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go_tg: At the conclusion of the OST-FCST assessment of
energy R&D options, Associated niversities, Inc. pre-
pared a draft final report. That report was reviewed
by the OST Energy Advisory Committee and their comments
were incorporated in the draft. The kind of revision
required to turn a first draft into a publishable final
report were never made. however. The present paper is
a summary of the report as it currently exists.




BACKGROUND OF THE ASSESSMENT

In his energy message to the Congress of June 4, 1971,
the President made priority commitments in three energy R&D
activities and asked his "Science Advisor.....to make a detailed
assessment of all the technological opportunities in this area
ani to recommend additicnal projects whichk shourld receive pri-
ority attention.” The assessment was carried out under the
" direction of the Office of Science and Technology and the
Federal Council on Science and Technology. Technical and
analytical support was provided by Associated Tniversities, Inc.

In the first phase of the study the U.S. energy system was
surveyed to identify potentially important technological areas..
Areas were sought in which there was the potential for signifi-
cant improvement thrcugii technical R&D. All aspects of the
energy system were open for consideration, from exploration and
extraction of resources through conversion and transmissionh
technologies to the various means of using energy. The only
technolcgies excluded from the assessment were those already
identified in the enerqgy message for priority attention--the
liquid metal fast breeder reacéor, stack gas treatment to
remove sulfur oxides, and coal gasification to pipeline quality
gas.

The concern of the study was with the long-term effects of
the energy system, effects on the environment, on human health
and welfare. and on the nation's natural resources. Thus, envir-
onmental and resource considerations, as well as internal costs,
provided the basic criteria in selecting and evaluating new

technologies.
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Following the initial selection process, technical panels
were established in eleven technical areas, each panel being
organized by one or more Federal Agencies. Specific require-
ments and ground rules were established for the evaluations to
be contained in the reports on the panels. These ground rules
were designed to insure that common assumptions would be used
in the evaluations and also that all of the information required
in a systematic overall assessment would be provided.

A special advisory committee to OST, composed of experts
from industry and universities., evaluated the output from the
technical panels and the integrative analysis of the support
group. The advisory committee then framed a set of specific
recommendations for new and revised energy R&D activities.
These recommendations were determined in the late summer of
1972 as input to the development of the FY 1974 budget.

A draft of a final report from the assessment has been

prepared.  The purpose of this paper s to summarize the cor-~
tents of that draft.

ANALYSIS OF THE PROBLEM

A set of enerqy system models were developed for the spe-
cific needs of this assessment. These models were used to
analyze the problems inherent in the current pattern of evolu-
tion of the energy system and to evaluate the impact of new
technologies.

In the near term (to 1985) the problems facing the energy
system are primarily ones of supply stemming from policy and
institutional factors. These include problems of urban air
pollution, constraints on coal production and use, decreasing
production of natural gas due to price regulation and lack of

investment in new domestic petroleum refining capacity. Many
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of these factorz have resulted in lookirng to the importation of
foreign ©il as a solution to near term problems. But the impor-
tation of oil, particularly from the middle east, raises further
difficulties, perhaps the most serious ones of all.

In the longer term, in addition to increased environmental
problems of energy use, finite resource constraints will start
to be feit. Figures 1 and 2 show projected cumulative consump-
tion of gas and oil relative to various estimates of domestic
supply. The large variability of those resource estimates should
be noted. 1In addition to the general goal of reducing the envir-
onmental impact of the energy system, the specific goals of
energy R&D in this period are to provide a flexible set of alter-
natives to the use of conventional gas and oil resources.

In the section which follows, eleven techrological areas
are identified in which expanded R&D programs can provide the

options that will be required in the future.

NEW RESEARCE AND DEVELOPMENT INITIATIVES

Extraction of Energy Fuels

The development of new technologies for the extraction of
resources can lead to more effective recovery technigues with
reduced environmental impact. The technical areas in resource
extraction that are important in the R&D sense are: (1) stimu-
lation techniques to increase the recoverability of petroleum
and natural gas production, (2) development of oil shale,
{3) underground gasification of coal, (4) utilization of organic
wastes, and (5) primary extraction of coal.

The development of technigques to stimulate production from
known oil and gas fields can reduce the gquantities of these fuels
that must be imported in the near future. AaAlthough o0il recovery

efficiency has been improving for several decades by an estimated
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0.5% per year, still only about 30% of the original oil in
place ig recovered. The known fields contain nearly 60 billion
barrels of oil and 300 trillion cubic feet of gas that cannot
be economically recovered at current prices with existing tech-
nology. In the intermediate term, additional quantities of
liquid and gaseous general-purpose fuels can be obtained from
oil shale and organic wastes, both of wvhich are abundant re-
sources in the U.S.

Technnlogies for the conversion of coal into gaseous and
liquid fuels and for the combustion of coal with minimal air
pollution are required to enable this abundant fuel to play a
greater role in the U.S. energy system and such technologies
are discussed below. Improved techniques for the primary extrac-
tion of coal are equally important. Only a very small percentage
of the coal reserves are economically recoverable with present
technology. Underground mining is one of the most hazardous
occupations and surface mining can be damaging to the environ-
ment. Specific factors to be addressed in the development of
coal recovery technology are increased productivity. safety.
and environmental control. Underground (in situ) gasification
provides an alternative technique for the extraction of energy

from coal reserves.

A summary Oof recommended R&D funding in this area is given
in Table I.

Solar Energy

Radiatior from the sun represents the largest renewable
energy resource on the earth. The amount of solar energy
striking the land area of the United States is thcusands of

times larger than the energy that is ~onsumed in this country.




TABLE 1

Summary of Resource Extraction Program

Current R&D Firast year cost fong-texrm cost
Program element Objective $ million million/year Notes
Stinmvlation of oil and gas
Earth fracture studies 1 22/11
Nuclear stimulation 15 89/10
0il shale
In situ processing 5 40/8
Waste management 2 6/6
! Goneral system development 4 40/10
)
! In situ gasification of coal 1 2/2
Conversion of biological waste g:;gi:g?:::o:ngf 10 40/7
concepts
10 100/10

Underground coal mining
Total $48 million




Despite a number of inherent problems in its use, particu-
larly its intermittent and diffuse nature, there are a number of
approaches to the application of solar energy. The fact that
these have been relatively unexplored gives to solar energy a
distinct appeal with regard to R&D activities.

The major areas of prospective R&D are:

Thermal Energy for Buildings: Solar water heaters are com—
mercially available in many countries. space heating systems
have been demonstrated while air conditioning systems are in
the experimental stage. All three areas require further devel-
opment and demonstration emphasizing low cost components.

Electric Power Generation: A number of approaches have
been suggested for solar electric power generation. In thermal
conversion systems, solar collector and storage devices deliver
tkermz2l energy to a steam turbine power plant. Component devel-
opment should lead to feasibility demonstrations. Schemes using
photovoltaic energy conversion depend on the development of low
cost solar arrays. Although satellite based systems have been
proposed, their potential does not warrant R&D attention beyond
systems studies at this point. Modest programs would be appro-
priate in the areas of wind power extraction and the use of
ocean thermal gradients. The feasibility of producing fuels
through photosynthesis should be evaluated.

A summary of the solar energy program is given in Table II.

Geothermal Enerqgy

The significance of geothermal energy is that it represents
an entirely independent energy source from those which will be
pressed so severely in the near future. Furthermore, it is a
form of energy which, through assertive R&D, can begin to con-

tribute in the relatively short term. Some exploitation of



Program Rlement

Therual Boergy [or Bulldings
Vater Heating
Space Heatfng
Space Cunling

Electric Powver Generstion

Thermal Conversion

! Photovoltaic Converaion

Wind and Ocean Gradients

Fuel Production

TOTAL

Summary of Solar Energy Program

Cyrrent WD Objective

Develop low cost dsmonstration uni

0.
Component developmeat ond demonstration 2.
Q

Component davelopment

Component development and anelysis

Lowar cost of pi.duction of arrays

System studiew

Feasibility snalysts

® More detailed recomaendations for the break-down of these costs

are given in the Panel report, -

Table 11

First Year Coot
$ Millfon

Long Torm Cost®
§ Millfon/Years

-

2,3

5.0

100/10

125/10

140/10

23
. TA]

Notes

All systems should be cosmer-
clally available at end of 10ym

Funding facludec pilot plmt.
Demonstcatfon plent (lovestmemt
begfaning in the 8th year) could
cost about $1 billion aad should
be cost-shared with {aduatry.
Primarily cowp t devalopment
& evalustfon. Additional ex-
penditure for central station
pilot plant could begin in yr 6,

Pilot plent development could
start after J years,




geothermal energy is already under way. To that extent of
exploitation, at least, the technology has proved to be econ-
omic. Economics will dictate what fraction of the vast total
geotherm3yl resource base is exploitable in any practical sense.
Geothermal energy is not without its environmenta) problems,
however, but those problems appear no more severe than those
associated with the near-term technologies with which it competes.
The evaluation of the potential use of geothermal energy
is made difficult by the lack of information on the geothermal
resource base. Optimistic estimates indicate that a generating
cazpacity of 400.000 Mw could be develcoped in the western U.S.
by 1995. 1In any event a priority R&D topic is an augmented pro-—
gram of regional geoclogic. geophysical and geochemical studies
of resources. These should include the geopressured resources
of the Gulf Coast and impermeable dry rock regions. 1In addi-
tion. development work needs %o be carried out on exploration
and drilling methods. and technologies related to reservoir
development and energy extraction from low grade heat sources.
Environmental effects must be studied both in terms of effects
studies {particularly seismic and subsidence) and emission con=~

trol.

Table III summarizes the recommended R&D program.

Clean Fuels from Coal

As the nation's most abundant fossil energy resource. coal
can play a major role in meeting future energy needs. Methods
must be developed for utilizing coal in its classical role to
produce electric power in a more environmentally acceptable
manner as well as for the conversion of coai into liquid ard
gaseous fuels to serve both electric and non-electric enerqgy

demands. The successful development of effective economical
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Program Element

Resource nppraisal
Exploration Methods
Reservoir Development

and Production

Hot water
Dry hot rock

ytilization Technology
and Economica

Hot water-wet gteam
Dry hot rock

Environmental Effects

"Institutional & Legal

‘I'able II Y.

SUMMARY OF GEOTHERMAY, ENERGY PROGRAM

Current R&D Objective

More precise estimates of magnitude,
quality and distribution of resourcea.

New geophysical exploration methods, high
temperature drilling & logging technology.

Develop desalination and reinjection
Develop fracturing techniques

Materials and component evaluation. New
devices, cycles for energy extraction.

Gas removal technology, noise control.
subsidence and seismicity monitoring.

Totals

First Year Cost

Ten Year Cost

$ Million $ Million
6 142
2.5 25
2.5 125
2.3 71
4.0 143
0.5 54
2.5 35
0.5 5

$ 20.8 million $600

million/10 yr




processes for controlling sulfur dioxide emissions from coal-
burning power plants, either during the cambustion process, by
stack gas scrubbing, or by removal of sulfur from the fuel,
could help to reverse the existing trend away from coal as a
boiler fuel and provide environmental benefits in the near
term. Jt is important., at the same time, to address techno-
logical and environmental problems in the coal extraction area
in order to resolve the constraints that they may place on the
utilizetion of this fuel. Technological opportunities in the
extraction area were discussed above. Aadvanced power cycles
which can increase the efficiency with which coal is used in
the generation of electricity are also discussed in a separate
sectici.

There is no lack of prospective processses for the conversior
of coal to liguid and gaseous fuels and for the clean combustion
of coal. These processes are in various stages of evolution,

some in the development stage, some ready for larger scale dem-

onstration, others in actual use. The first requirement for the

definiticn of a balanced program in this area is an engineering-
economic evaluation of all these processes on a common basis.

It was not possible to perform such an evaluation as part of this
assessment. Thus the program in clean fuels from coal outlined
in Table IV is only a rough outline of what should be included
in the context of the overall energy R&D enterprise. The total
effort, amounting to $140 million in FY '74 is based on pursuing
all promisirg options and includes a program for producing pipe-
line gas. There should be strong industry participation ia all
of these programs; with such participation the increase in fed-

eral funding represented hLere is approximately $50 million.
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proygram element

Advanced combusgtion

Low-Btu gasification

High-Btu gasification

Coal liquefaction

TABLE IV

Summary of Clean Fuels from Coal Program

Current R&D First year cost
__ohijective $ million $ million/year
Development of 10
fluidized bed
boilers
Process for use 30
with combined
cycle
60

Pilot plant work

Pilot plant work
on four processes

Total

Long~term cost

40

$140 million

Notes o

30 MW pilot plant
included in program

includes work on
Lurgi, dispersed
phase and fluid bed
gasifiers

Includes work on gix.
procasses for the pro-
duction of pipeline

quality gas

Includes work on four
different processes




Advanced Cycies for Power Generation

Current power cycles that are used to convert the chemical
energy of fuels into electricity operate at efficiencies between
30 and 40%. Since an increasing fraction of energy in this
country is going through the electric conversion process, it is
increasingly important to develop higher efficiency generacing
systems.

There are two basic approaches to achieving better utiliza-
tion of the energy content of the fuels used in power plants. One
approach invelvas utilization of what otherwise would be waste
heat for heating and other appiications. Such "total energy"
systems are discussed elsewhere in this report. The alternate
approach involves new power cycles and devices that can convert
thermal energyv to electricity at higher efficiencies.

The conventional steam cycle is iimited by materials con-
siderationsin the upper temperatures at which it can operate and
thus its thermal efficierncy. Topping cycles achieve higher
efficiencies by employing a high temperature working fluid such
as air or liquié metal so that thermal energy may be added to
the cycle at a higher temperature with the reject hzat from the
topping cycle supplied to a steam cvcle. Gas turbines, liquid-
metal turbines, and MHD generators may be employed as topping
cycles. Of these. cpen cycle MHD systems require increased
Federal support at the component and technology development level.

A centralized program on fuel cell systems for solar, syn-
thetic fuel and fossil fuel power generating applications is also
recommended. This program would include some development work
in addition to a management and coordination activity.

A coordinated study effort is required to evaluate four or
five alternative cycles in depth on a comparable basis. High
temperature topping cycles for conventional piants and low-

temperature bottoming cycles for power plant or geothermal power
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systems should be considered in this analytical study.

This program is summarized in Table V.

Alternative Breeders

The development of an economical breeder reactor is justi-
fizbly a cornerstone of the nation's ensrgy R&D program.

The importance of the development of a viable fast breeder
system dictates that due consideration be given to the finite
possibility that the Liquid Metal Cooled Fast Breeder Reactor
(LMFBR) will run into diffienltiies which might prevent or seri-
ously delay its widespread adoption. Thus. the evaluation in
this assessment concentrated its attention on the three most
promising alternatives to the LMFBR, the Molten sSalt Breeder
(MSBR) ., the Gas Cooled Fast Reactor (GCFR) and the Light Water
Breeder Reactor (LWBR). If the realization of the MSBR concept
and the GCFR confirm present indications either one could prove
to be a credible alternate. The funding of these concepts should
be increased in order to pursue adequately their development and
in order to provide information essential to evaluate their
future potential.

By the end of FY 1975 two LMFBR demonstration plants should
be in operation abroad. Development of the LMFBR in the United
States will be further advanced. and knowledge of the probdblems,
prospects and potential advantages of the GCFR and MSBR will be
clearer. At that time the relative prospects for the three con-
cepts should be reevaluated and a decision made whether to con-

tinue or extend government support of development of the MSBR,
the GCFR., or both.

Because of its very limited breeding ability. the light
water breeder reactor is not considered to be a true alternative
to the IMFBR. It has the potential. however . of making far better

use of original resources than do conventional ligh:z water
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Rxegram Eloment

TABLE Vv

Summary of Advanced Cycles Program

Current R&D
objective

Firat year cost

Long~term cost

Open-cycle MID

Fue)l cells

Study of altornative

Development of
componentas

Development of
improved sys-
tem

Design of scv-

aral power
cycles

Total

$ million $ million/year
5 32/6
2 19/7
5 22/6

$12 million

_ __Notes

This program should
provide coordination
of currcnt projects



reactors and has a number of other attractive features. The
current program for this concept appears adecuate as it now

stands.

Table VI summarizes the recommended program.
Fusion

Fusion provides one of the very few potential long term
solutions to the problem of supply of clean energy. As that
problem has large dimensions, so does the prograﬁ in controlled
thermonuclear research required to provide a solution. Viewed
in the ccntext of all potential energy Rs&D. a high priority is
given to continued development of magnetically confined fusion.
Increased fanding in FY '74 is recommended with a primary target
the demonstration of scientific feasibility in the next 8-10
years.

lLaser pelle:t fusion was also congidered but it was judged
that R&D in that areé should continue to be justified under the
program of military applications. Such funding currently appears
to be adeguate in terms of possible non-military application.

The following are the major areas in which fusion R&D should
be pursuted:

Magnetic Confinement Research: The progzam nust plan for
experiments demonstrating scientific feasibility for each of
the three major concepts: tokamak., mirror and theta pinch. The
recently authorized PLT tokamak experiment should be the penul-
timate step toward that goal. In the case of magnetic mirror
and theta pinch systems. considerably more work is required
before a feasibility experiment can be designed.

Development Programs for Near Term Experiments: Work should
be expanded considerably on the development of auperconducting
magnets and magnetic enerqgy systems and neutral beam sources.

These activities will have a major impact on the speed with

-17=-



_8'[_

Proqram Element

Molten Salt Breeder

Gas Cooled Breeder

Table V1

SUMMARY OF ALTERNATIVE BREEDER PROGRAM

First Yr Cost

Current R&D Objectives % Millions Notes
8 Reassass after 2 years

Materials development and reproces-
sing technology

4 In addition to substan

Technology of emergency cooling,
tial industzial program

presaure vessel integrity and fuel
per formance

Total $12 million

Note: The light water breeder reactor ie considored an
important development program, but not a true
alternative to the LMFBR.



which scientific feasibility experiments can proceed. In addi-
tion. a number of other technologies will require attention
including high current switches, r.f. energy sources, direct
energy converters, plasma diagnostics and feedback control
systems. -

Basic Plasma Research: This category includes both theor-
etizal and experimental studies aimed at a broad range of rela-
tively basic problemws.

Fusion Reactor Technology: Over the next few years the
programs aimed at solving the technological problems of prac-
tical fusion devices must be steppzd up considerably. Some of
the mest important current areas for work are: superconducting
materials for power plant magnet systems, radiation damage of
reactor components. control of tritium leakage and corrosion
problems related to blanket coolants.

A summary of the recommended Fusion R&D program is given
in Table VII.

Hydrogen and Other Synthetic Fuels

The term synthetic fuels, as used here applies to such
materials as hydrogen,., methanol. and ammonia but does not apply
to gas or liquids produced from coal. The latter were discussed
above. Synthetic fuels may be employed as general purpose fuels
for residential. commercial. and transportation applicatiocns:
as chemicals in industrial processes: and as energy storage
media for central station electric applications. They are of
interest primarily because they may ke derived from the more
abundant sclar. nuclear. or thermsnuclear rescurces and provide
a convenient fuel form for transport. storage, and ultimate
utilization. Thus. they provide promising alternates for sup-
plying the long-term needs for gaseous and liquid general-~
purpose fuels.
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Table VIl

SUMMARY OF FUSION PROGRAM

Program Coat § Million

Program Element Current R&D Objective FY'74 FY'74-'82
Canfinement Research Demonstrate mcientific feasibility
Operations 25,8 427
Major Device Fabrication 4.3 81
Supporting R&D
Plasma Research Understanding of plasma behavior 9.5 116
é Davelopment Develop superconducting magnets, 10.4 168
! energy systems, beam technology
5.0 211

Develop superconducting materials,
energy storage, radiation damage

studies, etc.

Reactor Technology

Total $55.0 $1003/9 years




The production of bydrogen may be carried out by elec~
trolysis or. perhaps, by the thermal decomposition of water.

In the near term., however, hydrogen and fuels derived from
hydrogen can, and most likely will. be made more economically
by the direct conversion of fogsil resources or possibly from
urban and agricultural waste products.

Because of low transport costs for gaseous and liquid
fuels as compared with electricity, synthetic fuels may be
preduced at remote, well-regulated plants. and such production
would not contribute to the primary pollution problems that
exist in urban centeras. The synthetic fuels, especially hydro-
gen, may be consumed with very little or no air pollution in a
variety of snergy conversion and utilizing devices for both
stationary and motive power. This low pollution characteristic
of hydroden energy systems is particularly attractive for urban
applications.

Regearch areas of greatest current importance are hydrogen
production, hydrogen storage. particularly using metal hydrides,
safety., and systems analysis. Funding recommendations are sum-
marized in Table VIII.

Electric Transmigsion and Systems

Research and development in electrical transmission can
reduce the cost. increase the efficiency and reliability and
reduce the environmental impact ©f transmission eguipment. The
significance ¢f improvements in this area extends beyond the
potential impact on transmission per se to increased freedom in
power plant siting relative to load centers. Studies of large
transmission systems and interconnections between systeés are
needed to increase the reliability and operating efficiency of
complex transmission networks.

R&D is recommended in the following areas. These programs

-21-
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Program element

Production

Storage

Systems Analysis

TABLE VIII

Summary of Synthetic Fuel Program

Current RAD First year cost Long-term cost
obiective $ million million/year
Increased officiency 1.0 17/6
and reduced cost.
Development of metal 0.3 3/5
hydrides.
Study specific hydrogen 0.2 3/5

energy systems and
safety aspects.

Total $1.5 million

Notes




should have considerable industrial participation with the
federal share of individual projects ranging from 20-40%.

Analytical Studies: A coordinated set of planning studies
is recommended t¢ better understand the requirements and rela-
tive benefits of alternative high power “ransmission systems.
The roles of utility coridors should be included in these studies.

DC Systems: Development work is required on ac/dc terminals,
miniturized terminal equipment. and dc circuit breakers. Test
facilities for dc components should be constructed.

UBV AC Overhead Transmission: To the extent that envir-
onmental problems are resolved. development work should aim at
producing a 1100 Kv line by 1980 and a 1500 Kv line by 2000.

Sub-surface- Transmission: Continued work is recommended
on cryoresistive and supercenducting transmission concepts and
increased support is recommended for the development of extruded
dielectric cables and gas-spacer systems. Submarine cable sys-
tems need analysis and development.

Fundémental Research: Research is recquired on basic break-
down phenomena. At the present time the reliability of utility
equipment is less than predicted or desired and the failures
most often involve phenomena that are inadequately understood.

These programs are summarized in Table IX.

The direct fuel requirements for the transportation sector
account for about 25% of the total energy consumed in the U.S.
and about 55% of the U.S. petroleum consumption. When the
energy requirements for automobile manufacture and repair, and
for road building and mainterance are included, a much greater
fraction of the total energy demand can be attributed to trans-

portation. In view of projected shortages of domestic petroleum,
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Program Element
Analytical Studies

UHV AC Overhead

DC Transmisafion
Convevaion Equipment
Auxiliary Equipment
Miniaturized Terminal
Undergound Cable
Test Facilities
Demonatration

Subsurface Transmission

Control Systems

nNevelopment & Analysis
Nat'l Simulation Lab,

.FundnnentulIStudicn

Table IX

SUMMARY OF PROGRAM IN TRANSMISSION AND CONTROL

Current RAD Objective

Study Interconnected systems and benefits of alternative
technologies,

Develop 1100 Kv line by 1950, 1500 Kv by 2000.

Develop plasma valve and advanced solid-state converter,

EHV DC circuft breaker, etc.
Develop 250-500 Mw miniaturized temminsl.
Develop extruded dielectric cable.

Prepare facilities for testing cables and components.

Demnnstrste DC elements {n an AC syetem.

Develop extruded dielectric and gas spacer cables;.
develop sudbmarine systems

Develop modeling techniques, digital controls, etc.
Analyze security needs.

Provide facilities for simulation studies of power
system behavior.

Research on physical-chemical bases of failure modes.
TOTALS

(a) A significant portion of these costs are expected to be borne by industry.

Program Cout(')
FY '74 Long Term
$ Million $ Million/years

1.2 4/3
1.2 7877(®)
2.0 16/7

2.1 1577

5.7 40/7

2.3 16/7

4.3 30/7
©6.3 30/7

2.5 17/7

6.3 4ul?
14.3 100/7

10 70/1?

$66.2 million - $458 million in 7 yre.

(b) This program may be decreased in future if competing technologies are succeseful.




new transportation technologies that can improve the efficiency
with which people and goods are moved and reduce the attendant
environmental impact are of major importance. It is recognized
that certain policy decisions and institutional factors can
influence transportation effic’:acy. perhaps even more effec-
tively than new technologies by shifting demand to more effic-
ient modes.

An R&D area of major importance is the development of
advanced automotive power systems including light-weight diesels,
advanced gas-trubines. Rankine cycle engines. electric battery
systems and hydbrids. Fuel economy as well as reduced emissions
should be amphasized in the program. Work on the advanced gas
turbine should be directed towards increasing the operating
temperature.

Opportunities also exist for increased fuel economy in
automobiles through aerodynamic drag reduction, rolling friction
reduction, improved load-engine matching, and the use of smaller
engines. Most of the technologies required to achieve increased
economy are available and now require effective demonstration.

In ¢rder to fully assess new technologies in the transpor-
tation sector. 2 comprehensive planning model is reguired.

Such a model would predict the modzl split in the transport of
goods and p2ople as a function of price. trip time, convenience
requirements. etc.

This program is summarized in Table X.

Urban and Residential Enerqgy Utilization

As in the transportation area, urban and residential energy
utilization is far less efficient than it could be with the
application of existing technalogy. Nevertheless. development
and demonstration programs can stimulate the use of more effic-
ient techniques.
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Program element

Fuel economy

Alternate engine

Alternative transport
modes

TARLE X

Summary of Tranaportation Program

Current R&D First year cost Long-term cost

objective $ million § million/year

_Develop 3 alter- 20

Demonstrate fuel 5 15/4

economy vehicle
2,0/158

native heat en-
gines and bat-
tery-driven
vehicles

Develop planning
model and perform
studies

Total $30 million

Notes

Includes gas turbine,
Rankine, and diesel
engine as well as elec-
tric battery




A program is recammended for the demonstration of standard
utility cores for commercial and residential buildings, the
development of more efficient appliances, and the development of
congtruction standards that would operate to conserve energy.

In a standard utility core, waste heat from appliances could be
recovered for space heating in the winter and could be rejected
outside of the building during the summer so that it does not
become an additional burden on the air-conditioning system. New
architectural concepts and insulation techniques would be consid-
ered in developing construction standards.

A program is also recommended to develop total energy sys-—
tem components. thermal storage technigques. and more efficient
H7AC componernits., including heat pumps.

These programs are summarized in Table XI.

CONCLUSIONS

A summary of all the recommended R&D programs is given in
Table XII. Two aspects of the programs discussed above and
presented in the table should be noted. First, in some cases
the recommended programs are entirely new (such as most aspects
of the solar program). In others, they are merely accelerations
of existing programs (suck as in fusion). Second. many of the
programs. éarticularly those close to the demonstration stage,
should be performed in collaboration with the utilizing industry.
Examples are the programs in clean fuels from coal and electrical
transmission.

In assessing the various technologies considered in the
atudy, the impacts--on resources and the environrment--of those
technologies were analyzed using the Reference Energy System
approach. Despite the uncertainties inherent in such analysis,
it is of interest to summarize those impacts in the light of

the problems identified earlier.
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TABLE XI

Summary of Urban and Residential Utilization Program

Current R&D Firat year cost Long-term cost
r ement objective g milliop $ million/yvear
Eneryy conversion Demonstrate more efficient 4

total energy system
components, thermal
storage. systems, and
HVAC equipment,

Energy conservation Denonstrate standard 7
utility cores,

Total $11 million
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Progrem

gxtraction of Energv Fuels
Solar Energy
Geothorwmal Energy
Clesn Fuels from Coal
Advanced Power Cycles
Alternltlve Breeder

Reactove

Fullonc

Hydrogen Uses

Electrical Transa{ssion

Transportation

Urban snd Reeidentiel

XII o+ .aonn b Rabl PROGRAMS

PRIy I BN

Halor Avsas of RAD Actjviey

011 and ges etimulation, oil shale developuent, con-
version of biol.gicsl waste and underground coal

afaing.

Thermal snergy for building, thermal and photovoltsic
central stetlon pover generation.

Rescurco appraisal, development of axplorstiod and
exploication techniques,

Mvanced coabustion, low-8ty gesification and coal
tiquefaction.

Open-cycle HHD, fual cells and comparative studies.

Holten salt breeder, geas cooled breeder sid light
vater breeder,

Confinemant vasesrch, supporting WD, technology
development.

BAD on production snd etorege of Hye

Advanced AC and Dff meathode, subsurface transsisaion,
control systems,

Incrensed fusl cconory. sltarnate «nginns and trandport

wodas.

Pirat Year Funding

—3 Hillfons
42

12.7

20.8

53

1.3
66,2

30

Total energy systems and eneegy conper-ation technaloglas. 1l

Total Piret Yeay Funding

$366 williion

Long Term Fundln;‘

3 Mtllions/Years
340/10

320/10
600/ 10
1000/ 14

1N

1000/9°

20/6
wo®

210713

'Hany progrems contain elementa of different duration. These long term satimates provide only & rough estiastes
of such funding requirements,

blncludn anly Holten Salt Sreeder Raactor and Can Coolad Yast Reactsr,

eveluated Lo detafl but the current pragras wes vieved ¢ eppropriate.

“Rafars only to magnetic copffncwant spproach,

wilitary progran,

dxmugh estimate of total cost to comuorcial fosaibilicy in $6 bidlton (o IO years,

°Reprc|eu:c total program, fodersl share of vhich fe 20-40% in spectife projects,

Light vatar breedar reactor var not

Laser fuston was judged to be properly fustified utder the




Oil Supply

One critical measure of the short term fossil fuel supply
problea is the projected rate of oil importation. 1a Figure 3
the impact of various new technologies on 0il conaumption is
compared with oil importation projections aade by the National
Petroleunm Council. !t should be noted that the impacts of the
new technologies are plotted separately. Based on the degree
of implesestation shown in the figure these new techaologies
can have only a small impact on this prodleam in the near term.
The sum of the impacts ia 1585 amounts to adbout 10X of total
consumption. By the year 2000, however . these technclogies
have the potential of supplying or replaciag a3 cotal of 45% of
total ¢il demand. AR that point ia time acither fusion nor
sclar energy could play a large role ia displacing ¢il, dut
beyond the vear 2000 their utilization could increase rapidly.

Gas Supply

In the case of natural gas. the new technology with the
greatest poteatial impact is coal gasification o high-Btu gas.
Figqure 4 shows the fraction of future gas coansumption expected
to be suppliad by gasified coal and by importation. These are
used o indicate the potential impact of two other technologies
namely. atimulation of gas by nuclear explosives and conversion
of waste %o methane. Although extrapolation beyond 1677 is un-
certain. the only new technology with potential short-term
impact in this area is nuclear stimulation. Pudblic concern
about possible envirommental problema of this method, however.
may severely limit its applicability.

Electrical Supply

Figure 5 ahows the potential contribution that several
technologies can make to electricity supply. Note that the
reference total electrical demand could be increased significantly
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if electrically powered automobiles were to be used appreciably.
The figure indicates the perturbatisn for the introduction of
the electric auto starting around 1985 and achieving 1GOX by
2000. As the figure shows only geothermal energy has poten-
tial of contributing to electrical supply in the intermediate

term. The use of advanced topping cycles can also have an impact
on the amount of fuel used to produce electricity.

Nuclear Enerqy

Although the main line of fimsion reactors. light water
burners and liquid metal cooled breeders. were not explicitly
considered in this study. a few comments should be included.

The fastest growing component of the energy system between
now and 1985 will be light water reactors. Although there is
no longer a need for Federally-supported R&D for +he basic
technology of this type of rezctor., there is an important need
for continued safety research. The problems of long term safe
disposal of high level radioactive waste is also of major con-
cern and must continue to receive priority attention until an
acceptable solution has been demonstrated. In these areas. the
regulatory responsibility of the government requires a continu-
ing authoritative evaluation program beyond the development of
technological solutions. These activities. particularly in
safety research. are crucial in protecting the near term davel-
opment of the nuclear component of the energy system. .

In %oth the main line breeder effort and the backup efforts
strong safety research programs are necessary if these new tech-

nolegies are to move expeditiously and with public confidence
into their ccmmercial roles.

The Balance of Technical Options

The valus of flexibility and variety in available energy

technologies is clear from an analysis of current problems of
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the national energy situation. It should also be clear from
the previous diacussion of potential impact of new technologies.
The variety of needs for energy in this country ia the near and
distant future cannot bz met by only cone or two new technologies.
Breadth of technical options is also dictated by cur lack of
knowledge of envirommental and health effects of energy-related
residuals. Fortunately. as this assessment has shewn, there is
a large nunber of places within the system where new technologies,
if properly developed. can make significant contributions.

Thus the breadth of technologies discussed above is not
incidental: a diversified balance of technical opticons is vital

to the best future development of the systen.

Policy Altermatives and Requirements

It is important to emphasize again the limited purview of
this study. What have been discussed are technoicgical means
of influencing the beneficial development of the energy system.
Although the study was carried out in full cognizance of other
means of institutional and policy natures. such alternatives
were not analyzed explicitly. The summary of potential impacts
of new technologies given above, however, clearly indicates the
limited impact that R&D programs can have in the near term.
Detailed analysis is not required to prove that; it folleows from
the basic time lags involved in R&D and in implementation. Thus,
for the most part. we are forced to look to non-technological
approaches to solve the near term problems of the energy system.
Many of these approaches. including modifications in tax laws,
changes in price regulation and import quotss. and@ encouragement
of conservation can be effective in the short term. Aalthough
it is necessary to extend these policies inteo the medium term,
they do not solve the medium and long term problems. For example,

an increase in the regulated price of natural . gas {(or deregulation)
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will increase production of natural gas. but has little impact

on the long term problem of gas supply.

This leads to another type of policy action more closely
linked to the R&D programs discussed above. As a technology
develops from the early research stage to commercial use, in-
creased involvement of private industry operating in a competi-
tive mode is required. However, there are a number of rescraints
on such involvement. The question of how to best encourage
private industrial involvement is one which should be addressed

in general but which should also be dealt with in each specific

development program.

Future Analysis

In the course of this study it was very clear that the
guestions being dealt with were of major importance to the
nation and. at the same time. it was clear that the conditions
under which the study was performed. even if the best under the
circumstances. was not entirely satisfactory. The determination
of R&D strategies in the energy field is too important and too
complex to be carried out under ad hoc conditions. First of
all. the sortes of comparative engineering-economic evaluations
neczssary for intelligent decisions cannot be produced in a
short-term effort. Secondly. the analytical tocls required to
assess the role of new technoclogies in the future evolution of
the energy system require long term development.

Ideally. one would like to base this kind of assessment on

fundamental societal goals from which requirements on the energy

system and thus on R&D can follow. In this study it was possible
to approximate this concept only remotely. The concept implies
two requirements. The assessment must e a continuing, multi-
disciplinary. activity with long time horizons. and it must be

gsituated in an effective location within Government.
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This nation's energy system and the research and develop-
ment which nuture it are too important for these requirements

to be ignored.
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