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The Energy Research and Development Office was established in the
Federal Energy Office in the Executive Office of the President in
early January 1974 with Alvin M. Weinberg as Director, Elizabeth
Richardson as Administrative Assistant, Calvin Burwell as Technical
Specialist, Jane Zani and Brigitte Seline as secretaries; Robert
Duffield joined the group briefly during February and March to
assist in selecting staff. Chalmer Kirkbride arrived in late
February.

The Charter of the office was to:

1. Advise Mr. Simon and the Federal Enexrgy Office on energy
research and development matters, testimony for Congress, etc.
Establish liaison between energy policy and energy research and
development policy within the Faderal Energy Office.

2. Assist the Office of Management and Budget, Energy Research
and Development branch, in the preparation of a comprehensive plan
and budget for federal energy research and development programs.

3. Establish liaison with energy related agencicg, revicw
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and appraise their energy research and development programs.

4. Provide energy research and development input to the
Project Independence Blueprint.

The office was to consist of a small number of people of competence,
experience and judgment. The office operated by open discussion

of major issues through staff meetings, meetings of the Interagency
Energy Research and Development Committee and by meetings of the
Science Adviser's Energy Research and Development Advisory Council.
Specific assignments were made by the Director and drafts of doc-
uments on these assignments were freely circulated, iterated and
reiterated. Part-time consultants include Louis Roadis, Peter
Auer, H. G. MacPherson, Henry Linden, Ed Schmidt, and Eric Reichl.

By April 1, 1974, the full staff included Water Hibbard, Deputy
Director, (coal, Department of the Interior), Calvin Burwell
(research and development program review, OMB), Chalmer Kirkbride
(oil, gas, oil shale, patents), Philip Palmedo (energy systems
analysis, research and development program review), Robb Thomson
(NBS, NSF, solar, basic research and consexrvation), Vaun Newill
(EPA, CEQ, health and environmental), Frederick Weinhold

(Project Independence, geothermal), David Cope (AEC, nuclear),




George Daly (economist) and Nancy Newgent (research assistant).

The office clerical staff included: Eldyne Bordner, Harold Fornoff,
Sheliah Anderson, Leah Weiss, Jean Rice, Betty Hess and Sonya
McElwee.

During the period April 1 to October 1 the office functioned
effectively at full strength and developed the following document:

1. An analysis of the 1976 energy research and development
program and budget and its relationship to Project Independence
goals. (Burwell and Palmedo)

2. An appraisal of six key issues for energy research and
development. (Weinberg and Staff)

3. The role of energy research and development in Project
Independence and appraisal of various parts of the Project In-
dependence Blueprint. (Weinhold)

4. Testimony presented to Congress on many issues and bills
including solar, geothermal, oil shale, uranium, nuclear parks,
oil recovery, off-shore leasing, ERDA, etc.

In early April Mr. Simon became Secretary of Treasury and

Mr. Sawhill replaced him. In late June the Federal Energy Admin-
istration was established as a separate agency, the Federal Energy -
Office was abolished. The Office of Energy Research and Develop-
ment was removed from the Executive Office of the President on

July 1, 1974, and was attached to the Federal Energy Administration.

Certain personnel were on a temporary or loan basis. George Daly
left to head the Economics Department at the University of Houston

on September 1 and was not replaced. Brian McCauley joined the
office as specialist in international matters and administration

in early September. Vaun Newill left October 1 to head environmental
matters for Exxon and was replaced by Joseph Blair. Walter Hibbard
became Professor at the Virginia Polytechnic Institute. Philip
Palmedo returned to Brookhaven National Laboratory. Calvin Burwell
and Elizabeth Richardson returned to Oak Ridge.

In November following passage of the Energy Reorganization Act,
creating the Energy Research and Development Administration, an
observations paper was prepared for the new Energy Research and
Development Administrator. In addition, issue papers were prepared
on automotive research and development and basic research. In mid-




November Robb Thomson will return to the National Bureau of
Standards.

The office under Dr. Weinberg's directorship is planned to be
phased out by mid December 1974 after an effective life of nearly
12 months. However, it is expected an R&D office within FEA will
continue to maintain liaison between FEA and the rest of the energy
research and development community.

Attachments:

Issues Paper, July 1974

PIB Chapter IX

Auto R&D Paper

Observations Paper

Prospectus dated May 1, 1974

Selected Congressional Testimony (nuclear parks, solar, geothermal, ERDA, etc.)




IMPORTANT ISSUES IN ENERGY
RESEARCH AND DEVELOPMENT

Energy Research and Development Office
Federal Encrgy Administration
Alvin M. Weinberg, Director
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INTRODUCTION

The purpose of'£his paper is to idcnfify and briefly examine
a number of "Important Issues" in energy research and develop-
ment which warrant special attention by the Energy Research
and Development Office (ERDO). Since ERDO is small, it seems
best to settle on a few outstanding questions to whose resolution
ERDO's contribution can be ‘especially helpful, In addition to
identifying these "Important Issues,'" we shall try to indicate
what ERDO might do to further action on them. |

To anticipate our main conclusions, we have identified the
following six matters as being of sufficient weight to be
labeled "Important Issues':
1. Npclear Redactor Siting Policy:® Nuclear Energy Centers.
2. The Development of Solar Electric Power.
3. Exploitation of Western 0il Shale.
4. Improvements in Mining Technology for Coal.

5. Assuring Uranium Fuel Supplies.

6. Automotive Energy Systems.

In addition to these six issues we recognize that the
environmental conscquences of energy production are all-pervasive
and require special attention. However, the environmental issue
is so very large that we have decided to treat it separately

-

rather than include it among our "Important Issues."
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In choosing sugh a small list from the entire energy research
and development program of the U.S., we have had to be somewhat
arbitrary. Unfortunately, each energy modality presents differ-
ing questions and considerations which cannot be resolved by
the application of simple and uniform criteria. In each area,
however, we have attempted to both ask and answer the following
question: Does the nature of the present research efforts and/or
related policies in the area reflect the urgency which, in ouf
opinion, the area deserves? On this admittedly judgmental basis

we were able to compose our list of issues.

For this reason, the absence of an area or modality from our

e
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irrelevant to the
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list does not imply that we regard it a
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nation's energy future; rather, it reflects our opinion that,
relative to other areas, it is presently receiving adequate

attenfjon. It is for this reason, for example, that neither
fusion, geothermal, the breeder nor solar energy for heating

°

and cooling 1s on our 1list.

The initial part of this paper indicates in general terms
how these issues fit into the overall strategy for energy
research and development and why these particular issues were
chosen., The latter part of the paper examines each issue in
a preliminary way, and indicates what ERDO can do to help

resolve the issuecs.
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I1. " PERSPECTIVE AND GOALS FOR ENERGY RESEARCH AND DEVELOPMENT

Current strategy for energy research and development in
the U.S. is largely based on the comprechensive Dixie Lee Ray
study, "The Nation's Energy Future" (NEF); The FY 1975
President's budget is, with rather few exceptions, largely an

embodiment of the findings of NEF.

Since NEF appeared, our short-range energy policy has

crystallized, perhaps to a sharper extent than was implicit in
. NEF, around Project Independence. .Though the blueprint for

PI is in process of being written, it seems clear that our
commitment to PI gives to our energy RED program even greater

urgency than was assumed in the formulation of NEF.

Actually, our energy research and development has two some-
what distinct goals: those that flow from our commitment to
PI, and those generally long-range goals that are extremely
important and which transcend the specific aims of PI. Three
of the six "Important Issues'--coal mining, uranium ore supply,
and automotive energy systems--are quite directly related to
the achievement of the shorter-term goals of PI, as well as
having longer-range implications. The others:-nuclear energy
;enﬂers, solar energy, and possibly oil shale development--

are primarily longer range in impact but may have some

’ influence on the achicevement of PI.
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A. Short-Range Goals: Proiect Independence.

We can summarize the short-run goal of energy R&D as
it relates to what is expected to emerge from PI in the
following words:

TO HELP ACHIEVE AN APPROPRIATE DEGREE OF SELF-

SUFBICIENCY 1IN THE NEAR TERM FUTURE BY DEVELOP-

ING MORE EFFICIENT WAYS OF USING ENERGY AND

EXTENDING DOMESTIC SOQURCES OF ENERGY.

More specifically, the basic strategy for achieving this
goal is three pronged: .
1. Conservation of energy.
2. Increased domestic production of oil and gas.
3. Substitution of coal and uranium for oil and gas.

l

As was indicated in great detail in NEF, many different
elements of RED could‘hclp us achieve each of the three
near-term objec@ives. Is it possible to choose, out of the
many dozens of elements that constitute the near-term
'enefgy R§D strategy, a few specific elements that are
particularly critical either because of their intrinsic
importance, or because they are not now being addressed
in a fully effective manner? 1If, for example, the

@ovcrnmcntal structures responsible for the technology
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are too fragmented or the marketplace fails to provide
adequate incentives for pursuing the technology we
would consider these as arguments for including the

technology inm our list of "Important Issues."

Consider conservation, perhaps the most important
single path to achievement of self-sufficiency. Unfor-
tunately, conservation, with one or two exceptions, hardly
lends itself to a massive, possibly centralized R§D effort;
instead, it involves many, rclétivcly small improvements--
in processes, in construction, in individual habits. One
outstanding exception is automotive transport. An increase
in the efficiency of our automotive transport system--say
by 40 percent in ten years--would do more to reduce our
dependence on foreign oil than any other single action.
This in itself justifies our designating automotive
propulsion as an "Important Issue." Moreover, the
present organization of automotive propulsion research,
motivated almost entirely by the marketplace,is not
clearly adequate to achieve the needed goals: this is
an additional reason for designating automotive propulsion

an '"Important "Issue.,"
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With respect to increasing domestic oil and gas pro-
duction there are obviously manf immensely important short-
term matters. Many of these have to do with Government
and industry policies. In our judgment, most of these
are presently being addressed in an adequate fashion. The
main exception is the establishment of environmental base

lines for new fields; this we believe deserves atiention.

Finally, we point out that the basic near-term strategy
of replacing o0il and gas with coal and uranium prcsupposes
the availability of adequate supplies of these latter
fuels. But, as has been pointed out in many other contexts,
neither our coal nor our uraniwn supplies are assured in
practice, even though they may be assured in principle.

We, therefore, believe that in any ordering of prior:itiesi
for the short run, the urgency of assuring such supplies
be recognized as being of utmost importance. To the
extent that R§D.efforts and related policy matters can
help assure supplies of these raw materials, we would
designate R§D on coal and uranium mining as "Important

Issues."




Long-Range Rescarch Goals.

OQur long-range goals are of two sorts: first, those
that flow from the need to depend primarily on domestic
energy sources; and second, those that would be of great
ultimate significance whether or not we had committed
ourselves to a policy of energy self-sufficiency. 1In
considering the first category, we must recognize that
greater dependence on domestic energy sources necessarily
imposes certain economic, environmental, and social costs
that would not have been incurred had we continued to
depend on low cost foreign oil. Thus, we can state our
long-term energy R§D goals in two parts:

I. TO MINIMIZE THE ECONOMIC, ENVIRONMENTAL, AND

SOCIAL IMPACT OF OUR SHIFT FROM HERETOFORE
LOW PRICED IMPORTED ENERGY TO HIGHER PRICED
DOMESTIC SOURCES.

1¥. TO ACHIEVE A éATIONAL LONG RANGE ENERGY
SYSTEM,.AND TO ESTABLISH -AS QUICKLY AS
POSSIBLE THE VARIOUS COSTS OF MAJOR
ENERGY SOURCES AND THE ENERGY UTILIZATION
OPTIONS THAT WILL UNDERLIE THE LONG

RANGE ENERGY SYSTEM.
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We have identified one "Important Issue'" that bears
to some degree on goal I: namely, the development of oil
shale, particularly by in-situ methods. Most PI scenarios
assume some contribution from oil shale (which is, after
all, our largest potential oil reserve). Thus, it is a
matter of great nntionql urgency to establish both the
commercial feasibility of the development of this reserve
and the environmental consequences of such an action.
Only then can we rationally determine whether and to what
extent we should exploit this potential resource. In
particular, are in-situ methods, which minimize environ-
mental impact, commercially viablc? This crucial question

Ve
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question of o0il shale development as an "Important Issue."

We have also identified two "Important Issues'" that
seem to us to bear strongly upon the very stfucture of our
long-range energy system. To identify now issues that
are overriding in the very long run (say 50, 100 or more
years in the future) is manifestly impossible since the
actual mix of energy sources 50 or more yecars from now
can hardly be predicted with certainty. For. example,
can we predict when, if ever, fusion will be feasible;

or whether our society will turn away from nuclear reactors
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if there were ever a catastrophic nuclear accident; or
whether our climate would be altered unacceptably by

production of heat or carbon dioxide?

Nevertheless, from what we know now, we judge certain
scenarios to be more likely than others, and we have made
our choice of Important Issues accordingly. It seems to
us that the most plausible future mix will be primarily

based on coal and nuclear fission with a relatively small

contribution from geothermal--unless solar and its children

(wind, bio-conversion, ocean gradients, for examplc)
prove to be economically viable or fusion proves to be
scientifically and technically feasible. Nevertheless,
we do not include geothermal or fusion in our list.
Fusion, we believe, is being adequately pursued in the
present budgets. Geothermal is a considerably smaller
potential energy source than cither solar, the fission

- ©
breeder or fusion, and we believe it is also being

pursued adecquately.

We view fission and solar as central because they are
the only primary cnergy technologics that are at once .
technically feasibic and essentially inexhaustible energy
sources. Morecover, solar appears to be relatively benign,

environmentally. Thus, in the long run it scems not
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unlikely that a choice ﬁuy ultimately be made between
them. Because.of the profound importance and consequences
of such a choice we believe it appropriate to designate
as "Important Issues" the most crucial unresolved
questions concerning fission and solar. In the case of
fission, we believe this issue is reactor siting, and
particularly the evaluation of the practicality of a
national siting plan based on energy centers, In the case
of solar energy, the issue is considerably broader:
Should the U.S. make a much heavier commitment to solar,
particularly solar electric power than it has made so
far? Such a commitment may be necessary if we are to
judge much more accurately than we now can, thé true
costs and ultimaﬁe potential of solar power. Only then
can we assess fairly the relative costs and benefits of
solar and fission and plan for the long-term roles of

these two modalities in our ultimate energy system.

II1. DESCRIPTIONS OF THE "IMPORTANT ISSUES"

In this section, we discuss each of the "Important Issues"
that we have identified in Part II. Some of the issues--nuclear
siting, the role of Government in automotive research, or
assuring our uranium supply--are not primarily matters of

allocating R§ED resources but rather of broader Government
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policy. QOther issdés-—coal supply, o0il shale, and solar--
are primarily matters of allocating adequate R§D funds for
their development. However, this distinction between 'policy”
and "budgetary" issues must not be drawn too sharply.
Eventually, a policy issue, even one with such broad
implications as whether to deploy nuclear reactors in energy
centers, carries with it budgetary R&D commitments--since the
feasibility of such a policy depends on answers from RED.

Conversely, a budget allocation to development of a particular

"modality--say solar power--probably would creatc a new energy

option which might affect the structure of our long range
energy system and thus ultimately energy policy. Thus, while
the R§D component of the issues discussed below varies

considerably, it has important implications for each.

1. Nuclear Reactor Siting Policy: Nuclear Enerpy Centers

At present approximately 120 sites, for nuclear power
generation have been selected and the plants for these

'sites are either planned, in operation and/or under

- construction. If the nation is to achieve its projeccted

nuclear capacity of approximately one million megawatts
in the year 2000, an additional 1,200 reactors will
have to be in operation or under construction by that

time. If the present practice of dispersal is continued

|
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the number of sites will rapidly proliferate, numbering
perhaps as manf as 500 by the year 2000. Public concern
regarding safety, diversion and waste disposal is likely
to intensify as the number of nuclear sites increases.
This suggests that alternatives to our present siting
policies be seriously considered. In particular, the
advantages and disadvantages of the chief alternative to
the present policy of dispersal--the concentration of
reactors and their supporting fuel recycle and waste
disposal systems within a smaller number of nuclear energy

centers or parks--should be carefully examined.

The primary advantages of such centers are:

a. The sites would be very secure, and lines of outside
transport would be minimized. Thus, the possibility
of diversion of fissile material would be
minimized.

b. The sites would be manned by largeccadres of
highly skilled operators and ‘managers thus
la]lowing more effective useé of technical
personnel. This would reduce the possibility

of human error, increasc safety and thus reduce

the likelihood of environmental damage.
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Since the sites would be built over many years,
the construction forcc’would be relatively stable
and experienced. This accumulation of skills would
mean that the reactors and supporting facilities
would probably be constructed more rapidly,
efficiently, and safely. Semi-factory types of
operation could be employed which should produce
additional economies.
The sites would be chosen as part of an overall
long-range plan thus, hopefully, resulting in
more rational land use. Moreover, confining high
level radioactive operations to relatively few
places would reduce the amount of land that could
potentially be contaminated by radioactivity.
The sites would be expected to be permanent, and,
therefore, would be more suitable for management,
control, and storage of radioactive wastes than
would non—pérmanent sites.
After the initial regulatory reviews the use of
nuclear energy centers should speed up the

licensing process.

While these advantages are impressive, important questions

}egarding such sites must be resolved. These include the

following:
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Technical questions: How much power can be trans-
mitted from.a single site? What are the climatological

effects of such concentrated siting? Will the

radioactive and chemical releases unduly constrain

the size and/or composition of such centers? Are

there a sufficient number of potential locations

for such sites which possess adequate quantities of
cooling water? How can such power centers fit into

the clectrical power growth requirements of the

region served? What is the potential for common-mode
failure?

Institutional, financial, contractual and organizational
arrangements: For example, who would own and operate

o
{

the centers? How might the centers be managed to
jointly serve several utilities? What legislative
regulations and/or tax provisions might induce or
inhibit the growth of these centers? What would be
the impact of such centers on insurance requirements

and programs?

Social impacts: How might such centers influence

the location and nature of residential, commercial,
industrial and recreational activities? Do such

centers significantly increase the nation's

vulnerability to enemy attack?
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d. Time lags: .What sorts of lead times would be required
for setting up organizational structures, conducting
advance planning, obtaining governmental approval,

et cetera?

In retrospect, it probably would have been desirable to
locate light water reactors (LWR) in nuclear energy centers.
Because of the way the LWR industry has developed, it is -
not practical to incorporate all existing reactors into
such centers. However, if action is taken immediately it
should be possible to establish an acceptable pattern under
which practically all reactors constructed aftef about 1990

would be placed in nuclear energy centers.

This is especially true of breeder reactors since the
opportunity exists to do something before they proliferate
in large numbers as commercial central station power plants.
Such a pattern has been established to a degree since the
Liquid Metal Fluid Fuels Test Facility (FFTF) is located on
the AEC's Hanford, Washington, reservation Qhere there already
exist many of the ingredients and characteristics of a
nucledr energy ceénter; and the Clinch River Breeder Reactor
(CRBR) and fuel recycle demonstration plants probably will

be located at Oak Ridge, Tennessece, where a similar situation
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exists. Thcrefqrc, it will be relatively simple €0 locate
LMFBR's and other breeder rcactors in a NEC environment
from the beginning with the prospect that all future

breeder recactors will be located in nuclear parks.

From the prescent evidence ERDO believes the rational
deployment of nuclear energy into Nuclear Energy Centers to
be a potentially desirable goal of national energy policy.
Further, we believe that for several reasons such centers
are unlikely to emerge rapidly enough from the normal inter-
play of legal, political, technical and economic forces. At
the same time we recognize the existence of a sufficient number
of unanswered questions to make this ijudgment tentative,
particularly in light of the potentially profound consequences
such a decision could have on our social institutions.
Accordingly, we recommend that vigorous research on the
remaining critical questions concerning Nuclear Energy Centers
be undertaken. In anticipation of a favorable resolution of
these questions ERDO recommends that a commitment to site
éll new reactors in energy centers beginning in about 1990

be established as national policy.

The Development of Solar Electric Power

i,

' The potential advantages of solar cnergy (and its

children--bioconversion, ocean thermal eradients, wind, etc.)
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are apparent and well known: It is a virtually inexhaustible
energy sourcc;‘its production emits neither sulphur dioxide
nor radioactivity; it is regarded as the least likely energy
source to bring about significant climatological changes,
moreover, it has already been shown to be practical for

space heating and possibly cooling. While these advantages
are impressive, their existence does not address a funda-
mental policy issue: Can solar energy become a truly major
source of energy for central electric power generation?-

If we judge this to be true then the Government should assign
a priority to solar electric power commensurate with those
presently associated with fusion or perhaps even fission.

0f course, since rescarch o solar is probably less

expensive than that on fission or fusion this does not
necessarily mean that solar should be funded at the  same

level as nuclear research.

ERDO considers sélar electric power as a major issue
because while it appears to have significant potential, it
is ‘impossible to judge at this time whether solar energy
can ever be a serious competitor with fossil and nuclear
energy as a primary source of electric power. Until such
a judgment can be made with rcasonable certainty we will
be unable to rationally allocate RED efforts among these

i alternative modalitics.
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Present estimates of the costs of producing solar
electric power‘are so crude and vary so greatly that no
reasonable judgments can be made on the basis of them.
Moreover, it is difficult to prédict how technological
advances in solar or its competitors will affect cost
comparisons made between them. And, because of the great
uncertainties regarding the economics of solar energy
there appears to be 1little incentive for the private
sector To dnitiate resedrch here. Ultimdately, hbwovcr,‘a
choice may have to be made by society between "infinite"
energy sources--nuclear and solar. It is imperative that
this choice, if it is made, be basecd not on speculation
but rather on realistic estimates, backed by extensivce

research, of the possibilities of solar electric power.

For these reasons ERDO believes that research aimed
at determining the importance of solar energy as a long-
term alternative source of electricity to be a crucial

element in a rational deployment of our nation's RED

resources. We further deem it appropriate to review the

present Federal solar energy strategy in view of its
overall funding level and the balance between the near-
and long-term goals. Budget recommendations for a five-

year solar energy program are currently being prepared
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by NSE, These plans will be reviewed in the light of
the goals stated here, and recommendations made in time

for the fall budget exercise,

Given the potential magnitude and ultimate importance of
solar energy, a related issue that should be considered is
the desirability of establishing one or more National Solar
Energy Laboratories. The critical issues surrounding sélar
are long term in nature and their resolution will require
a sustained and continuous c¢ffort. Most likely, this will
be achieved by an institutional structure which has both
longevity and a specific commitment to this modality. The
situation shows rather broad similarities with fusion
where we are attempting to develop a long-term energy
source which may not prove to be either scientifically or
commercially feasible. Accordingly, ERDO feels that the
AEC pattern of locating actual work orf fusion in a few

centers of strength deserves strong consideration as the

appropriate institutional format for solar energy work.

Exploitation of Western 0il Shale *

While it is expected to be of diminishing relative
limportance, petroleum will continue to play a vital role

in the nation's energy future. The desirability of

*A morc complete and detailed description of the techniques
for recovering shale oil is contained im a paper preparcd by
Dr. Kirkbride of IRDO.

g
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enhanced energy 'self-sufficiency requires that we,
therefore, more vigorously explore for and exploit our
domestic reserves of this resource. The single largest
source of these reserves is the oil shale deposits in

the Green River area of Colorado, Utah and Wyoming.

Specifically, these deposits have been estimated to
contain a potential oil yield éf 1,800 billion barrels.
However, only 6% of these deposits are in thicknesses of
30 feet or more and contain 30 gallons or more of o0il per
ton of shale. This indicates that, at current petroleum
prices, only 100 billion barrels of this vast reserve can be
profitably recovered with methods which are commercially
feasible at present, Thus, if this vast potential regonrﬂo
is to significantly alter the domestic energy picture, ,

advances must be made in the technology used in exploiting

: §

In the past 20 years a grcat deal of manpower and other
resources have been invéstod in attempts to develop
technologies for exploiting shale oil. Most of these
efforts have becen devoted to processes involving room and
pillar mining and above ground retorting. Pilot plants

have been built and operated by Ufion 0il, Tasco, the
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Burcau of Mines; Colony, Mobil and others. Currently
several industrial organizations are in the process of
scaling up this work to build cémmcrical units (50,000

bbls/day) in order to exploit leases they have purchased.

At the present time, only the mining/above ground retort-
ing technology has advanced to the stage of commercialization,.
Unfortunately, this technology faces a variety of logistical
and environmental problems which, collectively, cast serious
doubt on its ability to importantly affect U.S. petroleum
supplies. The process requires large.amounts of water
(three to four volumes of water for each volume of 611
removed®), a resource which is very scarce in the region in

f+en u

which the shale is locdted; moreover, the water often u

e
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is contaminated with salts of various kinds. The dispesal
|
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of spent shale constitutes a significant (ana energy’using
task. It has been estimated that about 500 million tons/
year of shale would have to be mined for a onc‘million bbl/
day shale oil output; this is about the same tonnage as the
entire coal production of the U.S. in 1973. The disposal of
this.spent shale consumes large amounts of water to
alleviate dust formation and to provide for Vegetafion.
Further, as noted carlier, thc mining/above ground rctortsng

technique is commercially feasible only for relatively

easily accessible deposits.
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Because of‘éhcse problems associated with above ground
retorting we concludc that if more than 100 billion
barrels of shale 0il are to be recovered from the Green
River area, in-situ processing must be commercialized
successfully. At present there are three major in-situ
processes all of which require substantially less water
and involve less environmental risk than above ground
retorting methods. The first two involve rubblizing shale
in a cavity or natural retort and passing a fire front
through the rubblized shale. Altcrnafive]y, the shale may
be fractured by hydraulic and explosive techniques and the
0il recovered by fire flooding. Such processes have been
explored experimentally by a number of organizations. The
quality of the oil produced by this in-situ process is |

similar to that produced by above ground retorting.

These particular in-situ. processes face several

potential problems. In many instances they are likely to be

‘commercially viable only after prior room and pillar mining

where they can be usced to extract oil from the pillars and
remaining strata. JIp these cases they should be regarded
primarily as a companion to above ground retorting methods
rather than as a replacement for them. Recovery efficiencies

are estimated at 60-85%. Channeling can occur during
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thesc processes; this would cause bypassing of substantial
shale and increase unit costs. In addition, in some
cases the pressure drop increases due to the packing of
spent shale. When this occurs, the cost of getting air

to the fire front increases and, accordingly, the unit cost

of the oil increases as well.

The third in-situ process, sponsored by Shell 0il
Company, is in an earlier stage of technological develop-
ment. It uses hot water and high temperature steam to
extract the oil from shale., In this proceéss a well is
drilled into a stratum of shale, after which it is filled
with hot water. The water dissolves certain water soluble
|

materials (nahcolite and possibly dawsonite) and when the

resulting solution is removed, stecam of 600° and 1500 psig
can be admitted to the now honeycombed formation. The oil

is recovered by pumping it from the bottom of of the cavity.

Although our knowledge is very incomplete at the present
time, this latter process appears to have a number of
vpotcntial commercial and environmental advantages over
the processes described earlier. The o0il recovered is said
to be of higher quality and, unlike that produced by other
in-situ and above ground processes, has a low enough pour

point that it might be directly shipped to refineries through
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pipelines. This would allow great economies in the process
by permitting Jénitrogenﬂtion and desulphurization at the
refineries rather than at the mining site and would greatly
reduce the water requircments of the mining process. Such
a process can be used to extract oil from deposits of such
depth that their exploitation by other methods would prove
unprofitable and the nahcolite and dawsonite recovered as
byproducts are both of commercial value. In addition, the
Shell process probably does not require as much Qater nor
cause as much damage to the environment as does above
ground retorting. Finally and perhaps most importantly,
while Shell estimates that there is a potential recovery
of shale o0il by this process of over 20 billion barrels
from the particular site they are presently exploring,
there i1s a reasonable chance that the process will be
applicable to other shales which contain significant

quantities of water soluble minerals.

While these advantages are impressive, substantial
unceffainties still surround this process and commercial-
ization is several years in the future. Thus, the
utility of the stcam-water process may depend upon the
existence and distribution of water soluble minerals in
ghc shale to be cxploited. Technical difficulties such as

channeling or others as yet unanticipated may make its




@ 25 “

application infeasible in many arcas. Legal complications
are likely to arise since most of the exploited shale
deposits are on Federal lands and leases for the dawsonite
and nahcolite deposits are already held by other firms.

, Nonetheless, it is ERDO's view that the prospects of this
particular process are sufficient that its commercial

feasibility ought to be explored vigorvcusly.

It is the belief of ERDO that scveral conclusions cmerge
from the considerations raised above. First, because of the
substantial environmental risks and water requirements of
above ground retorting and because such processes are already
at the stage of commercialization, governmental involvement
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in the development of technology
concentrated on in-situ methods. Secondly, ERDO recognizes
that a great deal of time and effort will have to be jnveétcd
before commercially feasible in-situ processes are developed.
Nonethecless, we believe that the enormous magnitude of
domestic shale resources combined with the tcéhnological
.promise of the various in-situ methods for exploiting them
justify the commitment of a substantial R§D effort to the
further development and commercialization of‘these methods.
For this reason we believe that the Government should
'support and encourage rescarch in this area including

|
programs involving cooperative efforts with industry.
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Improvements in Mining Technology for Coal

A central féuture of our energy policy is the sub-
stitution of coal for other fossil fuels. This aspect
takes on even greater urgency with the advent of Project
Independence and the reductions in our projected output
of nuclear electricity. New technology 1s required to
reach the forecast coal production. For these reasons, an
essential task of energy R§D must be to provide technological
advances that will increase the production of coal in ways
that are both cconomically and environmentally efficient.
It appesars unlikely that the privite sector can or will
respond to this need: it is highly fragmented, has little
history of or experience with technological advances and is
beset by a variety of regulatory and organizaticnal
difficulties. Accordingly, we feel that the Government
must take a major initiative in the provision of R§D in

this energy modality.

Consider the sheer magnitude of cvén the short-run
task; confronting this industry.. Estimates regarding our
1985 needs for coal range from 1 to 1.5 billion tons; in
1973 590 million tons were produced. To achieve such an
increase will require that, on average, onc new underground
mine {2 x 100 tons/yr) and one new surface mine (5 x 100

tons/yr) must be brought into production every month for ten
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years; in contrast, only 13 mines with capacity greater
than 2 million tons per year were brought into production
during the decade of the 1960's. Eighteen months are
normally required to develop a new surface mine and orders
for the capital equipment used in this task preéontly

face a backlog of 5 yecars. The devclopment of a new
underground mine typically requires from 5 to 9 years and

there are serious manpower shortages in mining engineers

and, in many areas, miners as well.

Given these and other obstacles and bottlenecks, the
fulfillment of our 1985 needs will require enormous

efforts. If these needs are to be met major new technolopics

must be developed and adopted within the industry in order
to (I) increase the output of existing mincs'and (IIj
accelerate the development of new ones. Our recommendations
in each of these areas are as follows:
o
1. 4dn the former category we liast:
a. Increase operating time éf continuous mincrs from
Zo+50% to S50-60% by
(1) Mcthane drainage in advance of mining. This

allows operation of the mine at several

mining faces concurrently.
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(2) The use of diesel haulage and shuttle cars,

This permits more efficient transport of
mined coal from the continuous miners to
the surface belt transport.
(3) Continuous belt transport from mine face
to surface.
b. Develop remote control operated roof bolters,
shuttle cars and continuous miners to improve
. efficiency and reduce labor requirements and

improve safety.

II. 1In the second category (developing mew mines) we 1list:
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now available for metal mines to decvelop shafts
and entries for new coal mines.

b. Develop surface mining equipment for both
removal and restoration of overburden at
rapid rates.

c. Develop geological methods for more efficient
evaluation and planning of new coal mine
development.

d. Adapt European shortwall and longwali mining

equipment to U.S. needs.
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In addition,; three other things could be done that
would significantly increase our production of coal,
regardless of its source:

a. Develop the capability for cvaluating environmental
impact of coal mining quickly and developing and
complying with the regulations rapidly.

b. Speed SQZ stack gas removal technology so that
existing coal mines with high sulfur can be used
to the fullest extent possible.

c. Accelerate the supply of mining engincers and the
vocational training of miners through educational

programs.

Obviously, any additional R§D expenditures in this
area will represent a superimposition of effort upon those
which are already underway in the Bureau of Mines. In
this regard, it should be noted that the present underground
coal mining R&D program has as its objective an increase in
productivity of from 12 tons/man-shift to 30 tons/man-
shift. The surface mining program is concerned largely
with environmental protéction. Both programs schedule
demonstration units in the period FY 1978-1979. However,
with present long lead times and the high costs of capital

equipment it seems unlikely that any new technologies
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arising from these programs can exert a significant impact

by 1985 under present circumstances.

The crucial needs in this area, therefore, are for
policies designed to increase both the development of these
technologies and their rate of diffusion throughout the
industry.  Thus, for cﬁamplc, it would appear possible to
(1) make methanc drainage methods commercially feasible by
FY 1977-78 and (2) demonstrate various cquipments by
FY 1977, thus allowing their commercialization by as early
as the FY 1978-79 time period. Only if such an acceleration
can be achieved is it likely that the resulting technological
advances will he ahle to impertantly influence coal
production by 1985. For these reasons ERDO proposes to
resolve the question of accelerated funding and to develop
policy commitments to mining technology both in FY 1975
budget decisions by the administration and in the statements

of energy policy by the White House, FEA, DOI and ERDA.

Assuring Uranium Fuel Supplies

Virtually every portrayal of the nation's energy future,
whether short or long term, pictures a rapid expansion in
nuclear energy. A represcntative estimatec predicts a

nuclear electric generating capacity of about 325,000 Mwe
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by 1985 and over 1,000,000 Mwe by the year 2000. Based
on these projections, the cumulative fuel requirements
for the necessary reactors will be about 500,000 tons
of uranium oxide (USOS) by 1985 and 2,400,000 tons by 2000.
Further, the 30-year lifetime requirements for these same
reactors will be approximately 2.0 million tons and 5.0

million tons, respectively.

The viability of the nuclear option and the increasing
role it is expected to play in ‘our energy future is, there-
fore, dependent upon our ability to meet these anticipated
demands for uranium. This abiléty in turn, depends upon the
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existence of a
recoverable reserves and mining and milling capacity.
According to the AEC, domestic uranium reserves are as
féllows:

ORE CON. CULODE PRICE REASONABLY * ESTIMATED*

PPM U308 $71L8B, USOS ASSURED ADDITIONAL
S ey (CUMULATIVE) ~ (CUMULATIVE) TOTAL®
1600 $10 427 700 Ly 22d
1000 L5 630 1000 1,630
200 30 800 1600 2,400
60 50 4800 3600 8,400
25 100 8800 8600 17,400

Note: $10 through $§50/1b. includes copper leach residues and
phosphates. §$100/1b. includes Chattanooga shale.

Source: MWash 14z and 1243,

*In 1000 tons of Uz0g,
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Estimates by the Bureau of Mines suggest that 1.1 million
tons of Uz0g are available at $9 5716, or less and ‘thus
corroborate the AEC findings. In truth, the amount of
our uranium resources at any price is not really known.
The U.S. Geological Survey estimates that on the basis of
the abundance of uranium in the earth's crust; the
potential resources could be much greater than known reserves.
HoweYery,; they, too, are concerned about theadequacy of _
uranium resources for meeting requirements. Others place
the figure not far above the AEC's current estimates. In
view of these uncertaintics it is clear that assurance of

our uranium supply is a matter of vital importance.

Comparison of the above projected reserves with the
anticipated uranium demands suggests that by the year ZOOd
we may be forced to use uranium mined at 60 ppm or less,
Though this may not greatly increase the cost of nuclear
electric power (because of the relatively smai] component

of total generating costs represented by uranium), such

mining might impose serious cnvironmental costs,

Given the extraordinary growth that will be required
in the uranium cexploration and mining industry and the

fact that nuclear plants are cxpected to last 30 or more
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years, policies applicable to other extractive industries
fe.g. 30 yoars'forwurd reserves -based on current mining
rates) arc clearly inappropriate in the uranium industry.
Further, we are troubled by the fact that, for a variety
of reasons, market forces have not responded forcefully

to the vast increase in projected uranium demands.

It is clear that, at present rates of progress, the
domestic uranium industry faces a potential crisis and
one which could compromise the nuclear option. What
is required are the assurances of: (1) the existence of
adequate domestic reserves and (2) the capacity to convert
these reserves into above ground uranium at a rate and cost
consistent with the projected expansion of nuclear power,
Such a conclusion is consistent with a variety of other
stpdles including those undertaken by the AEC, NAE and

the Cornell Workshop on Energy Research and Development.

For these reasons, ERDO believes that the matter cof
pranium availability is of greater urgency than is presently
recognized. We, therefore, propose the initiation 6£ new
programs in this area and the stregthening of cxisting
ones. Among our specific rccommendations arc:

a. The determination of the availability of domestic
resources and the estimated minimum prices at which

these tesources will be supplied by the industry.
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b. The development of ncw and improved exploratory
techniques for deep uranium,

c. The development of new techniques for the recovery
of low grade orc and of incentives to encourage
such rccovery.

d. The development of environmentally acceptable
techniques for mining uranium ore and, in particular,
the low grade ores which require massive excavations.

e. The examination of the role of Government policy in
encouraging or inhibiting domestic uranium
production. Particular attention should be paid to
the consequences for domestic production of import-
ing foreign uranium (a total embargo presently
exXists) 4nd, possaibly, to the policy with respect
to Government stockpiles. |

£+ the determination of the cost and,practicality of

extracting uranium from seca water.

Automotive Energy Systems

The automobile is a.prodigious user of cnergy (13%
of all energy consumed within the U.5,) and it 1is the
major user of petroleum (30%),; the fuel in which the
most critical shortages presently existi (Thesc figures

would be increased by approximately 20% if small trucks

-




were included in the calculations,) Moreover, it is in
the automotive sector that inter-fuel substitutability
appears to be lowest. Unfortunately, the fuel economy

of automotive vehicles has been falling and has now

reached a low of 13 vehicle miles per gallon.

ERDO believes that scund research and deveclopment aimed
at increasing the efficiency of personal transportation
systems is necessary for the development of rational future

energy systems. In surveying federally supported research

/7
in this area we observe that it is fragmented across agencies

and that most of it is devated toiagreas other than fuel

! =4
4

conservation (see Table below). The most signif

ant

)"\“.LJ
program is that under EPA under the development of
alternative automotive power systems (AAPS).

FEDERAL FUNDING TFOR AUTOMOTIVE R&D

PRELIMINARY

Ry 1974 - ERpeIS
EPA $t2.1 $17.3
DOT 1.8 6.8
NSF AT 2
NASA 2:0 Zied]
DOD R 2 i
AEC ] Wil "

TOTAL $22.8M $32. 8M




The major dutomobile companies possess vast R{D resources.
In the past, such resources have been utilized in areas such
as exhaust emissions, safety and, very recently, fuel economy.
In general such rescarch has been undertaken in response to
frequently changing Government regulations. Major questions
exist, however, as to whether in the current economic
environment this industry will be led by market forces to
devote adequate resources to rescarch on fuel conservation and,
in particular, to those long-range options which invelve
substantial risk. Because of ghe urgency of the problenm,
the uncertainty surrounding the private sector response to
it and the serious social and economic consequences that

might result from a 1le

o
i ~ ¢ nt

s than vigorous response, ERDO believes

that an important role must be played by the Federal

Government in the automotive sector.

It is one thing to defend the necessity and/or desir-
ability of such~a role; it is quite another to precisely
vdcfinc and implement it. The economic, technical and
institutional issues are complex and subtle, the
governmental responsiblities are spread across a number

of agencies, the leaders of the industry are sensitive to

any Government involvement. The issue 1s made cven more
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complicated because all important policy decisions must
ultimately face and answer the energy-environment trade

This

Due to these complexities, the actual design of
Government policy will be difficult. ERDO will hopefully
play a role in bringing together the divergent interests
and views. To this end a paper addressing the specific
technical, institutional, economic and budgetary elements
and reccommending general guidelines for Federal involvement

will be prepared in time for the fall budget exercise.

THE ENVIRONMENTAL TSSUE

e e e P el

The single most important cause of environmental pollution is
production, conversion and consumption of energy. This aione¥
distinguishes the cnvironment from other issues since it cuts
gcross the entire energy picture. 'For this reason, the long-term
environmental and health impacts of particular ways of producing
and using encrgy must be analyzed and compared as a prequisite

to the rational allocation of funds among the various energy

modalities.

Any cenergy modality which produces substantial adverse
environmental consequences may ultimately have to be abandoned.

Similarly, simple economic estimates for a modality which measure
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its private costs while ignoring its social costs can lead to
irrational and wasteful policies, Thus because this issue is
not only an "Important Issue'" but is in reality many issues,

we believe that it requires separate treatment. Indeed, we have

already prejudged its importance by including it among the two

major aspects of long-term energy R§D.

One major subissue is "How should the environmental impact
and health effects research be done?" There are two basic
approaches: {1) perform the health and environmental research
in close proximity to the technical development; (2) perform
this research in close proximity to related health and environ-
mental research. The first approach is exemplified by the AEC
where first class in-house capability in the biological effects
of nuclear radiation has been developed in close association
with nuclear energy development. A potential weakness of this
approach, however, is that the environmental and health impacts
may be underplayed by technologists who usually direct the
overall effort. The other alternative approach is best
excmp]ificd by the HEW or NSF. The basic problem here is
that the work supported by these institutions mayvnot really

be relevant to the nceds of the developing technologies.,
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Clearly, both aphroaches have advantages and disadvantages
and choosing betwecen them is a complex matter. But in view of
the great success of the AEC experience, ERDO would favor the
general policy of conducting environmental and health research

in close proximity with the technology it supports.

The adoption of any new technology inevitably involves new
and unknown health and environmental consequences. A priori’
judgments regarding such consequences must be followed by
surveillance to either validate or refute these judgments and
to discern other effects that were not initially predicted.
Such work is often tedious and long range; it will be done
more adequately by stable institutions committed to this
work. Thus, as ERDA comes into existence, there should be
established clearly identified groups of adequate size with
assigned rescarch responsiblities for the health and environ-
mental effects of each of the major Cnergy modalitiess Thasy
we feel, would be préforable to present institutional arrange-
ments in which the environmental impacts of energy arc studied
in a varicty of agencies with inadequate vehicles for exchang-
ing information or developing consistent and comprchensive

policies.
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ADDITIONAL ISSUES

We fully recognize that adcqnaté treatment of R§D issucs
in energy requires more than simply an identification of areas
where additional R§D resources should be committed and
where new policy considerations are appropriate. We mention,
very briefly, three such iEsstes that will have to réceive

close scrutiny by the Administrator of ERDA.

A. The Government-Industry Relation

ERDO reccognizes that public policies and funding
decisions can influence private ones and that ill-conceived
or implemented policies might well have the unintended
result of reducing the private sector's RED efforts. One
implication of this and one which is reflected in our
choice of issues is that Federal involvement in R§D Should
be concentrated in those areas where private sector
response, for any of a variety of recasons, appecars to be
inadcquate.

A second implication of this observation is that all
policy and {funding recommendations should be made in
awarcness of the potential private sector response they
may stimulate. For example, it should be recognized that

Government policy with respect to patents can exert an
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enormous influence on the incentives for particular types

.

of private RGD and thus greatly influence the size and
composition of such efforts. Joint business-Government
involvements and policies concerning the disposition of
any valuable proprietary rights emerging from such efforts
is another critical area. Similarly, a wide variety o6f
techniques--ranging {rom dircct Government research to
tariff policies designed to induce comparable efforts in
the private sector--are available as policy options and

their utility should be examined -in each individual case.

The gencral question of just how the Government should
manage its involvement in energy research and development
so as to enhance, rather than hinder private participation
has been studied and discussed extensively during the past
year--for example, by the panel on Institutional Patterns
of the Cornell Workshop. Our purpose in raising the
issue is simply to reiterate apgain that this matter will

need continuous scrutiny by FEA, ERDA and all other

organizations concerned with energy R§D policy.

Long-Term EBlectrification

Most new energy tcechnologics (fission, fusion, wind

power, oCean thermal gradients, etc:) are best suited 1o
v
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the production of electricity. Thus, scenarios of the
future development of the cnergf system typically
indicate an increasing fraction of the energy system being
devoted to electricity. There are, of course, alternatives
to increased clectrification, say through emphasis on
synthetic fuels from coal and decentralized solar energy.
Even with increased electrification, the use of
electrolytically produced hydrogen allows direct fuel
combustion at the point of end use. The full implicatiéu
of these various alternatives should be evaluated in a
systematic way; and individual R&D programs should be

developed with overall systems view in mind.

One particular possibility should receive emphasis in
the next decade. The average overall efficiency of the
electric gencration in central power plants today is
around 30%. If the average efficiency could be raised
to 50% thcrmal pollution would be much reduced as would
our c¢oal requircments. Thus, an important part of our
Ifuturc RED on electric modalities should be aimed at
achieving higher efficiency in central power ﬁlant

generating stations.
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Centralized Laboratories for New Enerpgy Modalities

An important issue during the formation of ERDA which

must be raised is the role of the large laboratories in
research on new cnergy modalities. ERDA will be a
conglomerate of many agencies cach having different
traditions, different ways of doing business. At the
one extreme is the AEC which on the whole does its
business through very powerful well integrated central
laboratories. At the other extreme is the Office of
Coal Rescarch which does its business through many

relatively small contracts.

Different technologies may require different
institutional arrangements for the achievement of
maximum rescarch and development output. There are
distinct advantages as well as disadvantages associated
with both centralization and decentralization. However,
it is ERDO's view that on the whole even where many 1

individual contracts are let, we would be better off

‘with powerful lead laboratories in each of the major

modalities: fission, coal, certain aspccts of oil and
gas, solar, fusion, and gecothermal. Central fission and
fusion laboratories alrcady exist; we have previously
prguvd that central solar laboratories be established.
We raisc the point in conncection with the other

modaFities a5 an dssue that deserves attontion By ERDA.



file:///shich
file:///Jiicli

(" 45

VI._CONCLUSIONS |
The foregoing paper represents as much as anything an agenda
of action for the Energy Research and Development Office. As
has been stated previously, the issues which we have identified
appear to us to warrant special, urgent attention; the list is
by no means complete, nor are the discussions of each issue

exhaustive. Nevertheless we helieve that in setting forth these

particular matters as those which are deserving of special

e

attention, we have outlined a course of action for ERDO which
is both feasible to accomplish and, if accomplished, will make
an important contribution to rationalizing our country's energy
research and development policy. Wé would urge that, when ERDA
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is established,

attention by the Administrator of ERDA.
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CHAPTER IX =
BEYOND THE YEAR 1985: THE ROLE OF RESEARCH AND GEVELOPMENT

1. I”*"ouacLinn

Provious chapters of the Prnjoct Independence Blueprint describad
possible U.S. enerqgy futures between now and 1985 and examined policy
¢ations for achizving them. This chapter discusses enzrgy futuras beyond
1655 and the rol2 of research and davelopmznt (RAD) in bLoth thz short
and long-term. It does not, however, attempt to lay out a detailed
Federal energy RD program.

The programs and actions required to achieve Project Independence
affect our energy research and development offorts. Thus, RZD strateg
should be consistenti with out view of the Tuture both in the near term,
as projected in the Blueprint analysis, and in the long-term as projected
in a2 simplified systems model that will be described later. A

The strat¢a1es and pr1or1t1es for near term and 1ong ~-term energy RaD
d1ffer to a degree, so two issues should be addPESaed i

° What can energy R&D contribute in the short-range covered by
the Project Independence Blueprint (to 1985)7?

°® What additional R&D ought to be adopted now to help assure
acceptable energy options in the time beyond 19857

B nind each cf L““S“ are WGIWCJ cuast :jons:  to what extent wil
edequai? energy Rau cccur soieiy througnh the operation of the mar
place? And how much additional impetus should be providad by cove
action? These matters must be discussed case by case. In some i
for example, where time is of the essence, government support of a h
risk development may be valuable to the Habwon, in others covernment -
involvement may not be desirable. Involvement through government purcnases
and financial incentives may be appropriate in cases wher; direct government
support is not nesded.

g~
3

_I1.  short Rance Contributions_of R&D to Project Independence

Many years are required to bring a new technology from the
laboratory through demgnstraticn into widaspread use.-- Only existing
technologiss and those on the verge of cormarcial op2ration can make
a serious ccntribution by 1985; conversely, because of this lead. time,
such cevalepnents must b2 undertaken now if thay are to pay off atter.
14985. Depand1ng on tha lead-times, improvements related to existing
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to these technolcegies.

A. Increasing Domescic Suoply of Licuids and Gasas: fi=ar Termw..
Between now and 1985, the widening gap between tne domestic
supplies and demands for liquids and gasas can be reduced if we
improve the recovery of 0il and gas in the ground, extract oil Trom
shale, and convert coal to synthetic 0il and gas. In the following
table we estimate tne "take-of7T" dates at wnich some of tnase newer
technologies can begin to make an impact, assuming full commitment to
their development. By "take-off" date we mean the estimated year in
which the tachnology is expectad to reach the market piaca as tne result.
of business decisions. For large scale technologies, such as central
powar plants, it is defined as the year in which the second commercial
plant becomes operational in the United States. For mass produced
devices, such as automobiles, it is defined as the year in wnich the
second production line becomes operational.

-

Table 1X-1
Near Term Liquid and Gas Technologies
Frel | Process or Product = - liew Technology "Take-0FF" Date
0il and natural ' :
gas s 011 .recovery Thermal methods Now
< Advanced methods 1972
Gas recovery Massive fracturing 1977
Drilling and ex- Methane from coal
ploration beds 1977

Discovery methods
for stratigraphic

traps 1980
e Deepwater drilling
i ; methods g Now
011 shale Recovery Surface retorting - 1980
Synthetic fuels High Btu gas Fixed bed (Lurgi) 1980
from coal i
: =" Low BtU gas Fixed bed (Lurgi) 1977-89

Slagging-entrained

flow (Kepperg Totzek) 1977-80
Liquids . Fixed bed (Fischer- 1980

Tropsch)

Methanol 1980
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0il and Natural Gas. Research and development can help increase the near
term supnly of oil and natural g2 theough enhanced methads of oil recouary,
ard better methods of production from tighk cas sands, heavy oils and tar
sands. Each of these new tecnnoloqies is projected to have a significant
imnact on overall gas and oil production during the 1930's, if oil priczs
rarain high and gas prices increasa. At $511/barrel, ve estimata that in
13935 2.65 million barrels/day can ccme from tertiary recovery and 0.44
million barrels/day from heavy crude 0il and tar sands. Additional supplies
Trom these scurces, totaling 1.43 million barrels/day, are projected by 1435
under the Accelerated Supply Case. Alternatively, at $7/barrel o0il, the amount
of tertiary recovery and heavy crude 0il production would be minimal. Over
the longer term, advances in these technologies combined with additional
exploration will help to determine the extent of the Nation's recoverable o0il
and gas resources more precisely. Such information would be extremely valuable
in pacing the depioyment of alternative technologies.

Normal market forces should orov1oa must of the needed technology by -
the late 1930's, but the development and use of enhanced o0il recovery methods
ard the production of oil from heavy o0ils, tar sands, and gas from tight_
formations may regquire a cooperative government-industry RAD effeort. Government
participation should be .largely confined to support for field testing, thus
reducing the risk of the individual firm, and facilitating public d]SSPmlnéT]On
of the results.

Since most of the accelerated production will come from OCS and Arctic
operations, R&D on environmental controls will also be needed to assure that
develogment will not create unaccepntable envirommental impacts. This too
may reguive cooperative efforts between goveranent and industry

0il Shale and Synthetics from Coal. Shale o0il and synthetics from coal
could have an imparuant impact on enerdy supnlies if the existing above ground
shale retorting and German- dﬂvnlopad coal conversion technologies were daployed
rapidly. The economic, environmental | technical problems, and equipment
shortages inherent in scaling up such massive techrologies will probadly limit
their dep]oynent. The Blueprint analysis suggests that shale-o0il production
based primarily on above ground methods could reach 250,000 barrels per day
in 1985 under the Business-As-Usual Case and 1,000,000 barrels per day in
the Accelerated Case. Synthetics from coal, both ]iquids and gas, would
reach the eq¢1va}ent of only 200,000 barreTs per day under the Acceleratad
Case :

¢ "y < —~f

Resolution of the environmental and scale up problems is neaded in
addition to a favorable economic climate, if these technologies are to reach

‘the projected levels of production. More traditional RAD during the Project

Independence period shculd be focused on advanced mathods, such as in situ
0il recovery, which place less pressure on the environment and may be cheaper.
These techniques will not have a substantial impact until after 1985.

b
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.However,

- is to be counted on.

B. Shifting Dawands from 0i1 and Gas to Coal and Uranium.

A shift in

our pattern of enerqy use Ttoward cail and elactricity would reduce derand for

cil and gas and increas2 the flexibility of our energy economy.
1535 depends primarily on the

prOJecLed for this shift betw

p?ﬂment tion of existing technology but it
coal mining and nuclear power. he
following table lists near term technologies that could be expected to

(ﬁ*‘ cortbustion, stack gas cl

“take-of f" by 1985 or earlier:

een now and 1:
also .involves
3\2;‘-‘“[)

Table 1X-2

Shifting Demand Technologies

Process
Coal comoustion and
pollution control

Coal mining

Nuclear power

1. Coal Combustion and

New Techno]qu

Limestone stack gas scrubbing
Advanced stack cas clean-up
Fluidized-bad compustion
Fine particulate control

Advanced methods of removing
sul fur from coal

Continuous face rining
Reclamation techniques for
arid regions

Centrifuge uranium enrichment

Advanced methods for finding
uranium

HTGR thorium fuel cvcle i

Air Pollution Control.

expensive,
in existlﬂ plants.

Qver the

]
Z. Coal Wining,

n increase tneir use of coal.

e longer term alt

~ R

The irnuact

developments in

-

"Take Off" Date

1975

1977

Tukfh e
1980

1980 =

1980
1980

1980-85
1980

1985

The Blueprint assumes
-that stack gas clean-up processes wili be operational in the very near future.
‘'so that electric utilities ca

. cansidered in the Blueprint Analysis, coal use in industry would also increase.

scrubbers are still not sufficiently reliable for utilities, are

nave adverse environmental impacts, and may be difficult to install

These deficiencies must be resolved if stack gas clean-up

ernative approaches to air

. pollution control 1nvolv1ng advanced coal cleaning and control]ed combustion
can be applled

Though not exoressly

The Project Indepandence ana1/sis'indicaues that the

nroﬂnc*1nﬂ of coal could increase to as much as 1,170 million tons per joar

by 1935 (including exports).

neaded coeal.

lla should, thar\;or“, assign high priority to
.any ¢ ithlcﬁmean that are lkiely to increase our capacity to extract the
Especially in underground minsas,

to increase productivity, improve the health and safety cf

dainage to land and protect na

tural water supo]1es

Satisfactory method
reclaiiping arid lands must be demonstrated ir we are to use surface n1n1ng
for largn new supplies of western coal.

new techno]ogles are needed

coal miners, raduce
s far




L5 ﬁﬁElE“f-E;jfr QQL}:LQ‘:_Zﬁﬁ(1uC The light waler reactor is

erpected to accotnt for about 30 percent of the electric power qonerated
in the United States by 1985, and as mucn as /0 percent by the year 2000,
Soime remaining issues involving the safety of existing plants and improva-
ment of certain steps in the fual cycle (e g., plutonium recycle, encich-
mant and nigh level waste disposal) require continued ressarch. These
issues ougnt to be resolved as soon as possibiz so that the projocted
growth of nuclear power can be realized. In addition, R2D, ained at
improving performance and reliability, and speeding construction, could
have large short-term benefits.

-

Our estimatas of total uranium reserves are uncertain and the ma,tar
reauires considarably more scientific investigation. Plutonium recycling
and improved reactor efficiency will help to reduce the need for more uranium
ore. New methods for finding uranium are needad as well as new ore pro-
cessing methods if we must mine uraniferous shales instead of conventicnal
ore.

Advanced reactors, such as the high temperature gas cocled reactor- (HTGR)
and the light water breeder reactor (LWBR) could come into operation in the
early 1980's. Continued R&D is required, particularly for the fuel cucle,
since the HTGR and LWBR fuel cycies are based on thorium rather than uranium.
The use of higher temperatures and helium coolant gives the HTGR additional
capabilities which may eventually increase the flexibility of nuclear power
use. Direct cycle gas turbines combined with steam could increase the
efficiency of the generation of electricity, and the reactor could pravide
industrial process heat in the longer term.

C. Conservation Technologizss: MNear Term. By 1985, we can exopct
improvements in the erficiency of energy use in three major sectors: transport,
industrial, and housenold and cormercial. During the Project Independa ce
period, the primary conservation efforts should be directed toward resucing
energy intensive activities and toward more widespread use of existing efficient
devices. In addition, some new technologies, examples of which are listed in
Table IX-3 can begin to have an impact.

Transoortation. Transportation, especially the automobile, is a prime
target for conservation. Improving the eneray efficiency of cars from the
current average ot 13 milaes per gallon to 20 miles per gallon is an imoortant
objactive. This goal can be accomplishad througnh a combination of reducad
size and weignt, mora efficient engines, improved drive trains, and reducad
road load (tiros, aerodynamic arag, etc.). Light waignt diesels and strati-
fied charqa enginas could come into widescale use by mid-1980's if policies
favoring tecnnolog1ca? improvements were chosen to reach the goal.




Demand Sector

Table IX-3
Near Term Conservation Technologies

Consumption Device

or Process

Transportation

. Industrial

Household
Commercial

Automobile

Aircraft

Steam
processes

General
processes

Heating and
cooling

2

]

Appliances

New Technology

Energy efficient design
(current engine types)
Advanced engines, e.g.,
stratified charge
Light weight diesel
Others
Advanced turbofan
and supercritical wing
\Packaged on-site coal-
fired electrical steam
systems "
Soiar-ileat pump
steam generator

New energy efficient
processes

Improved recycling
processes

Reliable heat pumps

‘Total energy systems

Efficient construction
design

Solar heating

Solar airconditioning &
heating .
Improved & uniform
efficiencies

“Take-0ff" Date

1977-80
198(

1985
After 1985
1980

1980
1635

1977-80
1977-80
Now
1977
1980
1980
1885

1977-80



file:///Packaged

Industrial.: The industrial’ sactor should achieve reduced eneray arowth
in respunse to nigher energy prices. Much of the savings will result from
better management and design practices that exploit existing technaloay,
cut new developments can 150 have some imnact.

R%ZD aimed at more 9f.1b14nt production of process steam from coal -
possibly in conjunction with 2lactricity -~ could hava a sigaificant 7 i
in the next ten years. It may also be p0331b1e to develop energy-eftici
systems which generate process steam using solar energy and heat pumps.

A number of more limited improvements in industrial processes and
recycling technology are nsaded to achiave the accelerated goals for
industrial energy conservation. HNew processes for extracting metal from
ores, such as the one recently developed for aluminum can go well bﬂ/ond the
10-15 parcent savinas achievable through good energy managsment practicas.
Advances in combustion efficiency, low temperature waste heat recovery and
insulation can play en important role. Tecnnology that facilitates r;cyrlxnﬂ
aluminum and other materials could also produce large savings.

A major unanswered question concerns the extent to which the )
government should encourage these developments. The joverrment gxperience
_-in stimulating such technologies has been quite limited. Cooperative
_Government funding of individual research, development, and demonstration

projects, with public dissamination of the results coupled with financial
incentives for their deployment, may be appropriate.

Household and Commsrcial. The eénergy consumed in buildings is Tar
there is a promising target tor conservation. In the near-term, wides;
application of existing technologies--insulation, heat pumps, ard tota
systems--coupled with design improvements in buildings and appliances

the biggest payoff.

-

The most significant new technology being developed for saving eneray
in buildings is solar heating and cooling. While some may.classify all
solar energy applications as new supplies, the collection and use of the
solar energy which 7alls on a building is a form of conservation, since it
reduces demand for other fuels. There has been considerable progress
_recently in moving toward commercial use of solar heating, but solar systems
have yet to be designed, demonstrated, and manufactured on a large scale.
Solar air conditioning:requires additional RaD-bafore~it is ready for
widespread demonstration. Because of the large number of existing buildinags
w1th]a long lite, the initial impacts may be small but the long-term impacts
are larga. ;




-

ITT. Long-Term Enarqy Prnjﬁctions‘dnd Thair Imotications

Our short-term enerqy RZD has bzen aimed at achieving the 1985 noals
set forth in the Blueprint an1}j315. In corresponding 7ashion, we shall .
develcDd our long-range R340 strat2gy to achieva the goals implied by longer-
term analysas. OCur long-term anergy modal projzcis future demands and
domestic supply options saparately, and then combines suppiy options
(including imports) to meet the projactﬂd demands. The analysis depends
heavily on extrapolation of historical trands, technical possibilities, and
availability of resources, so has large uncertainties.

Though this approach has generated many different combinations of
supply and demand to iliustrate the implications of various policies, we

.focu<ﬁd on the two long-term supply and demand scenarios (called "Base Case"

and “Conservation-Major Shift") which parallel the near-term cases analvzed
in the rest of the Blueprint. " The ]()r‘c, tarm Base Case represents a
continuation of the trends emerging in the near term case which continues
present policies with only minor changes. Overall energy consumption grows
at a rate of about 2.5-percent per year from 1385 through 2020. The L
Conservation-Major Shift Case parallels tha lower growth Blueprint strate-

gies and projects a 1.6 percent per year overall growth rate. This strategy
-combines conservation with a shift to energy sources that are not in short

supply. In these analyses we are concernad not su much with total ensrgy
consumption (Figure IX-1) as with the demand for liquids and gases which are
in short supply; and demand for electric power which can to scre degres
substitute for liguid and casss, -

The most serious constraint in the post -1985 period appears to be the
recoverable 0il and gas in. the ground. For 1ong term analysis it is
necessary to use estimates of what might be discovered in addition ta the
proved reserves discussed in Chapter II. According to the United States
Geological Survey between 200 and 400 billion barrels of recoverable oil and
between 1,000 and 2,000 trillion cubic feat of natural gas remain to be
discovered. Although some industry estimatss are less than half of the
Tower Geological Survey projection, we usad a respurce base approximating
the lower Geological Survey estimates. Domestic oil and gas production
therefore DQ?£ in the mid to iate 1930Q's. The net effect of having the
lewer resourca basse 1s‘qreater eil and gas shortfall in the late - 19280's
througn 1bout 2020,reaching a peak of about 12 million barrels per day in
2000. The high r“source base would be sufficiant to maintain a. level
slightly abova the 1985 rate until about 2020, afier which production would
Tfall off. Synthetic liquid and gas frem ccal or shale are the most readily
available domestic sources to replace 0il and cas but the coal and high
grade shale resources as well as the water nseded to convert them are also

-1imited over the longer term.

Electric power appears to be less severely cunstrained by resources or
technology within the next 20 to 30 years, since electricity can be
generatad from existing sourc2s in the na2ar-term--coal, uranium and hvdro-
electric power and hopefully from new onas in the future--fusion,
geotharmal, and solar powsr. How much coal will te used to ge2nerate
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electricity denends to some degree on how large our synthetic industry will
grow; how much elactricity can be generated in light uater reactors depends
04 the amount of uranium that can be produced at acccggae]e economic and_}
anvironmental costs, while the langer rang2 technologios are baclouded with
many uncertainties.

The Base Case demands for liquids, gas, and electric power are shown
on Figure IX-2. The production of conventional liquids and gases falls in
the late 1580's and becomes relatively insignificant after 2030. Rapid
development of 0il shale and coal synthetics could conceivably make up for
this projectad shortage. The projected electric demand is provided
primarily by conventional coaverter reactors, coupled with hydroslectric

~ power and coal-fired generation. The model assumed that o1l and natural gas .
would not be used for electricity generators in the post-1985 period. Some of
tne electric zovwer nesded to imeet intermediate and peak load requirements
will be generated from liquid or gaseous boiler fuels made from coal.

This conventional approach to suoplying future energy demand, even at
lower growth rates than have been experienced recently, places a great
strain an synthetic fossil fuel production. By the vear 2010 the equivalent
of 25 million barrels per day of liquids and gas from coal and shale are

‘projected. Even then, imports are estimated to be nearly 10 million barrels
of 01l equivalent per day. This shortfall could eventually be limited if
coal and synthetic fuel production were to grow at 6 percent per year, but
by 2010 about 3.5 billion tons of ceal would have to bz mined each year.
Tais wouid rapidly deplate our coal rescuices, and exhaust available water
supplies in the shale areas as well as place very serious burdens on the

environment unless there were some technological breakthroughs. .

Electric gzneration from convantional coal, hydroelectric and nuclear
sources satisfies electrical demand in this case without much trouble. Thus,
one asks wnether the entire supply-demand imbalance could be met by

~combining conservation with massive shifts to electic power. Figure IX-3
Conservation-Major Shift ), shows that the demand for liquids and gases can
actually be reduced by the 21st century through a combination of conservation,
solar space-heating and cooling, electric vehicles, and other shifts to
electric power. Even in that case, though, it is necessary to provide
8 million barrels of svnthetics per day by 2010 and this leads to-a 4 percent
per year qrowth in coat consumpticn. Ipports could be eliminated and it
wouid be possible to dalay the davelopment of coal synthetics and shale

“until after 2000 if the consarvation and demand shift savings were realized.

~ This strategy would place less strain on the eavironment.

Bacause demands for electricity are higher in the Conservation-tlajor
Shift Case, nay teconologies will be required. Gesthermal steam and hot
water, organic wastas, and eventually, the breader reactor, tusion, cr solar
‘enerqgy are potential new sources for this power wnile advanced generation

technologies offer to increase the efficiency of their conversion to
electricity.
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. If we accelerate 0il and gas production in the next decade, we could

reduce imports quickly. However, unless accelerated exploration revezls a
larger resource base than the one used in the long-term model, this benefit
will come at the expense of a greater oil and gas shortfall in the early 21st
century.

An important lesson of the long-term enalysis is that we n2ed to
develop new energy consumption technologies that use electricity rather than
gas or oil. However, unless new technologies for using electric power
economically in transportation and other markets not now served by electricity
are developed, electricity will not be able to alleviate our long range
supply-demand imbalance. On the other hand, without a shift to electricity,
the growing quantities of shale and coal which must be mined and processed
will have serious environmental impacts. Thus high priority should be
assigned to tnoses R&D programs that will make possible the transition to~
electricity

Numerous other combinations of demand and supply opticns have been
evaluated in the long-term analysis. They all show the same basic irends:

0il and gas will become increasingly scarce;

Shale 0il and synthetics from coal, while having a limited
impact in the near-term, will be necded to make up for the
tong term shortfall. In any case, such fueis may determine
the price of oil and gas late in this century;

Conservation, especially wnen combined with shifts to
electric power, will become imperative in the long-vui;
Increased reliance on electric power will be necessary ,

and this implies dependence on nuclear power or other new
sources as well as improved conversion technologies. -

~ . .1V. Energy RaD for the Post Project Independence Period

In the discussion of the short-term R&D options, a recurrent theme is
the role of goverrnment in accelerating technologies that are already well
underway. The question of government involvement is hardly an issue when
one considers technoloaies that are not expected to be available uncil 1985
or later, espec1a|]J it large financial outlays are needed for the R&

. Here, except in the most Lnusua] cases, the marxket can-not be dﬂnanﬁed uoen
s FO take this initiative, Ue will have controlled fusion; it it is. feasible,
on]y if the Government pays for the basic ressarch and develogment. Thus,
--w. @ basic obj2ctive must ba to try to assign priorities to tne davelopment
e.. 0f various new technologies likely to meet the long-term projections. R&D
—.. becomes increasingly important as the time frame is extended. Much of the
- . . Federal en2rav RXD pregram now underway, shown in oquﬂt broadeJns in
_Table IX-4, will have little impact until after 198

\
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‘. - TARLE  TX-4
: Pederal Encrgy RCﬂLuth & Development Progzam Budgotq
{(Millions cf Dollars)
Program Level
= . 2 Fiscal Year ... . Obligations Fiscal Year
[OGRM ARCA : 1973 Fiscal Vear 1974 1975
MSERVATION o 5 65.0 128.6
. End-use (residential & commercialinot including solar) ' 15.0 27.9
. Inproved cfficiency {transmission) 2.9 5,0 18.8
s Incroved efficiency {(conversiond 6.5 15.9 29.8
v anproved efficiency (storage) awb : 2:5 6.4,
i Autcrmiotive i 7.4 14.2 23.7
. Other transportation 138 o M 227D
o II‘{\._H.YL"&I
4
L., GAS & SHALE = - 1857 PRl 41.8
s Production <3 3.0 R,
b Rescurcc assessment e 5.9 13.1
Cil shale o P 3.0
kelated programs 10.7 8.8 tal
\L § e ' 5.1 164.4 415.5
Mining : .7 7.5 55.0
“1“-.g hoalth and safety 280 27.0 234
Direct conbustion £y £ e I59 36.2
Liguecfacticn i 11.0 4309 10855
Gasification (high Btu) St D 3350 65.3
Casifiication (low Btu) 4.6 bR 50.7
Synthetic fuels pioncer program 42.1
Researce asscesuinent 11 1 139
Cther (including common technology) 3.6 23.0 283
¥ ] . :
TRGNENT I-L CONTROL 33,4 _ \ LBeh 3365
' } .
eary term 50 19.0 398 B2.0
Advenced SO ; : 4.0 2.9
Orhcer fossil fuel pollutants g
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Program Level

5 ’ . ' (Obligations)
PROGIKAM AREA : : : Y I3 FY 74 Y 75

ENVIROKMENTAL CONTROL cont

Thermel pollution

.

- . 51 ! 6 1.5 18.5
. @. —Autonotive emissions 10.0 7.0 9.0
NUCLEAR FISSION : \‘ 406.5 530.5 724.7
% LMFBR 253.% 337.3 473.4
b. Other breeders (GCFBR & MSBR) 576 () 130
e« HICR : > Eed 13.8 41.0
di 1L50R 29.5 29.0 21.4
e. Ruactor safety research 38.8 . 48.06 6Y.2
. UWaste management 3t 6.2 5
g. Uranium enrichment ; S0 Bl 66.0
h. Rcsource assessment : - 28 3.4 - 10.4
- 1. Other (including advanced technology) ’ 14.9 ;e 15 28.8
NUCLEAR FUSION _ 74.8 i01.1 168.6
a. Magnetic confinements a a9 57.0 102.3
b5  Lasér (*ncluding military applications) i 353 44.1 66.3
OTHER : - _' : 16.5 535 1585
a. Solar (includes building, heating and cooling) 4,0 13.8 50.0
b. Ceothermal 4.4 30.9 44,7
c. Systems studies { Enl =173 20.0
éd. HMiscellancous 7 9 11.5 32.8
Total direct energy R&D ' 672.2 999.1 1815.5

ADDITIONAL FUNDS FOR SUPPORT PROGRAMS
&. Environmental and health effects research . D . - 269,17 303.4
b. Basic research and manpower developument ' . w3 o RO R “A83]
Total Support R&D ° : 270.5 GEG .5

o~ ——— e e o e

Grand Total ; G122 1269.6 230620




before discussing the major long-range suoply tec xnologlﬂs now in the
Hational RXD program, we list tneir "take-of f" dates:

Table IX-5 : ke

Long-Term Supnly Technologies

Category New Technology "Take-0f7" Date
Synthetics from coal Advanced systems _ 1985-1990
Shale In situ procasses 1985
Breeder reactors LMFBR and other breeders ‘ 1990-2000
Fusion Magnetic and laser 2000
Solar conversion Electric, hydrogen,

bioconversion 1990 -

Geothermal Hot dry rocks and offshore 1990

The long-range energy analysis implies that several new sunn1y
technologies will be needed in the post-1985 period. Du“1ng the last
15 years of this century, synthetics from coal and shaie oil will be partic-
ularly critical in this respect. New sources of electric power not dependent
on limited supplies of fossil fuel or uranium will also be needed,
especial1y as we shift toward electricity and away from liquids and gas.

Synthetics from Coal. Our long-range analyswg suagests that as much as
25 million barreis per day of snale 01l and synthetics could be nzeced by
2010; even the Conservation-Major Shift Case would require 8 million barrels
per day. Whether or not these estimates prove to be correct, it seems clear
that a large synthetic fuel indusiry will be needed in the long-run, and
that PaD on such processes must receive a high priority. To the extent

that water availability limits shale production, the demand will fall
disproportionately on coal.

Coal conversion technology is not new, but it is currently not in
commercial use in the United States. As mentioned in Table 14=1 the United
States could deploy the German developed Lurgi gasirtication, Fischer~
Tropsch liquefaction, and similar processes during the early 1980's; but
the results of the Blueprint anai/s1s suggest that the existing technology
should not be widely d391o/¢d because it is uneconomical.

‘For the longer term, more advanced processes being daveloped offer the
promisa of increased efficiency and lower costs (reducing the delivarad cost
by perhaps as much as 20 to 30 percent). Using a traditional R&D approacn,
it would take until the late 1930's or early 1980's befcre these technologies
ware da2ployad. An acceleratad approach could cut 5 to 3 ysars from that
time, so that a rapid buildup of capacities could begin about 1935.




The primary policy issue is nol whethey to produce synthetic, but when
to build demonstration plants using existing tecnnology so w2 can ledrn more
about large-scale coal conversion. The main Covernment B20 effart is now
focused on develoocment of efficient, low cost technologies. Uhether thay
are deployed in the mid-1980's or significantly later depends con a wiola
range of goverrment actions 1n¢o]v1ng financial incentives, water, environ=
mental reqgulations, materials priorities and manpower training in add1L1on
to the resolution of technical problems. ;

Providing the coal to make the synthetics will require coal growth rates
on the order of 4 to 6 percent per year well into the 2Ist century. Therafore,
the long-term as well as short-term issue is one of developing and implementing
the new coal extraction technology as rapidly as possible.

0i1 Shale, Shale oil recovered by conventional technology can play a
Yimited roje within tne Project Independence time period. Though this techno-
logy may be adequata Tor production levels up to 1 million barrels per day, it
"may not be suitable for an industry producing 3 to 9 million barrels per day
early in the 21st cantury, because of its requirements for water and impact on
the environment. Thus, for the long-term, in sity or underground recovery
probably offers the greatest promise, but requires significant additicnal
R&D. As in coal synthetics, the issue is mainly one of timing.

Breeder Reactor. The liquid metal fast reactor (LMFBR) is now the 1
project in the Tederal energy R&D effort. It is backed up by small effort
alternative breeder concepts. The aim of all of these projects is to develop
a system that will use nearly all of the potantial energy in uranium and thori
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rather than just U233 (0.7 percent of natural urnﬂ‘ww), Extensive R&D has
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shown this to be theoretically and technically possible, but the 1a:J~ resgciors
needed to do it have yet to be built and proven not e onomic and safe. Several
small LMFBR reactors have been built and operated in the United States. A -

large test reactor is now being completed (Fast C]ux Test Facility) anﬁ a
demonstration plant is being designed. Current plants are for commercial
LMFBR's to be in operation in the late 1980's, but it will be another decade
or so before they "breed” enough fuel to reduce the demand for uranium ore.
Foreign breeder eofforts appear to be ahead of this timetable. In fact, the
French demonstration breeder (Phenix) has been operating for several months.

The major policy issues involve the pace of the prooram and management
of the demonstration-project. A strategy involving conservation with major
shifts to electric powz2r, would require a 4 percent per year growth in elec-
trxcxt/ generation tatwesn 1985 and 2000. I7 the smift were accomplishad
with 1ess conservation, the growtn rate would be much higher. In such cases
there viculd be an urgsnt nz2ed for-a naw electric gensration technology such
as the breeder. 1If electricity use does not increase rapidly, the urcency
for these developments is less. Nevertheless, the breeder has other benefits.
Onca the breader is developad and in use, the concern for uranium resourcss
and uranium enrichment capacity will largely be eliminated. If R&D costs
.€an be reduced by alternmative approaches involving tlosar cooperation with
efforts in other countries, these ought to be investigated seriously.




Fusion. The scientific feasibility of nuclear fusion still awaits denmon-
stration. Fusion, like the breeder, offars the afvantaqe of a virtually
liritless fuel supply; it has tne further advantaye of producing fewer
radicactive products than does fission. Two fundanentally different
asproacnes to ccafinament of the multimillion dazree not plasme are being _
pursued--magnetic, and inertial (or laser) confinzrent. Fusion is eyyérf°d

to have no impact before the 2Ist century. J

Fusion is currently funded at a level exceedad only by the breed9r
and coal conversions even though its scientific and technical feasibility
remain to be shown. ‘inile the great gains that a succeassful fusion reactor
would afford suggest that the program should be azgrassively pursued, there
is a question about its rate of growth in the near term.

Solar Enarcy. Solar energy and its many relzted sources, including -
wind, ccean tnermal power and biological conversion are being increasingly
viewed by segments of the public as the long-rangz solution té our energy
problems. Solar systems are expected to require Jarge land arees for
collection and therefore large capital investments for GQUtg.kﬂL Technology
exists to recover the energy, but further R&D will be required to find low

cost, reliable systems.

. Solar heating and cooling could reduce the demand for conventional fuels
used in buildings, and was listed as an R&D option for reducing demand in
the Housenold-Commercial Sector during the Project Independance period.

In the longer term solar energy like fusion znd the bresder could
provide a virtually inexhaustible source of energy. But some form of storage
must be developed to provide energy when the sun is not sb1n1“g or the
wind blowing. Even if fusion is successtiul, a cnoice may ultimately nave
to be made between fusicn, breeders and solar energy as the primary means
of producing electricity. Solar energy R&D has received very little funding
in comparison with the nuclear options. In view of its potentia]ly
strategic role it is appropriate to spend =snough effort on R4D for solar
electricity generation to pin down its cost so thai educated choices can be
made.

()
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Geothermal Eneray. A few geothermal plants are now operating around
the world, including the dry steam plant at tha Gevsers. in California, but
the practical magnitude’ of cur geothermal resource and the technology for
economically reccvering it are largely unknown at gresent. Me know not
only whare geothermal sources are, but their temperature and the chemical
composition or the geotharmal fluids, as well. Accurate predictions of the
impact of geotharmal enarg/ on the Nation's energy system depend on the
ability of research first to find geothermal enargy in the form of hot water,
steam, or dry rocks and bhen to develop reliable conversion systems.




The key policy issu2 is to determine the funding level of applied
R40 neadad to tind and deavelop geotnersdl energy sources In view of
the probadble ultimate importance of ¢z otn»rwa] enerqgy, 1t seems appropriate
to push hard both in mapoing potential geotharmal reserves and devaloping
conversion technology.

-

Long-Temn Efficiency of Enercy litilization and the Shif: to Electricity

In developing a strategy that combines conservation with a shift toward
electricity (or other nonfossil fuels), methods for reducing consumption

and increasing the efficiency of production of electricity (or other fuels)
must play an important role. -

Table IX-6 presents the take-off dates for advanced technologies
in this category.

Table IX-€ , : "
Consumption and Conversion g

! "Take-07f" Date

End-Use Efficizsncies

[ransport - ore efficient heat engines | 1930
Mon-fossil fueled venicles (electrwc, :
hydroven,‘etc ) ; 1990
Household and commercial Solar powered total energy
system 1480
Industrial - Advanced industrial processes 1990

Transmission., Conversion and Storaage
Large high pertormance storage devices for electric

utilities 1985-90
Cryogenic or superconducting transmission systems 1990
High efficiency closed and combined cycles for
Central station electric generation 1990
Large scale O]QCLrOle1C or thermal production of

hydxogen ‘ ; 2000

* M o 4
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D“VP]ODWent of high cerformance batvv.wcs suitable for automobiles and
light duty trucks is imoortant and prcbab]y achievable within the naxt
10 to 20 years. As altarnatives to direct use of electric power, hydrogen-
fueled vehicles could be developed to enabie a shift away from oil.
Hydrogen fuels may be particularly appronriate for aircraft. If methods for
producing hydrogan from non-iossil fu2ls at low cost can be develaoped, then
Ehe "hydrogen eccnomy" could compete effectively with increased electrifica-

ion. .
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In the res 1ﬁ>nfxa}/fv”mmrr»n] and industrial area Can]nu1nq small
inprovements will probably provide most of the increases in enerqgy efficiency,
However, these ifmprovements tynically covzr so many different possibilities
that w2 will not specify tham. 1t is important to consider the role of
hasic process scisnce and rasearch in this area, however, fundamental

imorovements in the processes and products we use could reduce energy :
consumption in addition to providing otner benafits.

The transmission, conversion and storage of energy form a bridge between
supply and consumntion. HNew Lechnoioqxcs can help. to reduce losses and costs
and, tnerefora, play an important rale in the overa}] RZD program. Long
distance underground cryogenic or superconducting systems may be needed in
the 19590's to augment alfernating and direct current systems as electric use
grows and plants are sited far away from consumers. Advanced topping cycles
including pjudszzud vapor an gas fired turbines, and magnetohydrodynamic
{114D) could increase the effic ‘3ﬂC/ of elactric power ga2neration to over

50 percent, and be introduced in the 1990's. Electricity storage systems’
sucn as high energy battariss assume k2y importance as the enargy economy
moves away from easily stored fossil fuels. Widespread use of uhrS” =
technologies will probably not occur until after the turn of the century.

The need for electric étoragc systems will depend i a1n3y On Our success in
finding efficient ways of using electric power evenly throughout the day

and year.

On the whole, increasing the efficiency of generating (and transmitting)
electricity probﬁb?j can be achieved with fswer inqtitutiona] problems than
can imgrovaenents in censumption efficiency: ' the former rzquivres a few fairly
difficult technical improvements, the latter requires large-scale use of
new technoiogies among many individual consumers. e would therefure,
rank increase in efficiency of generation of electricity as one of the
most important aims of our long-term energy R&D.

V. Conclusions

In presenting the conclusions of our analysis, we must make clear the
essential uncertainty that underlies all of our projections, especially
the long-term ones. It is not possible to predict what the enargy desmand
or resources in the 21st century will be. HWe do not know what the
population or econcmic growth rate will be at that time, and technological
development is always somewnat uncertain. Thus, the baSTL R4D stratecgy
cannot be considerad a unique on2: other strategies wight be more aporopriate

Af different underlying assumptions had been made viith rﬁspect to the

long-range future.

Nevzrtheless, we believe that there are certain elements of the RaD
strategy that ara largzly indenendent of the long-range projections, and
the strataegies discussad in this chapter larg2ly satisfy this criterion.
Tne RAD strategies are realistic in that they take into account the long
lead time raquired to bring new technologies into w1uespread use and are
responsive to institutional Torces.




Imnacts Prior to 1985. The most critical ‘technical p}nhlnmr in the
Project [ndape indence period involve increasing oil and nas supplies, using
energy wore Qr.lclenr] and using availaeble cgal and uranium. PResearch
and devaloocment can play a secondary, but necessary, role in overcoming
these problens.

® Enhanced o0il and gas recovery methods offer a large

near term payoff in the terms of increased supply n
and recoverablie resource base if the required research,
developinent, and fiald testing is acceleratad.

Conservation resulting from more efficient consumption
of energy will depend primarily on widespread use of
existing technology and improved design practices, but
R& D aimed at improving consumption technologies and
the process of implementing them is needed.

Greater use of coal willrequire RXD to solve environmental
problems related to its extraction and consumption.
Similarly, growing use of nuclear power may be jeopardized
unless R&D can resclve the remaining issues of safety and the
fuel cycle.

-~

Impact After 108§ The dep?et1on of conventional 01l and gas resources
dominates the post~19§5 period and leads to two fundamental observations:

&
%

1. Synthetics from coal and oil shale will be required
after 1985 and their use will continue to grow rapidly.
-~ Therefore. advanced technologies for producing coal
synt! hetics and shale oil which maximize aeificiency
and minimize economic and environmental impacts
should be developed to meet the post~1985 nesds for
liquids and gas.

-

2. The oil and gas shortfall is so large that major shifts in demand,
most probably to electric power, as well as strong conservation
measures will be needed. To achieve these post 1935 goals, new
technologies for using energy more efficiently-and for shifting to

to electricity instead of oil and gas must ba developed.

--  New energy sources not limited by conventional fossil fuel and
uranium resources ara neaded. Technologies, such as the
breeder, fusion and salar energy, will take dacadas to develop
and introduce, but it is imoortant to know that we will have
one or more of tnese to support tna shirt in damand. R&D
on these technologies must be pursued as a basis for
charting the course of enargy development.
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EXECUTIVE SUMMARY

This paper explores the role of the federal government
in automotive R&D. Our recommendation is that the govern-
ment adopt a strong leadership position in this area in
order -to assure an adequate, but environmentally benign
personal transportation system for the nation during the
period out to the year 2000 and beyond. The program we en-
vision is one highly interactive with the private sector.
It also contains a strong in-house component in order to
assure a long term national commitment to the solution of
the difficult scientific and technical problems underlying
an efficient, non-petroleum based and clean automotive pro-
pulsion system. Such an in-house laboratory also provides
the sophisticated scientific and technical base necessary
for wise government legislation and regulation pertaining
to the automotive industry.

The most serious government challenge in the automotive
RED field is to prepare for the time when oil will no
longer be availabe as the major fuel base for transporta-
tion because of the depletion of the world oil resource.
Some estimates predict that decreasing petroleum avail-
ability may begin to occur domestically in the late 1680's.
This development will require taking a whole new technical
approach to automotive propulsion. Two such approaches can
be foreseen at this time., One 15 the use of syathetic fuels
from coal and perhaps shale in traditional heat engined
vehicles. However, reasonable demand trends for liquid
fuels probably cannot be met by realistically projected
synthetic fuel availabilities. Thus it will be necessary
to develop on the one hand highly efficient propulsion
systems for that portion of the transportation system which
must rely on liquid hydrocarbon fuels, and to develop on
the other hand an entirely new type of transportation mode
based ‘on central electricity generation.  The electric carx
is an example of the latters 1In addition to these long-
term aspects, fuel conservation 1is also important in the
shorter term, where the goal is to conserve petrolecum fuels
in order to limit the dependence on foreign oil, and to
delay the depletion of domestic oil sources. All of these
problems must be viewed in the context of the national anti-
pollution objectives. Thus, a national program is envisioned
which combines the search for highly efficient propulsion
systems with minimum environmental impact based on other
fuels than petroleum.

N
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Some simple estimates suggest that in order to generate
the necessary new technology, 4 national RED investment on
the order of $150 million per year for the next 25 years or
50 will be Teguired. 'Private industry is (prior to the
current economic squeeze) investing on the order of one-
third of this amount, concentrated in the near-term aspects
of development. Furthermore, the integration of the
national objectives of energy efficiency, alternatives to
petroleum, and minimum environmental impact into a coherent
long-term prO”]dm in R§D requires perspectives and respon-
sibilities well beyond those of the private automobile
companies, whosu objectives are rooted in the market place.
Consequently, we perceive a major government role 1in
automotive R&D with the following goals:

1. Overall guidance of a long term national
technical effort to develop propulsion
systems of high efficiency based on fuels
other than petroleum and of the short-
term effort to conserve petroleum. An
optimum balance must be achieved between
fuel efficiency and environmental effects.

2. Creation of a cooperative RED climate at
the tochnxual workzng level betveen govern-

Yy e

advanccmgnt of the technc}o gy .
We believe these goals must be implemented by: s

1. A federally financed program directed
primarily at the long-range problems
of automotive R§D outlined above.

2. Establishment of an integrated in-house
automotive research center to ensure the
achievement of the national R&D goals
through the long term technical commit-
ment and leadership of the government,
and to underpin the regulatory and
legislative functions of the federal
government.
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A crucial factor in the development of a successful
government role in automotive R&D is the interplay between
the private and federal portions of the national program.
The government must not only insure that the necessary
technical innovations are generated, but it must also insure
that the new technology is picked up by the automakers.
This process requires a high order of shared planning in
the longer term aspects of the work, in order to assure
that commercialization will prove feasible in the end.
Positive incentives to private industry may also be
required. In order to structure the government's program
in the most desirable way, considerable preparatory planning
will be necessary. We visualize two types of studies
which need to be performed. The first serves to guide the
detailed technical planning, and should be a study of the
entire automotive transportation technology system. The
second is to serve as general R§D policy guidance and
should be sponsored by the NAE and/or NAS. It should
address the questions already partially explored in this
paper: the balance between federal and private sector.
roles, the role and structure of a federal automotive RED
center, the general technical goals of the total national
program, and possible federal incentives to the private
settor




‘ i The I_\I_gtiOHaLJ:;s_ggs:;wju__:\))jg}ﬂgijvg R&D

Until very recently, civilian automotive research
and development has traditionally been an area to which the
federal government has given little attention. The basic
reason for this has been that the automotive industry has
been vigorous and profitable, and a major participant in
American economic growth. However, with the advent of the
0il crisis in 1973, automotive efficicncy has become a
national issue for the simple reason that automobiles are
the ultimate users of more than 30 percent of the total
national petroleum supply, and the magnitude of this con-
sumption has been growing at a rate oif about 4 percent per
year. Since current automobiles cannot use any other fuel
than gasoline, and since the private automobile must remain
for many years the primary form of personal transportation
in this country, the impact of this sector on petroleum
supply is of overriding importance.

The unique significance of the automotive sector
in conserving petroleum has been recognized by two recent
landmark actions. The EPA and DOT jointly have submitted to
the Congress a studyl/ laying out achievable savings in fuel
consumption in the 1980 to 1985 time frame. These savings
range from 25 to 40 percent in average miles per gallon over
the comparable 1974 rates, depending upon the particular
strategy adopted. Second, the automakers have accepted
this report as setting the general goals to be achieved
voluntarily by them during that period.

However, the automotive issue is not limited to
short term actions and marginal conservation measures, because
petroleum is a finite resource whose effective end as a
major world energy source is in sight. Hence, in the period
which is typically required for a research cycle to produce
radical propulsion developments, we shall have to develop a
viable alternative to the petroleum fuecled automobile. The
object of this paper is to analyze the government role in

l/”Potential for Motor Vehicle Fue¢el Economy Improvement:
Report to the Congress,'" October 24, 1974, Prepared by U. S.
Department of Transportation and U. S. Environmental Protec-
tion Agency.
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QUtoxnotive RED, but we shall lay.special emphasis on this

ong term problem, and for this reason we shall work backwards
from the long range issues which are not adequately appre-
ciated to the shorter term problems which are currently
receiving attention.

1. The Alternatives to Gasoline

The general result of the Project Independence
Blueprint analysis, and qualitatively, the result of all .
other analyses, is that if we are not to import increasingly
vast amounts of o0il, the American economy must begin to shift
from reliance on 0il and gas to coal and nuclear power. Our
total oil production to 1972 has been about 110 x 109 bbls,
At that same date, we were estimated to have about 70 x 10
bbls. in reserve, and the Geologic Survey estimates that
there is from 200 to 400 x 109 additional barrels of oil yet
undiscovered in the U. S. Using these figures, and the 'base
case' of Project Blueprint for energy consumption, our
petroleun production wiitl peak Iin the late 1980's, Of
course, estimates such as these are subject to error in
either direction, and At may be possible to @accelerate petro-~
leum production well into the 1990's at the expense of the
later years. However, it is clearly prudent policy to begin
to develop alternatives for the major modes of petroleum use,
in particular transportation, against the probable straitened
petroleum picture for the U. 8. in the period beginning about
1990,

Present hopes are to increase coal production and nucilear
power sufficiently to take up the slack left by the disap-
pearing petroleum and gas. However, if the demand for

liquids and gas in the post 1985 period is allowed to continue
at 1ts normal rate, a vast requirement for synthetic liquids
and gases will result. By 2010, this requirement has been
estimated in one scenario conducted by the Institute of Energy
Analysis to be of the order to 50 quads per year!

This is the equivalent of 25 million bbls. per day of liquids,
and even then 10 million bbls, per day are expected to be .
imported. This production would require a continuous growth
of coal production of the order of 6 percent per year from
now till the year 2010, and would require a coal production

of the order of 3.5 billion tons of coal per year in 2010.

At such a rate of increase, the coal resources in the U. S,
would be exhausted by about 2050. Thus, even if we switch to
coal, considerable conservation will be necessary, and there
is the additional question of whether we can produce enough
liquids from coal to fuel the transportation fleet after 1990.
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The alternative to synthetic fuels is direct
.ning of coal (presumably in central power stations) and
nuclear control power. Thus, a strong shift to electricity
is likely to accompany the disappearance of o0il and gas.

Further, while these great shifts are occurring,
it may turn out that multifuel capability in an engine will
be required. For example, an automobile which uses electricity
in the eity, but Tiguid fuel between cities mdy be desirable.
And as we get ready for the non-petroleum based economy,
a propulsion system which allows a flexible mix of fuels from
petroleum and synthetics from coal or shale may be desirable.

Thus in the time span of 15 to 30 years, which is
typical of that for R§D to have significant impact, some
very basic challenges to the gasoline fueled automobile, and
to fossil fueled transportation in general, will have to be
faced. In this whole area, the most elementary and important
technical feasibility questions remain to be answered, and
the most important economic and environmental determinations
remain to be made. There is clearly no time to waste i1
developing a national RED program which is responsive to these
very fundamental challenges.

2. Energy Conservation and Automotive Efficiency

So far as the automobile is concerned, the short-
term role of conservation is to alleviate the necessity
of filling out the gap between our demands for oil and our
domestic supplies with foreign purchases. In the medium term,
it staves off the eventual day of reckoning when the ultimate
shift from o0il becomes necessary, and in the long term, it
restrains the overall energy demand from excessive heights.

Automobiles are not only the major national users
of petroleum, but the potential for automotive fuel conserva-
tion 1is also large. In more graphic terms, when one plots
the energy inefficiencies for the various national energy use
sectors, transportation is seen to be the most wasteful
(Figure A-1 of Appendix A). The poor showing of automobiles
in particular follows from the fact that the fuel economy
of American automobiles has experienced a long period of
decline, because engine efficiency has been a secondary con-
sideration to performance, comfort, convenience, and more
recently,; emission control. (See Figure A-3 of Appendix 1.)
We refer the reader to the just published DOT-EPA report to
Congress for an excellent analysis of the potential for near
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.crm savings, and an analysis of.the trade-offs of fuel
*conomy against safety and first cost. As we mentioned
earlier, in 1980, as much as 60 percent improvement in
average miles per gallon is feasible, and by 1985, even
further gains are possible. A graph from the DOT-EPA
report summarizing their results is reproduced in Figure
A-4 of Appendix 1.

The modifications proposed in the DOT-EPA report
are by and large within the bounds of present technology.
In the medium term, however, after those short-term
adjustments have been made, the really hard barriers to
improved efficiency appear in terms of the basic ineffi-
ciencies inherent in the present form of the gasoline engine
powered automobile. These barriers will only yield to
extensive and timely R&D, but the potential fuel savings are
still enormous. In very general and much oversimplified
terms, roughly half of the foresecable potential savings can
be wrought with current technology together with shifts to
smaller cars, and another half from new technology. In
other words, we may hope to achieve a national average of
the order of 20 mpg by going to smaller cars, etc., and of
the order of 40 mpg by developing radical new propulsion
SYStems.

Some of the more promising longer term oppor-
tunities which have been discussed in the genral literature
are:

Development of more efficient power plants
Establish ultimate limits of gasoline 1ntcrna1
combustion engine
Explore alternatives such as Stirling; turbine,
diesel, etd.

Transmission and power train improvements
Infinite ratio transmission

Improve driving cycle efficiency (Current automobiles
are vastly over-powered in comparison with their
steady speed requirements, and sustain large losses
at partial power due to throttling losses. Stop-and-
go is also very wasteful.)

Variable compression engines
Hybrid systems
Regeneration of braking losses

Efficient design for low weight and low drag
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3. Environmental Issues

The third major ingredient in the automotive
picture is the close interagtion of the dyive for greater
efficiency with the drive for lessened emission. 1In 1973,
the direct costs of emission control were a 10 percent reduc-
tion in gasoline economy. When compared with the situation
in later years, it is somewhat mixed because GM claims to be
able to recoup some of the efficiency losses with its
catalytic converters. However, in 1978 the efficiency loss
as compared with a similar car without emission constraints
is reported to be 30 percent by Ford and 20 percent by GM
on a sales wecighted average. (This estimate is based on a
.4 gm/mi NOx standard.) The degradation of efficiency due
to emission controls varies greatly with the type and size
of the engine, but the stringent 1978 standard will pose a
severe challenge to any type of internal combustion engine,
and will apparently require some degree of efficiency
degradation on all. Unfortunately, the gasoline internal
combustion engine in its present form is not a very clean
engine, and some alternatives appear on paper at least to
have a potential for both lower emissions and greater
efficiency.

4. Interdependence of Factors

An important principle thus appears in considering
the various national issues involved in the automotive
scene; namely, that the search for non-petroleum based pro-
pulsion systems, and the coupled search for higher efficiency
must not be divorced from the search for an environmentally
clean system. It is easy to maximize one of these factors
without the others. For example, the steam car can be made
inherently clean, but present forms of steam are less
efficient than the gasoline engine.

A brief mention should be made of safety consid-
erations, since this is also an area of considerable national
and federal interest. There is some interplay between
safety and fuel consumption, chiefly because of the interplay
between weight and safety. However, safety is related more
to structural design than to the power train, and can
usually be dealt with in a separate way. Thus, we do not
discuss a2t in this paper.




5. Summary

. In summary, the switch to a non-petroleum based
transportation system, increased inefficiency of automotive
energy use, and automotive environmental pollution together
compose a set of problems at the very heart of the cnergy
crisis of the greatest national importance. We face the
necessity of developing entirely new forms of personal
transportation by about 1990 to 2000 because of the deple-
tion of 0il reserves, and the automotive area is the one most
crucial for decreasing our dependence on foreign oil. Some
portions of this issue relate more to the private sector and
others more to the government sector, but in their totality
they form an issue which must be properly addressed in

order for the nation to move through the period to and beyond
the turn of the century with an adequate and environmentally
benign form of personal transportation. The purpose of this
paper 1s to analyze so far as possible. the role of the
government in guiding the technical aspects of this process.




II. R§GD Programs of Private Industry

Some General Characteristics

We first discuss a general point which is important
in developing a philosophy regarding the federal role in
automotive R§D. The major technical strength in the major
auto companies is in their ability to convert technical
ideas into manufactured reality, rather than in generating
new technical departures and innovations. Thus, in produc-
ing a highly complex mechanical product at a very advanced
level of reliability at a minimum cost, in marketing this
product in huge numbers and in providing long-term mainte-
nanece for 1t, engineering and. technical: mandvement. skills
are displayed at their best in the major American automobile
companies. The nature of this remarkable technical achieve-
ment, however, creates a tendency toward evolutionary
development of the technology rather than frequent technical
excursion and experimentation. Indeed, some famous painful
experiences have occurred in the market place when innovation
was too rapid; e.g., the Chrysler Airflow concept of the
1930's and the Ford safety offerings of the 1950's. Thus,
for very good reason the system, though sensitively attuned
to the nuances of consumer preferences, is relatively con-
servative in its response to opportunities for basic changes
of technical direction which may be generated by research.

As a result, innovations have come into the American
scene by a_variety of routes in addition to the automakers.
F. Cesario2/ has noted that auto industry suppliers have been
one important route, and that such important inventions as
automatic transmissions and power steering were made outside
the circle of the auto manufacturers. Also, in fighting for
an entrance to the American market, the smaller foreign
companies are often able to take larger technical risks and
experiment with a wider range of technical alternatives than
domestic companies. The result is that many new innovations
such as disk brakes, radial tires, stratified charge engines,
the small car, etc.,, have entered the American scene by the
foreign car route. In fact, except for the turbine, all the
engines which show future promise have been more highly
developed in Europe (Diesel, Stirling) and Japan (Electric
Propulsion, Stratified Charge (though there may be some
argument about stratified charge)), than in the U. S§. These
comments, of course, are not intended to imply that the
automakers themselves are not the source of much new
technology, but that innovation is by no mecans exclusive to
them.

1
*/F. Cesario; Transportation Rsh.«y 8, §F¥; 1974,
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. The federal RED policy should, therefore, comple-
rent the obvious strengths of the private sector through
policies which encourage the recent trends toward a broader
RED base and decrease the risks of technical innovation,
while guiding the longer term developments into directions
desirable for 'the 'publitc at large;

Some Financial Data

Because of the intense competition in the automotive
market place, private sector automotive RED plans are very
closely held, and it is difficult to form a detailed picture
of private R&D investment. Also, the thickness of the
proprietary veil varies from company to company, and what
some call R§D, others call product development. Thus, our
survey of the private sector will suffer from considerable
uncertainty.

The largest R§D efforts are organized in GM and
Ford, with a much smaller effort at Chrysler. By and
large, American Motors relies on GM for its engineering
research, and it does no true long range physical research
itselr.

Figures given in Hearings and Research on Ground
Propulsion Systems Sub-committee on Space Science and
Applications, February 4-6, 1974, estimating the R§D
expenditures by the three auto majors on alternative powcer
systems are given in Table 1. These figures include work
on stratified charge.

Table 1

Estimates of R§D Expenditures (1973) for
Alternative Automotive Power Systems by
the Private Sector

Chrysler $ 3.5M
Ford 24, 5M
GM $23.7M
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.‘-f,;n’c figures on the breakdown within GM between various types
of research have been given by P. Chenea in a paper presente
at a meeting of the GM Public Policy Committee in 1870, and
are guoted i1n Table 11.

d

RED Allocations in GM, 1969

Basic Research $ . 6M
Applied Research 53 aM
Development 310.0M

Total $344.2M

We note the very small fraction devoted to the basic or long-
term portion of the spectrum. The EPA has given us some
estimates of total automotive RED which are shown below

in the bar-chart, Figure 1, and which show an expected
overall sharp decrease in 1975.
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‘ The Technical Programs

Stratified charge engine work 1is being pursued at all
these companies, but manufacturing decisions are apparently
being delayed by uncertainty regarding the future standards
for NOy. 1In its present form, the stratified charge combus-
tion process is basically a modification of the process
occurring in the conventional gasoline internal combustion
engine; however, with fuel injection, and higher compression
ratios, it can take on many of the characteristics of the
diesel, and has the potential for multi-fuel capability.

GM does not rely on government support of its
advanced research, and keeps its own council on its long-
range strategy. Except for very basic research, GM does not
favor government involvement in automotive R&D beyond the
minimum necessary to back up government regulatory actions.
GM appears to carry on advanced engineering development work
across the board in the automotive field. 1Its engineering
establishment is the largest of the automakers, though its
basic research has been emphasized only recently. GM has
a moderate effort in metallic gas turbines, and work on
diesels, as well as other possibilities. For many years, with
some government sponsorship, they worked with Philips on
developing the Stirling engine, but have given up because of
difficulties with the heat exchanger.

Ford believes that the government has an important
R&D. rocle in the automotive area because the automakers will
not be able to do the complete job by themselves. In partic-
ular, Ford has long-range bets on the ceramic turbine and
Stirling engine., Ford has present government support of
ceramic turbines research by ARPA and will not be able to
pursue this development without it. Some of the Ford
Stirling engine work is government sponsored. Ford also has
work on high temperature sodium-sulfur batteries for energy
storage which is being partially sponsored by the government.
Ford's pioneering work in this important area was dropped
entirely earlier because of pressure from the short-term
problems and has only been revived with partial government
support.

The most significant program at Chrysler has been
the metal turbine program. This work has had a long history
at Chrysler, with experimental projects stretching back to
the 1950's. Much of this work is now being supported by the
ERA,
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Some very interesting differcnces in R§D strategy

.;vc'ur between the three majors. "GM has given up on the
Stirling engine after many years of experimentation, while
Ford has recently begun a major program with serious manu-
facturing possibilities.  Presumably, Ford believes it can
lick the cost preblem of the heat transfer system. In

the matter of turbines, Ford has taken the long view and
placed its bets on a quantum jump in operating temperatures
with ceramics, while GM and Chrysler are concentrating on
(costly and relatively low temperature) metallic turbines
with current technology. Current turbines may have a place
on trucks where constant speed and long life are the rule,
but in the auther's opinion, are not likely to achieve wide-
spread use 1in passenger cars until the higher temperatures
and lower costs promised by ceramics become a reality.

Clearly, the differences in approach taken by the
major automakers reflect a very healthy state of independent
thinking, and this diversity should be fostered by future
government actions.

The Technical Prospect

In recent years a number of major impacts on the
auto industry have occurred which have left the industry
breathless and to a significant degree confused. The first
was the challenge of the foreign car makers with the eventual
loss of the foreign market and the substantial penetration
of domestic market by foreign companies. The second is the
sudden entry of the government on the scene, first in safety
regulations and then in revolutionary emission regulations.
The third is the energy crisis with its fundamental threat
to the traditional transportation scene.

Two results are visible from these recent blows.:
The first is the difficulty the industry is having responding
sufficiently quickly to the rapidly changing conditions.
The auto industry is geared into a system which requires
many years to make a major production change, and these
changes are costly in the extreme in terms of capital, In
particular, safety has been taken very seriously by the auto-
makers, and much recent attention has been given to the
development of safe design principles. But, hardly had large
tecams been organized to deal in a fundamental way with
automobile safety, when emission control became a major
issue. In this case, the government legislated technical
goals which were well beyond the state-of-the-art, and
fundamental changes were required. Timing was an essential
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lement, for although the emission levels called for are

.rohuhly beyond practicality for the current gasoline
internal combustion engine, insufficient time was available
to develop 8 radically different approach, 'Thus, the
add-on catalytic converter was adopted as an interim measure,
which 15 costly in fuel economy., To meet the deadline,
tremendous sums of money (about $109) have been spent on
R&D and testing, and manufacturing commitments have now been
made. In the meantime, because the original government
standards were not based on clear cut health and enviren-
mental bases, as the various costs of meeting these standards
have become apparent, some vacillation on the part of the
government has led to a very confusing picture for the
technical community devoted to automotive RGD. Thus at
present, a state reminiscent of Future Shock characterizes
automotive R&D policy.

The general situation described has been made much
worse by the recent economic downturn in the auto industry.
R&GD is a form of investment, and with the tremendous
investment demands for switching to a larger fraction of
small cars in the face of decreased profits, R§D has suffered
badly. It is difficult to get data on this point, because
of the general industry reluctance to give it, but there is
wide admission that RED spending is down in real terms.

EPA"s estimate of the situation 15 Shown ¥ Figure l.

Finally, and of greatest significance to the
federal government, we see no important activities in the
private sector which face into the longer term problem we
have emphasized of switching away from oil based propulsion.
Minor work on batteries 1is going on at Ford and perhaps at
GM, but much of it is supported by the federal government.
No major attempt to assess and respond to the overall problem
of transportation systems based on some combination of
synthetic fuels and central electrical power is visible.
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. ITI. Required National Funding Level

Having discussed the technical and funding situation
in private industry, and before discussing the government
programs, it is desirable to establish an ideca of the required
funding level of the total private and government programs
in the light of the general requirements of the national goals
in the automotive field. In order te do this, we shall
estimate the costs involved in a typical new engine develop-
ment program. Of course, one program does not cost exactly
the same as &nothcr, nor take the same amount of time,
Nevertheless, there is a general range for these things which
we shall prosont as a basis for our discussion,

Experience in engine development in both the automo-
tive and aircraft fields suggests that it requires in the
neighborhood of 15-20 years for the conversion of radical
new concepts into manufactured articles. During this period,
the costs of the various steps for a single engine program
are approximately as shown in Table III.

Thus, the total capital costs involved in a new |
engine vaolopmont from start to finish may involve the order
of $10°, and very long times and extensive planning are
rcqu1red. Thus, it is unrealistic to expect more than a
very few such complcte cycles to occur between now and the
year 2000, although addi tional concepts should be explored
through various of tne earlier stages.

If we take the 25 years between now and the year
2000, we believe the order of three or four major changes
should flow from the R§D of that period. The major effort
should be an electric car or similar vehicle. This develop-
ment in reality may be equivalent to two heat engine
developments because of the extensive changes required in the:
total system. In addition, perhaps one or two additional
major heat engine developments should take place - say the
turbine and the Stirling engine. One is an internal combus-
tion, and one an external combustion engine, and they are
likely to serve somewhat different purposes. In addition,
there are RGD issues related to fuel options and other
aspects of the vehicle such as transmission, etc. Taking
the costs outlined in Table III and spreading these over 25
years, we see that the order of $150 million per year average
during this period will be required to meet the eventual
goals. Certainly, the roughly $50 million in the current
national program is inadequate, and as we see, the long-
range problem is not addressed at all.




Table 111X

Development of Typical Engine
Totdl UOST Time Span

Exploratory Development $10-50M 2-4 years

Concept Selection

Component Demonstration

Engine Proto Type

Engine-vehicle Integration
Advanced Development : $100-30M 2-6 years

‘Endurance Tests
Performance Tests

Cost Analyses

Engineering Developing $200-2,000M 5-8 years
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. Prospects for Private Industry

On the evidence we have, the automakers will not be
able to bear the full burden of sorting out the long-term
changes which we as a nation shall be making over the next
25 years in response to these energy and environmental
challenges. The reasons are due in the first instance to
the nature of the automotive business itself in that it 1is
goxrcd to relatively short-term responses with change occur-
ring primarily in evolutionary patterns. We have already
discussed this point, and we have seen that the major
government concern as expressed to the automakers is the
efficiency picture in the 1980-1985 time frame (DOT-EPA study).

A second reason is the great cost and risk of
revolutionary changes. As we see, about $50 million total
is currently being spent in the exploratory development stage
in private industry on new approaches, and this can only
support about two or perhaps three major projects even in the
early stages. In point of tact, the majority of the funds is
being spent on developing the stratified charge engine, and
in the nature of the competitive proprietary situation in the
private sector, the private R§D programs will partially over-
lap one another. Thus, in actuality, this support is under-
writing one major program 1in several places and in addition,
several minor ones. With the current economic climate,
private industry cannot be expected to increase the 1973 R&D
expenditures; and in 1974, our estimates show that this
figure has already dropped drastically.

A third and perhaps overriding reason is that the
automakers only respond to the market place and government
regulation. Hence, the gradual putting together of the
technical feasibilities, financial constraints, and political
and social desiderata of the long range transportation system
is a nexus which far transcends the more parochial interests
of the automakers. The government, through regulation, taxes,
etc., is already deeply involved in automotive policy, and we
discuss next the structure of government R§D which forms a
basis for these policy actions.
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. IV. Government Programs
The DOD

The only long standing government R&D in the auto-
motive field is that of the Army Tank Automotive Command.
This group has distinguished itself by its early work on
and support of the stratified charge principle, a modifica-
tion of the gasoline internal combustion engine which is both
cleaner and more cfficient than its predecessor. Excellent
relations exist between the TACOM and the private automakers
at the technical level, and generally complementary and
constructive roles are played by the two groups in the mili-
tary fieid. The good relations enjoyed by 'the government and
private industry in the military field provide an excellent
historical background for the consumer field. However, the
goals of military and consumer automotive RED are sufficiently
divergent that TACOM should not be made to serve the consumer
sector in addition to the military programs. The mutual
respect between TACOM and the private automakers on the other
hand makes the TACOM an important source of experience and
advice while working out the structure of the governmental
involvement in civilian automotive RED.

The AAPS Program

The primary government program in civilian automotive
R&D resides in the Alternate Automotive Power Systems program
of EPA, now of ERDA. This program was begun in 1970 for the
purpose of demonstrating methods of achieving the government's
emission goals through alternatives to the standard gasoline
engine. This program has been funded as shown in the
accompanying table.

Table IV
Funding of AAPS (§ Million)

s il S 5 $ 5.6M
b 8.5M
Y 1945 9.2M
FY 1974 12.3M
BY 185 7.2M
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' In FY 1974 the program was expanded in order to

yroaden the approach into matters of efficiency and alternate
Fuels,y wWith the expeéectation that in in EY 1925 and 19706 those
new dircctions would receive increased funds. Instcad, with
the uncertainty in the future of AAPS and ERDA, the funding
was cut back to its earlier level, and the new directions
started will have to be terminated abruptly.

The early program was directed along three paths:
1) stratified charge research, 2) steam engine (Rankine cycle
engines), and 3) turbines. The stratified charge work was
quite successful, and support has been withdrawn because
the major U. S. automakers are close to commercialization of
a stratified charge engine, and Honda has introduced ‘a
successful example which meets all 1976 emission standards
without a catalytic converter. (It does so, however, in a
small car!)

The work on steam engines divided into water and
organic working fluids on the one hand and turbine and
reciprocating drive on the other. Varying success was
obtained, and the general point has been demonstrated that
Rankine cycle engines can be operated cleanly. Although
there is some possibility of using an organic Rankine bottom-
ing cycle on large diesel trucks, the steam engine is not a
major contender for automobile propulsion, because of its low
efficiency.

The gas turbine program is still being actively pur-
sued and has eventual promise. The current program is aimed

at metal turbines which have the disadvantage of being marginal

in efficiency and costly to produce. However, some technical
basis for the commercialization of metal turbines exists,
especially for heavy duty constant speed use as in trucks.
Even if the metal turbine does not become commercial, and it
proves necessary to wait for the higher temperature, higher
potential ceramic turbine, the component work and general
background technical work in the metal turbine area will
prove of value.

Under its very narrow mandate and limited funding,
the Program has been a success. It has in addition served
a very useful role in disseminating new information through-
out the automotive industry, and in opening up the system
significantly to a freer flow of ideas. The Program has now
been transferred to ERDA, and its future is tied into the
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rganizational responses and funding futures which will

ventually be worked out within ERDA regarding automotive
R&D. These issues are, of course, at the heart of this
paper.

One of the remaining institutional questions should be
mentioned here. At this time, outside of TACOM, no integrated
automotive in-house research facility exists. The closest
approach to a civilian group is the automotive turbine group
organized at NASA-Lewis in support of the AAPS program. In
addition to NASA-Lewis, other small groups exist in other
laboratories most notably at the Bureau of Mines Bartlesville
Laboratory (alternate fuels) and at Sandia and NASA JPL. 1In
addition, electrical energy storage and fuel cell work which
is germane to the long term automotive question is going on in
other government laboratories, with little visible connection
to the automotive issue. We return later to this striking
lack of an integrated in-house laboratory in automotive pro-
pulsion research relating to the civilian sector.

- o
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. V. A Cautionary Tale: Emission Control, Costs, and
Automotive LIficiency*

We have made a major point about the necessity to
include the three goals of altcrnztxvC‘ to gasoline,
efficiency, and low emissions in one program. In order to
demonstrate how necessary these joint goals are, we present
a short case study of the government actions of the past
several years in emission control to show how badly wrong
things can go when the government attempts regulatory actions
without due regard to all these factors, and when it does so
without a vigorous in-house government technical group
which can speak to technical feasibility and the various
trade-olfs involved.

The 1976 emission goals were imposed by Congress on
the basis of désired levels of €O, HC, and NOy in urban air,
and transfer coefficients derived hetwccn automobile emi@sion

rates and ultimate atmospheric levels. The NOy level of 0.4
grams/mile is the one most difficult to achieve. The con-
ventional gasoline engine cannot achieve this level without a
catalytic converter. The issue posed to the automaker is then
whether to opt for a totally different engine, or to take the
safer route to the catalytic converter. The answer has been
the converter. We will now show that this has been a mistake
caused by short lead times, and the necessity to minimize
Ya5ks

In the first place, the transfer coefficients ori-
ginally used are apparently wrong by a factor of perhaps
three. Thus, 1.2 grams/mile NOY would lead to the same atmo-
spheric concentrations as is assumed in the original work,
but the original atmospheric standard is itself based on very
weak biological evidence, and we do not have an adequate
basis for making technical and economic trade-offs on the
one side with health damage on the other side.

In order to operate an automobile with a converter,
it was thought necessary to decrease the lead content of the
fuel to less than about 0.1 grams/gallon, or the life of the.
catalyst is decreased to an unacceptable level. (See Appendix
A, Figure A-11.) There is some current reason to believe this
early result is erroneous, but we return to this later. Since
tetra ethyl lead is the primary agent by which the octane levels
in ordinary gasoline is achieved, to take the lead out is
tantamount to lowering the octane level. The story is more
complicated than that, because the '"clear pool" of gasoline,

1/R. K. Proud'homne, American Scientist, 62, 191 (1974).
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.hich is what refineries produce from oil, is only 88.5
yetane. {"Regular" gasoline is about 95, and "premium' is
about 100 octane.} Other methods besides lead addition can
be used to increase the octane ratings, but they are all
expensive, and they waste part of the starting crude oil.

The current compromise solution is non-leaded product of about
81 octane. In practice, then, about 6 percent more crude o0il
is used to produce lead-free gasoline than the leaded product.
But this waste is not all, because the lower octane and the
lowered engine compression ratios (lowered from 9.5 to 8.5
overall aveage) cause lowered engine efficiency. The result-
ing increased gasoline consumption can be estimated (after
saturation to a catalytic converter auto propulsion) to be

16 billion gallons out of a total of a bit over 100 billion
gallons. In addition, the capital costs for producing the
required lead-free fuel will be an additional $65-80 per year
per vehiele in the . 5. ' The direct costs to the moforist

of the 10 billion gallons of wasted gasoline are, then, about
an additional $100 per vehicle per year.

On the technical side, the stratified charge engine
can nearly meet the NOX standard without an efficiency loss,
and no c¢hange in fuel would be required. In a small car, the
Honda version meets the 1976 standard without any modifica-
tion, and Ford proposed that if some relief from the original
0.4 grams/mile were allowed, namely 2 grams/mile (remember
the three-fold error in making the original standard) they
woltd convert thelr entire lane to the Stratified chirge
engine.

. We will not debate any further the pros and cons of
the emission standards. (In the last analysis, the elimina-
tion of lead from gasoline may be needed simply because of
the biological effect of the lead itself, but this point has
been outside the main agreement, and is itself a complex
issue.) However, 1t is cleay that a techniecal solution to the
major part of the medium-term problem may exist in other
engine types. In retrospect, our national response to this
challenge has been a very poor one, costly to manufacturers
(about $1 billion to the automakers and to the o0il industry)
and public alike.

The posture which we sorely need at this date - some
10 years after the auto emission debate started - is a spirit
of general partnership between government, consumers, and
industry with machinery for working out the objective technical-
biological-fuel-tradeoffs on a scientific and technical level
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pfore they are taken to the political Tevel for decision.,
‘lcarl)', we now sec what mischief rigid regulatory policies
cause in a climate where the automakers alone choose the
technical response to ex cathedra government regulation.

The costs and benefits to the automakers in this case
have not beecn the same as the costs and benefits to develop
the alternate automobile propulsion systems which will solve
the total problem (and penalties for failure!) currently
accrue to the automakers and are passed on to the public,
while other ¢osts and benefits accrue directly to the public
{as well as in this case to the gasoline producers). The
automakers, given incomplete guidance from regulations, have
choosen the route which minimizes theilr costs and maximizes
their profits, and this route has not been the best one for
the public at large. Thus, the government regulatory actions
which were intended to reduce air pollution have also forced
the adoption of a disadvantageous technology and hindered the
development of more lasting and desirable technologies. In
defense of the auto makers, it must be said that the short
lead time and harsh penalties of the clean air amendments
forced them to stick with a technology they were familiar with.

An interesting postlude contributing to an already
enormously difficult and frustrating situation has been the
discovery that the tetra ethyl lead by itself is apparently
not the culprit in the matter of catalyst damage. Very
recent Chrysler research ¥ndicates the actual culprit is a
"scavenger' chemical added with the lead to keep the lead from
forming harmful deposits in the cylinder combustion chamber.
This work and its consequences are not yet fully accepted,
but it may ultimately prove unnecessary to have removed the
lead from gasoline in order to prevent damage to the catalytic
converter. Unfortunately, this finding if it proves out will
have come too late to save much of the enormous capital invest-
ment necessary to provide and market the no-lead gasoline,
commercially. To appreciate fully this total situation, thus
seems to require a very perverse sense of humor.
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. VL. 11;_0 Federal Role in Auromut,iv_c: Rcsaa_rgb_

In this scction, we present our arguments in &
systematic fashion for an expanded role for federal involve-
ment in automotive R§D, integrating as we go the discussions
of the previous sections.,

In our discussion, we have differentiated between the
long term national -issues which revolve around the neced to
replace oil as a fuel altogether, and the short-term issues
which relate to conservation and the reduction of o0il imports.
We have indicated how the short term out to about 1985 is
the province of present technology, and that new technology
can begin to have dimpact beyond 19885 Thus, in this paper,
the prime center of attention must be the post-1985 period.

We see two general technical thrusts in the post-1985 period --
development of new, highly efficient heat engines based on

some kind of synthetic fuel (or perhaps a mix of petroleum

and synthetics), and a second type of propulsion; such as,

the electric car, which is based on central power.

O, i

Government involvement is foreseeable in both the
short and long term periods, but the form of government
involvement in the short term problems 1is likely to be quite
different from its involvement in those of the longer term.
Several policy levers are available to the government in
furthering the public interest. ne lever is fuel price
setting. A second is government intervention through taxation
and regulation. A third is government development of new
technology. These policy categories are not independent of
one another; for example, the first two impact on the third,
although indirectly, through the public demand for more
efficient automobiles.

The central question for federal RED policy is the
extent to which the indirect effects mentioned above will,
or will not, provide the long term new technology in suffi-
cient amounts in the required time. . 1n more precise terms,
will the private sector react to pressures transmitted
through the market with R§D investments of the order outlined
in Table 1Y¥1%?° Seecondly, what are the prospects for legis-
lated innovation? '

We shall deal quickly with the second question. The
legislative route is essentially the approach taken by the
government in the emission control area, and which led to the
debacle described in Section V. There is no reason to believe

. 7
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that more enlightment would have produced a substantially
ifferent result within the confines of that approach, In
rder to legislate wisely in a highly technical area, the
government must be a direct partner in the innovation process,
and there is no way to legislate innovation, as it were, "on
the cheap.'" Decaling with this question on a deeper level,
the question of governmental incentives is non-trivial and
is discussed later.

The ability of the private sector to respond on its
own is more subtle, and we shall address it in two ways:
First, by demonstrating the "incommensurability" between the
public and private interest, and second, by indicating the
improbability of the private sector investing in the required
large amounts of research over the broad spectrum necessary.

1. Divergence of Public and Private Interest

We have mentioned several times the overriding -
importance to the nation of facing up to the depletion of oil
in the foreseeable future, and to conservation of these
limited resources. It is impossible to put a 'price'™ on the
national objectives in this area, and very difficult to know
if the signals from the market place are being heeded in the
research laboratories of the industry. 1In fact, the price
level of gasoline or of automobiles which will be necessary
to generate the necessary level of RED displayed in Table III
is probably above that desirable on general economic or
political grounds. For example, if the proportion of industry
revenues devoted to conservation R§D were constant, the desired
ievel of RED given in Table III above would require a tripling
or quadrupling of industry revenues. Also, the overriding
concerns for energy conservation are social rather than pri-
vate .in character, and thus it may well be that the price of
gasoline understates its true social cost, and thus, that the
price signals of the market do not reflect the true urgency
of the problem. Finally, there are strong reasons for sup-
posing that the rate of discount used by automakers in
determining the profitability of an investment (e.g., in RED)
are higher than the rate appropriate to social decision making
and that this factor as well leads private industry to invest
less in automotive RED than is socially optimal. All of these
considerations point to the following: That the overriding
national objectives in oil conservation are likely to be
inconsistent with the profit maximizing objectives of the
industry.




2. The Magnitude of the R&D Task

-

. The primary burden of Sections II and Il was to
demonstrate that by all present indications, the magnitude
of the national RGD challenge is greater than the private
sector can address. We have dealt with the magnitude of the
required investment and found it to be much larger than
present levels in the private sector, and we have indicated
the severe financial pressures the industry is now facing.
We have dealt with the structure of the industry and shown
that their R§D perspective is much too short term in char-
acter for the typical industrial operation to do justice to
the longer-term problems facing us. We have also indicated
that many factors will have to be integrated into a total
program: alternate fuels, efficiency, and environmental
effects. This spectrum is much too broad for the individual
industry member to keep in perspective. Thus, without
unforeseen changes - in the structure of the industry, there
is no real expectations that private industry can deal
adequately with the problem of new automotive technology
without direct and extensive help and leadership from the
government.

3. Federal R§D as a Basis for Regulation

In addition to the major factors listed in 1 and 2
above, there are several additional related policy criteria
for government involvement in automotive R§D. The need for
federal R§D as a basis for wise regulation 1s recognized by
all parties. This need is also the major point discussed in
the case history of Section ¥V, so we shall not belabor it.

e note, however, that the proper size of an RED activity
which supports the regulatory function 1is not trivial, since

in order to carry on the type of in-depth interaction across
the entire automotive spectrum which is implied in a success-
ful operation leads one to postulate a full scale in-house
activity of critical size, with quality comparable to the

best private R§D groups. Otherwise, credibility is sacrificed.
Secondly, this type of activity cannot be contracted for
(unless it be by means similar to the AEC long term contract
laboratories).

We note also that the needs of the government for
R&D to underlay the regulatory function and the needs to
advance the frontiers of technology are entirely complementary.
A government program (with an in-house component) which
advances the state-of-the-art of automotive technology is
also in an excellent position to guide government regulatory
activities.
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. 4. Incomplete Appropriability

Automotive R&D at the more basic end of the
spectrum shares with all R&D the characteristics that it is
not completely appropriable in a single company., The
results of such research are usually published in the open
literature, where it is diffused far from its source. Thus,
combustion research supported and performed at GM becomes
of equal value to Ford, and even to some non-automotive
industries. Thus, this research will be undersupported in
any company relative to the more development related work.
On the other hand, it is just such basic research which is
at the heart of significant advances in efficiency or emis-
sion control. Similar arguments apply to development of an
electric car or its equivalent. Thus, the government work
should complement private industry by being more weighted
toward the fundamental side.

5. RGD as a Function of Company Size

In the automotive case, we see an extreme example
of how only the largest companies can afford R§D. OGM, being
the largest, also spends the most on RED including enginecering.
Ford spends nearly as much, but a sharp cutoff after the Big
Two. Although Chrysler does some engineering development, it
has little or no true research activities, and American
Motors is not a participant in R§D. Of perhaps equal impor-
tance, except for the support of the government, no research
to speak of can go on in the small high technology engineering
laboratories. Likewise, no university participation can be
expected without government support.

6. Complementarity of Public and Private Sectors

We have noted that the primary government R§D
concern is in the longer term, and that the automakers typi-
cally concentrate their attention and their funding on rela-
tively close-in or short-term R§D. Ve have also noted the
"jawboning'" which is currently underway between Congress and
the Administration, on the one side, with the automakers on
the other, relative to improvement of gasoline mileage.
These pressures are likely to further concentrate the auto-
makers' attention on the period prior to 1985. 1In this same
time frame, if the stratified charge engine should continue
to show promise, the private sector is likely to have its
R&D hands full in bringing this new development into produc-
tion. By the same token, less attention is likely to be
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9id 'to the lonver term. Clearly, then, the reles of govern-

‘J]t and private industry are proving to be highly comple-
mentary to one another, and we develop this theme of highly
interactive complementary roles for the private and public
sectors in the next section.

7. Summary: The Federal Role in Automotive RGD

st e i 1+ N 4Bt B e e e e e e

We thus find that a yariety of factors dictate
a substantial direct role for the federal government in auto-
motive research complementary to the role of the private sector,

These roles and responsibilities are:

a. Overall guidance of the long term
nationai technical effort in automo-
tive RGD.

b. Federal financial support and involve-
ment in advancing the frontiers of
automotive propulsion technology on
a scale sufficient to assure the
national goals in automotive trans-
portation.

¢. The creation of a cooperative RED
climate between government and
private industry for the rapid ad-
vancement of automotive propulsion
technology for the ultimate public.
interest.

We end this section with a gambler's note on the
asymmetry between the options of full government participa-
tion in R§D and no government participation. If the govern-
ment develops an R§D program in automotive R§ED, but
circumstances work out such that an accelerated program is
not needed, and the private sector is adequate to the techni-
cal problems, the only loss is the financial and manpower
investment made. 1f, on the other hand, the government does
not inject itself onto the technical scene, and the private
sector is inadequate to the task, then the consequences can
reach national crisis proportions.
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‘ VII. Technical and Institutional Issues: A National
R&D Center |
In this section, we discuss some technical and
institutional issues which emanate from the general federal
roles spelled out in Section VI.

Technical Goals

Summarizing the general aims discussed throughout
the paper, there are three interrelated general technical
goals:

The primary concern of federal automo-
tive RED policy i1s with the long term, post=
1985, period. In this long term, the general
goal of automotive R§D is to replace the
petroleum based automotive fleet with one
using more plentiful fuels. Resulting automo-
tive propulsion systems will likely be com-
posed of a mix of synthetic fuel burning heat
engines and some form of the electricity using
automobile.

Fuel conservation is a major feature in
both long and short term time periods. 1In the
short term, the goal is to conserve petroleum
based fuels to the maximum possible degree in
order to limit the dependence on foreign oil,
and to delay the depletion of domestic oil
sources. In the longer term, conservation
will be necessary in order to place as little
stress as possible on the total energy demand,
and especially on the demand for synthetic
fuels. These goals will require the develop~-
ment of propulsion systems of the highest
possible efficiency.

In all aspects of the research program,
environmental impacts must be studied and
evaluated, and ultimate automotive systems
must be optimized relative to pollution
generation as well as energy consumption.
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The terms “short term' and "long term," of tourse,
ve no sharp lines of demarkation, and a transition period
characterized by complicated overlapping automotive develop-
ments is possible in which such requirements as a multi-fuel

capability may be desirable. We reference some previous
studies of automotive efficiency by including in Appendix B
pertinent portions of the National Academy study on Alterna-
tive Power Sources, a study performed by the Eaton Corpora-
tion and an EPA study.

We have phrased the technical goals of the program
in the rather narrow terms of automotive propulsion; however,
there is a valid question as to how broadly to draw the
mandate of the governmental program. In the detailed planning
which should precede the initiation of the program, this
question should be addressed directly. Two related areas
which probably should be included in the program eventually

are those materials and structural design aspects of vehicles
whlch impinge on fuel consumption. Another candidate for
eventual inclusion is propulsion systems of other forms of
transportation. A good case can be made for including pro-
pulsion systems of buses, trucks, etc., because of their
technically similar CnaTdCthlgulCu, and because they are also
all based on petroleum-derived fuels. However, the point is

a general one. Many aspects of the total transportation ques-
tion are highly interrelated, and the question should be
addressed whether the automotive R&D program should not 1in
fact be a general transportation R&D program. .In our view,
however, although this may be an ultimate goal, the early
program development should emphasize the automotive aspects.

For the sake of concreteness, we list below some
examples of what in our view are the gort% of technical
activity which are needed in the government program.

1. Alternate Fuels for Mobile Use
Research on fuels should emphasize
methods for achieving high volumetric
and mass energy density, and should
include systems studies on economic
and other impacts of switching to
alternate forms of fuel. Research
must also include electrical energy
and other storage, and electro-
chemical systems.




‘ 2. Combustion
We have only a limited knowledge
of the details of the combustion
process (including pollutant forma-

tion) in both c¢cyclic and heter-
geneous combustion.

3. Heat Transfer

In all heat engines, numerous prob-
lems of heat transfer arise both
within the engine and its air environ-
ment. A better understanding of these
phenomena could lead to improved
engines.

4. Materials
In many cases the practical imple-
mentation of theoretically desir-
able heat engine systems is limited
by availability of suitable mate-
rials at a reasonable cost.

S. Vehicle Aerodynamics
Any information that will result in
reduced drag will obviously conserve
transportation energy.

In view of the desirable level of private plus
government research in a total national program, which we have
placed at about $150 million annually, we believe an appro-
priate initial funding level for the federal program is
$50 million per year with about half in-house and half in
contracts. This would yield a national level of something
more than $100 million per year, which is still well below
the §150 million level. In subsequent years, efforts should
be made to bring the total level to the optimum, but much
of this increase should be in and by the private sector.

Institutional Issues: General

From the earlier discussion, it is clear that we
view the complementary relationship between government and
industry in automotive R§D to be crucial. This principle is
implicit in our treatment in Section I of the automotive R§D
problem as a national problem which possesses private sector
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and public sector aspects. It was also emphasized in
gections 11 and VI that the natural time span for industrial
onsored work is in the short term, and that the major gov-
erament concern lies in the long term. These two thrusts
must be closely tied together. We have also highlighted the
problems which arise when the government deals with the
automotive industry in an adversary mode insofar as the
development of new technical approaches are concerned. The
prospects are for increased government regulation and
“"jawboning" of the automotive industry on the subject of
efficiency. In view of this 1liklihood, government-industry
cooperation must occur at the technical level at all stages
of regulatory and standards setting processes in order to
prevent the sort of counter-productive results which we
reviewed in Section III, and to ensure a flexible regula-
tory system which can respond to new technical possibilities.

A part of the government- industry interface is the
matter of industrial incentives for innovation. To a large
extent, if the overall technical program is a cooperative
affair between government and industry, with an appropriate
division of labor between industry and government, and if
the planning of the program has included all the affected
parties, then a major portion of the stimulation process
will have been accomplished. In the proposals of this sec-
tion, we discuss these aspects at some legth. Possibilities
for additional, more direct actions by the government in
terms of incentives for industry should receive more careful
study than we have becn able to give here.

Over and beyond the regulatory RED aspects is the
necessity for the government to provide technical leadership
to the entire national effort, both public and private.
Agaain, in order for this proeess to function, a spirit of
technical cooperation at the working level in goal setting
and in division of labor between publlc and private sectors
is lessential.

A related government responsibility is to open up
the RGD system significantly. We have learned in this
country how important the fast moving small high technology
companies and the universities can be when the nation is
faced with a major technological challenge. To date, these .
very important resources have not been tapped to help solve
our automotive R§D problems to any significant extent, and
one of the obvious aims of a government effort should be
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the stimulation of these groups to develop programs in

tomotive RE&ED. When this is done, of course, the total
Jrivate sector complexity increases, and the task of insur-
ing the technology transfer from area to area becomes more
involved.

National Automotive RED Center: A Proposal

We see the automotive question as posing two pri-
mary questions to the government. The first is whether to
develop a major involvement in the area, and the second is
the mode of that involvement. We believe that a positive
decision on the first question requires a decision in the
second to develop an in-house competence in automotive RED.

There are two major reasons why a national automo-
tive R&D center is required. The first is the need to serve
as a base for the regulatory function. As 'we have said
several times, the regulatory function cannot operate in a
vacuum and must be based on a high quality in-house technical
research competence. Advice of this sort cannot be bought
on the outside because non-government regulatory advice is
never entirely credible, and private sources are not always
available in the form and quality required. There is thus
no substitute for a dedicated in-house team possessing
impeccable technical and scientific credentials to which the
government can always turn for advice.

However, a high quality technical research organi-
zation has its own requirements for care and feeding, not
the least of which is critical size, It is usually impos-
sible to justify the expense of such an establishment purely
dn its role in the regulatory area, and, in fact, research
teams  which are restricted to this purely defensive technical
role often prove technically sterile. Thus, if we can combine
the regulatory support function with a function to operate
more offensively in the development of new technical
approaches to automotive propulsion, then the existence of
an in-house RED center is more fully justified.

The later justification for such a center follows
naturally from our entire discussion of the long-term char-
acter of the automotive R§{D problem, and with the need for
the federal government to become involved in technical depth
with the solutions in this area. In effect, we maintain
that the automotive R§D problem is one of such magnitude
and duration for the nation that the program must become
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institutionalized for the long pull in a way that only a
ficated Taboratory gentexr can ensure.  Burthermore; we
have emphasized the tendency of the private industrial RED
establishment to concentrate on short term product develop-
ment and engineering. Providing facilities for carrying on
the longer ranged rescarch would be best accomplished by

means of a Federal R&D Center.

We see no problem of conflict of goals between an
in-house center and the private RED establishment, because
of the complementary roles played by the private R§D labora-
tories and by the Federal R&D Center. Mechanisms for
increasing the effectiveness of the total system, however,
are desivred. Two main avenues exist for assisting this
process. One is to enhance the interaction between the
Federal R&D Center and the private sector by giving the
Federal RED Center contracting authority. Then the programs
under active pursuit at the center will also be reflected in
the private sector, and the results of the federally spon-
sored work will be disseminated more readily. Second, the
RGD center should have associated with it a highly developed
advisory panel system similar to those associated with the
NASA laboratories. If the programs of the Federal RED Center
are planned as a result of extensive consultation with the
private sector, then the govenrment's program becomes in
consequence, a truly national effort. Also, the Federal R§D
Center can be expected in the course of its work to develop
a unique collection of experimental and testing facilities
which can be made available in suitable ways to private
research groups. Indeed, through this mechanism of sharing
its facilities, the center should serve as an important
point of interchange between the major portions of the automo-
tive research community.

We have discussed the question of the federal role
in automotive R&D with the Committee on Conservation of
Energy and Other Material Resources of the Society of Automo-
tive Engineers. They have unanimously agreed on the need
for a government program in automotive R§D with emphasis on
the longer ranged aspects of the problem, and also on the
desirability for an in-house government laboratory. They,
in fact, originally suggested to us the suitability of the
old NACA model for automotive R§D support. In addition, they
have recommended that the NASA-lLewis Laboratory serve as the
nucleus for starting the Federal RE&D Center. NASA-Lewis has
a long history in combustion research, and its facilities
and expertise in turbine research arec outstanding. They
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are, in addition, already serving an important role within

¢ AAPS Program in the automotive turbine arca, and their
“':ztim) near Detroit is desirable. ' Furthermore, the NASA
model for interacting with industry fits .the desired automo-
tive R&D approachy We iconcéur that if the appropriate
interagency arrangements can be made, that the NASA-Lewis
group would be an excellent sitc for the new automotive
effort. However, alternative candidates might also be
evaluated,

The Need for Further Study

The first step in the inauguration of a substantial
federal automotive RED program is a major planning effort.
We see the need for two separate studies to be carried on
by two different groups, and to serve somewhat different pur-
poses. The first study should be a study of the entire aut-
omotive transporation system performed in order to lay the
groundwork for establishing the details and timing of the
federal program. The study should assess the various time
scales for innovation, the private sector financial and
investment constraints, and the technical prospects for
achieving various short and long-term goals in ferms of
specific accomplishments. We have pot attempted to trans-
gress with any detail into this area ourselves simply
because of the magnitude of the technical assessments in-
volved. The study should be aimed at the total national
automotive scene so that a general division of 1labor can be
worked out between the private and federal sectors. DBecause
of the erucial Tole. to be played by the private sectory; all
elements of the public and private technical automotive
community should be involved.

The second study should focus on the broad technical
and institutional aspects of the problem, and is viewed as
general RED policy guidance. We recommend that the second
study be performed by the NAS-NAE individually or in some
combination. We believe this study should address the
various topics of this paper: automotive RED as a necessary
ingredient in the nation's energy conservation program; the
broad institutional questions of how the technology is best
generated and disseminated, and the roles to be played by
the various actors in the process; more specifically, the
desirability and role of a Federal R&D Center, and how it
should operate; the general technical goals; and federal
incentives to the private sector. The value of this study
would consist in far more than its recommendations and its
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rting out of the issues. In actuality, it would be the Fiesk
p in exploring the new level of government-private
scctor cooperation in the area 0” autonmotive RED which we

Have discussed '‘at such tength.  The stw&y should for this
reason involve just those groups \1: should continue to
function as part of the government-pr fvaie sector team in
guiding the generation of a national effort. The study
should be sponsored on the govermment side by ERDA and

include representation from NASA, FEA, DOT, CEQ (or EPA),
and DOD. The private sector could best start with the SAB
and its Energy Committee. In this connection, the sponsor-
ship by NAS/NAE should not necessarily be considered as a
permanent arrangement, but merely as a vehicle for gather~
ing the appropriate parties together,

'
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1. The automotive sector is a crucial one for pgovern~
ment action indealing with the energy crisis, posing subs-
ﬁtnnt'a1 government R§D issues. An expanded role for the
government in automotive RGD will be necessary in order to
prox]uu the technical ¢apability for replacing the turrent
petroleum fueled automotive transportation by one based on
more plentiful fuels, and for conserving all forms of fossil
fuel through more efficient but clean propulsion systems.

2. An in-house research facility is proposed to
provide direct long term government involvement and leader-
ship. ipithe technical vropgrim, and to sServe as & base for
government regulatory functions.,

3. An essential characteristic of the total national
RE&D program is the interlocking of public and private roles,
As a rTesult, a hiph degree of public and private cooperation
at the technical working leve 1, and shared planning at the

1

management level will be required.

o
rh

4. An estimated total national budget on the order
$15C million per year will be required at steady state.
Federal funding is recommended to start at $50 million split
about evenly between in-house work and external contracts.
§. In order to initiate the program, two major studies
are proposed. One should be a study of the total automotive
technology system and should serve as a guide for detailed
technical provram planning. The second should be performed by
NAE and/or NAS and address the broad technical and institu-
tional questlons explored in a preliminary way in this paper,
and should serve as general R§D guidance for the total
national program.

i
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. ' APPENDIX B
A number of reviews of alternate engines have been
per{formed, with approximately the same general conclusions
regarding the best bets for long-term optimization of
efficiency and emission levels. Three of these reviews
are summarized here. The first is by the NAS.

Their general summary is:

"Those candidates that appean to merit

=

eanliest consideration are as follows:
Diesel: Can be considered now fon special
applications such as Ltaxis, police cars, Light duty

usban trnucks and vans.

R L a5
i A “

Bz S+
5 { ¢
Uil Cu (>

tesel: Eanldiest probaofe compromise
sclution for genenal can populations; {415 many
applications 4n present tLtransportation agsiama;
Can be considenred for future transportation
systems.

Advanced gas ftunbine: Suditable with Litile on
no compromise to Langen vehicles; some question
about suitability An unrnban driving and 4in small
cans; good §4t Lo fufure enengy system; can be

consdidened fon futunre trnansportation systems.




i
‘ Advanced eny: Veny good §4t Lo futune
syslem,
Advanced fuel cellfs also 4t Lhis group as
soon asd AL 4is clear that 4t 44 modtly engine

that 4s /‘u’;Q{L"”('f fon L14 development nathen ZLhan
a majon technical and/cn eccnomic "breakthrough.”

The t unsettled natunre of the evolving
socioeconomic situation negarding thansporiation
and enengy precludes a choice forn one power plant
at this time. 14 45 Logical to proceed 4n

P

p

the most viable candidates will surface.”

Thirteen different power plant options were studiec

and the findings are displayed in Figure B-1.
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Vs | &
. The EPA through its AAPS program has evaluated t}‘m
same prospects with the following conclusions (Preliminary
Program Planning, AAPS): |
"The basic conclusdions of the study wehre
that the following engines should neceive majfonr
considenation.
a. Dual chamben strnatified change engine
b, The Lightwedight Ddiesel
c. Stinling Engdine
Cunrent phograms on Zthe gas Zurbine should
proceed; however, extensive work in this area should
be predicated on the abilify %o realize an engine

with high Zusabdine inlet Zemperatunre fosr maximum

]

n
{450

P

>
=N

camance which £8-constructed 0§ noncritical

%

matenials such as ceramics.
Summany

With present knowledge Lt appears that the
spark-Lgndtion gasoline Ln Lts present 5okm,.but
§Litted with emissdion aaﬁzaoz devices, will nemadin
the Low cost power plant for aufomotive applications
5on'£hc next 5 fo 10 yeans. The reason beding mainly
curnent Lnvestment 4n fooling and the findite fime
necesdary for the Aintroduction of a new type of

prime moveh,

|




A~18

Concentrated development should be undertaken
Lo introduce the dual chamben stratified chaxrge
engine whaech can use present Looling u&cd for Zthe
0fto cycle engine. The onfy change nequined bedng
a new cylinden head, dual carburetorns and a Lhirnd
valve and necessarny camshagt fon the infroduction of
guel and adin into the prechamben. 14 should be
possible fo introduce such an engine info produc-
Ztion in the Late seventies, by which Time the present
gasoline engine with emission control equipment will
be on the decline.

Concunrently, development of the dicsel and
Stinling engdines should proceed without delay fox
introduction towands the end of Lthe next decade.

These necommendations, at Least as fan as the
strhatifdied charge engine £4 concerned, generalliy
aghee with wonk done by Southwest Reseanch
Institute, Dr. Beno Stennlicht, and the Eaton

Conporation.”

The specific comments by engine type are reported in

the following figure, Figure B-2.

Finally, the conclusions of a study performed by the

Eaton Corporation is included as Figure B-3, which is

self-

explanatory.
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e e e 4

Present tice 1975 Emfisslion levela are beyond Emission control devices incresse Rolax ewnission Werk oan developing
Qtio Cycle lizmits of current mays preoduc~ gagoline zenauspefion which i levels alternative power
gasolfoe Eagine tion techrology. This confirmed alzasgy This e planis &s goon as
by Natliceal A S will rew i poasidble
poxt te A e the 1870 use s P e FRIREC 7 LS oo e e S S £ S
engines Ve o | faterval red = ; §
but ot 1976, This not prac- and introluce alt : o
tical fo i 1 i -
5 yvear } i é
- 5 >
Catalytlc converters rely on £ { 3
(e) ?latinum, (b) FPalladium AN A t
Iheoce tvo counsditlies are 4 3 {
perted fres adread. (e} Chrome { H
iron cxida and (d) cpincls are o ]
in trial stase. Rt i
. . - R e e e—— e v s b
Modified Spark Pracheranrc stratified charge Yary promising., One swnufscturex Test and ¥o Dime should b 1974 ~ 1 Froven Cozcept
Imaition eagize with fuel Injcction and has airealy ravketed such a car. Evzluate cur— icot in dsveloping
Cazcnlip: Enplice part load ghreitiing has STobabiy best suiced for the develop~- this t7Ee
: slows definite gromise fn YW gzaller englnes esd cconomy cars. ments as soen T = i
developrents. Also Eonda See “Jieoui' below. be used es pousible % - |
CIVIC eagine, Oy emisdions with gigscops fuels 23 well am | 2 i vamyee {
redocad. Uydroearbons can be garolincs | Gl i A BT OSSR
N { L Gt 1¥

. haséled by toermal oxyiatien
in the 2:haust,

Jet awtws | 3 4o 4
R I o g 1
19 7= ~ s ! ]
1 - ' ! i
{ ! [ ' !
i *h e % !
§
{ 32 | — :
A e 4
} : z
Do b, Poveelvmder sesri®dat e crgor i
L 5
Rotary Engine Advantages on {ts =smail size alds promise
(Fenkel) and weight, This allcve vocTe rnative to the
room for addition of emisafon rocating
contzo:i devices on smaller itrati-

care. Has ponor fuel scanomy

nlcslome are
greatly
Seals

yroblem.
consrol Jdevices i
a8 the pacoline englne. Can Other tyres of rotary engline osher
be made into strati{fied charge than the Wankel are curicntly under
engine., developaant In the U.X., Australia

and Swode

FIGURE B-2
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Engine Candidate Present Status Pcreatial - Action Fracedure Tipe Scan

i Cas Turbine The most advanced G.T. engine May find opplication on long
to date has these remaining haul truecks, Mechanica
probliems: ‘Hiza N6, 3 High firsc {~eoriaz
= ; cost; fuel ecunomy, espe- Caneral Migors
efally at part lead. Cormorating
- Technicsl |
A0 1
4
has Article ‘
& i
for 1
lons |
solvec “
have arfsen emissions
aad fucl e
fon; Variable ;
goosetry to {mprove ’
d performance pdda
" reduce shustor
3 roOne Lemher: has
i to be kepr below
which appears Lirpractical.

beo tared Encrgy City buses usinp stored Broven comzept for city . s =
{ o for , transportatioc t %

) zmany yoars ia

enctey have been
value.,

. Belntan Canco.

are

seedied up a
using uvtllity
power,

engine electrie Advamtage ‘s battergy acts as

&b Hybrid Systems

small fossil fuel power boajl.s: relifeving the : ct of |
podwered engine onboard to charge engine of the requiresent to |

batteries vhich in tura dolive i to ripid transient

the vehicle. UM, €£19G8) . =n oper— iven 4% Loacon
1

Stirld 1T used ot 2L snuition for | i Eopland Jouroal
Lead il Y effic : o fnw | i of iutomtis

3 ; | Eip 21, 512 Torter arbes cor 4333 dnbad pureiios eieirr mrins | 2
do Bator spaed ious effictency ; } Enpieesing —
60 m . ] worslon of ons i § - ”*‘
8 1/2 seronds. Range on cal o electiric, |
terios alone 25 miles at indeal; control |
or 150 miles at 30 aph with cinplex and coss ,‘
charging svs operat ing limited

only by 3 gallop pas t.axk. Vehi- "
cle weight J

have high potential as

lonp~-term (pproach!

FIGHRE B-2
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SELECTION PARAMETEHS AND COMEARISON OF
PASSENGER CAR ENGINE TYPE?'

Turbine

Twa-shafl turbines have a very favorable
Paigue curve hawing »n efect a butltan torque
comverter Singie shall-engmes which have re-
cENlly come UnEer SON0US Conmdealion have
an unlavorabie 1GrQUe Cuive.

As 3 continugus l'ad flow rotary machine, the
turbme & extremely smooth

T

Turine combustons can be bt which have
vity 0w CrSSi008, especiiily of hydrocarbons
and cabon monoxde Thare s some quesiion
35 1o whalnar they can meet the pending 1976
0. stencard of 0 4 grams/mile

Tutbine sngines requirg the use of substantial
amaunts of exponsiva, ditficuit 10 fabacate su-
pRANCYS ANt an eApeNS.VE fegentalor Poten-
Lalty prasstie, Lol foquamg a great gheaeiop.
et Sl s A ampler furbine oporhimg at

Bilrling

Tha Stuling engme has a favorabie lorgue
curve prowding substantat {orqua increase as
spoed falts

leling engines are 8iso extremaly smootn en.
ginas offechvely completely balgnced and have
yarg sundgt cychcal vanations in forgua,

Tha Stirling. based on bench 1esls, appoars to
hayvaihe lowost erussions of sll known engines,
wall within 1876 requirements—gchievalio with
lfita penalty in fual consumplion or cost.

The Stirking appears to have & cost disadvan.
tacs vue o the requizement for high tempoera-
fura alloys m Ine henter head and 1o coatol
probiftenn: foece et di gt angicate these
coricat propivms arg ot as formudable as once
Bt At vary 3 s, the
PISION RGNS COLI CoNg: ¥ o Sulfi-
cicittiy in o5t 10 make the Skeling Tompettve
or possicly give i a9 advantage.

The Stirhag engine has a very low noise level
and 5 tha qeielest of any of the Senous con-
tenders.

FIGURE -B=<3 !
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Stratitled Charge

The straldiad charge engne can €qual the
figaibilly of the raston engne, sithough s
ghitficull to achueve It may nol besciuevadie on
all types of siiattwd charge engines

Tha stratioz charge engine as a noication
ot the gasslne crgpne shoukt hive approw-
mately equal smooinngss

Stratled charge 204908 Mae e sHTwn Boleo i
w CMESIONs Honda Pas rextly et ihe
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SELECTION PARAMETERS AND COMPARISON OF ®
PASSENGER CAR i (CONTINUED]}

Turbmne engines are substantally lighter than
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OBSERVATIONS ON FEDERAL ENERGY RESEARCH AND DEVELOPMENT -

e L IR S

TFederal Energy Administration
Much of our country's present stance in energy R&D is an embodimoent of

the recommendations presented in the Dixy Lee Ray report, '"The Nation's En

3 0 . L
. s B o . 3
Future" (NET'). - Since that report appeared just one year ago, the Energy Researc

i I J o B

el - A el % : S
and Development Administration (ERDA)™ has heen established, and the Project
Independence Blueprint (PIB)" has been completed. To what extent does the
passage of a year change the priorities or the scale of encrgy research and develap-
ment - which was outlined in NE¥ ? This memorandum recommends a few specific
R&D programs and related institutional changes that ought to be undertaken in response

to events that have occurred since November 1973.

1A Report to President Richard M. Nixon, WASH-1281, U. 8. Government Printing

Office, Washington, D. C. (December 1, 1973).

-

2”1"3)101'gy Reorganization Act of 1974", Public Law 93-438, 93rd Congress,

H. R. 11510, Washington, D. C. (October 11, 1974),

3Federal Energy Administration, John C. Sawhill, Administrator, "Project
Independence Report', U. 8. Government Printing Office, Washington, D, C.

.(Novcmhcr 1974).
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- 11, ENERGY RESEARCIH POLICY AND PRIORIT]I
The realities of our encrey system dict this set of research priorities:
A, Develon advanced me Is of rec 01} | oa
1 , i 1 - 1 > i | B 4 . s
‘T'he ce |l research tion revolves avound the fraction ol gil
1 4 " 'y % 7 - P vy 1 33 3 £ Yl - { 1 . s 3 pe 5 |
that can he recovered in bhoth existing fields and fields j,;:". to be dey g}\)})“’l,
vy s H ¢ ~ N v Y3y £3 ' ¥ 3} 3 1
In IUSLLrY 18 concucting experiments on tvancea ojl recovery and, in time,
we v\\A)L‘, ;iv iJE:{ UICSE Measureds w\"‘;l‘i ﬁ)."...',ilu()k/um!&\) meyease our ﬁ,& ()’ ‘kﬂ}j;

of oil. The Government's participation in such activities has been minimal.
We estim: ts to develop advanced
recovery d our reco e

oil resource base by 30-60 billion harrels 5-10 years sooner than will

oth ygsible. This should correspond to an incre i oil pro
duction of 1-3 million barrels per day. We therefore recommend that

Government assume a much more active r«

recovery mecthods for oil and gas.

o |
a

Develop ce oil and

) technology to prod

1

leveloping advanced

o

ole in ¢

as from coal and oil shale

},

1all need

—

inevitable that we ¢

m

ems

and convert it into liquids and gases on a la

able

cleanly. If process

be deploying them cominervcially.

shortlall in oil and gas supply and to ensure our ¢
‘eady developed were

Unfortun:

to extract coal from the ground

rge scale, both to fill a predict-

bility to use coal
we would now

econoical,

itely, the estimated cost of
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activities for developing processes to extend our recovera
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of oil shale and to reduce the cost and environmental impact of oil productio
from shale. We recommend that inereased ;:‘-}:‘.;1'”“_':1 hpe nlx W to B&D on il

shale to support and complement oil-shale-land leasing policy. 'The Govern-
ment should devote particular attention to developing in-situ recovery
processes: this approach may prove to be very much less damaging t

environment than is the more conventional technique of mining and above-

rround retorting.

rom

G Develop technologies that use energy efficiently

The benefits of developing energy supply technologies based on non-
4

renewable resources disappear with exhaustion of the resource. In contrast,

benefits from adoptinge more efficient ways to use energy are cumulative and
i & ; 5

everlasting.




Development and application of methods to convert and usk energy

cfficiently may reduce fuel requirements as much as 26 mQ per year by
1990. DMore than one-half of the expected economy is in oil, primarily
from the automotive sector. The second largest expected saving is in
natural gas; largely from the industrial sector. We recommend careful
study of these arcas along with a commensurate increase in funding in

39} - i N ey TV C vy T - 3 ‘ ot YOI Ty I
subsequent years for R&D on promising concepls that are not being pursued

D. Develop non-fogsil-hased technologies, particularly electrochemical

cells for a

'l

Closely related and of equal importance to the need for enervgy-efficient

automobiles and efficient use of gas in industry is the need for developing
automotive and industrial technologies that do not depend on oil and gas.
A shift to electricily (or perhaps a syathetie fuel such as hydrogen) will
take many years. For example, 30 to 40 years will be requived io {rans
form our automotive system; starting seviously now on making this trans-
ition seems prudent.

Here the single outstanding opportunity and difficulty is the develop-
ment of high-performance batteries for automobiles and for power siorage
devices to be used by industry and the electrical utilities. Tor example,
an cfficient electricity storage device is essential if we ave to rely in the
future on solar and/or nuclear cleclric systems. There is no single
technology with sueh high potential for ensuring the adequacy of our encrgy

resource/supply/demand system and for creating a clean, quiet, cool
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application - is too lo to expect adequa R&D funding from the privat

sector. o Gover t therefore must actively pursue this developm

partic ularil of th non-fossil ha { utamobile.

The effort, ital and private, that is expended on develop-
» gtora levices is far too small; the Federal R&ED program funding for

>y | o L 4 - 1 1 ¢ S UG P ] %
anpi ition, be r mmized as a matier of extremely hign priority woriny
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of major su I'his development s be limifed - either in

funding or in the number of promising concepts for development.
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pletion of our fossil fuels. This means developing alternative "in-

B
1

igsion breeders, fusion, solar energ:

exhaustible' energy sources:

|
(and its related sourcesg), and geothermal. All of these should be |
pursued; however, it scems unlikely that geothermal will ever be a

very large energy source, and there remain serious questions as to

r 3

the scientific and technological we are in

‘casibility of fusion. Thus,

a sense left with only two "sure things' - the fission breeder and

&
E

. . . r ¥ - .
' electricity from solar energy. We must decide what the relative role
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of the broeder and solar electricity will be in our ultimate chergy
vatenm.
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\With iar electricity, the i ¢ is entirely one of practicability
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not scientific feasibility. Estimates of the cost of electricity lrom
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S0lal vary widely. If the low estimates being made are valid,
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clectricity may piay a very impotl tant role; if the

prove correct, solar encrgy will at hest be a smallish thing, and the

brecder will

grams

3 ~f +he aedoy wivraat fr dadptn T s
ipetitors of the breeder. In contrast to the Federal R&D pro

T

on the breeder (3535 million in FY-

Fy

-
i

=5

md fusion (3176 million in

< ' 63 1=

FY-75), the solar-electric program in FY-75 is funded at $35 million.

We therefore single out the solar-electric programs for expansion in

the coming years.,

2 Alternative breeders

T

Much discussion now surrvounds the Licuid Metal Fast Breeder
Reactor (LMIBR); the tenor of this discussion centers on whether or
alysis overlooks a

not to pursue the demonstration plants., But this an

prior question: should alternatives to the LMFBR be seriously con-

sidered; that is, should we plan to build 200-3w reactor experiments




ations on Federal Enorpy R&D

)
\

¢n Salt Breeder Reactor (MSBR)

for competing breeders, the Molt

and the Gas Cooled Fast Brecder Reaclor (GCFBR)?
If indeed we are to prepare for the eventund depletion of our
seems most likely for the coming

fossil fuel resources and if, as

decades, the breeder will be the basis of this age, then one can avgue
that we must pursue the brecder with at least the same sense of
uvgency that we attached to the non~breeders during the 1950's and
60's. In that p.eriod, the world developed perhaps 10 different reactor
systems - to the point of building a fairly large-scale protolype of
competition

each. Present-day reactors emerged from this anmong

reactor lypes. We believe the all-but-unilateral commitment to a
single breeder type - the LMTBR - is a mistake because it does not
s to

allow us to judge among the different possibilities. The alternative

the LMFBR ~ the Light Water Breeder Reactor (LWBR), GCFBR,
and MSBR - ought to be elevated to a status where they have a chance
of competing with the LMFDBR rather than being viewed simply as
a commitment to build

back-up "insurance policies". This means

200-Mw GCFBR and MSBR reactors in the 1980's with the option of

canceling the projects should serjous technological obstacles be
encountered. Only a direet comparison of competing breeder
technologies can establish which is the best breeder for our energy
much bolder than the present one which is

| future. This course is
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annually. The Dixy Lee Ray report
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and manpower development, The e
$1828 million for direct energy R&l

hich implied a commitment of about $2 billion
recommended an additional $1 hillion for the
ital support of environmental and basic research
urrent FY-75 plan calls for an expenditure of

) and $216 million for support programs.
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The original commitment was rather

o

for that matter, S1 billion? Granted

that the current bud

that can be done thr
fore propose re-examining the $2

where such expenditure ap

g

We realize

cut rather than expand U.

energy issue is of

as possible: there

money, and these

get by no means

1 R&D to help

that a budget always tends lo be incr

.‘.3: } ion for ene *f;ﬁr H_,r D ]1\7” U“l} 1te e
LR G SR U T s, A o ST e
whitrary., Why wasn't it $3 billion per year ox,

i

lation of previous trends, we would argue

d TR s or 3 2 PRI
represents a flat-out effort to do everything

future. We would there-

billion budget with the intent of spending more

pears to he appropriate.

that this recommendation flies in the face of a commitment to

S. Government spending. IHowever, we believe that the

such crucial impoxrtance that it must be pursued as vigorously

are additional arecas of energy R&D that could well use more

research and development.

should be funded even if this means more dollars for energy



TS ¥  GFER | 11T TR ¢ 7 g b
7 11 gy [
o IND RN FONAT

I g Y e LRI & S B | g s on TEs esand” ok
exist to a limited degree in the Bureau of

have the broad,

in basic ct

horatori

the decades ahead,

T
i

Each of these four research activities

important. We therefore propose that ERDA establish government-sponsored

long-term institules or laboratories for solar res

wike the best possible us

al, and biological reseaxrch
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Though this procedure avoids

"enevgy-related basic research". Iowever, the definition could conie from

the institutional context in which the basic rescarch is perfor

As a general principle, ERDA n

relevant to ene:

believe this can be done if EI

so that basic and applied research arve conducted side~by-side, and if ERDA

supports research in institutions where there is the oppo rfunity for vigorous

interaction between the basic and a
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Observations on rederdl Bhergy Rab
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- VI. CONCLUSTLTONS = !
&

This memorandum does not address all of the manifold issues surrounding
the formulation of the Nation's energy resecarch and development policy.
Rather, we have identified a few extremely important energy research matters that
will not command proper attention if left to the marketplace; yet, these
matters are either missing, woefully underemphasized or, at the very least, not
being considered in a fully serious way in the Government's energy research
program. In doing this, we have ignored other crucial energy R&D topics
{e.g., coal mining, stack-gas cleaning, uranium processing from low-grade
resources, nuclear power park policy) that may also need some adjustment as
the Nation's energy resecarch and development program becomes better rationa-
lized; but for the moment at least, we believe these topics are properly
recognized and are being launched in good fashion.

We propose that the following list of recommendations be incorporated

in an agenda for action by the Federal Research and Development Administration.

R&D on Energy Technology

A. The Government should assume a strong role in development of enhanced
methods of oil recovery.

B. The Government should greatly step up its activities on developing in-situ
methods of oil recovery from shale.

G The Government should identify the development of high-performance electro-
chemical cells for automotive use as a major national goal and greatly
increase Federal activities in that area of research.

o The Government should continue to increase its research emphasis on

solar-electric technology to prove its potential at the earliest possible

. time.
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gy laboratories should be established at universities.
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Presently, FEO consi
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the Office of Energy Research and Development, which is destined
to in the Executive of the President after FEA 18
established. The thrust and purpose of the group isg
relatavely short 5 to put out fires, to manage our current

nergy crisis, to proceed expeditiously with
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technical staff will be involved in these contacts. Two specific

steps should be taken immediately in this connection:

1. Offer services to OMB for advice as required regard-
ing detailed agency submissions relating to FY-75
apportionment.

2, Begin formulating plans fox preparation of the FY-76

budget process:

C., Contacts with Other Agencies

A\s ‘a means of bringing the Federal energy R&D picture int

focus, an Interagency Energy R&D Committee has been formed. This

Committee, which met for the first time February 26, has two pri-
mary'functions;

1. Maintain a continuing overview of the country's
plans for energy R&D, especiallyin view of the new
circumstances imposed by Project Independence.

2. Formulate overall energy R&D strategy with respect
to the FY-76 budget and beyond.

I view the Interagency R&D Committee as a keyelement in
making OERD a useful instrument of government. It is through
this committee that the Office of Energy Research and Develop~-
ment will bring tle governmental R&D apparatus into step with
the actions and policies of FEO, particularly Project Independ-

ence .
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fr. Chairman and the Committee.

1 appreciate the opportunity to appear before you today

P il oo 1 R i e SO LR e A T s - o RE Po, (Dt SN,
to comment on the provisions of H.R. 11212, The "Geothermal
Energy Research, Development and Commercial Demonstration

. BB |

of 1973." 1I would first like to review briefly our overall

:

approach to energy policy and our organizational plans for
b5 D o i {or

b

carrying out this policy in order to provide an overall

.

perspective for my specific comments on the bill.

-

Five-fold Approach to Energy Policy

Let me start by outlining the five-fold approach

we are taking with respect to energy policy.

First, we must establish a central energy organization
in the Federal Government. The creation of the Federal
Energy Office is the first step toward bringing all energy
policy activity under one roof. We hope that Congress will
move quickly to provide a statutory base for the Federal
Energy Administration. We need legislation to pfovide us
with the capability to recruit and hire top-flight administrators

and to let contracts with qualified performers so that we

can build the organization needed both to run the short-term




allocation program and to carry out the more important

4
assignment cf moving the country toward energy self-
sufficiency. Peyond FEA and ERDA, we must press forward
with the creation of a cabinet-level Department of Energy
and Natural Resources to ultimately bring together all
Federal energy-related responsibilities. Until these new

organizations are created, the Federal Energy Office will
provide leadership and coordination in energy matters.

Second, we must establish a permanent 'conservation
ethic" in this country. We have been too extrava
energy consumption patterns. With 6 percent of the world's
population, we consume 35 percent of the world's energy.

The recent embargo has forced us to reduce this consumpticn
now, but even more important we must be sure that an attitude
of conservation becomes a permanent part of our lives.

Over 30 percent of our energy is wasted in one way or
another -~ wasted in conversion from one form to another,
wasted in transmission, and wasted in unnecessary usage. OCver
the long-term, conservation of energy will require investment
in insulation of homes and offices, use of more efficient
automobiles, development of mass transit, changes in methods.
of handling freight, and central heating plants for groups
of buildings and towns.

Third, we must push forward in the development of our

domestic energy resources through Project Independence.
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coal, of which e a supply unmatched by any othe
country in the world, further development of oil shale an
nuclear power, and of particular concern to the subcommittee
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and solar power. Project Independenc nust be a two-pronged
Attachk. In the short-run, must bot tpand production
and exploit untapped reserves of existing enc sources
Longer range solutions will be provided by the development
f new and existing sources of energy

Fourth, we must forge a new relationship between

e i
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Government and industry in several key areas.

. The information we now have to work with is not

}—J.

adequate and its reliability cannot be checked. We must
develop a permanent energy information system with a built-

up auditing program on every aspect of the energy situation --

\
pda
®
0

reserve refining operation, inventoxr and production costs --
so that we will be in a bettexr position to assure the American
people that our energy data is accurate and not subject to
the change that it can be manipulated by industry.
i There must then be a new government role in the
international activities of the oil industry.
. Finally, there must be a new partnership to assure
the development, extraction and use of our domestic energy

sources, including
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In this regard, I would like to point out in passii
that for the past year the Bureau of International Scientific
and Technological Affairs in the Depart: of State has
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of energy. Geothermal energy is one of the highest priority

items on the cooperative R&D agenda, and several bi-lateral
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and multilateral agreements are now underway.
In the context of this overall policy, I will summarize

the proposed Federal Energy R&D Organizational Structure
because its impacts directly on the proposed bill.
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. Federal Energy Office/Agency

-

. The Federal Energy Office currently has broad policy

and regulatory responsibilities for energy. It is now

administering energy price and allocation programs, initiating




energy conservation programs, working with the State Depart-
ment on international ect of energy, developii prograns
to increase energy supplies and working with OMB to coordinate
energy R&D activities
. Federal Energy Administration
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and intermediate term problems (i.e. prior to 1985), will

become the
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responsibilities of the Federal Energy Administra

igressional approval One of the major

oned in the President
to rapidly increase energy supplies.

lly the principle task of Project Independence.

Within the FEA, the Office of Energy Resource Development
will be aimed at this goal. This office will identify and
develop means of overcoming problems and providing incentives
for the: |
- Development of Domestic Energy Sources
- Construction of Related Facilities (e.g.,
refineries, power plants, transmission
systems, etc.) ;
- Transportation of Energy
- Conversion of Energy Sources to move :
Convenient Forms
- Utilization of Energy Sources
- Full Consideration of Environmental Values
- Elimination of Regulatory Problems

functions
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Federal Energy Office |
Energy policy is broad-based and reaches into all
areas of government. For example, it encompasses buil
codes, environmental matters, international aspects, etc.

And it is important to consider the impacts of energy

policy on such diverse groups as farmers, poor people,

-

and businessmen. Therefore, even after the formation of the
FEA, there may still be the need in the Executive Office

of the President for an FEO with responsibility providing
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coordination across the Government in matters of energy
policy. This office will deal with a broad range of policy
issues including those related to R&D. In particular, it
will coordinate the energy related programs of E?A, NASA, DOT,

DOD, NSF. DOC. BOL, ete.

. Energy Research and Development Administration

Also with Congressional approval, R&D programs te
develop new technologies which would have an impact in the
mid and longer term (beyond 1985) will be the responsibility
of the Energy Research and Development Administration (ERDA).
ERDA would include the research and development as well as the
production functions of the Atomic Energy Commission, along
with selected energy R&D functions of the Department of the
Interior, the National Science Foundation, and the Environmental
Protection Agency. Thus, the agency Qould bring all major
energy R&D programs within the Federal government under one'

management structure.
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