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ABSTRACT 

BECA-B assesses the technical performance and economics of energy 
conservation retrofit measures. The data collected thus far represent 
measured energy savings and retrofit costs for over 65 North American 
residential retrofit projects. The sample size within each project 
ranges from individual homes to 33,000 dwellings participating in a 
utility-sponsored program. The median value of space heating energy 
savings is 24% of the pre- retrofit c.onsumption. For fuel-heated homes, 
the median cost of conserved energy is $3.66/GJ, substantially less than 
the u.s. average 1981· prices for purchased energy of $4.27/GJ for 
natural gas and $8.25/GJ for fuel oil. For ten of the eleven electric 
heat retrofits the cost of conserved electricity is less than the 1981 
U.S. average price of 6.2~/kWh. 
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I. INTRODUCTION 

Policy-makers, homeowners, utilities, and contractors have expressed 
great interest in knowing what fraction of residential energy use can be 
saved by retrofitting homes. Yet few measurements have been made of the 
energy savings that are actually attributable to retrofits. Many audits 
of residential buildings have been performed, but typically yield only 
estimates of energy-saving potential. Homeowners are often skeptical of 
these predictions. BECA-B is a compilation and analysis of measured 
energy use by U.S. and Canadian houses before and after conservation 
retrofits.* We believe that an ongoing data base developed from metered 
consumption data can help homeowners and policymakers choose energy
efficient and cost- effective retrofits. 

The U.S. residential sector, comprising 77.5 million dwellings, con
sumed approximately 17 Exajoules [16 resource Quads] of energy in 1980, 
accounting for one-fifth of the national total. [ 1 ,2] Table I provides a 
breakdown of residential energy consumption by fuel type and end-use.[3] 

Table I. 1977 u.s. Residentiat
5

energy use by fuet
8
and 

[1.055 EJ= 1 Quad= 10 Btu; note 1EJ=10 J]] 

Fuel 

Natural Gas 
Electricitya 
Fuel Oil 
Other 

EJ 

5.6 
8.2 
2.5 
0.7 

17.0 

End-Use 

Space Heating 
Water Heating 
Air Conditioning 
Appliances 
Lighting and other 

a Electricity is reported in resource energy units 
(12 MJ = 11,500 Btu= 1 kWh sold) 

end-usef 
I 
I 
I 

EJ 

8.1 
2.4 
1.2 
3.1 
2.2 

17.0' 

Space heating dominates residential energy demand and, hence, most con
servation programs have focused on reducing consumption in this end-use. 

Improving the energy efficiency of existing residences is a 
worthwhile objective, given escalating fuel costs and the long lifetime 
of the U.S. housing stock. Sixty-five to 75 percent of the houses that 
will be inhabited in the year 2000 have already been built, based on an 
annual rate of 1.5 to 2.0% for new construction. In 1980, approximately 
63.2 billion dollars were spent on residential energy consumption, 
amounting to an average expenditure of $815 per u.s. household. [1] 

*This study is part of a continuing project that collects and reviews 
measured data on the energy performance of low-energy new homes (BECA
A), existing "retrofitted" homes (BECA-B), energy-efficient commercial 
buildings (BECA-C) and validation of computer programs (BECA-V). 
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Millions of homeowners engage in conservation activities each year. 
In 1979 alone, 3.4 million U.S. households added attic or roof insula
tion and 3.9 million households bought storm windows and/or storm 
doors.[!] In 1980, tax credits amounting to $430 million were claimed by 
U.S. individuals for energy conservation investments, which corresponds 
to an investment of almost $3 billion per year. [4] Yet, we had some dif
ficulty in finding 69 samples with measured energy savings, though many 
new evaluation studies are now in progress. Even where building energy 
use data are available, information on the share of energy savings that 
is attributable to various retrofit measures is seldom known. 

An objective of this study is to better understand the technical 
performance of residential retrofit measures and evaluate their relative 
cost-effectiveness. Another goal is to examine the range of conserva
tion savings and costs in order to identify technical and institutional 
factors associated with high or low levels of performance. Energy 
engineering techniques will also be evaluated by comparing actual energy 
savings with predicted savings. Finally, we want to promote the 
exchange of documented conservation results and the collection and 
analysis of high quality data. We plan to periodically update this 
study and invite contributions from all interested parties. 
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II. DATA SOURCES 

The data we seek from each source include: building type and charac
teristics, project sponsor, sample size, retrofit description and cost, 
annual energy consumption by fuel type before and after retrofit, local 
energy price, and year of retrofit. W~ then calculate energy savings, 
percent reduction in consumption, cost/m , simple payback period, cost 
of conserved energy, and indicators of building energy performance. 

Appendix A summarizes the results from data sources. We have clas
sified the retrofit projects into four general categories based on spon
sor: 1) research studies, 2) utility-sponsored programs, 3) building 
energy services provided by private firms, and 4) government-sponsored 
programs. Characteristic features of retrofit programs from respective 
sponsor categories are discussed below. 

Research studies 

Experiments sponsored by universities and national laboratories 
(Princeton University, the National Bureau of Standards, and Lawrence 
Berkeley Laboratory) account for most of our research studies although 
private firms, such as Johns-Manville, have also participated in 
research projects. [5-7] Research studies typically make extensive 
efforts to control for experimental variables. For example, the heating 
and hot water systems are often sub-metered and a control group is 
employed as part of the experimental design. Additionally, occupant 
behavior is monitored. In some cases, the houses are unoccupied (Bowman 
House), or the researchers operate the building (i.e., open doors and 
windows periodically) to simulate "standard" occupant behavior. In 
other instances, occupants are instructed to record behavior that may 
affect the building's energy performance (i.e., thermostat setting, 
hours at home, appliance use). In these studies, sample size is small 
and the analysis of the data tends to be extensive. 

Utility-sponsored programs 

In the mid-1970's, a number of utilities started offering residen
tial energy audits to their customers. In some cases, the utilities cou
pled these programs with an offer of low- or zero-interest financing on 
retrofit projects. In the early stages, these programs were typically 
concerned with low-cost/no-cost measures (e.g. wrapping water heater 
tanks) and/or installing attic insulation. In recent years, some utili
ties have broadened their residential conservation programs ··to provide 
financing for complete weatherization packages. The data we have 
obtained from utility companies come predominantly from three areas of 
the United States: 1) the Pacific Northwest, 2) the Southeastern 
portion of the U.S. served by the Tennessee Valley Authority (TVA), and 
3) California. 

Data on utility-sponsored conservation programs are generally made 
available on an aggregate basis; that is, measured energy savings are 
calculated for various retrofit measures that are grouped together as 
part of a large sample. Often, these studies lack control groups and 
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detailed weather data. The strength of these programs is their ability 
to reflect energy savings for a rather large fraction of the general 
population. 

Private firms 

Many private-sector firms are now entering the potentially large 
market for retrofit services and products. The single-facily housing 
market appears to be dominated by individual contractors who offer 
residential energy audits for a fee, often act as installation contrac
tors, and are willing to .. inspect and warrant their work. Companies 
entering the multi-family,retrofit market, particularly large apartment 
buildings, often enter into contracts in which they guarantee a speci
fied reduction in energy usage. They take responsibility for building 
energy management services including operations and maintenance func
tions and training of maintenance personnel. Their retrofit plan typi
cally emphasizes automatic temperature control, the replacement, repair 
or alteration of the HVAC system, and lighting load management. Com
panies such as Scallop Thermal Uanagement, a Shell Oil subsidiary, have 
provided us with summary reports detailing their retrofit experience in 
three large apartment buildings, but we have had difficulty finding 
additional data sources.[8] 

Government programs 

U.S. agencies or programs that have 
1) Federal Power Marketing Authorities 
ization Assistance Program and 3) the 
Demonstration Project. 

provided data sources include: 
2) the DOE Low-Income Weather

CSA/NBS Weatherization Research 

Federal Power Marketing Authorities. A number of Federal Power 
Marketing Authorities, particularly the Tennessee Valley Authority (TVA) 
and the Bonneville Power Administration (BPA), have. launched ambitious 
residential conservation programs to reduce the demand for electric 
power and improve the efficiency of energy use in residences. The data 
base includes data from TVA's Home Insulation Program and BPA's Midway 
Energy Conservation Study. [9-11] 

Low-Income Weatherization Assistance Program. Nearly 750,000 low
income homes have been weatherized under the initial direction of the 
Community Services Administration (CSA) and most recently under the 
auspices of the Department of Energy (DOE). Thousands of local community 
action agencies have been involved in this effort. 

While the program has been extensively implemented, its decentrali
zation has complicated evaluation efforts. The reliability of the data 
from the Weatherization Program evaluations varies considerably. 
[12,13] 

The studies typically lack a control group, have mixed heating fuel 
sources within a sample, variations in the quality of workmanship, and 
inconsistencies in either energy or cost data. Despite these problems, 
the Low-Income Weatherization Program represents a significant fraction 
of U.S. investment in residential conservation and focuses on a housing 
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sector where potential increases in energy efficiency are great. 

CSA/NBS Weatherization Demonstration Research Project. The Commun
ity Services Administration, with technical support provided by the 
National Bureau of Standards, conducted a national research and demons
tration project to determine the energy savings that could be expected 
from optimally weatherizing low-income homes. [14] The demonstration 
project entailed extensive retrofitting of homes with close monitoring 
of cost and energy consumption data. Although the sample houses were 
fairly typical of low-income housing in terms of size, their pre
retrofit physical condition and maintenance level were better than nor
mally found in low-income residences. Energy savings and retrofit costs 
were carefully compiled on 142 houses in 12 different locations. 

Representativeness of Sample 

This compilation is not a representative survey of either the u.s. 
residential housing stock or the actual portion of the stock that has 
been retrofitted in the last several years. Our data are taken from 
evaluation case studies of conservation programs and retrofit projects, 
reflective of a stratified survey. It is useful to compare characteris
tic features of our data base with results obtained from the Energy 
Information Administration's Residential Energy Consumption Survey 
(RECS), the most comprehensive representative survey on the scope of 
retrofitting in the residential sector. 

We observe that our survey has a disproportionately high number of 
low income samples (26/69), comprising 38 percent of the data points 
(excluding controls) compared to RECS data which find that "poor" house
holds are responsible for 11 percent of retrofit activity. 

We also note that our study differs markedly from RECS data in terms 
of housing unit characteristics and location. RECS estimates that 10.6 
of 77.5 million households reside in buildings with five or more units, 
yet we have results from only 3 multi-family retrofit projects. We also 
have little data from the Northeast region, 7 sources or 10% (excluding 
New Jersey), a region which has 22% of the households.[!] In future ver
sions, we will analyze in more detail how closely the BECA-B data base 
resembles the U.S. stock of retrofitted residences. 
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III. METHODOLOGY 

A. Adjustoent of Energy Data 

The basic information needed to analyze residential energy consump
tion for space heating includes: space heating or total fuel usage per 
day (or month, year) before and after retrofit; energy use for purposes 
other than space heating (the "baseload" usage) for the same time 
periods; the number of heating degree-days during each time period; and 
the "normal" (30-year mean) value of monthly and annual heating degree..;. 
days (HOD's). 

The two major data adjustments of interest are subtraction of the 
baseload usage and correction of consumption data for the effects of 
weather in different years. We do not account for any possible changes 
in the amount of "free" heat (e.g. solar gains, appliance usage) nor 
separate out the· effects of occupant behavior or management. However, 
where there is a known change in occupants, the home is eliminated from 
the data set. 

Under ideal research conditions, the fuel consumption for space 
heating is submetered. In our sample,though, most data sources meter 
only total energy use. In some cases, the contributors estimate and 
subtract baseload· usage, using either a linear regression analysis or 
the fuel usage during the summer months as the baseload. In cases where 
no baseload correction is made by the data source, we subtract approxi
mate baseloads using specific regional information obtained from either 
the All-Electric Homes Study or the Gas Househeating Survey.[l5,16] 

Weather-related adjustments to the space heating data are also made. 
In many cases the metered fuel use data are scaled by the number of 
HOD's (base 18.3°C=65°F) during the measurement period and then consump
tion is normalized to a "standard" year using the 30-year mean value of 
HOD's for that site. For data sets with more extensive consumption and 
weather data, a reference (or balance point) temperature is determined. 
Energy consumption for a "standard" year is calculated using the number 
of HOD's to the base temperature equal to the reference temperature. 

Princeton University researchers utilize another weather-correction 
method. In their projects, the total consumption of space heating fuel 
(includes all uses for the fuel) is regressed against the corresponding 
degree days based on a variety of reference temperatures. The reference 
temperature selected is the one that gives the regression with the best 
least-squares fit. Also determined in this procedure are two parameters 
that characterize the heating and baseload components. These parameters, 
together with the normal-year degree days to the best-fit reference tem
perature, are used to calculate a weather-normalized annual consumption 
(NAC).[l7] 

We assign each of our samples a confidence-level ranking (A, B, C, 
D, F) shown in Column Q, Appendix A. The only data we include are those 
with a confidence level of "C" or better. A critical assessment is made 
of such factors as the method used to separate the space heating 
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component from total energy use, the weather-correction method, and the 
accuracy of retrofit cost data. No retrofit data are included unless 
they are linked to actual measured energy consumption. 

B. Economic Analysis 

The basic investment framework for conservation measures involves an 
initial outlay of capital resulting in future reductions in energy use 
and dollar savings. Two indicators are used to evaluate the conserva
tion investment, cost of conserved energy (CCE) and simple payback time 
(SPT). Both have the advantage of avoiding the need to guess future 
energy prices yet are conservative indices of cost- effectiveness if 
energy prices are assumed to increase faster than general inflation. 

Simple payback time is the period required for the undiscounted 
value of the future energy savings (at today's prices) to equal the ori
ginal investment. It can be expressed as 

CI CI 
SPT =-= 

D E x P s s 

where c1 is the initial cost of the conservation investment, 
D is annual dollar savings, 
Es is annual energy savings, 
Ps is the local energy price the winter after retrofit. 

(1) 

The cost of conserved energy is found by dividing the annualized 
cost of the retrofit by the annual energy savings due to the investment. 
A conservation measure is economically attractive if its cost of con
served energy (CCE) is less than the price of purchased energy (P).[l8] 
For the homeowner, P can be defined as the average price of energy but 
for a utility it is the marginal (avoided) cost of supplying energy from 
new sources (in the simplest cases). CCE can be expressed as: 

CCE = 
(CI + M) X (CRR) 

E 
s 

where c1 is contractor cost of original investment, 
M is the present value of maintenance costs over the measure's 

physical lifetime, 
CRR is the capital recovery rate, 
Es is the annttal energy savings. 

(2) 

We convert the one-time investment to an annual cost by computing a 
capital recovery rate (CRR). The formula for the capital recovery rate 
is: · 

CRR = 
d 

(3) 
1-(l+d)-n 
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where d is the discount rate, and 
n is the physical lifetime of the measure. 

The cost of conserved energy requires the incorporation of methods used 
in life-cycle costing.* We estimate a useful lifetime for typical con
servation retrofit measures in our sample homes and find a weighted 
average of 15-20 years. To account for maintenance and replacement 
costs, we round this average lifetime down to 15 years and eliminate the 
explicit maintenance cost factor in Equation 2, except in cases of 
retrofitting of large apartment complexes. 

In the equation for CRR, the discount rate is expressed in real 
(constant) rather than nominal (inflated) dollars. We use real discount 
rates to avoid assumptions about future inflation. For purposes of sen
sitivity analysis, we calculate CCE using three different real discount 
rates (3,7, and 10%) in the capital recovery rate formula (Col. M1, H2, 
and M3 in Appendix A) but the figures reflect only the middle value 
(CRR=.llO, based on a 7% discount rate for 15 year amortization period). 

The lowest real discount rate, 3% per year, typically applies to 
secured, long-term loans, such as new home mortgages (which averaged 
2.29% (real) in the u.s. for the period 1961-1979).[19] The highest 
real discount rate (10% per annum) is used for riskier and generally 
short-term loans made in the private sector (i.e. second trust deeds, 
appliances, or used car loans). Many U.S. government programs use this 
rate in their cost-benefit analysis. The Energy Security Act of 1980 
specifies that u.s. government conservation and solar applications' 
investments be evaluated using a 7% real discount rate.[20] 

The CCE values are expressed in 1981 constant dollars. We convert 
all original retrofit costs into 1981 dollars, using the Gross National 
Product Implicit Price Deflators, in order to provide a comparable basis 
for evaluating the relative cost-effectiveness of retrofit projects 
undertaken in different years. 

C. Adjustment of Cost Data 

We are interested in the direct costs to the homeowner of 
contractor-installed retrofit measures. If the retrofit is accomplished 
as part of a research study, we use the researchers' best estimate of 
the equivalent contractor's cost (materials, labor, overhead, and pro
fit). If the conservation measures are installed as part of a utility 
loan program, we interpret the retrofit cost as being equal to the loan 
amount.** Most utility administrative overhead costs are excluded since 
they are not direct costs to the homeowner, but are paid by all 

*We have not considered the impact of tax credits or calculated a sal
vage cost. 

**An exception to this practice is made for cost data from utility pro
grams which indicate that the loan amounts are "bumping up" against pro
gram maximums. In these cases, we attempt to determine the additional 
investment outlay provided by the homeowner for the retrofits. 
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ratepayers. For government-sponsored weatherization programs we follow 
the procedure of a DOE-commissioned study which estimated that materi
als, labor, and contractor overhead costs contributed roughly equally to 
overall costs.[13] On this basis, if only materials costs are available, 
then total costs are taken to be three times the price of materials. An 
estimate of the market cost of performing the weatherization work is 
obtained by using this multiplicative factor. The errors from this cost 
adjustment procedure would likely tend to overstate the cost of conser
vation measures. For example, in cases where a homeowner contributes all 
the labor for a retrofit, total costs would actually be lower than our 
estimate, as would the estimated cost of conserved energy. 

D. Units for Electricity: Use of Resource Energy 

Some of our sanple homes are heated by fuel, others by electricity. 
We want to evaluate energy savings on a comparable economic basis 
regardless of fuel type. One approach is to evaluate electricity in 
terms of the ·heat energy produced "at the building site," by an 
electric-resistance appliance i.e., 3.6 MJ/kWh [3413 Btu per kWh]. The 
advantage of using "site electricity" units for comparing fuel-heated 
and electrically-heated buildings is that this indicates the buildings' 
physical performance (heat load to be met). A disadvantage is that 
measuring electricity in terms of site energy fails to account for the 
substantial fuel use required off-site to generate electricity. 

Resource electricity units account for the total fuel required by a 
utility system to generate and deliver a high grade energy source, elec
tricity. The resource conversion factor is 12 MJ per kWh [11,500 Btu 
per kWh], which reflects typical power plant efficiency (33%) and 
transmission losses (about 10%). We choose to use resource electricity 
units because the costs per joule for fuel and electricity end up 
roughly equivalent (See Appendix B for details). 

We do not, however, use resource energy units in calculating the 
fuel integrity of electrically-heated hom~s (see Appendix A, Column P). 
In this case, we are evaluating the pre- and post-retrofit performances 
of the building shell and heating system rather than the relative pri
mary energy savings of various retrofits. The conventional practice 
used by building scientists is to express fuel requirements in terms of 
site energy. For fuel-heated homes, we tabulate the fuel use per m2 per 
heating degree-day. For electric heat it is then necessary to adjust 
for differences in the seasonal furnace efficiencies of gas-and-oil 
heated homes vs. electrically-heated homes. We calculate how much fuel 
an all-electric house would use if it had been heated by a gas or oil 
furnace whose typical seasonal efficiency was 0.67. Thus the equivalent 
fuel usage is then 3.6 MJ ~ 0.67, or 5.4 MJ/kWh [5120 Btu/kwh], the 
conversion constant used for electrically-heated ho~es in Appendix A, 
Column P. 
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E. Control Group Savings 

Control groups are used in many of the retrofit projects. Interpre
tation of energy use data for a control group depends on the objective 
of the study. Subtraction of control group savings is appropriate if 
the objective is to measure program-specific effects; for example, the 
energy savings attributable to a utility conservation program beyond 
what would otherwise have occurred. Our focus is on measured data that 
show the technical performance and cost-effectiveness of conservation 
retrofits. We have only a secondary interest in the extent to which a 
specific program or regulation-~as opposed to "market responses" to ris
ing energy costs--actualy triggered the decision to retrofit a building. 
Thus we list control group energy savings in the Summary Data Table, but 
most of our figures reflect gross rather than net energy savings for 
each data point. 

-12-
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IV. TYPES OF RETROFIT MEASURES 

Most residential conservation measures at present are aimed at 
improving energy efficiency in two end-use areas: space heating and 
cooling, and domestic water heating. 

Space Heating and Cooling 

Most retrofit measures designed to reduce heating and cooling energy 
use consist of tightening the buildings' thermal envelope. We have very 
little data on the effect of residential retrofits on energy consumed by 
cooling systems. Thus, our economic calculations are conservative since 
they credit only energy savings from heating systems. In many 
instances, the retrofits also result in cooling savings. 

The most popular retrofit measure in the data base is the addition 
of ceiling insulation. This measure effects dramatic savings in dwel
lings that have ·uninsulated attics. Substantial savings are also real
ized in cold climates if the "before" level of ceiling insulation is 
RSI-1.3-1.9 [R-7 or R-11]. 

In cold climates, the installation of storm windows and/or storm 
doors is another common conservation measure, a measure undertaken by 
one-third of the data sources. The installation of a clock thermostat 
or modifications to an existing heating system (i.e. installation of 
flue dampers) were made by 10% of the data sources. In larger multi
family buildings, replacement or adjustment of the HVAC system and 
automatic energy control systems were the most common retrofits~ We 
have data on only one architectural improvement, a passive solar wall 
retrofit, but hope to identify more retrofits of this type in the 
future. 

Caulking and weatherstripping are very cocmon retrofit measures to 
cut down on infiltration in a house. This measure has been implemented 
by almost one-half of our data sources, particlarly in low-income hous
ing. A relatively new technique for the discovery of less obvious heat 
loss paths has been developed by researchers at Princeton and LBL. This 
technique involves pressurizing a home using a blower door. Heat leak
age paths and thermal "bypasses" are identified with the aid of smoke 
sticks and an infrared camera. Major leakage sites are then sealed. 

Domestic Hot Water 

The average U.S. home uses about 32 GJ [30 MBtu or 300 therms] per 
year to heat water for domestic use. Potentially large savings are pos
sible in this area. At present, wrapping an insulating blanket around a 
water heater tank is the the most popular retrofit measure. Several 
utilities in the northwestern part of the United States have been wrap
ping their customers' water heaters for several years at n~ charge. 
They estimate annual energy savings of approximately 500 kWh (worth $30 
at 6¢/kWh) are realized at a cost of $15 to $20, an excellent return on 
investment. Other common retrofit measures include wrapping the hot 
water distribution pipes near the heater, lowering the thermostat 
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setting of the water heater, and installing low-flow shower heads and 
water heater flue dampers. Although we have not attempted to assess sav
ings from active or passive solar hot water systems, they are another 
increasingly popular residential retrofit. 

-14-
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V. RESULTS 

Energy Savings 

Annual resource energy savings as a function of the contractor cost 
of the retrofit are shown in Figure 1. We observe the expected trend of 
increased savings for larger investment, but the data are widely scat
tered. For retrofit costs equal to or less than $2000, annual energy 
savings varies up to a factor of seven. In our sample, there is a wide 
range in the cost-effectiveness of retrofit measures. The median value 
of energy savings is 29.5 GJ [28 MBtu]; the median cost is $1082. 

In Fig. 1, the sloping reference lines represent prices of purchased 
energy. A conservation retrofit is cost-effective if the data point 
lies above the price line for that fuel. Nine of the 11 electrically 
heated homes lie on or above the 5¢/kWh reference line and 27 of the 37 
gas-heated homes have energy savings above the $4.74/GJ [50¢/therm] 
reference line. The reference price lines are close to the 1981 U.S. 
average residential prices - gas at $4.27/GJ [45¢/therm] and electricity 
at 6.2¢/kWh.* [21] 

In Figure 2, the percent savings of space heating energy is plotted 
against the contractor cost of the retrofit. The spread in results nar
rows slightly compared to Fig. 1 but there is still considerable 
scatter. We fit the data using a two-parameter function of the form 

-bx y = a(1-e ). (4) 

While the fit has a poor correlation coefficient (r2=.32), we present 
the curved line to guide the reader's eye to the asymptotic relationship 
between contractor cost and percent savings. The data reflect a crude 
law of diminishing marginal returns with increasing investment. The 
data suggest that investments up to $1000 in conservation retrofits, on 
the average, reduce a house's space heating energy consumption up to 
20-25%; investments up to $2000 reduce annual consumption up to 35-40%. 
In Figure 3, a histogram of the retrofit results expressed in percent 
savings of space heating energy is presented. The median value is found 
to be 24% of the pre-retrofit consumption. 

Range of Savings 

An objective of the BECA project is to indicate factors associated 
with high or low levels of savings and cost effectiveness. Those retro
fits that have the highest and lowest ratio of energy saved per dollar 
invested are discussed briefly. 

* Note, however, that there are regional variations in the price of gas 
and electricity, so that cost-effectiveness of individual retrofit pro
jects may be different from that indicated here. 
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In Fig. 1, the data point labeled OA2.1 represents the Page Homes 
project, a 1950's style multi-family public housing complex in New Jer
sey that is retrofitted with a micro-computer-based boiler control sys
tem. The system, designed by Bumblebee Energy Management System, con
sists of indoor temperature sensors located in one-third of the apart
ments. The sensors transmit periodic readings to a micro-processor. 
Using this information, the computer adjusts the hot water temperature 
for the boiler/heater system. The average apartment temperature has 
been lowered from a pre-retrofit average of 28°C [82°F] to 24°C [75°F] 
during the day, and 23°C [73°F] at night. Other energy ·management meas
ures were also taken, including improved operation and maintenance (sav
ing approximately 10-15% of the total) and rebalancing of the hot water 
radiators. 

Prior to the retrofit, annual energy consumption per .apartment was 
3410 liters of fuel oil which in the post-retrofit period has been 
reduced to 1740 liters. [22] The pre-retrofit energy consumption of 
this building complex is comparable to that of other buildings operated 
by the housing authority yet it would be considered an "energy guzzler" 
in comparison to the overall residential hou~ing stock. The pr2-
retrofit fuel integrity for Page Homes is 482 KJ/m -2Dc [23.6 Btu/ft -
DDF]' far higher than the U.S. average of 260 KJ/m -DDc [12.7 Btu/ft2-
DDF] for single-family residences.[23] EIA surveys show that heating 
energy use in oil-heated multi-family housing units is comparable to or 
larger than that in single family homes. [24] This successful retrofit 
suggests that substantial savings may be possible by installing improved 
heating control systems, even without changes to the building shell, in 
.some large multi-family apartment buildings. 

Conservation programs that were sponsored by TVA and Puget Power 
(points El.l, El.2, and E6 respectively) also achieve high energy sav
ings (50-84 GJ) relative to cost ($200-1300). Historically, low prior
ity has been given to energy-efficient design in homes located in these 
regions, as the Pacific Northwest and the Southeast have relied on cheap 
hydroelectric power. Most homes were uninsulated and "leaky," thus 
allowing for significant improvements in building thermal performance at 
relatively low cost. Savings from these programs are impressive, espe
cially given the large sample sizes (8802 homes in the case of Puget 
Power).[9,10] [25] 

The DOE Low Income Weatherization Program in Uinnesota is an example 
of a project with relatively poor results, (plotted as data points MlO.l 
and Ml0.3). Annual energy savings of only 11.9 GJ (10%) and 7.3 GJ (7%) 
were achieved for retrofits estimated to cost $1000-1100.[26] The poor 
benefit-cost ratio could be attributable either to poor workmanship (the 
project relied on "fr.ee" CETA labor), our possible overestimate of 
equivalent contractor costs, or diminishing returns on investment in 
homes with moderately low initial fuel integrity values. 

Points Gl5 and t12 also represent low-income weatherization experi
ments, conducted in this case by the CSA/NBS Demonstration Program. The 
overall 12-city experiment achieved annual space heating energy savings 
of 31% in the aggregate and proved to be cost-effective. However, at 
several of the sites, there were problems with the quality of retrofit 
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work and data collection procedures. In St. Louis (G15), post-retrofit 
inspection of the homes revealed that several storm windows were miss
ing. When the bills for materials were examined by project technical 
staff, they discovered that it was physically impossible to install the 
amount of insulation claimed, given the buildings' measured dimensions. 
Although these data errors were corrected insofar as possible, the low 
savings in St. Louis were likely the result of poor workmanship. In 
Atlanta (M2), mechanical retrofit options (which yielded the highest 
dollar savings overall in the CSA/NBS project) never were installed due 
to poor communication.[14] Those points show annual savings of only 15-
18 GJ for investments of $1400-2000, and are not cost-effective. All 
low-income weatherization retrofit projects that report low energy sav
ings with relatively high costs installed caulking and weatherstripping: 
measures whose energy savings are likely to be small and whose effec
tiveness is greatly impacted by the quality of workmanship.[27] 

Subtraction of Control Group Savings 

Figure 4 illustrates the reduction in "program-induced" energy sav
ings when control group results are considered. For example, data point 
E5.1 shows the measured savings, 50.6 GJ (resource units), from Seattle 
City Light's Residential Insulation Program (RIP). During the same 
period, average consumption per household decreased by 13% in the blind 
control group.[28] We show an arrow reducing the initial savings 
observed in point E5.1 by 13% of the pre-retrofit usage (or 27.2 GJ). 
TQus, the energy savings attributable to the utility's conservation pro
gram are 23.4 resource energy GJ or 1930 kWh per household. Similar 
subtractions are shown in Fig. 4 for nine other data points. 

On the average (equal weighting for each site), the 14 active con
trol groups decrease their annual energy usage by 14.4 GJ [13.6 MBtu] or 
9.5 percent. Consumption also declines by approximately 8 percent in 
the 12 blind control groups and utility aggregates. In both cases, 
these changes probably indicate some combination of "independently" 
installed retrofit measures, more energy-efficient operation of the home 
or appliances, and possibly reduced levels of occupant comfort. 

Simple Payback Periods 

Figure 5 shows the distribution of simple payback periods for the 
retrofit projects in our compilation. The median payback time is 7.9 
years. A factor that partially accounts for the relatively high median 
value is the large number of research and demonstration projects. In 
these studies, new retrofit measures or procedures with unproven cost
effectiveness are often tested. The lower median payback time of 5.7 
years for conservation programs sponsored by utilities and private firms 
reflects investments primarily in established retrofit measures or pro
cedures with relatively high returns on investment. 
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Cost of Conserved Energy 

The relationship between contractor cost for the retrofits and the 
cost of conserved energy is shown in Figure 6. Reference prices of pur
chased electricity, gas, and oil are drawn as horizontal lines against 
which conservation retrofits for each fuel type can be compared. 
Including points that overflow the plotted axes, we find the following 
results: 72% (28 of 39) of the gas-heat projects have a cost of con
served energy below the reference gas price of $4.74/GJ [50c;/therm], 82% 
(9 of 11) of the all-electric homes save heating energy more cheaply 
than the reference electricity price of 5c;/kWh, and 80% (4 of 5) of the 
oil-heat retrofits lie below a fuel oil price of $8.60/GJ [$1.25/gal]. 

We observe that most retrofits costing less than $2500 had CCE's 
below $4.74/GJ [$5/MBtu], a result found in 46 of the 58 samples. Seven 
less successful retrofits with investments between $500 and $2000 have 
cost of conserved energy values ranging from $5.20 to $8.50/GJ. For the 
six data sources with retrofit costs between $2500 and $4400, only one 
has a CCE of le·ss than $4.74/GJ; the other five CCE's range from $4.74-
6.60/GJ. The six least successful projects have CCE's from $10.40-
15.20/GJ, and are not shown in ·this figure as they overflow the vertical 
scale. Fig. 6 also depicts the cost-effectiveness of "house doctoring" 
as is evidenced by the cluster of gas-heat data points (from Princeton's 
Modular Retrofit Experiment) with cost of conserved energy values 
between $1-2/GJ and retrofit costs of $350. 

The distribution of cost of conserved energy values for the sat:1ple 
is shown in Fig. 7. Overall, the median cost of conserved energy is 
$3.60/GJ [$3.80/MBtu], with· the median value for fuel-heated homes at 
$3.66/GJ and the CCE for electrically-heated homes at 3.1c;/kWh. 

In this survey, the reporting of results by data sources is too 
aggregated to permit ordering individual retrofit options by return on 
investment. In cases where results can be disaggregated based on sub
metering, the data suggest that the most cost-effective set of retrofits 
includes attic insulation and measures that are part of the 
Princeton/LBL "house doctor" program of instrumented energy analysis and 
retrofit. At this time, our data indicate a high correlation between low 
retrofit costs and cost-effective CCE values. 

Actual Savings vs Predicted Savings 

Millions of energy audits have been performed in U.S. residences for 
the purpose of estimating retrofit costs and savings to help guide 
homeowners' decisions on conservation investments. Comparison of actual 
vs. predicted savings is an important consideration in the evaluation of 
conservation programs --.an area in which little systematic work has 
been done. At present, we have limited data on this subject as shown in 
the following table. 
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I 
Table II. Comparison of Actual vs. Predicted Energy Savings I 

I 
I 
I 

Label Sponsor .No. of Homes Actual Predicted Method I 

I 
G1 NBS 1 59% 52% Modified DD I 
E2 TVA 546 22% 25% s.s. Heat Lossl 
E4 PPL 1896 20% 25% s.s. Heat Lossl 
E6 Puget 8802 35% 26% s.s • Heat Lossl 

Heat Loss! E7 PGE 161 32% 33% s.s. 
E8.1 BPA/LBL 5 9% 4% CIRA I 
E8.2 BPA/LBL 5 16% 25% CIRA I 
E8.3 BPA/LBL 4 42% 36% CIRA I 

I 

In four of the above cases, the standard engineering method of mak
ing a steady-state heat loss calculation is used to estimate the sav
ings. For one case a modified degree day method (steady state heat 
losses plus a balance point temperature adjustment) is employed. LBL 
used its CIRA micro-computer program to predict energy savings in the 
three-cell Midway project. Predictions for a particular house or group 
of houses can vary considerably, depending on the method used. In 
one-half the cases listed in Table II, actual savings fall short of 
predictions whereas in the other half they exceed the predicted values. 
We see that the differences between actual and predicted values are not 
exceedingly large for our sample, all but one of which involves aggre
gates of houses. Typically, the correlation between actual and 
predicted usage is poor for an individual house. 

We have also collected pre-retrofit predictions of savings on many 
new conservation programs. Further quantitative analysis is planned on 
this subject as new projects report their post-retrofit consumption and 
actual energy savings. 
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VI. CONCLUSIONS 

Results from this study indicate that conservation investments up to 
$1000 reduce a house's space heating consumption by 20-25 percent, on 
the average, while investments up to $2000 decrease usage by approxi
mately 35-40 percent. The median value of space heating energy savings 
for 64 data points is 24 percent of the pre-retrofit usage. One impor
tant finding is that on-the-spot retrofits accompanying instrumented 
energy analysis were, despite the use of high-priced instrumentation, 
generally less expensive and invariably more cost-effective than other 
retrofit measures, irrespective of the presence or absence of insula
tion. These conclusions emerge from large-scale experiments designed by 
Princeton University (though the retrofits were carried out ·by others). 
Preliminary results reveal that attic insulation, sealing bypass and 
infiltration losses using pressurization and infrar~d diagnostic tech
niques, and wrapping hot water heaters with an insulating blanket are 
cost-effective retrofit measures. 

Though the data compilation contains wide variation in the type of 
homes, the type of fuels, the locations and the type of retrofits, the 
overall results from aggregating thousands of individual cases show an 
attractive cost of conserved energy for residential retrofits. The 
median cost of conserved energy for our data points is an attractive 
$3.60/GJ [$3.80/MBtu], comfortably less than the 1981 u.s. average 
residential cost for natural gas ($4.27/GJ) or fuel oil ($8.25/GJ). In 
fact, 27 of the 39 gas-heat points are below the average residential gas 
price and 4 of the 5 oil-heat points fall below the price for heating 
oil. Of the 11 electric heat data points, ten show a cost of conserved 
electricity of less than 6.2¢/kWh, the 1981 average u.s. price. 

The absence of data on multi-family units and on the durability of 
energy savings from retrofits are worth noting. Thus, future additions 
to the BECA-B data base will emphasize multi-family retrofit projects 
and multi-year data on energy savings. We are also interested in 
obtaining more data on the results of low cost/no cost programs and from 
"failed" retrofit programs. Data on these subjects will allow us to 
describe factors that account for successful and "failed" programs and 
better explain variation in predicted vs. actual energy savings. 

Finally, we express the hope that as a result of this paper, poten
tial contributors will contact us to begin sharing data, so that we can 
greatly increase the scope and representativeness of this compilation. 
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Fig. 1. Annual savings after retrofit are plotted against the contrac
tor cost of retrofits for 65 data sources. The sloping reference lines 
represent the boundary of cost-effectiveness for typical residential 
energy prices. Since conservation investments are typically "one-time," 
the future stream of energy purchases for 15 years is converted to a 
single present value, assuming a 7% real discount rate. The conserva
tion retrofit is cost-effective if the data point lies above the pur
chased energy line for that fuel. In most cases the plotted savings 
apply to space heat only, except for 15 samples which address other end 
uses in addition to space heating (shown in Appendix A, Col. J as W or 
F). In those 15 cases, we plot the combined savings. Electricity is 
measured in resource units of 12.1 MJ per kWh sold. [12.1 MJ = 11,500 
Btu] 
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Fig. 2. Percent savings of space heating energy vs. Contractor cost for 64 
retrofit projects. The percent savings are taken from column K4 in Appendix 
A except for the 14 Princeton MRE points which are calculated from the space 
heating portions (columns Pl and P2) of the total fuel usage. The curved line 
represents a fit of the data to the equation y=a(l-e-hX). The data suggest 
approximate energy savings of 20-25% for investments up to $1000 and 35-40% 
for conservation investments up to $2000. 
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the reduction in savings (drawn from the initial data point by an arrow) 
for 10 of 24 samples that employ a control group. The points not 
included either overlap those shown or are active control groups from 
the individual cities in the CSA/NBS Demonstration Program (whose 
results are aggregated in M 8.1A). 

-28-

'· 

.. 
; 



' • 

12 

II 

10 

9 

Q) 8 
u 
c: 

7 Q) 
'-
'-
::::3 

6 u u 
0 ..... 

5 0 
>-u 
c: 4 Q) 

::::3 
C" 

3 Q) 
'-

l.L 

2 

fErn Utility .progra~s 
L2lliJ and pnvate f1 rms 

4 

II 

6 

N = 68 

8 10 15 20 50 
Simple payback period (years) 

XBL823- 2052 

Fig. S. The simple payback period for 68 retrofit projects is 
presented. The median payback time is 7.9 years. Results for utility
sponsored programs and private firms are shown in the shaded area. 
Utility and privately-sponsored conservation programs have a median pay
back time of 5.7 years. 

-29-



00 
(j) 

> 
O'l 
lo... 

7 

Q) 6 
c: 
Q) 

~ 5 
lo... 

::I 
0 
en 4 
Q) 
lo... 

"'0 
Q) 3 
> 
lo... 
Q) 
en 
c: 2 
0 
u 

o1 
..... 
en 

-

-

~ 

~ 

~ 

-

-

0 0 
u 0 

I 

0 

0 
0 

0 
M:) 
0 
0 

0 
00 

8&. 0 
0 

+o& & 

& • 
I 

I I J I 

= Oil @ $8.60/GJ $1 .25/gal 
0 

n=58-

0 

0 
0 

0 
& 

•• 0 • 
Gas @ $4. 74/GJ = 50e/therm 

0 0 .• Electricity @ 5¢/kWh 

0 
o.a 

• 0 0 

o'*' 
0 

& 0 
& • • 

• 0 Heated by: 

• 0 Gas 
& • Mixed fuel 

• Oil 
• Electricity 

I I I I 

1000 2000 3000 4000 

Contractor cost ( 1 981 $) 

-

-

_A. 

-

-

8 

6 

J 
(.'J -<I} -CX) 

4 0') -
2 

0 

XBL B22-158A 

Fig. 6. The scatter plot shows the relationship between the cost of 
conserVed energy and the contractor cost for the measures. The cost of 
conserved energy equals the ratio, total investment over annual savings, 
multiplied by the capital recovery factor (.11, assuming a 7% real 
discount rate and 15-year amortization period). The horizontal lines 
represent prices of purchased energy against which conservation retro
fits should be compared. Of the 58 sources, 46 invested less than $2500 
per home, and obtained CCE's of less than $4.74/GJ. The gas data points 
clustered between $1-2/GJ represent the results of the Princeton house
doctoring experiments. 
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APPENDIX A: Summary Data Table 

The following table represents the data collected and calculated for 
this study. The explanation of the table headings is as follows: 

Column A: Label for each data source 

First letter signifies the fuel type used for heating. 

"G" = natural gas 

''M" = mixed fuel--heating fuel differed from house to house within a study 
sample 

"0" = fuel oil 

"E" = electricity 

If the letter "A" immediately follows the. fuel type symbol, then the home 
is an Apartment or multifamily dwelling. If no second letter follows the 
fuel type symbol, then the home is a single-family dwelling. 

The nunber after initial letter(s) is simply a counting index to label 
each different retrofit data sample. 

At a particular site if there is more than one sample group for which 
consumption data was accumulated by the evaluators, then we use a decimal 
point after the first number (counting index) followed by 1, 2, 3, ••• to 
denote the additional groups. 

The letter "A" or "B" at the end of the entry signifies an "active" or a 
"blind" control group. 

Example: "G7.3A" signifies a gas-heated single-family home which is at 
the 7th site and which is the third group at that site. Also it's an active 
control group. 

Column B: Sponsor Category 

"R" means a research study. 

"U" means a utility-sponsored program. 

"G" means a government program. 

"P" means a private firm specializing in building energy services. 

Column C: Number of Homes 

The number of homes for which actual consumption data are analyzed. 

Column D: Location 

Column E: Sponsor 
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January 28, 1983 

Column F: Heating Degree-Days (18.3°C = 65°F Base) 

TI1e 30-year average of heating degree-days for the retrofit site(s). 

Column G: Year of Retrofit 

The actual year of retrofit or the median year in cases where there 
was a large sample of homes retrofitted over several years. 

Column H: Average Floor Area (sq. meters) 

Column I: Types of Retrofits 

"I" insulation of ceilings, floors, basement, or walls 

"W" = double or triple glazing of windows 

"D" = storm doors or insulating doors 

"C" = caulking and weatherstripping 

"T" = clock thermostats 

"E" = energy management control systems 

"H" = replacement or adjustment of HVAC equipment 

"O" = operation & maintenance actions which affect manner in which the 
HVAC equipment is run 

"A" = all architectural changes to the actual structure which affects its 
energy consumption (such as passive solar wall) 

"P" = blower door pressurization and sealing of bypass and infiltration losses 

No symbol for hot water retrofits because they are indicated in Column J. 

Column J: Energy Usage 

Column K1: 

Column K2: 

Column K3: 

Column K4: 

Column L1: 

"H" = space heating consumption only is included in the consumption data 

"W" = space heating and domestic hot water heating are included in the 
consumption data 

"F" = consumption includes all uses for space heating fuel; generally 
includes water heating, cooking, clothes drying, etc. 

Energy consumption in GJ or kWh per year before retrofit (1.055 GJ = 

Energy consumption in GJ or kWh per year after retrofit 

Annual energy savings in GJ or kWh 

Percentage savings 

Average contractor cost in year of retrofit 
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Column L2: Average ret.rofit costs in 1981 dollars (costs are normalized to 
1981 dollars using the GNP Implicit Price Deflators) 

Column L3: Average retrofit costs (in 1981 dollars) per sq. meter (calculated 
only if average floor area of the sample group is available) 

Column Ml: Cost of conserved energy (in 1981 dollars) per GJ or in cents/kWh 
using a Capital Recovery Rate (CRR) of 8.38%, corresponding to a 
15-year amortization period at 3% real discount rate. 

Column }12: CCE in '81$/GJ or in '81~/kWh using a CRR of 11.0% (7% real discount 
for 15 years) 

Column ~!3: CCE in '81$/GJ or in '81~/kWh using a CRR of 13.2% (10% real discount 
for 15 years) 

Column N: Simple payback time (years) 

Type "a" SPT(a) = Cost of Investment (Original $) 

Type "b" 

Type "c" 

(Energy Savings/Yr) (Local price of Energy in Orig. $) 

SPT(b) = Cost of Investment (1981 $) 

(Energy Savings/Yr) (Local price of Energy in 1981$) 

SPT(c) = Cost of Investment (Original $) 

(Energy Savings/Yr) (National Average Cost of 
Energy for that fuel in Orig. $ for Jan. of 
1st post-retro Winter) 

Type "a" is the most common calculation for SPT in our data, The 
superscript "(a)" has been suppressed in the Table so that no superscript means 
a type "a" SPT. 

Column 01: Heating Fuel Intensity in MJ/m2 before retrofit (for electric 
heati~g, we convert to resourze energy using 12 HJ per kWh sold) 
[MJ/m x 0.088 = MBtu/1000 ft ] 

Column 02: Heating Fuel Intensity in !1J/m2 after retrofit (again for 
electric heating, we convert to resource energy using 12 MJ per kWh sold) 

Column Pl: Fuel Integrity of the dwelling in KJ/m2-DDc before retrofit (for 
electric heating, we multiply by 1.5 to normalize for the different fuel 
efficiency of an electric heating system comp~red to a gas or oil s2stem 
i.e., used a ratio of 5.4 MJ per kWh). [KJ/m -DDc x 0.049 = Btu/ft -DDF] 

Column P2: Fuel Integrity of the dwelling in KJ/m2-DDc after retrofit 
(again for electric heating, we multiply by 1.5 to eliminate the 
different fuel efficiency of an electric heating system compared to a 
gas or oil system) 
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NOTE: We caution our readers that the fuel integrity values listed in Columns Pl 
and P2 give only approximate relative values of the performances of a building 
shell and heating system. Our lack of knowledge about interior thermostat settings, other 
occupant management variables and other sources of "free heat" (appliances, solar gains etc.) 
is built into the fuel integrity values. In addition, dividing the fuel usage by the 
number of heating degree-days to the base 18.3°C is an acceptable but not a precise 
method of weather-normalizing homes in different locations • 

Column Q: Confidence level for the data 

"A" = high confidence in the data. Generally this designation requires 
either submetered data or regression analysis that estimates the balance 
point temperature and baseload usage and adjusts for weather, using HDD's 
calculated to the reference balance point temperature. Detailed weather 
info~tion (daily or monthly HDD's) and accurate cost data are collected. 
A control group is usually part of the experimental design. 

"B" = medium high confidence. Baseload adjustment consists of subtracting 
off the summer months' values of fuel usage. The weather 
adjustment is usually a simple scaling based on monthly HDD's (base 18.3°C). 

"C" = average confidence. A simplified baseload correction is made and 
the weather correction consists of scaling by annual HDD's (base 18.3°C). 
Some uncertainty exists in retrofit cost data. 

"D" = low confidence. Sufficient flaws exist in the data to cast 
doubt on the results. No baseload correction or weather adjustment 
is made. Consumption and cost data are not carefully collected. 

"F" = no confidence. Very crude data with much missing information. 
Major flaws exist in the data. 

(No "D" or "F"-level data are included in this study). 

"I" = incomplete. Certain key data are missing but may be available 
in the future so that the analysis can be completed. 

Column R: Comments 

Additional descriptive comments for that particular entry. 
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Appendix A. Summary data table. 

A B c II 1:: t' G II 1 J I 1:1 Kl KJ 1!:4 

t:UEKGY Cllll~UMP a::m:tu;v SAl/IN!.:~ 

NUMBt:R YR Ot' t'LOOR Bt:t'OKt: At"H:K 
SPONS OF HOD kt:TRO AREA Kt:TKOFI'f t:NERGY (GJ/ (l.:J/ (l.:J/ (Pt:K 

LABEL CAT. IIOIIES LOCATION SPONSOR ( C) t'I'f (SQM) ltt:ASUKt::S USAGt: Yll) YR) . YR) Ct:NT) 

Cl R I BOWtiAN IIOUSt:,ttU NB~ 2561 75 191 l,W,C II 1'12.5 55.0 77.5 5'J 
C2 R I nJIN RlVt:KS,NJ PRINCt:TON 27211 77 139 I,W,C,P II 115.5 20.3 65,2 76 
C3 R I liS II,NJ I'KINCt:TON 2728 79 112 1,W,II,I' II 62.9 37.7 25.2 40 
C4 R I liS 22,NJ PR1NCt:TOll 2721i 79 145 1,D,II,P H IW. 7 811.7 32.0 26 
C5.1 R/0 6 tll!t:/t'Rt:EIIOLD,NJ l'R1NC:t:TON/NJNG 2707 1!0 232 1, r,r• F 1118.6 142.5 46.1 24 
C5.2 R/U 12 HRE/FRf.t:IIOI.O,NJ PRINCETOII/NJIJG 27ll7 80 232 T,P t' 1111.4 150.8 30,6 17 
C5,)8 R/U 6 HRt:/FREt:IIOLD,NJ PR lNCt:TON/NJNG 2707 232 t' 194.1 1114.5 9.6 5 
C5,48 R/U 140000 IJRE/NJNG PRINCt:TON/NJN(; 2707 F 3 
C6,1 R/U 6 HRE/TOttS RIVER,NJ I'RINCETON/NJNG 2707 80 1!4 1,T,I' •• 92.0 74.3 17.7 19 
C6.2 R/U 12 HRE/TOHS RIVER,NJ l'KINCt:TON/NJNG 2707 80 84 r;P .f 104.7 97.5 7.2 7 
Cb,JB R/U 6 ltRE/TottS RIVEK ,NJ Pill NCETOII/NJNG 2707 114 F IU3.4 103.4 o.o 0 
C6,48 R/U 140000 HRE/IIJNG PRIIICt:TON/NJllG 2707 F 4 
C7.1 R/U 6 HRE/OAK VALLEY,NJ l'KWCETON/SJG 2707 110 130 I,T,P,Il •• 122.7 \13.8 21!,\1 24 
C7,2 R/U 9 lUtE/OAK VALLEY ,NJ PRIIIC:t:TOII/SJG 2707 110 130 T,P t' 127.5 'J'J.2 28.4 22 
G7.3A R/U 6 ltKt:/OAK VALLEY ,NJ I'RINCE'CIJN/SJG 2707 130 F 13~.7 121.3 14.3 11 
C7,48 R/U 75000 IIKE/SJC PKINCETON/SJC 2707 F 11 
G8.1 R/U 5 HKt:/WIIIT11AN SQ,NJ PiUNCETON/SJG 27ll7 80 lll6 I, T ,I' •• 155.3 117 .'I 37.3 24 
C8.2 R/U 9 HRf./WIIITHAN SQ,NJ PRINCETON/SJG 2707 110 186 T,P F 142.2 115.1 27.1 19 
C8,)A R/U 4 HRE/WtllTIIAN SQ,NJ I'RINCt:TO!l/SJC 2707 186 t' 141.2 1111;6 22.6 16 
C8,48 R/U 7 5000 IIKE/SJC PR 1 NCETOII/SJG 2707 F 12 
C24.1 R/U 6 HRE/I::DISON,tiJ PRINCf.TON/ELIZ.t.:AS 2707 80 167 I,T,P t' 172.4 Dl. 7 40.7 24 
C24.2 R/U 5 HRE/EiliSON,NJ I'R I NCt:TON/ELIZ,GAS 2707 80 )(,7 T,P F 172.8 147.4 25.4 15 

I G24.3A R/U 6 IIRE/EDISON,NJ Pki IICt:TON/EL lZ ,GAS 2707 167 F 175.4 163.2 12.2 7 
w G24.4B R/U 75000 ttRE/I::I.I7.. GAS PRINCETON/t:LlZ.CAS 2707 F 10 
Cj'\ C25.1 R/U 6 ttkE/WOOO RlOGE,NJ I'RlNCETOil/I'SEG 2707 80 130 I,l' •• 186.3 159.1 27.2 15 
I C25.2 R/U 6 IIRI::/WOOO RlllGI::,NJ PRINCETON/l'St:G 2707 80 IJU I' F 167.7 145.3 22.5 13 

C25. 3A R/U 6 ttkE/11000 RIDCE,NJ l'RINCETON/PSEG 27u7 130 F 155.9 1311.4 17.5 II 
G25.4B R/U 55000() ttRE/I'f.t:G,NJ PRINCt:TON/I'Sf.G 2707 .. 11 
G26.1 R/U 5 tiKE/Nt:W ROCIIt:LLf. ,NY I'RINCt:Toii/COIIW 2707 110 130 I,T,P,II t' 163.9 130.9 33.0 20 
G26.2 R/0 5 HRE/Nt:l~ ROCilf.LLE ,NY I'RINC:E'fiJII/COilEU 2707 110 130 T,P,II t' 1fl9.2 143.6 25.6 15 
C26.3A R/U 6 HRt:/NEW kOCIIELLE, tiY PRINCETOil/CONEU 2707 130 F 167.6 145.9 21.7 I) 

C9,1 R 5 SASKATCm:WAN ,CANAJlA EN,CIJNS lllt'll C./NRC 6077 80 200 I,C,P II lllu.B 130.6 56.2 30 
(;9.2 R 5 SASKATCIIEWAN, CANADA EN.CONS IN~'O C./NRC 6077 1!0 163 C,P II 172.5 156,11 15.7 9 
C9.3 R 10 SASKATCIIEWAN,CANADA f.ll,CONS iNt'O C./NRC 6077 llO I,W,D,C II 134.2 117.4 16.8 13 
Clll.l R I RUTTE,m' IICAT 5372 79 214 1 II 21!4.0 25L.4 27.6 IU 
CI0.2 R I HUTTE,IIT NCAT 53/2 110 214 I ,C,A II 256.4 17 5.0 81.) 32 
Gil u 84 RAtlS~;y COUNTY ,!liNN NSI' 4533 7'J 177 I,C H 1(,5·, 3 152.9 12.4 8 
Gl2,1 u 33 ilAKf.RSFIELD,CA PGt: 121~ 79 I II 1!7 .6 71.11 15.7 Ill 
Cl2.2 u 16 FR~:SNO,CA I'Ct: 147l 79 1 II 64.9 44.3 20.6 32 
Gl3 u 3300U COLORAllO l'Ull St:KV CO 3342 77 I II 125.6 105.1 20.7 16 
Cl4.1 c 8 OAKLANll,C:A CSA/NHS 1616 79 121 I,C H 110.3 71l.O 2.3 J 
CI4.2A G 4 OAKLAND,CA CSA/NIIS 1616 II 123.3 135.5 -12.1 -10 
CIS c 18 ST LOUIS,HO CSA/NUS 2639 79 126 I,W,C II IB4.3 166.0 18.4 10 
Gl6 c 10 Cll I CAf.O, 11.1. C!iA/NBS 3404 79 136 I,W,C,II II 279.4 163.6 115.7 41 
Gil .I c 16 COLORADO SI'K IIICS CSA/NHS 3596 79 93 I,W,C,II II 13~.3 7 5. 5 (JJ.7 46 
Cl7 .2A c 4 COLORAJlO SPRINGS CSA/NIIS 3596 II 173.9 173.7 0.2 0 
Gl8.1 G 17 ST I'AUL,IHNil CSA/NBS 45)) 79 132 I,w,c II 19U,I! 149.4 41.5 22 
GI8.2A G 5 ST I'AIIL,MINN CSA/NUS '•533 II 301.1! 277.1 24.7 0 
Cl9 G 30 LIIZf.KtiE CTY, PA DOE 3487 79 I,W,C II 166.6 141.(, 25.0 15 
G20 G 89 LOUISIANA DOE 1000 so II 51.0 36.0 15.0 2~ 
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Appendix A. Surmnary data table, continued. 

A 8 c D E F G II 1 .I Kl Kl Kl K4 

EtlEiu;y CUI IS IIIII' I::NEiu;y SAVINGS 
Nllllllf.R YR OF FLOOII IIEFOitf: AFTEK 

SPONS OF lUlU RETIIO AllEA IIETKOFIT ENEKGY (GJ/ (GJ/ (GJ/ (I'EK 
LAB~:L CAT. IIOHES LOCATION SI'OIISOR ( C) FIT (S4H) NEASURES USAGE YK) YK) YK) Ct:NT) 

------ --
G21.1 G 21 KANSAS CITY ,HO IJOE 2867 77 I ,C H 14:!.4 1<1.3 21.1 15 
G21.2 G 45 KAIISAS CITY ,HO IJOIO 21!67 77 I ,c: H 206.1! 160.4 4&.4 22 
G21.3 G 44 KANSAS CITY,HO DO F. 2907 71! I,c II 201.5 146.6 54.9 27 
G22 G 131! KENTUCKY DOE 2627 79 I.w.n.c II 125.0 lUll. 5 1&.6 13 
G23 G 30 INillANA llOE 30~6 78 1tJ2 I ,c,U II 192.1 143.2 49.0 25 
01 R I liS 21,NJ PRINCETOII 2728 79 Ill~ I,W,II,P II I J'l. 3 65.9 73.3 5] 
OA2.1 G/P 159 PAGE APTS, NJ IIUD/TKt-:tiTOII 2728 HI 77 II,E w 101.5 51.2 50.3 50 
OA2.2B R 1500 APTS,NJ IIUU/TRENTON 27lll w lB. I !U3.7 19.4 16 
OA3 p 521 HF COHPLEX,WASII DC SCAI.l.OP TIIEKtlAL HAll. 2339 711 II,E,O w 122.7 114.4 8.3 7 
OA4 p 752 HF COIIPLEX,HIJ SCAI.LOP TlliiKHAI. HAN. 23:19 7A 11,1::,0 w 119.6 87.7 1.9 2 
OA5 p 60 COOP RLDG,NYC SCALLOP TII~:KttAL HAN. 2b93 78 II,E,U w 17b.5 l6U.5 16.0 9 
06 G 13 VEKtiUilT DOE 437b 80 I ,W,D H 151.4 105.5 45.9 30 
HI.! G 13 CIIARI.f.STON,SC CSA/NBS 1192 79 103 I,C II 65.9 43.7 l2.3 34 
Hl.2A G 5 CI!ARLESTON, SC CSA/NBS 1192 H 311.3 )2.4 5.9 15 
H2 G 8 ATLA!ITA,GA CSA/NUS 1719 79 98 I,W,C II 114.0 99.3 14.1! !] 

I H3 G 4 \~ASH ,DC CSA/NBS 2))9 79 85 I,W,C,H II !37. 7 72.9 64.8 47 
w H4.1 G 9 TACOHA,WA CSA/IIIIS 21181 79 91 I,W,C II 178.1 105.) 72.8 41 
....... H4.2A G 5 TACOHA,WA CSA/NBS 2881 II 62.8 52.9 ~.'J 16 I H5.1 G 13 EASTON,PA CSA/NBS 3237 79 124 I,C,II H 1211.4 98.2 30.2 24 

H5.2A G 3 EASTON,PA CSA/NI!S 3237 II 46.4 42.1 4.4 9 
H6.1 G 14 PORTLAN!l,HE CSA/NBS 4166 79 94 I,W,C,II H 197.6 111.2 86.4 44 
H6.2A G 4 PORTLANil,HE CSA/NBS 4166 II 245.3 215.0 3U.3 12 
H7.1 G 12 FARGO,Nil CSA/NBS 5151 79 73 I,W,C,II II 115.5 69.4 46.1 40 
H7 .2A G 5 FARGO,ND CSA/NHS 5151 H 153.1 1311.5 14.6 10 
118.1 G 142 CSA/!IBS C011POS!TE 79 109 II 154.8 107.5 4 7. 3 )I 

IIB.!A G 41 CSA/NBS COMPOSITE II 153.2 146.3 b.9 4 
H9 G 65 NW WISCONSIN CSA 4660 76 120 I,W,Il,C II 150.9 122. J 28.6 19 
HIO.l G 59 NlllNESOTA DOE 46!7 78 75 I,W,C II 117 .o 105.1 11.9 IU 
Hl0.2B G 37 MINNESOTA DOE 41>17 123 II 135.6 138.9 -3.4 - 2 
Hl0.3 G 19 111 NNE SOT A DOE 4617 711 72 I,W,C II 109.3 102.0 7.3 7 
Hll G 13 lll~CONSIN DOE 4900 79 II 147.0 122.7 24.3 17 
Hl2 G 86 ALLEGAN CTY ,111 DOE 3778 BO II 164.6 1111.2 46.4 28 

(KWH) (KIIII) 
El.1 u 1>9 TENNESSEE TVA 2464 76 94 I,C II 11270.0 5148.0 6122.0 54 
El.2 u 105 TENN~:SSEE TVA 2456 7b I H 12383.0 11271.0 4112.0 33 
E2 u 546 TE!INESSI::I:: TVA 2228 711 I II 10148.0 7937 .o 2211.0 22 
F.3.1 R/P 29 DENVER,COL JOHNS IIAIIV ll.I.E 3342 78 149 p II 17615.0 I~ 779.0 21Jl6.0 16 
E3.2A R/P )O DENVEII, COL JOIIIIS HANVII.I.E 3342 II 20&06.0 17715.0 211~1.0 14 
EJ. JB R/P 30 DE!IVER,CIIL JOIINS IIA!IV II.Lt: 3342 II 231186.0 21034.0 21152 .o 12 
E4 ll 1896 OREGOU PAC PWR LH;!IT 2fo67 79 I,U,D,C II 21305.0 17044.0 42ui.O 20 
E5.1 u !33 SEATTLE,IIA SEATTL~; CITY !.HalT 21181 79 I II 17107 .o 12934.0 4173.0 24 
E5.2R u 551 SEATTLE,WA SEATTLE CITY LIGII'f 211111 H 16843.0 14634.0 220'1.0 13 
E6 u 8802 WASHINGTON PUm:T POW~:R 3056 79 1,11 II 20000.0 11070.0 6930.0 35 
E7 u 161 ORI::CON POKTI.ANil GI::N I'LEC 2662 711 I,W,D,C H uouo.o 1Jil79.0 412!.0 32 
E8.1 R/U 5 HlllWAY ,WA llPA/l.BL 2644 80 117 p II 199114.0 181311.0 11146.0 9 
E8.2 R/U 5 NlllWAY ,WA IIPA/LHL 21>4'• 79 116 I,C II 1980).0 lb561l.O 3235.0 I& 
E8.3 1</U 4 tHUIIAY,WA IIPA/LBL 2644 79 115 I,C,Il,W II 19649.0 11445.0 8204.0 42 



I 
w 
ex> 
I 

Appendix A. Summary data table, continued. 

G 
G 
G 
c 
G 
G 
G 
G 
G 
G 
G 

G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
( 

G 

G 
G 

G 
G 
G 

G 
G 

G 
G 
G 

G 

G 
G 

G 
G 
G 

A 

LABF:L 

B 

A 

A 

A 

L1 

COST 
OF 

Kt:TKO 
f'IT 

(ORIGS) 

2840 
3000 

700 
1000 
2562 

325 

1272 
325 

911 
325 

664 
325 

1370 
325 

961 
325 

1008 
325 

1976 
51'• 

1442 
500 

13100 
290 
427 
417 
272 
274 

1781 
2347 
1765 

1761 

Ll 

COST 
OF 

KETKO 
FIT 

(81 $) 

4202 
4036 
814 

1162 
2750 

349 

116~ 

349 

978 
349 

713 
349 

1471 
349 

1032 
349 

1082 
349 

2027 
527 

147!1 
570 

13737 
325 
496 
485 
360 
312 

2031 
2677 
2013 

2008 
I 

~. 

ttl tl2 113 

CO~T OF CONS. 
t:Nt:l!CY (81$/ GJ) 

(CKK (CKI! (CRK 
~11.4) •11.0) miJ.2) 

4.54 5.95 7. 15 
5.19 6.80 8.17 
2.70 3.54 4.2f, 
3.05 3.99 4.80 
5.00 6.55 7.87 
0.96 1.25 1.51 

6.46 8.46 10.17 
4.08 5.34 6.42 

2.84 3. 71 4.47 
1.03 1.35 1.62 

1.60 2.10 2.52 
1.08 1.41 1.70 

3.03 3.97 4.77 
1.15 1.51 1.81 

3.18 4.16 5.00 
1.30 1.70 2.05 

2.75 3.60 4.13 
1.14 1.49 1.80 

3.02 3.96 4.76 
2.81 3.68 4.43 
7.3!i 9.6R 11.64 
1.73 2.27 2.72 

14.15 JR. 54 22.29 
2.1R 2.116 3.44 
2.65 3.47 4.17 
1.97 2.58 3.10 
1.46 1 .• 91 2.)0 

11.49 15.06 111.10 

9.27 12.15 14.fd 
1.94 2.54 3.05 
2.65 3.47 4.17 

4.06 . 5. 32 6.39 

II 01 02 I' I P2 Q I K 

llt:ATING llt:ATING FUEL t-ut-:L 
FUEL t'UEI. Itfn:t;K 1 NTt:CK 

lNTt:NS. INTt:US. BUOKI:; Atit:K 
SHII'LE Bt·:FoKE At"Tt:K COIIFI-
PAYBACK (GJ/ (GJ/ (KJ/ (KJ/ Dt:NCE 
(YEARS) IUOSQtl) IUUSQM) SQHDD) SQIUlD) LEVt:L Cfltlllt:IITS 

16.1 69.4 211.8 271 112 A HRST t:XTI::NSIVt:; STUUY 
16.2 61.] 14.5 225 53 A TOWNIIliUSt: 
7.9 5( •• 4 33.11 207 124 A ELIMINATE BYPASS l.OSSI::S,ETC. 
8.'.1 83.3 61.2 305 224 A ELUIINATt: IIYI'ASS LOSSES,ETC. 

13.0 50.'.1 34.R 188 129 A H. D. AND CONTKACT J(ETR. 
2.5 51.5 44.8 190 161\ A II. D. ONLY 

60.3 59.7 223 221 A BLUIU CONTROL GkOUI' 
A UTILITY AGGI!EGATt: 

16.8 75.11 57. 5· 280 212 A II. D. AND COilT. RET. 
10.6 83.0 78.0 307 288 A II. D. ONI.Y 

87.4 87.4 323 323 A BLIND CONTJ(OL GROUP 
A UTILITY AGGIU:GATt: 

6.2 55.3 311.2 204 141 A H. D. AND CONTJ(ACT I!ETK. 
2.2 53.7 40.4 198 14'.1 A H. D. ONLY 

58.6 48.1 216 178 A ACTIVE CONTROL GKOUI' 
A UTILITY AGGI!t:t;ATE 

. 3. 5 70.8 52.0 261 192 A H. D. AllD CONl'R. KETR. 
2.3 57.5 45.9 212 170 A II. ll. ONLY 

58.7 45.4 211 167 A ACTIVE CUNTROL GJ(OUP 
A UTILITY AGGI!EGATt: 

7.1 611.6 46.5 253 172 A H. D. ANll CONTI!Al1 RETK. 
2.7 66.4 52.6 245 194 A H. D. ONLY 

72.5 57.5 268 212 A ACTIVE CONTKOL GROUP 
A UTILITY AGGKEGATE 

7.4 104.6 75.11 386 280 A II. D. AND COIITRA<.'T Rt:TR. 
3.1 93.0 71.9 343 266 A H. D. ONLY 

89.1 70.2 32!1 25'.1 A Al"TIVE GONTI!OI. GROUP 
A UTILITY AGGl!EGATt: 

6.4 80.11 63.1 298 233 A II. D. AND CONTRACT KETR. 
2.7 71.4 60.8 264 225 A H. D. ONLY 

90.8 77.5 335 286 A ACTIVE CONTI<UL GROUP 
12.18 91.2 65.2 153 107 II SEAJ.Eil AND INSULATEil 
11.511 106.0 96.3 174 158 II SEALED ONLY 
30.28 c INSULATt:D 
5.48 132.9 120.0 247 223 II PlL\St; I 

44.56 120.0 81.9 223 152 II PHASE 11, INCLLIDt:S PASSIVE WALL 
R.4 93.7 86.6 206 191 8 LOW-INCOME WEATilE!UZATION 
5.7 II ATTIC INSUI. PJ(UG IN SAN JOAQUIII VALLEY 
4.3 II ATTIC INSUL 1'1\llG Ill SAN JOAQUIN VALLEY 
4.41l II LOW INT LOAN!> FOR ATTIC INSUL 

111.'.1 66.5 64.6 411 400 A DEHO I'Git. LOIJ-Ull:mrE WEATHERIZATION 
A ACTIV!o: CONTI<UI, GRP. 

43.61 146.4 131.11 555 499 A DEMO I'GM. LOW-INCOIIF. WEATHERIZATION 
7.3 205.4 120.3 603 353 A DEliO PGM. LOW-INCUIIE WEATIIERIZATlON 

12.0 I 150.2 81.5 4111 226 A DEliO I'GM. LOW-INCUIIE WEATIII::tUZATlON 
A ALi IVE CONTIHJL GROUt' 

15.7 1'•4.6 113.2 319 250 A llEHO PGft. LOW-iNCOIIE WI':ATHt:RIZAT!ON 
I A ACI'IVE CONTROL GJ(OUP 
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Appendix A. Summary data table, continued. 

G 
G 
0 
0 

H 

H 

II 
H 
H 
H 

' H 

A 

LABEL 

19 
20 
21.1 
21.2 
21.1 
22 

23 •· 
I 
~2.1 

~2.2H 

~3 
1'.4 
1'.5 
6 
1.1 
1.2A 
2 
3 
~ • I 
4.2A 
5.1 
5.2A 
f>.l 
f>.2A 
7 .I 
7.2A 
II. I 
B. lA 
9 
10.1 
10.28 
10.3 
II 
12 

1.1 
1.2 
2 
3.1 
3.2A 
3.38 
4 
5.1 
5.28 
6 
7 
U.l 
8.2 
!1.1 

Ll L2 

COST COST 
OF m· 

RETRO KETRO 
FIT FIT 

(ORIG$) (81$) 

789 901l 
1044 1071 
407 539 
525 67 5 

1494 1814 
254 29U 

1375 1700 
1200 1395 

252 244 

1506 1579 
977 1114 

1211 1381 
2924 3335 
1807 2061 

905 1032 

2215 2526 

1626 1854 

1610 1836 

219 307 
906 1120 

849 1050 
108!1 1241 
1050 1101 

440 610 
154 213 
310 383 

1050 1245 

1335 1523 
399 455 

1110 1266 
1357 1609 

525 ~25 

1860 2041 
402) 41115 

Ill H2 M3 

COST or CONS. 
t::NEI!GY (81$/ GJ) 

(CRR (CKR (CRR 
•8.4) •11.0) al),2) 

3.02 3.95 4.75 
5.99 7.85 9.44 
2.14 2.80 3. J7 
1.22 1.60 1.92 
2.77 3.63 it.16 
1.47 1.92 2.11 
2.91 3.81 4.59 
1.59 2.09 2.51 
0.41 0.53 0.64 

3.27 3.37 3.49 
8.53 8.87 9.09 

2.88 3.78 4.54 
4.19 5.50 6.61 

7.84 10.27 12.14 
4.)1 5.65 6.60 
2.37 3.11 3.74 

2.87 3.76 4.52 

2.45 3.21 3.86 

3.37 4.42 5.31 

3.26 4.27 5.13 

0.90 1.111 1.42 
7.811 10.32 12.41 

12.09 15.!14 19.04 
4.29 5.61 b. 75 
1.99 2.60 3.13 

CENTS/KWH 
0.113 1.09 I. 31 
0.43 0.57 0.6!1 
1.45 1.90 2.29 
3.6!1 4.82 5.80 

2.99 3.92 4.72 
0.91 1.20 1.44 

I. 53 2.01 2.41 
3.21 . 4.29 5.15 
2.)!1 3.12 3. 75 
5.29 6.9] II.B 
4.51 5.91 1 .w 1 

N Ol 02 I' I 1'2 Q 

II~:ATING IU:ATlNG Fllk:L t"UEL 
FUEL FUEL wn:tat 1 Nn:<.;K 

WrENS. lNH:Ns. BEFUKE At'TEK 
S IIU'LE BEFORE AFTEK CONFI~ 

I'AYIIACK (GJ/ (GJ/ (KJ/ (Y.J/ l>ENCI:: 
(YEAKS) IOOSl)ll) IOOSQII) Sl)IID!l) SQMIJD) U:Vt::L 

9.2 c 
17.9 c 
13.0 c 
7.6 c 

I~. 5 c 
4.6C c 

14.1C 1117.7 IJ9.8 605 451 6 
1.1 75.1 35.7 27b Ill A 
0.6 131.6 66.4 4112 243 II 

B 
9.0C 8 

23.6C B 
I 

4.1 c 
6.6 63.9 42.1 536 355 A 

A 
1!1.9 116.4 101.3 677 589 A 
6.3 162.0 85.8 692 366 A 
8.4 196.0 115.9 6110 402 A 

A 
6.1 101.r. 79.3 320 245 A 

A 
3.8 211.0 118.7 507 285 A 

A 
5.7 158.2 95.1 307 184 A 

A 
IJ.2 142.6 99.1 A 

A 
2.4 125.7 llll. 9 270 219 c 

25.1C 156.3 140.3 3311 304 c 
110.1 112.9 239 244 c 

36.0 152.0 141.9 329 31J7 c 
11.1 c 
3.9 c 

3.S 145.3 66.4 263 120 A 
1.9 II 
5.1 A 
7.78 143.8 120.6 192 161 A 

A 
A 

1).6 c 
5.1 c 

c 
6.1!1! c 
9.4 c 

11.4 207. I 1611.0 349 317 A 
23.0 206.4 172.7 348 2'JI A 
19.6 207.1 120.6 349 203 A 

LOW 
LUll 
LOW 
LOll 
LOW 
LOW 
LOW 
t::LI 
HUL 
BLI 
Tilt:: 
Tilt:: 
THE 
LOW 
1>1::11 
ACT 
l>t::H 
Dt::ll 
l>E11 
AC'T 
l>EH 
ACT 
DEH 
ACT 
lll::tl 
Al.'T 
llt::11 
ACT 
LOW 
LOW 
!ILl 
2 I' 
LOW 
LOW 

llEH 
DEll 
EAK 
STU 
ACT 
BLI 
zt:tt 
EAR 
IlL I 
ZEit 
EAK 
EXT 
ATT 
INS 

R 

COIUIENTS 

lNCOHt; Wl:A'fllt:IH ZAT lUll 
lNCUMt: I/£ATIII:KIZATION 
IIICONI:: 1/I::ATHt::IU;:ATlOll 

NCom: Wt::ATHt:IU ZAT lON 
lNCOHt: WI:.ATIII::IUZATIUN 
lNC011E WI::ATIII::HlZATlON 
INCUIII:: llt:ATHt:RIZAT ION 

IIYI'ASS LOSSES 
I-FA/liLY APT. KETROFIT 
I> CONTkOL UkUUI' 

KMAL Sl:KV1CI::S CONTKACT 
KMAL St:HVlCES COil'l'KACT 

tAL St::KVICES CONTKACT 
INCOitt:: WEATHI::ltiZATlON 

.. 

PGH. LOW-IIICOIIE WEATHEKIZAT ION 
Vt:: COtiTKOL GIWUP 

l'Git. LOII-lNCOIIE W~:ATIIt:KlZATION 
I'GH. LOII-HICUIIE I~EATIII::K1ZATION 

PGII. 1.011-INCUHI:: 1/EATH~:RIZATION 
VE CONTKUL GKUU P 

PGM. LOW-INCOHE WEATIIEKIZATION 
VE CONTROL GltOUI' 

PG,I. LOW- IN COllE WC:ATHt::KlZAT ION 
VI:: CONTKOL <;ttOUP 

I'GII. l.UW-INCOIIE Wt::ATIIERIZATlON 
V£ aJNTKOL GltllUI' 

I'GN. LOW-1NCOIIE llt::ATIIEKIZATIUN 
VI:: CONTitol. <;KUUI' COIIPOSIT£ 
INCUIIE WEATHERlZATlON 
INCotrE Wt:ATIIEKIZATION 
D CONTKOL GROUP 
ST-Kt::TKO Yt::ARS SUI!GitOUI' 
INCOHE IIEATllllKIZAT lON 
INCOIIE WEATIIt::KlZATlON 

I'IHJGRA/1 UY PRIVATE CONTKAC. 
l'kUt;RAII ll'i TVA I'EKSO!INill. 

Y PART UF IIOIIE 1NSUL. I'KOG 
Y OF AIK LEAKAGE 
VE CONTKOL GROUP 
J CONTKOL GIWUI' 

lNTEkEST WEATII. I'ROGitAII 
Y I'ART OF Wt::ATII. I'RO<.;RA/1 
U CONTHUL GKOU I' 

lNTEHEST IIEA'I'll. l'KOGI<A/1 
Y I'AKT UF Wt::A'l'h. I'Kllt;KAN 
NDE:U INHI.TRATlON KEUN. 
C AND CRAWLSPACE INS. 

PLUS STURN UOOK,IIlNDOW 
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APPENDIX B: Price Equivalency of Resource Energy Units 

An advantage of using resource electricity units is that the costs 
per gigajoule for fuel and electricity end up roughly equivalent. This 
point is illustrated in the table below, based on data extracted from 
the Honthly Energy Review (MER, Oct. 1982). 

Appendix B. Residential energy prices in June 1982 and equivalent cost in 
resource energy. 

Fuel 

Natural Gas 

Heating Oil 

Gas and Oil, 
consumption 
weighted* 

Electricity 
"Site" 

"Resource" 

Thermal 
Conversion 

1.08 l1J /cf 

6.15 GJ/barrel 

3.6 :HJ/kWh 

12.1 MJ/kWh 

National Avg. 
Residential Price 

$5.61/kcf 

$1.16/gal 

$0.0708/kWh 

$0.0708/kWh 

Cost per unit 
of Thermal 

Energy 
($/GJ) 

$5.19/GJ 

$7.93/GJ 

$6.03/GJ 

$19.67/GJ 

$5.85/GJ 

*In 1980, the residential buildings sector used 5.3.quads of gas (69%) 
and 2.4 quads of oil (31%). Using these fractions to weight the gas 
and oil prices, we obtain a weighted average price of $6.03/GJ, 
relatively close to the resource electricity price of $5.85/GJ. 

In Appendix A, we show energy consumption data from electrically
heated homes in kilowatt-hours. These values are then converted to 
resource electricity units in Figures 1,4, and 6, to provide a compar
able basis for evaluation with gas- or oil-heated residences. 
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