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SUMMARY OF COMMENTS AND RECOMMENDATIONS 

_____ ------~D~OE has ~>_ropos_ed changes (1'_ed_e___r~al __ Regis_t_er_,_96_:218,_U_fl2f_81-)---to-----
eliminate or simplify the regulations governing state and utility imple-
mentation of the Residential Conservation Service (RCS), contained in 10 
CFR Part 456. 

DOE proposes to modify the earlier regulations to allow states and 
utilities some badly-needed flexibility in administering the program. 
But the proposal also eliminates several provisions that are necessary 
to assure a program cost-effectiveness, minimum safeguards for consu
mers' health and safety, and equitable access to program benefits for 
all residential customers. 

In other instances, the sections proposed for elimination would have 
provided valuable technical guidance to states and utilities without 
much prior experience in residential conservation. These provisions 
should be retained in the regulations, but administered more flexibly 
(or else made advisory rather than mandatory). 

DOE has also made it clear, in the introduction to the proposed 
regulations, that it believes the RCS program is not needed, since ris
ing energy prices will encourage consumers to seek, and utilities and 
private firms to provide, equivalent conservation actions without the 
need for a government program. This theoretical view is not backed by 
evidence. 

Indeed, there is evidence to the contrary, that rising 
may increase, not lessen, the need for a program like RCS, 
the market's normal response, increase savings and lower 
conservation actions, and help assure that low-income and 
holds can take advantage of energy-saving opportunities 
under purely private market mechanisms. 

Major points raised in the text include: 

energy_ prices 
to accelerate 
the cost of 
rental house-
denied them 

(1) There is a well-defined need for a program that fills the objectives 
set by Congress for RCS: 

o DOE's own RECS survey data show that low-income and rental house
holds are far less likely than the general population to invest in 
conservation, in response to rising energy prices. 

0 The proposed regulations further hamper the retrofitting of rental 
units (which are disproportionately low-income, as well) by res
tricting the definition of program eligibility to those who both own 
(or occupy) and receive a utility bill for a residence. 

o Monitored data for conservation retrofits are not as widely avail
able as they should be, but those that do exist (Attachment 2) show 
a wide range of savings and cost-effectiveness (three to four times) 
between the best and worst current practice. 
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Unless a program like RCS helps the emerging conservation products 
and services industry to move toward the high end of this achievable 
range, the cost to consumers in just five years could be in the bil
lions of dollars, due to inappropriate or incomplete audit recommen
dations, poor product performance, or low quality installation work. 
The consequent loss of consumer confidence and willingness to invest 
further in conservation will be even more costly to consumers, 
industry, and the national economy. 

Data on new residences built during the 1970's (Attachment 3) sug
gest that the market can lag by as much as 25 years in approaching 
the levels of energy efficiency that are economically optimal 
(lowest life-cycle costs). Much of this market lag can be corrected 
by information programs such as RCS--or, in the case of new homes, 
building energy labels. 

(2) DOE's proposal to eliminate the requirement that RCS audits address 
low-cost/no-cost "practices," as well as conservation "measures," is 
counterproductive id all respects, and probably in conflict with 
applicable federal law: 

o Low-cost practices have been repeatedly shown to represent one of 
the most important and lowest-cost energy saving opportunities. In 
one LBL study of California homes, these practices represented one
fourth .of all potential electicity savings, and one-half of the 
natural gas savings (Attachment 4). Their total potential amounted 
to saving california consumers at leas.t $750 million/year, at a 
fraction of the cost of new energy supplies. 

o Practices should always be implemented prior to or in conjunction 
with more expensive conservation measures; in some cases they can 
significantly affect the sizing, initial cost, and expected savings 
from the measures. 

o Even though, as ratepayers, low-income and rental households must 
share the utility's cost of RCS, eliminating the low-cost/no-cost 
practices from the audit would effectively block many of them from 
any direct benefits of the program. 

0 Each state and utility should be required to include in 
an appropriate set of low-cost/no-cost practices, but 
latitude than in the original regulations to determine 
are best for their climate and housing stock. 

RCS audits 
allowed more 

which ones 

(3) DOE's proposal to reduce RCS program costs by eliminating measures 
from the audit purports to address a legitimate concern--the need 
for increased utility flexibility and reduced program costs--but is 
in fact seriously flawed: 

o DOE is only concerned with the cost side of the ledger, not with 
program effectiveness in saving energy. Both dimensions are impor
tant in achieving what should be the program's objective: maximizing 
cost-effective conservation in existing homes. 

--

--
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o Even DOE's concern with costs is too narrow, since it ignores custo
mer costs. There is no point in reducing the cost of RCS to utili
ties, states, or the federal budget if this will result in even 

----~grea-cer~-increases----in-consumer-cos·ts ,- -du-e -to -sub-optlmar---c:n:ol-ce of -
measures, poor product or installation_quality, or overpaying. 

0 

0 

The regulations should explicitly state that DOE will continue to 
interpret these (and other) provisions as minimum, not maximum, 
standards for what states and utilities can do in implementing RCS. 

Utilities and individual auditors should have increased latitude for 
including or excluding measures from the audit to meet the needs of 
each customer, and in general to scale the level of services to the 
types of residences and initial levels of energy use. 

o At the same time, this flexibility must be accompanied by adequate 
auditor skills and analytical tools, feedback to auditors on the 
results of their previous recommendations, and incentives for utili
ties and auditors to maximize cost-effective energy savings--not 
just increase the "body count" of audits or recommendations. All of 
these issues of program cost-effectiveness tend to be ignored or 
undercut by other DOE changes to the regulations. 

(4) Since the cost of an on-site audit is still a valid concern, DOE 
requirements (and technical assistance) should encourage the best. 
use of that on-site time. One option is for the visit to include 
actual implementation of some conservation measures, rather than 
simply recommending actions to the customer. In almost all cases 
this could include installation of simple, low-cost measures (as 
several utilities are already doing); in selected cases it could 
also include more intensive "house-doctoring." 

Results of initial demonstrations of house-doctoring (several of 
which have been co-funded by DOE) are promising, suggesting savings 
of 20% or more from a combined intensive (instrumented) audit and 
day-long partial retrofit (Attachment 5). The cost of conserved 
energy from these demonstration projects is only about half the 
average residential cost of natural gas. 

(5) The proposed seven-year payback rule for including measures in the 
RCS audit is applied in a one-sided manner. Former measures are 
dropped if they do not meet the new test, but measures now found 
cost-effective are not to be included in the audit because this 
would be too "disruptive." 

More significantly, DOE has no plans to review this one-time deter
mination of eligible measures, despite the likelihood (according to 
DOE's own projections) that after deregulation natural gas prices 
for the residential sector will double, in real dollars, over the 
next five years. 

(6) Without adequate data on the actual results of the program--which 
measures were implemented, at what cost, and with what resulant 
energy savings--neither DOE, Congress, nor the states and utilities 
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will have any sound basis for judging RCS a success or a 
And yet this is precisely the direction in which we are 

The earlier RCS regulations were totally inadequate on the ~ubject 

of "scorekeeping," and DOE's new changes further weaken the require
ments by asking only for narrative information that is easily 
derived from existing records--regardless of how inexpensive or 
valuable it would be to collect additional data to see if the pro
gram is really working. 

DOE regulations should require that all utilities do what a few have 
already shown is feasible: collect and analyze the data necessary to 
determine which conservation actions result from the program, their 
costs to customers and utilities, and their energy savings--measured 
rather than guessed at. 

(7) Assuring the accuracy and completeness of audit recommendations, the 
effectiveness and safety of products installed, and the quality of 
installer workmanship are all central to the success of RCS. But 
they are equally crucial to the market success of the many new 
private firms that are beginning to provide conservation products 
and services. 

The requirements in the original regulations for assuring auditor 
qualifications, post-installation inspection, and materials safety 
and effectiveness should be reinstated--not discarded as DOE 
proposes--except where they substantially duplicate other federal or 
non-federal regulations in place and working effectively. 

In general, DOE's proposed changes in the RCS regulations seem 
designed not just to eliminate the least justified restrictions in the 
earlier regulations, but to eliminate all possible requirements-
including those that are vital to the program's success. Thus, the pro
posed regulations, in concert with DOE's elimination of funding for all 
RCS support activities, are not a means of streamlining the program to 
work better or more cheaply, but rather a de facto attempt to guarantee 
its failure. 

--

--
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INTRODUCTION 

Good morning. My name is Jeffrey Harris; I am currently a visiting 
researcher with the Energy Efficient Buildings Program at Lawrence 
Berkeley Laboratory (LBL), one of the DOE-funded National Laboratories 
engaged in basic and applied energy conservation research. Prior to that 
I was with the California Energy Commission for five years. Most of 
that time I was responsible for statewide energy conservation planning 
and policy analysis. 

My work at LBL has focused on compiling and evaluating data on con
servation savings and cost-effectiveness in real buildings, and extend
ing these data to estimates of "least-cost" conservation technical 
potentials in the buildings sector. I have also studied the economic 
and institutional barriers to achieving this technical potential, and 
some of the policy options for overcoming these constraints. 

Most recently, I co~authored the Buildings Chapter of the report by 
the Solar Energy Research Institute on conservation and solar poten
tials, "A New Prosperity" (SERI/LBL 1981). The study included a number 
of recommendations on strengthening the RCS program (see below, and 
Attachment 1). 

My comments today will deal with: 

o the need for the RCS program; 

o the proposed exclusion of important RCS measures and practices; 

o the inadequate provisions for monitoring and evaluation; and 

o the need for quality assurance through auditor training, validation 
of computer models, and performance and safety requirements. 

These comments express only my personal views. However, at several 
points I will draw upon the results of recent and ongoing research at 
LBL, much of which is not yet widely known outside the research commun
ity. Unfortunately, in the future it will be even less likely that the 
results of federally-funded conservation research of value to programs 
like RCS, will be widely disseminated. This is due to DOE withdrawing 
almost all support from applied research, demonstrations, and 
technology-transfer activities, and to the Administration's intent to 
drastically curtail or eliminate funding for even the basic research 
work on energy efficiency in buildings. 

DOE's intent in revising the regulations. Let me begin by saying 
that--r-applaud DOE's stated objective of modifying the RCS regulations 
to make them simpler and more flexible for states and utilities to 
implement. This has long been needed, both to encourage innovation and 
to reduce unnecessary costs to taxpayers and ratepayers. 

But many of the other changes proposed would work in the opposite 
direction, severely limiting the cost-effectiveness of the program. 
This is perhaps not surprising, given DOE's second statement, that it 
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believes the RCS program should be abolished and will seek the repeal of 
its authorizing legislation. 

I emphatically disagree with this point of view, as the following 
comments ·will make clear. My recommendations concerning the proposed 
changes in RCS regulations are based on the assumption that, as "!ong as 
the program is authorized by law, it should be administered so as to 
maximize its chances for success and cost-effectiveness. DOE appears to 
assume the opposite. 

I will argue below that, even as a short-term strategy, DOE's pos
ture is hardly in the interest of states, utilities, consumers, or 
conservation-related businesses. 

Over a year ago I completed work on recommendations for RCS 
changes that were included in the SERI report (Attachment 1). 
cerns stated then included: 

o improving the technical skills of RCS auditors; 

o making available better tools for building energy analysis; 

program 
The con-

o allowing and encouraging a combined audit and retrofit service 
("house-doctoring"); 

o promoting participation in the program by small businesses; 

o providing better access to financial incentives and loans for low
income households and for owners or occupants of rental units; and 

o strengthening DOE's internal staff and increasing its external 
technical support to states and utilities. 

Sadly, none of these issues has been constructively addressed by 
DOE. Rather than spending the last year trying to make the program 
work, the evidence of these revised regulations, along with the disman
tling of DOE's RCS staff and funding, suggests that the RCS program has 
either been ignored, in the hopes that it would go away, or set up for 
failure. 

COMMENTS ON PROPOSED CHANGES 

Is RCS needed? 

In the introduction to the proposed regulations, DOE states that the 
RCS program is not needed because rising energy prices and tax incen
tives are accelerating homeowner conservation efforts, and this consumer 
demand provides all the incentive needed for utilities and private firms 
to offer the necessary information, products, and services. 

I am led to the opposite-conclusion: that rising energy prices. and 
increasing .. consumer interest in conservation may make, a program. like RCS 
all the more essential! 
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There are two reasons for this. First, the ability to respond to 
rising energy prices is extremely limited for two rather large groups: 
low-income families and renters. Second, accelerated demand for 
energy-conserving products and services is no guarantee, in the short 
run, that there will be an adequate supply of competent technical advi
sors, reliable and reasonably priced products, or proper installation 
services. 

The case for limited market intervention, as represented by the RCS 
program, thus rests on the grounds of both equity and consumer 
protection--but it is also an argument aimed at strengthening an emerg
ing industry (home energy analysis, retrofit products, and services). 
Consumer confidence and opportunities to market to the entire residen
tial sector--not just upper-middle class homeowners--are essential to a 
viable conservation products and services sector, with its multi-billion 
dollar potential. 

Let me offer three pieces of evidence that the need for RCS is 
increased, not diminished, by recent market trends. 

Excluding rental and low-income households. 

First, there is the question of participation by renters and low
income households. Data from the Residential Energy Consumption Survey 
(DOE/EIA, 1981, Table 14) show that, for the 1978-79 period, those who 
owned their home were nearly three times as likely as were renters to 
invest in one or more energy-saving measures. The same DOE report found 
that poor households were only about half as likely to add a conserva
tion measure as were non-poor households. 

It is quite clear that rental units, representing about one-third of 
all homes, are excluded de facto from nearly all price-induced incen
tives to invest in energy conservation. It is disturbing that DOE's 
proposed change in the RCS definition of an "eligible customer" would in 
many cases add a de jure exclusion of renters, by requiring that the 
customer both own-ror occupy) the building and receive the utility bill 
for it. 

This change would exclude from the program those owners of rented 
houses who, even if they are not billed directly by the utility or heat
ing oil supplier, might still be willing to invest in conservation meas
ures, either to keep a desirable tenant, to make their building more 
rentable or saleable, to take advantage of tax benefits, or to comply 
with local or state retrofit requirements. 

Although DOE asserts that states will be allowed on their own to 
extend program eligibility to additional households, there is no justif
ication for DOE to change this definition in its own regulations. It ·is 
difficult enough to get rentals retrofitted, why add to the burden? The 
very use of the term "eligible customer" in the DOE regulations will 
continue to create an impression--to utilities, private contractors, and 
the general public--that all others are ineligible. 
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Good practice vs. bad practice. Beyond the issue of groups that are 
consistently excluded from market incentives (or the ability to respond 
to them), there is a need for the RCS program to help the private market 
respond better to consumer demand for conservation products and ser
vices. Evidence for this can be found by looking at the wide range of 
results actually achieved in retrofitting homes. The only systematic 
compilation and comparison of such data from around the country is being 
assembled now through a project at LBL (see Attachment 2). 

Based on measured energy use before and after retrofits, the data in 
Attachment 2 show two things. First, the majority of retrofits (but not 
all) were cost-effective even at current average energy prices. But 
even more interesting was the significant range of results, in terms of 
both energy savings and cost-effectiveness. 

Figures 2(a), 4(a), and 4(b) illustrate most clearly that, even when 
retrofitted homes are grouped by similar levels of conservation invest
ments or initial energy intensities (in MBtu/1000 sq.ft.), their savings 
and cost-effectiveness (measured by the cost per unit of conserved 
energy) can differ by factors of three to four times! 

Certainly some of this range is due to different physical conditions 
in the buildings, occupant behavior, and differing owner preferences. 
But a great deal is also due to the varying quality of auditor recommen
dations, products and materials used, and installation workmanship. 

This difference is non-trivial~-for consumers, utilities, and their 
ratepayers. At the rate of program participation once envisioned by DOE 
(7 percent of households would install a total of 41 million measures 
each year--see DOE [1979]), the difference between retrofits performing 
at the low end of the range of recent experience, and those at the high 
end could easily amount to several billion dollars, cumulatively, over 
the first five years of the RCS program. 

Market lag. The third piece of evidence on the need for RCS con
cerns the built-in time lag in the market's response to rising energy 
prices. Unfortunately, this evidence is somewhat indirect in the case 
of retrofits; the only quantitative data come from the new residential 
sector (Levine/McMahon, forthcoming). Attachments 3(a) and 3(b) compare 
energy usage estimates for actual new homes built from 1973 through 
1979, to the energy use that would have been achieved if these homes had 
instead been built--as market rationality dictates--to minimize life
cycle energy costs. 

For electrically-heated new homes, the market lag can be as long as 
25 years; for gas-heated residences it is only slightly less. Similar 
data on the market lag for residential retrofits are needed, buthave not 
yet been collected. 

A program like RCS was designed precisely to help reduce this market 
lag, in the interest of consumers and utilities alike. 

ol 



.. 

December 9, 1981 
-5-

Eliminating Conservation "Practices" - Why Save Energy Cheaply? 

DOE's proposal to eliminate the "low-cost/no-cost" energy conserva
tion practices from the RCS audit (formerly in Section 456.307(b)(1) of 
the regulations) makes absolutely no programmatic sense--that is, in a 
program designed for success rather than failure. 

This is true even if DOE continues to require that a 
practices be included with the program announcement, and 
are free, in principle, to include such practices in the 
their own. 

list of such 
even if states 
RCS audit on 

The importance of "practices." First, it is clear from a number of 
studies (including DOE's own well-known experiments with a "low
cost/no-cost" conservation demonstration project) that a significant 
fraction of the energy savings in homes--and most of those that are 
extremely attractive in terms of cost per unit of energy saved--can be 
achieved through low-cost/no-cost "practices." 

Attachment 4 provides one detailed example of the potential contri
butions from low-cost practices to a comprehensive residential 
tion program. The material is excerpted from a recent LBL 
energy-saving opportunities in existing California homes. 
approach was to array several dozen conservation measures in 

conserva
study of 
The basic 
order of 

increasing unit cost-of-conserved energy. This creates what economists 
will recognize as a conventional "supply curve," in this case a supply 
curve for conserved energy. 

By examining the components of the two supply curves, one for gas
heated homes and one for . all-electric homes, we find that over one~ 
fourth of all the potential electricity savings, and more than one-half 
of the potential natural gas savings, would results from low-cost/no
cost "practices." Adding these together, and valuing savings at today's 
average energy prices, this translates into a potential for saving 

' residential customers more than $750 million dollars annually--just in 
California--if these simple, --row-cost measures were implemented 
throughout the state! 

(Note that Attachment 4, and the study from which it is drawn, look 
only at the technical and economic potential for conservation; they stop 
short of considering the degree to which this potential might actually 
be realized through market forces and utility or government programs. 
Also, the items considered as low-cost "practices" in California homes 
differ somewhat from those listed in the previous version of the RCS 
regulations. Window shading, for example, was not considered in the 
California list, but replacing incandescent bulbs with screw-in fluores
cents was.) 

Legal requirements. I must disagree with DOE's finding that section 
215(a)(4) of NECPA does not require the "specific identification of 
energy conserving practices, and therefore that the decision whether or 
to include them can be left tQ the states.· The law seems fairly clear 
in that particular section, calling for: 
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" ••• suggestions of energy conservation techniques ••• such as adjust
ments in energy use patterns and modifications of household activi
ties which can be employed by the residential customer to save 
energy and which do not require the installation of energy conserva
tion measures ••• " 

Technical issues and equity. But whether or not the law specifi
cally requires energy-saving practices to be included in RCS audits, 
there is no doubt that they are needed to carry out Congress's intent 
for the program. This is because a failure to encourage them, prior to 
recommending that consumers install more expensive measures, will mean 
that: 

0 auditors will be likely to provide misleading estimates of energy 
savings and paybacks from the expensive measures. For example, 
recommended R-values of added insulation might be too high, if the 
effects of thermostat set-backs are not taken into account. 

o failure to implement some low-cost items might actually preclude (or 
at least increase the expense and difficulty of) installing other 
retrofit measures. One well-documented example is the need to plug 
air leaks from the house into the attic before installing attic 
insulation. Once the insulation is in place it becomes far more 
difficult to find and fix the air leaks. 

There is also an equity issue at stake. Many low-income households 
(who are also contributing as ratepayers to the cost of RCS) may be 
unable to afford much beyond the low-cost or no-cost practices--yet 
DOE's proposed change would deprive them of an auditor's help in identi-. 
fying which measures made the most sense in their home. 

The question of whether or 
of the RCS audit should not be 
of the least costly and least 
their possible payoffs. 

not to include low-cost practices as part 
ignored in the regulations. They are one 

onerous requirements--especially given 

Each state or utility should be required to include such measures, 
but allowed more flexibility than was provided in the original RCS regu
lations to determine which items to include, for its climate and build
ing•stock. 

Eliminating "State Measures"- When Does!. Floor Become a.Ceiling? 

It is difficult to disagree with one objective stated by DOE in its 
preamble to the revised regulations: that states should be allowed to 
add their own measures to RCS audits without the necessity of DOE appro
val. But does the simple striking of all references to state measures 
accomplish this? Or do the DOE provisions become, in the absence of 
other guidance, a floor rather than a ceiling for most states? The same 
questions apply to DOE's exclusion of passive solar measures and others 
found to be cost-effective under the proposed new 7-year payback rule-
on the grounds that states are of course free to include. such measures 
on.their own. 
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At a minimum, the states' implicit option to add measures as they 
see fit should be made explicit in the regulations, not just mentioned 
in DOE's commentary when proposing them. Also, most states will want to 
administer their programs from a single planning document, rather than 
prepare a separate, complete plan plus an abridged version for DOE. 

Therefore, the regulations should make it clear that conservation 
measures (or other program elements, such as auditor qualifications or 
consumer protection) that states wish to include to strengthen their RCS 
programs will be accepted by DOE, so long as the "minimum" federal 
requirements are met. States should have no grounds for concern or 
uncertainty whether submittal of a more aggressive program document will 
jeopardize prompt, unbiased DOE review and approval. 

Failure to do this would mean that DOE has turned its presumed 
"minimum" requirements into pre-emptive, maximum ones. 

Of course, it is also clear that a full class-A (on-site) RC$ audit, 
because of its cost, is inappropriate and inherently non-cost-effective 
for many customers with low initial levels of energy use, or few options 
for major conservation retrofits. Both utilities and their auditors 
need the administrative flexibility to eliminate from the audit measures 
that are obviously not relevant, and, more generally, to scale the level 
and type of RCS services to each type of customer, to improve cost
effectiveness of the overall program. 

At least one state, California, is taking the initiative to increase 
the range of services offered under the RCS program, to scale the level 
of effort to the circumstances of each customer, and to test new 
service-delivery concepts through well-monitored utility demonstration 
projects. All of these represent program- optimizing efforts abandoned 
by DOE, and thus far less likely to occur in states with less extensive 
conservation experience. 

To add one positive note: I am heartened to see that DOE proposes 
to eliminate the requirement (formerly in Section 456.307(e)(1)) that 
formerly restricted an RCS auditor from providing estimated savings or 
costs for any measure not on the approved list. Auditors need this 
increased flexibility--but at the same time they need the technical 
skills artd organizational incentives to use it wisely (issues we return 
to below). 

Reducing Costs ~· Reducing Cost-effectiveness 

I have a more general concern with one of DOE's assumptions that 
apparently underlies efforts to reduce the number of measures included 
in RCS audits. As ,stated in the intro~uction (p. 55840): 

"DOE estimates that the audit is the single most expensive RCS pro
gram element. By reducing the requirements for an audit, DOE pro
poses to significantly reduce program costs." 

t:. 
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First, the Department is correct in identifying the on-site audit as 
the most expensive single element of the RCS program. But if this is 
the case, it would seem obvious that the objective should be to both 
improve its impact and, where feasible, reduce its cost. What is miss
ing from the DOE formulation is any real concern with the effectiveness 
side of the equation. (Again, this is not inconsistent-with DOE's 
objective to reduce the cost to zero, once the program itself is elim
inated.) 

If we are concerned with effectiveness, we need to consider each 
link in the chain: 

o the accuracy and completeness of auditor recommendations (which in 
turn depend on their skill and training, validity of the analytical 
tools available to them, and degree of feedback they get on the 
accuracy of their past recommendations, once implemented); 

o the likelihood that the customer will be willing (and able, given 
adequate financing) to invest in most or all of the recommended 
actions--and to implement the recommended low-cost conservation 
practices; and 

o the quality of products and installation work. 

As noted below, it is precisely these determinants of RCS audit 
effectiveness that the proposed regulations are trying t.o remove. Once 
this is done, it will matter little to the program's cost-effectiveness 
how much the cost per audit is reduced. 

But even on the cost side, "program" costs to utilities, state agen
cies, or DOE cannot be looked at in isolation from consumer costs. 
Ultimately, it is the same people who wear the hats of ratepayer, tax
payer, and RCS customer. If eliminating utility or government costs for 
the RCS program results in substantially higher costs to consumers who 
invest in conservation--because the wrong measures were recommended, the 
customer was not encouraged to shop for the best deal, or the products 
or installation were inferior-- where is the cost savings? 

One final point concerns the expense of an on-site audit. Since a 
major part of this cost involves the time and expense of simply getting 
the auditor to the building. site, it may make sense in many cases to 
have the auditor do something to actually improve the home's energy 
efficiency before leaving. The result of the visit, then, is not just a 
better-informed customer, but actual changes that will begin to save the 
customer (and the utility) energy and money. 

At one end of the spectrum, the auditor could leave with the 
homeowner, or actually install or-demonstrate, a few simple, low-cost 
items. Examples include water heater insulation blankets, low-flow 
shower and faucet fittings (along with adjusting the water heater 
storage temperature, where needed), and replacing clogged furnace 
filters. 

--
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A number of utilities are already doing this as part of their "pre
RCS" conservation programs; if DOE were concerned about the cost
effectiveness of the program, not just the cost of each audit, it would 
strongly encourage or even require(!) such helpful, low-cost actions as 
part of the audit. 

At the other extreme is a combined audit and partial retrofit, 
including low-cost measures and an intensive one-day effort to find and 
fix air infiltration leaks. This process, termed "house-doctoring," is 
based on several years of field research work, mainly at Princeton 
University and LBL. House doctoring is now relatively well understood 
within the research community, but has yet to become a common feature of 
utility programs or private contractor services. 

However, this situation may be starting to change. A few private 
house-doctor firms are becoming established, several franchise organiza
tions are being formed, and a few utilities are beginning to experiment 
with house doctoring demonstration projects. The results of one such 
demonstration, sponsored by the Pacific Gas and Electric Company and 
LBL, are shown in Attachment 5 (excerpted from LBL's 1980 Annual 
Report). 

The preliminary data in Attachment A show that, for an additional 
cost of about $365 beyond the standard RCS audit, infiltration reduc
tions of about 30 percent can be achieved (and validated with actual 
measurements, which are an integral part of the process). Combined with 
the other low-cost measures installed during the house-doctor visit, 
this translates into substantial energy savings that cost only about 
$-~/therm, even in the mild climate of the San Francisco Bay area. 
Larger and less expensive savings are likely in other parts of the coun
try. 

The data from this project and from a larger demonstration now 
underway at Princeton, involving several local utilities, strongly sug
gest that DOE should be at least allowing, if not actively encouraging, 
utilities to add house doctoring to their RCS programs--at least as an 
option that customers can elect when requesting their audit. 

This may mean additional changes in the RCS regulations (e.g.- util
ities that perform audits can now install measures, including house
doctoring measures, but private house-doctor firms should also be 
allowed to perform the RCS audit in the course of their house-doctor 
visit). But it will also require continued DOE support for utility and 
private industry demonstrations of house-doctoring, a function that has 
recently been eliminated along with other budget and programmatic cuts. 

Changing. the Payback Rule for Program Measures - A One-edged Sword 

There are legitimate objections that might be raised to DOE's choice 
of a criterion as conservative as seven-year simple payback, as the 
basis for deciding what measures will even be considered as candidates 
to mention to consumers. But my real concern is less with the seven
year payback rule than with the possibility that, in practice, it may 
become a ceiling--limiting what measures states and utilities treat as 
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potentially cost-effective--rather than a floor (as DOE says is 
intended). 

An even greater difficulty arises from the way DOE proposes to use 
this payback rule in the revised regulations. On the one hand, measures 
that were assumed cost-effective under the old rule (passive solar, 
intermittent ignition devices) are excluded now, and yet measures such 
as storm windows and floor insulation, that DOE finds cost-effective 
under the new payback rule (thanks to recent increases in energy prices) 
are not included as RCS program measures. This is apparently due to 
DOE,-s--concern that including them would create complexity and confusion 
for states and utilities at this late date in the planning process. 

It seems strange to argue that including measures is inherently more 
disruptive than dropping them--especially in the case of storm windows 
and floor insulation, which are not exactly technically complex or unk
nown to either utilities or contractors. 

My third and most important concern with the payback rule is the 
implication that DOE will not look ahead even a few months, to the 
changes that are expected (and actively sought, as part of Administra
tion policy) in residential natural gas prices, due to price deregula
tion. 

The Department itself predicts a doubling of natural gas prices to 
the residential sector over the next five years (DOE/OPPA, 1981, Table 
3-1). Note that this doubling is in real dollars, net of general infla
tion. 

· ··· ;> Clearly, this rate of change in energy prices will radically affect, 
within the next .few months, the determination of which measures are 
cost-effective, even under DOE's conservative payback rule. If DOE is 
not willing to change the rule now, to anticipate these imminent price 
increases, it should at a minimum plan to reopen the question in no more 
than twelve months. 

RCS is Like Football - No Scorekeeping Means No Winners 

The section concerning recordkeeping and reporting for RCS (456.316) 
is little short of, scandalous--but so was the earlier (November 1979) 
version of this same requirement. 

In the proposed regulations, the only data called for are the number 
of audits and other services provided, the costs to utilities, and the 
number of customer complaints lodged. All of these concern program 
inputs or procedures--there is no mention made at all of program 
results: what.measures were actually installed (or practices undertaken) 
as a result of audit recommendations, how much energy was saved, and at 
what total (utility plus customer) cost? 

In the absence of these data on program results and cost
effectiveness, as well as inputs, it will be. impossible for DOE, 
Congress, or anyone else to determine whether or not RCS is worthwhile. 
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For DOE, this question has apparently been answered· already, based 
on predispositions, but for the rest of us, verifiable facts would be 
preferred. 

Congress's General Accounting Office (GAO) apparently agrees with 
this. In a long series of reports on energy conservation programs, GAO 
has repeatedly argued the need for better data on energy savings and 
cost-effectiveness, and vigorously criticized DOE (and others) for its 
lack of attention to data-gathering and evaluation. GAO's most recent 
statement of this theme is in a report on the Low-income Weatherization 
program (GAO, 1981), but the comments made there apply equally well to 
RCS. 

In the absence of both specific guidance in the form of regulations, 
and an aggressive technical assistance program from DOE, it is extremely 
unlikely that states and utilities will collect the necessary data, or 
be able to analyze it efficiently and thoroughly. 

Evidence for this can be found in the recent history of the Weather
ization program. In a report prepared at DOE's request, a consultant 
evaluated the quality and completeness of state-level data on the 
results of retrofitting low-income houses (Urban Systems Research, 
1981). The report concluded that, even though all states were required 
to obtain and analyze such data, only a handful had managed to compile 
data that were reasonably complete and reliable. In no cases were the 
data fully satisfactory. 

Rather than strengthen the program's monitoring and evaluation pro
visions, through modest additions to the present regulations and greatly 
increased technical assistance, DOE has chosen to further weaken the 
data-gathering and reporting provisions in the original regulations by 
calling for only a "narrative evaluation of the effectiveness of the 
program, and not requiring states to provide any information unless it 
is "easily derived from available records" (section 456.316(b)(l)). And 
the proposed regulations allow the Assistant Secretary to waive even 
these modest requests! 

DOE's introduction to the proposed regulations invites comments on 
other types of information that could be easily derived and could assist 
DOE in evaluating the effectiveness of the program. In response, I 
would suggest three types of data that are not only of assistance, but 
crucial to evaluating the program on any basis other than hearsay: 

o A record of what conservation actions (measures and practices, if 
possible) were undertaken by customers in response to the RCS audit, 
and their reported costs. These data are already routinely col
lected by utilities offering direct loan financing, as well as by 
several · utilities using engineering/end-use demand forecasting 
models that require data of this sort. Others could collect it, at 
modest cost, using sample surveys. 

o Monitoring, again on a sample basis, the changes in billed energy 
use for those receiving audits, those taking action, and one or more 
control groups (including customers who undertake conservation 
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actions without an RCS audit). Billed energy use data are, of 
course, available virtually free to any utility with an automated 
billing system, although there are some needs for coordination among 
utilities and oil suppliers, for those customers served by more than 
one entity. These energy use records have to be adjusted for 
changes in weather, household occupants, and other factors unrelated 
to efficiency, but the methods for doing this are reasonably well
established (as exemplified in Attachment 2). 

o Validating the conservation savings estimated by engineering calcu
lations or computer simulation models, through limited on-site meas
urements in actual retrofitted buildings. This sort of work is 
really essential, and can be done on a very small-sample basis (as 
long as it is a well-chosen one). It is an obvious candidate for 
cost-sharing among utilities in the same region, and for participa
tion by DOE and the National Laboratories. At this point, a handful 
of utilities are doing measurements of this sort. While more should 
join in, what is even more needed is an improved mechanism for the 
regular exchange and professional critiquing of methods and results. 

Quality Assurance for Audits and Retrofits 

As noted earlier, there are two main elements of quality assurance 
needed in the RCS program: assurance of auditor competence (and audit 
method validity), and provisions for adequate performance and safety of 
the measures actually installed. Both are crucial to the success of the 
program, initially and in the long run. There have already been too 
many examples of poor performance in specifying conservation measures 
and in producing or installing them, with the predictable unfortunate 
consequences for consumer willingness to invest further in conservation. 

In the case of auditor qualifications, I have little difficulty with 
DOE's intent to give states more leeway, but the proposed changes go far 
beyond this. They now tell states only to "require that auditors are 
qualified," but fail to ask the states themselves to demonstrate that 
mechanisms are in place to assure this. Demonstrating this was a very 
explicit state responsibility under the former RCS regulations (sections 
456.314 (a) and (f) in the November 1979 rules). 

While keeping the more general formulation regarding precise methods 
of assuring auditor competence, the RCS regulations should restore the 
earlier language to make it clear that a state must have some means to 
accomplish the intended result. 

The same point applies to qualifications of RCS installers and 
inspectors, under the proposed new rules. 

·Equally important is the need for post-installation inspection of at 
least a sample of the measures installed under each utility's RCS pro
gram. The old rules may have been unduly specific in this area, as in 
many others, but removing the prov1s1on altogether does nothing to 
address, a real problem (see Kubitz, forthcoming). 

·. 
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The proposed regulations should once again establish it as each 
state's responsibility to develop a reasonable program for post
installation inspection, and to make public the data each year. Some 
basic requirement that assures statistical validity of the sampling 
results should also be included, but the trade-offs between added 
inspection costs and increased quality assurance are best left up to 
states, working with their utilities and contractor organizations. 

I would recommend a similar approach to requirements for safety and 
effectiveness of materials and installation performed under the RCS pro
gram. Rather than simply eliminate the complex provisions of the 1979 
regulations, DOE should firmly establish that these quality control 
functions are the responsibility of the states (where not already pro
vided by other state or federal regulations), and require each state 
plan to show how they are being met and to monitor enough installations 
to verify this. 

Where requirements specific to RCS duplicate others already in 
place, they should of course be dispensed with. But instead of this 
common sense test, DOE has proposed a criterion with a grossly unbal
anced burden of proof: demonstrating actual harm to health and safety in 
a significant number of cases, not just a reasonably likelihood of harm. 
This is akin to refusal to prevent an epidemic, when the vaccine is 
readily available, until there is an actual body-count. 

I might add that it is particularly ironic for DOE, in the proposed 
regulations, to ask for commentors to submit "additional data on health 
and safety risks" of RCS measures when the Administration is currently 
engaged in dramatically cutting back and quite possibly eliminating its 
own involvement in research on these same issues. This includes, not
ably, research on the indoor air quality consequences of reduced air 
infiltration in homes, and on possible means of mitigating any health 
risks. 

CONCLUSION: THE FREEDOM TO FAIL? 

A careful reading of the proposed changes to the RCS regulations 
tends to lead to just one conclusion: that states and utilities are 
being left with a special kind of "freedom" from the excessive restric
tions of the original regulations--the freedom to prove that RCS will 
not work. 

DOE has not only eliminated all of the genuinely restrictive and 
unnecessary rules, but also those that were truly central to an effec
tive, efficient, and equitable conservation program. It has also pro
posed to eliminate, not only in the Federal Register but in the federal 
budget; any information or resources that might .·have _provided useful 
guidance to states and utilities with a genuine concern for the "right 
way to implement the program." The problem is merely intensified by 
DOE's explicit statement, in the introduction to the proposed changes, 
that it does not believe the program should even be seriously tried. 
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DOE may express dismay at not being able to scuttle the legisla
tively authorized RCS program outright, but by casting states and utili
ties adrift in this fashion, it is doing the next best thing. 
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112 
(Excerpt from SERI/LBL, 1981) 

BUILDINGS 

Strengthen the Residential Conservation Service Pro
. gram 

The programs described thus far are designed to re
inforce private market mechanisms by generating bet
ter information on energy use and efficiency, and by 
ensuring that the information -is adequately communi
cated. The Residential Conservation Service (RCS) 
program is designed to encourage utilities'to move ac
tively to broaden their investment portfolios with in
vestments in building. The program should be adjusted 
to encourage smaller, nonregulated enterprises to ben
efit and to respond more immediately to the products 
of applied research program just described. In addi
tion, this program should be recognized as possibly the 
most effective means of providing homeowners with 
specific information on the possible investments in 
their residence, encouraging their undertaking cost
effective measures, and facilitating a more productive 
use of capital by providing easy access to financing. 

Five major changes in the. currently authorized RCS 
program are recommended: 

o improving the skills ·Of energy auditors; 

o allowing or requiring auditors to make simple 
retrofits during their visit to the residence; 

o providing incentives for private auditing firms 
not associated with utilities, and direct federal 
credits for homes served by oil and bottled gas 
companies; 

o providing easy access to financing through the 
RCS process; and 

o increasing the DOE staffing effort for RCS at 
both Washington and Regional office levels. 

Improving the Skills of Auditors 

The key to a successful nationwide home-energy
audit program is the development of a sufficient num
ber of auditors skilled in determining the most eco
nomical way of saving energy in homes, and in 
persuading the owners of the buildings to take action 
on the recommendations. This requires both technical 
skills and a talent for dealing with people. A program 
capable of meeting the conservation and solar poten
tials described in this analysis would require approxi
mately 10,000-20,000 auditors working for 1.5-20 years. 

Plainly, recruiting, training, and continuing to refine 
the skills and knowledge of such a large number of au
ditors will be a major challenge. The program for 
training these individuals should be carefully inte
grated with the applied research program discussed 
earlier. In that program, it was suggested that .5000 
carefully measured and monitored retrofits be under
taken each year over a 5 year period. If auditor train
ing (and re-training) were made an integral part of this 
program, it would allow the thorough training of 
20,000 auditors, each of whom had participated in 30-
40 well-documented retrofits (assuming that two audi
tor-trainees participate at each retrofit site). 

A program for improving the knowledge and abilities 
of RCS auditors should consist of the following: 

o An Intensive Training Program. The federal 
government should subsidize the training of 
auditors by providing text materials, equip
ment for training facilities, and scholarship 
funding for individuals interested in receiving 
training in these skills. It may be most attrac
tive to undertake these training programs in 
technical colleges and schools which are lo
cated in most parts of the nation. It seems 
possible to give an auditor rudimentary skills 
in auditing in 6-8 weeks; a one-year program, 
including periodic classroom sessions and su
pervised field experience, should be adequate 
to train a skilled professional. 

o Auditor Certification. While each state RCS 
plan must provide some form of qualification 
procedure ·for RCS auditors, states should be 
encouraged to more formally certify or license 
skilled auditors. If necessary, the federal gov
ernment may need to require that states have 
such certification procedures to be in compli
ance with the RCS statute. The federal gov
ernment could provide assistance by develop
ing a model certification program. Certifica
tion should require completion of an approved 
training program, as well as at ·least 6 months 
of supervised apprentice work. Examinations 
could be used to test the applicant's under
standing of energy flows in buildings, practical 
skills in identifying and correcting defects in 
buildings, use of diagnostic equipment, famili-
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arity with all efficiency and solar energy tech
niques which are likely to be employed in that 
region's climate and building stock, and com
munication skills needed to persuade home
owners to follow through on recommended ac
tions. 

o Subsidizing the Purchase of Diagnostic Equip
ment for Auditors. Several readily available 
measurement devices can be used to improve 
the quality of audits. For example, pressuriza
tion systems and hand-held infrared scanners 
have proven useful in identifying sources of 
heat leaks in buildings, and flue-gas analyzers 
can be used to time furnaces and water heat
ers for improved combustion efficiency. Cal
culation of an appropriate set of recommenda
tions can be speeded and simplified with the 
use of hand-held programmable calculators at 
remote computer terminals. The federal gov
ernment could encourage the use of this 
equipment by providing direct grants to utili
ties and other qualified auditing organizations 
for the purchase of such equipment. 

o Feedback to individual auditors. A final means 
of improving the quality of residential audits is 
to provide for regular feedback to individual 
auditors, on !x?th the accuracy and complete
ness of their recommendations, and their per
sonal effectiveness in persuading building own
ers to take action. Under the federal regual
tions for state RCS plans, each utility must 
make some provision for monitoring the results 
of audits, through follow-up inspections and 
other means. The results of all such follow-up 
visits, even if done only on a sample basis, 
should be routinely made available to the indi
vidual auditor, in order to sharpen his or her 
analytical skills and ability to communicate 
recommendations. 

DOE is already committed to providing assistance to 
auditor training; $25 million was provided for FY's 
1 ?81 and 82. It is important that this program contin
ually advance the capabilities of state auditor training 
programs, and minimally be maintained at that budget 
level through the next 3 to 5 years. 

Partial Retrofits in RCS Audits 

The RCS regulations should be changed to encourage 
or require that all residential and small-commercial 
audits include at least some immediate partial retro
fits with measures that are quick and economical.* 
Utilities should also provide those customers who don't 
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receive utility audits with vouchers to obtain compar
able (free or comparably subsidized) materials to do 
their own low-cost partial retrofits, or obtain such 
services from private home-improvement contractors. 

A number of retrofit items are so inexpensive and 
simple to install that once a trained utility auditor is 
already visiting the residence or commercial building, 
it makes no sense to leave these measures for possible 
later follow-up by the customer-which requires addi
tional effort, as well as increased expense. In general, 
those measures which can be installed in about an hour 
or ·less, require little training or specialized equip
ment, and create few concerns for safety or other 
side-effects, are good candidates for immediate on
site retrofits. Examples of such measures include 
water heater insulation in some commercial buildings 
as well as residences, low-flow showerheads and faucet 
fittings, adjustment of refrigeration doors and seals, 
and in many cases demonstration of caulking and 
weather-stripping products and techniques. A number 
of these measures have paybacks of a year or less. and 
in many service areas it would probably pay for the 
utility to simply provide the materials free (or at a 
very nominal, subsidized charge) as part of the audit 
package-based on the utility system savings (replace
ment energy costs minus average customer costs). In
corporating immediate, partial retrofits as part of the 
RCS audit would serve as an incentive for more cus
tomers to sign up for audits, would be equally applic
able to rentals as well as owner-occupied buildings (un
like many of the more expensive retrofit options), and 
would provide at least some guaranteed savings as a 
result of the very first visit of an RCS auditor. 

The choice of measures to be included as "immedi
ate partial retrofits" could be left largely to state reg
ulatory agencies, within some rather broad federal 
guidelines concerning auditor time, materials cost, and 
cost-effectiveness. 

To help alleviate concerns over anti-competitive 
practices, and to reach customers who do not choose 
to participate in the RCS program (including those who 
have previously been audited and/or have retrofitted 
on their own), utilities should also be required to offer 
comparable subsidies for low-cost partial retrofit 
measures in the form of vouchers. Customers could 
use such vouchers to purchase the materials from re
tail outlets and install them on a do-it-yourself basis 
or through contractors. Likewise, utility vouchers 
should be applied to energy audits by private firms, in
cluding low-cost partial retrofits. Not only will this 
help alleviate anti-competitive concerns over partial 
retrofits by utility auditor, will also encourage healthy 
competition in the audit field. 

*In many cases, the inclusion of partial retrofits will be of advantage to the utility, the homeowner and the 
public. 
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Specific federal actions include: 

o Changing the RCS regulations to require that 
utilities offer their customers an appropriate 
package of immediate partial retrofits, either 
at no cost to the customer or at a reduced 
cost. Also, requiring utilities to develop an 
optimal system of vouchers for those custom
ers who prefer to obtain the materials or audit 
elsewhere. 

o Monitoring the utilities' choices of retrofit 
measures, customer response to each element 
of the program, and the resultant costs and 
energy savings; and revising the regulations as 
needed. 

Provide Encouragement for Private Auditing Firms 

While utilities represent a major resource for pro
viding audits for many customers within their service 
territories, there is also a clear need to encourage the 
growth of qualified private auditing firms. Such firms 
can provide needed competition for utility audit pro
grams thereby improving the quality of RCS audits. 
Private firms may provide the only acceptable source 
of audits for homes not heated with electricity or 
pipeHne gas, or for customers whose servicing utilities 
have not embraced the RCS program with enthusiasm 
because of overcapacity or some other reason. 

Finally, the creation of a competent, well-trained 
private sector energy audit "industry" offers an impor
tant buffer against the possibility of a sudden upsurge 
in demand for audit and retrofit services-in the event 
of an emergency fuel curtailment or sudden jump in oil 
prices, for example. DOE should extend to these firms 
the same support services it provides to utilities. Man 
of the program initiatives described ealier would also 
be of direct benefit to the private auditing firms, in
cluding: auditor training, grants for purchasing diag
nostic equipment, and appHed research programs. 

In addition, the RCS regulations should be amended 
to require that utilities offer to share costs with priv
ate auditing firms that provide at least comparable 
services to their customers and meet RCS require
ments. The utility share of costs should be at least 
equal to the cost of audit conducted by the utility it
self. Thiscould be done either through physical 
voucher or by the utility making payment directly to 
state-certified auditing firms. Of course, provisions 
whould be made to spot-check the audits conducted 
under this program to ensure that audits by private 
firms meet the federal and state standards. Custom
ers should have effective means of recourse if audits 
are not adequate, just as with utility company audits. 

Private auditing firms, moreover, will be especially 
useful in regions where a significant fraction of the 
homes use oil or bottled gas for heat. In these cases, 
the RCS program currently relies upon the oil jobbers 
to provide audit services. While it is reasonable to ex
pect that at least some utilities would be willing to 
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partially fund a private firm audit for its customers 
whose primary energy is oil or bottled gas (since the 
utility is fulfilling its legal requirement under RCS 
without the need to hire and train additional personnel) 
there will be little enthusiasm to make major inroads 
into these markets due to a lack of any clear economic 
incentive. The oil jobbers may be willing to undertake 
audits, but will either be faced with "hiding" the audit 
cost by increasing retrofit costs or be placed in a poor 
competitive position with utility audits which are 
largely rate-based or expensed. While the oil heating 
market should be the immediate focus of RCS, it 
seems to have been side-stepped by the legislative 
structure of the program. 

The federal government should provide funding for a 
voucher program involving audits by qualified energy 
audit firms for all owners of residential units heated 
by oil or bottled gas at least. on a demonstration 
basis. Including administrative costs, these vouchers 
might cost $1.50-$200 each. In some cases, the oil job
bers may find it attractive to extend their line of work 
and offer such audits themselves if they can hire or af
filiate with trained RCS auditors. This could offer 
them the further advantage of a more stable income, 
during periods of widely fluctuating oil prices and sup
plies. 

Since approximately 31% of all housing units use a 
fuel other than electricity or utility supplied gas, the 
total cost of supporting such audits will be high. Some 
additional source of revenues must be found to pay for 
the audit if this program is extended nation-wide. One 
possibility would be a 2..5 cents/gallon tax, which 
would cover the full cost of such audits, or a propor
tionally lower tax covering a portion of the audit 
cost. Whatever system is used, even considering gen
eral revenues, the extension of RCS to oil and bottled 
gas heated residences would correct a flaw in the cur
rent structure of the program and could have a signifi
cant impact on our current oil import problem. 

One-Stop-Shopping Loans 

Recent analysis has shown that few individuals are 
taking the extra steps or are willing to pay today's high 
interest rates to finance retrofits with the available 
home improvement loans (Sandra Rennie, Aceee Sum
mer Study). Instead they are relying on savings and 
out-of-pocket funds. In order to extend conservation 
actions beyond a certain segment of the market (mid
dle- and upper-income homeowners), and to increase 
access to the more expensive measures which have an 
even higher savings potential, it is important that 
loans be easily arranged at the same time that the au
ditor is explaining his recommendations to the building 
owner. If the owner finds it necessary to both shop for 
products and installers and to arrange financing him
self, it is likely that many potential customers will 
find the process to be too troublesome, time consum
ing, or otherwise risky, and many promising retrofit 
investments will not be made. If the auditor is able to 
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offer the client a single form which describes the rec
ommended options, the contractors who can do the 
work, the financial institutions able to provide full fi
nancing, all available tax credits or other incentives 
(like grants from the Conservation/Solar bank), and of
fers to handle the contracting and financial arrange
ments for the homeowner it is reasonable to expect a 
much higher response rate, and significant amount of 
financing of more expensive but still cost-effective 
retrofits will result. 

The RCS program should proceed rapidly with its 
currently planned demonstrations of a "one-stop-shop
ping" approach to loans, and if these demonstrations 
prove successful, require such a program nationwide by 
1983. In the interim, DOE should pay careful attention 
to the compliance with existing requirements for utili
ties to facilitate financing, and insure that the intent 
of the law is being met. 

Need for Expanded DOE Staffing of RCS 

The current staffing of the RCS program by the De
partment of Energy is completely inadequate. For a 
major program of its nature and scope, particularly 
one with its experimental nature, a staff of 20 or 30 in 
Washington and representatives in the DOE regional 
offices would seem minimal to support the required 
state and utility programs. For the past year efforts 
have been underway to increase the staffing of the 
RCS program, however, they have proceeded slowly. 
This should be corrected immediately, and the RCS 
program should be allotted the necessary qualified 
staff. 

Programs for Low-Income Households and Rental 
Housing 

Actions recommended under this program are: 

o development of a program to shift the funds 
(available from the Windfall Profits Tax Bill) from 
fuel-bill subsidies to permanent savings, through 
weatherization of low-income households; 

o development of an experimental grant program 
for low-income households, which, if successful, 
should be expanded nationwide by 1984; 

o financial support for state and local demon-
stration programs for conservation in rental build
ings; including financial incentives, local retrofit 

. mandates, and programs aimed at tenant informa
tion and energy-using behavior; and 

o inclusion in the Energy Management Partner-
ship Act of a requirement that states develop spe
cific plans to address rental buildings. 

The number of housing units occupied by renters and 
low-income families is large--representing 30 to 40 
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percent of all residential units. Many of these low
income and rental dwellings are amon·g the worst en
ergy wasters. When categorized into low-, medium-, 
and high-energy efficiency; nearly twice as many low
income and rental dwellings fall into the "low" energy 
efficiency rating (66 and .51 percent respectively). 

The programs described previously have assumed 
that households are able to respond to information 
made available to them about economical retrofits. 
Low-income families and families living in rental hous
ing, however, may be unable to take advantage of this 
·information or of the many forms of financial incen
tives Uike low-interest loans or tax credits). 

For low-income households, large-scale retrofitting 
can only be accomplished thru some form of direct fi
nancial assistance such as that now available through 
the weatherization program. Approximately 16 million 
units now qualify for this program, but only a fraction 
of these will be served in the next ten years at the 
present level of funding. These households are the 
ones most often forced to respond to rising fuel bills 
by sacrificing comfort and health. Thus, improvement 
in these units should be measured by improvements in 
living conditions as well as the net energy that can be 
realized. From either viewpoint a more effective way 
of approaching low-income housing must be imple
mented. 

Designing programs to assist renters has proven ex
tremely difficult. While financial incentive programs 
that have been available to the rental market have re
ceived poor responses, such programs have been lim
ited sirice the rental market has rarely been specifi
cally addressed by utility or government initiatives. In 
addition to financing programs, there are a number of 
actions that should be undertaken to encourage retro
fitting of the rental stock. These initiatives include: 
(1) an experimental locally-administered program to 
mandate retrofits for rental property at the time of 
sale; (2) other local demonstration programs designed 
to modify rent control laws and rental contract 
agreements to allow building owners to pass retrofit 
costs through to tenants, when retrofit investments 
would work to both the tenants and owners advan
tages. These demonstration programs could be funded 
and in fact emphasized through the proposed Energy 
Management Partnership Act (EMPA) if this or similar 
legislation becomes law. We recommend that EMPA 
specifically require each state energy plan to address 
the rental market. 

Low-Income Households 

o A major share of the funds designated for sub-
sidizing the energy costs of low-income families 
through receipts from the Windfall profits Tax 
Act should be shifted to the weatherization __ of 
these same homes--to focus effort on the cause of 
high heating bills and uncomfortable (or unlivable) 
homes, rather than just alleviating the symptoms 
through subsidization of energy costs. 
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The Congressional Conference Report on this Act 
suggested that $36 billion in expected receipts should 
be directed to assist low-income families' energy 
needs. If the current programs are continued, most of 
this funding will be used to simply subsidize the pur
chases of fuel, unless a major program is initiated to 
use it more effectively as a supplement to the present 
Weatherization program. Use of the full $36 billion to 
improve building energy efficiency would allow an in
vestment of over $2000 per housing unit. If this fund
ing were used for retrofits, it could finance approxi
mately .50-7096 of the costs required for the full pack
age of conservation and solar retrofits examined in 
this study. Moreover, if more effective techniques can 
be found for making use of the CET A program, the 
labor requirements for weatherizing those homes can 
make major contributions to reducing unemployment 
and improving job skills and job opportunities for low
income or disadvantaged groups. The funding available 
is reduced, of course, if significant amounts of funds 
are used during the next few years as direct subsidies 
for fuel bills. 

There is another very important effect that would 
substantially reduce the net federal cost of such a pro
gram. The federal government currently subsidizes 
the rent of approximately 3.3 million low-income resi
dential units at an annual cost of roughly $6 billion. 
Rising energy costs are contributing to the rapid in
crease in budget requirements for these programs. In
vestments of the kind recommended in this analysis 
could save the federal government more than $1.3 bil
lion annually in fuel bills, if all of these units are ret
rofitted fully. Nearly the amount of funding necessary 
to support a program of retrofitting all low-income 
housing! 

o An alternative approach of direct grants or 
vouchers, similar to the Canadian Housing Im
provement program should be demonstrated, and 
if successful should be adopted nationwide as an 
option to the current Weatherization program. 

The Weatherization program as now formulated 
should be simplified and freed from many procedural 
entanglements. An alternative approach of direct 
grants or vouchers might reduce admininstrative costs, 
and by involving private contractors as well as CET A 
trainees, allow a significant expansion and accelera
tion of the weatherization program. Grants or vouch- . 
ers along the lines of the Canadian Housing Improve
ment Program (CHIP) should be initiated and, if suc
cessful, the nationwide Weatherization program should 
allow such an option beginning in 1984, if not earlier. 

This program could operate through qualified audi
tors _p.nd contractors thus building upon the same infra
structure as RCS. The government would simply pay 
for an audit and recommended cost-effective retrofits 
conducted by certified private, non-profit, utility, or 
local government organizations, including CET A pro
grams. There would be advantages in working with a 
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utility in the region, particularly if the utility were 
able to provide financing that could complement or 
partly replace the direct federal grant. Due to the 
many structural problems in low-income housing, up to 
one-third of the grant should be allowed for necessary 
structural improvements. 

Rented Buildings 

Approximately 26 million units, or 3596 of all resi
dential units in the United States, are rented. It has 
proven difficult to design programs which will ade
quately motivate the owners of these buildings to 
make necessary retrofits. Often other kinds of in
vestments appear more profitable to the building's~ 
owner--even if access to capital is not a problem. A 
national apartment association survey found that 7296 
of apartment owners would undertake energy improve
ments only if the payback period were 3 years or less. 
Because owners of rental housing often expect a 2- to 
3-year return on investment, they are reluctant to 
make major investments in conservation ,or solar en
ergy, even though they may be extremely cost-effec
tive over the building's remaining useful life. Only 
measures such as caulking or weatherstriping, that 
have short paybacks and minimal initial costs, would 
be undertaken in this sector, given such an investment 
criterion. 

Whether o~ not the landlord pays the fuel bills, there 
is little incentive for either owner or tenant to make 
energy-efficiency improvements in rental buildings. 
Landlords can usually pass on fuel cost increases to 
their tenants, while the tight housing market in many 
areas makes energy costs a relatively minor considera
tion for most prospective tenants. Also, in a number 
of communities, restrictions in rent-control ordinances 
may make it difficult for landlords to pass costs and 
savings through to their tenants in an equitable fash
ion. 

Information programs, such as including the cost of 
utilities along with monthly rental payment in apart
ment advertisements, or rating the energy efficiency 
of rental buildings with rights to inform prospective 
tenants of a building's rating, may be effective in 
those limited rental market areas where available 
rental units exceed demand. However, most rental 
markets are extremely ·"tight," and such information 
programs may make little impact on rental decisions 
or, therefore, on owner decisions to retrofit. 

Basically, most conservation programs to date have 
had little or no impact on the rental stock. It appears 
that a carefully designed package of low-interest, de
ferred-payment loans and financial incentives may of
fer some opportunities for encouraging retrofits in 
rental units. The early TVA loan program included 
rental units but received only a 0.0296 response rate 
from rental sector. However, recent loan programs by 
TVA and Portland General Electric have received 
higher response rates from the rental sector, the PGE 
program, in particular, had a rental response rate 
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equivalent to that from owner-occupied housing in the 
case of rental units with electric heating. Other utili
ties could be ·encouraged to try similar programs, of
fering zero-interest deferred payment loans to the 
rental market. The investment criteria of rental prop
erty owners, cited earlier may limit the effectiveness 
of loan programs alone. 

The only completely effective approach may be to 
require by law conservation retrofits.of existing build
ings. This is, in fact, begiMing to happen in many 
local communities around the country. Portland, Ore
gon and the state of Minnesota have recently ·enacted 
mandatory retrofit laws for rental housing. Davis, 
California, has a local ordinance applying to all exist
ing residences. For political acceptance and equity, 
such retrofit requirements should be coupled with a 
well-designed system of loans and other financial in
centives. 

Until more is learned about how to make mandatory 
retrofit programs effective and equitable, the appro
priate federal role is to provide financial support for a 
variety of promising local and state-level demonstra
tions, along with assistance in monitoring the results. 
Once the most effective approaches are determined, it 
may be desirable to impose some form of requirements 
for improved efficiency in existing buildings, if market 
pressures and non-mandatory programs have not made 
substantial headway in the meantime. 

Another useful step would be for the federal gov
ernment to channel HUD funds through the existing 
state housing agencies to help provide subsidized loans 
wherever a mandatory retrofit standard has been 
adopted at the local or statewide level. Either ap
proach to a retrofit mandate/loan program should be 
carefully coordinated with state and local govern
ments, especially where local rent control ordinances 
exist. 

The final design of an appropriate loan and retrofit 
program could be left up to each state, with the fed
eral role limited to financial and technical help, for at 
least a five-year period. At that time, it would be 
reasonable to reconsider the need for a nationwide re
quirement for improved efficiency in existing (rental) 
buildings, possibly implemented through provisions of 
the proposed Energy Management Partnership Act as a 
condition for states to receive federal funds. Initially, 
though, EMPA legislation should at least require each 
states to develop a specific plan to deal with the 
rental market. 

Retrofit requirements imposed without financial as
sistance and incentives could increase the risk of 
building abandonment or condominium conversion. 
Abandonment may indeed be the only solution where 
the property is only a marginal income-producer and 
retrofit is so difficult that the costs of meeting the 
standard are prohibitive. 

Abandonment is already becoming a serious problem 
in many communities, and skyrocketing energy costs 
bear a large part of the blame. For some of these 
older, inefficient buildings, monthly energy costs are 
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substantially higher than monthly l')lOrtgage pay
ments. In Massachusetts, the state government esti
mates that as many as 2596 of the buildings in the low
income area of Springfield risk abandonment because 
of rising energy costs. Ironically, some of these build
ings may in fact be saved from abandonment by a 
combined incentive/mandate program, since cost
effective conservation improvements to basic compon
ents such as leaks, roofs, missing or broken windows, 
and worn-out heating systems would greatly reduce the 
energy expenses of these structures while improving 
their habitability. A conservation loan programs could 
provide the necessary capital for such investments, in 
a form that is attractive to the building owner. For 
those buildings that are incapable of being substan
tially retrofitted in a cost-effective manner, case-by
case exemptions may be necessary, in a combined in
centive/mandate program. 

For those multi-family buildings already converted 
to condominium ownership, energy-efficiency im
provements can be encouraged by the programs di
scussed earlier, for owner-occupied units. However, 
mandatory local retrofit laws could also be extended 
to require substantial improvements at time of condo
minium conversion, as many communities already re
quire, for fire safety, parking, and other measures. 

In addition to the programs to encourage the physi
cal retrofitting of rental units, the Department of En
ergy should encourage and support programs designed 
to induce changes in tenant behavior that affects en
ergy use and efficiency. There is growing evidence 
that improved information, feedback, and other behav
ioral inducements can achieve significant savings in 
the rental market. Demonstration programs to high
light energy costs as' a separate item in the monthly 
rent bill-even where these costs are centrally me
tered and paid by the building owners-have shown 15 
to 3096 reductions in energy use by tenants which is in 
the same range as (or slightly higher) than the percent
age savings by owner-occupants in response to utility 
bill "feedback" (see above). Additional efforts should 
be undertaken to test and demonstrate such feedback 
methods to reduce energy usage, and state and local 
governments should be encouraged to assist or require 
owners of rental units to implement these measures 
once they have been proven effective. 

Financial Incentives 

In the section of this report dealing with technical 
potentials, we argue that virtually all of the conserva
tion and solar measures considered are clearly cost
justified, even at today's average cost of energy. Nev
ertheless, there is still a justification for using well
designed and carefully monitored financial incentives, 
wherever these can help to offset institutional and 
market barriers and speed the widespread adoption of 
such measure. 
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ABSTRACT 

We have compiled and analysed 
homes in the U.S. and Canada 
heat. The median savings is 23%, 

78 samples, each typically of 6-60 
which have been retrofited to conserve 
contractor cost $1000, cost of con
a 15-year loan at 6% real interest). served energy $3.5/MBtu (based on 

In one public housing complex, an investment of $200 per apartment 
reduced annual fuel use from 640 to 285 gallons, saving 355 gallons 
worth about $500/year today. 

The median cost of conserved energy of $3.5/MBtu is very attractive 
compared with purchasing gas at $5/MBtu or fuel oil at $10. For all 8 
electrically heated samples, the cost of conserved electricity was less 
than the current average price of 5¢/k~. 
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IV. DATA AND TABLE I 

This Section presents our 80 samples in the form of Table I, which has one 

line per sample and 28 columns. Columns A through L are input data, of which 

the most important are Savings (Col. K) and Cost (L). On the right-hand page 

of the table, Columns M through R contain derived results: Cost of Conserved 

Energy, Payback, Fuel Intensity, and Thermal Integrity. 

The 80 samples are ordered by fuel used, in the sequence Gas, Oil, Mixed, 

and Electricity. "Mixed" means that within a sample of say 10 homes, the heating 

fuel differed from house to house. 

The meaning and convention of each column is explained in the two pages 

below the table titled "Explanations of the Columns in Table I." 

Note that a typical scatter plot has about 55 points, not 80. This is 

because 12 lines represent Active Controls (whose labels end with an A) and 8 

are Passive, or "Blind," controls (labels end with B). That leaves 60 retrofits. 

Finally, on a typical plot, a few points overflow the scales, so that we typically 

see only 55. 
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Ga7.ll 
Cillo a 
~-u.u 
c;a9 
c;zo 
~H.a 
Cll.Z 
Cllol 
Cill 
Cil) 

• • R 
R 
1/U 
lt/U 
R/U 
uu 
R/U 
R/U 
1/U 
R/U 
R/U 
R/U 
R/U 
R/U 
R/U 
R/U 

• a 
R 
R 
a 
u 
u 
u 
u 
c 
c 
' c 
c 

' ' ' ' c 
c 

' ' c 
c 

l IO~NAN HOUSEo"D 
l T~IN RIYERSoNJ 
l HS lloNJ 
l HS lZoN.I 
b NRE/FREEHOLDoNJ 

a2 NRE/FaEEHOLDoNJ 
b IIRE/FREEHOLDoNJ 
b liRE/TOftS RIYEioNJ 

ll liRE/lOftS Rl VU,NJ 
b "'EITOftS RIYERoNJ 
b liRE/OAK YAllfYeNJ 
9 IIRE/OAl YALlEYoNJ 
b NRE/OAK YALLEYoNJ 

~)000 NRE/OAl YALLEYeNJ 
S NRE/~HIINAN SOoNJ 
9 llllE/~HI TIIAN SOoNJ 
~ IIRE/~HITftAN SOoNJ 

~)000 NRE/~~ITIIAN SOoNJ 
S S&SKATCHE~ANoCANAOA 
S SASKATCHE~ANoCANADA 

ao SASKATCHEWANoCANAOA 
l IUTTEoNT 
1 8UrTEoNT 

'" R&~SEY COUNTY 1 NINN 
Jl 8&<ERSFIELDoCA 
lb FRESIIIOoCA 

llOOO COLOIUDO 
I OUL&IIIDoCA 
" OULAIIIDoCA 

11 ST LOUISoiiO 
10 CHICAGO,Ill 
lb COLORADO SPRINGS 
" COLORADO SPRINGS 

l7 ST PAULeNINN 
S ST P&ULoiiiNN 

)0 LUZERNE CTYePA 
19 L]UISUNA 
Zl K&IIISAS CITY,~ 
•s KANSAS CITYoiiO 
"" KANSAS CITYoiiO 

lll IIENTUCKY 
lO IIIIDIANA 

;. 'r • 

PIINCETON 
PRINCETON 
PliNUJOH/NJNC 
PIINCETON/NJNC 
P Rl NC U OH/IUIIIG 
PIINCETON/NJMCO 
PliNCETON/NJNC 
PIINCETON/NJNC 
PIINCUOHISJC 
PliNCETON/SJC 
PliNCETON/SJC 
PRINCETON/SJC 
PIINCETON/SJC 
PIINCElON/SJC 
PRINCETQft/SJG 
PIINCETDN/SJG 
EN.CONS INFO Co/NIC 
EN.CONS INFO C./NRC 
EM.CONS INFO Co/NIC 
NC&T 
NCAT 

"" PCE 
PGE 
PUI SUY CD 
CSAINIS 
CU/NBS 
CSA/NIS 
CSA/NIS 
CSA/HIS 
CSA/NIS 
CSA/NIS 
CSAJN8S 
DOE 
DO£ 
DOE 
DOE 
ODE 
DOE 
DOE 

,.11 
••n ••n 
"'ll 
"'11 
"'11 
"'11 
"'11 
"ll 
"911 ••u 
"'ll 
"'11 ••u 
"'ll ••u 
"911 
"'11 

109]9 
10919 
l09lt 

9fl,6t . .,.. 
aut 
llU 
ZbSO 
bOab 
2909 
Z909 
•7so 
Ull 
bUl 
••n east 
IU9 
un 
liDO 
SlU 
SlU 
Slll 
UZ9 
ssn 

n 2n• 
n 
Jt llOO 
Jt lSbO 
10 zsoo 
10 2SOO 

ZSOD 
10 ISO 
10 no 

no 
ID llOO 
10 lZOO 

uoo 
lZOO 

10 1100 
10 aaoo 

1100 
lZOO 

10 llSJ 
10 
10 
7t ZlOO 
10 llOO 
79 1900 
Jt 
79 
JJ 
79 l )00 

79 1JSS 

79 '""' 79 991 

79 Hll 

79 
10 
7J 
JJ 
11 
79 
11 1102 

l .... c 
..... c •• 

····"·' loOoHeP 

••••• ,,, .. , .. 
'•' .. , .. 
'•' .. , .. 
'•' 

'•'•' c •• 
I 
I .. , .. 
1.c 
I 
I 
I 
leC 

..... c 
""•'•" 
··~·'·" ..... c 

r.w.c 
r.c 
a.e 
a.c 
1.~.o.c 
leCtH 

" " " " Hell 
Holt 

"•" Hell 

Hell 
Hell 

Hell 
HoW 

H 
H 
H 

" " H 

" H 
H 
H 

H 
H 
H 

H 

H 
H 
H 
H 
H 
H 

" 

us •• 
11.0 , ... 

114.41 
171.1 
17l.t 
u•.o 
17el 
99.1 
91.0 

llb.J 
120.9 
121 •• 
:. . . 
U1.l 
al •• l 
1U.I 
·-- :-
177.1 
abJ.S 

, ... , 
z•J.o 
asb.J 
n.o 
ba.S 

Utt.z 
7b.l 

a1 •• 9 
17,. J z., •• 
aJZoO 
a••·• 
110.9 
libel 
lS7.9 , .. ] 
us.o 
a9foo0 
na.o 
1u.s 
UZol 

sz.1 
u.z 
u.J 
''·1 l:JS.1 

HZ.9 
1 J, •• 

70 •• 
92 •• 
91.0 
11.9 .,.o 

1u.o 

111.1 
ao9.1 
lll." 

ll:Jol ,, ... 
z•J.o 
us.t 
a••·• 
bl .1 
,2.0 

•••• J•.o 
lZI., 
1S7.:J 
lSS.l 

71 •• ,., .. 
Ul •• 
lbl.l 
ll,.l 
l'.l 

llS.O 
lSZ.O 
1)9.0 
lDZol 
us.J 

n.s ., .. 
Zl.9 
lOoJ 
,l.J 
Z9.0 

9o1 
u.a 
••• o. ,, .. 

Zbot u-• - .. n.• 
zs.J 
Zl•" 

~l-~ 1 
"·' 
z•.z 
77.1 
llol 
14.9 
at •• 
19 •• 
z.z 

-u.s 
u •• 

aott.7 .o., 
o2 

)9.) 

Zl., 
u.r 
Hol 
zo.o ,,.o 
sz.o 
u.J , ... 

" 7 • 
•o 
l• 
Z4l 
lJ , 
19 

J 
0 

Z4l 
ll 
ll 
10 
z• 
19 
1• 
u 
)0 

• 
10 
ll 

I 
u 
ll 

" l 
-t 
10 
H .. 

0 
zz 
• u 

z• 
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Table 1, continued. 

01 • 1 HS lloNJ PRINCETON "911 19 1990 .. "·"·p " uz.o .z.s .9.S n 
D&lol C/P 1S9 PACE lPTSo NJ HUOifRE NTON "911 11 no HolE " lOSol .. o.J ..... ., 
UA.Zoll • lSOO PiCE lPTSo ~J HUD/TRE NTON .... u u•.7 91.3 , ... u 
O&J , Sll fiF CDfi;LEX,"lSH DC SClLLDP·THER .. lL ~AN "ill 71 HoEoO "•" lU.J 101 •• 7.9 , 
oa• , Ul fiF COfiPLE Xo 110 SCALLOP THER,.lL "'" "Zll 11 HoEoO "•" I ••• 13.1 lol l 
OAS p bO CDaP ILDGoNYC SCALLOP THERAAL ~AN "1"1 

,. HoEoO "•" ,.,., UZol u.z 9 
llb c ll VEilfiONT DOE Jl,. 10 I•"•D " UJ.S 100.0 .l.t JO 
Alol c U CHlllLESTONoSC CU/NIS u•• 19 1111 loC H •z.s •1·• Zlol H 
flloll c S CHULESTOihSC CSliNIS lLU , .. , JO.J s •• u 
Ill c I lfLlNTloGl CSl/NIS 3095 19 lOSS I·"·C " 101.1 9 •• 1 , •• o u ,., G " IIASHoDC CU/NIS Ull 19 •ns a.w.c.H H llO.S .9.1 ., .. u 
""·1 G 9 TACDfllo"l CSl/NBS sus ,. 911 I•"•C " 1.1.1 99.1 .9.0 u 
..... z, G S UCDIIlolll CSUNIS nn st.s SO.l 9 •• .. 
fiSol c U USTONoPl CSliNIS SIZJ 79 l]H loCoH " lll., 93ol 21 •• H 
IISoll G J E&STONoPl CSl/NIS SIZJ .... o 39o9 •• z 9 

.... 1 G 1• POilTLlNOoAIE CSA/NIS ,.91 19 1001 lo"oCoH H UJ.J lOS •• 11.9 "" ftboll G "POtTLlNOoAE CSl/NIS H91 ZlZoS 201.1 Zl;. J ll I 
ltl ol G ll FUCOoNO CSA/NIS 9211 19 , .. lolhCoH H 109.S ., .. ..,., .. o w 

Ll1 
II loll c S FUCQ,NO CSliNIS '1211 l"Sol ULoJ u.a 10 I 
.... 1 c Ul CSl/NIS CDAPOSITE 79 llU H 1••·' 101.9 ..... Jl 
fllo1l c •L CSl/NIS COAPOSI TE •• s.z L JI.J •• s " "' c bS Nil WISCONSIN cu 8311 . ,. U9Z I•"•DoC " L•J.O LUo9 lJ.L 19 
1tl0ol c S9 ltiNNESOTl ODE 8310 71 10• I·"·' " uo.a 99 •• u.z 10 
1tlO.ZI c H IIINNESDTl ODE IJLO n.z IDol -1.9 -1 
IHO.) c 19 III~NESOU DOE 1310 71 .,,. 

I•"•C H lOl •• 9 •• ., fao9 , 
fill c lJ WISCONSIN DOE IIZO 19 " U9.J lUoJ Zl.O 11 
ltll c Ita ALLEGAN CTYoAI ODE UOl 10 H u•.o uz.o ••• o Zl 

( Jalb) 

t 1.1 u ta9 TENNESSEE rva ... ). ,. lOU loC H 11210.0 Sl•U.O c.uz.o , .. 
El.Z u lOS TENNESSEE TWA ""Zl ,. I H lllll.O 1211.0 •uz.o )] 

tl u SU TENNESSEE rva •OlD ,. I " lOlU.O 19)7.0 zzu.o ll 
E lol lt/P l9 OENUR JOHNS IUNY ILL£ bDlfa 11 UDO , H uus.o 1"179.0 ZUb.O lb 

tl.ll RIP 10 OE•nER JOHNS IUNV I LLE bOlla zo•o•.o uns.o 2191.0 "' t l. ll .,, 10 OEifYER JOHNS IIANYILLE •alta zu1•.o uoH.o z1sz.o lZ 

t• u ll9b OUGON PAC PIIR LIGHT ••oo 79 l .... o.c H zuos.o uo••·o •z•l.o zo 
ESol u l H SEATTLE, Ill SEATTLE CITY LICHT SliS 79 I H lllOJ.O ll9Ho0 •trJ.o z• 
ES.ZI u SSl SUTTlEoiU SEATTLE CITY LICHT Slat 1•1•1.0 l•taJ•.o 2209.0 u 
Eta u 1102 Ill\ tt I NG TON PUGET POilU ssoo J9 ••• H 20000.0 llOJO.O ta9lO.O u 
E1 u lU DaEGON PORTLAND GEM ELEC H9Z 11 ..... o.c " uooo.o 1179.0 •HZloO u 
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L&IJEL 

Cil 
lfl 
If) ,. 
'~·· '~·l 
c;~.)d 

lfflo1 
c.o.z 
Co. lll 
1.7.1 
'1.l 
C7.lA 

''· )8 "Cill.l 
Ce.l 
C.II.JA 
C.o.l8 
c;.J.1 

'"·l C9.) 
cao.1 
ClO.l 
c;u 
Cll.l 
Cfll.l 
c;l) 
,1 •• 1 
Ch.ZA 
CflS 
Clfl 
Cl 7.1 
ca7.lA 
cu.1 
(,1 d.lA 
Cl9 
c.:o 
lfl1.1 
lfl1.l 
Cl1.l 
Cll 
C.lJ 

tcaption for Table !--continued) resource units of 11.500 Btu per kWh sold. 
In these units, 1 MBtu of gas and of electricity both cost about the same 
(currently $4.50). The column headings are explained below the table. 

Lt. Ll. LJo 

ave. IETIO COSTS .. '' O~ICI 11 I ~SOFI 

lUO 
]000 

700 
1000 
lStol 

JU 

1l7l 
JlS 

91l 
JlS 

..... 
:us 

19711 
SH 

soo 
lllOO 

190 
Hl 
'>17 
lll 
lh 

1711 
llH 
uu 
l1fl1 

U9 
10•~ 

•:n 
szs 

hH 
lH 

1 l1S 

UOJ 
•on 
dll 

llfll 
lh9 

H9 

llU 
H9 

9Sfl 
JH 

fl97 
lH 

lOll 
Sl7 

570 
ll7U 

JH .... 
.as 
l!>O 
lll 

ZOlO 
lfl7fl 
lOll 

ZOO I 

900 
10SI 

!>JI 
flh 

ldlO 
290 

1701 

lOU 
lUO .,. ,., 
1100 

HO 

UOfl 
Ul 

797 
Z14 

)Ill 

1119 

"0 
)01 

HI 
U7S 

171 

z•o 

•••u 
18Z8 
ZOh 

1'>1) 

lSH 

,. '. 

... 
--.. iaiisPiTi ___ I SI"PlE 

•·•o , ... . , .. . 
J.ll 
s.za 
1.01 

s.a9 
•• 7·] 
J.so 
J.U ..... 
1.14 

7.09 
1.10 
... ll ... ,. 
'· 10 .... 9 

••• ) 1.]7 10.01 
•• 11 s.z9 •·J• 
z.9J 
1. Ofl 

... , 
loll 

J.19 
Z.97 

•• ll 
141.97 
z. Jl 
z.1o 
l.OI .. , .. 

u.u 

loS9 
•• Jl 

z.oJ 
loJ7 

J.9Z , .... 
lol41 

lloJ6 
z.1J 
lo4) 
z.ss 
lol9 

l41oll 

.. ,, 
a.n 

l ..... 
••• s 

•• ,l 
... ]9 

lo70 
llolO 

lo410 

•·n ].07 
loll 

l7o9l 

9.10 lZ.OZ 141.417 
z.os z.sa J.oz 
Z.IO lo41l .... ] 

•• l9 

).19 
fl.lfl 
lolfl 
1.l9 
z.tz 
a.ss 
J. 01 

s.z. 
].91 
7.117 
z.11 
loS I 
loS9 
1.90 
loll 

..,. 

... 71 

'·'" ].]. 
1.91 
... )l 

z.z9 
... ss 

"'UACit 
CYUlSI 

16.1 
••• z 
'·' • •• u.o 
z.s ..... 

10.6 .. , 
z.z 

loS 
Z.J 

llo9 ( .. ) 
u.o (lo 

s ... ( .. ) ...... ~) 
I.J 
s.e .. ] 
41.41 (II) 

11.9 

.. , .. 
'·] 

1l.O 

15.7 

9.] 
17.9 
lJ.O 

'·· u.s 
4.t~(c) 

141. 1 (c · 

01. 

.... 
, ... o 
49.7 
n.J 
u.s 
fllol 
u •• 

·aol •• 
lU.l 
1Uol 
••• 9 

100.1 
107.Z 

11.1 
741.9 
741.] 

8Zo1 
9lo] 

oz. 

zs •• 
u.a 
zt.l 
SJ.9 
, ... o 
sr.z 
ro.o 
llol 

101.7 
us.J 
74.1 
11.] 
9Sol 

6Zo1 
fl0.6 ., ... 
''·" . .... 

117.0 105.7 
lOSel 7Z.1 
az.s 76.J 

sa.s s•·• 
ue.t u•.1 
1110.9 105.9 
uz.J 11.1 

1Z7ol 99 •• 

1fiSoZ lZJ.l 

"· Pl. I o. 
IH£1NAL INTa. CONFI• 
CIIU/SOFTOOII· DENtE 
IEF OlE AFff' L EYEL ---- ----1J.J t.t A 

ll.O Zo6j A 
10.1 •• 1 I A 
14.9 11.0 A 
141.6 11.0 A 
l4o0 11.. A 
as.o u.z A 
zo.9 ••·9 A 
Zlol llol A 
ZJ.S ZloS A 
19.7 u.1 A 
ZOoS 16.0 A 
llol l9oS A 

1 ... 7 
1Sol 
u.a 

'·' .. , 
1 Zol 
10.9 
10.1 

lOol 

Zle1 
l9oS 
zo ... 

1S.6 

Z9.6 

lZ.6 
u.J u.' 
s.z '·. 

10.9 

'·' .. , 
19.11 

'"·" 17.1 
11.1 

llol 

ZZ.1 

A 
A 
A 

I 
I 
I 
I 
I 
I 

• I 
I 
A 
a 
A 
a 
A 
a 
a 
A 
c 
c 
c 
c 
c 
c 
I 

•• 

CONI'tENTS 

FllST EIIENSIYE STUDY 
TOWNHOUSE 
ELINJNATE IYPASS LOSSES 
ELININATE IYPASS LOSSES 
Ho De ANO CONTRACT IETl. 
H. O. ONLY 
ILINO CONTlOL CiOUP 

.H. D. AND CONT. IETe 
H. O. ONLY 
ILINO CONTROL CIOUP 
Ho 0.· AND CONTRACT IETlo 
H. D. ONLY 
ACTIVE CONTROL CIOUP 
BLIND CONTROL GROUP 
He D. AND CONT. llTle 
H. Do ONLY 
ACTIVE CONTROL (;ROUP 
BLIND CONTRa. GROUP 
SEALED &NO INSULATED 
SEALED ONLY 
INSULATED ONLY 
PHASE I 
PHASE lie INCLUDES P&SSI-E ~ALL 
LOll-INtONE wEATHERIZATIJN 
ATTIC I~SUL PIOC IN SAN ~OAOUIN VALl 
ATTIC l~SUL PROCf IN S&H JO&OUI~ YALL 
LOw INT LOANS FOI ATTIC INSUL 
OE"O PCft. LOw-INCO"E wEATHERIZATION 
ACTIVE CONTROL CRP. 
OE"O PC"· LOw-INtO"E WEATnERIZ&TION 
OE~O PCNo LOW-INCO"E Wf&T~fRIZ&TION 
DE"O PCfN. LOII-INCOftE •EAT~EIIZATION 
ACTIVE CONTROL CROUP 
OE"O PCfto LOw-INCOftE WEAT~E~IlATION 
ACTIVE CO~TIOL CROUP 
LOW-INCO"E WEATHERIZATION 
LOW-INCOftE wEATHEiiZATION 
LOII-INCOftE WEATHERIZATION 
LOw-INtl"E wEATHElllATIOH 
LOw-INCO"E IIEATHE~IZATIO~ 
LOW-INCO"E wEATHElllATION 
LOw-INCO"E wEATHERIZATION 

' 

I 
w 
0\ 
I 
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Figure 3(a). Observed market behavior vs. life-cycle cost minima for space 
conditioning energy used in all-electric new homes (U.S. average) built 
from 1973 to 1979, with projections of both least-cost usage and market 
trends to 2000. Market behavior data are based on LBL analysis of new home 
characteristics, as determined by the NAHB survey of 300,000 new housing units. 

Source: Levine/McMahon (forthcoming) 
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Figure 3(b). Observed market behavior vs. life-cycle cost minima for space 
conditioning energy used in gas-heated new homes (U.S. average) built from 
1973 to 1979, with projections of both least-cost usage and market trends to 
2000. Market behavior data are based on LBL analysis of new home characteristics, 
as determined by the NAHB survey of 300,000 new housing units. 

Source: Levine/McMahon (forthcoming) 
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Grand Supply Curves of 
Natural Gas and Electricity 

In this part, we present supply curves of conserved gas and electri
city for the entire residential sector of California. Since these 
curves summarize our research to some extent, it is worthwhile to review 
some of our critical assumptions. (Details can, of course, be found in 
Part 1.) Our critical assumptions are: 

Cost of conserved energy is independent of energy prices 
A real discount rate of five percent 
Amortization times are usually 10 years or less* 
Costs reflect contractor installation (not do-it-yourself) 
Linear appliance turnover model (at historic rates) 
No consumer cost for meeting tEC standards 
Potential savings is from 1978 stock only, 

i.e., no growth is assumed 
A ten-year time horizon for implementation 

of conservation measures 
100% implementation of conservation measures 

The supply curve of conserved gas (Figure 3-1) begins with several 
~o-~ost measures, rises slightly, continues almost flat ultil 211 ter
~Btu, climbs gradually to 288 TBtu, and then rises sharply. The cumula
tive savings after the final measure is 313 TBtu, or about 50% of the 
total natural gas use .in the residential sector in 1978. 

The supply curve of conserved electricity (Figure 3-2) begins**with 
:several no-cost and low-cost measures, climbs steadily to 12 TWh, and 
:then climbs steeply to 12.5 TWh. The cumulative savings after the final 
lseasure amount to about 25% of all the electricity used by the residen
tial sector in 1978. 

*The exceptions are those where the investment, e.g., for insulation, 
would be partly recovered on resale. 

TOne teraBtu (TBtu) equals 1012 Btu (a milliquad, if you will). 

**A teralWatt-hour (TWh) equals 109 kilolWatt-hours. A typical 1000 MlJ 
'POwer plant generates· 5. 7 TWh per year of useful electricity, assuming a 
65%.~capacity factor. (Transmission and distribution losses· reduce this 
to 5.1 delivered TWh per year.) 
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Figure 3-1. The grand natural 
California's residential sector. 

gas conservation supply curve for 
The total residential use in Califor-

612 TeraBtu (or .612 quads). Conservation measures nia in 1978 was 
costing up to 
Table 3-1 for a 

$6 . per million Btu will save roughly 34% of this. See 
guide to the measures. Note that 1 TBtu = w12Btu. 

To estimate the reserves of conserved energy, one must choose a 
suitable cost of conventionally supplied energy for comparison. Those 
measures for which the cost of conserved energy is less than the cost of 
conventional fuels are economic.. The energy price chosen must reflect 
prices over the 10-year time horizon and must be expressed in real terms 
(since a real discount rate is used). Using today's price for compari
son implies that energy prices will rise at the same rate as inflation 
over the next 10 years (this is probably a conservative assumption). 
The tailblock rate for natural gas is now over $6 per MBtu. 

About 34% of the gas used iri the residential sector can be saved at 
costs of co~served energy below $6 per MBtu. (Thus, conservation in 
this sector alone could reduce total gas use in California by 12%.) This 
reduction corresponds to 60% of the projected flow through the Point 
Conception liquefied natural gas facility; gas from this facility is 
expected to cost residential consumers slightly less than $7 per MBtu. 
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Table 3-1. Table for the natural gas supply curve (Figure 3-1). The time horizon is 10 years; 
the discount rate is five percent. Costs of conserved energy are in 1979 dollars •. In the 
description of the measures (first column), N • Northern California, single family; 
S • Southern California, single family; MF • multifamily. Total residential use of gas 
in California in 1978 was 612 TBtu.~ 

Measure* 

1 Spark ignition for dryer 

2 Spark ignition for range 

~ Water heater temp. setback 

€) Cold-water laundry 

C[) Pilot off in summer CMF) 

~Pilot off in summer (S) 

(2) Pilot off in summer (N) 

([) Low-flow shower~ead 

® Night setback of 10°F (S) 

10 Pool cover North CA 

([!) Night setback of 10°F (N) 

12 Pool cover South CA 

13 New furnace w/spark ignit. (S) 

14 New furnace w/spark ignit· (N) 

@ Night setback of 10°F (MF) 

16 New furnace v/spark ignit• (MF) 

(!!) Water heater insul. blanket 

18 Install R•19 in ceiling (N) 

19 Seal attic bypasses (N) 

20 Install R-19 in ceiling (MF) 

21 Retrofit spark ignit. (S) 

22 Retrofit spark ignit. (N) 

23 Seal attic bypasses (S) 

24 Install R-19 in ceiling (S) 

Cost of Conserved 
Energy ($/MBtu) 

Marginal 

0 

0 

0 

0 

0 

0 

0 

.4 

.5 

.5 

.7 

.7 

1.0 

1.0 

h9 

2 .. 6. 

2.8 

2.8 

Average 

0 -

0 

0 

0 

0 

0 

0 

.1 

.2 

.3 

.3 

.3 

.3 

.4 

.5 

.6 

.71 

.7 

.7 

.a 

.9 

.9 

Energy Supplied 
(TBtu/y)~ 

Per Meas. Total 

1.4 

9.8 

14.7 

15.6 

1.3 

3.0 

1.0 

18.5 

18.5 

10.5 

2.0 

2.0 

6.8 

1.5 

16.1 

10.0 

6.2 

4.0 

4.0 

4.7 

5.1 

11 

26 

42 

43 

46 

47 

65 

84 

91 

102 

113 

115 

117 

124 

125 

141 

151 

157 

159 

163 

167 

172 

177 

~1 TBtu (TeraBtu) = 106 million Btu= IQ12Btu. 

Total 
Dollars 
Invested Meas. 

(millions) No. 

0 

0 

0 

0 

0 

0 

0 

60 

171 

178 

243 

257 

274 

292 

374 

391 

510 

744 

931 

999 

1,084 

1,168 

1,354 

1,588 

44 

42 

35 

34 

28 

19 

1 

36 

20 

38 

2 

40 

102 

100 

29 

104 

37 

4 

3 

30 

101 

99 

21 

22 

Table continued 

. ': 
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Energy ($/MBtu) (TBtu/y) Dollars ' -.......::, 

Table 3-1 continued 

Measure* Marginal Average Per Meas. Total 
Invested Meas. J ~ 

{millions) - No. '-'! 

25 Retrofit spark ignit. (MF) 1.0 2. 6 180 1,662 103 

26 Install R-11 in walls {N) 

27 Storm windows (N) 

28 Seal a~tic bypasses (MF) 

29 Install R-11 in walls (MF) 

30 Install R-11 in walls (S) 

31 Fireplace damper (S) 

32 Fireplace damper (N) 

33 Water heater flue damper 

@ Caulking (N) 

35 Storm windows (S) 

~ Tune up pool heater North CA 

37 Storm windows {MF) 

38 Buy most efficient gas dryer 

@ Caulking (S) 

40 Additional R-19 in ceiiing (N) 

Cf!) Tune up pool heater South CA 

~ Caulking (MF) 

43 Additional R-19 in ceiling (S) 

44 Seal ducts (N) 

~ Weatherstrip (N) 

46 Seal ducts (S) 

@ Weatherstrip. (MF) 

® Weatherstrip {S) 

6.4 

7.0 

7.6 

9.1 

9.8 

9.8 

10.1 

11.1 

11-1 

13.0 

14.2 

15.7 

17.5 

25.1 

34.6 

35.5 

49.5 

54.9 

57.7 

1.5 

2.0 

3. 3. 

3.4 

).5 

3.8 

4.0 

4.5 

4.8 

5.2 

31.3 

18.2 

.s 

6.7 

17.9 

.7 

.7 

11.4 

.2 

4.0 

1.5 

5.0 

4.8 

.3 

1.8 

3.0 

1.5 

3.2 

1.0 

2.0 

211 

229 

230 

236 

254 

255 

256 

265 

273 

284 

284 

288 

290 

295 

300 

300 

302 

305 

306 

309 

310 

311 

313 

3,356 

4,800 

4,839 

5,420 

7,107 

7,159 

7. 211 

7,620 

8,168 

9,606 

10,163 

10,316 

10,861 

11,797 

11,811 

12,075 

13,007 

13,232 

13,730 

13,953 

14,162 

14,658 

*The' conservation measures are listed in the order they appear in the supply curve, 
i.e., according to cost of cons_erved energy. The measure number (last column) is 
the nuu:ber used throughout the .report _to identify the measure. 

5 

7 

105 

106 

23 

13 

11 

75 

6 

25 

86 

32 

56 

24 

8 

87 

31 

26 

15 

9 

17 

33 

27 

.... 
.f 
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Figure 3-2. The grand electricity conservation supply curve for 
California's residential sector. The total residential use in Califor
nia in 1978 was 49,000 GWh. Conservation measures with costs up to 6 
cents/kWh will save roughly 20% of current use. See Table 3-2 for a 
guide to the measures. Note that 1000 GWh = 1 billion kWh. 

The tailblock rate for electricity -is over 8 cents per kWh. About 
22% of the current residential consumption could be saved at costs of 
conserved electricity below 8 cents per kWh. (Thus, conservation in the 

;residential sector alone could reduce total electricity use in Califor
:nfa by 7%.) This reduciion corresponds to the output of two standard 
·1,000 MW power plants. 

In the gas supplycurve most of the saved gas (about 86%) comes from 
water- and space-heating conservation measures. Since these measures.are 
retrofits, the savings can be nearly all realized in the lQ-year time 
horizon; the savings increase only slightly with a 20-yP.ar time horizon. 
'A significant amount of water heating energy t:an be saved cheaply. Many 

* Here one must carefully distinguish between energy and power. 
Although these measures may preclude the need for the electrical output 
{GWh) of two powe~ plants, they may not necessarily save _the capacity 
{GW) of two power plants. We present the savings in equivalent output 
~o give the reader a sense of the magnitude; we do not mean that these 
measures could save building two new power plants. 
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Table 3-2 • Supply table for the electricity supply curve {Figure 3-2) • The time horizon is 10 years; 
the~ discoun-t-rate-is-f-ive-per-cent.- ~~Costs-of-conserved_energy~ are _in_l_9 79 della rs. 
Total residential use of electricity in California in 1978 was 49.6 TWb. ~ 

Measure* 

Solid-state color TV 

2 Solid-state black-and-white TV 

3 CEC standard refrigerator 

4 CEC standard room A/C 

5 CEC standard central A/C 

{])Water heater temp. setback 

(!) Cold-water laundry 

{!) Low-flow showerhead 

~Night setbac~ of 10°F 

10 Pool filter savings from cover 

11 Buy most eff. refrigerator 

12 Refrigerator package "A" 

13 Buy most eff. free%er 

<13) Water heater insul. blanket 

15 3-Way bulb to high efficiency 

16 Seal attic bypasses 

17 Free%er packa~e 

<!!) Kitchen fluorescent 

19 Install R-19 in ceiling 

~Divert elec. clothes dryer vent 

21 Switch to gaa clothea dryer 

(§D Exterior fluorescent 

~ 100 W bulb to fluorescent (1) 

24 Storm windows 

25 Central A/C vall insulation 

Cost of Conserved 
Energy {cents/kYh) 

Marginal 

0 

0 

0 

0 

0 

0 

0 

.2 

.6 

.a 

.9 

1.5 

3.8 

4.6 

4.7 

s.o 

5.7 

6.2 

Average 

0 

0 

0 

0 

0 

0 

0 

.1 

.1 

.3 

.s 

.5 

.6 

.6 

.9 

.9 

.9 

Energy Supplied 
(Glolh/y) ~ 

Per Meas. 

599.1 

322.3 

728.0 

152.1 

168.0 

186.2 

407.4 

496.6 

153.1 

287.0 

1,092.0 

1,466.4 

305.8 

240.6 

110.6 

92.5 

327.6 

608.9 

105.4 

766.7 

239.0 

334.5 

258.4 

308.7 

Total 

599 

921 

1,649 

1,802 

1,970 

2,156 

2,563 

3,060 

3,213 

3,500 

4,592 

6,058 

6,364 

6,605 

6,715 

6,808 

7,135 

7,744 

7,860 

8,626 

~.865 

9,200 

9,458 

9,767 

~1 TWh (Terawatt-hour) = one billion kilowatt-hours. 
1 GWh (Gigawatt-hour) = one million kilowatt-hours. 

Total 
Dollars 
Invested 

(millions) 

0 

0 

0 

0 

0 

0 

0 

8 

20 

24 

102 

227 

259 

275 

283 

307 

373 

511 

515 

546 

821 

909 

1, 039 

l,:L24 

1,462 

Me as. 
No. 

68 

67 

78 

94 

90 

62 

61 

63 

65 

79 

66 

64 

83 

47 

85 

69 

48 

18 

45 

71 

73 

51 

89 

Table continued 

t 
+ 
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Table 3-2 continued 

Cost of Conserved 
Energy (cents/kWh) 

Measure* Marginal 

26 luy moat efficient central A/C 6.4 

27 Manual refrig. improvement 6.5 

28_ Juy 1110st efficient elec. dryer 6.5 

29 Fireplace damper 6.5 

~ 100 W bulb to fluorescent (2) 

31 laatall R-11 ia valla 

~ 3-vay bulb to fluoreaceat 

@ Caullt1Dg 

34 Switch to gas range 

35 Wiadov shading for central-A/C 

36 Refrigerator package "I" 

~ 100 W bulb to fluorescent (3) 

38 luy 1110st efficient room A/C 

@ 75 V bulb to fluorescent 

40 Weatherize apartments 

41 Additional R-19 in ceiling 

~ ~atherstrip 

6.6 

8.9 

9.5 

10.0 

10.1 

10.2 

12.4 

12.8 

14.0 

30.8 

Average 

2.0 

2;0 

2.5 

2·6 

2.8 

2.9 

2.9 

3.4 

Energy Supplied 
(CWh/y) 

Per Mess. 

252.0 

208.0 

62.0 

13.4 

290.3 

8.8 

305.3 

102.1 

274.2 

94.5 

405.6 

191.2 

24.3 

155.8 

204.0 

68.9 

47.9 

Total 

10,019 

10,227 

10,289 

10,302 

10,593 

10,601 

10,907 

11,009 

11,283 

11,377 

11,783 

11,974 

11,999 

12,154 

12,358 

12,427 

12,475 

*The conservation measures are listed in the order they appear in the supply curve, 
i.e., accordina to coat of conserved energy. The aeasure number (last column) is 
the 'IIU!Iber -ed throughout the report to identify the measure. 

Total 
Dollan 
Invested Meas. 

(millions) No. 

1,630 59 

1, 734 81 

1, 765 57 

1,772 14 

1,920 

1,928 

2,108 

2,178 

2,374 

2,443 

2,755 

2,904 

2,926 

3,074 

3,346 

3,466 

3,530 

97 

49 

72 

so 

43 

91 

80 

98 

60 

74 

10 

52 

53 

of the space-heating measures· are expensive because·, in our analysis they 
are done to every home rather than just to those of the high users. We 
~o not recommend applying these measures to every home, but we lack the 
data to estimate costs and energy savings for a more focused program. 

In theelectricity supply curve the main,sources of the saved energy 
are more diverse: refrigerators, lighting, and water heating (about 38%, 
17%, and 12%, respectively). Moreover, with a 20-year time horizon, 
electricity savings are about 50% greater than with the 10-year time 
horizon we used. In particular, absolute energy savings from refrigera
tors and freezers double. Thus, it is crucial to introduce more 
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________ efficient refrigerators and freezers as soon as possible (an inefficient 

. . 

-r-efilgerafor-oougnt-to-day-will st"tll-be-tn-opera·tion in the--yea-r~2-000~ .
Had our model included growth, refrigerator energy use would have been 
even more important. Ai"r conditioners will undergo major improvements 
because of new CEC standards, but the conserved power is far more valu
able than the conserved electricity. Even stricter standards based on 
peak power needs might defer huge capital outlays for new power plants. 

Beyond a certain point the supply curves rise sharply, which is 
misleading since this suggests that- the reserves of cheap conserved 
energy are limited. First, in the case of the electric supply curve, we 
underestimated the number of potentially economic measures. Conserving 
electricity proved cheaper than we anticipated; we could have considered 
additional measures. Second, the curves reflect the fact that Califor
nians have never confronted the high energy prices we now face and 
therefore have not developed suitable conservation techniques. In this 
study we have applied commonly available conservation measures and 
avoided speculating on new solutions (even though the efficiencies of 
cur appliances and homes are far from the maxima set by the second law 
of thermodynamics). · (See Appendix A.) Although the cost of conserved 
energy based ~ current technologies rises sharply beyond a certain 
point, new technologies, ingenuity, and changes in patterns of energy 
use will probably temper the curve~' steep rise. 

Supply curves of conserved energy need careful analysis of current 
energy demand by end use. Such a breakdown is shown as pie charts in 
Figure 3-3. (See also Tables B-1 and B-2.) The charts also depict the 
sources of the conserved energy available at costs below $6 per MBtu and 
8 cents per kWh. 

Why do such large cheap reserves of conserved energy exist at all? 
Much of it is a consequence of market failures. Poor (or worse, con
tradictory) consumer information, rapidly rising energy prices, and 
landlord-tenant impasses are just a few market failures that have 
created the greatest part of the cheap reserves. Also, new technolo
gies, such as solid-state controls, flue dampers, and electronic igni
tion devices, will obviously take time to penetrate the market. To 
exploit these reserves will require diverse policies. Energy perfor
mance standards, utility rate structures, and utility financing schemes 
are just a few of the ways the state might tap these enormous reserves 
of conserved energy • 

In this report we have described the technical potentials for energy 
conservation. There remains one final step: to transform these poten
tials into realistic goals. For this one must examine the feasibility 
of each measure. This requires another set of assumptions concerning 
penetration rates, effectiveness of information campaigns, and utility 
participation, etc. The reader may have his or her own thoughts on 
these matters; however, we leave that discussion to a companion paper. 
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We have constructed supply curves only for California's residential 
sector, which uses a third of the natural gas and electricity consumed 
in the state. Obviously all sectors should be studied in order to 
ascertain the overall potential for conservation. However, for policy 
purposes, a sectoral approach with each end use considered separately is 
most useful. 
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dryer 
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Miscet--f:====:::;;;~~-
laneous 
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Electricity ( 49.6 TWh) 

I . 
(38.7TWh) 
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Figure 3-3. Residential energy by end use in California in 1978 
(above), and the potential energy savings for a ten-year time horizon. 
The "saved" gas and electricity is based on a 5% real discount rate. 
(The areas of the pies are proportional to the energy in resource 
units.) 
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ATTACHMENT 5 

From the Energy Efficient 
Buildings Chapter of the 
LBL Annual Report for 1980. 

"House Doctor" Demonstration, Training, and 
Retrofit Monitoring Project 

-51-

Researchers at LBL are currently conducting a 
cooperative project with Pacific Gas and Electric 
Company (PG&E) to determine the energy savings 
resulting from "house doctor" retrofitting of 
single-family residences in Walnut Creek, CA. The 
standard house-doctor visit is designed to increase 
the effectiveness of residential audits by includ
ing instrumentation and -2 person-days of retrofit
ting. House doctoring also has potential as a con
tractor type business similar to, or combined with, 
insulation installation. 

The procedure emphasizes use of a "blower 
door," a device which can both pressurize and 
depressurize a house to facilitate the measurement 
of infiltration levels and permit quick identifica
tion of air leaks. An infrared scanner is used in 
conjunction with the blower door to detect leaks in 
the attic and to check the quality of wall insula
tion. 

From the audit portion of the visit, a series 
of recommendations are made to the homeowner, as in 

other audit procedures. The principal feature of 
the retrofit portion is that the auditor, at the 
time of the visit, will implement simple energy
saving measures while the house is pressurized. 
The convenience tg __ homeowners -is-tha.t -the-work-ts--

~-only done immediately (and correctly) but also 
at low materials cost. 

Thirty houses were included in our study. Ten 
of the houses were "active controls" which received 
house-doctor audits only (no retrofit). Ten 
received a standard house-doctor visit, and ten 
received an "extended retrofit," which is a house
doctor visit plus additional retrofit to be per
formed by contractors. In our experiment, the 
house-doctor audit is essentially the PG&E Enercom 
computerized audit with the addition of an infil
tration measurement and a few extra items on the 
audit form/prescription. Our retrofits included 
installation of electronic ignition devices on the 
fUrnace--not always considered part of house doc
toring. The contractor retrofits will be installed 
in Spring 1981, selected on the basis of economic 
attractiveness from a list that includes: 
increased insulation in attics, walls, and floors; 
installation of storm windows; taping and insulat
ing furnace ducts; further house-doctor-type leak 
plugging; and replacement of incandescent with 
fluorescent light fixtures. 

The energy use of each house will be moni
tored for at least one year after the retrofitting 
occurs. Consumption by furnace, water heater, pool 
heater (if any), and air conditioner will be 
recorded weekly. A regression of energy use with 
respect to temperature data from a nearby site, 
done before and after the retrofits, will allow 
calculation of energy savings in an average year. 

Several useful materials have been developed 
as part of this project. One is a comprehensive 
House Doctor Manual which describes the on-site 
audit and retrofit procedure. Another is a com
plete list of the equipment, tools, and retrofit 
materials needed for a house-doctor visit. In 
addition, a curriculum for training house doctors 
was developed and used in a two-week intensive 
training course for seven PG&E "weatherization spe
cialists." These trained PG&E house doctors com
pleted the twenty partial retrofits and thirty 
audits during November and early December of FY 
1980. 

Various members of the public were invited to 
observe a series of retrofit demonstrations in 
October. This program was designed so that the 
observers could get a first-hand idea of the kind 
of retrofit procedure that becomes possible when 
the various instruments mentioned above are used. 
The houses were house-doctored by two members of 
our LBL staff, while a third explained the pro
cedure to the observers. 

The preliminary results from this project are 
summarized in Tables 3 and 4. The average reduc
tion in infiltration (as calculated from the 
blower-door measurements) is 30%, with a range from 
14% to 65%. The average infiltration rate for the 
16 houses included in the preliminarv calculations 
is 0.75 air changes per hour (ach) b~rore, and 0.52 
ach after house doctoring. We estimate the costs 
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Table 3. Infiltration reduction from house-doctor retrofits. 

House Year Volume Leaka~e Area 
Constructed (m3) (em ) 

Before After 

A2 1969 430 1421 

A3 1955 350 1499 

A5 1965 370 1325 

A6 1956 350 1126 

A7 1969 600 1638 

A9 1966 420 1148 

A10 1960 340 2010 

B1 1965 490 2091 

B2 1970 520 1916 

B4 1969 640 2712 

B5 1970 510 1761 

B6 1960 440 1437 

B7 1969 640 1462 

B8 1969 600 3164 

B9 1965 480 2148 

B10 1969 770 1230 

Average 497 1756 

(including labor, materials, and overhead) ot a 
standard house-doctor visit at $365, (or $556 
including the cost of IID installation). This 
yields a cost of conserved energy, over the useful 
lifetime of the retrofits, or $0.22/therm. 

. By finding and fixing leaks which are 
undetectable in current (uninstrumented) audits, 
house doctoring not only cuts energy waste but can 
make other conservation measures more effective. 
For example, if an attic is insulated before leaks 
are identified and patched, two serious problems 
arise: some leaks will be hidden by the insulation 
and harder to find and fix, and (2) loss of heat 
through these undetected leaks will undermine,the 
benefits of insulation (in energy and dollar sav
ings.) and discourage homeowners from investing in 
energy-efficient strategies. Because of the rela
tively low materials cost and moderate labor inten
sity, this audit procedure may be well suited for 
use by small contractors and community groups. 

1081 

1282 

789 

951 

1319 

944 

1510 

1606 

1297 

950 

1106 

1049 

1127 

1827 

1458 

881 

1199 

Heating Season Average Infiltration 
Air changes/hour Reduction (J) 

Before After 

.62 .47 24 

.78 .67 14 

.68 .40 41 

.62 .52 16 

.52 .42 19 

.68 .56 18 

1.12 .84 25 

1.06 .82 23 

.70 .47 33 

1.06 -37 65 

.67 .42 37 

.62 .45 27 

.57 .44 23 

.99 -57 42 

.85 .sa 32 

.40 .28 30 

.75 .52 29 

New homes 

Use of the blower door as a diagnostic tool 
during construction of new homes will probably.turn 
out to be even more effective than its use in occu
pied houses • 

Homes at time of sale 

A house-doctor visit at the time of sale is 
probably a good investment for the future owner. 
If the house is doctored while it is empty (of fur
niture, rugs, and·material stored in the attic), 
far more·.work can be.done in one day. Preliminary 
results indicate that house doctor techniques can 
save energy at costs below the current fuel prices, 
and far below the price of new energy supplies. As 
prices rise and the importance of conservation 
grows, the importance of testing and-re1ihing these 
techniques will likewise increase. 

~ . 

.. 
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Table 4. Savings and cost of conserved energy (CCE) for house-doctored 
homes of Table 3, before final contractor retrofit. 

House No. 

Therms/year 
saved by 

infil tra:tion 
Reductiona 

Total 
therms/year 

savedb 

Estimated 
CostC 

($) 

Cost of 
Conserved 

Energyd 
($/tberm) 

A2 

A3 

A5 

A6 

A7 

A9 

A10 

B1 

B2 

B4 

B5 

B6 

41 

28 

70 

24 

45 

32 

62 

77 

71 

269 

89 

44 

53 

121 

108 

189 

143 

125 

112 

101 

77 

151 

349 

208 

44 

172 

526 

526 

556 

556 

526 

526 

365 

336 

526 

526 

.29 

.33 

.20 

.26 

.26 

.32 

.24 

.29 

.23 

.10 

.18 

.51 

.22 B7 

B8 151 190 

158 

94 

556 

336 

556 

365 

526 

365 

.13 

B9 .22 

B10 

78 

55 .26 

Average 74 146 480 .22 

acalculated from leakage area measurements. Assumes 650F heating degree day 
base and 20~ reduction in furnace steady-state efficiency due to cycling and 
duct losses. 

brncludes calculated savings from water heater and/or intermittent ignition 
device (IID) in houses where these were installed. 

Cincludes labor, materials, and 50~ overhead. For a typical visit including 
infiltration reduction and water heater insulation labor costs are $155 and 
materials costs are $75. Additional costs for IID installation are $67 
(labor) and $60 (materials). 

dccE calculated on the basis of an amortization period equal to expected use
ful life of the retrofits (20 years). Real interest rate assumed to be 3~. 
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This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable . 
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