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SUMMARY respeetíue space heating fuel or electrícity
prices.

This study summarizes measuted date on
energy sauings from conseruø,tion retrofiß in
exísting residential buildíngs. We haue com'
piled buitding performançe data on approxi'
mately 115 retrofit proiecta (almost twice the
size of the initial study ) that we put ínto four
general categories: utility'sponsored conserus-
tion progrdms, low-income weatherization
programs, reseqreh studies, and wultifamily
buildings. The æmple size for each proiect
uaríes wid,ely, ranging from indiuídual build-
ings to 33 000 homes. Retrofíts to the build-
ing shell, princípøtly insulatíon of exterior
surfaces, window treatments, and infiltratton-

' reduction rneasures, are the most popular,
although data on uarious heating system
"retrofíts dre now auailable. The duerage

'retrofit inuestment per unit in multifamity
buítdings is approximately 8695, før lower
'than the auerage of 81350 spent ín síngle'
fernily residences. The median annual 8p4ce

heøt sauings in the four categories range from
Ï5 to 38 GJ. Sauíngs achieued are typ.ically
20V" - 3O7o of pre-retrofít spdce heating energy
use although large uariations are obserued
both in energy sauings and in costs per unit of
energy saued. Euen given the wide rdngp in sau-

ings, most retrofit proiects are cost'effectiue.
Approximatety 75% - 80Vo of the retrofit proi'
ects haue costs of conserued energy below their

INTRODUCTION

A resent Office of Technology Assessment

(OTA) report has concluded that "despite
considerable theoretical analysis and thousands

of audi.tc, there is still very Iittle documented
information 'on the results of actual ¡etrofrts
on different types of buildings" [1]' The

OTA report stresses that improved data on

the ,"r,rltt of individuai retrofits, retrofit
packages, and actual savings compared to pre-

ài"t"¿ savings could help alleviate building
o¡ttn€rs' concerns regarding retrofit expense

ar¡d outcoæg.
The BECA project addreoses the lack of

rnonitored buitding perførrnance data by

we identify majot data gaps and suggest

@ Elsc¡rier Sequoia/Printed in The Net'herlendi

tlnitiat results from the Buildings Energy Use Com-
pilation and Analysis (BECA) project on existing
retrotit,ted homes were published in Energy and
Buildings, 5 (1983) 151 - 170. Othe¡ BECA studies
published in Energy and, Buildings .include results
from low+rr"rgy tt"* homes (BECA'A), 3 (1981)
315 - 332, and retrot-ttted commercial buildings
'EECA{R),5 (1983) r?1 - 196.
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possible research that could provide an
improved picture of the effects of con-
sen¡ation in occupied residential build-
ings.

DATA SOURCES

We obtained information on retrofit
projects from research organizations, utilities
and government agencies that sponsor con-
servation programs, and firms that provide
building energ'y services. The data collected in
these studies typically included metered
energy consumption, installed retrofit
measures and their cost, and, in some cases,
a brief description of the physical character-
istics of the buildings along with demographic
information on the occupants. Each project
was placed in one of four broad categories
(utility-sponsored conservation programs,
low-income weatherization programs, research
studies, retrofits of multifamily buildings) to
permit a consistent and useful treatment of
results (see Appendix A, Summary Data
Table).

Utility-sponsored conservation programs
are mostly large-scale efforbs that retrofit
.thousands of homes. They typically reach
single-family, mostly middle-income home-
o\l'ners whose homes are structurally sound.
Utility programs usually offer low- or zero-
interest loans to finance recommended con-
servation measures. Our sample has a distinct
regional bias. Thirteen of the 19 conservation
programs (approximately 68Vo) were sponsored
by utilities located in the Pacific Northwest or
California, and fourteen were directed at
electrically-heated homes.

The Department of Energy (DOE) Low-
Income Weatherization Assistance Progtam,
the CSA/NBS Weatherization Demonstration
Research Project, and pilot retrofit projects
for oil-fi¡ed heating systems funded by the
Low-Income Energy Assistance Program are
included in the low-income weatherization
category. Data from a number of the DOE
Weatherization Program evaluations are of
questionable quality. Often, only annual
utility bills or energy data for a fraction of
the heating season are available, and cost data
include only the cost of materials, not labor.
Despite these limitations, we include the
results because of the progtam's scope (nearly

one million homes have been weatherized)
and because it targets a housing sector where
potential increases in energy efficiency are
gleat [3,4]. The CSA/NBS project involved
extensive retrofitting of. 1-42 homes in tz
different locations with detailed monitoring
of energy consumption and cost data [5].

Research studies often test innovative
retrofit measures or strategies. For example,
Claridge et al. examined results from 26
Colorado homes that participated in the
50/50 Program, a DOE-conceived efforf to
speed implementation of a large number of
low-cost energy conservation me¿u¡ures by
making them available ar¡ a package t6l.
Sample size for resea¡ch studies tends to be
small (fewer than 25 homes) and a comparison
or control group is usually employed as part
of the experimental design. A few studies
collected sub-metered end-use data in the post-
retrofit period but most research projects
relied exclusively on utility billing data.

Retrofit activity in multifamily buildings
lags far behind retrofits of single-family homes
for a variety of institutional and technical
reasons. Almost 85Vo of. multifamily housing
units a¡e renter-occupied, producing the
problem of 'split incentives'. Landlords have
little incentive to invest in energy-saving
improvements in cases where tenants pay
their own utility bills and tenants are seldom
inclined to make investments in property
they do not own. The U.S. multi-unit build-
ings included in the data base are all located
in the Northeast or Midwest. The buildings
range in size from 5 to 1790 units; 687o of the
buildings are larger than 50 units. The
inhabitants are mostly renters and a¡e often
low-income. Fifty percent of the buildings are
part of public housing projects. Three build-
ings were retrofitted by energy service com-
panies who contract with building owners to
manage building energy systems [7].

METHODOLOGY

The installation of conservation measures
is just one of many factors that affect a
building's energy consumption. Some factors
will have a small effect while others such as
seasonal weather va¡iation ãnd occupancy
changes, must be accounted for explicitly.
The building energy data that we encountered



typically consisted of utility bills that include
heating energy usage along with other (base-

line) uses of the same fuel. In research studies,
the CSA/NBS weatherization project, and
some utility program evaluations, the data
were analyzed using a linea¡ model [8 - 10]:

E¡=d+p(DDp)¡ (1)

where E¡ is the average daily energy consump-
tion over period j, and DD¡-is heating degree-
days per day over period j (calculated using
reference temperature -R ).

The regression was done using heating
degteedays to either a fixed (base 18.3 "C) or
va¡iable reference temperature. The reference
temperature represents the outside tempera-
tu¡e below which the building's heating system
is demanded. The parameter a (energy usei day)
is an estimate of the weather-independent
usage (i.e., baseload) while p, the heat-loss
rate, gives the amount of energy required for
each incremental drop in outside temperature
below the reference temperature [8]. These
parameters, together with the normal-year
heating degree-days to the best-fit reference
temperature, are used to calculate a weather-
normalized annual consumption (NAC) for
the pre- and post-retrofit periods.

In most cases we had to make one or more
adjustments to reported consumption data.
If monthly utility billing and local weather
data were readily avaiiabie, we did the analysis
using the regression model with a variable
reference temperature for each house. Some
studies, however, used a different weather-
adjustment procedure or reported only annual
consumption data. In these cases, we corrected
for the varying severity of winter in different
years by scaling space heat energy use before
and after retrofit by the ratio of normal-to-
actual year heating degreedays. We also
estimated the space heating portion of total
usage for each project by subtracting an
estimated baseload usage. The non-space
heating porbion was derived either from the
regression coefficient (a), calculated by scaling
sumrner fuel use to a full yea-r, or estimated
from regional and utility data.

Only 40% of the retrofit projects in this
compilation included a control or comparison
group (see Appendix A). Control groups also
differed significantly between projects. For
exarnple, method of selection, knowledge of
the experiment, and level of retrofit activity
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independent of a program varied widely. In
almost all cases, conf,rol-group residents were
not restricted to maintaining their homes at
pre-retrofit status during the study. For these
reasons, energy savings in a comparison group
were not subtracted from savings achieved in
the retrofit group in the energ:y and economic
analysis.

Retrofit cost data were standardized based
on the direct costs to the homeowner of
contractor-installed measures. An equivalent
contractor cost was estimated in cases where
only materials costs were known. Costs at the
time of retrofit lvere converted to constant
dollars (1983$), using the GNP Implicit Price
Deflators. Three economic indicators were
calculated: simple payback time (SPT), cost
of conserved energy (CCE), and internal rate
of return (IRR) [11, 12]. A real (or constant
dollar) discount rate of. 1Vo is used in the
economic analysis. For multifamily buildings,
the present value of projected annua-l opera-
tions and maintenance costs is included in
addition to the initial investment (except for
the SPT calculation). In calculating IRR, we
assume that residential energ'y prices escalate
annually at a real rate of 4% lt3l. The CCE
formula assumes constant (1983$) energy
prices. Conservation investments a¡e amortized
over the measures' expected physical lifetimes.

RESULTS

Retrofit strategies
At present, most residential retrofits are

directed towards improving energy efficiency
in the two largest end-use areas: space heating
and domestic water heating. This overall
pattem can be observed in three of our data
subgroups (28 multi-unit buildings, 418
homes that participated in research studies,
and I42 low-income homes from the CSA/
NBS weatherization project), although there
are some striking differences in the relative
frequency of 'shell' vs.'system' retrofits
between the groups (Fig. 1). For example,
virtua-lly all of the CSA/NBS low-income
homes received shell retrofits, yet these mea-
sures were installed relatively infrequently in
multifamily buildings. Only l6Vo of. the multi-
unit buildings installed attic insulation. The
low implementation rate is due, in some cases,
to adequate pre-retrofit insulation levels (e.g.,
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Fig. 1. Relative frequency with which retrofit mea-
sures were installed in research studies, multi-family
buildings, and CSA/NBS low-income homes. The
measure code key is: IA, attic insulation; IW, wall
insulation; IX, insulation of miscellaneous areas or
unspecified; C\il, caulking and weatherstripping; PI,
infiltration reduction using blower door pressuriza-
tion; HS, heating system improvements; HC or T,
HVAC controls or clock thermostats; OM, operations
and maintenance actions; WM, window management;
WR, window repair or replacement; WH, water
heating.

in New York City Housing Authority build-
ings) or to structural characteristics that make
installation exorbitantly expensive (e.g., f,lat
roofs, either clad or masonry-bearing walls).
In contrast, measures designed to improve the
performance of existing heating systems (HS)
either' by modification/replacement of equip-
ment (e.g., burners), altered operations and
maintenance (Olvl) practices, or installation
of control systems (HC) were popul¿u retrofit
strategies in multifamily buildings.

Conventional retrofits, particularly shell
measures, window, and hot waber retrofits,
dominate utility-sponsored and DOE Low-
Income Weatherization Programs (see Appen-
dix A, column E). For example, attic insula-
tion was the only measure implemented in
six of 19 utility-sponsored programs and was
an option in every proglam. Approximately
SOVo of the utility conseryation programs
financed floor insulation, storm windows and
doors, and caulking and weatherstripping.

We believe that the savings from many shell
meast¡res are now well-documented for single-
family homes, owing pa¡tly to the evaluation
efforts and broad scope of these utility and
low-income programs. Data a¡e also increas-
ingly available on heating system modifica-
tions for both single- and multifamily buildings
although additional resea¡ch is necessar5l on
the optimal combination of shell and system
measures for various st¡uctures and climates.
We also need more empirical data on conser-
vation measures at both extremes of the
spectrum: performance data on'super-retrofits'
that approach the identified consenation poten-
tial as well as savings from low-cost measures.

Energy sauings
There is substantial variation in annual

space heat energy savings among single-family

SINGLE-FAMILY FETROFIT PROGRAMS

Contraclor cost (1983 S)

Fig, 2. Annual space heat energy savings are plotted
against the lirst cost of the retrofit ior utility-
sponsored and low-income weat,herization programs.
The sloping relerence Iines show the minimum energy
:;:rvings that must be achieved for each level of invest-
ment if the retrolit is to lte cost-eflective compared
to national average fuel and electricity prices. This
minimum is calculated as the present value of the
energy purchases that would be necessary if the retro-
lit was not installed, assuming a 15-year liletime,
constant (1983$) energy prices, and a 7% real dis-
count rate. Note, however, that there are regional
variations in the prices of gas and electricity, so that
the cost-ef fectiveness of specific projects may be
dilferent from that indicated here. Electricity is mea-
sured in resource units of 12.1 MJ per kWh.
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retrofit projects at any given investment level
(Fig. 2). For example, savings differ by a
factor of four for an investment of $2400.
Median space heat savings in 19 utility-
sponsored conservation programs are 38.4
gigajoules (GJ) and 30.5 GJ in 27 low-income
weatherization projects. The data points
represent results from over 44 000 homes.

Conservation progÌams initiated by the
Tennessee Valley Authority (TVA) and Puget
Sound Power and Light (data points E1.1 and
E6.1) achieved high energy savings (74 GJ
and 96 GJ) relative to cost ($700 and $1450).
The TVA pilot program specifically targeted
low-income, high-energy consumers; hence
significant improvements in building thermal
performance were obtained at low cost.

Average space heating consumption was
reduced by more than 20Vo in 27 of 45 (6070)
single-family retrofit projects and 22 of 35
(63%) resea¡ch studies (Figs. 3 and 4). Appro-
ximately 3O% of. the retrofit projects achieved
average space heating reductions of SOVo or
more. Average savings were not strongly
correlated with pre-retrofit consumption
levels although this correlation was most

SINGLE.FAMILY RETFOFIT PROJECIS

RETBORT RESEARCH STUOIES

lr

r00

o 20 40 60 80 lo0 r20 140 160 1,80 200 220 240
Pre-Retrofrt space heat energy use (GJ)

Fig. 3. Annual space heat energy savings as a function
of pre-retrofit space heal energy use in,45 single-
family retrofit projects. Electricity use is expressed
in terms of site energy, 3.6 MJ per kWh (3413 Btu
per kWh).
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Fig. 4. Annual space heat energy savings in 35 research
studies are plotted against pre-retrofit space heat
consumption. Usage has been normalized by house-
hold flloor area. Electricity use is expressed in terms
o[ site energy (3.6 MJ per kWh).

evident in results from the DOE Low-Income
Weatherization Program. Choice of retrofit
strategy clearly influenced savings obtained
by residents who participated in the CSA/
NBS Project. Median space heat savings were
42% of pre-retrofit levels in the 73 homes
(located in 7 cities) that received heating and
hot water systern retrofits in addition to shell
measures (see points with X printed over
circle in Fig. 3), compared to median savings
of. 13% in the 69 homes that installed only
shell measures.

Several retrofit strategies employed in
multifamily buildings were very successful in
reducing energy consumption (Fig. 5). For
example, space heat and hot water usage
declined by 44% at Page Homes, a 159-unit
public housing complex in Trenton, New
Jersey, after the installation of a microcom-
puter-based boiler control system. High inside
temperatures (average 28'C) and the build-
ings' relative energy-inefficiency before
retrofit (a heating factor of. 482 kJ/m2 per
DDç compared to the U.S. average of 318 -
353 kJ/mt p". DDs for multi-unit buildings
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Fig. 5. Annual resource energy savings are compared
to the total cost of the retrofit investment in 26 multi-
unit buildings. Savings and costs are divided by the
number of apartment units in that building. In most
cases, the savings apply to space heat only, except for
five buildings where the retrofit addressed both space
heat and domestic hot water usage. In those five cases,
we plot the combined savings. Estimated annual
maintenance costs are included in the total cost. Price
reference lines are defined as in Fig. 2. Electricity is
measured in resource units ol 12.1 MJ per kWh (12.1
MJ = 11 500 Btu).

with simila-r characteristics) help account for
the impressive energy savings [14].

Annual space heat savings were between
26 - 6L GJ in six of eight gas-heated multi-
unit buildings in Chicago lhat are cooperatively
owned. Remarkable savings (L26 GJ/unit)
were obtained in another one of these build-
ings (data point G31.5), a 537o reduction
from pre-retrofit levels, for an investment of
$1200 per apartment. This building was
extremely energy-inefficient before retrofit,
with a heating factor of 586 kJ/m2 per DDc.
Approximately 60Vo of the savings in the eight
buildings were attributed to various heating
system retrofits (e.g., de-rating burners in
oversized heating systems, installing temper-
ature-sensing burner controls, and balancing
radiators and steam lines) [15]. Average space
heat energy consumption declined by L4.7 GJ
in four New York City Housing Authority
(NYCHA) buildings retrofitted with thermos-
tatic radiator valves (data point 08), another

example of a successful heating system
retrofit.

Lower energy savings per dollar invested
were achieved in a NYCHA window retrofit
project that installed double-glazed thermal-
break aluminum windows in nine apartment
complexes. Average savings in the nine build-
ings were L2.7 GJ for an investment of 91070
per apartment unit (data point 09). Pre-
retrofit space heat levels were already fairly
low in these buildings (65 - 75 GJ) as a result
of NYCHA's ongoing energy conservation
efforts. Their relative energy efficiency, com-
pared to other multi-unit buildings in the data
base, partially accounts for the lower return
on investment.

Range of sauings dmong households
Large variations in fuel savings are observed

among households in the same geogfaphic
location that installed simiia¡ conservation
measures (Fig. 6). Weather-adjusted energ:y
consumption declined in almost 96Vo of. the
sample, increasing in only 17 of.3?6 homes.
For the middle SOVo of. the homes, the spread
in savings is typically !707o of the median.
The large range in savings suggests that more
detailed monitoring is required if we are to
fully understand the relative impact of key
determinants. Efforts to interpret these
results are hampered by data limitations.
Inside temperatures are not available for any
home and in a few c¿uies, basic information,
such as conditioned floor area, was not
collected (e.g., G12, G30).

However, a few preliminary conclusions
can be extracted from the data. Energy savings
seem to be more va¡iable with some measures
than others. For example, the coefficient of
va¡iation (CV)* in energy savings is between
0.9 - 1.2 in four groups of homes in Long
Island, New York, that retrofitted conven-
tional burners with other options (Group 5 -
vent damper, Group 6 - stack heat exchanger,
Group 7 - double setback thermostat, Group
8 - thermostat and boiler temperature pro-
grammer). In contrast, savings were generally
greater and more uniform in bwo similar
groups that received retention head burners.
The CV in energy savings is only 0.4 in homes

rThe coefficient oI va¡iation is defined as the ratio
of the standa¡d deviation to the sarnple mean; a low
CV means that there is less variability in savings.

MULT.FAMILY RETROFITS
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Bange of Fuel Savings Among Households though the sample contained more varied
building types (e.g., single-family, row houses,
duplexes) tha¡r the California study. There is
little information available on occupant
behavior in either study but we'suspect that
differences in indoor temperature preferences
contribute to the greater variability in energy
savings in the mild climate.
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Economic analysis
The prospects for significant retrofit invest-

ment in existing residential buildings hinge
ultimately on the economic attractiveness of
these investments to those responsible for
building improvements. Homes in the nineteen
conservation programs sponsored by utilities
had a median simple payback time (SpT) of
5.7 years with a mean of 10.3 years (Fig. f ¡*.
The average payback period is greater than 1b
years in fou¡ programs. Electricity prices at
these utilities were extremely low (g0.01 -
0.02/kwh) at the time of retrofit. price
increases have fa¡ exceeded the general
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Fig. 6. Range in annual fuel savings among households
installing similar measures. In most cases, the savings
apply to space heat only, except for the heating
system retrofits and the 'house-doctor' experiments
where consumption includes all end-uses of the space
heating fuel.

that received the energy-efficient burners with
optimized installation techniques (Group 2)
and 0.? in homes where typical installation
procedures were used (Group 1) [16].

Energy savings for an identical measure also
appear to be more va¡iable in mild than in
ha¡sh climates. For example, two utilities,
Pacific Gas & Electric (PG&E) and Consoli-
dated Gas of Michigan, evaluated conservation
programs in which RSI 3.3 (.R-19) attic'insula-
tion was installed in previously uninsulated
homes [17, 18]. The PG&E single-family
residences were located in the San Joaquin
valley in California, a region with a relatively
mild winter climate compared to that in
Detroit, Michigan (L215 vs. 3477 annual
heating degreedays, base 18.8 "C¡. At one
PG&E site (G12.1), median savings were 10.8
GJ, though 5O% of the homes saved less than
4.2 GJ or more than 18.8 GJ. In addition,
space heating usage increased in four house-
holds during the heating season following the
retrofit. The coefficient of variation (CV) is
1.07 in thiS group of homes. In contrast, the
CV is 0.64 in the Michigan buildings, suggest-
ing less variability in energy savings, even

012345A7891ot52050
Simple payback period (years)

Fig- 7. Histogram of the simple payback period of
27 low-income weatherization projects .(represents

approximalely 850 homes) and 19 utility-sponsored
conservation programs (data from 43 ?80 homes).
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inflation rate in recent years, thus the pay'
back period would be somewhat shorter at
today's electricity prices. The mean and
median payback periods are 9.2 and 11.4
yeaÌ:s, respectively, for 27 low-income weather-
ization projects. The combination of heating
system and shell retrofits was roughly two
times more cost-effective than shell measures
alone (6.4- versus l3-year payback period) for
homes in the CSA/NBS Demonstration
Project.

The cost of conserved energy (CCE) is

defined as the ratio of annualized investment
divided by annual energy savings, where
annualized investment equals total invest-
ment multiplied by a capital recovery factor.
The median and mean costs of conserved
energy (CCE) in the 19 utility-sponsored
programs ($2.71, 2.56lGJ) are significantly
lower than those obtained in the 27 low-
income weatherization projects ($4.33, 6.33/
GJ). Key differences that may account for
the varying levels of cost-effectiveness
between these two groups include:
o poor workmanship and lack of quality
control in homes that were retrofitted during
the initial phases of the DOE Weatherization
Program t191.
o svstematic variations in the choice of
retrofit options - for example, caulking and
weatherstripping were installed in almost all
low-income homes; energy savings from these
me¿rsures are Iikely to be small and are directly
related to the quality of rvorkmanship.
o a fraction of the total investment in low-
income homes, ranging from 0 to 2óVo, was
often spent for energy-related structural
repairs (e.g., broken window glass). These
expenses raise the cost of conserved energy
for these low-income homes relative to middle-
income homes.
o possible overestimation of equivalent con-
tractor cost for homes that used 'free' CETA
labor in the DOE Low-Income Weatherization
Program.

In most cases, retrofit measures that were
installed in homes that participated in resea¡ch
studies also turned out to be attractive invest-
ments. The median cost of conserved energy
for 38 research studies is $3.62lGJ (Fig. 8).
Nineteen of 25 gas-heat data points have a

CCE lower than $5.69/GJ, the national aver-
age price for gas, while all eight of the oil-heat
data points have a CCE below the average

0 1000 2000 3000 4000 5000

Contractor cost (1983 $)

Fig. 8. The cost of conserved energy as a function of
the contractor cost of the retrofit is shown for 38
research studies, The horizontal lines represent
national average prices of purchased energy against
which conservation retrofits can be compared.
Electricity use is expressed in resource terms (12.1
MJ per kwh).

price for oil. The cluster of gas-heat data
points with a cost of conserved energy of only
82lGJ at a first-cost of $400 represent 'house-
doctor' treatment results from six groups of
New Jersey homes that participated in Prince-
ton University's Modular Retrofit Experiment
(MRE). This retrofit strategy was also evalu-
ated in research projects conducted by the
Bonneville Power Administration and
Lawrence Berkeley Laboratory (E8.1 and
Gz7.t)..In these studies, the costs of con-
served energy were $4 - 1lGJ. Resea¡chers
concluded that cost-effectiveness could be
improved at these mild climate sites by focus-
ing 'housedoctoring' efforts on homes with
either high infiltration rates or those that
could be retrofitted with low-cost non-
infiltration measures such as intermittent
ignition devices and hot water wraps.

CONCLUSIONS

Key findings from this compilation of
current retrofit experience in existing residen-
tial buildings are shown in Table 1. Energy
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TABLE 1

Summary of key findings

Utility prograrns Low-income
programs

Researchstudies Multi-family
buildings

1 Sample size

2 Cost of retrofit (1983$)

3 Space heat savings
(GJ/yr)**

4 Space heat savings (%)

5 Simple payback time
(vrs)

6 Cost of cons. energy
($/GJ)D=TVoreal

7 Real rate of return (%)

N = 19, iompris-
ing 43 730 homes

705
L044 + 702

38.4
40.3 t 21.0

24Vo

26 + LL%

5.1
10.3

2.7r
2.66 + r.29

21Vo
23 ! lSVo

N = 30, compris-
ing 938 homes

1 370
1578 r 863

30.5
37.8 ! 26.2

22%
24 ! lzEo

9.2
11.4

4.33
6.33 r 4.63

6Vo

t3 ! l4vo

N = 38, compris-
ing 352 homes

824
1685 ! 2747

27.8
34.3 + 24.4

22Vo

25 + 1,47o

6.4
9.5

3-62
1.34 ! 4.06

17V"
37 ! 35Vo

N = 28 bldgs.

Dó.'
695 t 551

15.1
27 .0 ! 27.4

22Vo

26 + I47o

4.7
7.9

5.03
5.26 t 3.31

L1,V"

27 + 3L7o

Median
Average*

Median
Average

Median
Average

Median
Average

Median
Average

Median
Average

*Mean + standard deviation.
r*Electric space heat savings are measured in resource energy units, 12.1 MJ/kwh.

savings occurred after retrofit in almost all
retrofit projects, with average annual savings
ranging from 27 to 40 GJ in the four catego-
ries. Savings actually achieved were typically
20 - 30% of pre-retrofit space heating energy
use. These results suggest that most efforts to
date have fallen far short of estimates of the
identified technical potential t 201 . There
seem to be few successful, cost-effective
retrofits involving expenditures of more than
S2500 per house. The average investment in
multifamily buildings is approximately $695/
unit with a maximum of $1650/unit, far
lower than the average of $1350 spent in
sin gle-family residences.

There is substantial variation in energy
savings for investments of thesamemagnitude,
even a-fter controlling for pre-retrofit energy
intensity, building type (e.g., single- vs. multi-
family), and climate. We suspect that the
variance in savings is due mainly to differences
in occupant behavior, physical differences
among houses prior to retrofit, variations in
product and installation quality, and to mea-
surement error. It is difficult to accurately
estimate space heat savings when given only
total billed erìergy use before arìd after a

retrofit. Program evaluations rarely relied on
sub-metered heating energy use or monitor-
ing of inside temperatures. The absence of
such monitoring techniques means that

changes in the household appliance stock,
use of secondary heating equipment, or
adjustments in occupant behavior might have
gone undetected, masking the actual effect
of the retrofit. At a minimum, progtam
evaluations should include a telephone or
on-site survey of occupants in order to obtain
information on these issues, a technique used
in only a fraction of the studies.

Particularly cost-effective retrofit strategies
can now be verified based on actual metered
consumption data*. The installation of attic
insulation, particularly in homes with little
or no insulation, resulted in cost-effective
energy savings, irrespective of structural and
demographic characteristics or climatic
region. Conservation strategies designed to
reduce domestic hot water usage, typically
tank and pipe insulation and/or reduced-flow
fittings, were also sound energy-efficiency
investments. Varying packages of shell retrofit
measures, typically including attic insulation,
storm windows and, often, wall or floor
insulation, were successful in most single-
family electric-space heated homes. In low-
income, single-family hornes, retrofitting

*These conclusions are drawn primarily from
projects where individual measures or sets oImeasures
were installed in groups of homes with siririlar
structural characteristics in the same geographic
location.
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existing gas or oil-fired heating equipment
appeared to be a very cost-effective comple-
ment to shell weatherization measutes.
Results from several pilot programs (e.g.,
Philadelphia Oil Fumace Retrofit Project)
indicate that the cost-effectiveness of low-
income weatherization can be enhanced
through the development of administratively
simple programs that employ well-trained
private contractors to install various heating
system retrofits.

The conservation potential in multifamily
buildings is large and barely tapped. Improve-
ments in existing heating system performance
using such techniques as improved controls,
burner de-rating, duct insulation, and balanc-
ing distribution systems are attractive energy-
saving strategies in multi-unit buildings. How-
ever, additional retrofit data are needed from
multifamily buildings located in different
climatic regions, and with varying physical
cha¡acteristics and ownership pattems, to
determine whether these preliminary results
can be widely duplicated.

Many conservation measures are attractive
economic investments from a homeowner's
perspective, compared to either other invest-
ment possibilities or to maintaining present
consumption levels at current residential
fuel or electricity prices. The median real rate
of return ranged from 6Vo in the 30 low-income
weatherization projects to 257o in 19 utility-
sponsored programs. These rates comp¿rre
favorably with real rates of return from tax-
free bonds (3 - 5%). Approximately 75 - 8OVo

of the retrofit projects have costs ofconserved
energy below their respective space heating
fuel or electricity prices.

Finally, this'compilation highlights gaps or
limitations in the data currently available on
the measured performance of retrofits in
existing residentiai buildings [21] :

o Measured data on retrofit performance in
existing multifamily buildings, though increas-
ing in number, a¡e still inadequate. Successful
retrofit strategies noted in this study must be
tested in other climatic regions and in varying
building types.
o Insufficient data are available on energy
savings trends over multi-year periods. This
information is needed to validate engineering
estimates of retrofit lifetime, a factor that
can be as crucial to cost-effectiveness as first-
year savings. Long-term tracking of occupied

buildings, however, magnifies the problem of
accounting for changes in operating condi-
tions, occuprincy, or the effect of additional
retrofits. Successful projects will need stable
research funding and will almost surely require
direct monitoring of major household end-
uses and inside temperatures.
o Few data are available on the effect of
retrofits on peak power and cooling energy
requirements. We have had limited success
obtaining data from regions of the country
(i.e., Southeastern and Southwestern U.S.)
where cooling accounts for a substantial
portion of total residential energy use. There
a¡e also less data on retrofits directed at end-
uses other than space heating. Studies of
active and passive solar retrofits are not
properly represented in the data base, often
because of insufficient cost data.
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APPENDIX A

Summary Data Table
Explanatory notes on Table headings

(A) Label is a project's identification
number. An asterisk (*) indicates a new entry
to the data base and a plus (+) denotes sub-
stantial revision to a previously entered
project. The first ietter indicates the principal
fuel used for space heating ("G" = natural gas,

"O" - fuel oil, ('8" - electricity, "M" = mixed
fuel - heating fuel differed from house to
house within a study sample). The number
after the initial letter is a counting index that
identifies each retrofit project. The number
after the decimal point indicates that groups
of homes received different retrofit treat-
ments at a particular site. The letter "4" or
"8" at the end of the label signifies an "active"
or a "blind" control group.Example: "G7.3A"
signifies gas-heated homes which are p¿ut of
an active control group at the ?th site.

(B) Number of homes in a retrofit project
included in the database. The number of
apartment units is indi'cated for each multi-
family building.

(E) Retrofit measures - a two-character
code used to identify measures installed. The
measure must have been implemented in at
least 20Vo of the homes in a project to be
listed. The retrofit measure code key is:
operations and maintenance (OM), heating
system retrofits (HS), HVAC controls (HC),
clock thermostats (T), heating system replace-
ment (HR), insulation of walls (IW), attic (IA),
or floor (IF), caulking and weatherstripping
(CW), infiltration-reduction using diagnostic
equipment (PI), window management (WM),
water heating (WH), storm doors (DR), and
lighting system (LS).
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(F) Heating degree-dtys - the 3O-year aver-

age of heating degleedays for the retrofit
site(s).

(G) Yeør of retrofit - the actual year of
retrofit or the median year in cases where a
large sample of homes was retrofitted over

several years.

(H) Floor area - average floor area for
homes in the sample. In multifamily build-
ings, floor area per apartment unit is indicated-
A missing value indicates that floor area was

not available.

(I) Energy use code (EUC) indicates the
end-uses included in adjusted total energy
use (CoI. J). The letter code is: ((\'V" - space

heating and domestic hot water heating; r'F" -
all end-uses of the space heating fuel (generally
includes lvater heating, cooking, clothes
drying, etc.); c(8" - non-space heating con-
sumption (baseload); "L" = lighting. The EUC
also indicates the energy savings (Col. J2 or
K2) used in the economic calculations; space

heating ("H") or total usage (either "F" or
rrwt').

(Jl, J2, J3) Adiusted total energy use - the
weather-adjusted annual consumption of the
heating fuel. Yea¡ly savings in absolute terms
and as a percentage of pre-retrofit consump-
tion are shown. Generally, the heating energy
data are combined with other (baseline) uses

of the same fuel. Missing values usually
indicate that only space heating consumption
was available (e.g. EUC = "H"). The space

heat portion of consumption is normalized to
the long-term average weather at that site'
Units are gigajoules (GJ) for fuel-heat homes

and kilowatt-hours (kWh) for electric-heat
homes (1 GJ = 0.948 NIBtu). Percent savings

a¡e calculated by taking the mean consump-
tion before and after retrofit for homes in a

retrofit project and calculating percent savings

for the group as a whole.

(Kl, K2 and K3) Adiusted spdce heat use -
the weather-adjusted space heating usage.

Yearly savings in absolute terms and as a

percentage of pre-retrofit space heating con-
sumption ate shown. Percent savings ale
calculated using the method described in total
energy use.

(Ll and L2) Heatíng factor is derived by
dividing average space heat usage by the mean
floor area and number of normal year heating
degreedays (base 18.3 "C) at that site.
Electricity used for space heating is converted
into site energ,y and that va-lue is divided by
0.6?, the average assumed efficiency of exist-
ing gas or oil systems (i.e., 3.6 MJ/0.67 or
5.4 MJ per kWh). This adjustment is made to
account for the higher site efficiency of
electric heating systems, thus allowing rough
comparisons of building shell perfonnance
between homes heated with gas and electricity.
[kJ/m2 DDc x 0.049 = Btu/ft2 DDn]

(M) Retrofit cost -the average first cost of
retrofit (1983$).

(N) Stmple paybach time (SPT) in years.

(O) Cost of conserued energy (CCE) - in
calculating the capital recovery rate, a real
discount rate of 7Vo ts used. Retrofit lifetime
estimates (in parentheses) for va¡ious measures
and prograrns are: attic insulation only (20),
storm windows (15), caulking and weather-
stripping (5), measures associated with 'house-
doctor' treatment (10), storm doors (10),
insulating blanket on hot water heater (10),
thermostatic radiator valve (10), heating
system improvements (15 - 20), energy
management control system (10), lighting
system changes (10), DOE and CSA/NBS low-
income weatherization progra-ms (15), utility-
sponsored conservation programs (20). Units
for CCE are $/GJ for fuel-heated homes and
cents/kWh for electric-heat homes.

(Q) Net present ualue (NPV) of energy
savings. Assumptions used in the NPV calcula-
tion include: 7Vo real discount rate; 4Vo real
energy price escalation rate; 15% federal tax
credit; expected retrofit lifetime (see Column
0); salvage value and maintenance costs for
single-family retrofit projects are assumed to
be zero; estimated annual maintenance cost
depends on measure in multi-unit buildings.

(R) Internal rate of return (IRR) - assump-
tions are the same as for NPV (except that the
discount rate is not specified).

(S) Confidence leuel - ÍÉsessment of overall
reliability of results from a parlicular retrofit



project. Criteria used in ranking are explained
below:

(64" 
= high confidence in the data. Consump-

tion data for each house analyzed using linea¡
regression model \4rith variable reference
temperature or sub-metered data was collected.
Retrofit costs are also well documented
Often, total costs a¡e itemized by measure or
divided into material and labor costs. The
experimental design includes a control group.

(68" - medium high confidence. Consump-
tion data analyzed using a regression model
with reference temperature fixed at 65 oF.

Baseload usage is determined from the fuel
bills of the summer months. Space heating
usage is scaled by the ratio of normal-to-
actual heating degree-days (base 18.3 'C) at
that site. Retrofit costs are fairly well docu-
mented. In some cases, a control group is

employed.
"C)' - average confidence. Often, only

t49

annual consumption data a¡e available for
each house and no weather or baseload correc-
tions have been made by the original authors.
A simplified baseload subtraction is made
using either summer months' fuel bills or
regional estimates. Retrofit cost data are
barely adequate, in some cases consisting of
only materials cost and labor hours.

"D" = low confidence. Energy consump-
tion data used in the project evaluation are
of poor quality. Retrofit me¿u¡ures and costs
a¡e often not indicated. Evaluation methodol-
ogy is not explained.

((F" - no confidence. Very crude data with
much missing information. Major flaws exist
in the data, e.g., metered consumption data
were not collected.('I" - data are incomplete.
(No "F"-level data are included in this study.
"D"-level data are shown in the Summary
Data Table but are not included in the Figures.)

(Appendk A, Summary Data Table, ouerleaf.)
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Summary Data Table
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PUINJNG
PUlNJNG
PUINJNG
PU/NJNC
PU/NJNO
PU/NJNC
PUlNJNC

I

I

I

ó

t2
6

I 40000

ó

t2
ó

I 40000

6

9

ó

75000

5

9

4

750@

5

(

t0
I

ó

5

ó

75000

ó

ó

6

r5æ@
5

5

ó

tl
ó

r t€f)
l2
25

25

r30

l0ó
t05
r40

lu
t7
)2
l0
2S

ó3

40t I
40t¡
40il
40t I

40t I

10t I

401I

40r I
ll{)il
401I

272t
272t
2728

2701

2707

2707

2701

2'to7

2707

2707

2707

2707

2701

2707

2101

2107

2707

2107

2107

@77

@71

6071

5J1Z

2701

2101

2107

2707

2107

2707

2707

2707

2101

2707

2107

tól I

tót I

lól I

1207

tt/lz
ll.2

llt
rót
142

152

170

l4
rt0
g
7l
15

r 9.5

t1.l
It.l
25.5

12. r

14.9

22.3

9.5

7.O

6.2

t7.9
11
0.0

25

t7
ó

3

z0

7

0

w
w

w
w

w

H
H

H
F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

H

H

H

H

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

F

rl
t0
lt
t5
1

r0

t2
l¡l
t
E

IX,WM,CW.Pt
I,A,WM,OM,PI

IA,DR,OM,PI
IX,IA\PI,WH,T
PI,WH,T

IX,IA,PI,Y/H,T
PI,WH.T

IX.T,PI,WM
PI,WH,T

tx,tA,Pf,wH.T
PI,WH,T

IA,IF,cr¡r',PI

cw,Pf
tA,IW,WM.DR
IA,lW,C'W,SH

tx,T,Pt
PI,T

tx,Pt
PI,WH

f x,T,Pt,oM
PI.WH,OM,T

PI,HS,WH,OM

IA,IW
c'w,oM,wH,tA.tx.tD,T

I tt.t
Iil.5
195 2

46.1

30.ó

I I.ó

r39

lt2
t45

232

232

232

PUlNJNG
PU/SJC

PU/SJG

PU/SJC

PU/SJG

PU/SJC

PU/SJG

PU/SJC

PU/S'G
ECrC/NRC

ECtC/NRC
ECtC/NRC
NCAT
PU/E,A
PU/E,G.

PU/E.G.

PUlE.O.

PUlPSEC

PU/P5EC

PUi PSEG

c 9.2

G 9.1

cr0
a 24.1

a 242
Ç z4.r^
a 24.4Ê

c 25.1

o 25.2

c 25.1A

c 25.48

o 2ó.1

c 26.2

G 2ó.lA
a 27.t

Q 212A
O 27JB
G2t
G 29.r

G 29.2A,

il
t0
t4

t0
lo
30

9 r.t
lO¡1.¡1

l0l.¡t

122.1

t27.1

l15.0

1

2t
22

t0
il
2a

t9
tó
t2
25

t91

115

Itó

200

ról

2t.5
2t.5
I 1.7

t 55.1

112.1

t4l 4

ló.9
27.4

23.2

22t 1

:o9 ó

t59 I

56.2

r 5.4

t6.7
2t4
tó5

tót
ró7

r7t0
l7l 0

t75 I

{ot
25.1

I l.ó

I tó.7
t61 1

l5ó I

274
222
t79

2J

t5

1

r0
IJ
¡l
il

PU/PSEC

PU/CONED
PUlCONED
PUlCONED
PG¿E/LBL
PG¿IE/LBL

PC&E/LBL
U. OF ILL
sEnt/DoE
sEnt/DoE

t25
121

Úo

r2t
l]ó
DO

t0t
rt2

t2.1

2J3
200
I 7.!
150

ó5
.1 9

1t.0
20.9

lt
20

rt
t2

t,
lt
f

2a

t9
t5

tót 5

ró6 t
t61 7

rJ5 l
l¿42 0
9:.ó

lLl
l ó¿o
ta] 0

1t
il

lat
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(A) (Kr) (K2) (K3)

ÀDJ. SPACE HEAT U!¡E
PR.É

RET¡. SAVINGS
t^8EL (GyYR) (CyYn) (r)

(Lr) (rJ)

HEATINC FACTOR
EEFON.E A.FTER,

(Ktt
u2-oo)

(r{) (o) (o (R) (s)(M)

R.ETR,G

Frr
cûsT
G3¡)

sPl
(YR)

ctE
d-7t
(3/GJ)

c\cNFt-
NPV IR.R, DENCE
(3) (*) LEVEL CÛMMENTS

tEilAfCH STtrDrrs (._.)

r0.t
to.2
r0.3

o
o
o
o
o
o lo.a
o 10.5

o 10.ó

o t0.7

o t0.6

M r3.l
M r3.2

M r3.3

M 13.,1

M 13.5

M l].ó
M l].7
M l¿l.l

M t4.2

M l¡1.7

G2
cl
G4
G 5.r

a 5.2

G 5.38

G t.,rB
G ó.I
G 6.2

G 6.3A

G 6.,18

G 7.t

G 7.2

G 7.]A
o 7.48

c t.l
G t.2
G t.]A
O t.,lB
c 9.r

a 9.2

G 9.3

Gr0
G 24.r

G 2..2
c 24.1A

G 2¡1.48

c 25.t

a 25.2

G 25.3A

G 25.48

c 2ó.r

o 26.2

c 2ó.lA
a 27.t

a 27.2 
a 21.t4
G2t
o 29.r

c 29.2^

139.3

t29.9

r33.7

l¡15.a

139.t

r53.5

l¡49.0

t4ó.9

149.0

t 54.0

85.5

62.9

r20.1

u t.2
l 19.5

t 40.1

l3l.ó
¡0ó.9

109.0

t12.5

ty2
271 4

I 14.ó

I I1.0

t2t.2

r3ó.0

r20.9

r lJ.t

7t.t
r 5.3

I t.t
2t.z
3t.t
38.2

21.l
20.8

ll.¿l
t4.0

34.9

2r.5
24.1

I 5.7

r6.8

ó 1.7

3ó.9

23. l
25.0

t4y)
2322

24ot
2996

2038

t490

l2t t
2897

ó¡.5
7t.t
19.7

57.6

86.7

42.2

I 7t.0
9 l.,l

53

t2
l¡l
l9
23

25

ló
t4
9

aa

L1t

l.t5
r.t6
2.29

r.9t
t.32

2.69

0.ó4

1.25

It3
4t3
7v)
828

l4t
6ll

94

4ó5

276 t3t
293 259

271 235

281 226

2æ 201

270 203

27t 233

265 245

275 250

292 228

t6l0 3.t t1!2 !t.2

t245
{ll

3.59

2.26

t7.1

12.2

5.49

95ó
25.0t

3.9E

2.26

- t3t
- 8ll
-999t

r 04t
7æ

ó.5

6.1

1.1

l.l
4.0t
2.5t

l¡1.9

ló.3

1.32 r 3.2

t2t2
tlt

ELIM. BYP^SS LOS¡IES

CONTROL GROUP
R,ET. HEAD BURNER (RHB)
RHB w/ OF'r INSTALIATION
RHB W/ TEMP. PROGN.AMMER
RHB w/ VENT DAMPER
DAMPER WTru COI{V. BURNER
FLUE HT. EXCH. W/ BURNER,
SETB^CK w/ COtw. BURNER
SETBACK+TEMP. PROG.

V/AI-L ÍNSUL--SF AGC. RESULTS
ÀTTIC INSUL- SF ACG. RESTJLTS

WALL+ATTIC INS.SF R ESULTS
\\¿AI-LIATIC INS.+TRV- Acc.
TRIPLE GI.^ZING_ACG. RESULTS
TR"IPLE CL-{ZING+WALL INS.- AC'G.
TRV VALVE
W^LL INSUL. MF AC'c. RESULTS
ATTIC TNSUL-MF AGC. RESULTS
TRv vAI.vE + VA.RLATOR EeUrp.

EXTENSTVE RETR AT TIVIN R,ÍVERI¡
R.ES. STUDY ON BYPASS LOSSES

RES. STUDY ON BYP^SS LOSSEI;

HOUSE DOCTOR + C'|f,NTR^CTOR RETR
HOUSE DOCTOR RETR ONLY
BLIND CONTROL GROTJP

UTILITY AC'GRECATE
HOUSE DOCTOR + CONTR^CTOR RETR
HOUSE DOCTOR R,ETR ONLY
ELIND CONTROL GROUP

UTILITY AGGRECATE
HOUSE DOCTOR + CONTRACTOR RETR
HOUSE DOCTOR RETR. ONLY
ACTTYE CONTROL GROUP
UTIUTY AGCREGATE
HOUSE DOCTOR + CONTR^CTOR RETR
HOUSE DOCTOR RETR ONLY
ACTIVE CONTROL GROUP
UTILITY ACIGRECATE

GROUP TI-INSULI INFIL REDN

CROUP 
'2_ÍNFIL 

REDN. ONLY
GROUP 

']-INSUL 
M^ÍNLY

PASS¡VE SOIIR WALL IN 2¡rD YR
HOUSE DOCTOR + CONTRACTOR RETR
HOUSE DOCTOR RETR. ONLY
ACTIVE CONTROL GROUP

UTIUTY ACCREGATE
HOUSE DOCTOR + CTNTR^CTOR RETR
HOUSE DOCTOR RETR. ONLY

^CT¡VE 
CONTROL GN,OUP

UTIUTY 
^GCREGATEHOUSE DOCTOR + CONTRACTOR, RETR

HOUSE DOCTOR, RETR. ONLY

^CTII/E 
CONTR,OL GROUP

HOUSE DOCTOR ONLY

^UDTT 
ONLY.ACTIW CONTN,OL

ELIN D CONT8,OL.UT L 
^GCN.ECATEINSUL INSTAIIED BY PRIV FIR.[,I

5OltO PnOCn^M
NON.PA.8,T. CO¡ÍTROL GN,OUP

1.9

l.ó
L1
2.0

t.4
LT
0.7

t.l

A
B

B

B

I
B

B

B

B

B

t0E

65.2

25.2

1L0
17.2

I 5.4

1,3

I 5.3

4.2

0.0

76

40

26

32

t3

I

tt<

207

305

ltt
190

223

290

321

323

204

t9t
2t7

53

t24
224

129

lóó
22r

2ZO

30t

t23

r07

r5t

67
939

tv2
3l ó4

401

t6.2

1.9

8.9

12.9

2.5

1.86

4.99

4.ór

6.4
r.87

8.27

7.74

1.11

2.01

t.l
t2.2

l0.l
ó.5

6.2

I t.2
52.0

c
c
c
c
c
c
c
c
c
c

A
A

^

A

A

A

A

A

B

D

c
B

A

A

A

Â

A

I
B

B

l57t
40r

I 125

401

2329

60ó

ló99

r ó39t
t692
401

Ir87
40l

525

-13{)
282

2n
- 099

79t

t116
t77

33.,r

49.9

ó3.,r

ó9.4

7l.t

72.0

69.t
76.1

24

6

0

r 6.6

r0.3

134 1.6

06t 2_5

951

924

22.3

t7f
ll.7

l4l
149

l7t

291

272

259

212

256

2U
:ót

ll
25

It

20

23

to

9

t2
ta

12

zl
2t

2t
23

zl

6Z

l5
z3

t42

247

226

211

til
It0
tó6

E20
¡lOl

l5l

t71

2. l0
2.0r

r tó.8 56.2 ¡1.55 - 2t1 5.2

t6t
t74
r93

2ll

13.2

v.1
70. I

11

2,1

.0

0

.0

I J.4

42.2

175
21.3

24.5

t05.1

92.t
llt.0

23.O

tJ.1
t 7.l

42
l5r
t29

692

570

970

700

ltó

l2t 25t

2s3 2t5
l3J 28ó

l5
t5

¡¡ll.l aL1 10 297 207 128'
192

t.2
5.t

2.16

J.61
20.0

t 7.9

(continued ouerleaf)
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Summary Data Table (continued,)

(^)

I¡¡EL

(B)

NUMEER,
OF

HOME; tff^TtoN SPONSOR

(Ð

RETROFTT

MEASURES

(D)(c) (R (G) (H)

Ft ooR
HDD

(r) (J r) (J2) (Jt)

AD'. TOTAI- ENERGY USE
E PR¿
U R.ETR SAVINGS
c (cJlYR) (Crlr¡¡ (r)

A.REA
(M2)Ynec)

(KwH) (Ku/H)

7t

EO

79

79

15

76

16

7t
79

19

t0
7E

ì

E 3.r

Ê, !.2A
E 3.38

E t.t
E t.2
E t.3
Er0

Ê 9.2

E 9.38

E ll.t
E lt.2A
E r r-38

E t3.t
E ll.2A
E r 3.lB
E t4.l
E 14.28

E l5.l
E 15.2.{

E ló.t
E ló.2A
E ró.38

E I7I
E t72B

Glt
G l2.t
a t2.2

c13
Glo

69

105

546

973

69131

r33

551

6289

300

200

E4

l3
ló

130æ

29 DEÌ{VER COL
30 DENVER.C:If,L

](} DENYER.COL
5 MID\I/AY,WA,
5 MIDWAY,WA
4 MIDI¡/AY,WA
I BOWMANHOUSEMD

T1/A

TVA
TVA
PP&L
PPITL

scl.
scl.
PUCET PWR.

PCiE

PCE

wwP
wwP
BPA

BPA

BPA

scl
SCL

sc¡.
scl.
scl
scL
scl-
PGE

PGE

POE

¡DA}IO PV/R

IDAHO PWR

J.M CO.

J-M CO.

J-M CO.

BPA/L8L
BPA/LBL
BPA/LBL
NBS

DOE/LIW
{5E
A5E

LIE{P
LIEAP
LIEA.P

LIEA.P

CsA/NBS
csA/NBs
cs^/NBs

cs^/NBS
c:A/NBS
csA/NBS
CsA/NBS
CSA/NBS

cs^^Bs
CSÀrNBS

csA./NBS
cs^,rNBs
cs^

2512t.0
24386.0

l0l t0.0
29E43.0

328m.0
23ó3t.0
20177.0

30r37.0

24794.O

212æ.O

22500.0

23000.0

26320.O

25320.0

25ó90.0

2t055.0
2 I E40.0

I t249.0

I I 894.0

24491.0

2J44.0
2 104J.0

2loEo.0

20ttt).0

(GJlìaR)

H 20ó.ó

H 121.0

H 1004

H tó5.t
H 2ó9. I

4349.0

¡ 24t.0
44m.0
22m.0
r 100.0

2tr0.0
-80.0

-490.0

1o39.0

-29t.0
4ó5.0

-r3.0
4241.0

2t99.0
r763.0

2l t0.0
5$.0

(GJIYR)

I 2.4

r 5.7

20.ó

20.t
15.0

PI

PI

IÀIx,C.v'
tA.Ix,wM,DR.clv
tA.rF,IW,WM,C'w

¡ÀtF,c'w
I,A

LA

I.A,IF,WM,DR.C'W,WH

¡ÀrF

rA'tw,tF,r!/M,DR.T,wH
LÊ\tF,rrM,D&WH,CW

tÀlF,DR.,WM

tÀIF,IW,DR.wM,CW

rÀwM,tnwH,fw,rD,c'f,,

r.A,tF,IW,WH,¡D,C'V/

WH

tA.tF,wM,DR,WH,C',W

tÀ¡F,IW,WM,rD,C'w

I"A,WM.DR

HS,OM,T

HS

[A,IW,CW,WM
HS.tA.tW.C'W.WM

tA,¡x,cw,wR,wH

lA,wM,tx.c'w, tw.wR

¡A. tw, I x.c'w, wM, Hs. wH.T
IA,lW,lX,WM,C'w.wH

lA,tw,c'w,wR,wH,T.Hs

LA,t\r, lx,cw,wM, Hs,T, wH

tA,tw,tx,c'w,wM,wH,Hs,T

tA,wM,DR,C'W

3v2
1!42
3142

264
2Ø
zw
256 r

24{Á

2456

22Zt

2725

2725

2EE I

28il
305ó

2662

2662

l¡19 H

H

H

H

H

H

H

UTIL¡TY SPC'NSORED PROGNAM!¡

¡t7
ltó
il5
l9l

t53

t42
155

ilt
t22

E

E

E

+E
+E

E

E

+E
tE
+E

l.t
t.z
2

4.1

4.48

5.t

5.ZD

ó.1

1.t
128

TENNESSEE

TENNESSEE

TENNESSEE

OREC'ON

s¡x N.w. STATES

sE^Tn-E V/A.
SEATTLE WÀ
W^SHINGTON
PORTI.AND,ORE
POR,TI.¡'ND,ORE

il0 E. wAsH./lDAHo
25r E. WASH./IDAHO
r95 OREWASH,MONTANA
54 OREW{SH.MONTANA

2æ OREWASH,MONTANA
I83 SE.ATTLE,WÀ

210 SEÀTTLE,WA.

I I2 SEATTLE,I'VÀ
293 SEATTLEWA.
208 SEATTLEWA.
)21 SEATTLEWA-
t24 SEATTLEWA.
208 PORTI-AND,ORE
I05 PORTT^ND,ORE
9I PORT¡..AND,ORE

IOI BOISE.IDATO
48 BOISEIDAHO,

94

r3t

155

lló
t29
ló4
t23

H

H
H

F

F

H

H

F

F

F

H

F

F
F
F

F

F
F

F

F

B

B

F

F

F

F

F

44ó t.0
tó9.0

4rro.0

t575.0
3937.0

8.0

It
1

l4

26

l7
0

l¡l
J

tó
t0
t
ll
0

2

t1
I

1

I

t7
tz
t
9

l

ó

r3

2t
t3
ll

3797

J797

295t
295t
295t
288r

28t l

28t l

2tt r

2881

79

il

il

il

79

19

8t

2662

26É.2

2662

3241

124t

t47

t15
t34

ul

t17R^MSEY COUNTY,MINN
BAKERSFIELD,CA
FREsNO,CA

COLOR,ADO

DETROIT,MICH

NSP

PG&E

PC&E
PSC

coNs. GAs

tA clv
I,A

tA
TA

IA

4533

t2l.
1472

t]Á2
1411

4t16
2103

210!
499 I

499 I

499t

499 I

I r92

l r92

I 719

23)9

2tt r

2t6 I

)nl
1231

4 tóó

4 tóó

5rÍ
5l5l
4óó{'

r54ó

19

79

19

14

t0
EO

8l
rl
tl

19

19

19

19

19

79

19

16

ITOIV.INCOME WEAÍHERIZATION PROJECTS

oó
o 7l
o 72A

o il.t
o ilz
o ll.J
o il4A
M rl
M 1.2^

M2

M]
M 4l
M a¿{
M 5r
M 52A
M ó.I

M ó.2A

M 7.1

M 7.2^
M9

I3 VERMONT
17 PHIIADELPHI.A,PA.
45 PHIL{DELPHLA,PA
42 MINNESOTA
29 MINNESOTA
l5 MINNESJÎA
12 MINNESOTA
I] CH^RLESTON,SC
5 CH^RLESTON,SC
8 ATIANTA.GA

4 WASH,DC

9 TACOMA,WA
t TACOM^WA

D E^sTON.PA
] E^,STON,PA

I¡I PORT¡.AND,ME
4 PON,TLAND,ME
lz FA¡.c,o,ND
5 F^RCO,ND

ó5 t{w wtscoNstN

2t.9 t9

r0l

9t

t5
9l

t21

9a

7t

120

H

H

H

H

H

H

H

H

H

H
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,(^)

¡-ÀaEL

(M)

RETRO
FTT

cosT
(r33)

(rÐ

SPT
(lß.)

c€E
d-7t
(3/GÐ

(Kr) (r(2) (K3)

AD'. SPACE HEAT USE

PR.g
REÎR SAYTNCS

(GJlYn) (GJlrR) (t)

(Lr) (I:)

HEATINC FACTOR
BEFOR,E 

^.FTER

(o) (o (R) (s)

CIf,NFl.
NP,lr' IN,A, DENCE
(3) (T) LEVEL CÛMMENTS

(KwH) (KwH)

l7ó15.0
2oú0ó.0

2l8Eó.0
¡ 99t¡t.0
r9803.0

196¡¡9.0

20330.0

2E36.0 ló
2891.0 t4
285L0 t2
r t46.0 9

3215.0 ró

E29.0 42

r 190ó.0 59

t92 tór

]49 317

34t 291

)49 203

225 93

261 t20

t71 I ló

1438 t.9 ll3 t2.6

(cn(wH)

7.22

UTIL¡TYSPONSOTED PnOCn MS (üL)

E 3.r

E 3.A
E 3.]B
E t.r
E t.2
E t.l
Er0

E t.l
E I.2
E2
E 4.t
E 448
E 5.r

E 5.28

E ó.I
E 7.r

E 7.28

E 9.2

E 9.38

E ll.l
E ll.2^
E r r.3B

E l3.l
E l].2^
E r3.lE
E t4 I
E 1428

E r5.t
E I5 2A

E ló.t
E tó.2^
E ló.38
E l7.t
E t1.28

oil
c r2.l
G tz1.
Grl
Glo

ó03

2356

5095

4709

t 5l5

23t2

I 1.4

23.0

t9.ó

8.0

11.2

25.9

4.65

ó.87

5.E6

1.34

t.26

0.ót
t.69

4.25

3.29

4.9ó

5.7 t

4.81

t.tE

4. l0

4.7 S

(¡/GJ)

2.tl
3.,14

2.56

t.90

r4l

ó.!r

I l.t4

ó.52

3. Jt

4.13

1.70

'5.00

t.ló

-1{)
- 917

-t57t
l39r

t162

t729
906

20tz

355

t0l 5

r 500

r 52t
1417

959

r 571

ót2

5tó

2291

559

16

450t

r6(x)

toaT

,0

.0

1.8

tL2

11.5

5t.4
27.t

t7.t

6122.0

4t 12.0

22n.0
3980.0

4r80.0
2209.0

7901.0

1500.0

4130.0

14t0.0

t50.0
23t0.0

-r0.0
¡90.0
2555.0

3t00.0

2500.0

1340.0

2l 80.0

550.0

t2.4

t5.7

20.ó

20.7

34.5

A
A
A
A
A
A

c
c

c
c
c
c
c
B

B

^¡R 
¡NFIL REDUCTTON STUDY

ACTIVE CONTR,OL CROUP
BLIND CONTROL GR,OUP

EXTENDED TNFILTRAT¡ON R,EDN.
ATTIC AND CRAWIJPACE fNS.
INSUL+ STORM wTNDOw lt DOOR
FIRST EXTENS¡VE R.Es" STUDY

DEMO PCM. BY PRJVATE CONTRAC.
DEMO PCM. BY TVA PER,SONNEL
E¡,RLY STACE OF HOME INSUL PCM
CROUP l-wEATH. + HTR.WR^P
CPNTROL GR-.^LL SF NON.PARTS.
INSUL PGM..EÂALY RESULTS
BLIND CONTROL GR.OUP
ZERGTNT. LOAN WEATH. PCiM.
E.ARIY PARTS. IN WEATH. PGM.
BLIND CONTROL GR.. NON-PA¡,T.

ZER,GINTEREST WEATH. PCM.
CONTROL GROIJP
WEATH. Pll-OT PCM.- AUDIT+LOA-Ì{
WEATH. PIIOT PGM.. AUDTT ONLY
WE^TH. PII,oT PGM.. NON.PART.
HELP PGM.- AUDTT+IOAN
HELP PGM.. 

^UDÍT 
ONLY

HELP PGM,. NON-PA¡.T.
LOW-INC ELEC. PcM.-AUDtT+tf)AN
t,ow-fNcoME Etlc.PcM.- CTNTR OI.S

^UDIT 
PCM..HOT WATER RETR

^UDM 
PCM..NO HOT WATER ACTION

ZIP WEATH. PGM.-AUDÍT+LOAN
ZIP WEATH. PCM.. AUDIT ONLY
ZIP WEATH. PGM.. NON.PARTS.
ZERGfNTEREST T,oAN PCM.
BLIND CONTROL CROUP

UTIUTY I.OW.ÍNCOME WEATH. PGM.
ATTIC ÍNSUL PGM.

ATTIC INSUL PGM.

ATTIC TNSUL LOW-INT, LOAN PCM

^TTIC 
TNSULå,TION PROG.

I r270.0

r 23t3.0
l0l4t.0
¡ 2060.0

l7t 10.0

rót43.0
I 931ó.0

I t9ü).0

54

33
11

33

705

296

43
2æ7

s25

3.5

2.2

5.r

0.5

5.124

l3
¡l¡

29

l.lt Ú24 28.0

220 rït

18137.0 4349.0 24 222 ró9

ló5
t57

t4l
tó4

147

lE2

t77
t21

ll2
t22
t2t
r34

7.3

2.9

2.3

4.1

13.ó

l 2.0

9.1

27.2

10.9

24.8

32.5

40.1

3l.r

l 5.9

.0

ló.9
il.t

t76

JO.a

19.2

at.9

t44
I t63

5.t

r 2.8

t.59 2971

4.17 60ó

I 5740.0

144(p.0

t27fi.0
I ¡1320.0

l 3720.0

læ90.0
r 0555.0

I I 180.0

I 1240.0

93.{O.0

r20t0.0
9tE0.0

r ó5.1

t76
649

I 25.t
204.4

t11.7

t7t.l
ó2.t

t2t.1
1ó.1

t97 6

2a5.f
ltt.t
¡ 5l.t
I JO.9

26

l0
7

t7
-t
-1
24

t7ó
2t5

130

t94

38

653

511

121

55

tu

2ll

B

B

A

A

B

B

B

c
c

c
c

A
c
c

207 l9l

536 l5t

617 5t9

692 t67
ót0 402

120 215

fi1 2t5

w tt5

270 219

t143 28.t

r5ó9 27.4

19 3.t

It4t I l.t

1096 t4.l

114

57J

5ó0

4ló
52t

565

I 150

t9t5

r2tJ ó.ó

r 592 I t.9

4t
2.5

4.24

2.rt

oó
o7l
o 11À,

o ll.1
o l t.2
o il.3
O ll.,lA
M t.r
M I.2A
M2

M]
M at
M,l2^
M 5.t

M 5.2^
M ó.I
M ó.2A

M 7.t

M 72^
M9

t76
rEt

l7t
t67

32

22

l4
It
ó

(GJIYR,) (CJTYR)

t
It
t2
ló
t1

t.4
5.7

43
5.1

4.2

t7 3 c
B

I
c
c

LOIry-INCOME WEATHERIZ^T¡ON PROJECTS (ff ù)

t5t.4
I 21.ó

I 57.ó

45.9

21. I

4.t

t170
515

lo
t9
l

22

t2
29

v
l5
tl

ó.3

E.4

ó4.t
12.t
9,9

n.2
a.a

tó.4
to.3
aó. r

l¡1.ó

2t.6

0

62
D
c
c
I
I

I

I

Â

A

A

A

A

c

LOW INCOME WEATHER,IZATION
OIL FIJRNACE PÍLOT RETR. PCM.
ACTI VE CONTROLOIL FU RN.RETN-
CR. I--OIL FIJRN^CE RETROFTT
GR- II_IYE^THERIZATÍ ON ONLY
GR. llt4tl FURN RETR.+WEATH.
CR- IV_ACTIYE CONTROL
IIW RÊsE^RCH DEMO. PGM.
ACTIVE CONTROL CROUP
LIì¡/ RESEARCH DEMO. PGM.

UW RESE^RCH DEMO, PCM.
UW RÊsE\RCH DEMO, PGM.
ACTIVE CONTROL GROUP
UW RISÞI¡,CH DEMO, PGM.

^CT¡VE 
CþNTROL OROUP

UW R.ESE^.RCH DEMO. PGM.
ACTIVE CþNTR,OL CROUP
UW RESE^I'CH DEMO. PGM.
AcTtvE CþNTROL GROUP
LOW-|NC. WE^TH.. R"EctONAt EVAL

ó5.9

lr.l
ila.0

22.l
5.9

t4t

47

4¡

ló
21

9

u
t2
{t
t0
l9

It45
2176

I t90

29 rl

2l lt

ó.1

t.t

5.7

2.1155

(continued ouerlean
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Summary Data Table (continued)

(,r)

¡¡,88L

(E)

NUMBEN,
OF

HOMEI I-OCATION SPONSOR

(D)(c) (E,

RETROFTT

MEAIiUR.EI¡

(Ð (c) (H)

FtfloR
HDD

(r) (Jl) (r2) (r3)

A.E'J. TOTAL ENEN,CY USE
E PRF-

U R,ETR SAWNCS
c (GJlrR) (GIIYR) (r)

An.E^
(M2)vRfo

M r(Ll
M 10.28

M l0.l
M¡I
Mt2
GI
G l¡Ll
G 14.2^

G15
Gló

59 M¡NNES¡OTA

'7 
MINNESOTA

19 MINNESOTA
ll wlscþNslN
tó ALLECAN CTY.,MTCH.
1t wtscoNs¡N
t OAKI.AND,CA
¡f OAKI,{ND,CA
It ST LOUIS,MO
l0 CHICAC'O,ILL

COLORADO SPRINGS

COLORADO SPR¡NCS

ST PAULM¡NN
ST PAULM¡NN
LUZERNE CTY,P^
LOUISIÀNA
KANSAS CITY,MO
KANSAS CITY,MO
I(ANS^S CITY,MO
KEITUCKY
fNDTANA

TRENTON,NJ
TRENTON,NJ
WASHINGTON,D.C,

MARYI..ÀND
NEW YORK CITY,NY
NEW YORK CTTY,NY
NEW YORK CITY,NY
NEW YORK CITY,NY
NEW YORK CITY,NY
NEW YOR,K C¡TY,NY

NEW YORK CITY,NY
NEW YORK C¡TY,NY
NEW YORK CITY,I.ÍY
NEW YORK CITY,NY
NEW YORK CITY,NY
NEW YORK CITY,I{Y
NEW YORK C¡TY,I{Y
NEW YORK CITY,Ì{Y
NEW YORK CITY,I{Y
NEW YORK C¡TY,I{Y

NEW YOR,K C¡TY,NY
NE'*¡ YOR.K CITY.I{Y
NEW YORK CITY,I.ÍY
¡iEW YORK CITY.Ì.ÍY
NEW YORK CITY,NY
ST. PAULMINN.
cHtc^co,rLL
cHlc^eJ.,!LL
CHICAC'O,lLL
cHtcAc,o,tLL

CHICAGO,ILL
CHiCAGO,ILL
cHtc^Go,fr I

CHIC^GO,ILL
NEWAN,KNJ

DOF/Uw
DOVLIw
DOqLlw
DOryUw
DOE/LIW
DOqUw
ç$VUBI;
CSA/NBS

csÀ/NBs
CSA/NBS

csA/NBS
csA/NBs
ç5¡urXBS
ç5¡uA{BS
DOE/UW
DOE/UW
DOE/UW
ooE/LIW
DOE/LIrÀ/

DOE/UV/
mE/uu/

THA-/HUD
TTLVHUD
sc^r-r,oP
SCALLOP

SCALLOP

I.fYCHA
I.fYCHA
IfYCHA
I{YCHA
NYCHA

CNT
CNT
CNT
c¡fT
NHA/HUD

ÈTYCHA

¡'{YCHA
I{YCHA
NYCHA
¡fYcH^
l.fYcH.A
¡fYcH^
NYCHA
NYCHA
t{YcHA

¡TYCHA

¡rYcH-^
I.TYCHA

¡.fYCHA

Ì{YCH^
5p¡¡7HUD
CNT
CNT
CNT
CNT

IÀCrr,D&Wn WM,IW

tÀc'w,D&wRwM,tw

IAIF,CrV,wM.w&WH
l,Àc'w,v/R

l.A.c'w,r¡/M,tw,Ix
tÀ¡w, wM,cw,wR,Hs,wH,rD

IÀIW.rX,C'W.v/M,WRHS,wH

l,A"lw.c'w.wRwM.tx

IÀC1{/,WM

tx,cw
tx.c'w
IX,CTW

fx.wM,DR,c'w
IÀIF,C'W,HS,WH

HC,HS,WH

HS,HC,OM

HS,HC,OM
HS,HC,OM
HS

WM
WM
WM
WM
WM

WM

WM
WM
WM
WM

HC,LC

¡A.HC,HS,OM
lA,Hs,oM
t Hc.Hs,wM.oM
HC,HS.OM,ID

t¡swM.Hs,oM
HS,OM

HS,OM

HS.HC,OM

HC,OM,HS

1ót7
1ót7

6\7
490
1778

1Z2l

lótó
tóló
2639

lu
159ó

35%

4533

4531

l4t7
r0ü)
2t67
2t67
2907

2627

3ùr

2121

272t
2379

23!9
2ó93

2Éó7

2óó7

2ó67

26ó7

2(ó7

2Úó7

2Úó1

2Úó7

2éÉ1

26ó1

2641

26ó1

2óó1

2óó7

7ú1

2óÁ7

26ó7

26ó7

2óó7

7óÉ1

1$l
lóU
lót I

lót l

lóll

126

r3ó

9l

t)2

t1ó..2

r 69.'
r ló.ó

2tt.a
76.3

It4.ó
2¡19.0

213.1

r$.t
2l t.¿l

120. I

t2t. r

t22.1

t9.ó
I 7ó.5

óta
r$.t
r tt.J
r lt.t
r r5.9

l¡1.9

1.2
9.t

51.,1

¡9.a

t.!
t.9

r6.0

t2.2
74.0

119

!t.9
92

7t

7t
19

EO

il
79

79

19

19

79

79

to
77

77

7t
19

7t

EI

1t
7t
7t
77

11

17

71

17

to
EO

t0
80

to

75

r2J

12

E'
t2l

l0
2

1

+

I¡t

20

il
t9
2t
ll
l¡l

r5r.ó 2t.ó la

G l7.t
c t71A
c rt.t
G lt.2^
G19
cæ
G 2r.r
G zt.Z
G 21.3

GZ2
G23

tó
¡t

l7
t

]()
t9
2t
45

{
l]t
ï)

r59

l5q)
52t
152

óo

271

277

12

12

9t

9t
5ó

5ó

6l
tl

r 0959

1444

l llt
r ?91

rlt0

t229
I 0t4
l2ú
78ó

1tf
503

l9
22

zs
1

u
r6

7

2

9

H

H

H

H

H

H

H

H

H

H

H

w
w
w
w
w
H

H

H

H

H

lo.5
r 5.0

2t.t
1ó.1

54.9

r6.ó

JO.5

MI,'LTI.F^MILY ITJILDINGS

102

77LI
2.2D

o
o
o
o
o
o
o

HS

HS

HS

HS

A

il

t3

79

o t.r
o t.r^
o t.2

o t.2A
o t.l
o t.3A
O t.,l
o t.4A
o9
o 9.r

o 92
o 9.3

O 94

o 95
o 96
o 9.7

o 9t
o 99
Mt5
G l¡.t
c ll 2

o lll
G lt.4

il
t0
t0
il
il
il
il
il
il
il

H

77H
H

tóH
H

76H
19H
12H
15H
15 H

It
a9

¡o
2t
t

,0
2t

7tH
7t H

11 H

19H
79H

ttH
9óH
91 H

t9H

G lr5
G I.ó
c lt.7
c Jtt
at2

ó

ó

a

tl
,to

lót r

ló¡ I

]óil
lóil
2ó9t

211 I

I 27,0

r Jt.7
tó. r

!r. I

11.2

(KWH)
19t

il
il
6t
il
t2

79

lt2 H

rot H

il9H
7r H

ó9H
r02.1

t7t.4
(KWH)

r 2t5

ll
l0

' E 12 I 
'9 

NEW YORK CITY, ¡{Y È{YCHA t5 toL 62
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(^) (Kr) (K2) (Kr)

I.ÀBEL

AD'. SP^CÎ HEAT USE

PRf,
NETN. SAWNG¡¡

(GJIYR) (GJIYR' (t)

(Ll) (r2)

HEATTNG FACTOR
BEFORE AFTER,

(M) (N)

RETR,G
FÌT

cûtT

(o) (Q) (R) (s)

SPT
(YR)

ctE
d-7t
(3/Cr)

NPV
coNFl-

IRR, DENCE
(r) I.EVEL COMMENTS

(Ktl
I

M'-DD) (t)(t3s)

M lo.t
M 10.28

M r0.l
Mll
Mt2
cl
C l4.l
G l¿1.2,{

c15
Gró

G l7.t
G 17JA
G lt.t
G tt.2^
G19
G20
c 2r.r
o 21.2

c 21.3

azz
G73

o¿r
o 2.2R

ol
oa
o5
or
otA
o t.l
o t.lA
o t-2

o t.2A
o r.3
o t.l^
o 6.,r

o t.4A
o9
o9r
o 92
o 9l
o 94

I t7.0
r 15.ó

109.3

ta7.0
¡óa.ó

r2ó.9

t{).3

r 23.1

Itt.3
219.1

r 19.l
r 71.9

190.t

lo¡.E
t57 3

5 r.0
t12.1

20ó.t
20 1.5

r 25.0

t92.t

I t.9
-l.a
7.3

21.t
ú.1
2r.9
L3

-t¿t
r E.4

I15.1

ó3.7

0.2

4 t.5

24.7

10.5

r 5.0

2t.t
46.4

5¿1.9

ró.ó

49.0

l2l¡t
r 390

t2óÉ

lE29

3ó()

2312

108ó

232t

r 3r5

t2{¡
r 523

I 4tl
I ó40

14¡7

r J06

r t90

I t4ó

I t5ó

325

ó50

óoó

t2J2
2ót

t8.](t
6.29

L99
9.¡ 5

t7.36

l¡1.01

2.9!

4.m

2.il
7.90

6.73

2.50

t.02
ó.91

r l.12
6.4

10.5ó

915
6.21

7ó5

ó.ó r

t2.12

l.7t
t.71

l.ó7
5.53

ó.1ó

I 0¡¡

2.ól
l.7t
2.$
1.51

(c/KwH)
1.07

- 492

- oat
Ittt

. f)l
- r29

-t5{¡t
tz39

- 2t5

- 627

t3
0t?
Jtt
ll¡t

lu
t9l
t71
,l4l

099

12.
192

t7a

299

221

226

227J

2295

20a

05ó

ta90
1%
t97
il9
tóó

l0
-2

7

l7
2t
l7
t

-10

l0
4l

.0

6.5

29.6

l.¿l

.0

B

B

B

D
D
c
A

A

A

^

33t to{
239 2U
t29 307

t295 l3.a 11.93 - 2lt t.7 I¡W-¡NC. !trEATH,. STATE EVAL
SLIND CONTR,OL GROUP
SUB4ROUP w/ 2 Fq;T-RETR. YRt¡
LOW.TNC. WEATH.- STATE EVAL
I.Í,\\,.INC. WEATH.- COUNTY EVAL
T.oW.INC. WE^TH.. STATE EVAL
LIW N.ESEARCH DEMO. FGM.

^CT¡VE 
CPNTROL GRP.

LIS' RESEARCI{ DEMO. PCM.
UW RESEARCH DEMO. PGM.

UIV R.ESEA¡,CH DEMO. PGM.
ACTIVE CONTROL GR,OUP
LfW RESEARO{ DEMO. PCM.
ACTTVE CONTR,OL CROUP
!OW.ÍNC, WEATH.. COI.JNTY EVAL
LOW-TNC. WEATH.. STATE EVAL
I.OW.[NC. WEATH.{CTTY EVAL
LOW.TNC. WEATH.. CITY EVAL
t ow-tNc- wEAlH.- CTrY EVAL
I'oW.TNC. WEATH.- STATE EVAL
LOW.TNC. WEATH.. STATE EVAL

PAGE HOMES PTJEUC HOUSING RETR.
BLIND CONTROL CROUP
ENERCY SERYICTS C\f, NTRACT
ENERCY SERVICES CONTRACT
ENERCY SER,\4CES CONTRACT
TN,V DEMO æMPCXI¡TE
lRv CþNTROLS4oMPOSITE
BRzuKELEN_TT,V DEMO PR,O.'ECT

BREUKELEN CONTROL BLDG
flPR,ESS HIL¡.-TR,V DEMO PR,OJ.

CYPRESS HJI f S CONTROL BLDG
M^RLBORO_TRV DEMO PROJECT
M^RIBORO CONTROL-TRV DEMO
OCÞ\N HILI.TTX,V DEMO PROJECT

OCEAN H¡I I < CONTROL BLDG
I{YCHA WTN DOW RETR.--4OMPOS¡TE
CYPR,ESS HII T ç W'INDOW RETR.

EROWNSVILLE WINDOW RETR.

PATTERSON \TTYDOW RETR.

,OHNSON HOUSE WINDOW RETR,.

ALBAT{Y I¿I,II \TTNEIOW RETR.

AMSTERDAM *TNDOW R.ETR,.

CARVER WINDOW RETR.

SEDCWICK WINDOW RETR.

CUN HILL WIì\'DOW RETR.

MGMT CPNTR,OL SYS FOR PHA
CIOP APT. RETR_MONROE I9
COOP 

^PT. 
RETR_MADISON 22

COOP APT. RETN,._R,EEA 2J

COOP APT RETR _ALBANY 
'

COOP^PT RETN,_REBAó
CþOP APT RETR -MONROE ó

CÛOP 
^PT. 

RETR._ELMWOOD 
'CÛOP APT RETR,._MONROE I]

PUBL¡C HOUSTNG_HT. CONTROUT

t7.6
123.r

53.2

19.4

ló0 297
¡|il @

t79 t24
It5 l0ó
I r0 2Jt
lló 2óo

lD 2tl

170

121

29.
2tr

tt9
251

205

¡t0

1.5

t7.9

l].0
7.6

I 5.5

4.7

t4. I

24

t4
5ó

It7

0.7

1.9

0.9

3.1

19.5

.0

.0

20.t

$.4

ó.ó

.0

20.3

c
c
c
c
c
E

B

B

B

B

6
0

22

t
l9
29

t5
)1

l3
zs

555 500

óo3 l5l

4rt 227

lr9 250 23ró 15.7 ó.tl

20.5

I t.t
1.9

I 5.t
lt.9

43.ó

1.1

12.0

.0

r!.9

5.2

ó10
Q.7
lo.r
t0. r

52

4l
to
u

5

5.1

I t.3

9.t

91
1.9

22.5

Jó. I

t9.9
r0.0

2.9

1,71 l¿tl 9 ó

9.O2 - 421 0
).21 -O92 4t
r.E5 271 t3 0
4.19 -5$ t7
2.21 370 211
4.4t -39t 30

lolt
r2lo
623

7t0
2092

134

t9ó5

459

A
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