
potential effect on infiltration, since good blower door readings were not reported for the
houses in which wall insulation was applied most effectively (at PEOPLE). Window replace-
ments in mobile homes were responsible for large infiltration reductions because in many
cases windows were broken out or completely missing. We would not expect such large
infiltration reduction from replacment of windows which were merely leaking but not broken.

TABLE 4-14:
AVE. PERCENT REDUCTION IN BLOWER DOOR READING BY MEASURE*
All Agencies
% Reduction SB MB
All measures 34% 33%
(n=39) (n=11)
Air Sealing &/or Repairs 22% 10%
(25) (12)
Duct and Register Sealing 0.4% 1%
(9) (10)
Wall &/or Attic Insulation 10% -
(23)
Floor Insulation - 5%
3)
Window &/or Door Replacement 5% 17%
(2 (8)

*SB = site-built house, MB = mobile home.
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Savings and Cost-Effectiveness of Weatherized Houses with Wall Insulation

Jne measure of special interest in this pilot study is high-density, blown sidewall insulation.
~able 4-15 gives the energy savings and cost-effectiveness of the 17 pilot houses that re-
-2ived this measure. The percent savings in the wall insulation houses was an exceptional
32%. Since these are "whole job” figures, not all of the savings are attributable to this one

~reasure.

- is interesting to look a little closer at the results. The furnace run-time analysis for two
-~f these houses actually showed an increase in energy use. Both had a very short period
of pre- or post-weatherization data collection, and we believe this affected the results. The
sther 15 houses averaged 39% savings, ranging from 11% to 71%. In one agency, the 6
sidewall jobs achieved an average savings of 47%.

Table 4-15 also gives average costs and cost-effectiveness for the houses receiving sidewall
nsulation. Despite very high costs, SPTs averaged less than 9 years based on total costs,
7 years based on on-site costs. This compares favorably to the 13 year SPT achieved in the
14-200 study (Shen, et al. 1990). As discussed earlier, we expect that the Virginia costs would
drop considerably with more training and crew experience.

TABLE 4-15:
SAVINGS & COST-EFFECTIVENESS FOR UNITS WITH SIDEWALL INSULATION'
ON-SITE  TOTAL SPT SPT
4  SAVINGS COSTS COSTS ON-SITE  TOTAL
: JOBS (%) ($) ($) (YRS) (YRS)
" Sidewall Jobs 17 32.,  1682,,5  218B..5  6.9%s1, 8.9°415

‘Figures given are averages + standard errors.
*Two of the houses had negative savings and therefore undefined payback times.

Reactions of Weatherization Staff and Clients to Pilot Study

Weatherization Staff Reactions to the Pilot Study

In addition to assessing the savings and cost-effectiveness attributable to the pilot study
measures, we were also interested in learning how the weatherization agency staff per-
ceived the pilot study process and reacted to the new measures. We wanted to find out
about specific problems they had during the pilot study, and elicit their suggestions for im-
plementing the new measures in other agencies. Separate questionnaires were developed
for pilot agency coordinators, those doing estimations or heating system inspections for the
pilot houses {(who were not always the regular agency estimators), and crew people (ques-
tionnaires appear in Appendix C.6). Questionnaires were administered during May and early
June of 1990. All four pilot agency coordinators were questioned, either over the phone or
in person. All six individuals who served as estimators and/or heating system inspectors
were also surveyed, either over the phone, in person, or in writing. Finally, a total of 11 crew
members responded to the questionnaire in writing, representing participating crews from
all agencies except CECP. (Agency coordinators or estimators were asked to have the
crews fill out the questionnaires; CECP was the only agency which did not provide crew re-
sponses.) The variety of interview techniques was used to elicit the fullest possible re-
sponses, given time constraints on both VCCER personnel and weatherization staff (e.g.,
crew members are almost always out at job sites, so could not easily be reached on the
telephone or for in-person interviews).

427



Survey questions focused on three main areas: the pilot study training sessions, the process
of implementing the pilot study standards, and the future of the pilot study standards. For
each topic, we summarize the responses of the pilot agency coordinators,
estimators/heating system inspectors, and crew members.

Training Sessions

Two coordinators attended the heating system training, while three were at the sidewall
insulation/advanced air sealing session. Both the content and the trainers for the sidewall
session were ranked more highly than those of the heating system training (fair to very good,
versus poor to good). All thought that the heating system training was insufficient for the
work the agencies were being asked to do, and suggested that more time devoted to training
in the field was needed. The sidewall training, while more favorably perceived, was stili
thought by 2 of the 3 coordinators in attendance to be insufficient. Criticisms included lack
of the right equipment, too many people in attendance, and most importantly, not enough
focus on how to detect and remedy specific types of bypasses.

Of the estimators/heating system inspectors, 5 were at the heating system training and 4
attended the sidewall training. All but one of these attendees thought that both trainings
were insufficient. With regards to the heating system training, there was a consensus that
the trainers knew what they were talking about, but conducted the training at too high a level
for this audience. Some reference was made to personality problems with the trainers. At-
tendees would have liked to have had the testing equipment they were going to be using at
the time of the training, and to have had more small group, in-field training. One suggested
that more types of heating systems in the classroom would have been useful to practice on.
Another emphasized the need for on-going training, to learn to handle the unexpected situ-
ations which will always arise in the field. Attendees at the sidewall training felt that more
field work was needed to learn to locate bypasses, and that an infrared camera would have
been very useful in detecting the areas they were missing. Equipment problems and bad
weather slowed this training.

Only one crew person attended the heating system training, while 8 crew members, mostly
from TAP, were at the sidewall training. The crew person at the heating system training
thought that more classroom study was needed; all but one of those attending the sidewall
training thought that the training was sufficient for the work they were asked to do. Sug-
gestions for improvement included more training on different types of structures, better
equipment, and more emphasis on the uses of different tools. A typical comment was “The
only trouble | have is finding all the bypasses, it's gotten better as time went on. Doing the
work is no problem...”. :

Implementation of Standards

The coordinators felt that while the sidewall/advanced air sealing measures were definitely
effective, they weren’t as sure about the heating system work, since they found a number
of problems which they couldn’t do anything about. Locating the necessary materials did
not prove to be a problem for them, but most experienced some difficulties with equipment
(getting blowers to work correctly, obtaining the right kind of tubing and reducers, finding
long-wearing drill bits, static electricity built up by tubed-in insulation causing shocks to
crews on aluminum ladders). Only one coordinator thought that his estimator was having
problems with the new measures (specifically, with locating and fixing bypasses), and none
thought that the heating system work was a problems for their inspectors, other than the
time the heating system work took away from the inspectors’ normal duties. Crew com-
plaints, as perceived by the coordinators, focused on the sidewall insulation: the work took
too long, the cellulose was very dirty, and “they think it helps, but they don't like it.” Coor-
dinators said that client reactions were generally favorable, with some complaints about the
weekly phone calls to obtain meter readings, and one client who was bothered about not
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getting new windows. Other problems mentioned with regard to implementing the pilot
study standards were money (both the reimbursement system and lost production time for
training sessions and time-consuming weatherization of pilot study homes) and staff time for
the heating system work (which took away from the inspectors” usual duties). When asked
if they would make any changes to these standards, the coordinators said that they preferred
the new standards to their current work (as long as the intermittent blower door readings
were eliminated). The forms used in the pilot study were thought to contain too much detail,
slowing the work down.

Estimators/heating system inspectors agreed that the new standards were more effective
than the traditional measures, but felt some frustration about not being able to do more
heating system work. They mentioned the same equipment problems that the coordinators
discussed. When asked how the crews were fairing with the new measures, some
estimators/inspectors replied that the same people who had trouble with the traditional
measures had trouble with the new standards, while others felt that there were more prob-
lems with the new work. Specifically, some felt that a little classroom work was needed to
impress upon the crews the importance of densely packing wall insulation; without an
understanding of why dense-pack is important, the crews would not be vigilant about the
quality of work they did. Estimators/inspectors reported that clients were generally pleased,
although there was some concern about looking at heating systems and drilling holes in the
walls. The main problem clients had was with the repeated visits (for meter installation,
estimation, heating system work, weatherization, etc.). When asked if they would want to
make any changes to the new standards, one said that belly board insulation should be
moved down in priority. Another wanted to see furnace and duct work made the highest
priority, followed by bypass sealing, windows/doors, and attic insulation. Other areas men-
tioned were that more attention should be paid to crawl spaces, and that more extensive
heating system work should be allowed. Estimators/inspectors felt that the pilot study forms
were helpful in that they provided a system to follow, but that they could be made simpler.
Suggestions included a more detailed checklist for bypass sites, and a separate form for in-
specting hot water heaters.

Crew persons thought that the new standards were effective, since they made a big differ-
ence in the blower door reading. They didn’t like working with the cellulose insulation (too
dirty, static) and had some problems with the tubing (stopping up, kinks) and reinstalling
aluminum siding. When asked if they had any problems with sealing leakage sites or in-
stalling wall insulation, they were concerned about not knowing if they caught all the gaps
and if they were correctly dealing with unusual construction features (like porches). Ac-
cessing crawlspaces to seal leakage sites was also mentioned as a problem. Crews thought
that clients were generally pleased. Other problems with the new standards included not
having enough experience with finding bypasses. Opinions were divided on whether they’d
want to include the new measures in all their work. Some thought the new standards were
better, in that they would last longer than the usual measures and eliminated a lot of
caulking. Others thought that the new work was too time-consuming and too difficult, given
what they were being paid. A few said they could not deal with doing sidewalls every day,
and suggested using fiberglass insulation instead (because it is less dirty). The main sug-
gestion for improvement was to have better access to the proper tools and equipment; face
masks, protective clothing, and higher pay were also mentioned.

Extending the Pilot Study Standards to All Agency Work

Coordinators had mixed opinions about including the new measures in all their
weatherization. Responses ranged from an enthusiastic “yes” (especially for heating system
work), to “only if more training were available,” to a feeling that the new measures involved
so much more time that a revamping of the entire weatherization program would be neces-
sary to include them. When asked if any changes in personnel would be necessary, most
felt that it was not a question of the number of staff, but of their skill level. To increase the
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skills of the weatherization staff, more training and higher pay (to keep the more highly
trained individuals from taking other jobs) were thought to be needed. There were not any
strong concerns about fitting the new measures into their existing weatherization proce-
dures (e.g., amount of time required for, and spacing of, intake, estimation, weatherization,
and inspection); some thought the work would take a little longer, and others thought a little
shorter, than their existing procedures. Most coordinators thought that a change in the re-
imbursement system would be needed (although one thought that if fiberglass was used for
wall insulation instead of cellulose, reimbursement would probably work out okay since
fiberglass is more expensive).® Suggestions for improving the reimbursement system in-
cluded a flat rate per square foot for wall insulation (including labor and materials), and di-
rect reimbursement of all agency expenses. Other suggestions for improving weatherization
focused on training: one coordinator thought that more training is essential for properly
motivating the field personnel, and another thought that a statewide training center was
needed to ensure the correct implementation of the new measures.

Estimators/heating system inspectors were also questioned about the future of the new
standards. All but one definitely wanted to include the new measures, with one mentioning
that he had gotten lots of questions from clients on heating system problems before the pilot
study. More training was again brought up as the primary change in personnel that was
needed; one felt that the crews were not ready to tackle the new measures on their own yet
(that is, without the estimator’s presence while the work was being done), while another
thought that crews needed training to understand the theory behind the new measures.
There was some concern that the individuals who acted as heating system inspectors would
be asked to continue doing this task in addition to their regular jobs; this was not felt to be
feasible. Although they felt that estimations would take a little longer, the respondents did
not feel that this would be a probiem. Most felt that changes in the reimbursement system
would definitely be needed; since heating system inspections would usually have no mate-
rials cost, a set charge for heating system inspections was suggested. Higher wages were
thought necessary to keep more highly trained crew persons from leaving weatherization
agencies. Other suggested changes included adding chimney inspections as part of the
heating system work and the need for more training. Comments were also made on general
weatherization procedures: estimators in different agencies prescribe different measures
and VACAA should make an effort to get all agencies doing the same level of work; that
many agencies don’t attend VACAA trainings so these trainings should be made mandatory;
that VACAA rushes into changes too quickly and should provide agencies with more backup
and resources when changes are to be made; and finally, that problems with blower door
calibration have been observed (widely differing readings obtained using two recently cali-
brated doors on the same house on the same day), and so VACAA’s air change guidelines
should not be so strict,

Client Reactions to Pilot Measures

With only a few exceptions, all clients interviewed-were generally pleased with the
weatherization performed on their homes. Many clients whose homes received wall insu-
lation noted improved comfort. Notably, there were not a greater number of complaints
about “messiness” from clients who got wall insulation, as compared to those who did not
(weatherization crews were very concerned that clients would object to the mess created
during installation of wall insulation). There were a few complaints that all windows were
not replaced, creating a mismatched appearance (when 1 or 2 windows in severe disrepair
were replaced). Again, it is notable that there were not more complaints about the reduced
number of window replacements, given that this was a big concern of weatherization staff.

% Fiberglass is not a suitable substitute for celiutose for the purpose of high-density wall insulation, as fibergiass
will not pack tightly enough to seal infiltration sites.
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Comparing Savings From the 1988-89 Weatherization Program With
Pilot Study Results "

It is difficult to compare precisely savings from the existing program with savings from the
pilot study, because the savings were measured in different ways. The evaluation of the
existing program focused on gas- and electrically heated homes and used one year each of
pre- and post-retrofit utility bills to derive savings. The pilot study looked primarily at gas-
and oil-heated homes, and derived savings from weekly submetered space heating data.
Ideally, the same measurement method would have been used for both parts of the evalu-
ation; however, time constraints ruled out this course of action. (We plan to do a PRISM
analysis on homes in the pilot study as sufficient utility billing data become available.)

Despite these differences in measurement techniques, however, it is clear that the pilot
study savings were substantially greater than savings from the existing program. Table 4-16
contains absolute and percentage savings for both groups of houses, by building and heating
fuel type. Percentage savings from the pilot study were measured as a fraction of space
heating consumption, while, as noted earlier, space heat usage for homes weatherized un-
der the existing program was approximated using the PRISM-derived space heat fraction.
However, the percentage savings for single-family homes in the pilot study was over two
times greater than the percent space heat savings for gas-heated single-family homes in the
existing program. Therefore, despite the difficulties in comparing savings for the two
groups, we are confident that savings from the pilot study measures were substantially
greater than those from the existing program.

Weatherization cost-effectiveness was also much improved." For fuel-heated single-family
homes, simple payback times improved from 30 years for the existing program to 10 years
for the pilot study. These indicators are based on total costs (including program costs)
which are typically about 50% greater than on-site (materials and labor) costs. The cost of
conserved energy for the single-family homes in the pilot study was less than prevailing
residential gas and oil prices, and the benefit-cost ratio was greater than one. Mobile home
weatherization in the pilot, while much more cost-effective than the work done as part of the
existing weatherization program, was still not quite cost-effective (payback time of 17 years,
cost of conserved energy greater than fuel prices, and a benefit-cost ratio of 0.54).

' Savings and cost-effectiveness results for study presented in this section may not agree exactly with results
discussed earlier in this chapter, because averages were used to summarize pilot resuits presented earlier
(because of the small number of houses for some agencies), while medians were used for the pilot results cited

in this section.

11 See Appendix A for a description of how each cost-effectiveness indicator was calculated
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TABLE 4-16: SUMMARY OF RESULTS FOR

EXISTING VIRGINIA WEATHERIZATION VS. PILOT STUDY'

Existing Program Pilot Study
Gas/Oil Elec. Gas/Oil
# of Dwellings
-- Site-Built 91 21 43
-- Mobile Home 0 36 12
Pre-Retrofit NAC
(site MBtu/dwelling)
-- Site-Built 104 65 -
-- Mobile Home - 55 -
Pre-Retrofit Space Heat
(site MBtu/dwelling)
- Site-Built 842 28? 107
-- Mobile Home - 30° 66
Energy Savings
(site MBtu/dwelling)
-- Site-Built 6.9 2.3 24.2
-- Mobile Home - 1.7 10.9
(% NAC)
-- Site-Built 8.3 4.1 -
-- Mobile Home - 3.0 -
(% Space Heat)
-- Site-Built 10.3? 5.1 24.4
-- Mobile Home - 9.5? 17.0
Total Cost®
($/dwelling)
-- Site-Built 1489 857 1119
-- Mobile Home -- 1289 1145
Simple Payback Time*
(Years)
-- Site-Built 30 21 10
-- Mobile Home - 53 17
Benefit-Cost Ratio*®
-- Site-Built 0.33 0.50 1.1
-- Mobile Home - 0.17 0.54
Cost of Conserved Energy®
($/site MBtu)
-- Site-Built $17 $32 $5.20
-- Mobile Home - $100 $11

'Values given are medians.

2Space heat consumption as derived by PRISM.

TTotal costs for existing program are calculated as material costs multiplied by a reimbursement rate of 229%
(in 1988/89 dollars), which is the formula used by the state agency to reimburse local agencies (i.e., local
agencies are not reimbursed according to their actual material and labor costs). Total costs for the pilot study
are actual material, labor, and administrative costs (in 1989/1990 dollars).

“Based on 1988 average Virginia residential energy prices of $5.65/MBtu for gas and oil, and $16.61/site MBtu
for electricity.

SBased on a real discount rate of 7% and measure-specific lifetimes.
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Administrative Issues

Administrative issues in general are discussed in Chapter 6. Several of these issues be-
came clear in the pilot study and they are addressed below.

Implications for the Reimbursement System

The reimbursement system is perceived as a problem by local agencies, even with the
existing installation standards. The current system, based solely on material costs, makes
it difficult for agencies to install labor-intensive measures (like belly board insulation or wall
insulation). The data on labor-to-material-cost ratios for various pilot study measures
makes this point quite clearly (see Figure 4-4). Agencies are also being given the wrong
signal about how to do cost-effective weatherization, because the reimbursement system
“rewards” agencies which install high material-cost, low labor-input items like windows.
Rather than trying to change agencies’ behavior through ever-tighter restrictions on, for
example, when windows may be replaced, we think it makes more sense to revise the
current reimbursement system and take away the agencies’ incentive to install measures
that are not cost-effective.

After contacting four states which do wall insulation as part of their weatherization program,
and finding that all reimburse based on labor and material-costs, we have concluded that
VACAA needs to make some change to acknowledge the different installation times asso-
ciated with different measures. The expanded definition- of material costs is not the full
answer. Although such a system would given agencies a bit more leeway in meeting the
60/40 rule, it still gives agencies the incentive to install high material-cost items.

There are many options for altering the reimbursement system. Some states have con-
tractors or local agencies bid on the installed cost of each type of measure. Many just have
agencies track and report labor time and material costs. Another alternative would be to
have different reimbursement rates for each type of measure. We can more fully develop
some of the ideas presented here. We are encouraged that VACAA is exploring new re-
imbursement system options to test in various agencies during contract year 1991-92,

Equipment Requirements

The advanced techniques tested in the pilot study require increasingly sophisticated and
accurate equipment to be fully implemented. For example, most of the pilot agencies car-
ried out their heating system inspections with VACAA’s existing inspection kits, but it be-
came clear that the one agency with the computerized heating system inspection kit was
able to do a more accurate, thorough job. Several agencies’ abilities to install high-density
wall insulation were hampered by problems with their insulation blowers (e.g., no feed
gates, no remote controls). There were also problems with getting the right kind of tubing
and reducers and finding long-wearing drill bits. During weatherization and inspection of
the pilot study houses, we noticed a fair number of discrepancies between air change
readings taken with different blower doors, even when the doors had been recently cali-
brated. And finally, our inability to obtain an infrared camera for inspection of wall insu-
lation and bypass sealing work made it difficult to assess the thoroughness of the crews’
efforts. These examples illustrate the need for an increased commitment on VACAA’s part
to helping the agencies gain access to better equipment. In particular, it will be much
easier to embark on heating system work if each agency can be given the computerized
inspection kit. The purchase of one or more infrared cameras by VACAA, for follow-up
training and inspection of wall insulation and bypass sealing jobs, is essential to properly
training crews in these techniques.
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Areas For Additional Research

Effectiveness of Bellyboard Insulation

As mentioned above, only four mobile homes in the pilot study received floor insulation,
and only two of these were insulated with blown-in bellyboard insulation (the other two,
with missing bellyboards, were insulated with fiberglass batts). We cannot draw any con-
clusions about the savings and cost-effectiveness of bellyboard insulation from such a small
sample size. Although the literature strongly recommends bellyboard insulation, additional
research is needed to measure its effectiveness in Virginia.

Sidewall Insulation and Moisture Problems

Since beginning the pilot study, the question has been raised of whether installing wall in-
sulation might result in moisture problems. There is not yet a clear answer on this issue
among specialists around the country. For some construction types (with particular con-
figurations of sheathing and siding), there may be potential problems due to exterior
moisture being drawn into the wall cavity and not being able to evaporate (because of the
presence of insulation). Practically speaking, however, few problems have been found in
the field, although high-density sidewall insulation has not been used very often in mild and
semi-humid Virginia-type climates.

Although we do not consider this to be a serious problem, it may be useful to track the pilot
study and other weatherization houses with wall insulation to check for moisture problems.
The simplest option is to photograph the exterior walls when houses are inspected, and
return at periodic intervals (once a year for a few years) to see if any problems develop.
A more costly, but more effective option is to revisit the houses and analyze the moisture
content of the wood in the walls, repeat this procedure in the future, and note any changes
that take place. Unfortunately, this problem was not anticipated when we developed the
evaluation project and plans were not made (nor funded) to investigate this issue. How-
ever, since it could have major implications for the future of wall insulation in the South,
further research on this issue will likely be needed.

Summary and Conclusions

Energy Savings from the Pilot Study

The energy savings measured in the pilot houses, averaged 26% (median of 24%) for the
43 site-built homes, and 20% (median of 17%) for the 14 mobile homes. The 17 houses that
received sidewall insulation averaged savings of 32%. To put these savings in perspective,
recall from Chapter 2 that space heat savings from comparable houses weatherized in
Virginia during 1988 and 1989 were from 5 to 10% (for different building types). The pilot
houses represent at least a two-fold improvement. Not only did the pilot study represent
a substantial improvement over the existing Virginia weatherization program, it also com-
pares favorably with other weatherization demonstration programs throughout the country,
with savings greater than in all but one of the other demonstration programs documented
in the BECA-B database (Cohen et al. 1991). These resuits emphasize that the Virginia pilot
savings are a tremendous improvement over previous weatherization in Virginia and are
equivalent to some of the most innovative work being done in the weatherization field.
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These high savings can probably be attributed in part to the poor condition of Virginia‘s
housing stock. If the pilot houses are typical of Virginia weatherization units (and the
agencies indicated that the pilot houses are probably in better shape, and therefore more
energy-efficient, than their average units), then there exists a tremendous opportunity and
need for advanced weatherization in Virginia. In addition, even though the pilot savings
were substantial, they are likely to improve with more crew training and experience.

Cost-Effectiveness of Weatherization in the Pilot Study

The cost-effectiveness of the weatherization work, as measured by simple payback time,
was comparable to other notable pilot studies, such as the M-200 study (Shen, et al., 1990).
Payback times averaged 6 years for site-built houses based on on-site costs, rising to 10
years when program support and administration costs are included. For mobile homes,
paybacks averaged 10 years based on on-site costs, and 18 years based on total costs.

A major factor in the long payback times for site-built houses was the higher than expected
labor cost component of the pilot study measures. The record-keeping requirements of the
pilots, as well as the extra time needed to learn the new techniques, certainly contributed
to the high labor costs. After additional experience, and under non-pilot conditions, instal-
lation times for the new measures are likely to improve, with a resulting increase in cost-
effectiveness.

Mobile home payback times were even longer than those for site~built homes. Window
replacement was a costly measure, but was shown to substantially reduce the air change
rate in this sample of homes. (It should be noted that many of the mobile home windows
that were replaced were either non-functional or completely missing.) Floor insulation also
contributed to high weatherization costs. The results from the pilot study on appropriate
measures for mobile homes are inconclusive.

Capabilities of Local Agencies

Besides energy savings and cost-effectiveness, an important objective of the pilot study
was to assess the capabilities of Virginia local agencies to implement the tested measures.
We will distinguish the heating system work from the other weatherization measures, as
they have quite different personnel requirements.

Heating System Work

The pilot agencies demonstrated that they can learn to perform both basic safety and oper-
ation inspections and furnace clean and tunes. This is especially noteworthy, given the
constraints affecting the pilot’'s heating system initiatives: less-than-ideal field training,
problems with obtaining equipment, and lack of resources for dealing with serious safety
problems they identified. Despite these problems, the agencies successfully inspected fur-
naces in 44 units, one agency performed clean and tunes on 10 furnaces, and 17 heating
system repairs (primarily related to safety problems) were carried out.

The pilot study provided other useful lessons about prospective heating system work. The
most important point is that while weatherization personnel can learn to do inspections and
clean and tunes, they need more than a week-long training. To deal with the variety of dif-
ferent heating systems out in the field, a longer training period would be required. The pilots
also showed that the amount of time required to do a thorough heating system inspection is
roughly equal to that required for estimation. Therefore, this is not a task the estimator could
be expected to “squeeze in,” along with his other duties, but one which would require a
significant amount of time. During the course of the pilot heating system inspections, we
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found that the extra investment in the computerized inspection equipment is clearly worth-
while, as it makes the inspections faster and more accurate. For agencies to do clean and
tunes, the computerized equipment would be a necessity. Finally, we learned that technical
and financial back-up will be needed by the agencies if they embark on heating system work.
Money to fix the heating system problems will have to be made available to the agencies,
through either the weatherization program or some other source, such as the Department
of Social Services. Agency personnel will not have the skills to deal with all the problems
they might find; some kind of technical back-up, such as a few highly trained technicians
which travel from agency to agency, or the ability to hire contractors to fix problems, will be
required.

Other Weatherization Measures

The pilot study demonstrated that the agency crews are definitely capable of learning the
steps involved in implementing the new measures (e.g., blowing wall insulation to the proper
density, sealing bypasses, etc.). However, the estimators and crew chiefs need more ex-
perience in learning how to diagnose air leakage and bypass sites, hidden wall intersections
in need of insulation, etc. The agencies which most successfully applied the wall insulation
and advanced air sealing techniques had personnel who had had previous exposure to these
concepts. More field training when the techniques are first introduced, as well as periodic
follow-up to ensure that the techniques are thoroughly and correctly applied, will be re-
quired. Infrared cameras are a necessity for carrying out thorough follow-up trainings and
inspections.

-

Potential Effectiveness of Virginia Weatherfzation

The pilot study has shown that substantial energy savings can be achieved in the Virginia
low-income housing stock through the use of advanced weatherization techniques like
high-density wall insulation and bypass sealing. Heating system safety and efficiency in-
spections illustrated that many serious safety problems exist in the low-income housing
stock; the potential exists for increasing the efficiency of these heating systems, as well as
for improving their safety. iIn addition, the pilot study showed that weatherization agency
staff can learn these new techniques in a relatively short amount of time, if proper follow-up
training is available.

Pilot savings were over 2 times better that savings from traditional (1988/89) weatherization.
If pilot costs are calculated based on the existing reimbursement system, weatherizing the
pilot homes was actually cheaper than traditional weatherization. Therefore, we believe that
the measures tested in the pilot study have a tremendous potential for saving energy, re-
ducing energy costs, and improving the safety of low-income housing throughout the state
of Virginia.
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