Energy Conservation

Some challenges are proposed

for science and technology.

As the energy crisis looms ever
larger, energy conservation is begin-
ning to receive increasing attention
(1, 2). Energy conservation can make
a substantial contribution in ameliorat-
ing or postponing the potential energy
shortages faced by the United States
over the next several decades. To re-
alize this contribution, however, will
require not only the political will to
implement the necessary conservation
measures but also the imagination and
intellectual resources of the scientific
community to develop new technolo-
gies to increase the efficiency of energy
use.

This article is directed to provoking
thought on how to attain economic,
social, and other objectives while using
less energy resources. Its purpose is
not so much to answer questions of
energy conservation as to raise them.
The discussion is provocative in places,
deliberately so. It is not intended to
suggest any policy commitments on
the part of the author or any of those
whose advice and suggestions have
contributed to the discussion. Rather,
the objective is to enlist the interest of
thinking people, and particularly the
scientific community, in the energy
conservation effort.

The history of civilization is, to a
large extent, the story of man’s prog-
ress in harnessing energy. Discovery of
the controlled use of fire was certainly
a major milestone in man’s emerging
domination of other forms of life. De-
velopment of the sail to utilize the
energy of wind to propel watercraft
opened up the rest of the world to
curious and acquisitive societies around
the Mediterranean basin. Windmills
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and watermills represented early at-
tempts to harness energy sources for
direct work. The industrial revolution,
one of the great landmarks of our pres-
ent culture, consisted essentially of the
large-scale replacement of muscle
power by controlled mechanical energy
derived, in turn, from thermal energy.
A less noted, but equally significant,
impact of the industrial revolution was
the general introduction of available
energy when and where it was needed.
In previous ages man used energy
largely when and where it was found:
he sailed when the wind blew, he
forged his metals by the forests where
firewood was plentiful. With the ad-
vent of combustion engines, however,
man was freed to travel without (or
even against) the wind, and at speeds
which animals could not match. He
could transmit large amounts of con-
trolled mechanical power throughout
a mill by use of shafts and pulleys.
And finally, the understanding of elec-
tricity completed the revolution by
permitting not only mechanical power
but also information to be made avail-
able far from the originating source.
First wood, and then coal was used
to satisfy the increasing demands for
manageable sources of thermal energy.
Both served the purpose admirably.
But both wood and coal presented cer-
tain problems. Then came the discovery
of oil and gas and how to use them
with greatly increased versatility and
flexibility in conversion of fuel to ther-
mal energy. The internal combustion

engine arrived and flourished, auto-
matically fired boilers became the
norm, and our modern mechanized

society was at hand.

Increases in the convenience and
economy of harnessed energy have led
to additional applications, which in

turn have increased the demand and,
coming full circle, fostered further
technological advances in the conveni-
ence and economy of harnessing en-
ergy. The use of energy in the United
States today is not only growing but
accelerating. With only 5 percent of
the world’s population, this nation al-
ready consumes about one-third of the
world’s energy production. And the
current annual appetite for about 70 X
1015 British thermal units (Btu) is pro-
jected to double within 20 years to 140
quadrillion Btu (that is, from 1.7 X
101® to 3.5 X 10'? calories) (3). Un-
fortunately, the finding and production
of domestic energy supplies is not
keeping pace with this rapidly growing
demand. Thus, careful attention must
now be addressed to the adequacy of
our remaining domestic energy re-
sources. More than 10 percent of our
present requirements are met by im-
porting foreign oil (about 4.6 X 10°
barrels per day). Even the more con-
servative projections indicate that the
level of imports of oil, and also of
some gas in liquefied form, must in-
crease a great deal within the next
decade alone to compensate for the
projected shortfall of available do-
mestic fuels. This situation suggests
serious problems both for the national
security and for the balance of pay-
ments.

Furthermore, recent practices and
trends in methods of fuel extraction,
energy conversion, and energy utiliza-
tion have caused pollution problems
affecting the nation’s health and nat-
ural environment. Yet because of ex-
tensive interdependence among these
important national concerns—problems
related to energy and problems related
to the environment—measures to alle-
viate one can easily aggravate another.
For example, estimates derived from a
recent study indicate that the removal
of lead from gasoline for pollution con-
trol as presently planned will cause an
increase of about 1 million barrels per
day in our gasoline needs by 1975,
thus worsening the nation‘s supply situ-
ation (4). Some of the state implemen-
tation plans to meet the requirements
of the 1970 Clean Air Act (5) provide
other examples of such conflicting de-
mands. Several of these plans project a
demand for quantities of fuels of low
sulfur content (gas, oil, coal, nuclear
power) which will simply not be avail-
able on the time schedule envisaged. In
addition, the shifts in equipment and
fuel types and the processing costs to
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Fig. 1. Energy consumption in the United States by consuming sectors (6); 1 Btu
= 0.259 cal; 10" Btu =< 172 X 10° barrels of oil, 970 X 10" cubic feet of natural gas,

41.7 X 10° tons of coal.

manufacture such quality fuel can im-
pose a severe economic penalty for the
consumer. Shifts in types of fuel and
their timing can have severe impacts on
our industrial and economic structure;
our foreign economic arrangements, in-
cluding our balance of payments; our
relations with other countries; and our
own country's security. For energy se-
curity is now a critical component of
our national security and overall for-
eign policy. Clearly, no one of these
problems can be addressed apart from,
or to the neglect of, the others; any
reasonable solution must take all into
account.

In order to lessen our potential de-
pendence on foreign supply, we must
increase our domestic energy supplies.
Increased field exploration and extrac-
tion of oil and gas, including shale oil,
are necessary. Measures should include
expanded coal mining and the gasifica-

tion and liquefaction of coal, more
rapid introduction of electrical power
generated from nuclear fuels, and
greater emphasis on the development
and exploitation of unconventional en-
ergy sources such as solar radiation
and geothermal power. All of these
will be undertaken as the demand for
energy rises in relation to the supply,
and fuel prices inevitably follow suit.
But most of these measures take years,
even decades, and even though success-
ful, may leave a continuing energy
gap. Certainly that energy gap is going
to exist for a long while.

Although the increasing of energy
supplies is essential, it is also important
to reduce consumption or at least to
ease its growth rate. This approach is
intuitively appealing from the stand-
point of assuaging those problems of
environmental pollution which are re-
lated to energy consumption. Neverthe-
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Fig. 2. Energy consumption in the United States by source (6). See Fig. 1 caption.
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less, some of the potential approaches
to reduced energy demand call for
technology which, if available at all, is
not yet advanced to an economically
viable level. Equally or more difficult,
some of the approaches may depend
on fundamental changes in national
attitudes toward living style, and even
if the process of mass application of
social incentives were well understood
—which it is not—its ethical implica-
tions would require careful attention.

Energy conservation needs to be
viewed both from the standpoint of the
consumer and from the standpoint of
broad national policy. The viewpoints
are not necessarily conflicting, but at
times may be. The useful but simplistic
approach of achieving the same eco-
nomic and social objectives with less
energy needs to be combined with an
approach of using the types of fuels
which best further our national objec-
tives while emphasizing the conserva-
tion of those fuels creating policy
problems. For example, the consump-
tion of oil is now beginning to pose
policy problems. So also is the con-
sumption of gas, since our domestic
shortfall in production is made up by
imported oil and gas. Hence, that con-
servation which holds back on con-
sumption of oil and gas is most broadly
useful. The most desirable way is
through absolute reduction in con-
sumption of energy from gas and oil.
But just the substitution of more
domestically available fuels, such as
coal and nuclear fuel, is a plus in solv-
ing our energy problems and a logical
component of an energy conservation
endeavor.

Unfortunately, the concept of energy
conservation through substitution of
domestically more abundant fuels for
the less abundant does run directly into
the continuing friction, and sometimes
direct confrontation, between environ-
mental programs and energy utilization
programs. Coal, for example, is abun-
dant but often does not conform to
environmental objectives. Coal now
poses a challenge to science and tech-
nology of the same importance as that
posed by oil and gas in the early period
of their utilization for producing ther-
mal energy.

The issue of energy conservation is
an important and complex one. To

‘provide the appropriate setting for its

discussion, the general patterns of U.S.
energy supply and demand will be out-
lined, and then the four major cate-
gories of energy consumption—trans-
portation, residential/commercial, in-
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dustry, and electric utilities—will be
examined somewhat more closely to
reveal present trends and suggest possi-
bilities for improved conservation. Fi-
nally, the complex problems of environ-
mental pollution and economic invest-
ment will be introduced briefly.

Patterns of U.S. Energy
Supply and Demand

The Bureau of Mines, Department
of the Interior, has made careful pro-
jections of energy consumption by con-
suming sector (Fig. 1) and by source
(Fig. 2) for the period 1971 to 1990
(6). The major projected change be-
tween now and 1990 in the consuming
sector is a tripling in the energy used
in generating electric power in order
to meet increases in projected demand.
Electrical generation is expected to in-
crease by 72 percent from 1971 to
1980 and by 78 percent from 1980 to
1990. Transportation is expected to
hold its current share of the market,
with projected increases of 35 percent
from 1971 to 1980 and 41 percent
from 1980 to 1990. For the entire
period 1971 to 1990, industrial use of
fossil fuel is expected to increase by
53 percent and residential/ commercial
use by 41 percent. The major projected
change in the sources of energy be-
tween now and 1990 is that nuclear
power will significantly increase its
proportionate contribution, but the
consumption of fossil fuels will also
increase a great deal. Projections to
1990 indicate that the sources of U.S.
energy in that year will be distributed
as follows: coal, 18 percent; petroleum,
41 percent; natural gas, 22 percent;
nuclear power, 16 percent; hydro-
power, 3 percent.

In terms of dollar expenditures for
energy, the patterns and trends differ
considerably between intermediate de-
mand and final demand. The final de-
mand consists of purchases for end uses
such as automobile fuel, residential
heating, and exports, while the inter-
mediate demand consists of industrial
and commercial purchases to produce
products and services for end consum-
ers. Intermediate demand expenditures
for energy are related very closely to
the gross national product (GNP); the
ratio of the two has varied less than a
quarter of a percent over more than a
decade. Although not correlated as
closely with the GNP, the final demand
for energy has grown substantially dur-
ing the same period. About 85 percent
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Fig. 3. Final demand expenditures for en-
ergy consumption according to the cate-
gory of the consumer (7).

of the energy final demand during the
last 5 years (Fig. 3) has consisted of
personal  consumption expenditures,
which represent domestic consumption
of fuel for such uses as private cars,
home heating and air conditioning, and
electric appliances (7).

Transportation

In 1970, transportation consumed
16.4 X 10'> Btu—one quarter of the
total energy used in this country, a
share which is expected to continue.
Petroleum accounted for 96 percent of
the fuel consumed for transportation
in 1970. This amounted to 2,830,000,-
000 barrels of crude oil, or a rate of
about 7,750,000 barrels per day

(roughly equivalent to daily dissipation
of a dozen 100,000-ton tanker loads).
Automobiles are the leading consumer,
using 55 percent of the transportation
energy in 1970 (14 percent of total
national energy consumption), with
trucks second at 21 percent, and air-
craft third at 7.5 percent. The remain-
ing 16 percent is made up of rail, bus,
waterway, pipeline, and other catego-
ries (8).

Major trends among transportation
modes include railroads and waterways
giving way to pipelines and trucks for
intercity freight movement; buses and
railroads giving way to aircraft and
automobiles for intercity passenger
traffic; and mass transit, especially
buses and trains, giving way to private
automobiles for urban passenger traffic.

As Table 1 shows, enormous differ-
ences exist in the energy efficiencies of
these transportation modes (9). For
passenger travel, airplanes are less effi-
cient users of energy than automobiles,
which are in turn less efficient than
buses and railroads. For freight move-
ment, airplanes are less energy efficient
than trucks and considerably less effi-
cient than pipelines, waterways, and
railroads.

Energy efficiency within transporta-
tion modes also varies substantially
and, unfortunately, has tended to de-
crease with time. The quest for ever-
increasing speed and convenience has
been succeeding at the cost of increased
energy consumption. The low average
occupancy of commuter cars combines
with short distances traveled and traffic
congestion to lower drastically the en-
ergy efficiency of the automobile. In

Table 1. Transportation propulsion efficiency (22). Conversions are: 1 foot =< 0.305 m; 1
mile = 1.609 km; 1 horsepower (hp) = 746 watts; 1 knot = 1.85 km/hr.

Passenger Freight
Passenger Cargo ton
Transport type miles per Transport type miles per
gallon gallon
Large jet plane 22 One-half of a Boeing 707 8.3
(Boeing 747) (160 tons, 30,000 hp)
Small jet plane 21 One-fourth of a Boeing 747 114
(Boeing 704) (360 tons, 60,000 hp)
Automobile (sedan) 32 Sixty 250-hp, 40-ton trucks 50.0
Cross-country train* 80 Fast 3000-ton, 40-car freight train 97.0
Commuter train} 100 Three 5000-ton, 100-car 250.0
freight trains
Large bus (40 foot) 125 Inland barge tow, 60,000 gross tons 220.0
Small bus (35 foot) 126 Large pipeline, 100 miles, two pumps 500.0
Suburban train 200 100,000-ton supertanker, 15 knots 930.0

(two-deck)

*One 150-ton locomotive and four 70-seat coaches plus diner lounge and baggage coach.
65-ton cars and two 150-ton 2000-hp diesel locomotives.

160 seats per car.

1Ten
A ten-car gallery-car commuter train,
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1971, for example, 55 percent of auto-
mobile energy consumption went for
urban trips of 10 miles (16 km) or
less, and 56 percent of all commuting
was by automobiles containing only
onc occupant (/0). Emission controls
also contribute significantly to lower
energy efficiency; those currently being
installed and projected will result in an
additional gasoline consumption by
1980 of the order of 2 million barrels
per day.

A large number of factors, including
government policy, social and environ-
mental concerns, the low cost of en-
ergy, uncontrolled urban growth, and
the demand for increased mobility and
transportation service (speed, comfort,
reliability, and convenience) have con-
tributed to a continuing shift toward
the use of less energy efficient modes
and to a continuing decline in the
energy efficiency of iall transportation
modes.

Furthermore, this discouraging trend
shows every indication of persisting.
Projections of growth in aircraft and
automobile use show that these two
modes alone will account for 22 X 10'®
Btu in 1985, more than 73 percent of
the total transportation energy con-
sumption for that year.

Several actions could be taken over
the short and midterm periods (within
3 years and within 10 years) to in-
crease energy efficiency, improve the
balance between transportation modes,
and decrease total demand for trans-
portation. Incentives for using smaller
automobiles, subsidized mass transit,
and improved traffic flow through traf-
fic metering systems and priority bus
lanes, would encourage greater use of
more energy efficient transportation
modes. Improved communications fa-
cilities, the development of urban
clusters, and the construction of attrac-
tive walkways and bicycle paths will
all help to reduce total transportation
demand for energy.

Estimates indicate that the imple-
mentation of short and midterm con-
servation measures could result in sav-
ings of 15 to 25 percent of the
projected transportation energy demand
by the early 1980’s (I1). These esti-
mates are predicated on the assumption
that curtailment of passenger and
freight movement is largely unaccept-
able, so that emphasis is placed not on
restrictions but on approaches designed
to improve energy efficiency relative to
present standards. Even though many
of the measures have been tried to
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some extent, experience is insuflicient
to allow a full analysis of the effects of
all plausible actions. Nevertheless,
these short and midterm estimates as-
sume no significant advances in tech-
nology.

Over the long term, however, tech-
nology and urban design stand out as
the areas of greatest promise in reduc-
ing transportation energy demands. For
example, the development of practical
hybrid energy storage systems, such as
a system combining a gas turbine with
electricity, could significantly increase
the operating efficiency of urban auto-
mobiles (/2). Similarly, the quest for
solutions to urban social, economic,
and environmental problems is yielding
concepts that have important implica-
tions for transportation. For example,
the development of urban clusters can
reduce drastically the need for trans-
portation. In general, transportation
energy efficiency could be greatly in-
creased by providing incentives to
separate people from automobiles, for
example, rapid transit trunk lines be-
tween clusters, moving walkways, and
bicycle paths. Increased understanding
and appropriate coordination in trans-
portation and urban planning can yield
enormous dividends not only for en-
ergy conservation but also for the
environment, and for the health and
mobility of the American people.

Many of these conservation measures
have costs—economic, political, and
social. Government, industry, and con-
sumers, however, must come to grips
with some of the difficult choices that
will have to be made over the next
several decades. For example, should
the federal government institute finan-
cial disincentives to encourage the use
of small automobiles, as through high-
er use taxes on large automobiles or
taxes on engine size or automobile
weight? The advantages of promoting
the use of smaller automobiles are
numerous—savings approaching 3 mil-
lion barrels per day in 1985, reduced
import costs, and less pollution. On the
other hand, by forcing consumers to
choices they may not desire, such mea-
sures may be highly unpopular. More-
over they could produce serious, ad-
verse economic consequences for the
automobile industry and related indus-
tries.

Another hard question concerns the
extent to which the federal govern-
ment should encourage or subsidize
mass transit. With a much greater effi-
ciency on a passenger-mile basis, effec-

tive mass transit systems would not
only materially reduce fuel consump-
tion but also significantly ameliorate
our balance of payments and environ-
mental and traffic problems. On the
other hand, to make such systems ef-
fective would probably require restric-
tions on consumers in the form of bans
on automobile use in the inner city or
high parking taxes. Moreover, ade-
quate efforts would require an enor-
mous capital outlay, and mass transit
would have to compete with other im-
portant social needs for these funds.

Transportation serves a number of
national and social goals that must be
balanced against the objective of energy
conservation. Nevertheless, energy effi-
ciency must be given proper empbhasis
in the design, development, and utili-
zation of our transportation systems.
Any truly practical program will re-
quire a blend of actions carefully bal-
anced and timed to avoid disruption
of needed traffic flows, upheavals in
life styles, damage to industries de-
pendent on transportation, and aggrava-
tion of problems concerning the inter-
national balance of payments.

Residential and Commercial Sectors

Private residences and commercial
establishments account for about one-
fifth of the total U.S. energy consump-
tion. Space heating and cooling, water
heating, refrigeration, and cooking rep-
resent somewhat more than 75 percent
of the commercial energy use and more
than 85 percent of the residential use
(13). By far the largest portion of this
is due to space heating and cooling.

By 1980 the annual energy require-
ment for household space heating and
cooling is expected to reach about
11 X 1015 Btu, or about 63 percent of
the total projected residential and com-
mercial energy consumption.

Some reduction in residential energy
consumption could be achieved through
a nationwide educational program en-
couraging good energy conservation
practices in the home. For example,
the setting of all residential thermostats
2 degrees higher during summer and
2 degrees lower during winter could
produce in 1980 energy savings of
about 1.3 X 10 Btu.

The National Bureau of Standards
estimates that improvements in insula-
tion and construction can reduce the
energy consumed in heating and air
conditioning by 40 to 50 percent from
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present norms. Improved insulation
technology can be readily adopted in
new homes. Unfortunately, the high
cost of introducing such improvements
into existing homes by present methods
makes widespread introduction there
less likely (except for storm windows).
The discovery and development of in-
expensive insulating techniques for re-
ducing the energy loss from existing
houses is therefore an urgent need.
Furnaces of higher efficiency, with pro-
vision for easy periodic cleaning by
the homeowner, can and should be
developed also.

An important step was taken in 1971
with the revision to the minimum prop-
erty standard of the Federal Housing
Authority (FHA), which significantly
tightened insulation requirements for
single-family houses. Unfortunately,
many apartment houses and single-
family homes which were built under
conventional loans do not meet desir-
able minimum standards. Further tight-
ening of insulation requirements for
single- and multiple-family homes, of-
fices, and other buildings would pro-
vide an additional and important con-
tribution in reducing unnecessary
energy consumption.

Higher fuel costs may make eco-
nomically feasible the wider use of
common district heating, total energy
systems, and heat pumps. More urban
buildings could be heated and cooled
by using the steam rejected by a cen-
tral power generating station. Munici-
pal waste could be burned in power
plant boilers along with coal, thus re-
ducing fossil fuel requirements for
power generation by an estimated 8
percent (/4) (and also helping in solid
waste disposal). One consulting engi-
neer has estimated that a saving of 15
to 20 percent can be achieved in the
amount of energy normally used in
office and commercial buildings by
such energy conservation measures as
using better insulation to recover the
heat in winter and the cooling effect
in summer from the building’s exhaust
air, recovering heat from lighting, re-
ducing heating (or cooling) and lighting
levels in corridors and certain other
spaces, and reducing the amount of
outdoor air drawn into the building
(15).

All of this suggests that by 1990 the
nation’s overall space heating and cool-
ing requirements could be reduced by
perhaps 30 percent from the projected
demand levels in that year. Even within
10 years a more modest 20 percent re-
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duction (about 2 X 10 Btu) should
be possible, most of it through im-
proved insulation. Additional energy
savings in water heating, refrigerating,
cooking, and lighting systems and in
air conditioning equipment are also
possible. But improved technology is
necessary in most cases to make the
introduction and operation of the im-
provements economically feasible.

Industry

Industrial energy consumption con-
stituted about 29 percent of the total
domestic energy consumption in 1971
(16). The primary metal industries,
chemicals and allied products, and
petroleum refining and related indus-
tries together accounted for more than
half of that. Natural gas was the most
rapidly growing and largest source of
industrial energy used (46.5 percent),
followed by coal (26.0 percent), petro-
leum (16.8 percent), and electricity
(10.6 percent).

There will undoubtedly be a change
in the relative amounts of the various
energy sources used by industry in the
future. Many gas pipelines are now
having to curtail shipments or existing
contracts as a result of the developing
shortage of natural gas. Gas prices will
increase, especially as the pipelines
seek to turn to such expensive sources
as liquefied natural gas and synthetic
natural gas. Natural gas usage certainly
cannot continue to increase its share

of the industrial market, and most
likely will be cut back.
Today, however, plans for new

petrochemical complexes call for the
use of heavy oil feedstocks, primarily
naphtha, and a new regulation of the
mandatory oil import program will as-
sist petrochemical producers to acquire
naphtha produced from imported oil.
This should enable these producers to
remain competitive with foreign pro-
ducers who have traditionally used
these feedstocks.

The major industrial sectors have all
achieved a general decline in energy
used per unit output over the last dec-
ade (I3). Nevertheless, more rapid
improvement could almost certainly be
effected by focusing attention on en-
ergy conservation.

Given a sufficient incentive, indus-
try as a whole could probably cut en-
ergy demand by 5 to 10 percent of
projected demand by 1980, primarily
by replacing old equipment, demand-

ing more energy-conscious design, and
increasing maintenance on boilers, heat
exchangers, and so forth. Underpriced
energy does not help in encouraging
efficient energy use and results in in-
adequate exploration of avenues for
improvement. Any deliberate economic
incentive designed to cut energy de-
mand would be made more effective by
an accompanying ‘“energy awareness’
information program directed at trade
associations,  professional  societies,
equipment advertisers, and engineering
design companies.

The general introduction of planning
for the total life cycle in the use of
resources, to include energy-conserving
recycling or reusing, could also make
noticeable contributions to energy con-
servation as well as conservation of
other resources. Secondary recovery of
materials is often less energy consum-
ing than primary extraction and pro-
duction; for many nonferrous metals,
recycling energy requirements are only
20 percent or less of primary process-
ing requirements. This approach is also
a prime target for research and devel-
opment.

Elimination of wasteful practices is
of course important. Energy is a suffi-
ciently large expense for the major in-
dustrial energy consumers that they
already try to use it as economically
as possible. Thus, wasteful practices
are likely to be found primarily in
marginal operators or in industries for
which energy is a relatively minor ex-
pense.

Electric Utilities

Electric utilities represent the most
rapidly growing consumer of energy
among the four major groups. Their
1971 use of about 17 X 10'% Btu is
projected to expand by a factor of al-
most 4 within 20 years, representing
an increase from 25 to 38 percent of
the growing national energy consump-
tion. Thus, any improvements which
can be achieved in the energy efficiency
of electric power generation are of
major importance.

Utilities already concentrate heavily
on efficient use of fuel because it con-
stitutes a major operating expense.
Over the past quarter of a century, in-
dustry efficiency has improved by more
than 30 percent; that is, the national
average for energy input (in British
thermal units) per kilowatt-hour output
has declined from nearly 16,000 to
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about 11,000 (/7). Nevertheless, efhici-
ency has undergone a slight decline re-
cently, a trend which the National Coal
Association attributes partly to the
heavy use of inefficient, old plants and
peaking generators and partly to the use
of more environmentally acceptable
fuels with lower energy contents (/8).
An additional factor is the increasing
installation of energy-consuming pollu-
tion control equipment.

It is sometimes argued that clectrical
power generation as a whole is a waste-
fal use of energy because of the large
energy conversion losses involved (the
overall conversion efficiency is about
one-third). This alleged wastefulness
must properly be measured against the
alternative of direct fuel use. Except
in some large industrial applications
such as aluminum production, clectri-
cal power is distributed from large
central generating plants to many small
customers. Thus, the comparison is
between one large energy consumer
and many small ones. Aside from effi-
ciencies due to the economics of size—
which are substantial-——the central gen-
crating plant generally offers much
better cquipment maintecnance, a fac-
tor which bears directly on efficiency
(a half-millimeter of soot in an oil
burner can reduce its efficiency by 50
percent). Power distribution by electric
transmission grids is generally more
efficient than transportation of coal
and oil by trucks (/4), the usual
method for small consumers. Further-
more, large electric power plants per-
mit  centralized pollution  control,
which is both more efficient and more
casily monitored. On balance, it is not
at all clear that electric power genera-
tion and distribution is as wasteful
from an overall point of view as some
of its detractors would claim.

Regardless of its relative efficiency,
clectrical power is increasingly in de-
mand because of its cleanliness, con-
venience, and ease of control. An
important question, then, is how to
increase the energy efficiency of the
centralized generation of electrical
power by the utilities. Certainly, in-
creased rates of replacement for ob-
solete equipment and reduced delays
in bringing more efficient new plants
on-stream would help. Accelerated in-
troduction of nuclear plants would
ameliorate substantially the demand on
fossil fuels, whether from domestic or
foreign sources. Smoothing the daily
demand cycle in order to reduce heavy
peak loads would significantly lessen
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the usc of ineflicient peaking genera-
tors.

The mechanisms for implementing
these various measures are primarily
economic, and perhaps also regulatory,
in nature. But in electric power gener-
ation there are also long-term oppor-
tunitics for significant improvements
from new technology, some of it re-
quiring extensive research and develop-
ment. Historically, the electric utility
industry has lacked an organized in-
dustry-wide research program. Equip-
ment manufacturers have performed
most of the rescarch and development
that has been carricd out, and this has
been limited. In recognition of this
problem, the Electric Research Coun-
cil, representing all segments of the
electric utility industry, recently estab-
lished a rescarch corporation to be
supported financially on a shared basis.
This corporation is intended to address
critical electric power problems at both
applied and fundamental levels.

The more promising approaches to
long-range improvement in the effi-
ciency of generating electrical power
include advanced power cycles, mag-
netohydrodynamics, various types of
nuclear reactors, geothermal sources,
transmission, improved
heat” utilization, and total
energy systems. The advanced power
cycle, involving the combination of
coal gasification with a gas turbine~
steam turbine power plant, is currently
under study by the Environmental
Protection Agency. It promises im-
proved flexibility in plant size and loca-
tion, relatively low cost, and potentially
high ecfficiency. Nevertheless, full ben-
efits depend on the development of an
efficient coal gasification process. Mag-
netohydrodynamic  techniques  offer
greater efficiency as well as low mainte-
nance and substantially reduced cool-
ing requirements. The practical reali-
zation of any of several breeder re-
actor principles under study would re-
duce not only fossil fuel demands but
also nuclear fuel demands—a factor
of equal importance in the long run.
Geothermal power already enjoys some
limited use, but large-scale exploitation

_(which would make available a huge

new energy source) awaits extensive
investigation of several alternative ap-
proaches. Cryogenic transmission sys-
tems suggest exceedingly high distribu-
tion efficiencies but present difficult
problems in practical realization be-
yond the laboratory scale. Various uses
suggested for the waste heat dissipated

from eclectrical power plants (two-
thirds of the energy value of the fuel)
include district heating for nearby resi-
dential or commercial installations,
hothouse support for increased agricul-
tural production, and prevention of
ship channel freezing. All require con-
siderable additional investigation.

A particularly appealing idea is the
total energy system-—an integrated
package for clectrical generation, air
conditioning, water heating, steam gen-
eration, and any other energy functions
required by a residential complex or
shopping center. The greatest deterrent
appears to be the problem of balancing
demand among the various functions,
but the potential is sufficiently promis-
ing that the National Burcau of Stan-
dards is conducting a carcfully con-
trolled cxperiment with a pilot total
energy system in an apartment-shop-
ping complex (19).

Some Thorny Issues—

Pollution, Investment

Most energy sources can have sig-
nificant environmental impacts, for ex-
ample, strip mining and the disposal
of heated water from power generating
plants. But conversely, pollution con-
trols have significant impacts on energy
consumption. They can and do result
in the additional use of energy, and
may contribute to shortages of desired
fuels. For example, motor vehicle ex-
haust systems have been proposed to
reduce automobile pollution by over
90 percent; when implemented, they
will introduce fuel penalties of 5 per-
cent or more (under 1970 perform-
ance) for each technique needed to
control different emissions; a fully
equipped car will probably experience
at least a 15 percent fuel penalty (20).

To meet environmental quality stan-
dards industry invested some $9.3 bil-
lion in pollution control in 1970, and
this investment rate is expected to dou-
ble by 1975. The percentages of total
annual capital expenditures invested in
pollution control ranged from a high
of 10 percent for the iron and steel
industries down to 0 percent for the
communications industry, with 2.6 per-
cent for transportation and 3.8 percent
for electric utilities (21). It is not clear,
however, that all these investments pro-
duce energy-efficient pollution control
systems. Firms whose energy costs are
significant with respect to profits have
probably. installed efficient - pollution
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controls. For other firms, federal stan-
dards may need to be considered.

Relating traditional profit incentives
to efficient pollution control will be
difficult until the principle of pollution
control itself has become common
practice. The capital investment and
the institutional policies (such as en-
vironmental protection and licensing
polices) take substantial time to imple-
ment on a regional or a national basis.

In some cases energy conservation
is the fortuitous result of investment in
other programs. For example, urban
mass transit systems promoted to
shorten commuter time and reduce
highway costs also produce several
times less pollutants per passenger mile
“than the automobile and reduce energy
consumption considerably. But effec-
tive urban mass transit, for whatever
goals, remains experimental in scope
for lack of the capital necessary to
modernize and integrate such systems
as a substitute for the ubiquitous pri-
vate automobile.

At any rate, environmental studies
and programs should now have the in-
cluded task of considering energy costs
(and benefits). An explicit treatment
should provide decision-makers with the
tradeoffs which are the needed bases
for thinking and actions by all of us.

We must begin to ask whether a
slight relaxation in environmental
standards, many of which may have
been arbitrarily set with little thought
to their full ramifications, could permit
significant energy savings. For example,
we should carefully examine the ques-
tion of whether the nation’s environ-
ment would be better served by obtain-
ing emission reduction through policies
designed to reduce automobile use and
to increase mass transit use rather than
by maintaining current strict emission
standards which increase engine in-
efficiency (/). We also have to bal-
ance the extremely high costs which
consumers are paying to obtain the last
small increment of environmental pro-
tection against the potential energy and
dollar savings from more energy effi-
cient pollution control systems.

In summary, the close interdepend-
ence of these issues makes it essential
that programs be coordinated in meet-
ing where possible the objectives of
both pollution control and energy con-
servation. The needed objectives in-
clude making pollution control systems
more energy efficient and encouraging
greater energy conservation by choice
of those options (applications) which
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limit both energy consumption and
pollution.

Improvements to energy conservation
could also have significant implica-
tions for the national economy. Capital
investment in the U.S. energy industry
has been projected at $566 billion (in
1971 dollars) for the period 1971 to
1985. This enormous capital investment
requirement raises several potentially
serious problems with respect to all
areas of our economy. The amount of
money available for capital investment
is rather inflexible—it depends strongly
on the rate of savings, which tends to
be very stable. An increase in capital
needs for one sector, that is, the energy
industry, could significantly affect the
money market through increased inter-
est rates. Hence, if conservation can
reduce energy consumption, the sizable
capital requirement in this area would
also be lessened. One estimate indicates
that the savings in energy consumption,
as a result of conservation measures,
could lead to potential savings of $97
billion or 17 percent of the projected
capital investment of $566 billion dur-
ing the 15-year period from 1971 to
1985 (11).

Summary

We can no longer afford to ignore
the serious potential consequences of
our lavish use of energy. Continuation
of the present rate of increase, particu-
larly with the trend to imported fuels,
will lead in short order to a level of
dependency on imports which is dis-
turbing for both the national security
and the balance of payments.

The inevitable rise in the price of
energy will presumably lead to some
increases in the domestic energy sup-
ply. But our reserves, particularly in
the preferred forms of petroleum, gas,
and even low-sulfur coal, are finite.
Thus, the energy problem must also be
attacked from the standpoint of energy
conservation. The forthcoming rise in
fuel prices will, of course, make more
attractive some forms of conservation
which at present are economically mar-
ginal. Nevertheless, consumers, indus-
try, and government will have to make
difficult choices in the years ahead: be-
tween greater convenience and lower
energy bills, between the high capital
costs of energy conservation measures
and the long-term dollar savings from
increased energy efficiency, and be-
tween environmental protection and the

. lenge to all

availability of needed energy supplies.

Existing capabilities and technology,
on which short- and midterm im-
provements must be based, appear to
offer substantial possibilities for reduc-
ing U.S. energy consumption within th-
next decade (/7). Long-term solutions
to the energy problem, however, will
depend to a considerable extent on the
continuing appearance of new tech-
nological capabilities for increased effi-
ciency of energy utilization and in-
creased integration of energy applica-
tions. The capacity for continuing
technological advances is, of course,
dependent in turn on a strong relevant
scientific base.

A word of caution is necessary.
Recent experience has shown that
technological advances alone will not
solve the problem. The problem spans
not only the traditional physical and
engineering sciences but also those
sciences which deal with human atti-
tudes and actions, that is, the social
sciences, and includes a more funda-
mental understanding of underly-
ing economic principles. The chal-
sectors of American
science should be clear.
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On 27 October 1963, a Philadelphia
housewife named Mary Jane Griffin
swallowed a sugar cube impregnated
with live poliovirus vaccine. The vac-
cine, it was to appear, came from a
production lot in which the virus had
changed back into a virulent form. A
month later, Mrs. Griffin awoke from
a coma to find herself in an iron lung,
with a priest administering the last rites.

She survived, but the polio has left

her confined to a wheelchair and al--
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Otherwise, she is healthy in mind and
body and has the normal life expectan-
cy of a 50-year-old woman—another
28 years.

Last November, deciding a case that
had taken 7 years to prepare, a Phil-
adelphia judge awarded Mrs. Griffin
and her husband just over $2 million
in damages against the United States
government. (The government is still
deciding whether to appeal the ruling.)
Mrs. Griffin’s disease, the judge ruled,
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“was caused by the negligence of the
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indicated that the lot from which Mrs.
Griffin’s dose was derived exceeded the
legally established safety limit for neu-
rovirulence.

Significantly, a quite separate inquiry
into DBS affairs has also found evi-
dence that agency officials ignored their
own regulations. The General Account-
ing Office, the investigatory arm of
Congress, recently published a report
on the DBS’s supervision of adeno-
virus vaccine, concluding on the basis
of the agency’s own records that about
half the vaccine lots the DBS approved
were less potent than required by reg-
ulation.

The DBS, formerly a part of the
National Institutes of Health, is now
the Bureau of Biologics of the Food
and Drug Administration. The agency
was transferred to the FDA last July,
following criticisms of its scientific and
regulatory management (Science, 3 and
17 March 1972). The polio and adeno-
virus. cases concern events that are now
ancient history. But they are indica-
tive, and maybe representative, of a
period of regulatory management which
came to an end only last year, and the
full repercussions of which may not
yet be evident.
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The Griffin decision is also impor-
tant because of others similar to it.
About 100 other cases occurred, and
more than 20 people filed claims
against the manufacturer. Most were
lost or settled for small sums. A prin-
cipal reason for their lack of success,
according to Mrs. Griffin’s attorneys,
was testimony by DBS officials to the
effect that the vaccines had passed the
DBS safety tests. But polio vaccine
victims seeking to reopen or initiate
claims now would run into difficulty
with the statute of limitations.

The unique feature of the Griffin
case is that Mrs. Griffin’s attorneys
brought suit against the government as
well as against the manufacturer and
were thus able to obtain a court order
compelling the DBS to release all its
relevant files. From the files they were
able to construct a case that the DBS
had violated its own rules for dealing
with the vaccine in several important
instances. Their suit, brought under the
Federal Tort Claims Act, represents
the first time that the government has
been held liable for the release of a
biological product. Mrs. Griffin’s at-
torneys, Avram G. Adler and Stanley
P. Kops, of the Philadelphia firm
Freedman, Borowsky, and Lorry, say
they spent some 7 years preparing the
case.

Mrs. Griffin’s contraction of polio
from Sabin type III vaccine could not
have come as a total surprise to those
knowledgeable in the field. Several
cases associated with the vaccine oc-
curred soon after it was introduced,
and the Surgeon General’s committee
on polio decided at a meeting in Sep-
tember 1962 to recommend that adults
not take the type III vaccine unless they
were at special risk. In December 1962,
by a 6 : 4 vote, the committee reversed
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