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COMPTROLLER tENERAi OF THE UNITED STATES 

WASHINGTON. DC. 20548 

,. To the President of the Senete and the’ 
‘- ’ Speaker of the House of Representatives 

J. 
This is our report on lLationa1 standards neaded for 

residential energy conservation. The report concerns various 
practices that impede the efficient use of energy in th.e 
residential sector. 

We made our review pursuant to the Dudget and Accounting 
Act, 1921 (31 U.S.C. 531, and the United States Housing Act 
of 1937, as amended (42 U.S.C. 1401). 

ive are sending copies of this report to the Director, 
Office of Management and Budget; the Secretary of Housing 
and ilrban Development; the Secretary of Commerce; the 
Secretary of Agriculture; the Administrator, Energv Research 

! and Development Administration; the Administrator, Federal 
Energy Administration: the Administrator , Veterans 
hdministralion; and Commissioners of the Federal Trace 
Commission. 
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COMPTROLL.ER GENE’%!. L ‘S 
REPORT TO THE CGIJGRESS 

DIGEST -e--v- 

During JanuaAy 1975, in 
response to congressional 
inquiries, GAO developed 
a package of energy proposals 
which included energy con- 
servation measure5 that can 
be taken to-improve energy 
efficiency in all sector: 
of the economy, including 
the r'esidentibl sector. In _. 

'., 

March 1975, G,40 presented -' 
its energy proposals to 

.c r the House Committee on Ways ?'-I ;2~ -) 
- and Means. 

- -' 

This report, by drawing upon 
numerous energy-related 
studies made over the last 
few years by various public 
and independent agencies, 
expands upon and lends sup- 
port for those proposals 
GAO previously made concerning 

; energy conservation in the 
residential sector; it also 
offers some additional 
proposals. ' 

MATTERS FOR COkZX??ATIOiV . 
BY THE CONGRESS - 

The Congress currently has 
before it numerous bills 
that in some way affect 
energy efficiency irk the 
residential sector. The 
various bills provide 
different ways to bring about 
energy savings. 

Several major policy issues 
must be addressed by the 

,Congress in determining 

1 Tear Sheet. Upon remova:, the report 
/cover date should be noted hereon. 

NATIIONAL STANDARDS NEEDED FOR 
RESIDENTIAL ENERGY CONSERVATION 
Department of Housing and Urban 
Development 

what action should be taken to 
reduce enercjy consumption in 
the,residential sector, includ- 
ing determining 

I 
--whether the energy problem 

is! serious enough to warrant 
actions that require large 
cost outlays or lifestyle 
changes; 

--whether housing should con- 
tinue to be built on the 
basis of lowest initial con- 
struction cost or on lowest 
lifecycle operating cost; 
and 

--the extent to which the 
Federal Government should 
provide incentives to 
industry to develop more. 
energy-efficient housing 
subsystems, such as heatinq 
and cooling systems and 
appliances. 

In enacting legislation 
addressing these issues, the 
Congress might wish to con- 
sider, as a means of conserv- 
ing energy in the residential 
sector, such actions as 

--establishing a national pro- 
gram for energy conservation, 
irlcluding national goals 
and priorities and defining 
the roles of the various 
key Federal agencies; 

--requiring the establishment 
of national thermal standards 

RED-75-377 
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or energy performance 
standards for ail new 
housing; 

--p.rovid?'ng incentives 
(through tax credits, loans, 
etc.) to homeowners to 
encourage retrofitting of 
existing homes, such as 
adding insulation and s&m 
doors and windows and prop- 
erly caulking and weather- 
stripping around opening>; 

--requiring all existing 
homes to be financed 
directly or indirectly 
through any federally 
insured agency to meet 
minimum thermal standards 
for those conservation 
measures that can be 
reasonably added; 

--requiring mandatory 
efficiency labeling of all 
major applicances; 

--establishing a cut-off I_ 
date when applicances 
meeting minimum standards 
of operating efficiency 
would be required to be 
installed in new homes; 
and 

--establishing national 
standards or guidelines 
banning ornamental gas 
lights and requiring 
electric igniters instead 
of pilot lights on new 
;tpL$a;ces.- (See pp. 26 

. 

. 
GAO believes the construction 
of energy-efficient housing 
and the accomplishment of 
energy salings will not be 

I 

. 

I 

fully realized unless com- 
prehensive legislation is 
enacted. 

1 The Department of Housing and 
Urban Development (HUD) agreed r'r3 

d with GAO that a large amount 
of energy would be conserved 
in residential nousing if the 
Congress would enact legisla- 
tion providing for establish- 
ment of national thermal 
standards or energy performance 
standards for all new housing. 
HUD commented that energy 
conservation measures should 
be applicable across-the-board 
in order to be effective on a 
nationwide basis and equitable 
to all homebuyers, builders, 
and lenders. 

The Secretary of HUD can take 
several measdres, under current 
;egislation, to promote energy 
savings through HUD activities. 
In the interim before the 
Congress enacts national energy 
legislation, GAO recommends 
that the Secretary of HUD 

--make energy conservation an 
important objective in its 
minimum property standards 
by emphasizing operating 
costs as well as initial 
construction costs, 

--establish thermal standards 
for existing housing to be 
insured under Federal programs, 
and 

--contract with industry to 
develop more energy-efficient 
housing subsystems. (See p. . 
27.) 

ii 



-CURRENT R@E&lYMENTS TO-. 
iWEj2.X COIGERVATIdN . 

-\.-.- 
Of the 70 million existing 
housing units in the United , 
States, overXLmi-Jlion are ~~ 
estimated to need thermal 
protection improvements, such 

. asjceiling insulation, 
cauJ.$ing, weatherstripping, 
and the installation of 
storm doors and storm 
windows. / 

/=' ._ --__ / 
--. .--. 'Despite the increa&g-' 

seriousness of our Nation's 
energy deficiencies, construc- 
tion of energy-efficient 

-. 
I' 

housing is still a low ‘1 
r priority concern to near-p 

all participants involved 

\,,. . - 
in planning, designing, 
financing, and constructing 
residential hou-sing. (See 
P. 5.1 

k 

1 

Space heating and cooling 
and water heating account 
for about 76 percent of the 
residential energy used. 
Numerous studies have been 
made in recent years on 
the energy savings achievable 
by implementing various 
energy conservation measures 
in buildings. 

The American Institute of ' 
Architects recently reporte 4 
that, at this time, 30 
percent and 60 percent 
energy savings for oid and 
new buildings, respectively, 
are considered as very con- 
servative estimates. (See 
pp. 1 to 4.) 

Major reasons that re.sidential ~ 
housing has not and. is not.. 
being built to make the most 

: .-Fe 

efficient use of energy include 

--the housing industry's 1: 
practice of building homes 
with emphi,sis on the lowest ' 
initial co5t (see no. 5 to 
81, 

--various obstacles to inducing 
technological changes to 
promote energy efficiency 
(see pp. 9 to ll), 

--limited use of HUD's minimum 
property standards to encourage 
energy conservation (see pp. 
11 to 20), and 

--limited research to improve 
energy efficiency of a 
housing unit (see pp. 20 to 
24). 

GAO notes that there are various 
bills before the Congress that 
would provide for the Secretary 
of H'JD to develop "prescriptive" 
or "component performance" 
standards for use in all new 
construction. 

HUD's standards are generally 
considered to be component 
performance standards. HUD 
officials told GAO that, if 
any of the proposed legislation 
were enacted, HUD would prob- 
ably initially make the current 
HUD standards applicable to 
all new construction and then 
promulgate a more inc?usive set 
of standards. 
20.) 

(See pp. 19'and 

Tear Shee? . . . 
z.zz 



'Problems limiting residxtial 
energy conservation ttidaJ* are 
very similar to those 
limiting control of auto-caused 
pollution before the Congress 
passed. a more str'ngent auto- 
mobile emission control pro- 
gram 5n 1973. J 

The goal then was to improve 
air quality andtdirect steps 
were taken to reduce pol'llltion 
from one of the largest 
scurces--automobiles. The._ -- 

. ’ ‘_ 

‘\ _ 

au tomobile industry generally 
opposed emission control de- 
vices citing increased cost 
and lack of t%hnology for 
meeting standards. 

Similarly, the housing in- 
dustry'is very slow in making 
changes in its building 
practices to achieve more 
energy?efficient housing, pri- 
marily because of the increased 
initial cost to the fiousing 
unit. j(See pp. 25 and 26.) 
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CHAPTER I --- -- 

ENERGY CONSERVATION AND ---_ ------ 
THE HOUSING INDUSTRY --I__--------- 

The United States’ energy demand has grown ht an annual 
rata of abo!rt 4 percent during the last 10 years. Through 

. 1950, the United Stat s was totally self-sufficient--it was 
able to supply its ow 2 energy needs through domestic fuels 
and hydroelectr ic power. By 1973, the United States depended 

- on imports for 15 percent of its energy. The President has 
asked the Congress to establish policies so the United States 
can become self-sufficient once again. There are two basic 
alternatives to alleviating our Nation’s energy problem-- 
(1) increase the supply of energy or (2) decrea!;e the demand. 
The housing industry can contribute greatly to the second 
approach by adopting energy conservation measures. 

During March 1975 we presented a package of energy 
proposals to the House CommLttee on Ways and Means. This 
package included energy conservation measures that can be 
taken to improve crergy efficiency in all sectors of the 
economy, including, the resident.ial sector. 

This report, by drawing upon numerous energy-related 
studies made over the last few years by various public and 
independent agent ies, expands upon and lends support for 
those proposals we previously made concerning energy con- 
servation in the residential sector: it also offers some 
add it ional proposals. 

I 
ENERGY. USE IN THE 
RESIDENTIAL--SECTOR -.------_____ 

The residential sector ccnsumes over 19 percent of the 
tctal energy consumed in the United States. Space heating 
and cooling and water heating account for about 76 percent 
of the residential energy usage, as shown below: 

.l 
. . 
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ses ident ial Set tor - --_-- 
Xne-r-qy Consumption s---e 

1968 --- 

_- Per-cent ‘of total 
End use residential use --- -- 

I  

food freezing 
Cooking 

---Air conditioning 
.‘-. Thevision .- 

1-1. _ ~- Clothes drying 
Other 

_- 
Total 

57.5 
14.9 

/ . 5.5 .9 

,/= ’ 3.7 
.” 3.0 

1.7 
5.8 -- 

\lOO.O 

Percent of 
national use --- 

11.0 
2.9 

1.5 
1.1 

.7 

.6 

.3 
1.1 -- 

19.2 

The Project Independence report that the Federal Energy 
Administration issued in November 1974 shows an expected 
1.4 percent annual growth rate in residential energy 
demand through the year 1990. 

Reducing the amount of energy necessary to heat and 
cool hom?S involves three different but complementary 
approachc:s : (1) improved building design and construe- 
tlon, (2) more tfficient operating heating and cooling 
systems, and (3) use of renewal sources, such as the sufi. 

. 

One measure for saving energy through improving 
building design and construction,standards is by strength- 
ening current thermal staddards. Increasing the thermal 
standards or requirements wh ich rust be met in housing 
construction offers the greatest opportunity for reduc- 
ing energy usage in the residential sector. Installing 
increased thicknesses of insulation, double glazing of windows 
and the construct ion of “tighter” homes are examples. 

The heat plump is an example of ‘a more efficient heat- t 

ing system for ;Ise in all electric homes. Heat pumps are 

--e-------v- 

1 A design requirement or criteria for buildings tnat results 
in the efficient utilization of energy. 



i electr ic or heat-operated air. conditioners operating in 
reverse. They use mec;>anical energy to bring in the outside 
air and warm it to useful temperatures. 
thermal unit (Bt~t)l 

For every British 
in electricity a heat pump consumes, it 

yields two or three in heating for a house. This cozpares 
with the one Ptu of energy provided by electric resistance 

, heaters for every Btu they cox!!m?. 
for space heating, 

The use of the heat pump 
and cooling when it is reversed, had been 

ecnomically feasible only in the South, but higher energy 
prices now make1 it economical in most areas of tne country. 

Until the recent energy cr ises, solar energy bad been 
neglected. Solar heating has already caug/tt the public’s 
eye through widespread pub1 icity of the relatively few 
solar homes around the country.’ Currently, much research 
is being done to explore the many institutional and tecn- 
nical problems that must .be overcome before solar space 
heating and cooling can play a major role in the United 
States energy economy. Solar heating and cooling will prob- 
ably achieve widespread use only in homes built after lY85. 

Numerous studies hive been made in recent years on the 
energy savings which could be achieved by implementing 
various energy conservatron measures in buildings. Energy 
savings estimates have ranged from 10 percent to 50 percent 
for retrofitted buildings and up to 80 percent for new 
buildings initially designed to be energy efficient. At 
this time, the American Institute of Architects considers 
potent ial energy savings of 30 percent and 60 percer‘t for 
old and new buildings, respectively, to be very conserva- 
tiye estimates. 

In March 1Y73, Hittman Associates, Inc., issued a 
report on residential energy consumption in single-family 
housing in Wasnington, D.C., area. The study was initiated 
in 1971 and was jointly funded by the Department of Housing 
and Urb Development (HUD), the Environmental Protection 
Agency (EPA), and the Nat ional Science Foundat ion (NSF). 

The Hittman report concluded that annual energy con- 
sumpt ion of L good quality, single-family residence could 
be reduced up to 36 percent without affecting the occupants’ 
1 ifestyle. The ‘total incremental first costs to incorpo- 
rate the energy-saving components into a house would be 
about $965 with ‘a resultant annual operating savings of 
about $150, 

I - -- ----~__ 
I The amount of heat needed to raise the temperature of 

one pound of water one degree Fahrenheit. 
I 

I 
3 



Principal energy conservaticn measures listed in the 
Hittman repoK included; 

‘\ ;’ 
! 

I’.- 
, 

--reducing air infiltration through windows and doors 
I 

. 
-i. 

and reducing conductive heat transfer through walls 
_- and windows by adding additional insulation to walls 

and ceilings, installing storm doors and windows, and 
reducing the wind -- 

Y 
glass area by 25 percent; 

, 
--_ 

\ --using gas-fir& appliances instead of electric appli- 
1-1 ---.. ances+-w+-note that gas is not available in some 

q-1. _ sections of the United States): 

--using high-efficiency lighting, such as fluorescent 
-- 
I- 

lamps; \ 
, 

-- improving tArma design cf appliances: and 

\ . _ \_ // _ - ./ -- impr o,vA ng component ‘. design of heating and cooling 
units. 

The study concluded that energy conservation modif ica- 
tions could result in large energy savings in different types 
of residential structures as shown below. 

Annual Energy Savings 
(Percent savings in primary energv 

over characteristic or “typical” 
structure) ---_--------- ___------------- 

Single- 
Energy conservation family Town- Low- 

modif ication home house rise -- ,-- --- 

Combined structural / 17.5 23.0 18.0 

High- 
rise 

16.0 

I 
Heating and cooling 

systems 10.7 10.7 
._ 

Internal factors 
(lighting, etc. ) 8.0 . 11.4 10.3 I 7.7 ” -- --- -- 

Total 36.2 45.1 28.3 23.7 - - 

Cost benefit analyses were made of the energy conserva- 
tion modifications on a single-family house. The report showed 
that using a constant cost of energy the initial investment 
would pay for itself in energy savings in about 7 years. The 
cost of energy has risen since the study so that the pay-back 
time is less. 

4 
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CHAPTER 2 ---- 

. 

MAJOR FACTORS IMPEDING RESIDENTIAL -- 

! 
-----------_- 

ENERGY CONSERVATION ----------_____ 

Constr;uction practices in the past have led to the vast 
majority of/ llnited States residential housing being ineffi- 
cient users. This resulted primarily because energy had 
always been considered a relatively cheap and abundant 
resource in the United States. What is now considered to be 
ineff icier& energy use was not economically inefficient 
while energy prices reflected an abundant domestic energy 
supply * ‘\ . . ~\ 

Despite. the great deal -of attention that has been 
generated in devising solutions to alleviate our Nation’s 
energy deficiencies, energy conservation is still a low- 
priority concern to nearly all participants concerned with 
planning I designing, financing, and constructing residential 
housing. Energy conservation should be planned and designed 
into the construct ion of resident ial dwelling units from the 
very beg inning. Yet the housing industry’s traditional 
practices present serious impediments to such planning and 
designing. 

CURRENT PRACTICES THAT --m-m---------- 
IMPEDE ENERGY CONSERVATION --- ------- 

; Emphasis on lowest initial --IT--------- 
construction cost ----m-s 

Energy ‘conservation in the residential sector is a low- 
~ priority concern to nearly all participants concerned with 

planning , designing, financing, and constructing residential 
houo ing . Of the 70 million existing housing units in the 
United States, over 40 million are estimated to need thermal 
protection improvements, such as ceiling insulation, storm 
windows and doors, caulking, and weatherstripping. “he 
housing industry generally builds houses with emphasis on the 
lowest initial cost rather than the lowest life-cycle costs.’ 
This practice has contributed to inefficient use of energy 
in the residential sector. 

In June: 1973, during joint hearings in the House of 
Representatives before Subcommittees of the Committees on 

j --- --- ----- 
i 1 Includes initial cost plus cost of owning and operating a 
/ house Over an eCOnOmiC or specified’ length of time. 



Government Operations and Science and Astronautics, HUD 
provided its views on the major constraints which impede 
implementation of energy-efficient methods in building 
design, construction, and operaticn. HUD stated that: 

--Because ofi the speculative nature of both single- 
family and multifamily construction, first costs are 
given extremely high priority in all planning, build- 
ing, marketing, and financing of the structures. 

--We construction industry, with its ascociated finan- 
cial institutions, is attuned to the market demands 
of residential construction where first costs are of 
over-r iding importance. Therefore, it responds to the 
needs for construction of buildings with techniques 
designed to reduce first costs. 

--A modif ication of the economic criteria which pres- 
ently apply to building purchases is necessary 
(change from emphasis on initial cost to life-cycle 
cost) if the technical possihi: ities for energy con- 
servation in buildings is to be fully realized. 

The housing industry has been very concerned with the 
escalating cost of new housing over the last several years. 
The median sales price of new homes sold in 1974 had 
increased about 53 percent over the median sales price of 
new homes sold in 1970, rising from $23,400 to $35,qoO. 
This increase occurred because of factors other than Ijut- 
ting more costly, energy-efficient features in the housing. 
Increasing new housing cost by incorporating more energv- 
saving features is contrary to the objective of lowering 
the initial construction cost, wh ich is of pr imary impor- 
tance in the housing industry. 

Several studies have ident if ied practices which impede 
efficient energy use in residential housirg or have identi- 
f ied actions needed to achieve energy conservation. 

During l973, Princeton University made a research study 
funded by NSF involving energy conservation in the residen- 
t ial sector. The study team made the following &servations. 

--Energy conservation was a low-priority concern to 
nearly all participants who were concerned with 
pl3nn ing , designing, financing, and constructing 
residential housing. 

--The participants’ prime goal was to construct and sell 
a dwelling u,rit in the quickest and least costly means 
possible. 



A---- 

--Energ.y conservation construction techniguec did no:. '. ' 
bring about quicker'construction nor did they lower \ 

' __-- 
/-.. 

inifial dsvelopment cost; therefore, there was no 
incentive for participants to become energy cor.scious. L 

, 
i- 

--Financial pressures forced developers to select bu'ld- 
,, .ing materials and mechanical systems based on initial 

costs and not on long-term operational efficiencies. 
/ 

. --Conservation has'to be planned and designed into the 
construction df residential. dweliing units from the .'-. -------k __ 

--.,\. -. 
-~ very be-g. 

.- 
- -- 
I- , 

\ . l 

--Current building codes and standards do not give ade- 
quate considerat? to energy conservation. 

--The incentive/for new energy consciousness may have 
_ to be'brought about through energy efficient controls, 

standard < and building codes. _. /--- 
P 

In its report entitled, "Energy and the Built 
~-Environment: A Gap in Current Strategies," the American 
Institute of Architects commented that 

c 

,* * * it could become routine procedure to pro- 
vide a client builder with a complete evaluation 
of the economic and other factors associated with 
the various energy conservation measures that he 
should employ. The principles of life-cycle 
costing should be brought to bear, in order to 
show the economic payout of various increased 
capital costs." I 

Subsequently, 
/ 

the,rnstitute issued a second report 
entitled "A Nation of Energy Efficient Buildings by 1990.” 
One of the report’s key recommendations was that "the 
nation should proceed immediately toward a high priority 
national program to make the nation's building inventory 
energy efficient by 1990." 

The National Bureau of Standards (NBS) issued a repo!t 
in 1973 entitled “Technical Options for Energy Conservation 
in Buildings” which stated that, since few cont:ols or regula- 
tions on using energy in buildings presently exist, many of 
the steps that can and should be taken to conserve energy 
have to be economically effective to be accepted on a wide 
scale, Therefore, it is imperative to have life-cycle cost- 
ing as an integral part of the decisionmaking process and 
design process for new buildings. 



In April 1974, the results of a’ research study funded 
jointly by HUD, EPA, and the Council on Environmental Quality 
were issued in a report entitled “The Costs of Sprawl.” 
The study assessed the various costs associated with differ- 
ent types of development in varying types of communities (low., 
rned ium, and, high densities). In relation to energy consump- 
tion, the report concluded that community “planning” alone 
could reduce a community’s total energy consumption by 
14 percent. Planning in combination with a cluster type 
“new commun i ty” rather than the typical/ suburban development 
(single-family housing) could save up t,o 44 percent of the 
energy consumed. 

Recent’ surveys have continued to sihow that the majority 
of homebuyers still want to‘ duy a single-family house. 
Indications are that single-family housing will remain 
economically possible only through change--a new approach to 
planning ana design. Some of the potential changes most 
frequently discussed by participants in the housing industry 
are 

--building smaller and more efficient operating houses 
to compensate for inflated building costs and energy 
shortages: 

--placing housing closer together, leaving open spaces 
to be shared by everyone due to land shortages and 

I high cost of providing the low-density single-family 
neighborhood; and 

--making design changes in the single-family home to 
include (1) two or more stories to reduce roof 
exposures which account for a sizeable percentage 
of a ,home ‘s heat loss, (2) lower ceilings to replace 
open rafters in homes and lowering bedroom ceilings 
to 7-l/2 feet or less, (3) use of 2- by 6-inch studs 
in construction to permit installation of thicker 
insulation, (4) smaller windows and using double and 
triple glazing to reduce heat loss, and (5) more use 
of heist pumps and multiple thermostats. 

Ado it ionally, surveys have shown that homebuyers are 
willing to pay more, initially, to get more energy-efficient 
houses. For example, in January 1975 the results of the 
Professional’ Builder’s national consumer-builder survey were 
pub1 ished. The results showed that about 78 percent of 
single-family homebuyers favored builders adding $600 to the 

; sales price for energy-conserving features if the features 
1 would reduce ,operating costs by $100 a year. 
I 

BEST DOCUMENT AVAILABLE 
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Obstacles to introducing ----w----e- 
wmcal changes --------- 

The housing industry is made up of many organizations 
that generally have no incentive for maximizing energy effi- 
ciency in new housing. The traditional on-site homebuilding 
industry is extremely fragmented, comprised of over 110,000 
builders--the majority producing less than 25 units each 
annually. 

The housing industry is well aware of the methodology 
of constructing energy-efficient buildings, but cost factors 
are inhibiting broad acceptance of these pt ?;.tices. Various 
studies have shown that it simply costs more to build energy- 
efficient homes. A prospective homehuyer can be shown that 
spending extra dollars initially can save him money on 
utility costs in the long run. However, not all buyers are 
willing to pay more because they simply cannot afford any 
more capital cost or do not think they will be in the home 
long enough to realize any of the long-.range savings. 

A HUD report entitled “Housing in the Seventies” was 
issued in 1973 and stated that changes in the housing indus- 
try have been gradual --evolutionary as opposed to 
revolutionary. Rapid change in housing technology is 
inhibited in part by the inability to test or “prove” new 
ideas easily. Builders are reluctant to experiment with new 
products and techniques since innovations are perceived to be 
risky under many market conditions. Another reason for the 
relatively slow growth in housing technology is the exist- 
ence of a vast number of divergent and restrictive State and 
local building codes. These codes usually specify hundreds 
of different construction requirements. 

In its report entitled “Energy and the Built Environ- 
ment : A Gap in Current Strategies” the American Institute of 
Architects commented that conservation opportunities are 
available within existing technology and knowledge and that 
the only stumbling blocks to current implementation of con- 
servation opportunities are either economic, political, or 
attitudinal. 

Industry’s general practice of using the materials and 
methods that have worked well in the past was pointed out in 
the Hittman study in commenting on new construction in the 
Washington, D.C., area. The report stated that a large por- 
tion of new construction used “tried and proven” construction 
materials and methods. New or unique building innovations, \ 
such as metallic studding, plastic foam wall insulation, 
factory-built modular units, and spher ical .or cylindrical 

t --- 
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shapes, represented a very small percentage of the total , : : ’ 
construction. 

I-- In JZZ&- 1970, 
\i 

a ‘panel on housing technoloay repor ted’ 
to/the Secretary of Commerce that many obstacles hindered , 
t e application of technological improvements in the housing 

\ in v?try. The report stated that the building ‘ndustry con- 
sisted of many relatively small organizations with a diver- 
sity of interests and tha 

Y 
no one group was large enough to 

accomplish the needed ,c anges. . : 
. I . . 

-----L. 
/ 

----. -., The repor%-&ated that current practices provide little 1 I .’ -.-1. : 1 _ _ incentive for any of the parties to improve the process. For 
example, an architect’s fees are not set up to encourage him 
to find improved techniques and designs for reducing the 

I- 
structure’s operating 2nd maintenance costs. Also, lending 

, and insurance agencies discourage the use of unfamiliar 
building techn iquesl The report concluded that due to con- 

\ . . 
of incentives for change the participants 

‘-\. will not likeiy introduce techno- 

In June 1973, HUD provided information in joint hearings 
in the House of Representatives, before Subcommittees of the 
Committees on Government Operations and Science and Astro- 
naut its, stating that there are technical opt ions available 
to use energy more effectively for supplying the require- 
ments of building services, but in most instances, imple- 
menting these techniques requires some additional initial 
investment which is to be just if ied by savinqs in operating 
costs. HUD stated that these techniques will be used by 
builders when they sense that the homebuying public is 
interested in long-term operating costs rather than first 
costs. 

During the past ld w years of high inflation, the housing 
industry has been faced with many problems. In the March 
1975 testimony before the Sen.lte Committee on Banking, Housing, 
and Urban Affairs, the President of the American Institute of 
Architects commented that the homebuilding industry is in a 
depression within the national recession. He cited some of 
the causes as high-interest rates, a shortage of mortgage 
funds, and increasing constructiop costs. The housing indus- 
try has also been faced With high unemployment during 
the past few years. 

We believe that due to the many pioblems facing the 
housing industry, such as increasing construction costs, the 
industry’s primary interest in building to the lowest initial 
cost, and the diversity of the housing industry, energy con- 
servation will continue to be a low-priority concern to the 

10 
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housing industry. To obtain maximum energy efficiency in the 
resident ial sector, energy conservation must be planned and 
designed into the construction of each new housing unit. 
Builders are 1 ikely to beg in adding certa in technicdl opt ions 
to conserve energy when they believe the housebuying public 
is willing to pay extra for them. This is a slow and deliber- 
ate process that can be accelerated only by aggressive 
Federal action and/or legislation. I 
LIMITED USE OF HUD MINIMUM ~---------__--- 
PROPERTY STANDARDS TO ENCOUfiAGE -----------_ 
~ZNERZY-W%ERVATION --- 

HUD’s minimum property standards [MPS) have had limited 
affect on conserving energy -in homes. HUD requires that all 
properties financed with the aid of any of its mortgage insur- 
ance activities meet certain property standards. These are 
the minimum standards HUD considers necessary for a property 
to be insured by HUD. The -standards that apply to energy 
conservation for new housing do not apply to existing 
housing. 1 The Department of Agriculture and the Veterans 
Administration (VA) also require that new homes insured under 
their mortgage insurance programs comply with HUD standards. 
Standards have been developed for one- and two-family units 
and multifamily dwellings. Federally insured new housing 
makes up about 28 percent of all new f,ousing financed. 

Energy conservation in housing units is not a primary 
objective of the MPS even though A few recent revisions, such 
as increased insulation requirements, have had that goal in 
mind. The MPS are intended to describe those characteristics 
in a property which will provide present and continuing util- 
ity, durability, desirability, economy of maintenance, and 
a safe and healthful environment. A property constructed to 
these standards would be considered “technically adequate.“ 
According to HUD officials. a dwelling unit built exactly to 
the minimum specifications of the standards would provide 
quarters that are just barely acceptable in terms of living 
and safety conditions. As demonstrated later (see p. 18) 
there are various barriers to achieving energy conservation 
through HUD * s, MPS. 

The principal measures in the MPS that af feet energy 
usage relate to thermal standards such as insulation, storm 
doors and windows, weatherstripping and caulking. The 

!In a report issued to HUD on January 3, 1974 (B-114860), we 
i recommended that HUD establish thermal standards for 
1 ex ist ing housing . 



4 . insulation requirements vary according to climatic regions 
of the country as follows. 

Inches of insulation (note a) ----- -_-_----- ---- 
Ceilings Walls -e--m ---a------ --- 

Masonry Wood-frame 

Winter- jegree 
days (note &I - 

4,500 or less 6" 

construc- 
tion Flat roof 

(note c) decks --- --m-L 

3-l/2" 2-l/2" 3-l/2" - 
._ 4,501 to 8,000 6 ” 6” 3-l/2” 3-l/2” 

.. 
8,001 or more 9" 9" 3-l/2" 3-l/2" 

aInsulation standards in the MPS are stated in thermal trans- 
mittance (“Us ) values and have been’ converted to inches for 
clar i-ty. 

b Cumulative annual total of the difference between 65 F and 
the mean daily temperature. 

‘Nonf lat roof decks. 

Housing that is mechanically cooled in areas of 4,500 or less 
winter-degree day:: and 400 or more summer cooling hours are 
to be insulated the, same as housing in the 4,501 to 8,‘OOO 
winter-degree day region. (See map on p. 13.) 

. 

The MPS requires new housing in all areas in which 
winter degree days exceed 4,500 to have storm doors and 
windows. The MPS also provides guidelines requiring weather- 
stripping and caulking around windows, doors, and other 
openings. The MPS contains no energy efficiency requirements 
for use in selecting appliances and lighting. The standards 
establish the minimum acceptable level of construct ion, but 
do not prohibit items such as ornamental lighting which are 
known to very energy inefficient. 

. 
During April and May 1975 we interviewed 39 builders 8 

who were currently building new homes in various United 
States climatic regions to find out what conservation 
measures they were incorporatinq in the new housing. Some of 
the results of this work are summarized in appendix I and 
presented below. I 

We found that, generally, builders were installing ceil- 
ing and wall insulation similar to HUD’s standards in their 
new hous ing . For example, 23 builders were incorporating the 
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same ceiling insulation as required by HUD; 10 builders were 
exceeding iiUD’s requirements; and 6 builders were installing 
less insulation than required by the HUD standards. 
Similarily, for wall insulation, 29 builders were installing 
the same wall insulation as required by HUD, 3 builders were 
exceeding th$ EiUD sts;ldard, and 7 builders were installing 
less wall insulation than required by the HUD standard. 

The ma jbr differences between the HUD standards and 
those being used by the 39 builders rela'ted to insulation 
used between floors and unheated areas, insulation in crawl 
spaces, and insulation used on ductwork /running through 
unheated areas. The results showing thei number of builders 
that incorporated the same as the HUD standard, those exceed- 
ing the HUD standard, and these installing less than the HUD 
standard are summarized below. 

Number of builders -------- 
Exceeding 

-'---.e-Lzsthan 

Same -as HUD HUD HUD 
Features (note al standard standard standard -.-- -- - _---- -- 

Insulation--between 
floors and unheated 
areas 

Insulation--crawl 
spaces 

IInsulation--ductwork in unheated areas 

19 6 11 

8 2 17 

11 4 12 

aSome of t&builders did not use these features in homes 
and, therefore, they are not included in this summary. 

The HUD'MPS requires new housing in all areas in which 
winter-degree days exceed 4,500 to have storm doors and 
windows. We found that 11 of the builders made storm doors 
and windows optional items for those homes not financed 
through the federally insured programs. 

In summary, we found that even though the MPS are 
required only for the federally insured new housing, builders 
are generally building all their housing to HUD standards to 
qualify their housing for any type of financing (Federal or 
private) that a homebuyer chooses. This makes it even more 
important that the HUD standards place a higher priority on 
energy efficiency. As pointed out, the HUD standards are 

'minimum standards and do not have energy conservation as a 
! primary objective. 



! 

. The Arkansas Power and Light Company of Little Rock, . , ; Arkansas, has an energy conservation program to show the 
energy savings achievable by incorporating various conser- 
vation measurea in new all-electric homes. According to a 
HUD official, the conservation measures are much more 
energy efficient than the current HUD minimum property 
standards. The principal conservation measures which the 
company is encouraging builders to incorporate in the new 
housing include : 

--improving workmanship in installing a vapor barrier 
throughout the house to p.-ovide a cant inuous bar-r ier, 

--using 2- x 6-inch wood studs to allow installation of 
6 inches of wall insulation instead of the typical 
3-l/2 inches, 

--using 12 inches of attic insulation compared to 
3-l/2 inches for framewall construction and 6 inches 
of masonry-wall construction, and 

--installing a power ventilator (attic fan) to remove 
hot attic air. 

A combination of the above measures permits a developer to 
install a smaller-sized heating or cooli.zg unit which gener- 
ally costs less to install and operate. 

The company compared the operating cost for a 1,200- 
square foot house built according to HUD's minimum property 
standards in effect during August 1974 to that of a house 
built'to incoroorate the additional energv conservation 
measures. The-operating costs were as follows. 

cost -- 

Heating and 
Annual 
Monthly 

Heat pump ( 
Annual 
Monthly 

Operating Cost Comparison ------- ___----- 

House constructed 
with additional 

House constructed conservation 
to HUD standards measures -------- -m--m--- 

cooling 
$362.07 $141.77 

30.17 11.81 

note a) 
$278.82 $113.29 

23.24 9.44 

aReflects the operating cost when a heat pump is used instead 
of a furnace and air conditioner. 

e 
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cost required to 
-%-m&es that the additional initial ne&,. . -- ._ 

above the stanor 
por? the more stringent standards 

by HUD to be about $300. The \ :. 
company est.a+ dI’ operating savings of about $220. \ ; 

/ 
/‘-In Nover HUD revised the thermal standards in ! 

theI rlPS requ 
dow& in somc I 

2 insulation and ad 
d 

itional storm win- 
; the United States. A HUD official _~ said\that t’ z- ..IPS standards are about 10 to 15 percent 

more energy ef. ient compar d to the superseded standards. 
He said that the energy A nservation house would still have 
large energy savings over a similar house build in accordance 

-. , 
-:-?I. 

-‘>ith,HUD’s current- stdndards. 

In Decectber 1973, the HUD Little Rock Arkansas area 
_~. off ice reqtiested f rc*m HUD headquarters authority to 

- -. 
I- 

strengthe.3 its local minjmal construction requirements to 
, promote en ;rgy ccnservat Ion. Various measures suggested 

inclv-led 

‘\. _ 
\ 

~.~-l--~insta$~;“:. windows or I r;lJlated glass, 

--installing storm doors with te:..,,ered glass, 

--installing power-roof ventilators (attic fans) 
to remove hot air from the attic, 

--eliminatinn placing any part of the heating and 
cooling units in the attic space, 

--requiring more energy efficient air-conditioning 
sys terns, 

--reyu ir ing that l~tv iruz ‘;:ass arta should not exceed 
10 percent of the floor area of each room and that 
minimum glass area,,shouId be 7-l/2 percent, and 

/ 
--providing a shading device for houses with glass 

exposed to the sun’s direct radiation. 

The request stated that the conservation measures would 
reduce operating cost, reduce equipment and system size, and 
reduce environmental pollution and provide for more comfort 
as well as energy conservation. HUD headquarters wrote back 
to the area off ice in January 1974 and stated: 

.  
-B-----e- 

IIn a report issued to HUD on January 3, 1974 (B-114860), we 
recommend that HUD strengthen its thermal standards for new 
single-family homes. 



‘I* * * while we cannot support your proposed level 
of thermal protection as a minimum. standard for the 
climatic conditions in your area, you may wish to 
encourage such protection by demonstrating the 
potent ~1 savings in specific cases,” 

In March I1975 an official in HUD’s Columbus, Ohio, area 
office wrote to HUD headquarters requesting authority to 
modify certain, provisions of the MPS to obtain more energy 
efficiency. The request stated that the ‘changes would pro- 
vide for a “maximum reduction in operatinc cost with a 
minimum, if any, increase in construction, cost.“ P HUD head- 
quarters denied the changes and replied in April 1975 that 
“although most of the items submitted are energy saving, it 
is more effective to have the market dictate the additional 
thermal requirements.” ‘We believe HUD’s general attitude of 
letting the market dictate energy efficiency will continue 
unless the Congress requires HUD to take a more direct role 
in achieving energy efficiency in the residential sector. 

In December 1974, NBS issued a report entitled 
“Retrofitting Existing Boll: ing for Energy Conservation: An 
Eccnomic Analysis.” This report showed that the amount of 
insulation and other conservation measures needed to give a 
homeowner the largest long-run net saving was higher than 
generally be1 ieved. For example, the report shows that in 
the Washingion, D.C., area an electrically heated and 
cooled 1,200-square foot single-story house to be cost effec- 
tive needs 12 inches of attic insulation, 10 inches of. floor 
insulation (over an unheated area), EL inches of duct insula- 
tion, and storm windows. In compar ison, the HUD minimum 
property standards for new housing in the Washington, D.C., 
area require 6 inches of attic insulation, 3-l/2 inches of 
floor insulation (over an unheated area), 1 inch of duct 
insl2lat ion, and storm windows. 

HUD officials told us that HUD has no program for 
developing new innovative standards or methods. Instead, HUD 
takes standards and methods that arc being used and generally 
accepted by industry and modifies these to incorporate in the 
MPS. HUD continually revises and updates the MPS. Al though 
revisions are made on a quarterly basis, HUD officials said 
there are no for-al procedures to insure that all sections of 
the MPS are being kept current. In addition, HUD has no 
formal procedures or timetables for receiving, acting on, 
evaluating, or iimplementing suggested changes to the MPS. 

HUD unilaterally makes minor revisions to the MPS. 
Before major revisions to the MPS are made, HUD asks up to 
200 organizations to review and comment on the changes and 
the proposed changes are printed in the Federal Register. 
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Organizations commenting on major revisions include con- y 
struct,ion firms, 
f trms, 

building trade associations, architectual\$ 
insurance companies, governmental agencies, and ’ 

Fonsumer g t’oups. HUD officials told us that industry qen- 1 
is opposed to upgrading the MPS. Industry views the 

as maximum standards which are difficult to meet. 

HUD in 1974 propose establishinq certain thermal 
f requirements relating insulation and storm windows to be 

1 applicable to existing houses which they insure. The com- 
.-. 1 ~-‘i=rnents BL’D received ‘from other governmental agencies and 

-Y--. . . lenders on thioposal were so neqatlve that HUD did not 
implement the changes. According to a HUD official, the 
principal reasons cited against the proposal were (1) lack 

. .- of procedures on how ~,to apply the proposal, (2) scarcity of 
/* / materials, (3) possibl’e delays in selling houses, and (4) 

, lack of support <corn other governmental agencies and the 
Federal Home Loan Bank Board. 

\ ‘.. 
HUD stated that they are 

\ -conside% inq ep-fabl ish inq cer ta in thermal standards for 
. . . _- . .*“existinq housing. 

Barriers to achieving energy 
conservation throuahUD’ s MPS 

--A -- 

Many technical options could be incorporated into HUD’s 
minimum property standards to promote energy conservation in 
homes. However, var ious practical, economical, and leg isla- 
tive reasons limit the usefulness of the MPS as a tool for 
energy conservation in the residential sector. Among the 
reasons are: 

--Energy conservation is only Un ir.direct objective of 
MPS. The standards are minimum standards, not the 
most efficient standards 

/ 
--HUD officials told us that HUD’s MPS only applies to 

a small part ‘of the housing market. For example, in 
1973 about 72 percent of the new single-family homes 
sold were financed conventionally compared to 28 per- 
cent (10 percent for the Federal Housing Administra- 
tion, 12 percent for VA, and 6 percent for Farmer’s 
Home Administration) that must comply with the MPS. 
In addition, provisions of the MPS that af feet energy 
do not apply to ex istinq housing that is financed or 
insured through the Federal agencies. However, as 
pointed out on p. 14, the 39 builders we talked to 
were generally constructing all their housing to the 
HUD standards to qualify their housing for any type 
of financing that a homebuyer chooses. 
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--Statutory maximum first-cost limitations for HUD- 
insured cr subsidized projects may force a developer 
to incorporate low first-cost equipment and/or delete 
certain energy conserving equipment, such as storm 
windows. For example, the maximum single-family- 
mdrtgage that can be generally insured under HUD 
programs is $45,000. I 

--The MPS place pr’imary emphasis on initial cost. 
’ is reluctant to add more expensive energy-saving 

HUD 

options to ‘its MPS beca’use the price of new homes 
have increased greatly in recent years. For example, 
median price. of new homes rose about 53 percent from 
1970 to 1974: ^ . ’ 

--Standards are not consistently updated. 
-- 

--Changes to the PIPS must be evaluated to determine 
industry’s capability to implement the changes. 

--HUD relies heavily on industry’s comments before 
chang inq the MPS. Industry generally views the MPS 
as maximum standards and is opposed to strengthening 
the MPS. 

--General belief of various HUD officials that stricter 
standards to promote energy savings, if needed, should 
be applicable to all new homes, not just those 
financed under ti-.e federally insured programs. This 
belief relates primarily to the additional cost gen- 
erally required to implement stricter standards and 
the belief that higher cost houses will reduce the 
marketability of federally insured homes compared to 
convent ionally financed homes. 

There: are various bills before the Congress that woul 
provide for the Secretary,,qf HUD to deveiop “prescriptive” P 
or “component performance standards for use in all new con- 
struction. The MFS are generally considered to be component 
performance standards. HUD officials told us that, if any of 
the proposed legislation were enacted, HUD would probably 

I 
I 

------------_-- 
I 

IA standard that describes the means, such as materials and 
methods, to be used to meet the standard. 

I 2A standard, that establishes a criteria (total energy con- 
sumption for part of a house) that cannot be exceeded but 

! does not prescribe how to achieve the standard. 



initially make the current MPS applicable to all new con- 
struction and then promuigate a more inclusive set of 
standards. As pointed out, the MPS do not have energy 
efficiency as an objective. As of April 25, 1975, HUD had 
no projects or research underway for improving the enrrGJ;- 
efficiency of the M S. 

P 
LIMITED RESEARCH TOi IMPROVE ENERGY -------- 

. EFFICIENCY OF A HOUSING UNIT_ 

HUD has funded limited research to develop‘more energy 
efficient materials and other components that make up a 
housing unit. HUD relies primarily on industry or other 
Federal agencies to develop mote energy-efficient materials 
and appliances that are used in a house. There is currently 
no Federal agency with a comprehensive program for developing 
more energy-efficient components or subsystems that make up a 
housing unit. 

The Energy Reorganization Act of 1974, Public Law 
93-438, was enacted on October 11, 1974, to establish an 
Energy Research and Development Administration (ERDA). ERDA 
was given the responsibrlity for encouraging and conducting 
research and development in energy conservation to be 
directed toward the goals of reducing total energy consump- 
tion to the maximum extent practicable. A HUD official told 
us that any research to improve the energy efficiency of 
materials or components that go into a house is the responsi- 
bility of ERDA. As of May 12, 1975, ERDA had no projects 
und'erway to improve the energy efficiency of materials or 
subsystems currently being used in constructing housing. 
ERDA plans to submit by June 30, 1975, a comprehensive plan 
to the Congress on energy research, development, and 
demonstration. An ERDA official told us that this plan wouid 
include projects relating to energy efficiency of materials 
and subsystems used in housing. 

HUD's energy research has been involved primarily with 
(11 conserving materials and energy and (2) utility and 
energy systems. Funding for research efforts in these two 
areas is shown below. 
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/ Fiscal years \ I 
--m--e_ 

Actual Actual Estimate Estimate 
__ Research area ~% 1973 1974 1975 1976 /,’ 

- 
--- - 

I 
8, - 1000 omitted) --e---p 

C ,erving materials 
and energy $ 

/ 
140 $ 477 274 $ $ 500 

Utility and energy 
sys terns ,y’ 5,863 5,254 4,384 - -- 5,335 --- 

x /’ 
\ Total. - $4,003 $5,731 $4,658 $5,835 

As shown by the funding levels above, utility and energy . 
systems have received most of HUD’s energy-related funding. 

/- Research in this areaks still in the pilot demonstration , stage and there is/no hard data on the likelihood of success 
or acceptan’ce and’use by the building industry. 

The objectives of the major research done for conserving 
materials and energy in recent years are to 

--evaluate an occupied prototype home heated and cooled 
by solar energy including architectural construction 
and ma int enancc , therr,lal and acousticai performance, 
economics and occupant satisfaction; 

--design, construct, and document an Optimum Value 
Engineered house to demonstrate to builders how to 
save lumber and other materia;s; 

--identify ways to,,, reduce lumber needed for framing 
and sheathing)* home construction; 

--identify and quantify the total energy requirements 
in single-family and multifamily dwellings in the 
Washington, D.C., area and to evaluate various tech- 
nical innovations potentially capable of minimizing 
energy consumption: and ! 

--investigate anh report on all feasible methods of 
insulating various types of existing housing. A home- 
owner’s guide on energy conservation will be published. . 

The Solar Heating ancl Cooling Demonstration Act of 1974, 
Public Law 93-409, requires HUD to demonstrate solar energy 
systems for home heating in 3 years and combined heating and 
cooling in 5 years. HUD expects this effort to greatly 
conserve materials and energy. 



. As shown above, 
methods, 

HUD’s efforts to develop new materials, 
and standards to br inq about energy ef f icienc# has 

been limited in scope. For the most part, developing new 
. 

materials and conserving national resources is left up to 
1 industry. 

I 
Utility and energy systems --------- 

I 
Most of HUD’s research funding r> ated to energy has been i 

directed to’ a total energy and modular integrated utility sys- 
tem (MIUS). rJ The concept for total ene gy is to provide onsite 
electrical--generation and waste heat recovery for use in heat- 
ing and cooling and water heating in a ,community. MIUS 
expands on. the total energy system concept. MIUS recycles 
energy by packaging into one ‘processing plant five utility 
services necessary for community development--electricity, 
space heating and air conditioning, solid waste processing, 
liquia waste processing, --and residential water purification. 

HUD selected the Summit Plaza Operation Breakthrough 
site in Jersey’ City, New Jersey, to demonstrate for the first 
time in the United States a HUD-funded total energy plant. 
Summit Plaza is a HUD-insured development located in a 
6.5-acre project that includes 488 dwelling units in three 
high-rise, two med ium-r ise, and one low-rise structure. 
Also included is 45,000 square teet of commercial area, an 
elementary school, and an indoor swimming pool. 

Diesel engines are used to generate electricity for 
distribution to various buildings in the development. Waste 
heat from the generation process is recovered and used to 
supply (1) heat for all buildings and domestic hot water and 
(2) energy for absorption refrigeration machines which in 
turn provide chilled water for air conditioning of all build- 

’ ings in the development. If enough waste heat is not avail- 
able to meet needs of the site, boilers provide supplemental 
thermal energy. 

NBS, under contract from HUD, made a feasibility study 
to assist in selecting the demonstration site. Also, NBS 
provided performance specifications for the energy plant at 
Jersey City.1 HUD paid NBS about $1.5 million for these 
activities. 
$2.7 milliod. 

Equipment at the project totaled about 
During fiscal year 1975, HUD plans to award 

contracts for about $1.2 million for evaluating the total 
energy system in operation. 

I HUD’s utility and energy systems effort is in its pre- 
! liminary phase. Future use of utility and total energy 
i systems. may be limited because, as presently envisioned, 
1 (13 the systems will raise the initial construction cost of 



- , 
a.project up to 5 percent more compared to conventional 

. systems and the developers or builders traditional emphasi % 
on lowest initial construction cost would tend to inhibit 
wider systems acceptability, (2) the systems will not be as 
economically feasible for resident ial complexes ‘wi.th less 
than 100 dwelling units, (3) the systems require mostly 
cluster-type housing, 
of fuel, 

an.d (4) the systems require some type 
such as d,iesel, which may become scarce. 

_ 

.. 
. 

HUD estimates that MIUS recovers more than 50 percent 
of the energy that conventional methods of generating elec- 
tricity waste. This recovered energy is used for space 
heating, air conditioning, water treatment, and waste 
treatment. Additionally, HUD cites a 5 to 10 percent fuel 
saving achieved by recycling solid waste. 

HUD estimates the following costs for the MIUS 
development: 

MISS Cost Summary (note a) 

Through Estimate Estimate Through Total 
1974 1975 1976 completion estimates 

1 (000 omitted) 

Phase X--analyses and 
evaluation $5,267 $1,100 $ 235 $245 $ 6,847 

Phase II--method MIUS / 
demonstration 1,420 

Total $6,687 

1,500 3,800 g-g 7,320 

$2,600 $4,035 $845 $15,167 

aHUD estimates there could be an additional $11.2 million for a possible 
demonstration of an advanced technology MIUS. 

MIUS contains three pr imary phases: the first phase is 
planning technology assessment, the second phase is demon- 
stration, and the third phase is commercialization. HUD 
plans to place the demonstration phase in full operation 
during fiscal year 1975. 

e 

MIUS, like the total nergy system, requires a larger 
initial outlay of funds than conventional systems. To con- ' 
sider usir,g a MIUS system, a developer or builder must be 
concerned with life-cycle costing. Escalating operating \ 
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costs, especially utility cost, 

‘t 
will encourage more owners 

--- -----__. 

and/or developers to require that new buildings contain then 
latest technology for reducing operating costs. The commerA,$ 
cial accept-;jin&? of both:total energy and MIUS is yet to be 

de/termined- I 

EL&RGY EFFICIENCY OF APPLIANCES ----i----P--- _- AND....LIGHT.IIJG 

r  Appliances and lig@g used in houses differ greatly 
in their energy efficiency. For example, studies have shown -- 

-‘. 
\-that self-defrosting'refrigerators use about 30 percent more 

\ --, energy than a7Xiii@rable manual defrosting refrigerator. 
Likewise, studies have shown that fluorescent lamps are over 
three times as efficient as incandescent lamps. A study ~_- entitled - "The Potential for Energy Conserv&tion" which was 

I- prepared in October 1972 for the Office of Emergency Pre- / paredness. stated that minimum acceptable efficiency stand- 
ards for appliances should be established by the Federal 

\\ . . Government in ynsultation with trade associations. The 
'.. -study also suggested that continuous gas pilot lights be 

replaced with an electric switch operated igniter. 

The Hittman study outlined several ways to conserve 
energy in houses, including: 

--converting from incandescent to fluorescent lighting 
to save about 75 percent in energy consumption, 

--eliminating ornamental gas lights that consume about 
10 percent of the total natural gas used, and 

--substituting electrical igniters for pilot lights, 
together with better oven insulation, to save up to 
30 percent of the.energy consumption of a gas 
kitchen range./ 

We found that the 39 builders we talked to considered 
factors such as the lowest initial cost or their affiliation 
with a particular manufacturer as the major reason for 
selecting one appliance over another. Only one of the 
builders placed energy efficiency as a factor in selecting 
appliances. 
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CHAPTER 3 

CONCLUSIONS, MATTERS FOR CONSIDERATION - ---- 
BY THE CONGRESS, RECOMMENDATIONS, 

1 , --------AND AGENCYTOMMENTS 
-- 

\ 

CONCLUSIONS ’ 
I 

I A natidnal program is needed to achieve the maximum 
energy efficiency in the residential sector. It should 
establish goals and priorities and def ihe the roles of the 
various key Federal agencies. Because of industry’s prae- 
tice of building with emphasis on lowest initial cost and 
because of industry’s ‘fragmentation, the housing industry 
will be slow to adopt those energy conservation measures 
that cost more initially but save energy operating costs 
over several years. 

Various studies have shown that the greatest potential 
for saving energy in the residential sector is through 
improving building design and construction standards by 
strengthening thermal standards. Installing increased 
thicknesses of insulation, double glazing of windows, and 
constructing II tighter” homes are such examples. 

The HUD MPS have had limited impact on bringing about 
energy efficiency in the residential sector. The MPS were 

jr-rot established with energy conservation as a primary 
[objective. 

Federal’ agencies are currently doing very little 
research to bring about energy efficiency in housing that 
is being constructed today. Most of the Federal research 
effort is in solar energy and total energy systems which 
offer potential for general use in the residential sector 
sometime after 1985. 

Problems limiting residential energy conservation today 
are very similar to those limiting control of automobile- 
caused pollution before the Congress passed a mere stringent 
automobile emission control program in 1970. The goal then 
was to improve air quality and direct steps were taken to 
reduce pollution from one of the largest sources--automobiles. 
The automobile industry generally opposed emission control 
devices citing increased cost and lack of technology for 
meeting standards. Similarly, the housing industry is very 
slow in making changes in its building practices to achieve 



more energy-ef f ic ierit housing , primarily because of the 
.increased initial cost to the housing unit. 

MATTERS FOR CONSIDERATION ---m--p__ 
BY THE CGNGRESS --------- 

The construction of energy-efficient housing and the 
accomplishment of ;large,energy savings will not be fully 
realized unless comprehensive legislation is enacted. The 
Congress currently has before it numerous bills that in 
some way af feet energy efficiency in the residential sector. 
The various bills have different ways to bring about energy 
savings. Several major policy issues must be addressed by 
the Congress in determining what action should be taken to 
reduce energy consumption in the residential sector, 
including determining 

--whether the energy problem is serious enough to 
warrant actions that require large cost outlays 
or lifestyle changes; 

--whether housing should continue to be built on the 
basis of lowest initial construction cost or on 
lowest lifecycle operating cost: and 

--the extent to which the Federal Government should 
provide incentives to industry to develop more 
energy-efficient housing subsystems, such as heating 
and cooling, systems and appliances. 

. In enacting legislation addressing these issues, the 
Congress might wish to consider, as a means of conserving 
energy in the residential sector, such actions as 

--establishing a national program for energy conserva- 
tion, including national goals and. pr ior it ies and 
defining the roles of the various key Federal 
agencies: 

--requiring the establishment of national thermal 
standards or energy performance standards for all 
new housing ; 

--providing incentives ( through tax cred its, loans, 
etc.) to homeowners to encourage retrofitting of 
existing homes, such as adding insulation and stor,li 
doors and windows and properly caulking and weathe -- 
stripping around openings; 

--requiring all existins homes to be financed direc -1y 
or indirectly through any federally insured agency to 
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meet minimum t ermal standards for those conserva- 
----- --~.- 

tion measures that can be reasonably added; 

-~requfr+g3andatory efficiency labeling of all major \ !' I ' 

/ 
szd appliances; I 
--establishing a cut-off date when appliances meeting 

. +- .- \, minimum standards of operating efficiency would be 
’ required to be installed in new homes: and 

/ --establishing national standards or guidelines banning 
. . 

--.-XL ornamental gas lights and requiring electric igniters 
----. 

’ ‘-.. _ ---. instead of-pi-lot lights on new appliances. 

RECOMMENDATIONS -___ 

I -. The Secretary of Houking and Urban Development can take 
, several measures, undef- current legislation, to promote energy 

savings through HUD activities. In the interim before the 

\ -< 
Congress enacts na ional en’ergy legislation, we recommend 

~\. _ 2 that the Secrefa y of HUD 
_- 

--make energy conservation an important objective in its 
minimum property standards by zmohasiz ing operating 
cost5 as well as initial construction cost, 

--establish thermal standards for existing housing to 
be insured under Federal programs, and 

--contract with industry to develop more energy-eff i- 
cient housing subsystems. 

AGENCY COMMENTS --- -- 

HUD agreed with us that a large amount of energy would 
be conserved in residential housing if the Congress would 
enact legislation provid&g for establishment of national 
thermal standards or energy performance standards for all 
new bous ing . HUD commented that energy conservation measures 
shoukl be applicable across-the-board in order to be effec- 
tive on a nationwide basis and equitable to all homebuyers, 
builders, and lenders. 
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CHAPTER 4 --mm 

SCOPE OF REVIEW ----- 

We reviewed HUD’s efforts to promote energy conservation 
in the residential sector through its .program administration, 
including the applicab.le legislative history, energy-related 
research, and HUD’s minimum property standards. ye also 
reviewed numerous, Federal and pr ivate ,energy-related studies 
completed during the last few years. , 

oui’ 
I 

J review was- made at HUD headq ,arters in Washing ton, 
D.C. We -held discussions with builder’s who were building 
housing in the District of .Columbia or, in one or more of the 
following States: ., 

. . 
.‘, 

I 
California *- .- Minnesota ‘. 
Georgia Nevada 
Indiana - _ Virginia 
Illinois --- --- Wisconsin 

: Maryland 
I 
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QJMPARISON OF HUD ENERGY-RELATED 
MINIMUM PROPERTY STANDARX TO PRAU 
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Insulation between Insulation on 
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APPENDIX II APPENDIX II 

PRiNCIPAL OFFICIALS OF THE ________-- ------ 
' DEPARTMENT OF HOUSING AND URBAN DEVELOPbtENT -- ----__---__--__ 

RESPONSIBLE FOR ADMINISTERING ACTIVlTiES 
---DrGEussEnTIHIsREm~------- - ------ 

-i 

‘ I 
1 

SECRETARY OF itOWING ANP URBAN 
DEVELOPMENT:: 

._l ye-' 
_ 

J : Carla A. Hills 
James T. Lynn ----:I, 

,, I 
‘I' . 

George K:Romney .-. I j 
ASSISTANT SECRETARY FOR.HOUSING 

PRODUCT).ON AND MORTGAGE CREDIT-7 
FHI C3MMISSIONER: -_. '- . . . 

David de Wilde (acting) --~-. 
Sheldon B. Lubar -__ 
Woodward Kingman (acting) 
Eugene A. Gulledge 

ASSISTANT SECRETARY FOR POLICY 
DEVELOPf",ENT AND RESEARCH 
(formerly Research and 

. Technology): 
/ Michael H. Moskow 

Theodore R. Britton, Jr. 
(acting) 

Howard 8. Finger 

, 

Tenure of office ---em ~ 
From To -- 

. j 

Ifal. 1975 
Feb. 1973 
Jan. 19651 

I 

Present 
Feb. ;975 
Feb. 1973 

Nov. 1974 Present 
July 1973 Nov. 1974 
Jan. 1973 July 1973 
Oct. 1969 Jan. 1573 

Mar. 1973 

Jan. 1973 
Apr. 1969 

Present 

Feb. 1573 
Dec. 1972 

! 
I 

/ 

- 
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