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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 Burv/ell as Technical 
Specialist, Jane Zand and Brigitte Selinc as secretaries; Robert 
Duffieid joined the group bricflv during February and March to 
assist in selecting staff. iJhalmcr Karlibride arrived in late 
February. 

The Charter of the office was to: 

1. Advise Mr. Simon and the Federal Energy Office on energy 
research and development matter's, testimony for Congress, etc. 
Establisn liaison between ene-rgy pciicy and energy research and 
development policy within the Federal Energy Office. 

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

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 consuJtants 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, 0MB), Chalmer Kirkbride 
(oil, gas, oil sliale, patents), Philip Palmedo (energy systems 
analysis, research and development program review), Robb Thomson 
(NBS, NSF, solar, basic research and conservation), Vaun Newill 
(EPA, CEQ, health and environmental), Frederick Weinhold 
(Project Independence, geothormal), David Cope (AEC, nuclear), 
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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 197G energy research c"ind development 
program and budget and its relationshix) 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-
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November Robb Thomson will return Lo the National Bureau of 
Standards. 

The office under Dr. VJeinborg's directorship is planned to be 
phased out by mid December 1974 after an effective life of nearly 
12 months. Hov.'cver, it is expected an RSD 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.) 
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INTRODUCTION 

The purpose of this paper is to identify 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 miglit do to further action on them. 

To anticipate our main conclusions, \<e have identified the 

following six matters as being of sufficient weight to bo 

labeled "Important Issues": 

1. Nuclear Reactor Siting Policy: Nuclear Energy Centers. 

2. The Development of Solar Electric Power. 

3. Exploitation of Western Oil Shale. 

4. Improvements in Mining Technology for Coal. 

5- Assuring Uranium Fuel Sunnlies, 

6. Automotive Energy Systems. 

In addition to these six issues we recognize that the 

environmental consequences of energy production are all-pervasive 

and require special attention. Hov'.'ever, 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 such 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 liavc attcmi)t cd to both ask ana answer the following 

question: Does the nature of the present research efforts and/or 

related policies in tlie area reflect the urgency which, in our 

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 

l i ' ^ t dni^<=; •nn'f" " i r n n l v + b i t VP - m r r T r r l i + i c •5-r-»'pir'->."nTf * •^ +K<-i 

nation's energy future; rather, it reflects our opinion that, 

relative to other areas, it is presently receiving adequate 

attention. It is for this reason, for example, that neither 

fusion, geothermal, the breeder nor solar energy for heating 
« 

and cooling is on our list. 

The initial part of this paper indicates in general terms 

how these issues fit into the overall strategy for energy 

research and development and wliy these particular issues were 

chosen. Tlie latter part of the paper exanines each issue in 

a preliminary way, and indicates what ERDO can do to help 

resolve tlic issues. 
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PERSPECTIVE AND GOALS FOR ENERGY RESEARCH AND DEVELOI^MENT 

Current strategy for energy research and development in 

the U.S. is largely based on the comprehensive Dixie Lee Ray 

study, "The Nation's Energy Future" (NEF). The FY 1975 

President's budget is, with rather fe\\' 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 i!iii)licit 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 R^D program even greater 

urgency than was assumed in the formulation of NEF. 

Actually, our energy research and development has tv.-o 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 tlic six "Important Issucs"--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 othersr-nuclear energy 

centers, solar energy, and possibly oil shale development--
1 

a r e p r i m a r i l y longer range in impact but may have some 

in r iuci i re ' oil t'r.o acliievcLicnt of PI . 
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Short-Range Goals: Project 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-

SUFFICIENCY IN THE NEAR TERM FUTURE BY DEVELOP

ING MORE EFFICIENT WAYS OF USING ENERGY AND 

EXTENDING DOMESTIC SOURCES OF ENERGY. 

More specifically, the basic strategy for achieving thi 

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. 

As was indicated in great detail in NEF, many different 

elements of Rf,D could liclp us acJiieve each of the three 

near-term objectives. Is it possible to choose, out of the 

many dozens of elements tliat constitute the near-term 

energy R^D strategy, a few specific elements that are 

particularly critical either because of their intrinsic 

importance, or because tiiey arc not now being addressed 

in a fully effective manner? If, for example, the 

governmental 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 in 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, relatively 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 cur 

dependence on foreign oil than any other siiigle 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 many 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 cstabl i sliiaeat of environmental base 

lines for new fields; this vv'e believe deserves attention. 

Finally, we point out that the basic near-term strategy 

of replacing oil and gas with coal and uranium presupposes 

the availability of adequate supplies of these latter 

fuels. But, as has been pointed out in many other contexts, 

neitiier our coal nor our uranium supplies are assured in 

practice, even though they may be assured in principle. 

We, therefore, believe that in any ordering of priorities' 

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 RfiD on coal and uranium mining as "Important 

Issues." 
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Long-Ran gc Resc'arch Goals . 

Our long-range goals arc of two sorts: first, those 

that flow from the need to depend primarily on domestic 

energy sources; and second, those tliat ;vould be of groat 

ultimate significance whetlier or not we had committed 

ourselves to a policy of energy self-sufficiency. In 

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 Rf,D goals in txvo parts: 

I. TO MINIMIZE THE ECONOMIC, ENVIRONMENTAL, AND 

SOCIAL IMPACT OF OUR SHIFT FROM HERETOFORE 

LOW PRICED IMPORTED ENERGY TO HIGHER PRICED 

DOMESTIC SOURCES. 

II. TO ACHIEVE A RATIONAL 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 liave 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 national 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 iN?hether and to what 

extent we should exploit this potential resource. In 

particular, are in-situ methods, which minimize environ

mental impact, commercially viable? This crucial question 

4„ —,,„„,,.— „j „<- „ — ,4- iit„ j^u r r„^« :„.,T..i,. .1.1, „ 

question of oil shale development as an "Important Issue." 

We have also identified tv;o "Important Issues" that 

seem to us to bear strongly upon the very structure of our 

long-range energy system. To identify now issues that 

are overriding in tlie 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 years from now 

can liardly 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 gcotiiermal--unless solar and its children 

(wind, bio-conversion, ocean gradients, for example) 

prove to be economically viable or fusion proves to be 

sci en t i •'""'<''''11 "̂  and teĉ nic'i]lv feasible. Nevcrth.elcss 

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, tlic fission 

breeder or fusion, and we believe it is also being 

pursued adequately. 

We view fission and solar as central because they are 

the only primary energy technologies that are at once 

tcclinically feasible and essentially inexhaustible energy 

sources. Moreover, solar appears to be relatively benign, 

cnvi ronmcntril 1V. Thus, in the long run it seems not 



10 

unlikely that a choice may 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, v;e 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 poiv'or than it has made so 

far? Such a commitment may be necessary if we are to 

judge much more accurately than we now can, the true 

costs and ultimate potential of solar power. Only then 

can we assess fairly tlie relative costs and benefits of 

solar and fission and plan for the long-term roles of 

these two modalities in our ultimate energy system. 

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 prim.arily matters of 

allocating RC-D resources but rather of broader Government 
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policy. Other issues--coal supply, oil 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 R5D commitments--since the 

feasibility of such a policy depends on answers from R?;-D. 

Conversely, a budget allocation to development of a particula 

modality--say solar power--probably would create a nevv' energy 

option which might affect the structure of our long range 

energy system and thus ultimately energy policy. Thus, while 

the RfiD component of the issues discussed below varies 

considerably, it has important implications for each. 

^' Nuclear Reactor Siting Policy: Nuclear Energy 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 projected 

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 ^̂fill rapidly proliferate, numbering 

perhaps as many 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 dispcrsal--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 large"cadres of 

highly skilled operators and managers thus 

allowing more effective use of technical 

personnel. Tliis would reduce the possibility 

of human error, increase safety and thus reduce 

tlie likelihood of environmental damage. 



13 

c. Since the s'ites would be built over many years, 

the construction force 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. 

d. 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. 

e. 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-permanent sites. 

f. After the initial regulatory reviews the use of 

nuclear energy centers should speed up the 

licensing process. 

While these advantages are impressive, important questions 

i'egarding such sites must be resolved. These include the 

fol1 owing: 
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a. Technical questions: How much power can be trans

mitted from a single site? What arc 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 jjossess adequate quantities of 

cooling water? Hou' can such power centers fit into 

the electrical power growth requirements of the 

region served? What is the potential for common-mode 

failure? 

b. Institutional, financial, contractual and organizational 

arrangements: For example, who would own and operate 

tlie centers? How might the ccnL.jii> be majtrtged lo 

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? 

c. -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 after about 1990 

would be placed in nuclear energy centers. 

Tb.is 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 where there already 

exist many of the ingredients and characteristics of a 

nuclear energy center; and the Clinch River Breeder Reactor 

(CRBR) and fuel recycle demonstration plants probably vsdll 

be located at Oak Ridgc, Tennessee, where a similar situation 
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exists. Therefore, it will be relatively simple to locate 

LMFBR's and other breeder reactors in a NEC environment 

from the beginning with the prospect that all future 

breeder reactors will be located in nuclear parks. 

Fioii the present c\'icUnLC ERDO believes tlic 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 centci s 

are unlikel) to emerge rapidl> enough from tlic normal inter

play of legal, political, technical and economic forces. At 

the same time vve recognize the existence of a sufficient number 

of unanswered questions to inake this iudpneni i en i.-JT î'e ̂  

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 

all new reactors in energy centers beginning in about 1990 

be established as national policy. 

The Devcl o]>ment of Solar Electric Power 

' Tlie potential advantages of solar energy (and its 

children -In nconvor<~ i on. oconn thormxl "rndients, wind, etc.) 
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are apparent and well known: It is a virtually inexhaustible 

energy source; "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 shov/n 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 tlicn the Government should assign 

a priority to solar electric power commensurate with those 

presently associated with fusion or perhaps even fission. 

Of course, since research m solar is probably less 

expensive than that on fission or fusion this docs not 

necessarily mean that solar should be funded at the same 

level as nuclear research. 

ERDO considers solar 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 \̂?ith fossil and nuclear 

energy as a primary source of electric power. Until such 

a judgment can be made with reasonable certainty vve will 

be unable to rationally allocate Rfil) efforts among these 

alternative modalities. 
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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 predict how teclniological 

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 little incentive for the private 

sector to initiate research here. Ultimately, however, a 

choice may have to be made by s,ocioty between "infinite" 

energy sources--nuclear and solar. It is imperative tliat 

this choice, if it is made, be based not on speculation 

but rather on realistic estimates, backed by extensive 

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 R^D 

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 ncar-

and long-term goals. Budget recommendations for a five-

year solar energy program arc currently being prepared 
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by NSF. 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 o 

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 solar 

are long term in nature and their resolution will require 

a sustained and continuous effort. Most likely, this will 

bo acliievcd by an institutional structure which has both 

longevity and a specific com.mitmont to this modality. The 

situation shOKS rallier 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 oif fusion in a few 

centers of strength deserves strong consideration as the 

appropriate institutional format for solar energy work. 

Exploitation of Western Oil Sliale * 

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 more complete and detailed description of the techniques 
for rectn^er ill!', shale oil is contained in a paper prepared by 
Dr.' Kirkbride of ]-!H)(). 
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enhanced energy self-sufficiency requires that we, 

therefore, more vigorously explore for and exploit our 

domestic reserves of this resource. Tlie 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 of 1.800 billion barrels. 

However, only 6-6 of these deposits are in thicknesses of 

30 feet or more and contain 30 gallons or more of oil per 

ton of shale. This indicates that, at current petroleum 

prices, only 100 billion barrels of this vast reserve can be 

profitably recovered with meLhods which are commercially 

feasible at present. Thus, if this vast potential resource 

is to significantly alter the domestic energy picture, 

advances must be made in the technology used in exploiting 

it. 

In the past 20 years a great deal of manpower and other 

resources have been invested in attempts to develop 

technologies for exploiting shale oil. Most of these 

efforts have been devoted to processes involving room and 

pillar mining and above grourid retorting. Pilot plants 

have been built and operated by UiTion Oil, Tasco, the 
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Bureau of Mines, Colony, Mobil and others. Currently 

several industrial organizations are in the process of 

scaling up this •̂.•ork to build commerical 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 hnr ntlvnnrcd to t lie '̂ tage of com"icrc i al i'irit i on . 

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. Tiie process requires ] arge . amount s of \.'atcr 

(three to four volumes of v.'ater for each volume of oil 

removed"), a resource v.'liich is very scarce in the region in 

which the '̂ h;'!" is locat'~'d" norcover the v.'a*"cr '̂ ft CD used 

is contaminated with salts of various kinds. The di'-'posal 

of spent sliale constitutes a significant (and energy using) 

task. It has been estimated that about 500 million tons/ 

year of shale would have to be mined for a one million bbl/ 

day shale oil output; this is about the same tonnage as the 

•entire coal production of the U.S. in 1973. Tlie disposal of 

this spent shale consumes large amounts of water to 

alleviate dust formation and to provide for vegetation. 

Further, as noted earlier, the mining/above ground retorting 

technique is commercially feasible only for relatively 

easily accessible deposits. 

' • • r i l l s ; l u ' 1 a 1K' , 1. *; t i r '! •.," I! f ĉ  r ^ i u -< h i i. ,• , i ( I i • i i i 11 < . i ; f i i. i , i • 
! J ih i r c c ! :• ; ; 1 o n . . . . . ... l > • , l !>.' ,*. . i . , u : i iiv [ o p t . l . . i '.; . 
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}?ccauso of these problems associated with above ground 

retorting vv-e conclude that if more than 100 billion 

barrels of shale oil are to be recovered from the Green 

River area, in-situ processing must be commercialized 

successfully. At present there are tliree major in-situ 

processes all of v/hich 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. Alternatively, the shale may 

be fractured by hydraulic and explosive techniques and the 

oil recovered by fire flooding. Such processes liavc been 

explored experimentally by a number of organizat io)is. 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 

wlierc they can be used to extract oil from the pillars and 

remaining strata. ij, these cases they should be regarded 

primarily as a companion to above ground retorting metliods 

rather than as a replacement for them. Recovery efficiencies 

are estimated at 60-85*!,, Clianneling, can occur during 
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these processes; this \.ould 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 tlie fire front increases and, accordingly, the unit cost 

of the oil increases as well. 

The third in-situ process, sponsored by Sliell Oil 

Company, is in an earlier stage of technological develop

ment. It uses hot water and high temperature steaii to 

exti'act the oil from shale. In this process a well is 

drilled into a stratum of shale, after i.iiich it is filled 

with liot water. The water dissolves certain vvater soluble 

materials (nahcolite and i>ubsib]y daivsonitel and wi)eii i "no 

resulting solution is removed, steam of 600° and 150U 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 incbm])lete at the present 

time, this latter ])rocess appears to have a number of 

potential commercial and environmental advantages over 

the processes described earlier. The oil recovered is said 

to be of higlier (quality and, unlike that produced by other 

in-situ and above ground jn'ocesses, has a low enough pour 

point that it miglit be directly sliippcd to refineries throug 
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pipelines. This would allow great economies in the process 

by permitting d'eni trogenat Ion and desulphuri zation at the 

refineries rather than at the mining site and would greatly 

reduce the water requirements of the mining process. Such 

a process can be used to extract oil from deposits of such 

depth that their exploitation by otlier methods vvould prove 

unprofitable and the nahcolite and dawsonite recovered as 

byproducts are both of commercial value. In addition, the 

Shell pjrocess proliably does not require as much v/ater nor 

cause as much damage to the envi rorjiient as does above 

ground retorting. Finally and perhaps most importantly, 

while Shell estimates that there is a potential recovery 

of shale oil by this process of over 20 billion barrels 

from the particular site they are presently exploring, 

tliere is 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 

uncertainties still surround tliis process and commercial

ization is several years in the future. Thus, the 

utility of the steam-water process may depend upon the 

existence and distribution of water soluble minerals in 

the shale to be exploited. Technical difficulties such as 

channeling or others as yet unanticipated may make its 
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application infeasible in many areas. Legal complications 

are likely to aiiso since most of the exploited shale 

deposits are on rcderal lands and leases for the dawsonite 

and nahcolite deposits arc already held by other firms. 

Nonetliel ess, it is ERDO' s view that the prospects of this 

particular proces"̂ ^ are sufficient that its commercial 

feasibility ought to be explored vigo-ously. 

It is the belief of I'PÎ O that several conclusions emerge 

from the considerations raised above. First, because of the 

substantial env Ironmcnl al risks and \̂ ater ree.u irement s of 

above ground retorting and because such processes are already 

at the stage of commercialization, governmental involvement 

in tlie d e V el upiiicjit oi 1 t.̂<.̂ luiulogy i-Ov shale ĉ l sliwuld be lar^, 

concentrated on in-situ methods. Secondly, ERDO recognizes 

that a great deal of time and effort will have to be invested 

before commercially feasible in-situ processes arc developed. 

Nonetheless, we believe that the enormous magnit\ide of 

domestic shale resources combined with the technological 

promise of the various in-situ methods for exploiting them 

justify the comndtmcnt of a substantial Rf,D effort to the 

further development and commercialization of these methods. 

For this reason we believe tliat the Government should 

support and encourage research in this area including 

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

A central feature 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 is required to 

reach the forecast coal production. For these reasons, an 

essential task of energy R̂ iD must be to provide technological 

advances that will increase the production of coal in ways 

that are both economically and environmentally efficient. 

It appears unlikely that tlie private 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 organizational 

difficulties. Accordingly, v;e feel that the Governme;it 

must take a major initiative in the provision of R(iD in 

this energy modality, 

D 

Consider the sheer magnitude of even the short-run 

tasks confronting this industry. Estimates regarding our 

1985 needs for coal range from 1 to l.S billion tons; in 

1973 590 million tons were produced. To achieve such an 

increase will require that, on average, one new underground 

mine (2 x 10" tons/yr) and one new surface mine (5 x 10" 

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 neu surface mine and orders 

for the ca]:!ital equii'sment used in this task presently 

face a bjv.l]og of 5 )0'ns. The dcvclo}-- crt of a no\% 

underground mine typically requires from 5 to 9 years and 

there are seiious inanpoi.er sliortages in iiiining engineers 

and, in many areas, minors as well. 

Given these and other obstacles and bottlenecks, the 

fulfillment of our 198 5 needs will require enormous 

efforts. II these need'- ai e to be met pujcr rc^ t ̂  chi'i"" 1 <"'>> LI> 

must be developed and adopted v.'ithin the industry in order 

to (I) increase the output of existing mines and (II) 

accelerate the developinent of new ones. Our recommendations 

in each of these areas are as follows: 
6 

I. In the former category we list: 

a. Increase operating time of continuous miners from 

25-301 to 50-60"o by: 

(1) Methane drainage in advance of raining. This 

allows operation of the mine at several 

mining faces cojicurrcntly. 
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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) Cent inuous belt transport from mine face 

to surfaL-e. 

b. Develop remote control operated roof bolters, 

shuttle cars and continuous miners to improve 

efficiency and reduce labor requirements and 

improve safety. 

II. In the second category (developing new mines) \\'e lis' 

a. Adapt large dia^et-cr cen'^inurr-, b---ing ̂ -̂'•ip'-r-'̂;! 

now available for metal mines to develop shafts 

a!T,d 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 Euroi^ean sliortwall and longwall mining 

equipment to U.S. needs. 
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In additiori, three other things could be done that 

would significantly increase our production of coal, 

regardless of its source: 

a. Develop the capability for evaluating environmental 

impact of coal mining quickly and developing and 

complying v/ith the regulations rapidly. 

b. Speed SO2 stack gas removal technology so that 

existing coal )nincs î -ith hig,h sulfur can be used 

to the fullest extent possible. 

c. Accelerate the supply of mfning engincc-rs and The 

vocational training of miners through educational 

programs. 

Obviously, any additional RfiD expenditures in tliis 

area will represent a super impositi on of effort upon tliosc 

which are already underv.'ay in the Bureau of Mines. In 

this regard, it should be noted that the present underground 

coal mining RfiD 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 protection. Both programs schedule 

demonstration units in the period FY 1978-1979. However, 

with present long lead times and the high costs of cai)ita] 

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

by 198 5 under ]n'csent circumstances. 

The crucial needs in this area, therefore, are for 

policies designed to increase both the development of these 

technologies and their ruie of diffusion throughout tlie 

industry. Thus, for example, it would appear possible to 

(1) make methane drainage methods commercially feasllilc by 

FY 1977-78 and (2) demojistrate various cqui ])iiicnts by 

FY 1977, thus allowing tlicir co;ui,icrciali zation by as early 

as the FY 1978-79 time period. Only if such an acceleration 

can be achieved is it lil'oly that the resulting technological 

advances \.-i 11 ho able to importantly influence cop^ 

production by 1985. For these reasons BRDO proposes to 

resolve the question of accelerated funding and to develop 

policy commitiiicnts to mining technology both in FY 197 5 

budget decisions by the administration and in the statements 

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

^• Assuring Uranium Fuel Supp.l i es 

Virtually every portrayal of the nation's energy future, 

whether short or long term, pictures a rapid expansion in 

nuclear energy. A representative estimate predicts a 

nuclear electric generating capacity of about 325,000 Mwe 
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by 198 5 and over 1,000,000 ĥv•e by the year 2000. Based 

on these ])ro j ections, the cumulative fuel requirements 

for the ncc(̂ '~'>ary reactors \v'ill be about 500,000 tons 

of uranium oxide (U^Og) by 198 5 and 2,400,000 tons by 2000. 

Further, the 30-year lifetime requirements for these same 

reactois uiJi ijc approx u..a tc i> 2 . (J iiiiJlioji tons ajid 5.0 

million tons, respectively. 

The viability of tlie 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 ant ici iKited 

demands for uranium. This ability in turn, depends u];on the 

existence of adequatv" cr.virc;ir.crit al 1/ aj.d co.h.iierv. lall; 

recoverable reserves and mining and milling capacit)'. 

According to the AEC, domestic uranium reserves are as 

follows: 

ORE CON. CUTOFF PRICE REASON \BLY='-- ESTIMATF.D^-
PPM U^On S/LB. U^Oo ASSUR! 1) ADDITIONAL 

^ ' i£yAiy' •̂ £1X11) (CWfULATIVE) TOTAL ̂̂  

1600 $10 427 700 1,127 
1000 15 630 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/lb. includes copper leach residues and 
phosphates. $100/lb. includes Chattanooga shale. 

Source: Wash 1242 and 1243. 

*In 1000 tons of U^Oc;. 
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Estimates by the Bureau of Mines suggest that 1.1 million 

tons of U^Og are available at $15/lb. or less and thus 

corro})oratc the AEC finding.s. In truth, the amount of 

our uranium resources at any ])rice is not really known. 

The U.S. Geological Survey estimates that on the basis of 

the abnn'̂ 'iiice of Ui..niu,i in the earth's crust, the 

potential I'esources could be much greater than known reserves. 

However, thĉ y, too, are concerned about the adeciuacy of 

uranium resources for meeting requireiiients. Others place 

the figure not far above the AEC's current estimates. Tn 

view of these uncertainties it is clear that assurance of 

our uranium sup])ly is a matter of vital importance. 

Comparison of the above projected reserves with the 
I 

anticipated uranium demands suggests that by the year 2000 

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 small component 

of total generating costs represented by uranium), such 

mining might impose serious environmental costs. 

Given the extraordinary growth that will be required 

in the uranium exploration and mining industry and the 

fact that nuclear plants are expected to last 30 or more 

1 
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years, policies applicable to other extractive industries 

(e.g. 10 years fori,-ard reserves based on current mining 

rates) arc clearl) inappropriate in the uranium industry. 

Further, v.e are troubled by the fact that, for a variety 

of reasons, inai ket forces have not responded forcefully 

to the vast increase in iirojectcd 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 require-d are the assurances of: (1) the existene;e oi 

adequate domestic reserves and (2) the capacity to convert 

those reserves into above ground uranium at a rate and cost 

CUii:r> J 5 L (.•ij i \ s i 1 i i t i i e p i O j CC i e i l e X p a i i ' ^ x O i i Oi h U C L e n i ]Ju"v\i.'i", 

Such a ccuicJusion is consistent with a variety of otlier 

studies including those undertaken by the AEC, NAE and 

the Cornell Workshop on Energy Research and Development. 

For these reasons, ERDO believes that the matter of 

uranium availability is of greater urgency than is preseiuly 

recognized. We, tlierefore, propose the initiation of new 

programs in this area and the stregthening of existing 

ones. Among our s)iecific recommendations arc; 

a. The determinatioji of the availability of domestic 

resources and the estimated minimum prices at whicli 

these resources will be supplied by the industry. 

file:///si1ii
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The development of new and improved exploratory 

techniques for deep uranium. 

The devel opraent of nev; techniques for the recovery 

of low grade ore and of incentive> to encourage 

such recovery. 

The devel o; r̂ioni of env i rô i lenta 1 ] y ncceptabtc 

techniques for mining uranium ore and, in particular 

the lo\ grade ores which require massive excavations 

The examination of the role of Governifient policy in 

encouraging or inhibiting domc^itic uranium 

production. Particular attention should be paid to 

the consequences for domestic production of import 

ing foieJgu ujaiiiujii (a Ijtal CiUcigo pic.-.oiul/ 

exists) and, possibly, to the policy with r( spect 

to Government stockpiles. 

The determination of the cost andjiracticality of 

extracting uraniuni from sea v.'ater. 

^ • 'Automot ive Ener gy Systems 

The automobile is a.prodigious user of energy (13% 

of all energy consumed within the U.S.) and it is the 

major user of petroleum (30«), the fuel in which the 

most critical shortages presently exist. (These figures 

would be increased by approx iinately 20"̂  if small trucks 
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were included in the calculations.) Moreover, it is in 

the automot îve sector that inter-fuel subst i tutability 

appears to be lowest. Unfortunately, the fuel economy 

of automotive vehicles has bcscn falling and has now 

reached a low of 13 vehicle miles per gallon. 

ERDO believes that sound research and development aimed 

at increasing the efficiency of personal transportation 

systems is necessary for the developiient of rational future 

energ>* s)'steiris . In surveying fedcra11 y suuport ed resenrcli 

in this area we observe that it is fragmented across agencies 

and that most of It is devoted to areas other than fuel 

conservation (r-cc Tjiblc !>elow) . The most significant 

program is that uvider EPA under tlic Jevel o])iiicut of 

alternative automotive power systems (AAPS). I 

FEDIiRAL FUNDING FOR AUTOMOTIVE Rf,D 

PRELIMINARY 
FY 197 4 • FY 197 5 

$17.1 
6.8 
2.6 
2.0 
4.2 
.1 

TOTAL $2 2,8M $3 2.8M 

EPA 
DOT 
NSF 
NASA 
DOD 
AEC 

$12.1 
1.8 
2.6 
2.0 
4.2 
.1 
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The major autoiaobile companies possess vast RfjD re.-.ourccs. 

In the past, such resources have been utilized in areas such 

as exhaust emissions, safety and, very recently, fuel economy. 

In general such research has been undertaken in response to 

frequently changing Government regulations. Major questions 

exist, Jio\.eve] , as co uiietliei m tlie current econoj.iic 

environment this industry will be led by market forces to 

devote adequate icsources to research on fuel conserv'^atiou and, 

in jiai t i cul ar , to those long-range options \.hic}i involve 

substantial risk. Because of the urgency of tlic problem, 

the uncertainty surrounding the private sector response to 

it and the serious social and economic consequences that 

*̂i i" ht r ̂ *su"^ t f r om a l e s s t h a n "̂̂  "i o Q>•• p'^ ̂^ -r o c T^p^ e /» i p u n ]̂  /•i j i r.̂ r̂oc 

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 

define and implement it. The economic, technical and 

institutional issues are comple,\ and subtle, the 

governmental responsiblities are spread across a number 

of agencies, the leaders of the industry arc sensitive to 

any Government involvement. The issue is made even more 

I 
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complicated because all important policy decisions must 

ultimately face and answer the energy-environment trade 

off. 

Due to these coini)l exi t ics, the actual design of 

Covernmen 1 jiolicy \.'ill be difficult. ERDO \n 11 hopefully 

play a role in bringing together the divergent interests 

and views. To this end a paper addressing tlie specific 

technical, institutional, economic and budgetary elcmeats 

and recommouujng genera] guidelines Lgr Feuei-al i PVol\ <-i,iciit 

will be prepared in time for the fall budget exercise. 

Ĵ * THI' );NV11-̂ nNMi-\'TAl Jbssm^ 

The single most im.portant cause of environmental pollutieui is 

production, conversion and consumption of energy. This alone 

distinguishes the environment from other issues since it cuts 

across the entire energ)- picture. For this reason, the long-term 

environmental and health iiapacts of particular ways of producing 

and using energy must be analyzed and compared as a prequisite 

to the rational allocation of funds among the various energy 

modali ties. 

Any energy modality which produces substantial adverse 

environmental consequences may ultimately have to be abandoned. 

^ Similarly, simple ecnnop.ic e^limates for -i mod.-ility v.'hich lu'̂ ŝ -ure 
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its private costs while ignoring its social costs can lead to 

irrational and V",'asteful policies. Thus because this issue is 

not only an "Important Issue" but is in reality many issues, 

we believe that it recjuires seipajate treatment. Indeed, we have 

already prejudged its impoxtance by including it among the two 

major asiu'cts of long-term energy Rr,D. 

One major subissue is "Hov; should the environmental impact 

and health effecis research be done?" There are tv.-o basic 

approaehes: (1) pcrfors;i tlic health and env ironiacntal 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 AbC 

where first class in-house capability in the biological effects 

of nuclear radiation has been developed in close associatioPi 

with nuclear energy develo])nent. A potential v.'oakness of this 

approacli, hov.-ever, is that the environmental and health impacts 

may be underplayed by technologists who usually direct the 

overall effort. The other alternative approach is best 

exemplified by the HEW or NSF. The basic problem here is 

that the work supjiorted by these institutions may not really 

be relevant to the needs of the develojiing technologies. 
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Clearly, both approaches have advantages and disadvantages 

and choosing bctv.'een them i =; 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 unknot.n licalth and environmental consequences. A priori 

judgneuts regardirig such consequences must be followed by 

surveillance to either validate or refute these judgipcnts and 

to discern other effects that v.ere not initially predicted. 

Such work is often tedious and long range; it will be done 

raore adequately by stable institutions comm.itted to this 

work. Thus, as ERDA comes into existence, there should be 

established clearly identified groups of adequate size ivdth 

assigned research responsiblities for the health and environ

mental effects of each of the major energy n̂odal ities, This, 

we feel, would be preferable to present institutional arrange

ments in which the environmental impacts of energy are studied 

in a variety of agencies with inadequate vehicles for exchang

ing information or developing consistent and comprehensive 

policies. 

1 
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MPIIIOI^/V'^ ISSUES 

Wo fully recognize that adequate treatment of RGD issues 

in energy recpjircs more than simply an identification of areas 

Vv'here additional Rr,D resources should be committed and 

where new policy considerations are appropriate. We mention, 

very bri':;!"ly, three '=;uch issues that v.'ill have to receive 

close scrutiny by the Administrator of ERDA. 

A, Ij[l5 *•''•̂'"'iiL''''!£'"*!:~} "dust ry__Rol:rtion 

ERDO rccoiiui^es that public policies aiid funding 

decisions can influence private ones and that ill-conceived 

or implemented policies might well have the unintended 

result of reducing the jn-iv.^te sector's Rf-D efforts. C'nv^ 

implication of this and one which is reflected in our 

choice of issues is that Federal involvement in Rql) should 

be concentrated in those areas where private sector 

response, for any of a variety of reasons, appears to be 

inadequate. 

A second implication of this observation is that all 

policy and funding recommendations should be made in 

awareness of the potential private sector response they 

ma)' stimulate. For example, it shoulil 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 Rc,D and thus greatly influence the size and 

composition of such efforts. Joint business-Government 

involvements and policies concerning tlie disposition of 

any valuable proj)rietary rights emerging from such efforts 

is another critical aica. Sir-il-irly, a vide variety of 

techniques--ranging from direct Goverumcnt 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 eacli individual case. 

The general question of just how the Government should 

manage its involvement in energy reseai ch and deve [f>pn.eiii 

so as to enhance, rather than hinder private par'i icipation 

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 again that this matter will 

need continuous scrutiny by FEA., ERDA and all other 

organizations concerned with energy Rf,D policy. 

Long -Term El ectri f i c_a t_i_on 

Most neu energy technologies (fission, fusion, wind 

power, ocean thermal g.radients, etc.) are best suited to 
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the production of electricity. Thus, scenarios of the 

future developiicnt of the energy system typically 

indicate an increasing fraction of the enerj;y system boinc 

devoted to electricity. There arc, of course, alternatives 

to increased electrification, say through emphasis on 

syntlietic fu'l'-, frori co.-il and decentralized solar energy. 

Even with increased electrification, the use of 

electrolytical ly produced hydrogen allows direct fuel 

combustion at the point of end use. The full imp!icat ion 

of these various alternaiives should be cA'aluatcd in a 

systematic \;ay; and individual R M D programs should be 

devclo]>ed v/ith overall systems view in mind. 

One particular possibility should receive emphasis in 

the next decade. The average overall efficiency of the 

electric generation in central power plants today is 

around 30%. If the average efficiency could be raised 

to 50« thermal pollution would be much reduced as would 

•QUI' coal reciuircmcnts. Thus, an important part of our 

future RciD on electric modalities should be aimed at 

achieving higher efficiency in central power plant 

g encr a t i n g s t a t i on s . 

! 
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C' Cent ra1i/ed Lahorator i es for New Energy Modal it i es 

An i'dportant issue during the formation of ERDA vdiich 

must be raised is the role of the larj'.e laboratories in 

research on neu energy modalities. ERDA \;i]l be a 

conglomerate oi many agencies each having different 

traditions, different i.'ays of doing business. At the 

one extreme is the AEC \shich on the whole does its 

business through very pov.-crful uell integrated central 

laboratories. At the other extreme is the Office of 

Coal Research \Jiicli docs its business throiqi.h ru.ny 

relatively small contracts. 

Different technologies may require different 

ins t itu t i O'ldl aj 1 <"ngeiiients foi the acii lev ciiient of 

inaximuin research and development output. I'hcre are 

distinct advantages as \,-ell as disadvantages associated 

with both centralization and decentralization. However, 

it is ERDO's view that on the whole even i here many 

individual contracts arc let, \\e uould be better off 

with pov/erful lead laboratories in eae h of the major 

modalities: fission, coal, certain aspects of oil and 

gas, solar, fusion, and geothcrmal. Central fission and 

fusion laboratories already exist; we have previously 

argued that central sol«ir laboratories be established. 

We raise the point in connection with the other 

.••o ' l i t ! u ; 1- t lull d I I ' .> M . ' n : i n n '•-̂' ! ' P ! ) ^ 
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I- CONCLUSIONS 

The foregoing papei represents as much as anything an agenda 

of action for the Enerjiy Research and Development Office, As 

has been stated pi cviou.->ly, the issues I'.hich v,e have identified 

appear to us to warrant special, urgent attention; the list is 

b)' no i.L.iib u r, j/l(.i,i., ,u)x 'uc t h.. d isî u ̂^ i cui.. of caeli issce 

exhaustive. Nevertheless we believe that in setting forth these 

particular iiiaUcrs as thoNC \diich are deserving of special 

^attention, ue havê  outlined a course of action for ERDO i.JiJch 

is both feasible to accopipiish and,' if acconpl i; bed, will make 

an important contr ibut-i on to rationalizing our countiy's energy 

research and developj.n nt policy. b'e \%ould urge that, when ERD.X 

i s ( s 1 1̂ fi I J s 11 ei I J r ! u3 "l s S P i > c; v "^ 'i •^ r u i i o •̂  n • i > -i *i • i w xi > u r^ t i >, i_i • > i_> > ̂  

attention by the Administrator of ERDA. 

I 
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CHAPTfR IX 
BEYOND THE YEAR 1935: IHt ROLE OF RESEARCH AND nEVELOPMENT 

• Is troducticn 

Previous chapters of the Proj-=}ct Independence Blueprint d-escribed 
possible U.S. enorny futures between now and 1935 and examined policy 
CJt'.ioiu for achieving them. This chapter discusses en-srny futures beyond 
lSr>5 and the robs of research a/id develop:irrnt; (RJ.O) in both the short 
and long-term. It does not, however, attempt to lay out a detailed 
Federal energy RiD program. 

The programs and actions required to achieve Project Independence 
affect our energy research and develoement efforts. Thus, PJJD strategy 
should be consistent with out view of the future both in the near term, 
as projected in the Blueprint analysis, and in the long-term as projected 
in a simplified systems model that will be described later. 

The strategies and priorities for near term and long-term energy RSD 
differ to a degree, so two issues should be addressed: 

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

° What additional RSD ought to be adopted now to help assure 
acceptable energy options in the time beyond 1985? 

Behind e^ch or these are policy questions: to "..'hat c/.tent vp'Tl 
adequdle energy PJiU occur soieTy through the operation of the '",;arket-
place? And how ruch additional inipetus should be provided by governr.ent 
action? Tnese matters must be discussed case by case. In some instances, 
for example, where time is of the essence, covernment support of a high-
risk development may be valuable to the Nation; in others governrient ~ 
involvement may not be desirable. Involvement through government purchases 
and financial incentives may be appropriate in cases where direct government 
support is not needed. 

^^• . Short Ra'̂ ĝ Contributions of R.̂ 0 to Project Independence 

Many years are- required to bring a new technology from the 
laboratory through de.Tionstraticn into widespread use.--. Only existing 
technologies and those on the '.'•'^r-^s of corrarcial operation can make 
a serious contribution by 1935; conversely, because of this lead ti~e, 
such develop.rents nust be undertaken now if they are to pay off after 
1935. Depending on the lead-times, improvements related to existing 
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Table IX-1 
Near Term Liquid and Gas Technologies 

I U c i 

Oil and natural 
gas 

Oil shale 
Synthetic fuels 
from coal 

rrocess or nrociuct 

Oil recovery 

Gas recovery 
Drilling and ex
ploration 

Recovery 
High Btu gas 

Low Btu gas 

Liquids 

iicw lecnnoioc'v I eke-Off" Date 

Thermal methods Now 
Advanced methods 1977-
Massive fracturing 1977 
Methane from coal 
beds 1977 
Discovery methods 
for stratigraphic 
traps 1980 
Deepwater drilling 
methods ..,. Now 
Surface retorting 1930 
Fixed bed (Lurgi) 1980 

fixed bed (Lurgi) 1977-80 
Slagging-entrained 
flow (Kcpperg Totzek) 1977-80 
Fixed bod (tischer- 1980 
Tropsch) 
Methanol 1980 



•
Oil and njfural Gas. Research and development can help increase the near 

term supply uf o.l and natural ci', tiicr; j'.-'i cih-inc-d methods of oil rccovry, 
and better methods of production fr-om tinht gr, sands, h^avy oils and tar 
sands. Each of t:."se new technologies is pro'-cted to have a significant 
impact on overall 'us and oil production duri? : the 1930's, if oil prices 
re-rain high and i, ,j prices incr-ise. At Sll/.^irrel, we estim-jte that in 
1935 2.65 million barrels/day can come from tertiary recovery and 0.^4 
rn'llion barrels/day from heavy crude oil and tar sands. Additional S';pplies 
from these sources, totaling i.-''3 million barrels/day, are proji-Cted by ]'j35 
under the Accelerated Supply Case. Alternatively, at $7/barrel oil, the amount 
of tertiary recovery and heavy crude oil production would be minimal. Over 
the longer term, advances in these technologies co.T.bined with additional 
exploration will help to determine the extent of the nation's recoverable oil 
and gas resources ,.ore [irecisaly. Sucii information would be extremely valudble 
in pacing the deployment of alternative technologies. 

Normal market forces should provide most of the needed technology by -. 
. . the late 1930's, but the development and use of enhanced oil recovBry methods 

and the production of oil from heavy oils, tar sands, and gas from tight, 
formations may require a cooperative government-industry R-ID effort. Rover^nment 
participation should be .largely confined to support for field testing, thus 
reducing the risk of the individual firm, and facilitating public dissemination 
of the results. 

Since most of the accelerated production will come from DCS and Arctic 
operations^ RSD on environmental controls will also be needed to assure that 
development will not create unacceptable environmental ir'-pacts. This too 

• inUy require caopcrutivc efforts between goŷ jr/itiient csnd industry. 

Oil Shale and Synthetics from Coal. Shale oil and synthetics •from coal 
could have an important impact on energy supplies if the existing above ground 
shale retorting and German-developed coal conversion technologies were deployed 
rapidly. The economic, environmental ^technical problems, and equipment 

•• . shortages inherent in scaling up such massive technologies will probably limit 
their deployment. The Blueprint analysis suggests that shale oil production 

'•' . based primarily on above ground methods could reach 250,000 barrels per day 
• • . in 1965 under the Business-As-Usual Case and 1,000,000 barrels per day in 

the Accelerated Case. Synthetics from coal, both liquids and gas, would 
• • reach the equivalent of only 200,000 barrels per day under the Accelerated 

.Case. 
t . . -^' • 

.. • _. Resolution of the environmental and scale up problems Is needed 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 p-eriod should be focused on advanced methods, such as in situ 
oil recovery, which place less pressure on the environment and may be cheaper. 

. Thsse techniques will not have a substantial im.pact until after 1985. 

! • 



B- % i i t i j j _q r ir,'> •fjom_ 01 1 and^tas <o Cojl and Uninjuj'u A s h i f t in 
our pa^tern of erTer , - tow-t-d IT / i f r'.TTrf"-. t n c i ty ',/)'il j reduce d- i 'u id fo r 
o i l and gas and inf , • • the f U ' / i b i l i t y of '^'ir energy economy. The i'-pact 
pro jected f o r t h i s s n i i t bet\/oen now anc! 1 - ;o depends pr i i i n l y on t h f 
imploPient3tion of e x i s t i n g technology b'.t i t .-Iso involves developments i n 
t ' - ' i ^ combuscion, stack gjs c lear,-up, co:;! r . i , - iq and nuclear power. T,-,e 
fo l l ow ing tab le l i s t s near term technologies that could be expected to 
" t a k e - o f f " by 1935 or e a r l i e r : 

Proce^ss 
Coal com^busuon and 
p o l l u t i o n con t ro l 

Coal mining 

Nuclear power 

Table IX-2 
Shifting Deniand Technologies 

New Technology 

Limestone stack gas scrubbing 
Advanced stack cas clean-up 
Fluidized-bed comoustion 

control 
of removing 

Fine particulate 
Advanced methods 
sulfur from coal 

Continuous face mining 
Reclamation techniques for 
arid regions 

Centrifuge uranium enrichment 
Advanced methods for finding 
uranium 

HTGR thorium fuel cvcle 

"Take Off" Date 

1975 
1977 
1980 
1980 
1980 -

1980 
1980 

1980-85 
1980 

1985 

^' Coal Combustion- and Air Pollution Control. The Blueprint assumes 
that stack gas clean-up processes will be operational in the very near future. 
so that electric utilities can increase their use of coal. Though not exoressly 
considered in the Blueprint Analysis, coal use in industry would also increase. 
Howeve>^, scrubbers are still not sufficiently reliable for utilities, are 
expensive, have adverse environmental i'-̂ pacts, and may be difficult to install 
in existing plants. These deficiencies must be resolved if stack gas clean-up 
is to be counted on. Over the longer term alternative approaches to air 
pollution control involving advanced coal cleaning and controlled combustion 
can be applted. 

2. Coal itini _̂_ ^ . The Project Independence analysis Indicates that the 
production of coTT could increasp to as much as 1,1*̂ ^ million tens ':)er year 
by 1935 {including exoorts). lie should, therefore, assign high priority to 
any develcpments that dve Ikiely to increase our capacity to extract the 
needed coal. Especially in underground mines, new technologies are needed 
to increase productivity, improve the health and safety of coal miners, reduce 
damage to land and protect natural water supolies. Satisfactory methods for 
reclc-.i.ai'ng arid lands must be demonstrated if we are to use surface mining 
for large new supplies of western coal. 
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•̂• !>'^c)L'r\r ??wer: Ĉ lil'̂ ilCt_er_Reji ' • ̂ t. T'ie light v̂ .iLer reactor i > 
e/;pected to accu'.;nt for about 30 percf;.. or the eU'Ctric rr;7̂ 'r g'-'ner"; "'.'d 
in tne United States by IPoS, and as P' ' as /O percent by .'• .• y-̂ ar [' '"0. 
Some remaining issues involving the sai 'y of existing plants and ir'-'-ive-
ment of certain stjps in the fiî l cycle '.e.g., plulonium re^y-Jo, en iih-
n.ant and high level waste dispusil) require continued research. These 
issues ought to be resolved as soon as possible so that the p:"ojecto<l 
growth or nuclear power can be realized. In addition, RSu, ai.ntd at 
Improving perform;nce and reliability, and speeding construction, could 
have large short-term benefits. 

Our estimates of total uranium reserves are uncertain and the matter 
requires considerably m.nre scientific investigation. Plutonium rccycn>fj 
and improved reactor efficiency will help to reduce the need for more uranium 
ore. Hew methods for finding uranium are needed as well as new ore pro
cessing methods if we must mine uraniferous shales instead of conventional 
ore. 

Advanced reactors, such as the high temperature gas cooled reactor-(HTGR) 
and the light water breeder reactor (LW3R) could come into opê âtion in the 
early 1980's. Continued R&D is required, particularly for the fuel cucle, 
since the HTGR and LViBR fuel cycles are based on thorium rather than uranium. 
The use of higher temperatures and helium coolant gives the HiGR 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 provide 
Industrial process heat in the longer lenn. • 

C- Conservation Technologies: Near Term. By 1985, we can expect 
improvements in the efficiency of energy use in three major sectors: transport, 
industrial, and housenold and commercial. During the Project Independence 
period, the primary conservation efforts should be directed toward resucinq 
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. 

Transportation. Transportation, especially the automobile, is a prime 
target for conservation. Improving the energy efficiency of cars from the 
current average of 13 miles per gallon to 20 miles per gallon is an imooriant 
objective. This goal can be accomplished through a combination of reduced 
size and weight, more efficient engines, improved drive trains, and reduced 
road load (tires, aerodynamic crag, etc.). Light weight diesels and sirati-
fied charge engines could come into widescale use by mid-1930's if policies 
favoring technological improvements were chosen to reach the goal. 



Demand _S_ector 

Transportation 

Industrial 

Table IX-3 
Near Term Conservation Technologies 

Consumption Device 
or Process ^ 

Automobile 

Aircraft 

Steam 
processes 

New Technolony ! 

Energy efficient design 
(current engine types) 

Advanced engines, e .g . , 
s t ra t i f i ed charge 

Light weight diesel 
Others 
Advanced turbofan 

and supercritical wing 
\Packaged on-site coal-

fired electrical steam 
systenis 

Solar-finat pu.np 
steaii, generator 

"Take-Off" !)^t^ 

1977-80 

1980 
1965 
After 1985 
1980 

1980 

1985 

Household 
Commercial 

General 
processes 

Heating and 
cooling 
1 

.̂ 

i 
• 

Appliances 

New energy efficient 
processes 
Improved recycling 
processes 

Reliable heat pumps 
Total energy systems 
Efficient construction 
design 
Solar heating 
Solar aireonditioning & 
heating 
Improved & uniform 
efficiencies 

1977-80 

1977-80 

Now 
1977 

1980 
1980 
1985 

1977-80 
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Jndu_s_̂ trj'iJ . Th'̂^ industrial sector should achifvp" rpducrd eneroy nrowth 
in res;)orr3f-> to riiqher eocfdy \)r\res. Iluch of l!ie savin̂ js will result ; re ri 
better mana^'enent and design practices that fxploit existing technoluay, 
but new developn.ents can also have sor. e imjact. 

R.'iU aimed at more efficient production of procss steam from coal --
possibly in conjunction wi.-i .d-ctricity -- cot,id h ivd a sir.i i r icant .-.fact 
in the next ten years. It may also be possible to develop energy-etricient 
systems which generate process steam using solar energy and heat pumps. 

A number of m.ore limited improvements in Industrial processes and 
recycling tcchnolof'v ^r^ ne-'""'ed to achieve the acceler~ited ooals for 
industrial energy conservation. Hew processes for extracting f..etal from 
ores, such as the one recently developed for aluminum can go well beyond the 
10-15 percent savings achievable through good energy management practices. 
Advances in combustion efficiency, low temperature '.;5Ste heat recovery and 
insulation can play an important role. Tetnnology that facilitates recycling 
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 government's exoerience 
in stimulating such technologies has been quite limited. Cooperative 
Government funding of individual research, development, and demonstration 
projects, with public dissemination of tne results coupled with financial 
incentives for their deployment, m.ay be appropriate. 

Houŝ h'̂ 'lû  di-J CL. ' ^:'. Tril • The energy LOnbU'eu in Luiidincs is la'̂ ge: 
there is a promising target for conservation. In the rsear-term, widesoread 
application of existing technologies--insulation, heat pumos, and total t^nergy 
systems—coupled with design improvements in buildings and appliances offer 
the biggest payoff. _ 

The most significant new technology being developed for saving eneray 
in buildings is solar heating and cooling. While som.e may classify all 
solar energy applications as new supplies, the collection and use of tne 
solar energy which falls 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 adaitional RuD-before-^it is ready for 
widespread demonstration. Because of the large number of existing buildings 
with a long life, the initial impacts may be small but the long-term impacts 
are large. 



^"^^ • '-ong-fern ["nerqy Prnj"ctions anr!̂ Theĵ r J'jy\_lcations 

Our short-term energy R3D has been aiu-j at achieving the 1985 goals 
set forth in the Blueprint analysis. Jn cu.:-sponding fashion, we shall . 
develop our lung-range R30 strategy to acrii';;: the goals implied by longer-
term analyses. Cur long-term energy model projeci.s future d̂ -r''uids and 
domestic supply options separately, and then combines supply options 
(including i.-iports) to meet the projected demands. The analysis depends 
heavily on extrapolation of historical trends, technical possibilities, and 
availability of resources, so has large uncertainties. 

Though this aporcach has gancr'jted i::nny different ccnbinations of 
supply and demand to illustrate the implications of various policies, we 
focused on_ the two long-term supply and demand scenarios (called "Base Case" 
and "Consarvation-r'ajor Shift") which parallel the near-tenn cases .analy7"ed 
In the rest of the Blueprint. 'The long-term Base Case represents.a 
continuation of the trends emerging in the near term case whicn continues 
present policies with only minor changes. Overall energy ccrsumption grows 
at a rate of about 2.5-percent per year from 1SE5 through 2C20. The 

Conservation-Major Shift Case parallels the lower qrowth 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 concerned not su much with total energy 
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 so-r:e degree 
substitute f'or liquid and gases. 

The most serious constraint in the post-1985 period appears to be the 
recoverable oil and gas in. the ground. For long term analysis it is 
necessary to use estimates of what might be discovered in addition ta the 
proved'reserves discussed in Chapter 11. AccordiRg to the United States 
Geological Survey between 200 and 400 billion barrels of recoverable oil and 
between 1,000 and 2,000 trillion cubic feet of natural gas remain to be 
discovered. Although some industry estim.atas are less than half of the 
lower Geological Survey projection, we used a rescurce base approximating 
the lower Geological Survey estim.ates. Domestic ail and gas production 
therefore peak in the mid to late 1980's. The net effect of having the 
lower resource base is greater oil and gas shortfall in. the Iatel9a0's 
through about 2Q20,reaching a peak of about 12 miUlion. barrels per day in 
2000. The high resource base would be sufficient to maintain a level 
slightly above the 1935 rate until about 2020, after which production would 
fall off. Synthetic liquid and gas from coal or shaie are the most readily 
available domestic sources to replace oil and gas but the coal and high 
grade shale resources as well as the v/ater needed to convert them are also 
limited over the longer term. 

Electric power appears to be less severely constrained by resources or 
technology within the next 20 to 30 years, since electricity can be 
generated from existing sources in the near-tem—coal, uranium and hydro
electric power and hopefully from new ones in the future--fusion, 
geothenrial, and solar power. How much coal will te used to generate 
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el^-tricity &^p'r-n(ls to so.me il".'-:r'^e on how large our synthetic industry will 
grow; huw aiiich'eluctricity can be generated in ligiit \;ater noctors depends 
0.1 tĥ ' a.i'ount or uranium that can be pror'.ced at accui-table economic and^ ̂  
e.r.'ironmentj! costs, while the longer rang- technologies are beclouded witn 
iv.iny 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 1980's and becomes relatively insignificant after 2030. Rapid 
development of oil shale and coal synthetics could conceivably make up for 
this projected shortage. The projected electric demand is provided 
primarily by conv-rntior.a I converter r'-actors, coupled with hydroelectric 
power and coal-fired generation. The r.odei assumed that oil and natural oas 
would not be used for electricity generators in the'post-1935 period. Sc;r.e of 
the electric po'-ier needed to meet intermediate and peak load requirement? 
will be generated from liquid or gaseous boiler fuels made from coal; 

This conventional approach to supplying future energy demand, even at 
lower growth rates than have been experienced recently, places a great 
strain on synthetic fossil fuel production. By the year 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 oil 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 coal wou-ld have to b? ~rtf,^'i tach v̂ --'*. 
Tills v/culd rapidly deplete our coal resou/xes, and exhaust availaole Wster 
supplies in the shale areas as well as place very serious burdens on the 
environment unless there were some technological breakthroughs. 

Electric generation from conventional coal, hydroelectric and nuclear 
sources satisfies electrical demand in this case without much trouble. Thus» 
one asks whether the entire supply-demand imbalance could be met by 
combining conservation with massive shifts to electic power. Figure IX-3 
(Conservation-r'ajor Shift), shows that the demand for liquids and gases can 
actually be reduced by the 21 st 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 synthetics per day by 2010 and this leads to-a 4 percent 
per year growch in coaf consumption. Imports could be eliminated and it 
would be possible to delay the development of coal synthetics and shale 
until after 2000 if the conservation and demand shift savings were realized. 
This strategy would place less strain on the environment. 

Because dem,ands for electricity are higher in the Conservation-flajor 
Shift Case, new technologies will be required. Geothermal steam and hot 
water, organic wastes, and eventually, the breeder reactor, fusion, or solar 
energy jrs potential new sources for tiiis power while advanced generation 
technologies offer to Increase the efficiency of their conversion to 
electricity. 
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If we accelerate oil and gas production in th" next decade, we could 
reduce iinports quickly. However, unless decelerated exploration rev^jls a 
larger resource base than the one used in the lor.g-tenn ir.odel , this b-,'refit 
will co.-ie at the expense of a greater oil and gas shortfall in the early 21st 
century. 

A>n if.;purtant lesson of the long-term dn^lysis is that we uied 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 ranee 
supply-demand imbalance. On the other hand, without a shift to electricity, 
the growing q"ar,titi.'" of shal? and coal vdiich uust be i.iined uud prccesscu 
will have serious environmental impacts. Thus high priority should be 
assigned to those R5D programs that will make possible the transition to--
electricity. 

Numierous other combinations of demand and supply options have been 
evaluated in the long-term analysis. They all show the same basic trends.* 

° Oil and gas will become increasingly scarce; 
° Shale oil and synthetics from coal, while having a limited 

impact in the near-term, will be needed to make up for the 
long term shortfall. In any case, such fuels may determiine 
the price of oil and gas late in this century; -

° Conservation, especially vdien conibincd with shifts to 
electric r)owpr, will become imperative in the loriy-iun, 

° 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. 

• IV. Energy RSD for the Post Project Independence Period 

In the discussion of the short-term RSO options, a recurrent theme is 
the role of government in accelerating technologies that are already well 
underway. The question of government involvement is hardly an issue when 
one considers technologies that are not expected to be available until 1985 
or later, especially if large financial outlays are needed for the R5D. 
Here, except in the mo3t unusual cases, the market can'not be depended upon 

to.take this initiative. We wil.l have controlled fusion,, if_ it is. feasible, 
.. , only if the Government pays for the basic research and development. Thus, 

a basic objective must be to try to assign priorities to the developm.ent 
.. of various, new technologies likely to meet the long-term nrojections. R̂ .O 

becomes increasingly important as the time frâ -ie is extended. Much of the 
.. . Federal enqrav R-rD prcoram now underv/ay, shewn in budget .breakdowns in 
. Jable IX-4, vVi 11 have little impact until after 1985. 



'I.^vl--LE .lX-4 
Fc-deral Energy Rosonrch & Tcvolopmont Program Budget.'? 

(Millions of Dollars) 

Program Level 

Fiscal Year - obligation:; ', Fiscal Year 
-.•RT-y, APCA ; ; 2323 Fisr,il Year '̂ 7̂4 liZl___ 

::S.'̂ :,RVATJOn _ '. . 32 .2 65 .0 123 .6 

L"r.d-u;:^ ( r e s i d e n t i a l & corri.mcrcial-not i n c l u d i n g SOlar) Ib .O 27 .9 
Ir.j .roved e f f i c i e n c y (trans.m.ission3 2 . 9 5 .0 1 8 . 8 
Ir.-.L-roved c f f i c x o n c y {convers ion} 6 . 5 . 1 5 . 9 29 .8 
I:-.^-ro•iuJ e f f i c i e n c y ( s t o r a g e ) ' ' 1 , 6 ^ 2 . 9 6.4 
A u t c r c t i v e '* 7 .4 * 14 .2 , 2 3 . 7 
OLOi-r t r a n s p o r t a t i o n 13 .8 13 .0 22 .0 
Indvi i i t r i . i l 

- , GAS L 511A-LZ , • _, 1 0 . 7 1 9 . 1 41 .S 

Production ,3 3.0 17.0 
.".escurcc assessment 4.5 5.0 13.1 
0x1 sU.-ao 3.2 2.3 3.0 
neJjtcJ r-^ogrBms ' • ' 10.7 - 8 . 0 Q.7 

. , • 0 5 . 1 164 .4 4 1 5 . 5 

Wifilnej • 1.7 ' 7 . 5 
r.ir.ii'.g h'-?aith and s a f e t y ' 2 8 . 2 2 7 . 0 
D - r t c t ccriJjustion • / 1.5 • 15 .9 
L i q u e f a c t i o n _ ] • 11.'0 4 5 . 5 • 
G o s i f i c a l i c n (h igh Btu) ' 3 2 , 5 3 3 . 0 
C . s x r i c a t i o n ( lov Btu) • • 4 . 6 21 .3 
-•tyntr.tji i c t u e l r . p i o n e e r p rogram 
:-.c3carce a35cs:;,r.cnt 1.0 1.2 ' 1,9 
Oihct (including com.mon technology) 1.6 13.0 ' -20.1 

I.-?G::;:L-.U':V.L ccr.'TKOL 32.4 ^ 6 5 . 5 17n .5 

r.'ear tcnr . SO • 1 9 . 0 3 9 . 9 8 2 . 0 
Advi-nccd SO • 4 , 0 " 12 .0 
O t h e r fc',*-.il f u e l p o l l u t n n t g 
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PROGimM AREA 

E:.VIP.CK.'-'J;:,'TAL CO.\'TROL c o n t ' d 

d. ?!-.ennal pollution 

e. Aulonotivo emissions 

NUCLEA:< FISSION 

a. LMFBa 
b. Other breeders (GCFBR & MSBR) • 
c. HTGR . ,. 
d. L'.wiX 
e. R.--accor safety research* 
f. L'r.sie mana[;orr!ent 
(',, Urj-iiun enrichr.ienc . , 
h. Resource assessment 

• i. Other (including advanced technology) 
KUCLEAR FUSION 

a. Magnetic confinements 
b. Laser (including inilitary applicstions) 

oii-a:R 

a. Soior (Includes building, heating and cooling) 
b. Cooibcr:;inl 
c. SysLcr.s studies ,' 

d. ];isceilaneous 

Total direct energy R&D 

ADDITIO:v'AL FUNDS FOR SUPPORT PROGR.\HS 

£. Environncntnl and health effects research 
b. B-asic research and n'anpowcr dcvclopr.ient 

Total Support K6D 

Grand Total 

Prn;;rain Level 
(Obligations) 

FY 73 FY 7A FY 75 

.6 
10.0 

406.5 

1.5 
7.0 

530.5 

18.5 
9.0 

724,7 

53 .7 
5 .6 
7 .3 

29 .5 
33 .8 

3 .6 
5 0 . 3 

2 .8 
1 4 . 9 

357 .3 
4 . 0 

1 3 . 8 
• 2 9 . 0 

48 .6 
6.2 

5 7 . 5 
3.4 

10 ,7 

473 .4 
1 1 . 0 
4 1 . 0 
21.4 
61 .2 
11 .5 
66 .0 
10 .4 
2 3 . 8 

74.8 101.1 168.6 

39.7 
35.1 

57.0 
44.1 

102.3 
65.3 

16.5 53,5 157.5 

4.0 
4.4 
7.2 

J 3 . 8 
10 .9 
1 7 , 3 
J i . 5 

5 0 . 0 
44 ,7 
30 .0 
32 .8 

999.1 1815.5 

169 .7 
* 100.8 

270 .5 

l?r-.';,6 

303.4 
I f. 1.1 

»••"- • - " • - — -

JlIJ}-:! 

23^2 .0 



'Before discussinq Lh" rrvjior l(in<)-ran ;e suoaly t'jchnologies now in the 
I'lational .'UD proyrafn, we list cneir "tuks-ofi" dates; 

Table [X-B 
LotKi-Jc-rm Supply lechnolo'jies 

Category , Nev̂  Technology "Take-Off" D-te 

Synthetics from coal Advanced systems 1985-1990 
Shale In s U u processes 1985 
Breeder reactors i:.:R and other breeders " 1990-2000 
Fusion M netic and laser 2000 
Solar conversion E^ :tric, h/drocen, 

bioconvers inn 1990 
Geothemiai Hot dry rocks and offshore 1990 

The long-range energy an=''''"si5 implies that several riev/ suDoly 
technologies v.'ill be needed î  .he post-1985 period. During the last 
15 years of tnis century, syn. -tics fron coal and shile oil wi 1 • be par. '-
ularly critical in this respccu. New sources or electric pov/er nut aepe jnt 
on limited supplies of fossil fuel or uraniuiif will also be needed, 
especially as we shift toward electricity and away from liquids and gas. 

Svntheti_cs^frcm Coal_. Cur long-range analysis sucqests that as much as 
25 nii'll iG'"n"'Di"r''?i"- rer'day of snale oil ariti synthetics could ' • r.:-t"ced by 
2010; even the C _rvation-i-' inr Shift Case woulri rf^quire P • 'ilic"* bi'-rels 
per day. '..'Sicth . . not ihebt- L-̂ tiniaLe:? prove co i>e correct, t S' s cl^ar 
that a large syrt.'.-_ic fuel ir.>..ustry will be needed in the It i-ru". ind 
that RSD on such processes must receive a high priority. To t^e c-• _nt 
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 
coRTnercial use in the United States. As inentioned in Table IX-T, the United 
States could deploy the German developed Lurgi gasification, Fischer-
Tropsch liquefaction, and similar processes during the early 1930's; but 
the results or the Blueprint analysis suggest that the existing technology 
should nut be widely deploysd because it is uneconomical. 

For the longer tern, more advanced processes being developed offer the 
promis.e of Increased efficiency and lower costs (reducing the delivered cost 
by perhaps as Much as 20 to 30 percent). Using a traditional RiD aporoach, 
it v/ould take until the late 1930's or early 1930's before these technologies 
ware deployed. An accelerated approach could cut 5 to 3 years from that 
time, so that a rapid buildup of capacities could begin about 1985. 



n t i i e t i c , 
w ' t a n 1 

'J p f f - j r t ^ 
I ^ .h r* t .h ( ^ 

nds on a ' 
, Vrdter , c 
n ing i n a ' 

i t Wnwfi 
rn [PC re 

. ' ' .-4 

•y 

1.'! r on r 
i t i o n 

The I • 1/ policy . . .• is tio' .' 'i. r L < ••'.'-.• •,, 
to build ' . , Ira tion [.• i , usifr (/i t' g t !'/_/ '• > 
abo'jt lir-, >• !•> coil < .î  .-sion. i', ' m c . , - -'TK 
focused O'l ''-.'vp'lo'rent ot efricient, low co^t * ' ''nolo'., 
are dcplo. ; in the mid-l9o0':, or significantly la'.er C 
rar.y^ of < -rrnent actio'is involving finjiicuil incenti. , 
n.ental r°(, . i itions , materials priorities and r.anpower t- i 
to the rc-,'.MUtion of technical problems. 

Providing the coal to make the synthetics will require coal growth rates 
on the order of -' to 6 percent per year well into the 21st century. Tr-erefo'e, 
the long-tenii as well as short-term issue is one of developing and Implementir.g 
the new coal extraction technology as rapidly as possible. 

011^ Shale. Shale oil recovt'red by co.nvcn: ionil techr.ology can play a 
limited roie witn;n tne Project Independence time period. Tiiough this techno
logy mjy be ddecuate for production levels up to 1 million barrels per da/, it 
may not be suitrble for an industry producing 3 to 9 million barrels per day 
early in the 2l5t century, because of its requirerients for water and ir-ŝ ct on 
the environment. Thus, for the long-term, jjl situ or undergrourd rv:':'^)v^ry 
probably offers the greatest promise, but requires significant additional 
R&D. As In coal synthetics, the issue is mainly one of timing. 

Breeder Reactor. The liquid metal fast re?ctor (if'IFBR) is new the largest 
project in the i2Ceral energy RSD effort. It is backed up by small efforts on 
alternative breeder concepts. The aim of all of these projects is to deveior; 
a system that v/ill use nearly all of the potential energy in ur̂ n̂iur.i ard thoriir-, 
rather than just U235 (0.7 percent of natu'̂ al uran~"t:m). c,;tcnsive ?",') has 
shown this to bt- Theoretically and technically possible, but .h- ']Ai\-i reac<.ors 
needed to do it have yet to be built and proven botn economic and sa:e. Severe"! 
small LMFBR reactors have been built and operated in the United States. A 
large test reactor is now being completed (Fast Flux Test Facility) ar̂ d a 
demonstration plant is being designed. Current plants hre 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 efforts 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 program and management 
of the demonstration-project. A strategy involvinq conservation with major 
shifts to electric powep, would require a 4 perdent per year growth in elec
tricity generation between 1985 and 2000. If the s'lift were accompl ish.ed 
with less conservation, the growth rate would be mttn higher. In such cases 
there would be an urgent need for a new electric ceDeration technology such 
as the breeder. If electricity use does not Increase rapidly, the urcency 
for these developments is less. Nevertheless, the lireeder has other benefits. 
Once the breeder is developed and in use, the concern for uraniu,"; resources 
and uranium enrichment capacity will largely be eli.Tinated. If R&D costs 
can be reduced by alternative approacfies Involving tloser cooperation with 
efforts In other countries, these ought to be investigated seriously. 



fi-ion. The scientific f i ibility of nu:l'jr fusion still awjsts d̂ 'i-on-
stratl . Fusion, lil-e th" b dor, nffnrs tĥ ^ nvtn<-aneof a virtmlly 
linitl '.. fuel ^upoly; it hjs *'•• further advinL'-.e or ,irQd'i'*ira fi'^i-'f 
radioactive projects tpjn doa^ Tission. r«o f. î.pnt illy d i rf^rent 
approaches to c^nrineiprnt of tlv^ multimilhon c' '»« t yt p1j."d are Letrg 
pursued--magnetif, and inertia! (or laser) conr . -ent. Fusion is e/n'̂ cted 
to have no impact before the 2l3t century. 

Fusion is currently funded at a level exceeded only by the breeder 
and coal conversion, even tnouch its scientific tTd tecnnical feasibility 
remain to be sho.vn. llnile the great gams that a successful fusion reactor 
would afford suagest that the program should be a-gressively pursued, there 
Is a qu"Stion r'-̂n.jt its rjte o. gro-.-Lfi in t.'ie h^c.r term. 

SoJa_r„F'"'̂ *TZ- Solar energy and its many related sources, includi 
wind, ocean ^ rmal power and biological conversi-n ar" being increas ly 
viewed by se .nts of tne public as the long-ranr„ solution to cur cn- / 
problems. Sour systems dre expected to renuire *trga lani rer : -''c'-
collection and therefore large capital invest-̂ ent for equi, .nt. T= ligy 
exists to recover tne energy, but further R&D wil? be requi, u to fnt J.I 
cost, reliable systems. 

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

In the longer t!="̂> sola>" p-̂ ê -gy like fusion t.d th - br etrci-r coulo 
provide a virtually inexhaustible source of energy. But see form of storage 
must be developed to provide energy v/nen the sun r, not shinr^g or tre 
wind blowing. Even if fusion is successful, a cnmce way ulti ately f.ave 
to be made between fusion, breeders ana solar ene'~jy as the primary re.='n<̂  
of producing electricity. Solar energy R&D has reieived very little funding 
In comparison with the nuclear options. In view of its potentially 
strategic role it is appropriate to spend enough effort on R!<0 for solar 
electricity generation to pin down Its cost so that educated choices can be 
made. 

Geothermal Energy. A few geothermal plants are now operatina around 
the world, incljdng the dry steam olant at thê  Gejsers in California, but 
the practical magnitude-or our geotner^al resource and the technology for 
economically recovering it are largely unknown at present. U'e know not 
only where geothermal sources are, but their te^oerature and the chemical 
composition of the geotnermal fluids, as well. Accurate predictions of the 
Impact of geothermal energy on the Nation's energy system depend on the 
ability of research first to find geothermal energj in the form of hot water, 
steam, or dry rocks and then to develop reliable conversion systems. 



I h ' 1-ey f.ol i'-y ILMJ-? is to d'-termine tS).- funding level of appl ied 
H'̂ D n-'--' ' io i i n ' enl . --volyp g -̂Oi her.m j l -n --''v' so. i rc f , . In view of 
the pi u • ie ul.:imate i portance of rj-oth'^^rrm ' energy, i t seems appropr iate 
to pu^.;- . •,•"( ho'ih in r i.joing po ten t ia l geo:n.,Tr,al reserves and developing 
convct J > , .•crinoloqy. ' -

I cng-Term ' _.Jci"n/7 0 / E f - r g y J i t i 1 izac ion ard the Si i i fc ts L K c t r i c i t y 

In developing a s t ra teay tha t combines conservation w i th a s h i f t toward 
e l e c t r i c i t y (or o tner nonfossi I i u e l s ) , m-tnuds for reducing consumpticn 
and i n c r d s i n g the e f f i c i ency of product ion of e l e c t r i c i t y (or other fue l s ) 
must play an important r o l e . 

Table IX-5 prc^rnts the t uko -o f f dates for advanced tecimologles 
i n t h i s category. 

Table IX-6 
Consumption and Conversion 

i "Take-Off" r.at^ 

End-Use Efficiencies 
Transport - i'lore efficient heat engines • _ 1990 

Non-fossil fueled vehicles (electric, 
hydrogen,'etc.) " ' 1990 

Household and co.Tmercial - Solar powered total energy 
system 1990 

Industrial - Advanced industrial processes 1990 
Transmission^orv^rsicn and Storage 

Large high perrcrmance 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 electrolytic or thermal production of 
hydrogen 2000 

Development of high performance batteries suitable for automobiles and 
light duty trucks is important and probably achiei'able within the next 
10 to 20 years. As alternacivas co direct use of electric power, hycrcgen-
fueled vehicles could be developed to enable a shift away from oil. 
Hydrogen fuels may be particularly appropriate for aircraft. If methods for 
producing hydrogen from non-fo.;sil fuels at low cast can be developed, then 
the "hydrogen economy" could compete effectively with increased electrifica
tion. 



In . ' 
i f ' o r o v -
i , 1 , / iV. f y 

that, we w 1 1 
b ib i c ur-' 

i" 'arove'"eni j 
consumption 

.i<' 
, 111 

,.- 11 , 
1 not , 
J s 1 c i 

i n 1 ' 
i n ad 1 

' 1 i 1 / ' r-T'-rr 
- j ' j ' ' , ) r '«v 
V " • '.yo 

• ' 1 • * T. 
nd I ><'a( 
2SSi'^ m 
to p r o v i 

1 , d inds 
' • St o f 

. \ j CUV . 
1 i s i i ' K)*" 

1 r. '• h 1 'j 

rnd ' j r tG ' 
g Otner ' 

. " > - i a l 
• i( 

1 

(it 

1 

, 
5 

i . 

. 

' cpnt inu i 
'S m or' 
, f -.'rt'pt 
, ider 
^^, r i i 

0 reduce .. 

' . f ^ i l l 
pf f ic i ' " 'ncy 

i b i 11 t i es 
1 1 ,'2 01 

entd 1 
lergy 

The transmission, conv'̂ »-sion and storage of energy form a bridge between 
supply and consunotion. U i t̂ 'chnologi es c-in help to r'~'duce losses and costs 
and, therefore, p' ' an > t cmt role in tne overall IViD program. Lor.g 
distance unde'̂ grc- ; cr ' mc or superconducting systems may be needed in 
the 1990's f ug t al mating and direct current systems as electric use 
grows end pi >̂s c jic.'d far awiv from consumers. Ao'vanĉ d top"in'' -"-T-^N 
inciudii.y y> J 5 1'. ,'apor ard gas nred turbines, and ridgneronydfc dynamics 
(ilHD) could increase the efficiercy of electric pow-r generation co o/e^_ 
50 percent, and be introducen in tne ig'^C's. Electricity storage systems 
such as hign energy batteries assui.e key importance as the enargy economy 
moves c y from easily stored fossil fuels. Widespread use of these 
techno! ies v/ill probably not occur until after the turn of the ĉ .-̂ ury. 
The nee* for electric storage systems will deoend nainl/ on our sf^c-ss i^ 
finding efficient ways of using electric power evenly shrougnout tl)e cay 
and year. 

On the whole, increasing the efficiency of generating (and transmittirg) 
electricity probably can be achieved with fewer i'. itu •- nal proble'̂ ŝ than 
can iTiprovfents in ccnsumofi'^n efficiency: the ~6r uuî 'es a ft; fairly 
difficult technical i.i^provcents, the latter r , 5 1 ^ -•-srr-ip u<-.? of 
new tecnnologips among many individual consi > , 1,'G would, th-̂ '-ef̂ re, 
rank Increase in efficiency of generation oi '.^Iricity ^s one of the 
most Important aims of our long-term energy ' 9. 

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 energy demand 
or resources in the 21st century will be. We do not know what the 
population or econcmic growtn rata will be at that time, and technoloaical 
development is always so^ewnat uncertain. Thus, the basic RuD strategy 
cannot be considered a'umnue one: other strategies mignt be n-ore aporopriate 
1f different uncerlying assumptions had been made with respect to the 
long-range future. 

Nevertheless, we believe that there are certain elements of the RiD 
strategy that ara largely indenendent of the long-rang? projections, and 
the strategies discussed in this chiuter largaly satisfy this criterion. 
The R'iD strategies are realistic in that they take into account the long 
lead time required to bring new technologies into widespread use and are 
responsive to institutional forces. 



f ior tn_ 1 , 1 ' most (riticil t' nicai .robI'M i 
Pro r 1 ''C-i r ̂^ ' 1 ' ' iricre'',ir.o i T'i , nupplm , u > i ng 
cner , I > ]i .^fuly ' i IJ , , '/riiLdilo co ' ' ur I'lU.n. Re^ejrcn 
and ''1' ".n play s'' y, but necc. ,, role in overcoming 
these prol 

° Ff, inĉ  d oil an 'iis recovery methods offer a large 
ni - U ' payo! . m the term.G of incr-'ased supply 
and rcf -ralile resource base if trie requiren research, 
develop. •./)t, and i ioid u-jsting is accelerated, 

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

° Greater use of coal willneguire RiD to solve environm,ental ,. 
problems related to its extraction and consumption. 
Similarly, growing use of nuclear power may be jeopardized 
unless kao can resolve the remaining issues of safety and the 
fuel cycle. 

Impact After 19^5. The depletion of conventional oil and oas resources 
dominates the post-1935 period and leads to tv/o fundamental obbervdtions: 

1 
. It 

1. Synthetics from coal and oil shale will be required i 
after 1985 and their use will continue to grow rapidly. 

— Therefore, advanced technologies for producing coal 
synthetics and shale oil which iiidximi/e prrir-iency 
and minimize economic and environmental impacts 
should be developed to meet the po5t-1985 needs for 
liquids and gas, 

2. The oil and gas shortfall Is so large that m.ajor 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 be developed, 

— Mew energ/ sources not limited by conventional fossil fuel and 
uranium resources are needed. Technologies, such as the 
breeder, fusion and solar energy, will take decades to develop 
and introduce, but it is imoortant to know that we will have 
one or m.ore of these to support the shift in demand. R&D 
on these technologies must be pursued as a basis for 
charting the course of energy development. 
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1 

EXECUTIVE SUMMARY 

This paper explores the role of the federal government 
in automotive RfJ). 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 r stron in-hou-c component in order to 
assure a long ti-rm national commi tnent to the solution of 
the difficult scientific and technical problcmis 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 autoiTiotive 
Rf̂ D 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 petroleumi avail
ability may begin to occur doinestically in the latt, 19o0'^. 
Tiiis development will require taking a wdiole new technical 
approach to automotive propulsion. Two such approaches can 
be foreseen at this time. One is the use of synthetic 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 car 
is an example of the latter. In addition to these long-
term aspects, fuel conservation is also important in the 
shorter term, where the goal is to conserve petroleum 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 programi is envisione 
which combines the search for highly efficient propulsion 
systems witli minimum environmental impact based on other 
fuels than petroleum. 



i I 

Som.e simple e^tim.at^, 'U'-ncst tliat in order to generate 
the nc( cssary new tcclu. . , a natiunal RM' investment on 
the order of $ISO milii'. • /ear for the next 25 years or 
so will be rec|uired. P: k industry is fprior to the 
current economic squeeze) investing on the order of one-
third of this amount, concentrated in the near-term aspects 
of development. Furtherm.ore, the integration of the 
national objectives of ener;-:y elficicncy, alternatives to 
petroleum, an-i • inimum cnv i ronm.cntaJ impact into a coherent 
long-term pi J ^ m in B.l',1) requires perspectives and respon
sibilities I, I bevond those of the private automiobilc 
corapanies, . -lu c oojectives are rooted in the market place. 
Consequently, we perceive a major government role in 
automotive R§D witli the following goals: 

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

2. Creation of a cooperative R^D clim.ate at 
the technical working level between govern-

advancement of the technology. 

We believe these goals must be implemented by: 

1. A federal 1)- financed pic.,ra?. directed 
primarily at the long-range problems 
of automotive RQD outlined above. 

2. Establishment of an integrated in-house 
automotive research center to ensure the 
achievement of the national Rf,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 'cccssful 
government role jn automotive R̂ D̂ is the intoi ay between 
the private and federal portions of tlic iiatio' program. 
The govern-ent must not onl)' insure tliat tlie i cssary 
technicaJ innovation.; are generated, but it mi i also injure 
that tlie r, w technology is picked up bv the ai ;iiakcrs. 
This proci ss requires a high order of shared p..:nning in 
the longer term aspects of the vcork, in order to assure 
that commercialization will prove feasible in the end. 
Positive Incentives to private industry may also be 
required. Tn order to structo-^c the yoveri.riC" ' 's program 
in tlie most desirable way, considerable prepar. lory planning 
vn 11 be necessary. V>'e visualize two types of c'udies 
which need to be perforriied. 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 Rf|D policy guidance and 
should be sponsored by the NAE and/or NAS. Ic siiould 
address the questions already partially explored in t-his 
paper: the balance between federal and private sector 
roles, the role and structure of a federal automotive R.',D 
center, the general technical goals of the total national 
program, and possible federal incentives to the private 
sector. 
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year. Since current automobiles cannot use any other fuei 
than gasoline, and since the private automobile must remain 
for many years the primary form of personal transportation 
in this country, the iirpact of this sector on petroleum 
supply is of overriding importance. 

The unique significance of the automotive sector 
in conserving petrol >um has been recogn'''ed b> t\.o recent 
landmark actions. ; EPA and DO! joi^ y have sub'nittcd to 
the Congress a stud / laying out ic' iblc savings in fuel 
consumption in the 1 SO to 1985 I' D. The^e savings 
range from ?5 to ^0 percent m av( Ics per gallon over 
the compar.ible 1974 rates, depend ' i the particular 

this report as setting the general g is to be achieved 
voluntarily by them during that periud. 

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 fueled automobile. The 
object of this paper is to analyze the government role in 

-'^"Potential for Motor Vehicle Fuel 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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J^Mtomot ive RfjD, but wc shall lay sjH'ti.il cmpbiasis on this 
^^ong term problem, and lor this rea w shall v.'ork tiackwards 

from the long range issues v.hicli ar- adeciuatcly appre
ciated to the shorter term problems ii.uh are currently 
receiving attent ion. 

•̂  • The Alt ernatives to Gasol i ne 

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 oil, the Anericn economy must begin to shift 
from -•' niicc c^ ell an 1 , • •• 1 ̂  .-1 ...1 nu^it.T po'-.̂ r. Our 
total L ..reduction to 19/2 h;. been about IJO x 10-̂  bbls. 
At thai e date, we were cstii.rjted to have about 70 x 10^ 
bbls. in .^servc, and the Geologic Survey estimates that 
there is iiom 200 to 400 x 10-' additional I • rcls of oil yet 
undiscov^ered in tlie U. S. Using these figu s, and the "base 
case" of Project Blueprint for energy consu tion, our 
petroleum production will ])cak in the late j.bO's. Of 
course, estimates such as these are subject to error in 
either direction, and it 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 moles of petroleum use, 
in particular transportation, against tl probable straitened 
petroleum picture for the U. S. in the period ])ep inning ^̂ •̂ o"t 
1990. 

Present hopes are to increase coal production and nuclear 
power sufficiently to take up the slack left by t]ie disap
pearing petroleum and gas. Hov/ever, if the demand for 
liquids and gas in t)ve post 198 5 period is allowed to continue 
at its 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 uould reqtiire a continuous growth 
of coal production of the order of f) percent per year from 
now till the year 2010, and v.'ould rc(|uire 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 .'1 I :. i nat > v'c 1̂- sy.f" ;ic fuels is direct 
'njng of coal i . t surr .ily ' n a-.: :\ power statit-ns) and 

nuclear control ;•••.'-r. rlui.s, a s'-̂  r^ sliift to c' vtricity 
is likely to accou-i any t'ne c-.-ap] ranee of oil ai gas. 

Further, while these gfi-at shifts are ( urring, 
it may turn out that multJl'ucl ca])ability in an ei. me will 
be required. For example, an automobile which use, electricity 
in the city, but liquid fuel between cities may be desirable. 
And as vre get ready for the non-petroleum based ecorioiny, 
a propulsion system which allows a flexible mix of fuels from 
petroleum and synthetics from coal or shale may be desirable. 

Thus iii the tiiiiu si)ari. of 15 to 3 0 years, which is 
typical of that for RfiD to have significant imj'.act, some 
very basic ciiallcngcs to the gasoline fueled automobile, and 
to fossil fueled transportation in general, will have to be 
faced. In this wl̂ ole area, tlie most elementary and important 
technical feasibility questions rem.aln to be answered, and 
the most important economic and environmental determ.inations 
remain to be made. There is clearly no tim.e to waste in 
developing a national RfjD program which is responsive to these 
very fundamental challenges. 

'c> 

•̂ Energy Conservation and Automotive Efficiency 

So far as the automobile is concerned, the short-
te-rm role of consor^^ation is to alleviate thic necessity 
of filling out the gap betv/een our dcm.ands for oil and our 
domestic supplies is'ith foreign purchases. In the medium term, 
it staves off the eventual day of reckoning when the ultimate 
shift from oil becomes necessary, and in the long term, it 
restrains the overall energy demand from excessive heights. 

Automobiles are not only tlie major national users 
of petroleum, but the potential for automotive fuel conserva
tion is 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 tlie fuel economy 
of American automobiles has experienced a long period of 
decline, because engine efficiency lias been a secondary con
sideration to performance, comfort, convenience, and more 
recently, emission control. (See Figure A-5 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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The mod ificatiuns proposed in the POT-EPA report 
are by and large \>'itn'n the bounds of present technology. 
In the medium tern, ho\-.cxci , after those short-term 
adjustiiepi . have been made, the really hard barriers to 
improvet] fie i - -v -r > - - r t( !•)=; ' ^ tl̂ e b' .M j-LfJ i-
ciencics ., ,i i ê it m tlic present form of the gasoline engine 
powered a. ubilo. Thc:,e barriers will only yield to 
extensive , timely ' l, but the potential fuel savings are 
still eno, i,. In v / general and much o\'ersimpl if icd 
terms, ro '" • half o. che foreseeal)le potential savings can 
be wrougjit uith uurrc technology together \.'ith shifts to 
smaller cars, and ane r half from new teclninlog/. In 
other \vords, we may 1;. c to achieve a national average of 
tlie order of 20 mpg b |oing to smaller cars, etc., and of 
the order of 40 mpg b> deve-loping radical new propulsion 
systems. 

Some of the more promising longer term oppor
tunities '.'hich have been discussed 1JI tlic ticnral literaiu-jc 
are: 

Development of more efficient power plants 
Establish ultimate limits of gasoline internal 

combustion engine 
Explore alternatives such as Stirling, turbine, 

diesel, etc. 

Transmission and power train improvements 
Infinite ratio transmission 

Improve driving cycle efficiency (Current automobiles 
are vastly over-powered in comparison with their 
steady speed requireiisents, 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 

file:///vords
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3. Environmental Issiii ^ 

The tliird major i. ••edient in the au'tomoti îe 
picture is the close intcractjon ( •' th irive for greater 
cffi' ' n̂cy with tlir' drive for les* ed . lission. In 1973, 
the i M-'Ct costs of emission contr . u -J a U) percent reduc-
tioii • . gasoline economy. When compared with the situation 
in later years, it is somev.'hat mixed because CM claims to be 
able to recoup some of the efficiency losses with its 
catalytic converters. Hovvcvcr, in 1978 the efficiency loss 
as compared with a similar car without emission constraints 
is reported to "̂̂  30 percent by F'-̂rd . >.d 20 jjcrcent by GM 
on 1 sai'v . ,.( i !v, average, (Tliis estimate is based on a 
.4 gm/mi h'0.\ st idard.) Tire degradation of efficiency due 
to emission conL.ols varies greatly with the type and size 
of the engine, but tjie strinot;nt 1978 standard uill pose a 
severe challenge to any type of internal combustion engine, 
and is'ill apparently require SO,TIC degree of efficiency 
degradation on all. Unfortunately, the gasoline internal 
combustion engine in its present form is not a very cle?n 
engine, and some alternativ^es appear on paper at least tc 
have a potential for both lower emissions and greater 
efficiency. 

4. Interdependence of Factors 

An impoj-tant prijiciplc 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 m.aximize one of these factors 
without tire 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. TJrere is some interplay between 
safety and fuel consumption, chiefly because of the interplay 
between weight and safety, Houever, safety is related more 
to structural design than to the power train, and can 
usually be dealt with in a separate way. Thus, wc do not 
discuss it in this paper. 
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'iPIl^ '̂ "î cral Char act i sties 

".'c st discuss a g ral point which is important 
a philosophy r irding the 'deral r * in 

, K The • lor t iuical stf ,t]i in t major 
ics is in . ; V ir a 'ity to co rt tech ,al 
nanuiactur j-eality, rather Liian in gertcrating 
al de]>nrtu . and inno-\'at ion; . Thus, in produc-
•y complex mechanical product at a very advanced 
liability at a minimum cost, in marketing this 
liuge numbers and in providing long-term maintc-

i+ -n., - n 1 - , 1 1 1 1 ^ ' ' L "^ -.k ! 11 ' 

are displayed at tlieir i ,i in ' e M<ior .cr lean automobile 
companies. The nature t . tliis markabl icchnical achieve
ment, however, creates , icndei toward . v-olutionary 
development of the tech 'ogy j. .her than irequent technical 
excursion and experimcr. ion. indeed, some famous painful 
experiences have occurred in the rnaiket place when innovation 
was too lapid; e.g., the Chrysler AirClov: concept of tlic 
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 ArAcrican 
scene by a variety of routes in addition to the automakers. 
F. Cesarioi/ has noted that auto industry suppliers have been 
one im.portant 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 iisks and 
experiment with a wider range of technical alternatives than 
domestic companies. The result is that rxany 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 them.selves are not the source of much new 
technology, but that innovation is by no means exclusive to 
them. 

- F. Cesario, Transportation Rsh., 8, 373, 4974. 
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Some Financial Dgta_ 

Because of the intense competition in the automotive 
market plae.c, private sector autoiiiotJve R[,D plans are very 
closely held, and it is difficult to form a detailed picture 
of ]-»-ivatc RHl mvestnent. Also, the thielne-^s of the 
proprietary veil vaiics 11 om e.oi.i>an\ to coj pan) , .-.na wnat 
som.e call Rt,D, others call product deve 1 o])!i ent. Thus, our 
survey of thr> private sector will suffei from considerable 
uncertainty. 

The Iciigest Rfjl efforts are org.'nized in GM and 
Ford, with a much llcr effort Jt Chrysler. By and 
large, Allelic m Mo s relies on Gl for its engineering 
research, and it doi.., no true long range physical research 
itself. 

Figures given in Hearings and Research on Ground 
Propulsion Systems Sub committee on Space Sci- c and 
Apnl^-cations, I cbruary 4-5, 1974, estimating 1' V.t^l) 

systems are given m Table 1. Ihese figures include work 
on stratified charge. 

Table 1 

Estimates of R^D Expenditures (1973) for 
Alternativ^e Automotive Power Systems by 

the Private Sector 

Chrysler $ 3 . 5M 
Ford 24.5M 
GM $23.7M 
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'̂ breakdo\ .n \ , ] t h i n GM bctu'e<^n v a r i t y p e s 
lecn f i v e n by P . Chenea m a j^apcr 'bcn.ted 
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R5D Allocations in GM, 1969 

Basic Research 
A'̂ I'lied Rci^irch 
Dove J opi'ient 

Total 

$ . 6M 
33. SM 

310.OM 

$344.2M 

We note the very small fraction devoted to the basic or long-
teriii portion of the spectrum. The EPA iias given us some 
estiriiates of total automotive Rf̂ l) which are shown below 
in tlie bar-chart, Figure 1, and which show an expected 
overall sharp decrease in 1975. 
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The Technical Programs 

Stratified charge engine •s-.ork is being pursued at all 
tr e coiFq)anies, but raanufacttir lorj rre ntly 
be ". delayed by uiscertainty re ne "uii irds 
fr 'N'Oy. In its prr^scnt ioim., 'fi ch ' d)us-
t3 ) ])foccss is basically a mod lior̂  of i-c ])roCf 
ot i.rring in the conventional g. ' ' no into :1 COIHIJU ion 
en nc; hox'-'ever, with fuel injection, and hrjier compression 
ratios, it can take on jnany of the characteristics of the 
diesel, and has the potential for luulti-fuel capability. 

GM dnos not relv on government support of its 
advanceel re rcti, and Keeps its o\nr council on its long-
range strate •. Except for very basic research, GM does not 
favor gover:. ent involvement in automotive R^D beyond the 
minimuiii nece >ary to back up governmeirt regulatory actions. 
GM appears to carry on advanced engineering development v/ork 
across the board in the automotix^e field. Its engineering 
establi ̂ diment is the largest of the automakers, though its 
basic research has been emphasized only recently. CM has 
a moderate effort in metallic gas turbines, and work on 
diesels, as well ns other possibilities. For liiany years, with 
some government sponsorship, they worked wiLh Philips on 
develO{)lng the Stirling engine, but liave given up because of 
difficulties with the heat exchanger. 

T-"-,-.! 1, - ! • _ . _ , i.1-„^ .1-1 ^ ^ , . , „ , „ ^ 1, „ - r> -^ A 'y^ ̂ -^ ,-, -,~ *- r, -^ *• 

Rt;D role 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 AREA 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 \jas 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, uith experimental projects stretching back to 
the 1950's. Much of this work is now being supported by the 
EPA. 



Sf very interesting differences in R • strategy 
(f bci en the three majoi- . GM has g iveui . en the 

.; ' .g s , ine after many yes , of cxpcrime-nt ,, while 
I s . .̂ntly begun a maj. ram v. itli s « ̂  manu-
1 ' .-'" • ssibilitics. Pre , I'ord bclvcv , it can 

t probicia of the ' . ansfcr system. In 
the mat, i of turbines, Ford ' akcn the long view and 
placed Jis bets on a quantum j , in operating temperatures 
with ceramics, while GM and Clrrysler are ccncentra.t ing on 
(costly and relatively low tem])erature) metallic turbines 
\\'ith current technology. Current turbines may have a place 
on trucks where constant speed and long life are the rule, 
but in the author's opinion, are not likely to acliieve wide
spread usu iir passun- CJ" cai^ unitl I lie iji.,iivr tc...)). raturos 
and lower costs promised by ceramics become a reality. 

Clearly, the differences in approach taken by the 
major automakers reflect a very healtlry state of independent 
thinking, and this elivcrsity 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 substrnt??i p'̂ T̂ or-rqt i nn 
of domestic miarket by foreign companies. The sccoid is the 
sudden entry of the go\''ernmcnt 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 
teams been organized to deal in a fundamental ivay 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 v/as an essential 
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pi ent, a state reminiscent of ]-uturc Shock characterizes 
autonotive Rt,U policy. 

The general s" lation described has b' i made much 
worse by the recent e. loinic dovnturn in the < - o industry. 
RfJ) is a f 011,1 of inv icnt , and v, ith the tre. ,idous 
investment demands ioi switching to a lari,ei .. ct lor of 
small cars in the face of decrcjsed profits, ' ) lias suffere 
badly. It is difficult to get data on this point. b*-causc 
of the general industr) reluctance to give it, but there is 
wide admission ihat RMI) spcndisig is dov.p In real terms. 
LPA' s estimate of the situation is sho\.'R in Figure 1. 

federal government, wc sec no iivportant activities in the 
private sector \d)ich face into tne longer term problem we 
have emphasized of sv.'itching av,ay from oil based propulsion. 
Minor work on batteries is going on at ford and perhaps at 
GM, but much of it is supported by the federal go\'ernment. 
No major attempt to assess and respond to the overall problem 
of transportation syster-is based on some combination of 
synthetic fuels and central electrical power is visible. 
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cussed ih'- techuicnl anl -̂riding situation 
'. and b ore discussjn government 
irablc- • establisli ai of the required 
>n total rivale anJ gr > jnt programs 
^ g 'I'r;-' requirements of le natior.ai goals 

in th„ yuloiiiotive ide^ . i order tc do tb. , wc shall 
estimate the costs Ln\i.lvet in a typical nc> engine develop
ment program. Of course, one program \s not cost exactly 
tb.e same as another, nor take the same lount of time. 
Nevertheless, there is a general range ar these tilings which 
v.'c shall present as a bnsi>- for our discussion. 

lixpericnce in en ine development in both the automo
tive and aircraft field̂ > 'suggests that it requires in the 
neighborhood of lS-2() yeaips for the conversion of radical 
new concepts into manufactured articles. During tliis period, 
the costs of tlie various steps for a single engine program 
are approximately as shown in Table III. 

Thus, the total capital costs involved in n new 
engine development from start to finish may involve tlie order 
of SIO^, and very long times and extensive planning are 
required. Tims, it is unrealistic to expect i.iore than a 
very few such complete cycles to occur between now and the 
year 2000, although additional concepts should be explored 
througn various of tne earlier stages. 

If wc take the 25 years betVv-cen now and the year 
2 000, we believe the order of three or four laajor changes 
should flow from, the Ri^B 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 R5D issues related to fuel options and other 
aspects of the vehicle such as transpii ssion, 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 wc see, the long-
range problem is not addressed at all. 



Table III 

Development of Typical Engine 

Exploratory Ucve1opment 

Concept Selection 

Component Demonstration 

Engine Proto Type 

Kngine-vehicle Integration 

Total Cost 

.$10-50M 2-4 years 

.A.dvanced E'evelopment 

Endurance Tests 

Performance Tests 

Cost Analyses 

$100-3 0M 2-6 year: 

Engineering Developing $200-2,OOOM 5-8 years 
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A third and perhaps overriding reason is that the 
automakers only respond to the irtarket place and government 
regulation. Hence, the gradual putting togctner of the 
technical feasibilities, financial constraints, and political 
and social desiderata of the long range transportation system 
is a nexus vdiich far transcends the more parochial interests 
of the automakers. The government, through regulation, taxes, 
etc., is already deeply involved in automotive policy, and wc 
discuss next the structure of government RciD which forms a 
basis for these policy actions. 



"̂̂ •̂ ̂ iPZ££!l'''̂ '̂t Programs 

The DOD 

The only V-nr- standing goveririicnt Rf̂ D in the auto
motive field is of tiie Army Inn'' \utonnt Coimruuid. 
This group lias C piishcd itseli by its i ' v \̂ ork on 
and support of t i ratified cliargf̂  ])rinci a modifica
tion of the gasoline internal combusijon en \Uiich is both 
cleaner and more ctficient tiu'in ii pa-edecd.-> Excellent 
relations exist between the FACtt''; d t lie pr r e automakers 
at tlie technical level, ajui gcncr y complc'it iry and 
constructive roles are playcvl by ' ^ tv.o grou in the mili-
l a 1 ) 1 1 ̂  1 J-. * nV I't L d i i. i.. t 11^. 1 -' i w u 1 e'' t v ' • v v i ji. ic Ji i c^id 

private industry in the militar) i xel<i provide an excellent 
historical backgroun.d for 1 I'C consumer field. However, the 
goals of militar)' nnd cons er autom.otive R^D aie sufficiently 
divergent that TACO'I siiouJ lot be made to serve the consumer 
sector in addition to the , ilitary programs, Tlic mutual 
respect betv.cfn TACC'M and the private^ automakers on the other 
hand makes the lACO.'I an im.portant source of exi'crience ai'd 
advice while working out the structure of the governmental 
involvement in civilian automotive Rf̂ D. 

The AAPS Prqgrnm 

The p r i m a r y government r t-ogiam in c i v i l i a n a u t o m o t i v e 
n R 0 "TP c 1 H fx c; -J n t" ti o A I f r'jT ••> 1 1" r> A T i-^n1 ~I ••'n P n i -ri •• e^- ^ t n i i Q T-I v n r» T- --im 

of FPA, now of ERD/v. Ihis proj ,a teas begun JP 197U for the 
purpose of demonstrating method of achieving the gov ei niaent' s 
omission goals through alternatives to the standard gasoline 
engine. This program has been funded as sho'wn in tlie 
accompanying table. 

Table IV 

Funding of AAPS ($ Million) 

FY 1971 $ 5.6M 

FY 1972 8.5M 

FY 1973 9.2M 

FY 1974 12. 3M 

FY 1975 7.2M 

file:///utonnt
file:///Uiich
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FY IP, ' tlie progr-ii was ex])aidie( .n cider to 
-T h into mattejs of eiisc) cy :mid alteri te 

1 I , pi. c tat ion tint in iii Ii I 5 and ID'-'5 I ,e 
Id receive jnciea^'ni lunds. Instead, v > 
the future of /u\PS and lddiA, the fundm^, 

.,s c.irl ier I'^vcl, and t ht n.ev. directions 
'1 .e to be terminated abruptly. 

I earl)' prograsi was dlrcc!' i along t liree paths: 
1) strat 1cd charge research, 2) s MH engine (Rankine cycle 
engines}, and 3! turl r.es. Die sti Tied charge \.'ork was 
quite successful, cau upport has b i uitiidrawn because 
tip 'inor i'. S. 'pp- '^i-'- Mp^ rlosp » ' , o s -̂ rc 1 ilization of 
a strati! ltd chrpgu ( in.c, rUiJ Honda Jiis introduced a 
successful eKaikple \.; h m.eets all 197t) omission standards 
witliout a catalytic converter. (It does so, ho\/ever, in a 
small car!) 

Tiie \.'ork on steam engines divided i ̂ o ivater and 
organic working fluids on the one hand an.d rbine and 
r( c Lprocat ing drive on tlie otlier. VaT)ing cccss was 
obtained, and the general poijit b"-̂  been ' nstrated that 
Rankine cycle engines can be o))ei ed cl . Although 
there is some possibility of usii an or iic Rankine bottom
ing cycle on large dicsel trucks, the stcc^n engine is not a 
maicr contender for automobile propulsion, because of its low 
cf f icienc)'. 

The gas turbine program is still being actively pur
sued and has eventual promise. Tlie current program is aiined 
at metal tui bines v.liich have the disadvantace of being marginal 
in efficiency and costly to produce. Hou'ever, 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 liiglier temperature, higher 
potential ceramic turbine, the component tvork and general 
background technical work in tlie 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, Tlie Program has now 
been transferred to ERDA, and its future is tied into the 
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V. A Cji IJ t i o rra r '̂ T a l e : f n' i u s i_o • i (lo ni_ r oJ , Co sj: s ^ and 
Aul o; isi i. ppe 1 If i t i • ncy*- '~ "^ 

b'e have made a maior point jibout ' v- necessil}/ to 
he tbiree goals ol .ilternatives t esoline, 
y, and low emissions in onf< pro^ . In oreei to 

hou necessarx these j o m i goal . drc, v;e present 
? study of til. geveriui.'Pit 
rs i I, f si OP cont ro 1 l u 

thi ig, > can go • "n * .'' government 
v̂ 'ithoui due re d .all these 1 
without a vig.o is -house go\p-r 
wliicli can svca,^ to . chnical fea.sp t 
tiade Oi.i.s mvoivcJ. 

Tlic 1976 emission goals were imposed by Congress on 
the Ip'isis of desired levels of CO, HC, and \'0î  in urian air, 
and tranrfer coefficients derived between automobile emission 
rates eni ultimate atmospheric lev^els. The \0\ level of 0.4 
grams/r i e is tlic one miost difficul^ to acb.icve. The con-
v^entio! gasoline engine cannot achieve this level \p thout a 
catal)'i ^ converter. The issue posed to the automaker i .> then 
wlictlier to 0])t for a totally different engine, or to tafe the 
safei- route to the catalytic converter. The aimsuer has been 
the converter, b'c will no\.' sbiow tliat this Jias been a nii stake 
caused l)y short lead times, and the nccessit) to minimize 
risk. 

In the first place, the transfer coefficier. ori
ginally used are apparently wrong by a factor of pc t ps 
three. Thus, 1.2 giams/milc NOy v.ould lead lo tne atmo
spheric concentrations as is assumed m the original .> rk, 
but the original atmospheric standard is itself basei' i ver)' 
weak biological evidence, and we do not have an adequ 'e 
basis for miaking technical and economic trade-offs on the 
one side with health damage on the other side. 

In order to operate an autom.obile with a conv^crter, 
it v.'as thought necessary to decrease the lead content of the 
fuel to less than about 0.1 graiirs/gal Ion, or the life of the 
catalyst is deci eased to an unacceptal)! c level. (See Appendix 
A, Figure A-ll.l 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 stor)'' is more 
complicated than tliat, because the "clear pool" of gasoline, 

-'R. K. Proud'homne, American Scientist, 62, 191 (1974). 



li is vdiat refineries uioduce f i "i; oil, i . oj Sf 
v ne. ("Regulei" g.isolnic is alu')' OT), and "* pii is 
ai t !"0 oct.'p .; i''^ vi ' -.tiled s i.v idi's lead .. .it' can 
bt iCJ .o ini p'c t oi jie ratii , but the) ai c I 
e,̂  V ns ", an< n'""-y i, te j*t • " tip starting crude 1 . 
1' ct nt cc , '"omi.; >o ) ioi is nop.-leaded product _.i about 
y 'ct •. In 1)1 act ice, t a, ''u t 5 percent more crude oil 
io usee 10 produce lead-f/^o ga^-oline t rsan ine leaded ĵ iroduct. 
But tb.is v.aste is not ajl, bccau-e the io\>er cttiPio ai.d the 
lo'vv'cred engine compression ratios (lox*erod fruxi 9.5 to H.5 
overall sveage) cause lowered engine efficiency, Tho result
ing ini <'ased gasoline conieumpt lun can be estimated (after 
seture a to r ̂  •<-> 1 v t > c f'onvtrter n-'t̂  jm "pi'P s i en̂ i 'o be 
16 bil-i •in gai. )!<- out of a total of a bit over 100 billion 
gallons. In a, it ion, tlie capital costs lor producing the 
required lead-free fuel will be an additional $t)S-80 per year 
per vehicle in the U. S. The direct costs to the motorist 
of tlie 10 billion gallons of wasted gasoline are, then, about 
an additional $100 per veliicle per year. 

On the technical side, the stratified charge engine 
can nearly meet the NOy standard v.ithout an t "'''cicncy loss, 
and no cliange in iuel i.-ould be required. In .mall car, the 
Honda version meets tlie 1976 standard without . ly modifica
tion, and Ford proposed that if some relief f • the original 
0.4 grams/mile were allov:ed, namely 2 grams/i, P> (rcmem.bcr 
the tirrf-e-fold en or in making the original s edardl they 
would convert their entire line to the stratt u-d. cliaige 
engine. 

We will not debate any further the ]iros and cons of 
the em.ission standards. (In the last analysis, the elimina
tion of lead from gasoline may be needed simjily because of 
the biological effect of the lead itself, but this point has 
been outside tlie main agreement, and is itself a complex 
issue.) However, it is clear that a teclinicai solution to the 
major part of the medium-term problem m.ay 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 oil industry) 
and public alike. 

The posture which wc 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 ior working out the objective technical-
biological-fuel-tradeoffs on a scientific and technical level 
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cans I a ._ 1 i e ( I P P L i . .uto <P . a lo i ic c h o o s e t h e 
t e c h i n e a i le-"", .^e to ex c a J i r d r a ^^overnnicnt ret;u l a t i o n . 

" o s t s and b e n e f i t s to t h e a u ' o m a k e r s in t h i s c a s e 
t h e s.iii>e a s t h e c o s t s v.),S b e n e f i t s t o de^ 'e lop 
aut oiP)1) i J e propul*^ion sv s t ems -.dnifh w i l l s o l v e 

,u (.'Ui^ x i e n a l t i o s f o r l - i i l u r c l j c u i - r e n t l y 
' tOiPikcrs and ai e passcxl on t o t h e ] n i b l i c , 
' " end b e n e f i t s a c c r u e d i r e c t l y t o t h e pub ' l i c 

h i s Case t o t hv- g a s o l i n e p r o d u c e r s ) . ITic 
'. . n n p : o r ' p l e t c ' lu i i iancc from r e g u l a t i o n s , hav^e 

P i t t .< ii .:.'...)•>. „ ^ . t j e j . ' O P . i l . . l u a . v ^ . i i . e 
t h e i r p r o i i t s , and t h i s r o u t e hds not iiecn t h e b e s t one f o r 
t h e p u b l i c a t l a r g e . T h u s , t l ie govei puit r e g u l a t o r y a c t i o n s 
vvdiich \\CT(- in tendeci t o r e d u c e a i r p o l l u t i o n have a l s o f o r c e d 
tihe a d o p t i o n of a d i s a d v a n t a g e o u s t e u b s o l o g y and h i n d e r e d t h e 
deve lopment of more l a s t i n g and d e s i j , . b l e t e c l n i o l o g i e s . In 
d e f e n s e of t h e a u t o i n a k e r s , i t laust be s a i d t l ia t t h e s h o r t 
l e a d t ime and h a r s h p e n a l t i e s of l l ie c l e a n a i r amendments 
f o r c e d them to s t i c k w i t h a t e c l m o l o g y t h e y were f a m i l i a r w i t h . 

An i n t e r e s t i n g p o s t l u d c c o n t r i b u t i n g t o an a l r e a d y 
enormous ly d i f f i c u l t and f r u s t r a t i n g s i t u a t i o n has been t h e 
d i s c o v e r y t lnat t h e t e t r a e t h y l l e ad by i t s e l f i s a p p a r e n t l y 
n o t t h e c u l p r i t in t h e miat ter of c a t a l ^ p s t d;p"iage. Very 
r e c e n t ( i i r v s l o r r c s f ' ' 3 » - r h i TTM r n •»-pq t h e i r t i j ' O r o l ' ' ^ T i t -is ? 
"scavenger" chemical added \, ith the lead to keep tlie lead from 
foimmg harmful deposits in the c)'linder comdaustion chamber. 
Tills work and its consequences are not yet fully accepted, 
but it may ultimately prove unnecessar)' to have removed the 
lead from gasoline in order to prev^ent 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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Tn ' PS s c ' t i o n , vv p r e s e n t o u r . . i '̂ s i n a 
s y s t e m - ' P , h i o n f«jr an t ' . p '^nded ivlc P . r a l i n v o l v e 
m e n t p j t n i v c UciP, u u e g r a t m g a s i%« g.o d i . s c u s s i o n s 
o f t h e e v I is s e c t i o n s . 

I n o u r d i s c u s s i o n , \o h a v e d 1 .̂ f e r c n t i a t e d b e t w e e n t l i e 
l o n g t e r m n a t i o n a l i s s u e r \vliich r r v o J \ e a r o u ' u l t l jc n e e d t o 
r e p l a c e o i l a s a fin J a l t o g e t h e r , ar,d t h e s b . o r t - t e r m i s s u e s 
wdiich re i a t e t o c o n s e r v a t i o n and t i e . r e d u c t i o n of o i l i m p o r t s . 
\*e h a v e i n d i c a t e d lioi' t h e s l i o r t t e r i ^ o u t t o a b o u t 198S i s 
t h e p r o v i n c e o f ip^t'-^cnt t e c h n o l o g y , and t h a t nev.- t e c h n o l o g y 
i . 1 ].L\,'A . ' I.' ^ t ' ' .-..-} , 'd' ^ . , d . . " , P I t i l l , I C i " , 
the priip' c * er of attention must 1)̂^ the jjost~lP8S period. 
Wc see t\0 leral technic.1 thrusts m che post-1985 period -
developmcuit ' ne".,p highly efficient heat engines based on 
some kind oi syntlieLic fuel (or pcrha]ps a m^x of petroleum, 
and syntJietics) , and a secoied type of propuliion; such as, 
the electric car, uliich is based on central power. 

Covernment involvement is foreseeable in both tip 
sliort and long tersi periods, but the formi c' "overu ̂ ent 
involvement in tliC short- term profjieiips is 1 c ly to be eniite 
different from its involvement in those of ^ longer term. 
Several iiolicy levers are availaisle to the guvcrnment in 
f urt her ine tlie -̂ î b̂lic interest. One l*~*v̂er is t~ue"'l 'iric^ 
setting, A second is goveirnen' i n i (>T , ent i on i nrciogn *-r*ation 
and regulation, A third is . 'ernjncnt development of IPPV 
technology. These policy ca ories are not independent of 
one another; for exanuple, th "irst two impart on the third, 
although indirectly, tlirough Llie public demiand foi more 
efficient automobiles. 

The central question for federal R§D policy is the 
extent to which tne indirect effects mentioned above will, 
or \,'ill not, provide the long term nev technology in suffi
cient amounts in the required time. In more ]̂ recise terms, 
\%ill the private sector react to pressures transmitted 
through the market with R5D investrsicnts of the order outlined 
in Table III? Secondly, what are the prospects for legis
lated innovation? 

We shall deal quickly with the second question. The 
legislative route is essentially the a])proach taken by the 
government in the emission c-ontrol area, and which led to the 
debacle described in Section V. There is no reason to believe 
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2 . ' ^ ' ' f ' J b ' ^ P j i t j p b ui t h e R^,l) f I .k 

p I P b ! of S t e a l e r ' I .mid I I i%as t o 
de ino'i "̂ t p i t { at . t_ re.t piu u i t J ' , t h e m a g n i t u d e 
ot 1 nat J 1 V i s ! 1 t c' ( 1 an the p r i v a t e 

e p 1 . i ln d e a l t v i t h t i î  m i ^ u i t u d e e)l t h e 
1 iiup f J f Lo I ! uc h I MOP' t h a n 
p I i eve I s ' ni. see tOA. arid we e i P i d i e i t e d 
t e f i i »1 1- ' ' the l i i ' u t r y ' lou fac ia*: . 
]<' l i t l e ( Ui 1 e o i t 1 c m d u ,ind sho.oi 
t^ ' I 1 } 'if 1 vt m mue h t o H shoi t ii) i n c n i r -
ai I ' ' ' 1 lie <> n ^ ^ i ope r a t i cm tu j u s t i c e t o 
the pPKpp - t e rm ]> •• STP 1 " ̂  u s . Ae have o i n d i c a t e d 
t h a t ^n^ fact or<^ l b,a i 1'^ i n t . nost<^d -» i t o t a l 
p i o ' p a j t e i i j i t v MS, t. , i L i K ) , and env n ' c n t a l 
e f fe . n i l ' - s p e . i i u i h i s ^ t oo b road fo r ,e i n d i v i d u a l 
m d u n>em])er t o t eep m ] pc i \ e . Flius i t h o u t 
un fo , c h a n g e s m t h e st t i o-' t j ie m i t r y , t l i e i c 
IS n 1 e v p . c t a ' ions t h a t iv i i i i u s t r ) c mi d e a l 
adctj >' u i t h t , .e prob"! c nc uox' .ol ivm ^^chno log} ' 
ujt!^ J r c c t and e x t e n s i v e Ip and l e a d e r s h i p f T o"i t l io 
gOVOl 11' I . 

^- F e d e r a l J-FiD as a P i-.is f o r Re* " a t yon 

In a d d i t i o n t o t h e majoi f a c t o r ^ l i s t e l m 1 and 2 
above t li e r e a r e "-̂  c "* ̂  e i a 1 a tl d -i 11 o n a 1 i • 1 ' t c d i A i -• c r i t e r i a 
f o r govp-^rnmont i r v o i v<mien t ii a u t o n o t n e RqD. i ed (or 
f e n e i a l KGii a s a b a s i s for .̂ i HV reejuia^ ion i s r i^..o oy 
a l l p . i r t i e s . Thi > need i s a l s o t h e luejer p o i n t - sed m 
the c a s e h i s t o r y of S e c t i o n V, so \-.e s h a l l n o t ' r n . 
We n o t e , h o u e v e r , t h a t t h e p r o p e r s i z e of an ill,, w^ty 
v\lncli s u p p o r t s t h e r e g u o i ) f u n c t i o n i s n o t t r i v i a l , ^ i n c e 
in o r d e r t o c a n y on tlie ) pe of m - d e p t l i int-" i c t i o n a c r o s s 
t h e e n t i r e auto.iiotiv^e si .-tium r h i c l i i s i m p l i m a s u c c e s s 
f u l o p e i d t i o n l e a d s one t o p o - ^ t u l a t e <x f u l l s e i n - ] i o t s e 
a c t i v i t ) ' of c r i t i c a l s i z e , \ s i t h q u a l i t ) ' com])ai n d e t o t h e 
b e s t p i i v a t e RqD g r o u p s . O t l i r r v i s e , c r e d i b i l i t y i s s a c r i f i c e d . 
S e c o n d l y , t h i s t y p e of a c t i v i t y canno t be c o n t r a c t e d f o r 
( u n l e s s i t be by means s i m i l a r t o tlie Al C long tcriii c o n t i a c t 
l a b o r a t o r i e s ) . 

We n o t e a l s o t h a t t h e n e e d s of t h e government f or 
RfiD t o u n d e r l a y t l ie r e g u l a t o r y fu r iCt ion and t h e n e e d s t o 
a d v a n c e t h e f r o n t i e r s of t e c h n o l o g ) ' l e e n t i r e l y c o m p l e m e n t a r y . 
A gove rnmen t program ( w i t h an m - h o i component ) u h i c h 
a d v a n c e s t h e s t a t e - o f - t h e - a r t of au t u t i v e t e c h n o l o g y i s 
a l s o m an e x c e l l e n t p o s i t i o n t o g u i d e government r e g u l a t o r y 
a c t i v i t i e s . 
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6. Complem.ent -ty of Public and Privat^^ Sectors 

We have not d that the prim.arv^ government Rf,D 
concern is in the Ion ' terri, and that the automakers t)pi-
cally concentrate the.i attention and their funding on rela-
tivel)' close-in or siioit-term Rf,D, We have also noted the 
" j ai%boni ng" v,-hich is currently uriderKU) between Congress and 
the Administration, on the one side, witli the automakers on 
the other, relative to improvement ol gasoline mileage. 
Tiiese pressures are likely to furtiier concentrate the auto
makers' attention on the ]ieriod pi lor to 1D8.S. In tins same 
time frame, if the stratified charge engine should continue 
to show promise, the private sector is likely to have its 
RSiD hands full in bringing this ncn development into produc
tion. By the same token, less attention is likely to be 
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a . O v e r a l l g u i d a n c e o f t h e l o n g t e n , ! 
n a t i o n a l t c c l m i c a l e f f o r t i n a u t o i n o -
t i v e R Q D . 
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a scale 
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f i n a n c i a l s u p p o r t audi i n v o l v e 
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p o r t a t i o n . 

The creation of a cooperative RSD 
climate befueen go>'ernmenl and 
private PKlustry for the nip id ad
vancement of automotive projHj 1 •"-ion 
technology for the ultimate public 
interest. 
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end this section with a gambler's note on 
ecn the options of full government partie 
d no government participation. If the go 
an Rfdd program in automotive RqD, but 
uork out such that an accelerated program 
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e. If, on tho other hand, the government 
elf onto the technical scene, and the pri 
equate to the task, then tlie consequences 
crisis proportions. 
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Yll, Technical and ' np.t̂  i t ut ioippl__l S S I K "P__A b'it!0naj_ 

In this se *o.i, i- di.^cuss .-ome tcebniical and 
institutional issues cb ei ate from the general federal 
roles spelled out in tion , . 

Tec h n i cĵi 1 Co a 3 .i 

Sumiiari zing the general aims discussed throughout 
tlie paper, tlier^. are three interrelated geneial technical 
goals: 

liic pri.np) concein of led.Pt.1 <iutope-
tive RqD policy is with the long term, post-
19B.S, period. In this long term, the general 
goal of auto:,ietive Rf,D is to replace the 
petroleum based autor,otivc fleet vnt h one 
using r.ore plentiful Cw.i'^. Resulting automo
tive propulsion systems v. 111 likelv bo com
posed of a m.ix of synthetic fuel earning heat 
engines and some form of the electricity using 
automobile. 

Fuel conservp'ition is a major feature in 
botli long and short term time periods. In the 
short term, the goal is to conserve petroleum 

t> 

taoCvx I'u-C^s to *̂ iic j^o-^v^xU.. > u.̂ .r 

! order to limit the dependence on foreign o 
and to delay the depletion of domestic oil 
sources. In the longer tern, conservpation 
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 systcm.s of the highest 
possible efficiency. 

In all aspects of the research program, 
environmental impacts must l)e studied and 
evaluated, and ultimate automotive systems 
must be optimized relative to pollution 
generation as well as energy consumption. 
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For the sake of concreteness, we list belos-
of what in our viei-; are the sorts of technical 
which are needed in the government program. 

some 

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 swirching to 
alternate forms of fuel. Research 
must also include electrical energy 
and other storage, and electro
chemical systems. 
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4 . M a t e r i a l s 
In many cases tlic practical imple
mentation cf tiieoret icai ! y desir
able heat engine systems is limited 
by arai lability of suitable iiate-
rlals at a reasonable cost. 

5. "I'ehlcle \erodynamics 
Any information that v.-ill result in 
reduced drag will oln'iously conserve 
transpoitat ion energy. 
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In view of the desirable level of private plus 
research in a total national program, which v.-e have 
bout $150 million annually, we believe an appio-
ial funding level for the federal program is 
per year with about half in-houso ancl half in 
Tins would yield a national level of som.cthing 
100 million per year, which is still well belon 
llion level. In subsequent years, efforts should 
bring tlie total level to the optimum, but much 
rease should be in and by the jirivate sector. 

Institutional Issues: General 

From the earlier discussion, it is clear that we 
view the complementary relationship between government and 
industry in automotive Rfji to be crucial. Tliis principle is 
implicit in our treatment in Section I of the automotive Rf,D 
problem as a national problem which possesses private sector 
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Over and beyond the regulatory RqD aspects is the 
necessity for the government to ])rovide teclinicai leadership 
to tlie entire national effort, botli public and private. 
Again, in order for this process to function, a spirit of 
technical coo]>eration at the working level in goal setting 
and in division of labor between public and private sectors 
is essential. 

A related government responsibility is to open up 
the Rf,D system significantly. b'e have learned in this 
countiy how important the fast moving small high technology 
companies and the universities can be uhen the nation is 
faced with a major technological challenge. To date, these 
very important resources have not been tapped to help solve 
our automotive RfjD problems to any significant extent, and 
one of tlie obvious aims of a government effort should be 
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The later justification for sucli a center follot̂ fs 
naturally from our entire discussion of the long-term char
acter of the automotive Rf,D problem, and uith the need for 
the federal government to become involved in technical depth 
with the solutions in this area. In effect, we maintain 
that tlie automotive R^D problem is one of such magnitude 
and duration for the nation that the program must become 
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The Need foy Fur ther Study 

The first step in the inauguration of a substantial 
federal ar t̂ n̂'Ot ive bid program is a mn.jor pt are ing effort. 
AC sec tjî  neea ii i n,. lepar; ,.' . Pau n s to CIPJ riuo on 
by tv.o differcjit rxopps, and to servo soi,.e\.b't different pur
poses. The first stucy should be a study of the entire aut
omotive transporation sretrmi performed in o.rder to lay the 
groundworf ior estal 1 isii J ng Ci.e details ajid timing of the 
feder.ii p-'otrom.. The study siiould assess tiie va* 
scales for nijejoation, tlic private sector finau' 
investm.cnt constraints, and the technical p-o^ 
achieving various sliort and long-terr: goals in 
si^ccific accor'inise: ants. be iiave not atter]>t 
press with an)' dcta-'l into this area O" elras s 
beCu.ise of ibe rrigpitude of llic tech:iic< . assess,,nts in
volved, fbe stud) should be aincd at t , total national 
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\sejked oui liin,.een i l̂ e ]>i jvaie aiid fe-dt . >1 soe.ei-^. L n i^v 
of the crucial role to be playcdi by the private sectni , I 
elements of the public and iprivate technical automoti-vC 
cor,munity should be involved. 

The second study should focus on the broad technical 
and institutional aspects of the problem, and is viewed as 
general RSD policy guidance. We recoaimcnd that the second 
study he performed by the N/vS-b.Ali individually ur in some 
combination. b'e believe this study siiould address the 
various toi)ics of this paper: automotive R5D as a necessary 
ingredient in the nation's energy conservation program; the 
broad institutional questions of how the teclmology 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 R5D Center, and how it 
should operate; tho general technical goals; and federal 
incentives to the private sector. The value cf tliis study 
would consist in far more tlian its recommendations and its 
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•ior CO s ^ef-x-inp a l l form: , of f o s s i l 
f u e l t h r o u g l i m e r e c l i i c i e n t b u t 1 .n pro]iul5ion systems. 

2. An in-hrus'' re-^earch facility is proposed to 
pro^-ide direct lo*^ t'P n (-overnmc ut involvcirent and leader-
s u 1 ( i-1J til., r ( V i 111 ,. I I ^ y i <d I, t. 1'.» to s I I i c a J a i <.*.., e x. j r 
governrent regulatory functions, 

3. .A.n essential cbaroctei i st ic of tb.e total national 
Re,D program n Mie intcrlnckinr of public ard piivatc roles. 
A: r e s u l t , I n a b 1-• n e e o f p u b l i c a n d p r i v a t e c o o p e r a t i o n 
a t t b e t e c n r i c . i l \.cr'A}d'.., l e v e l , an 1 
m a n a g e m n n t l e v 1 v i l l be r e q u i r e d . 

s h a r e d p l a n n i n g a t the 

An e s t i i ' i a t e d t o t a l n a t i e r . a l b u d g e t on Llie o r d e r o f 
S150 F i i l l i o n !<( 
F e d e r a l fund m o i s 

year .•, ill be renuired xt steady stat 
; c r t $50 million split 

about evenly between in-house i-.ork and exLernal co..tracts. 

are propo^^ed. One should be a study o£ the total aaloniotive 
tecltnolo^v svston and should serve as a g m d e for detailed 
tecl-nical pro^p-am. planning. The second should be performed by 
N.'vb and/oi N\S and address the Droad teciinical and institu
tional questions explored in a prelimiinary way m this paper, 
and siiould ser re as general R Q D guidance for the total 
national program. 
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APPENDIX B 

We include here a review of alternative propulsion 

technical possi bili ties, 
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APR] NOIX B 

A nu'nl'!C]' of r e v ] i n . of , J l l < ' j n a i e e:ii', i i ies h.<ve !)i'cn 

p e r f o i i a e d . v, U li app • i , i ia te l> t ju^ same geiv i .il c om I'i.^ i nns 

Tcgiifdinii t h e b e s t t s f o r 1 ons; - t c i :ii opt i i. i r ,a t i or. of 

c f f iC"enc> and f.n i--s i u,j j e v e l s . T h r e e of t J iesc rcviev/S 

a r c summari,:cii h e r e . The f i r s t i s ny t h e NA\S. 

T li e ' r " " I '̂  n I '• 11 i 'i • v i s : 

"lho6e candLduiics ihat appear tc m(i.xit 

taAlc(ii,t cciii,tdv' at-lcn aAe ai {^oKo'j'ii'. 

VleiC'l: Can be, aotibAdt'ttd non) lc% ispcctoj 

opptlcationi) ^i'dcJt ai> ia\l6, police, c t i t i , llgLt dnxy 

U/ifaan -f/'ucfei and van6. 

,\dvcrzzd d e c i c C - Eo.fLZ[ci,t pfi.obab"-^ ce'.pxop.-cYie 

eolation lO'i gdndh.iJ- can. po}iulatlon6; (^iti) many 

applications In pnc6cnt tnani,pontatlon syj-tim. 

Can be conAldened ^on {fUtafic tn.ani>poJito.tlon 

6yi> tam6. 

Aciuaiiccrf ga6 tunblnc: Suitable lolth l l t t l t on. 

no coinpno\iu6c to langen veklcte6; some quatlon 

about 6uJtablllty In utban dnlvlng and In smalt 

caM,; good iit to {^atiLn^ cmngy system; can be. 

consldcnud ion iutune tnanipontatlon systems. 



c n (• ft g y S tj '> tc'm . 

Advanced --u"/ c t f t ' cfsp / < ! i'.iij (jfio"-p as 

Soon ci li <s ci"an ilu ' -^i is no:''',' tniji. ci'ilng 

that is hcciu^'ci ')on Iti, deveJo}*' ni lati L \ than 

a majvn tcchniiai and/on ccenonic '" 6 tC J ' 'I u - a g h . " 

The pftcb'-'^i ansa tiled naiunc a{, the evol^ilng 

socioei ononic hitaat^on ncgarding I'lanspon^.atlon 

and iineno'j pnecladcs a cf-';''ep ion o»ip pon'tn plant 

at il'i'. f<f*u>. It Is Itgicc'l to proceed AH 

-Lhip'a V • ng the cl ..nactci is tics o{j all likely 

GK.Jtnci, bat t-ztics, and iael cells. By ^hlt 

means the most viable candidates i-'ill saniace." 

T l i i r t e c n d i f f u i e n t power ] ) lant o p t i o n s \ . f r c s t u d i e d 

and t h e f i n d i n g s a r c d i s p l a y e d i n F i g u r e B - 1 . 
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The LP\ t h io l , h it > AA'N̂  i)ro;r<M! Las f " i 1 u a l ' t he 

sj'ii. ] ) i o . . p e c t s \ . i i ) i t h e fo ] ]oHj i \ ' t cuic J u . . nus ( P r e i O'l j ii i r y 

P i o , • »ri PI , ru. MM A\1'S) : 

"T''e b a s i c collusion '^ oi the btudy were 

that., (hi iollc")ci g engines should nccclve thajcn 

com idehotlon. 

a Vcnf zh^t^br\ ' trnt i i I cd cl-ahge engine, 

b. rhe llghticzi gn"- Vies el 

c . Stln i eng Eng ine 

Curncht pAogranb on (he gas turbine shoutd 

proceed; hiOwevcn, e.xtensivc lou'u'i .tn this c t c a i>^^ould 

be pnedicated on the akixiiij tc neal^ze an engine 

with hlgli turbine Anlet tee pcratunz ior maxerai;-; 

per i or'-''ante '.ekic'i ii con ^^^'^oc ^'ed nl roncnltlcal 

materials such ai cenamlcs. 

Wlih pnesent tnoieledge It appeans that the 

spank-ignitlon gasoline In its present iorn, bat 

ili ted e'lth emission contnol devices, lolll nemaln 

the low cost power plant icr automotive applications 

ior the next S to 10 yeans. The neason being mainly 

cunrent cnvestment in tooling and the iinite time 

necessary ion the lntnoductA,on oi a new type oi 

pnlme moven. 
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Concent'..atvd deveicptvoni il, u(f.rf be an 'ntalen 

to introdiiCi^ the dual chambc\ strati lie d • \ge 

I ine whicAx can use p-'-esent t'.'oling u-^ed ion tiic 

0 cycie (ngine. 1 he on^y chang. ''cquined being 

a new cyiinder head, duial ccLnbi..re I , a,nd a thind 

vatve and necessany cap;s!iait {.on the intnodurtlon oi 

f.uei and aln Into the pnechamben. It should be 

possible to intnoduce such an engine into pnodiic-

ti0n In the I ate seventles, by whIch iimc the pnesent 

gasoline engine with emission contnol ec{uipment will 

be on the decline. 

Concunnetitly, development oi the dlesel and 

Stinling englne,S should, pnoceed wlthoui d^elay ion 

introduc tlon towands the end oi the next cfeeade. 

These necommendalions, at least as (an a^s the 

Stnatliled change engine Is concenned, genenally 

agfite with wonk done by Southioest Reseanch 

Institute, Vn. Beno Stennllcht, and the Eaten 

Conponatlon." 

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 Cori)oration is included as Figure B-3, which is 

self-exi)l ana tory. 
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Alvin AI. )'ilj.nliy^,j, 
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FcdeiMl Energy Adi.E'i .Oialloa 

Jluc]i Oi our CO. 'diy'^^ lU'CbCiii st'^nec in c r3-v3n-y p^z^-pj jg -jii ornbodirTi?.d al 

the recojnii-iC"ndoiious pCi.3CMiod in (Eo Uixy Lee I 'ay rciHn'% " i Lc ^'dj 'I'z '"••zi'\; 

1 1 » 

FrdaTu" (HEP) . ' Siroc that J'cporl aj-^pDored jtis' one y c ^ ago, iov Energi iie,..eji cn 

a.nd Dove]oi)3uCRt Admiiusl ration (EBl)Ai)' has been establjsheds and iLc pj'oiCv't 

3 

Indcpondcncc Bkieprint (PIU) has been eonrdc tcd . To \.ird c Ac ...' n'^ .s ip 

p i s r a g o of a y e a r change the p r io r i t i e s or the ticruc oi C ' lcgy re.o.arL'i aaP, d \0-'i^'--

ment v/McIi wa.s outlined m K E F ? This mcmoranduin r e t o m m e n d s a fcvi' specific 

lU'l) p r o g r a m s and re la ted iir-^tltutional changes that ougnt to be undertaken in rcspojir-e 

to events thai have oecurj 'cd s ince No .ca ibc r 1973, 

A Report to P re s iden t J i ichard AI. Ni \on , WAiSII-1231, U. S. Go\ernmcnt Prjiitin^ 
Ofiice, Washington, D. C. (Dcconibcr 1, 1973). 

^"Energy Pieorgani2.alio)i Act of 197 1", Pui;Ilc I.a\.- 9A-13S, 93rd ( 'ongrcss , 
n . R. U510 , Waslungton, D. C. (October 11, l^tr i ) . 

^J'Y'dcral JFiecgy Admini.sli'aiJon, John C. Sa\didl , \(huinistj-;d"r. "J ' roicc! 
hidepeudcncc Repor t" , IE S. Govciajnciut Ihdntiir', o r p c c , Wnshmgiun, 1), C. 

^^( .Novcniber 197't). 

O'iHJY'O • 1 jf '<^.- IJ ! ) E J i A I 



'"" •'" s P . ' t . n iUAvEi i lES 

Oi < I E'ls ; e. n ( A.'HTive u: <• of ec,f>>i.'̂  , E ic nK»l I JH .' r .lOcin] ! io lore f 

the c -̂ c^px i.di'i'c oi I f Eaii'^d A • , s, W' ' . ,. 'e lAr; n ,.n jE'Etv- fA AV'( >!r,Ji>Y' 

predloOc , L1:'-> fiunrt. ; JK ^ fct ' i . V-, , ' . , [oj-]).i-, c <A delji, aO'i^- a r c ^ IILII . ii'I 

dc\c]op(i>i'El p )licy, ftierc a r c ciua 'in reaUtle . I'M1 a r e i id'^joad. )it of o u models 

a . id iAi lx 1 , \ i f'c o. <' i i i( . .d. ;•. i c x t i f , . . in. i , , re >z-u '•; [K-'i ,.o'\. o P ^^sc, 

the m o s t iciperh-jd i c: JUIL-.J a i e : 

V 'Ibf IE S. energy ,sj .-••[(jifi euirenOj'(!:•]-ji^dc prjraar i ly o)i oil and g. 's. 

' I l3 la l i \e to Gv"' fate ol u se , II . fi, oil a^v' g.is rcsu.!' ^ < ; ro .:r. c " \ .* 

r e rvocab le eofO ai'c liiritccE it l a ry r o loagei DP yrj. , Jbl > to i A ' "-z^ 

.sigaitiearUy eUhf r our re'--ov'or,ible re eevvb or pioducllo^i r a l e s of 

* The cu r r en t rn te of u s e of oil and ga«^ r e g u i r e s that s^'usi-uites for 

them - such as synthelicadly xn'oducof'! rep lacement fuels or e lectr ic i ty -

must ul t imately bo found, r e g a r d l e s s of C'ur success in rc-ducing growth 

r a t e s In the use of oil and g a s . 

*. T}.o \j. S. has CAtensive rcscvarces of coal , oil shaJc, and - with b reede r 

toc)inology - u"'Aauium. 

^ OFncr potentially extensive energy rcoOurceB - so lar , geoUicrnird, nuclear 

iusio]! - a r e t an rd izu ig , )jut the teclmoEigics for iisjug liiori arc not 

pre..e;itly understood well enough tor us to IA-̂ Î  mi them. 



' a i I ^ ( 1 J I , ' I ) 

11 " rf> il]< i * . " d i i <. 1 r-v \s ' t '1 (iiLi ' th J d o , M ". ' ircl l pr jOi j t jO >: 

'J h t o. cc I ' i i .^ < t i l l" J „" i>i\ L,-̂  a f > i J ( 'r<H > ^ ut (;jl 

Ilia' oaa ])e "t . i i d i • ht/ih \ \ i a i i i i , I j ^ ld - r n d j j d d ^et lo l ) j d 'U lupo ' l . 

j i : J J . t i ^ ] , c u 1 n LI I , CM; "ii <" 1 (. 'a 1 iiL,t a (>ji ii^C'j ' x j J 1, ;ii i j j l e , 

we ^\pac1 tac ^ i .eao t I'-asntC'' \ a l l bi-^uihc. ndy l>'Ciau--A"' o i r prodi..liuij 

of OJI , Tl'c Gov^'i^^n^•at^. p - i u c n p u u i ! n snca act". il 'Cj h ' s ] ) ' ^ i j u i n i n d . 

V/c ^"-flnide tlr<i Jl jai iL t,o\ •'̂ - aa n^-a.d^i li_, n u**' io dc^a'cp ci ' , i 

xocovcry tecL' olo^^^s ^\c<•c Liaaclv ^ \ a coald t.. p ^ d o a- i'-.( a • ' iic 

oij -.owcc base by ,%0-&0 bdl ioa ba ' - i^ l t ^^-10 y e a i r '^ooicr ih IA. V JU 

o'd"- J''"' '̂ 0 i^'^ ' b le , '''a , '•daa^'d a r i r c , -.rd lo . . I u ^ i : v,d j . o 

duclion ol !-?> ndJJion bprrobs par dav. Wo tlioi efore r cco r imaaa tli.a 

GoveiainT^nt a s s u m e a much j r o r c act ive ro le m de\olopiaj, advanced 

r ecove ry aictbodb for oil faid f a s . 

•̂  • Dcvel op t e el mo] o •jy U) pi oduce _c> il_p od ŝ â.s froiri co'd and oi] s l v l e 

It s ec ias mcs it'iblo b.aiXiC sladl need lo extract cOcd fiora the groiaid 

and c o i u c r t it intti liqnjds .lad i ,ases on a l a rge sc^ le , both lo fill a p red ic t -

al)lc aliorllall in oil and gas raippl> and to er.Mire onr plaLt) to use coal 

cleanly . If proc a se i a i r e aly de\ eloped were ecoatuoie i l , wc woidd now 

be di^])lovJnf; thiaa e o m m e r e i a l U . Unforlunateh , tlie ed ina i t ed tos t of 

file:////iaiiii


u , •- N ( ' 1 t M m n 'n i 1 i n iSu I ^ ( o u 

OI OJI 1 J i l l ' li h) H ( U h 1u hi I ! b .vH ,f 

c p •* If I < ^, M * ' p f i n t!){ ' t J J1 df ^ |i, |) i t 

o< 1 1 c U . 1 ( o a >. ) 'C . > i' ' ' ( ( . 3ri c ( 1 t 1 . 1 , 1 1 

f'" c]( ifT 1 <K I ^ T 111 1 o u ti u J '' r u <" i 1 - o f - a - 1 I i c i 

I d r g c = c a l e c o c l n " ' r o g r n t d i - j . o n j ' l ' i i - ^ ^ j s c a o n c u r r e n t 

\ a iT 

In >-! 1 , 0 iii IS lo +b » p re , it i o^^v a K1 lal itĵ ^clj< bi h J( \ t.1 of 

fundi "> J fcr a d o , Â g r d\ meed ( ual co nei'^jOu p i o u ^^f t-» ^ 1 ^ 1 ) 1 

a3t i \ i t ic^ fo'^ d» cbjpr^g piouCbses to e\ tcnd OLU* U - >\« 'a id i ^̂  j i T O I i > 

of o J si -^k lad "o r e hicc tlje co='' a id c n u o n i lei ' d naj) let of cil pi od a 1 i 

f 11, il '̂ '' ''v.. '̂̂ 'C r S' ^'''^ " '' '''''''̂ *' 1''"' n T c ^rl r i TM' i f c. |\ •• n I -̂  H Oi <" 

sh i l e to supp. i t ond c omplonicnt oj l- di de- land Ic ismg ohe-^ 'i i e Go\ c )i 

ment s h o d d de \o tc p n d i c a b i r atlr-ntion to de^elopulg in-s i tn ivC0\cr3 

p r o c e s s e s : this fpDroach m^y p r o \ c to be ve iy much loss dam i[ mg to the 

cn\ 1 tonraent th m is the more couventioacjl teehmq ic of mining and a b o \ e -

ground im-orting-

^- Da'ela]) technolo,'U' that use cn'-n^y efficically 

The bi-aicfjt- of de\eloping encig} supply t ^ehnologics b u o d on non-

xenevablr l e o u i ^ o s d i peear wi<]) exhaustion of the ie- ,oaxe". Incon ' iT^ t , 

benefits fiom idoptmg mo ie etficicnt \s lys to u ' o caei j y a i e cumul-dne .ual 

e%exHstni ' . 



] ! ' .adupi '. >' , i,d .'ip[)lu'; •;< ,1 of i,i. di ;>d lo < .siis ( )•{ Hii 1 1'.. a ( K . ;> 

cfdi as ' t i j ' m,'i} '• d a-o ii;cl jasa'djcja -nis :i" ahtc'i a-> "U s '',! p -r yi ir by 

IDDO. 7dore tl' ,, " iO-]]:a'f ot da- e;a)v"d'i"' fOjiC),!'<• is iii od , pain; o ilv 

Iroii! d c aad;j . >i'\c i-->-.( iui'. '11 e secoju-i pa-y/'st i.-q^ici' d .srrvin.", i; i'> 

nata'tad g''Sj LiT' i-\, from tiuj dva^ic.pj'i;,) _ ^ ^.(oj^, v/u recoaimaad c'li'ifal 

study oi IboKc VTL:I-^ alu-a; wids a (Oxaniosaura'fe i;!crea,,e ai faadur; ia 

sad-^a [tajji 3%"ar. >/C J-a.j') oa p, .aalodij^ ce-n^' j ls i jd, a i c iiOb bi.ai''g [/aja-;a J J 

expoddJously. 

l-*' D^aolo]) raja-fcr sip-br^ act tca^.iolo^da :, pa^-licada; ly electroc 'v n.icai 

±"'lLi.i2''l-ila^j' 

Closely ra l f icd and of equal impor'-rraee to Uio r eed for €'apiy;y-(ddirieidi, 

automobiles and cffLcjont la^e of gjis jn industry is tlie need for dcvcb-pjag 

automotive and industr ial toclmojogies that do not depend on oil and gas . 

A shift to e lect r ic i ty (or perhaps a syntheljc fuel such as hydrog;cs-) v/i] 

take many y e a r s . For exmnple, SO to 40 j - ea r s ^vIIl be rec]UJvod lo ir;!r.-.-

form our automotive sys tem; s tar t ing se r ious ly now on maldng* tlsis I r an s -

ition seems pmudent. 

Here the single outstanding opportunita,- and difficulty is the develop

ment of h lgh-parJormance batlcLdcs for automobijes raid for pov/cr s torage 

devices to be used by industry a.id the e lec t r ica l u t i l i t ies . For exannplc, 

p.n eflicient e lec t r ic i ty sloiaige device is essent ia l if v/e ore to re ly in the 

future on so la r a a d / o r nue le j r e lec t r i c s y s t e m s . There is no single 

technology with suoh higii polcidiud Jor ensuring* the adtaiuacy of our caiergy 

resource/sui)j) lv/dem:a)d sys tem :md hn- creutin;!,* ;t clcnn, quiet, cool 



p Jl i , '\; II ' ' ' iiuii o'a > C 

ii 1 II •• > , li Oiii I'jf pi >' .d • 

M qa b ] 1 os ids , d xs 'o^ . 1 ^ , 

'i.>d . 

T h e e ' a s I, bf»a. • uve-iin csi d! j . d ] i r ) , . ' b , dud is c sr isda, cm tif. ( J-JJ^-

i ', c ' D P " ' d' \ a.(.c ; , ," ,f -> . . .-ai; '••. . K ,P ,-;d b T a i p i o > • i' i bs dm-, '-s* 

b Y-Vri is a'>ua' i?7 midjoa (0. :d,'). We \andd tl" ? efore c c r o a e a ' : d tn:d 

dc\clopmrsii of e l ccbae col ls , \/ila. .-p, ropa i t,- iKrloLanance 1(Ĵ  irr.o.so'dro 

rpp!i('dd.ia^ la- re c a g r i / t d a-> ,a m'dd-.^ oi cxtiTm l\ Idyli pfuoida v o^a -̂

of maior suppo, i, '1L*S dev^dopi laat should imt be 15;ia^ed - eith n- in 

fuialing or in liie nui-dier of p romis i ' g conc-e])ts fca- dceloppsaait . 

i^• Devtiop_!21£^'i'_i.Vbb']ilJ-?i'^dilol es - the }>re -£Cj_ ,_fnjion, frxlar, 

1. Soba--clec-!ric 

Our raajoj' thes is is that v/e mus t p repa re for the ul t imate d e 

pletion of our fossil fucltj. This means developing a l t e r a a t i \ e "in

exhaust ible" energy sou rces : fission b r e e d e r s , fusion, so la r energy 

(and its relat-'^d sources ) , and g.eothermal. All of those shuald lie 

pursued; hov/cver, it soeois aalilaaly that geothermal vail e \ e r be a 

very la rge energy source , and there remain ser ious questions ;is to 

the scientific and toihnological feasib.ility effusion. I h n s , v e a i e in 

a sense left with oidy two ' 'sure th ings ' ' - the lission brcvder and 

e lect r ic i ty Irom solar energy. We naast d^aadu \\h:d tlie re la t ive ro le 

I a 1 • 

o b e ' ,'n' - I - lO' 1(1 ' tc» t M 

( . ^ i ' I i - i1 

psrf io'u< n 1)1 a. <> ' a - i o , a i a 
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y i î .g.r ;;b--'Lidi'ii3', the- i:̂  s' j , ; (^'..iirsly oa(; of pr:i-:-aicaidbSy. 

:i.,i .-(.••fjaii i' a-s .:bHJt;v. byljmnli,-:-^ (»r dn.: ccast oi e lccl r jedy ba)i>i 

solra:- cnLa-;y; vary widojy. If tau Iciw c-ai iaales being rmide r;rc valid, 

5..fd.'"' e l e -a rad tv naiv riU'v a. very iaaavisaut rc](g if Uiu high catiaad:as 

])rove cor ro id , sobix energy v,dll a t ]:>csl be a smalbs i i fidag, aad die 

In-eeder will almost sa^;cly be the imiaasene-rgy source for tl'C sociely. 

Solar ejocwaaily thus becomes a nmjor long-terra issue wldoh. is ao' 

being acklressed in a fably ser ious manner . Vve mnst_know, say, by 

3 900 wiiether so la r and /or i ts dtjrivatives can be taken scrioufily as 

compctitor5; of llie b r e e d e r . b:i cojitvast to the Fc;deral Il&I) p rog rams 

on tiie b r e e d e r ($535 million hi F i - 7 d ) aad bisioa ($17a mibioa in 

FY-75) , the s o l a r - e l c c t r i e p rog ram in FY-75 is funded at dlib mill ion. 

We therefore single on I the a o l a r - e i e e l r i c p rog rams for expansion in 

the coming y e a r s . 

2- :Aye_i'mdma Jar Of alllbd_ 

]\Iuch dtscu.ssion )KJW suimounds the Idquid ?.Ictal Fas t Breede r 

l^eactor (i;.MF]JR); the tenor of this discussion centers on wliether or 

not to purs-iic the deuKinstj-alion pla.nts. Bai this analysis overloo'cs a 

indor question: sliould altca'uativcs to the FAbFJdlbe scj'iously con

s idered : tliat i s , should we jilan to baild 20ia^Aiw reac tor exper iments 



ir indeed va- a re to laaq'sr!: for the s/^-a':saJ (;'s,bsi.sj of fmr 

fossil fnol resoara./K aa-- if, as la/Cias rnis.y lJia>ly isv duj coabag 

deca,des, tiie bruador wil! be t'le llasi^: o'' lais agi', then ore caji a igue 

that we must pm-suc; die liaecHbac v,adi at lea-d; the same sc^asci of 

iirgcaa-y Unit wc altached to die non-breadcsa. during iU:. ladCdH :.jid 

GO'S. In that period^ the world developed pca-luips 10 ;blfcrent reactwr 

sys t ems - to Vn^j point of building a fairly la age-scale pra'cbyn,: o-l 

eacdi. P re sen t -day r e a c t o r s emerged froai this coaq;ietii;on amojig 

r e a c t o r types . We ])aliove the all~but-unUater:iI comrnitmcnt to a 

single b r e e d e r type - the I^MFBTl - is a lUistake becamwi it does not 

allow us to judge among the dib 'areat possibilid^es. I h o aiioraaaives to 

the LblFBR - the Light Water B reede r Reactor (LWBii), GCJdbll, 

and MSBR - ouglit to be elevated to a stadaas vdaere th.ey lan^o a. chance 

of competing wdth the LI^.TFBll r a the r Ihaai being viewed simply a,s 

back-up " insurance po l i c i e s" . This means a comniitment to build 

200-Mw GCFBll and i\lSBB r e a c t o r s in the l9S0's with the option of 

canceling the pro jec ts should ser ious tcclmokigical obs tac les be 

encountercal. Oid^y a, d i rec t com;aarison of cojr)|>Dtin[',* Ijrcedcr 

technologies can e.dnbbish whicJi is tlio best bi^ecder for cnar energy 

fidurc. This course is muctli i)older tlaxn tlie pre:nent o)ie v.diicli is 
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1). I I It I < I I a I -il a » i ' X, 1 ' J . 

', I 1 • I J C J P I C 1 J_-, C ! J L I f a " 1 11 *^ f D ' , " 

p u i " M 11 ^1 t-"> e g I-J f li * . " l i . i s , ' . c n o l t i l l 

11 J g u t ic II < "̂  YI c t a 1 1 I ' J ' ' o r 1 ' V r j ] o i CIL rhs^ C s ' 

r> <. ̂  u c UJ m \ L < j t ^ 1 iR n ^ (j) t d b / ' df 1 . f i I o s ^ t 3 >• 

\, 'c t a k > h« r 1 ' s m p ' e : t n ^ L a i j i - î , ^ c a l Ir^id^'^, i f i t ^ s i be 

cj. a j v t , d , I S t l a i t " b t"-^ t a i n ^ a - C L t h e < I t f T i n ^ j v P ^ ', 

'- 1 ) id d , o P •> I n_, -i, j( ]• f G a f d n f 'i' W ( a l l i ^i _ , g tf-' i 

t r i - i r i v ' h a l o e d o u i t h If"^ ^ t , a n d I K > ( t « - x or^. y , o l \ 3 t i i i t c 

tlT-- nus I c a i c ! ^ r q y p i o b l ' ^ i w 
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i , I a f ) , . I I 1 i 

A > ) I c ) Uv , a '. c I ' , b f w d w ' 1 bi t b ' I t ' ' 1111 

t t o T of ! r 1 » a ^ \ 11 1 I t 1 ( 1 '' I' ) 1 d I ' ioi I ' i i i 1 

( I i 1 It 1 d t '"a I ' ( 1 t ca Ol fi 1 w 01 c ^ \ 1 lod ^ . 'I U i- gi o ' J d I 

bi nd b t ) 1 lo 1 1' I) ( ^ t gL H I 1 d d ^ . ^ ro s « i ><iJ > <• ^ p ni 

the baaliii dieiUjTo"^ai a 1 ' ^L fi vjd i ; fjc ^ v ' o a i t v i i 

energy mod dd i e - . . 

Fm ' . m o u , \ c h i\ <̂  o ] c o-^naandcd lao ae 'o specdue ca\ » o m x i al 

questlOP " to \ hioli Be ]) c -̂ a w. itmb i •: 

A. Es fab lmd ' g g i b ' l ' U l ' '' i! mb' < ' fox enc L -> - r 1 " j-. 

We woidd ^^ope thai tii n^v FBJ '" OJ , u^'-'t' i < \ dl de^l ^ M i his 

I'ccufJs^nt liuane: e i rb l id i i lu (u'" ^ o ^ < 1'_ B > - J s u iv i 

s tardarvls . This information i s ur̂ _g lajy ne ded xor pi oi r e abi t' m el 

our future energy teclinolCj^ies. 

Withm (his bic> id in imework of establiohment of t.nvironnn ital 

staxidards, we recommend that s eve ra l m-^tt^rb x 'cccue sp'^dal emphas i s . 

We higl light Iht lollov/ing a r e a s ; 

* Dc\eIop q n c k aad mc vpemnxc ioxicdj te-:.Ling mcti ad , . 

¥ Inc rease the supply ol epidemiolcgp'^ts txai iud m ai n,edical 

fields ( e . g . , biolo",v, chi lu i r \ , r ta t is t j ( - . ) . 
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f t on^ t l c 1 Jc 1 

iu u 1 I d ' 

d ' ^ a 

3*1 ( 

1 1 

« ' . i l aJ 1 I 'x X ^ 1 o V 

pi > a l a I, \ > I > II" pj Ol p > IK 1 i i i-^ tu i ' O u s q',v 

Be '' ' cil PI 1 i)^\ d< , ' ad. ba'^' ol ]o i ' m m elii. d c d o ^ i c l c t '"c i . 

Tl ''' m a' u ( w 1 1 o'' J ov i t ^ J ., <. i n< j i d h d , i r > 

a m ' I j - S i d^ t o l)(.d- dl d o i b t , x ^ f c l i e r b , . txv 

cBai tolo^ic d d a y > ,d X) o a e m i ag*? I m v. arc \ " i , ' a (a i p^ 

thas « mi hm dh ' . u\ a c x ( d u a e , UIOLC is learj^ 1 i )i „ clim m>b ^ , . 

\ \ L MP) d a w t I ' jC 1 a vuc i , > tni )Ui c o n o\'^ H c i d u K i n i - d v» i .= 

to lie alilc to predict v i t a soi c cojdid n ' c at v h it st'^ e m 11' pxe \ '. ai 

of caexgy v, dl c m c . ^ r ious „lob il effc •'s on clim die. 



f - i\ , a m ) . I I I , 

Id ' u. ' ,s ! w' ] iW , d I " \ >^M^. , [> i'l <- . I ' ^ n ' J I , .1 d l 

1 )' •• aj () 1, a- " f » 1 c r ,1 , ' ah > i"- , li d' c on ni a d f , pdn ,i ' ' bdhvui 

'upji d ] ^ . • a ' I ' b V 11 ]a 11 J ^' ' 111 K ' d ; n ad il î y 1 1 a l h d b v I iw.' b o 

1 V-7 dio "̂  "̂  -d> p ' " m 1 ' •' " r n c ' l a ].Mjia nf iwi u, • s ubi! and b t g • i scur '* ' 

W i d i a a y o . w ( d \ • !<• > > • ^d b c c > a x a I ' i - d ) ] > l n c. d m o i an f p e m i u • cii 

S log I I ^d' I a di3 î n L s/v Ki, ') . d "• ' Iv a •"BLQ lOi" s yjpO*d ipr.ignrs' -,. 

1- ' s . 1 ,1 3i. a n I'd Ir \ , - t td "̂ d biUjoa a a en''wsi,g' I d I) app rop j j d^-a 

'd e Ol i^d 1 CO amiti le .1 \ as xadi^r axbitraigy. Why ^ai" ib JL J ] oi'iiCj^j p r \(. i t, 

for biat Tiw: ag Si ldl l iwd- ' Gxsa ed t r j t u Ijuf'pd alaaj, tdi '>d l o l J - m c w nenml 

an 1 fiat s / > iBvi i aani ,d]y is a.n e dia]" 1' tiOii of p e \ ioas treuLd, \/c Vvoai ^ ax^a'.a 

t' dl tdc r ax ' V- •' It 1 '̂ ,c1 ])y no mean" ' apre^wats a bbat-cad., i.iiuj ' io do e\ e g a i '̂ g 

th it c m be done t a r o u j i Btbl) to h d p px*o\jde for oux energy future, Wc \\'0'KC d 'W' 

fore prnpa .c i^e-exambiiag the d2 billion budget \/i th the mtcait of spendin . more 

whe ie such eqmndi ture appears to lie appropr ia ' e . 

We l ea lme that i l l s reeonancjalaticm flies in the fa.ce of a commix 1 eat to 

cut radzer Ih.ui expand lb fcb Go\eLnmcnt spending, ITov.a-vxm, wc believe ihat the 

enexy,*y issue is ot such ciaicial imp'^rtance that it must be jiur&i ed as xigotously 

as pOt - ible: there a r e a"" btion d a i ens of eaei'gy B&D that toidil v c'd u.se r i o r c 

mon'''y, and tiaxs" ^]loald be faialcd e\en if thi-, means more dolbirs lor caiergy 

ie'-.ajreh : ad de\elopim nt. 
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tlic i a s i i t d ions tha,t 

A. Fld)A 

clim; 

\ u ' ; JarpcMy rat .ona: a-.ao laa c^^iVi-i 

a 1 i'a,"ov-r, these at,^a'd'mb'dciaPi 

adv coa-'aet eneiwv aa-'a-rreb 

,-:i I I i l ' X u •_ " U I. 

•hi m ^ SI ',; ip ;;\,l, 

Mxmy Oi tiia most Jmpodan; aasn • : ic-d qu(a:d'Ons related to eno""gy 

a r e loag- raaga ia impact , rmd wiB r. a i r : prolonged and sUotaiaed dTorl^. 

A e s J*. 

l ong - t e rm idealiiy :ind comnaitmeat. 

We see foui' a r e a s of energy jdgx' that pa j ' t i cdar iv need laia hg-.d e! 

insxitutional integri ty: so l a r , automotive (especially the e lec t r i c c a r ) , 

cHmatological , and coal sc ience . Blcments of n coal science insiitaie 

exist to a l imited degree in the Bureau of Mines l abaaa io r ies , bat these 

l abo ra to r i e s do not j i resently liave the broa.d, in-deiiili, scicnlific streagtl) 

in bas ic chemical , physic.d, and biological rcscxrrch that (;haraeteriaa>.s the 

existing Atomic Enerj^j^ Gommission la laorator ies . This coal scicncx; insti tute 

i s essent ia l if wc a r c to make the bosi^ possible use of our coal r e s iaax ' ean 

the decades ah(^ad. 

Each of these four r e s e a r c h act ivi t ies is Icmg-ranr'.e, and eaeli is 

imiiortaiit. We therefore propose thai l i l i l) / \ estabiish governmajp.-siaaisorcd, 

l ong - t e rm inst i tutes o r l abo ra to r i e s for so la r r e s e a r e h , for devebaping 
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J I 1 , 1 ( ' > 1 I ' 

il M r I ' _ 1 "* ' ' 

il c 1 ' I ) K ) u '̂ t, m Ci( "1 > 

to d ' i-i 0 1 i' " , a c c'o o, 2 ct {1 I .'^ a f f imum'^ ci wwi ,\ s d o d i , co i -

1 "i 1 o l o •* i t t \ i \ xii i'' •>'( i K i " • - . C a _j -1 ^ f J, ] , , ^^_] ,] , ] 

tx d bain jn ea <.a Ij a ^ c a hi to 1- W\ c i •" t be , 1 p-' > u , , d u u< 

of achie\ ia J I'n w,a] a u ^ I t b l n b c i i , lab a o n ^ , r'"^ i g i 

do / 'nxnlvCa a t e . ha,^ bJ ) . d o u e s c d d h a \ c . ^ m c simiLi al t o m e 

intt »'i-eip'm u"*, Dmclopm d f ab i >a jos (1 )T,> ) ju j u v d a l •- > i-msô ^ 

lluc/f^i bed dm ay, the BaiObs. The D)j;S, on the ^ ' d , Ji'- c b 1 .1 it Xx 

cffoct on m a d u a l seie u e m the United i-mvc-,. Wo \ o i d hope b . t C:H^ry-<^ 

labo^aatoxn^s vould l\->yc i m p u t on cncj\iy ruowc coaipar<dib' to i h i t of tlm 

l U l j , on mat a i ^ ^ c j c c e , 

^ ' E tn iA nni t remt'" •• ti(^ fiagm< mod r e s itrclt 

Prcscai t j uac t i ce ( e . g . , ABO, Of'xl; î  to d n i u e pioblc ins in Wad^in' ' '" ' i 

<and i)arecl end il e pieces io \ a i aous lab a- a t o n e s wai t i txaetoj . . A s a 

remil i , no la])oxauay\ gcds . aough of the a ijoii to de d ),i -i fn]i_«̂  ccdu txad o r , 

foi that m d i c i . , re~>jion' ibl(> jn aiuur \^\i'\ , n eni i re juoblem. Bioblejus a r e 

i n , r >i 1 n( i 

1 I s» 

) ' ' ! I i l ( 

fb 1 ' d ) \ 1 I t ( 

dp> (' . ' \ ^ d I I 11 ' ' 

./ I f 

file:///aiaous


porn uav^i.,p p->p awups- . ' ' WiVsrr h_,' P:i- vgrsJii. p!r-,;1 i a US / ': X'•• W: . a p b t s d.-'is jig; 

snad l pi'aca's wiai (;p,.,\:ai:j!,an) ol xeiat4r;jadn;g ib;; bapp.S'irs is W'askia Sw 

i s wcasspnadly iiaaaaxa:!- iju's jii, iprax; of )a;pporpihdav awl (sdeiiiaov in 

rca.aairi-di ia,pxaa.aaoat. dligj j--; h^tst piaen iidvio ciinijax;d:r dp- 5\'e'-ar^a i 

progra.nm rd d b C vdjcd h:v\'ii aJaxsn ]»c;en ini - , 1 . 
,;i.a.:^eu a.t ina Isi.nipaiorns! wjt.n, 

say , bio IdJd-'Blt, v/hU'^ vais bilegisdr:d bd \d ^dsrd)-.. T̂ (y;_ ; X:pv.;., Aiits.]:;,^! 

Though this proeedurf; avoids hard deeis ions - since everyoiW yets a piece 

of the action - the resnl t ipg cost ia t e r m s of delay, caniasJcn, coordi]adion 

and dapJieaJion of eilojd in our W'wrgy r e s e a r d i jjiwpram is ijuolcnxude. 

Such p r a d a c e must not be :dlovia_ ; lo iawpptantc idwb aad gruax 

J^- Ixil?:d_,5i}i2li'2fiBmdiiiiI::x cacscaxywlisted b'lsic 
ixaaamxdi 

ABnost every physical , ciampica], or b idogioal pima.xw bivolvas an 

energy t ransact ion; it is tlierofox'c not easy to deOxie what is aad what: is not 

"ener<;y-related bas ic r e s e a r c h " . However, ttic definition could come from 

the institxitionxil context iu ^vhicIl the bas ic r esea re l i Is performed. 

As a gener^d pr inc ip le , ERDA must be res[)Dncible b)r bas ic r e s e a r e h 

re levan t to energg^- - tlie ciucstion i s llo^v to establ iah this re levance . Wc 

bel ieve tliis can be done if BBtDA org;mizos i ts cn\'n energy r e s e a r c h facil i t ies 

so tha tbaanc and apjdied r e s e a r c h aax; coiaJucted ,side-by-sidtg and if EBDA 

su-pi)orts r e s e a r c h in insti tutions wlxere tJiere is ihx) oppoxlunity for vigorous 

interact ion between tlic bas ic ;md airrljed rcseaa/cl! communi t ies , l^'or 
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J a w ) i c I i < f n 1 ^ I I I t o j i i P < 

1 n I. .1 u t H i l l ' r 1 I V I I ' > • 

t< a 1 r , 1 J n > ^ I 5 r i ^ ^ , 1 c r t ' 

\^ j ]L » i n ( I I id p ! I. 1 I 1 t •• t o r I t i '< _, I 

iTat*-r V > ±Lh 1 11 J l , , o ""i I', 111 m . X ,. J 1 1 , I LJ l o a . t , rwt 

t I ^ 1 1 1 I . y I t 1 i i ( i \ 1 L î ) V a 

j n o p i d F i l a u c i n g ^ >, t l a i j n o i c l o t ri r c r u L i ^ t p ' - i g y rwi t i c s 

( c . q . , c i. Ill r w i a , „ < ,^ t d i i i p q , ui-nwu pio^ -- - . i i , f o i lo - c i dc 

rojoaici , w i a j J u .d ti--1 - ̂ ) rd T̂ p ,^lso t id snm .̂ c w lu c 

tl L Kai JCJ 1' , CiiL luy 1 •- ̂ ii. h c I d t^vclc^ ĵ jrogr a"i >• r r '^ i r 01-1 r r ^ lOi c -

l i ' d; i n t ^or tuG i-oTi pt it 1 .. t , l e U>1^-\ thtsc LOJ ^c^ ire ^rc jJy 

r cco j i i "c j <ind are raw g Lnuncbel IT CDO'' di aion. 

Wf" 1 Y'(y'^ ii^ r^ t h "̂  t f- TC 1 r* I 1 r> T -\n W ̂ r ^^r r -> r~r.i-r^>- J p Q ^ a _ ^ v*' 

in an agc!_d for̂  art xon by the Fedecal R^marcn and Devwloi,-cnt i*inin ^ t i . 1 1 a 

KSO on tmL1 _̂  " . cjyioleypy 

A. Ihe Govornment bhould dsfa_.iie a sttong role in devc lopmont of ennanccd 

metnods of o i l recovexy. 

B. The Covirnrwnt should qicat ly step up i t s a c t i v i t i e s on develop3ng m - s i t u 

iiwLbods of o i l 1 _ro^)-ory l ion shale. 

C. The Co\70inment >̂ li mid id ntify the developnent of high-pGrformmcc e l ec t ro 

chemical ce l l s for autonoti^T use as a najor n i t ioaa l goal and greatly 

mcioase Ftdcial ac t iv i t j c s m that area of re warcli. 

D. 'Iho covcrnment 'hould runtinue to mcioaso i t s research einidimii on 

sold-eLccXric t oclmology Lo prove i t s potential a t the e a r l i e s t possible 

11 mi . 



Faarqy amr 

pa be issgr. { c, iniU'i ''(>')--'• ir{i sir c'.rra a 1, Gcapp und 

t:ci;;ips f I sr;.; v. p u rp.. spw-a; t,! J (-irnu': t fnp !ai.. v<;ry 

;eb"ipp <-••:•: . ; • a d o s s - , ;a , •- c.is .,0 yPi-j , J , •,; I; r S P ;_ y j_;, thC 

a. l!v:rc.. • i e;va":-saats sixjubi bi-: given to d'X'dopdag a act a-it j f i ^ ̂ lil y srjund 

baa i s î ar fa'Ss^i'P aqiisi'i; env i_r;ai!,ie:a:a]. iXsirdard'', 

B, IncLcased a:r-pXa:rm r^Pould ba pivoa Lu rda- study of long- ianps cliraa^olcgi ea l 

e f f e c t s of cnergr prrKiuction and usiw 

I n s t i ta.n : . < , • • < , . i > 

A. Spec i f i c Jn s r i t u i c r i rdiould be e a t a b l i d j a d for coridaiddan-i cna.rcv r(̂ M,:-,,v:fr-, 

on 5;olar fnc-jpiy; ^idvanced automotive cci;c£ptf-, (parti'rL;laj:ly a l t - c t r i c ) ; 

clirT:^!;ology; and cool sr-iiamo. 

B. Energy l a b o r a t o r i e s should be era-abli.r-.hed a t univ.-rrsiLies. 

CX The jwaccice of f r a g c e r t i n g reii.earcdi ijy asaicidaic p ieces u5 a ;jroijlejn to 

miany c o n t r a c t o r s and r e i n t e g r a t i n g the p ieces by Washington psxjqran) 

managers must be ra-examiut'd with a vio-.v t o de l ega t ing c e n t r a l r eapons i -

bi-Xitg/ t o groups av.'ay from V%-as)iington. 

D. ERD.'i must c r e a t e the i n s t i t u t i o n a l s t r u c t u r e s t h a t 'A-ill encourage it.s 

b a s i c s c i e n t i s t s to become av;are of the re levance of t l i e i r wort t o tlie 

needs of tlie na t icmal cnt^rgy c;cMTirnuni t y . 
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m I ' I 1 ] '̂  1 u , o r i , I, . , ^ . m v'T d CĴ  m l , iu^ ' 

Oil / i ^ P ' L J / ' J l b 1 fx i Jl ' i c f b i , o m ' (1* ' J . 

'J ' ' ]^ ' • >' m < I J d " j I . I y I (• I m - \ 1' f o i I 1 . 1 . \ ' I 1 I I _ 

\ J d i b d t /^1 e I t a I ' m I 1 • j a , ( 1 m ' ^ 

r.̂  a 1 ( / / J ) t ! ^*c)i ' c t e a 1 ' - ^ > '' ^ , id f ( r y -• p P W ' 

{J )• •' • 1 1 , o d J , J } I ^ t a I ' , ^ < Jl 1 1 1 1 ( 1 - d , 

h a / c i m r h ! '> c . dm b u ( ; a n a d i •- ( i l l m q*" i r ^ c J f t P L I " C > JJ 

n a l M d i . t b ; \ I I I <• r , \ ( ij ) t r i c o o . d „ t h ' - i r •-^ ^ c li ^u^p •< ~ 

b u t a o c t b ' r ' 1' 11 c r "• I J d i n m _ ' ' ^ c d /> n ' y , . 

Tbo m \ 1V c i ^ *! yp, 4 1 m - m Li i ipox b 3 i _n ' t ' f̂  ' x 1 '- • •• ^•' 

e s a e o b i c l c bo i 1 J rnsiu 11 l lufT i o d^ ; j ' d i i o n cm I . T. do i l u , f^^'c 

R&D ( oa !u UJ J I y . 

' I ' bc re t. J 1 c Iv u i c ct nu dsi - cm M u d i e t c ii b x o j a t b a d - , m e d ncc , 

dncl Oldda m u s t bf> .srrasi t i vc 1 y a \ m r e o f t b m - . o . 

'I'lio - c c o n l i m j o r t c Uv o f Olixij vn ] I bo lo l e v if 'a 'Tim. Nam e n d s 

K n o r n y F u i u r c " (BBlB i n v LP\ / o f t h e bopv> m i p b a s i , on Pxojcf ._ J n -

d o p o n d t n(^c . ' ido n o - 1 o i n i ' - u n cda iam m I i ] ^ ' i l l b^ m c r c a s - n 

empha >-! > on s b o i t ^ . c i n bdD: rnoab n o t a b l v , d- D t h o t c a n a f f e c t 

o i l i n o d u o b x o n , c o n- - r v a i x o n , a n d c o d u t i l i z a l i o n U'xlbxn I Im 

n e x t b a l i - c i o / o n \, r s . lb y e n d i b i f , t l i e . '^yoihoLxc Pxonecn- Pi c -

gmim \%i]l h a v e l o ae rxp iUKiod . 

H o v c v o i , i t wo l i d b v e r y un-unq t o u l l o ^ P i o i c c l 1 inb pcndi m c e 

t o p i r c - c m p t a l l o u r t h i p b i n g on d a ov t i d t c n m x j y id'D iKy-iDir^. 
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O'l mi 1 III I . Lc I I t i n . ' t|i \ i v d u ^ I , ] o j n n <! 

t "" I '"ui ' I I V ( ' 1 m I ) ' : d ( X r I , 

< I M i l t ^ ' e l a > . ' d i ^ 1 1 ' ' ( r "̂  cf 1 ( o P ' 

i '•"• * ' 1 a V m ^ I ' 1 r- o f m " m i o a c b i o s i a i p j c j m q ' - r i \ c 

c ' < 1 . I CO I I>h a . 

0 ' ^ ' . t il p i o b d d \ f i ' ^ a I 

L e n t i r j i J i, fi , c j " , d OJ i j j p j p i r i c . l r>m •• ^ ' ^ x ' . T i n s j - - \ ,i x ^ , 

i J ' b i t b f I d , cl v r j y ' M_̂ . A l i i i c a n b '^ i i . o i ; > d i o L b o r i n p r m t ^ c 

Lb I . m i m ' f p b e icl c v cf d p m i d s o n iU b C J L u J n d y i -

t l s u _ b i . 

F m r d l ^ , l b o-\v > o m i m n t ' J - m u x p y 1 a d i n c o n o o m d f c p e i s t u d y . 

Th I < \,'mM },- c o i H b c m i j n c o o p A c t i o n \ m t h CJ,Q a n d ang i . 

'^^~^• I'PdL'mb'C c'•''' ' "̂' dd d "̂̂  ^ '̂ J !2 

•^' .be l a LT f 1̂  b j p \ I j b , 'd 'c -'•ml FK) 

P r o 5 o n t i y , t bO c o n s i s t s c f a l a r g e g r o u j i o f jacopl c vdio 

ax-o d e . d i i i i e d l o bcco iao t h e FFA; end a xamb s m a l l o r o i u u p , i n i n d y 

t h e O d M c c o i b n o i g y R c a o a r c h and D c v o l o p i p n t , wbxch i s d e . s t i n c d 

bo / m - m i n i n bbo E x r r u L i v c O f f x c e o f t h e J b c ^ j d c n b a f t e r idbi i s 

e s t a b J j s h r d . 'J'hc i h r u s l a n d p i o p e s o o f the FLO/FBb g r o u p i s 

r c l c d x v c l y s h o r t - r a n g e : t o p u b o u t fiyoir,, l o nmnmjo o u r c u r i c n t 

c n o i g y c r x & i s , bo o r o r c o d o x p e d i t l o u s l y v i t h P r o j e c t Tndcq>-axdence. 

T h e t h r u s t ond p m p o i c o f t h e Of i i c e o f I n«mgy Rtx-r a r c h and D e -

velopinc-nt xs p r i m m t l y l o n g - r a j i g e . \\o\.nvo', i h o r o i s an ovcr lcq- . 



m I ' a ( - / 

\ 11 I , ^ s i n (> f i ^ o r e - t c i m ' "mci ' -K of I e n m""'' f u 

I f , 1 ( , . 

J I •• ' I. i b II u 1 1 , ] ) ( I u i 11 1 w ^ ' a ) » ' 

1 ' ' b 1 [ f ] ' 1)11 ' ' 

r n m m i > 

2. r t b" o ' I J a m ' n i d Ji / ' - i a t / (̂  i ' a 

i l tl, ( I < o r I > ou i-c i \ 1 a 1 11 t i d ' i a o ^ 1 •• r ^ ~' 

IT i n V. c * o ^ t o i Ct ' e la 1 d m i y I ' c d i i • i ^ v. 

P 1 o 11 1 m . 

3 . Cc 1 r^ o a l d y I c fb'_^ d ' - b f o ' V^Z). J ' o ' t u n a x f i / , 11 ' "" 

ha^ a I i» g ' c > ^ r "^ c " ^'Pc r.. n\ n"> b e'l̂ * ^ ^ - ^^i [ opi n c m i ~r i 

g i o u n d s . d a^y cd bbo c m ^ - t o - c u , liLD Uai^n ' - i . e . , ac^'1 

o f i t e m 3 , pi opc 1 l y s n o u l d b e b i d l e d I ^̂  /7T^p_ 

Tnc^ O f f i c e of b'^ei oy P d . d s n n m t mm \ x bh t h e / f iiix=- TC ._or 

and P i-^ntv i cp " i x d i tiO" \7i 1J b e on nm d c i r o f o v e r a l l P d i p o l i c y . 

0\n P i i n c . - l O d a y i n u r a c b i o n \ ' 3 t b PI 0 \vxl l b e I ' l l h 7\\kl) a n d , 

t o a tc s s o r e > t o n t , \ i h b J ' d d d . 

ObKb s h o u l d h e l p \A\ x c i b c a n \.n 1 b the o x l m r f i n i c t ion , o t J bO. 

bbna- 'vor , OLi'u r a m i a^ao n tj-^^coninq so Ccxuolit uji in t h e c b v - t o - d y 

\ )i ivir 1 > oi bbd n^ t o xud e i t i j a i (m .a ]b l c t o c a i r \ o u t OMdVa ri„ p 

l l i r u i b : t o I c c p t i l cnb i i f^ t i i ' i g v x c m m r r b m a dc v o l o j i m o n l o n t r } -

])t I .̂  c- o l i nc Ctovfnniumil wt̂  1 1 i of u s e d . 

B. C_onl lyj I d h 0> '1 

Iha h o i t t . I ^ f 0 V 1 1 1 . I P < 1 

1 m fUrl IP i n l a x n . x j a c l ( i m ' d d x o n b i p \/ t h o ' l d ,\i 1 ciJ I a n 
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I >̂ a-- m a t a n . 1 Ui o di^ id' /6 

C . C' 

a 1 f ot i , m ' 5 ' ' ' --a 1 1 c n r i -'̂  P ' y 

ior \ ^ mi t u u c i a n y m mjy ba ) ( d n m - ' t i C f h-^ b a ^ j . 

Co,, , 1 . ro, \ d n c b ,\i • fo i t b o f m I . if.o d n mn y ? b , b . s t i 'o v 

I 

IT! n y I u n c i l o n ^ : 

1 . I Id ill I a i n a c o n t i u n i n < j cAmm mu o . t b o c u m d \ ' . 

p l a n s f o r c i m i g y PbD, c s p o c i m l y en v i m ; o i t ln^ ne a 

CJ1 cunsmi i i c I . ivno-oo b y P i O j c c t Indc iH^^m]̂  n'^e . 

2 . loxnxiddLO (ra-^mil t c n o i g \ P ' D s t r e t ' - a j y \ ' d l i r e s p e c t 

i o t h e Id- 7G budcjcd a n d b o y o p d . 

I V3e\»' tb-^ b n l e r . a a n c y '' D Co, r n i t c » - a s a k o y o l m n a i d i n 

m a b i n q ObdU a u s e l a l iij imdraon i o l g o v c r m . ^ n l . I i a s I b r o u g b 

i b j s c o r t i i n i l c c t l m t t h e Ofiico o f b n o r g y I c s e a r c h a n d b o v o ] oj --

i n r n i \n 11 l i r x n g LK g o \ c mut an Lal b.6 D a p p a m mm i n t o s t . p \,'xi]i 

t b o a c t i o n s a n d p o l i r x e o i I d O , jmi t xcxil ai 1 y P r o j e c t Indojicnvi-

once^'. 
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b. f 

to d '' 

} )\\j,. b ' i, . b 3 

hKPhda ; /, 197/' 

Ifr. Chair' an and d 'era ol 'le Cci'njilce. 

I app ceî L̂C tiiC opiiorLcmity to enpear before you fo'ay 

to cc'TiC"-: on the provislorm of li.R. 13 212, The "Ccod ei a . 

Lnergy RtsmxcP., DcvelepTont ana Co*' af odd ''"â  ac a t n . • 

ol 19/3." T v;oii] d firbt lid'O to reYlf\i brJe''1 ' o'"' C V M ' 

approach to ener̂ -}' policy and om" orm,ni?atioimi pl'miS for 

carrying oat this policy in ordc** to provide an overall 

pm^spcetive Cor my specific coran^ots on the btJi. 

Fivo-fold '\p]22 oach to Eneryv Poli _v 

Let me start by outlinin^ the five-fold approach 

we are taking with respect to energy policy. 

First, we nnist establish a central energy organization 

in the Federal Govcrnar.cnf . The creation of the Federal 

. Energy Office is the first step toward bringing, all energy 

policy activity xindcr one roof. We hope that Congness will 

move quickly to provide a statxitory base for the Federal 

Energy Adninistration. We need legislation to provide us 

with the capability to recmit and hire top-flight administrator 

and to let contracts v/ith qualified ror''oiracrs so that wc 

can build the or ynn'-di en ended both to x mi t im b >m- t̂  

n -" : ' 



alloc aid a p.. . ..na <aid be caaa^' out the o ae Ji^som-nt 

a.'̂'b.ad- at Pi 1 .a V i tp" dl. empiL'N m"ward in.'<''^y md ]-

suf t xc daraay, bayop.d i\ •'. and R'td.i, \'(^ i I'̂'i 7 ass 1̂,.-. ard 

with the cim-bLion of a md-)i a.pt̂ -i p,.a3 D'p̂ prra,. nt of bnc rgy 

and Fpttirai Pesourcas to ultimately briny togc-thei all 

Fedtjaji cnerg'c-p Lnt ea i espons j L j i it i c s , bdxLiJ ti,. .e nev; 

organiamtions arc created, the Federal Fncrgy Office vcill 

provide leader.blip and coax dinat •'* on in era rgy mattorp. 

Pcyrcmd, wa aual cst.dalish a pera.aneat •'con. era. .-"-.a 

etrhic" in this country. We haac been dao ê itraaaâ  lad: in orr 

energy consunpition patterns. With 6 perceat of the x̂ ôrld's 

population, \7c consuuie 35 percent of the world ds energy. 

The lecoat ct.bniigo h.as forced us to rr-uiico tm s con.siaa] ticn 

now, but even more iraqaortant we must be suxe cinat an attieud'a 

of conservation bcconen 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 v/asted in unnecessary usage. Over 

the long-term, conservation of energy will require invcstammt 

in insulation of homes and offices, use of more efficient 

automobiles, developm.cnt of mass transit, changes in methods 

of handling freight, and central heating plants for groups 

of buildings and towns. 

Third, we must push forx-jard in the development of our 

domestic energy rcsoi reap thruuppi T'rojcct ladencnd a ee. 



- 3 -

Thx. iuc "̂* ' I , J t J J m ds Ai ' ' a 

. i ' 1 h ' ' î  • ' ^ 1 ' I J a - ' J O " c 

coril , of i I J " . i>y 1 ^ otb.^ 

r ami t r y ' u i ' .c J, JL t l dm u 1 a a rt" o ^ i . b l e aii 

nttcl c < ' a ^ ' " ^ ' '̂̂ '̂  ^'^ ]' '"tic x ccnn* n t o the Siibco^mi 11 ,m 

i V. ^ J I > i. 1 1 . a I f i i < 1 ( O t U L - I I 

and s o l a i "i . d -o juc t '"n̂  t r^ r«. c lu^ t be a trfo-proba^ d 

a t t a c h . Jn ^he '^ ' - ' i t - iun, ^ m^'^t bov â  no n r o d n c t i o r 

and emxio^ c- . fdu.r up t r e s a r " t o" c^i st m -̂  lu -ou rccc . 

Longer "^atb I soJ i i t io i iml L a t pro-^idc i b ; i l " d'-^ cd'qnacnt 

of new and i a is t in^^ ..u.^ces of cnoigy 

Foui t h , \-'e muot forge a nci ' x-oJ a t i onsh" p betv'cen 

Govcp'nir.ent ^ nd in 'a< -> T TTJ ^ '^ral he*' m aa. 

The in forp-a t ion wc nox.; have to xs'ork w"'th i s not 

adequa te and i t s r c l i i l i t y cannot be checked. We must 

develop a pcraianent t rgy i . i forrnat ion system wi th a b u i l t -

up a u d i t i n g peogiara on every pspec t of the energy s i t u a t i o x i - -

r e s e r v e r e f i n i n g o p e r a t i o n , i n v e n t o r i e s and p roduc t i on cost 's - -

so t h a t we v7ill be i n a b e t t e r pOoiLion to a s s u r e the American 

people t h a t our energy da ta i s a c c u r a t e and not s u b j e c t to 

t h e change t h a t i t can be man ipu la t ed by i n d u s t r y . 

There mast then be a new govexnimciit r o l e i n the 

i n t c r n a t i o n i l a c t i v i t i e s of t h e o i l i n d u s t r y . 

F i n a l l y , t h e r e must be a nex̂ ? . m i t n e r s h i p Lo a s s u i c 

the develf)pn "nt , ext-'-'ar t Lon and inm^ of our domest ic energ) 

Ocauices, i n c l u d i n g geothermal ene igy . 



T t ' '?<^ ri7 e ^ I ' ! '^ ui c - ' I fii''-'ip i M a uJ Vr \ cl 

I) 1 ^ . ' , li i' J - c ̂  o t , L 'O'' 1 •^-^u r^..d 

%•, I th / p ' "̂  I n Ladu . ^ / . 

Tcr ll!„ Jar.l "*'< ' ycaro, * 1 <•• F^LSI ' r a t hijp r,-"c -Klcd 

fo"" c. cuu^-ioiil c ' . ^.on of f. / ill }rt: in en^ 7 rr ?in-'Ci^ 

f ro', ^3b'J i ' j i i ( j r . J a ' ^ .̂ L, J } i. <_ r 1970 to ^672 ml l ion in 

fi ' c r i yc. •* lQ/3 a. J \ ' t^'^n rai^cU tu '}! b i l l i o n ^or f l^"ol 

year 1974. Last Ji" Lie > f r ^'',.it an'] v̂  iced « cc"^i^ ' n' 

to ..a even ."-o. e r"pjd. accclc -.^uion of tiii e'^c'-t L'̂  ' .1 , ^ 

a $10 b i l l j j j i Fcderrl progr/-i over the n^^-A fivp yr-a'^^j -- • ̂ ••e 

s t ressed that v̂ e ".voilvi j rend whatever addi ticno.1 .'.u\;3 \;crc 

reo&uiicibl v" nc ceb.-arv' 

On Wt^dncbday, January 23, l'>74, the r-re''"-2 dcrt inr'-'-jacud 

that in f i s ca l year 1975 ~ - the f i r s t en^ of the fi-ve jcK^r 

energy R&T) program---total Federal eoiraiiilnent for d i r ec t 

encigy research and developiicnt Xv'i 11 be increased to $1.3 b i l l i o n , 

almost double the level of a j^ear ago. Included in t h i s 

budget i s ^4'f.7 mi l l ion for geot'iermal energy RicD. Thic 

f igure represents a 310% increase over the FY 1974 level and 

i s ten times the amount of Federal spending on geotheirial 

R&D in FY 19 73. I t Is only with the help of sucti accelera ted 

research and developrr.ent that vc can achieve rea l self-

sufficiency in energy. 



l ^ t l inM^. a _ • . t he \ 'vi L fCoiuiiY 

Is r tc^^, ' T 3, • [pn L a n a t ' '- J p c ' " " . i i r g 

eii' r gy r^ .> jaruCw" ad '^c ' in t jMii r i. I t a ^ I ' n i d ccono, ' 

t o g , e l h e r . Grea t -n c o u p a i d t l . a , ^a t be I n i t i a e ^ d o i r e ^ch 

p r o i c c t s , t n nc ? • t o c >. ea-'c- e n a - ' y and aj'^st i m p o r t , J. 

on c r t a o l ^ a i a g c ^ ,y a r l ' 

In thi '^ r c g e ' d , 1 X\OuJ d l i k e t o xvilat out i a Prisc-h ' 

t h a t f o r t h" p a c t ye-^r t h e l iHreiu oT I u e^auit i o n d Se i i , . i l i c 

and Technolo)"! cal / f l a i r ^ ' 'a tl-'o Dope , t ' c n t of S t a t e h a . 

o t h e r nc^t ions i n the a r e a of R&D on ncx^ o- i l t e a i ' t t i v c i-^rr 

of e n e r g y . Geothe i ' i i^ l e n e r g y 1 •; one of t h e h t g h e b t p t i o ' - i e y 

i t e m s on t h e c o o p e r a t i v e RdD a g e n d a , cind s e v e r a l b i - l a t e r a l 

and m u l t i l a t e r a l a g r e e m e n t s . j re now unde r - / ay . 

I n t h e c o n t e x t of t h i s o v e r a l l p o l i c y , I w i l l sununarize 

t h e p r o p o s e d F e d e i a l Energy R&.D O r g a n i z a t i o n a l S t r u c t u r e 

b e c a u s e i t s i m p a c t s d i r e c t l y on t h e p r o p o s e d b i l l . 

Organi znt i 

•E '^'al Energy Of f i cp /Agency 

The F e d e r a l Energy O f f i c e c u i - ' e n t l y h a s b r o a d p o l i c y 

and r e g u l j t o r y r e p a n s i b i 1 i 11 es f o r ( a . e r , y . I t i s nov; 

a d m i n i s t e t i n g e n e r g y p r i c e and a l l o c a t i o n p r o g r a n ' s , i n i t i a t i n g 



f. -

O'-i'' I f "' r o ' i v a i lo ": -^i 

o n J1 i n 4 1 

t o . c r : . '^' , " ' II ) !•* a £. c',. ' )..h , \ L th *" d'u t o coorv , 

en'- ' 'V pr n , « i vi1 I f̂  

Fa '' • ''' '""• ] ' ''"''• 'ni ^' > ion 

andi in*e/ . . . e tt^ir 'TOI leiis ( i . e . p r i o r to 1985) , ;;i 11 

bccu'.e ttta •'» <-pon. ih " 1 i t i- 's of the P'"' a i l hnt-rgy A d ' , i n i s ' a c 

t i on upon c ii^j-L^,'',i ov, 1 aeprov' ] Oa - of the tdaior fune thp i . 

of t h i s eirg-a..! a U i en, ar nent ioT^ed in tl^e Pre s id^ai t ' s jai 

1974, Message, w i l l he to r a p i d l y i n c r e r s e c n e r g / supp l io 

This i s r e i l l y the p r i n c i p l e ta-^h of P r o j e c t l adopcaceuce . 

Within the FFA, the Off ice of F a c ^ v Ri souav^e Dt_/cl otment 

V7ill be aimed a t t h i s g o a l . ' jnia o f f i c e v / i i l i d e n t i f y axid 

develop m.eans of overcoming problems and p rov id ing i n c e n i i v a s 

for t h e : 

Developaient of Dom'^stlc Energy Sources 

C o n s t r u c t i o n of Rela^ed l a c i l i t i e s ( e . g . , 

r e f i n e r i e s , power p l r n t s , t r a n s m i s s i o n 

syst-ems, e t c . ) 

Transportation of Energy 

Conversion oF Energy Sources to move 

Convenient Form.s 

Utilization of Energy Sources 

F u l l Con^^iderit ion of Envi *"oni<ionta] Values 

Elian n a t i o n of Rc;,u].itory I'roblem^'' 



'aierpĝ ' p.p-"'*cy , pp'o-al-h-is. a' 'aid renal'ps into all 

areas cn>: gesV'Pcan.'pa:.. -. .,r caa-ra.ple, ii anconrp.'i-:ses baildia.'g 

codes, laPv'i ron.aa filal matters, i iitajme tional aspects, etc. 

And it Is iTnportea. L to cerisider the ii! reacts of enerŷ v 

pol.icy an sucli diverse graeias a., faii.ars, poor people, 

aPxd hiisiiaessman. Therefore, even after the formation of the 

FEA, thc^i m''y still be the need in the Executive Office 

of the Picsident for an FEO with responGihility provfaing 

coordination across the Go*/erair.ent in matters of energy 

policy. This office xvill deal v.'ith a broad range of policy 

issues including those related to Rcda. In particula-*-- it 

will coordinate the energy related programs of EPA, KAS/i, DOT, 

DOD, NSF, DOC, DOI, etc. 

Enc-rgy R-'_ŝ earch and Develonm.ent Admii ' r.tration 

Also with Congressional approval, R&'' programs to 

develop now technologies which ŵ ould have an impact in the 

mid and longer term (beyond 1985) will be the responsibility 

of the Energy Rc'-carch and Developm.ent Administration (ERDA) . 

ERDA xvould include the research arid development as well as the 

production functions of the Atomic Energy Conimnssion, along 

with selected ener«;y R£;D functioins of the Department of the 

Interior, the Rational Science Fotradation, aTul the Environm.ental 

Protection Agency. Thus, the agency would bring all major 

energy R&D program?; within ttie Fcdca-al government under one 

management strueturo. 

http://ra.pl


]j ••> n ' -, 1 ' ) i rct s 

A p ' .' ( " I ' o t " 1 I V 1 r , . I I I 1 1 e d 

p J ah A " J n L d -• - ,, 1 " I n t ^ " v s ̂  i c p p a c a , t . • 

P r f S ' d - n t p r_p ' sp i t h' e - tp i ' ' . i i : - ,.i oc tba; m.-J 6 g •> t p. '-̂ *". 

D'lhR i p a l d inco-•; ara t a m.. -n o i a '" ' - a r s o n s h i L i t i c s of t h e 

Dc ] n r I >. • t u 1 t t . i 111 , n , •• , , I ^ . . , . • . , ! . , t _ ' . • IK,>- P_ 

Scrv^.ce an'l c f a l a i n \:'tec rcr.our'PS ^ n r c l i ^ . n 3 of t he la p a r t -

Diont o'* A g r i c u i c u x a , t h e a c t i v L t i e s of r h e R p i i o n a l Oceprdc 

and A i i r - s f h e r J c Adriini s ' r a ^ Ion of ' h e Denir'-T^>nt n^ C o r ~ e a c " : 

t h e \.txtf-r r e s o ' u ' c r p l a n a i a g f u a c t i t n ^ . of t n a Coipr t l E r g l n ^ 

t h e gPxS p i p e l iiH' t . a f a r y i n a c t i o n s of t h e Depart meat - f 

T r a n s p o r t a t i o n , and t h e \ . a t e r R tP 'na rces C o u n c i l . Dia-ai t o g e t h 

i i _ ^ • • . . - , . . __ - l i e ^ • ' . T . . - . - r ^ ^ - i 

departm.ent truly capable of providing a nucl needed balance 

between the v/ise utilization and cer-efal conserAaatioii of cur 

Nation's precious natural resources. 

Once DENR is established, it should incorporate the 

functions of ERDA h FEA. 

Near Tern Uso oi V-<^othe: 'aa''_Energy 

Naturally occurring g'eothernal steam is today generating 

many megawatt hours of electricity in the United States. And 

with proper incentives, geotherinal energy could be asod to 

generate substantially more electricity in the near future. 

The Geotherm^l Steam Act of 197U is pn example of how the 

Federiil Governricut c in stimulate piivate iLidustry to develop 

this iirportant resource. 



h'e t.. " nco'^'" L K' b / t 'a 

1 f Lf e\ I a -LP t P'̂  i f R ' p a I 

t"^i/, ĥ aJ. ~e »ve „ c>" /A. 

Pf PI P C a t, " 1 , » 1 1 , J. ^ 4-,. , 

$.,8^2,000. This c S3..I '^-rrn-i' o the p'rt cd the 

pî l̂ a.'̂ e in' « '-y of i' <- cf^aatr ? In gi h e — ^ ca j gy so^ --̂ -̂ s 

is ind*e-,ti. i o lb • . olc ) I ^ nl r -"s ̂  contd ,~iay in 

the ne^i tfa " m staci il n-<- of th country. 

Howi YC 1 , the I'-ê  i ng c f Rpda al 1 .d.s d o r •• ^.^LIJ not 

insure th ̂  u<vtlop p, i of caa i.xtcnsi\'^ , ooth ̂•- ai pa or 

industry. Ihir>' larri s still reiriin. includi'-i ^^ -̂-t .pf 

an ir.p ti tUL • ̂ a-.1 as ua 11 as "i i. chnolcp J cal nature, and 

further Federal incertives m y be neces.-jry to cvarco-^e thee'> 

bairiers. The Federd Ener« Office nj,ll be eva''» ^ting tl ~ 

financic 1 incentives or reg^ cory cha-iges that ^ay be 

needed to sfur the rapid development of our geothcrmial resources. 

And we expect that, wm th Congressional approval, the Federal 

Energy Adhiinistration \7ill apply the incentives selected 

in this evaluation in order to allow geothermal energy to 

make its fullest contribution to Project Independence. 

Longer Tt rp' Po t em tial o C Cc o thfi-n', 1 Encrggy; 

Even thou['h we expect geothermal energy to contribute 

in some micasare to the domestic supply of energy in the 

1970's, we recognize that the full potential of geothern.al 

energy can only be reached if we develop the technologies 

to oxtraci aaerg.y frt la^ -late coi'-̂ ieju goof ^rnal louii •̂' 

u 1 I ' I 1 a 1 r ' t 1 

I 1 (> JT 1 . 1 ' V a 

a , ' t" at eut, r 

t ^ , 0 b .,.' ^ 
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h.T i-nrc; ,, id '̂ ry hoi JC-.R f . *h < > - ' c. . ( -

A 'f--" ^ 'd . . >, h' . -n r^ ti. . ] I . . Aw. 

r«d 'il ill p. • "> a.^ol-ru"' A. 1 '-̂e r'.-- ny lO . u„, upp ~e 

tht *>tfnsi\'< I TJoriL^on, ac-s -^ ,^]i and '^lo^p.pnf HPied* 

\jill be reepa-î rd to bring thrbf ', chnolo >, .--̂  ̂  to tin point K1 

the President A; 1975 eaa.gy bu at, $44 A/ million w^ re 

allotted "or scothc"r.'' eaei.__y research and dâ '̂ -̂ lor -̂ t,. 

However, th-> thrust of this cfiorc is so"P-vhat differ,-nt frm 

that of the proposed biil and I wil"" novJ di-eass op- vi < w ^ 

on h.R, 11212. 

Corments on IRR. 1121 2. 

The geothermal RAD agenda proposed by che Adiinistr 1 ion 

will include c-aploration and assessmient of i<->'^ veritus * yi-.es 

of geothermal resources. Geopressured systems and hot roch 

formations wiil be included, but so will a variety of 

hydrothcim.al systems. Component technologies rill be developed 

for the total spectrum of resotirec types and pilot fecilities 

for several types will be planned and some construction will 

begin in FY 1975. Considerable attention n'i 11 be paid to the 

environmiental factors associated with geothermal energy 

devel opnicnt. Participation of the USGS, NSIR AEC labs, private 

industry and universities is expected. 

file:///jill
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'Atii. Oi ( ',aa"' , ' P ' " ; •'•, pb/1 ci ' p ' t r tPiP •' « p p ; rf ~ I.-TI o f thc" 

maan'- ; -ed^-r ' ' l ' . n c A en p , e r n e d "lis ,>'~'\i i >p'il enp 'Ppy a ] a p • 

w i t h coipsul t '• •; i :::K' [ - j V P t c "A- , a r y ap.- u a i v p - . A t Ap] . 'A 

s u p p o r t i t i n p r a f e r e I Pt- t o H .R . I 121 2 . 

/idep-|Uc egg o f rrpTP2^ie;l_rpa. -Z l''JlIlL 

T P - f . ' - ^ , r - - ' a - 1 p . . a l i m y _ ?̂ RO>T f o r «i Y<'' ' 'rS -

are less thaoi tT.Ace tuc f" 'ds trap c v7ill be lafedod in thc 

flr.̂ r yeer alone of th-.- Ad.einis aaa tien's program.. Re beliaee 

that thc fuadiap proposed 03-7 tac Adainis ereition is more 

realistic and v/ill re.arAt in more r.̂ pid soinfjon o" -ha 

problcp-s curteatly preventing \'idespre?d etil iaetion of 

geothermal en'̂ rgy . 

Length of Time for the Pi-p>-?ram 

The production of electricity from hot dry rock will 

require the developm.ent of exploration, accessing and 

fracturing technology as well as suitable power generating 

equipment. To assemble a conmiercial pon'cr generating system 

which incorporates all these aspects could require a period 

in excess of 6 years - thc timai frsme of IRR. 11212. 

Power generating systems for the various resource types 

will have much common technology. We believe that by 

building plants to generate electricity from certain types 

of hydrothermal systemis, m.any of the problem.s involved in 

utilizing geopressured and hot rock systems will be solved. 

Conseepient ly , an int opt atcd and comiprehenr LP'O geothprmal 

prug,ram, as proposed by the: Adpp^al. Lration, will |;rovlac a 

a greater utilization of geothermal energy in a shorter p' m>d 



t h t C ' I • . /(. ^ ' T I 

J n r p R ^ o r p e I t V pe t " ' * j' 1 o^ [ t h . -- .1 

e u i J i a , i t • 1 ' I d . ' ^ i i ' <- t p hc.\ P a c e n t r ' l i / c c l F ' r a l 

O J ^ > ^ I . 1 ) . I ' " ' i . A j i h i * ' - -̂̂  ^ t - o L J / J.-. e » 

x ^ A h i r ! e . v a r a l l a -̂ pp^ .. i A l a t . h^. t e l l e - i t h e 2aR li ' t r - i -

' J V a A'- i f a p i , c d t . p'-/ pr A / p pdi eh i n e l a ' A s £ EA c u ERbt 

\ 7 o a l d h^ LAI^ a )f I s u i t a R l P 1'd n i s _ r ' a i " --• a-,̂  ^^ orq "r -

Br-cau. 0 of tac v e - i e t y of geotl ^ 1 rcccuT-c s, 

enco gr '~irg A a i Mely e-̂  la i t a b ! • t r y sta.im. f i e l d as 

w i t h c o i ' l n u i t y bet ; .aen t i c nea r t e r - s o l u t i u u and ''. ^ ,,> j-

term, r e s a l e s i s e s sc i i t i a J . C e r t a i n typos o i geatheri . s i 

resource ' s can be t x p e c t c d to be used to meet a p o r t i o n of thc 

N a t i o n ' s energy n eds wi tl lAi the next 5-10 y e a r s , as I ha^'e 

d l s c u s c i d . The A \ , ^diich tms bc^n proposed by the P r e s i d e n t 

to r o p i d l y i n c r a s > e energy - a p p l i e s , i s p roprcpared to i nc lude 

g c o t h e n i l energy r r a e g <̂ ho,<e s o u r c e of domc^stic energy 

supply n^hi ch i t a i l l seek to deve lop . On the o t h e r hand, R£D 

on those geother iPi l sources Tj'iich w i l l be e x p l o i t e d in the 

longer teim, would be c a r r i e d out by ERDA, upon Congressi oinil 

approvcj] of t he P r e s i d e n t ' s p roposa l to c r e a t e such an agency. 

I'AIDA va^n] d incJa ' ' ^ c ad t - j nd on x/urh pr"sant ly being conducced 

a t s e v t a ' i l AEC lAei. i i L o r i c - , cis \ , 'ell ^^ the <U"'V(̂ ] opmt_nt e f t o r t 
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o i a f f 

I t a 
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a; s ( a ' 

1 ^ 
J J 

i .« " h i , . 

I t i i l T "> ' - i , I . ! t 

. i /e ' ' ', f . i /111 ', oui th'^ . a ^ I 1-

. ry lo ' a . u r c ' bi t gcot 'a i s i 

.if .' ' I ' A 15 JA '' ' ' t h r P. 1 i o n ' s 

i s o i [ pi "eriii L 1 ' 0 idA i P r c " A " 

( .aiea a -"I'e U . S . f > o l o g i e L s n r / c y ) 

w i l l b c ^ o r e l y e-^c^ df a ' t e'^ , ; i l i ) t li' p r o g r . a s of Ed" t . c^ i 

mcat ior . i -d , s i ^ l i coo rd in ' on a i l l 1 p , r t c i tf̂ '̂  r-^ 7 • . . > ' ' ' i e s 

of t h e rpD. 

C o . ' p l u d l " g5 2_prRs 

In conclusion, T woult' lik<- to spy thjt vje at ch'"' Federail 

Energy Office agiee \jith Ana s d-̂ cc -"iiceA VAP-'PG tbpt the 

Nation's critical energy problems naaire P a^.tional 

coiiimitm.ent to dedicate tha necersr.ry fimncial i-esources and 

enlist the cooperation of the priv.Tte and pul̂ lic sectors to 

develop geothcri.aal and other non-eonventional energy sources. 

We have indicated the Adrd nistietion's desiie to be just that. 

Moreover, we heve describedi the fune t ions of our current 

Federal Energy Office and the plana to form new organizations 

with the capability to handle thc nĉ ar term, end longer tern 

energy problems of this country iii a coordinated manner. 

We are fully piepaicd. to m.ove ahead \7lth these plans. 

Hovjover, we need the l(yA ] itive tools prap'";ppd in th^ pec-a e 

by the> Presieh^nt and \.e < i .-o' , i a- a yoiu' p)gort i ! • 
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I H P dj C I' 1 1 1, ; ,A 

3enU'^»y j R 19 7 1 

M r , ChairPiti i and »"hpnA-( m ai di • A s a o p a : 

I f g a r o c e x 'I p rppioipi in, / LI> (K'P ' . 1 o'^oie yae t( ' A / 1o 

od In •̂ -s All" A rpp.t . a !•- r aas of t" ' A a i ^ a ' d .an- p , - • - ,- < . c t 

aad. PL, ^ele., mea t ', a i ' '~v , 

Fc,. ' ' a1 j( c t s OT e b e h r j d i . e. psoel mare c .xtaapiveh/ in t h c 

TJailed FtPtr-- iad.^y t b o a t h e c n a t a v s i t u a t i o n . Aitboued- t h e 

a r a l y s i s i s not co r i ip l e t c , t h e c o a c i u r i o a s d'<- Ae . - i : V. L m a s . 

r e d u c e eii'^ray dcnasad caid incneu&f s u p p l y . T t c s r n ^ p r i r p p m.ast 

b e cons i s tPP ' l w i th an a c c e p t a b l e env i ron t iCn t , c o n t i n u e d ccoaorruc 

h e a l t h y Qdcquiste n a t i o a a l s e c u r i t y , and t r anqu i l foreign i c l a t l o n s . 

Howe-ver, be fo re I. come to d i e doAsih; of ova Energy R&D 

p o l i c y , I would iilcc t o r e v i e w our o v e r a l l a p p r o a c h to oaorgy p o l i c y . 

EiAAaXshL^d'' ' '^Rcdi^po Ra' lay Pe)Ii^v 

Let me s t a r t ay ou t ln i in ' j t h e f ive - fo ld a p p r o a c h w e a r e 

takirrg wi th l e s p t x i lo e n e i n y p o U o y . 



I I a 

le^ a . 

. , 1 p . , 

top~l lif d' c a a ^ L ad '•i-i ' - 1 --̂v ' ' i i ,] A> I 

p .I ' i . L I 1 ' 'A . ' . 1 1 d "c 

luri t i l - d 11 . c Rp ic ' - J iC .o 1 ' a 

jir.noitdiL ., s , t ' 1 ' a s •'t ' p ' try ^ ^ . aa ^- - • . , •-

suffnaieppj . I jO' cl "f t a d ^d. , '. rn L , .v <̂  - f* i rl \ P ' ' 

t h f Cl ' ' • t i ^ 1 i . a i I ~ ' t \ I ' ' V a 1 . J / , J "< ^' 

K . o u r c e s t'"' . ItimL-^R' b n ,a t o V <h^' a h ' ... ^ -̂ 1 t I'f,^ j . R . e . 

>e s p o n s d iJuH^' , U " i> t a t c -ne 'v o r u u p c t i o a c ar^ a u P t e d , t h e 

F e c ^ M a r i n a ^ OAic t noj] r i o v i d ' h A c r s b i p aad coordu i t ion m 

CD'"' qy rf^attc^ . . 

St Qpii A w e rnu * e s t ^ b h . A i • afnnu.u^rA " c o n p c r \ a a o a 

cdh i c " in tl JR> c o u a t r y . V7e hav ' A . p. t o o e oav ' e i e ra . iii oar e n c u i y 

c o n s u m p t i o n p . n a i n s . 'Vdii 6 pc a . a t of tb - -- 'r. 'Rl's popul ' t i o n , 

vet consorn ^ ' poic^^i c f t l ie woi) ^ ' s e n ' x q y . Tba> n^cent e pdaamo 

hcis forced e ' o i etiia a t i n s c onsu. i LJOU a a .v , but e v a i mniv 



l opg ' - t i - !P , (-onp^^ a(pi e>., ••.: p j / w i l i a 'if': lep/ '-'it ii; a r a d a 

ticp-i c i" ! • ' . • ,._:"' ' ' . . -c , u. •" • a r .'p • • , ; : -p . a< p , 

eia\' '. i : 'P ' p 1 a p , A , ' : '.,• A ' • i Ji.. • ' t ' ; 

t! p!-p ; , ; d . , . , ] ' ._d . . p ae , p • e . . ;'^- •.. : •̂- a' i a . '• . ^ . •:•.{ 

tejiw.i z . 

TjApa, wc rpust push :arv-_,fd la id • p. v ! ; r . a a e: (xu 

dc tnep t i a e a a r y y rosour-cas id-poaph iaxgacl AaicPvPajprpa^.. iPie . 

i n c l u d e s fa r ther dep/cle)pnieat of oil and q e s in Aias lc ; erri liiO oa te r 

c o n t i a e a t a l sbe l f , grcaner u t i i l s a t i o a of c o a l , of vdAAi we h a v e a 

s u p p l y unnia tohcd by a a y o ther coun t ry ia t hc woile: , far ther 

deve lop i i i aa t of oi l s h a l e end raiakp^r power , aad eid;:? d efforts 

towarei davaA)pmcnl of geo the rnad and so la r pcxper. Project 

I n d e p e n d e n c e mus t ba a twei - raonged a t t a c k . Ri t h e s h o r t - r u n , w e 

must both exixmel l a o d u c i i o n and exp lo i t untai)pad r e s e r v e s of 

oxist i r ig ene rgy s o u r c e s , bongar r a n g e s o l u t i o n s wi l l IJC provided 

l̂ )y thc! deveR:)pmeni ot new and ep-dsling f i n d s . 



devedop lee'dpip-.pp- p;: miaupi sprf-pa^ cfp.A, td 

j j i c a c '"a L n ,.', .'^ • ^ . I . p 1 , . 

We heap t<d;:ed for yeean ah- ' j : tha g; cxiarvAe.a ô  od 

from our ail fdaue. Ihe ra are aa ewtimataa ] t r i l l ian , 600 biilienr 

barrels of edl in the shedc; rP5P;ui-cea; in t^ip ff .S. , ci!';d ip;:"t tAe)se 

rese rves that we presaaUy know are exploiadela coaJd talisfy our 

needs for oil for decrtd:;s. We need an inerpased effort f)y botl"i thr 

Pedaial govorniaont and private iadust iy to eR.veRip tla^s poteatiPlR-

productivc r e sou rce . I am espec ia l ly ene-oarcigad !)y raaeat proyiPr 

in the in^sita p iocassos for extracting shalp olio idn s progress. 

sugges ts tliat it may l)e poss lbl f to prodpacu shale oil at Joss than 

the current cost ot idaadan Cailf c ; ade . .ln_pidp exteaerlaein should 

a l so irave minimal ing-xict on the e-nvironment snd its d(^-vek)paicnt 

must bo ence)uraged. 
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< I t ' - V ^ t ,, i d 

-f w ' . 

' ( ^ C) 1' ! Il *^Ot 

bro . ' ^ n a a b )W_,iam a '-h • '., e i- Wca*; l iqua" r n d .aa ' vaAicj 

b . o r Pi ) . . In addAivPi , t ' p n n V) rrn&t i c a t( w n a . 

tl Pi ai "" a "'t^rits ui b a ' A o _ P , *' ' I ' ' d . p^ ' . 

cnv j io . 1.V.I to J. M, c t . 

W e bav"- a h e . J p a i fai , . . s cdaort e ^ ' loos . 1 of 

s u e jp"" a a 1 / d •-•pp rP. ' s u r / f ^ s t o few d fu'-' - •- u ' c n r i m o -

thc i . pa l a.ai roRa e i x r g y . lea das n-• t d-"f--de l a i . u p r \ . " s 

a r e s ' l l l ve ry n u ' - h in t h c r a " - a i c h and d wc lopm pi s i c g a of j .ov . th 

and the*' couh" not c o m " mtc w i d e s n r e . d u t e un t i l af ter R!90. 

Al though v/e h a v p t o i n v e s t -n the d e v e h i ),ront of t h e s e cltea n^lna 'xs , 

GUI piiihciry f o c a s nov; must be on n e i a m te rm mecnpiras foi i . .pauaiiig 

e u e i g y supphi . ^ . 

F o u r t h , w e mus t forge a now r e h i t i o n s h i p b e t w e e n Covernm.erit 

and i n d u s t t y m se^veral k e y a r e a s . 

m The m t o r m a t i o n wc now h a v e lo woik wi th i s not a d r g u a t c 

and I t s r e l i a b i l i t y c a n n o t bo ch(>cf e d . We must develo i ) <' pemnin'art 
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( y iaP)« - "II st< r, ' >' a Iwii . Ui i' ai tii ' a n " a j m f / 

i d _n b f 

J P ' ' I O P f / ' l<i 1 

' ^ IK. " t l I i t ' ' . " )'•< p j , ^ t e d 

new qfarprrxi.Ma ' a h " xa t h e m ' r e -

a a y . 

© F i n n R / , t h -• I . p'l l-ô  a n^ v.- paAL.pe'r Aiixp ' ) e s s u'-. ' t e 

de^xRig .(Ji t , r^wi "-Tie a pj u use of Ou'r d". P'Stio c " n,y s w f - ^ s . 

And, novAi'-j*. \ ' A iha i.ued f^i t ha c o - v nn t fda>no o v d ' iio 

Govern a.crd 1 w r r e a h - r thu.i in ^aiCigy r e s e l l ch a r i a na R>i .n .i. 

If wc . t o si e t h " sucoe^ sAil cull ma i oa of Piojael Inder a d c i i c e , 

t h e Pt, a l cove r iunea t must woik in j-- .Ane r sh ip " u t h ' ^ i i cncen 

i . i d Jb* 

For t h e l a s t f ive y c ' ' s , t h e F r c s i a c n t h a s p iov idcd kr a 

c o n t i n u a l ê - n s i o n of oi i -^^^forls ni e n e r g y l e s n a i c l i and dc^a j o p m e n t . 

P e d f i a l fiuiv , n,CH ^-scd i ip)Ost 75 p e i a e n l fu)ni '̂ '̂ G2 milRon. in 

f i s c a l yeai 1970 to $b72 m>Rion in fi ( ,d yea r 19/7> and w a s Ihcai 

r a i s e d t o $1 b i l h o n for f i s c a l y e a r 197^1 . h a s t June- the PiepRU>nt 

a n n o u n c e d a co 'pnn lm^nt lo an ( von nmn p n ip id e.f v-.deiaiion e'f tl is 

It 

I , . s P1 

fv 1 tr < 

(i( Ix l , w ' I I* 

b ' ' . 

r ! a X ' t r t 

t ioar . l p we ' ^ ' 1 
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cf i o i I Aa' - . ] ' 1 A ' Adi 11 ,p 1 t d { 1 1 ; 'f 1 h w •>•. d w y < 

, T'li " n r t >_ » X u i'' { fi ' Pi . 1 

U u PP ( 1 / P 

A ^ '̂  A a ] 'P / ?2 J ' 7 % d i p ]'. . y . a i l XP^ 

t h a t in A 1 > ' / - t i g , . t , . . s f i h f i \ i \ ' s e a a t p . ' i f A 

pa^gr^ ~, t o < ( < ce>w i LI P I e a d I ,. . e n^ i ^ s c p i ' 

d e v a h ) | . i . t vxA inri>„f) r p ,t) $ 1 . 8 ^ 4 c a , ah ' e t ^ ' o a b i e dp-

it"' V ' o p Yi:>r ,, q IS ê  i 'v.aPi t h e hc„ Pt S U P ' a as i^ h a 

r e s ' x r "d r a 1 'R _le y c .t p >' j i i r dia* , / ^ p ; c c In'" v . .^1 , i 

saffii. a ' a^ la en y . 

iiil!-h_. wo IIP"', c^'Xjgpfp 1̂ frame, • - . of intciPPAoajJ 

potential iiTip=?ct of cue 'gy sutipiicps on the world ecci Î'̂ .y is 

staggcigng and v/a r .ust \/ork tocjithcr in d( \ eloping «. acrgy lesourcas 

and mamtaiairig a healthy wciJd ccxmomy nr which cneagy expoitisei 

and energy impoitina nat ions piospcr together . Greetor coopere^p-^i 

must 1/'̂  inAlated e>n repscarch ino jcc l s , new ways to conseive en...(Qy 

and most important es tabl ishino energy p i i c c s . 

In thc context of th is pedicy, I wo.dd like to sammaiiza the 

propored Fedeial Ine»gy RAD Giqaniaational Stuieture. Then I wdl 

outl ine buefly oui slmit and longer range Pnergy lAdD geHils. 
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If n d t t 1 ' 11" 

Diogp-ipr , w. d.ipp' V 

a ' CPe rg^ , ' : ' 

\poA> ii.c e _. ̂  

Pr " 1 r,^ 

Tlu df) rnc 

iniI ' l jueujpf • > 1̂ 11" i < 

r e s p o n s i b i l i t i ' ^ s of t 

s i o n a l a p r i p v a j . O a e of the majur funct ioi is or t h i s org pRaead.on a s 

men t ioned in t h e P r e n d e a t ' s l e n n p r y 2 3 , 197 i , W e s s a g . wi i l he t o 

r a p i d l y inci an so ene rgy s u p p l i e : . T ins i s i cdUy tho p r h x d p l e ta.sk 

of P io jcc t l a d - p r a d e n o p . Within, t ap 1 f d , d ie Office of Pnergy 

R e s o u r c e Deve lopr rxa i w d l b e uar.^d a t t h i s good. Th i s off ice wi l l 

iden t i fy anel d e v e l o p modns of Ov/ercoming pi obi ms and p iop id ing 

inoout ivc s for t h e : 

1 , ^ 

I 1 

, '.A r.ieri i . iSp. ma ' ^•.j<a 

1 aCTs_ K'* cr 

w . : j i f a- ' , 

ip d'xw )i ' Ui d c n l xp 'P the no ' pad 

1 . 7 . 1 1 .-J ^ . . 
. 1 , 1 n r , 

Jie 1 c-deial hn> igy Adm.iaxn a A ' P i .< < coa 
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J ' ^ ' i ' w •• ' w a d 1-t 1 5 .; ! w •'i a s p 

rai ' ! ' V. , u-̂ it. n fioij I t wt'", e t a d i J L i i "̂  •• 

CO I ' J th^ ii I '•• .^ of o a ' ' p y i I -• y on P K I I div^-j t i o u« 

furmei<-, p î i - 0 | ^ , end a u r ^ s s m e n . • â , i fe e , e '̂ ii .Jtti < 

formai ion of th^ FI , iliere riuy st 11 oe U P n^ -"J m ihe 1 . outA' 

Gff iae of th I d ^ s i ^ 'd > < a u O w t h u i j . . d. A n y A>- t wa leun 

c o o r d m itif 1 aCP-'^. t i Govern i .it m miR^ i^ ^ f i a^,! ' ' ^ R - y . 

Th i s offieo V i l l dt 11 w i a i i Jjie i l i c a n j c of poRcy t s s a <• lacJu Ui 

t h o s e le Rn i t o Rd lX Tn j m c I n , A \v?i!l ce) xfiineti- thc t n^^rg / 

r e h i t f d pi( n a n s of H A , ^̂  S^ , P O P , D O O , Rf R i ^Ot , DOI , ete 



10 

PciJrutmexP_ ofA'Piagvj3]al__TaQiurc:d iĝ  g pP^gp; 

As tha longpi-run solution to tha rppuy interralatad problc:rrs 

in thc energy and nuturel resources a rea , thc PresieRpP proposed ti^a 

cstabl is lanent of th i s now department, DdAK would incorporate most 

of the roKiionsildlitiPS of the Department of the fntennr; the 

ac t iv i t i es ot the Pon^-sl Service and certain water resource functions 

of thp P)opaA,ine;nt m dgricidture; thĉ ; ac t iv i t ies of the National 

Ocaeinic aad Atmosp'wric^ Ad!aijdsiii!tie)n eif tiie Department of 

Goamuaape; the wale"- tearourca pRaaiing fuaations of tiu^ Corps (_)f 

Engineep's, tiar gar. Pipeline safply funoticinrj of tire De-partrnant of 



I I- f 1- 1 e . , ) ' . ! a a p 

O i ' duli'^hi d , IT r p ^ald n cf rpc* t c ti 

C D ' ' 11 

p. a 

e'- ei < e i ' , ' '. i . e •> - t , x 

f i«op^^ 1 a t c " I ^ ^A)ia . J ^ ) l ' cy . 

Ad ' e t P ' . t o vic__ g , o . ' ci c>' ' P r c ' w y ai t e - m s 

f̂^ "^.tt . a a ' ' e xjn n tb^ ^ 4 ^ . /̂r R̂  ..S j ' . - - c ' L; to rhc 

nod 19P0ds, arxl \ ,hai . i ' u t b^^ d o n a m the 1 . ~{t^ i , p^ '- n I i p r 

19802^ .__̂  Tui Rd l ) ^ua i a i e s a'^'\u,) i nc fe < 'R . Rag wi h die sho ^-

ic.nge e re in , e a f i p l a. i the t a n - a'- tho-* g p i o p . u l c fo! th*. long 

r a n g e , and sp I wi l l .li o n s s ihetii .,. f a x i e ' ^ . 

S h < > 1 UlA" AA-.d dd. 

In t h e sho ' t - pp ig i^ oui pur r a y t) t- le ms ojl anei g a s . 

H e n c e , our a n d e r l y m i t r c t e g / f t ! d( c ] jih t h e sh( i la--gr i s : 

I , To (1 aouit> lO I ê a ( ival ieai ai r i suiu . , bejdi by 

improved t aehnoRiqy u .J by j >rjaRp.ojy a c A o a . 
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I 1 

J 

i a 

i f 5 c 1 n ' '̂  oAi ' 1 

b o h fl ' ( «̂ -̂  f . ( V w n 

1 e » • ' i f i c P p w t ' " --

Ipr ' 3 • 1 +x 1 1 I / 1 o '"tia 

f ie ld I no gi<! dj e x p a n d s e>--.Lie i h> r p PI J s a .^, 

P ,t+»o 1 ly r tl G P f i G 1 ^ata^ ' d 1, 

Tlie u I I WJVCW ! »l atid ci<, ea, Pee n ' <• 

b c n e p d i uJ QpR . f e nt ipcn" 1 Pholf ona p m ,d a -' a^ . w^n 

of t h e a a r i j ^ - n^c . cuy io i 1 e u s s c R s i A i c i c p . . G tl ^ , i- "̂  at 

t i m e , w u ie w o ' o wath di lAji t o l a c w a i s e the oc e a g e h a d on 

t h e Oaw^i G o r . , i r c . i a l Chclf a 10 'IPIJU-^ r l e c b o P i P i M in 1"7'), more 

t h e n t r ' o l i a g \ dx i ht d orKjua A i y bc^n [ 1^ n o d . In (r- - S j i i i e 

amor a t of acre u ' to bo Icci ' 1 wi l l b ^ •" s t d on n et a 1 , ano 

on i»KJ\ s t r y ' s l a c a d of p rf-̂  a m c o m c pR>.ing an 1 dw v^R)""!! e R a r e s . 

In con t r c t n u loi l c > s p s , w. wi l l a l s o A wodn i j v Pti lAJI la n 3vÛ » 

t h a t t h e proper con . t i t i v e 1 .ding pie ce . a e s am <"olJovnd and t h c t 

e n v u o . n m nipl 'af< juawis a a a b s M V c a . 



AAantic â  _. : X ••" â ahxe , u 

•P- t ; ^ . . . . 

i . . c.eiUj, ' . l u uPi; KJKyCj p;a_XP<';P, V.P; Pip :ri P P J V C r cp ' i p J iv 

to cxpR'P '• p I . prp, j \ III Ataakp, R d R. .- ' OfS. . ' .• X" 

while aa Aa :,]•• a •"! ' . /a ia l ia- waa n c * . G . . - • i • - , , -

enough. R; -xldiP •-• "j t-w huge oil r ese rpcs in the du'::> giugf c^ 

Alaska, there are a l so gas rese rves there of at leas t 26 trillion e..d R: 

feet — enopglr to hcwt 10 milRoa homes f'̂ r 20 yaar::-. P'r; arc x-. ^,-'g::c; 

with DOI on e study thc Presidcait direeAcd to datermiap the rcp ' ! aa 

future Alaskan oil and gas pipel lae capecRy incRiding the best roates 

should they prove neceassary. 

I would mention bore a l s o , tha extiPictioa of oil from 

s h a i e . This can be done nov;; the main quest ion is can it be done in 

an envirorimentally acceptable manner? We must give this matter 

extensive s tudy. I v.-ould hope that even in the relat ively short run, 

the resu l t s of our ounent research v.ddl enairde us to extract signifierant 

amounts of oil froia shale without doing serious damage to the 

environment. 



1 J 

iuiich Co G n l l i i cn hi Ic i >.i izy ihrouqh c .^rc' - .b •' ^ '<",. - ? ' 

La.ielo P.r c'dy throu . diiccr i p.L-ccMicut of iJ> ^ . . ! l!' t 

1 inill^f^i hin.cls per Jtiy in icc i loi.Lial aiid comm.<-cnl f i)dCG h.viL^i g 

(prim-iJy tluojcji h e c . pumpf^) ead 3 miDion barrels v r day in ir.-

dusti in] jro-i s ' . e s . 

b . Craivt t-sioj2 fvf io<J_ 1^110Jiq'jid_P_^_5irid_napî n__. 

Techniques fur H q m n i n g und aosifysng coul air fairJy v e i l known. 

However, ui ^/-nvu J those mcthudb <nc oq-.TiGive and vv.ll requiic 

further duvdopmonl befoie they hf-ome coi .r.iei ciciOy feasibJe . If a 

crash uroqi.^rn U, H n tcd now, w,- jnlcihl !-f able to ropl ice as much a 



S f i i t b . ' 

H) 

» 1 . G . J . .' 

U 1 LH I'l h 

f S I bi ~ o f { .. t. ^ - I . . ' r >, 

' S C ] 

' b I .' 

! • I J • I '1 1. 

C , 

, u b -

> .^ l u ; 

J i . . . . O O S 

rm^ , tl'a If >-.,H' 'My. -b , fA,r< : C*- lYK-lr^F:, I ' . c t o r s , 

1 " K , t l»0 . Li) I "^'^ I . U , J o h M » .' - i l l d t i v • i .-.t M IL t Ji. >V'. . 

iatbor r cqu jv ..c.it may it, ;L. lo bai rr î v c r k on .• . i,n tin*' . j b i n a n c . , 

Slttiivj b&o ^n iruiiobi-tj. I cjpir.cnt r i ova n u c k a r . i trdLeg/ >>uce, ir. 

t h e cJji c c of a ratioiCil s i t jno p o l i c y Tor u u c b , i l euc to r r . , t h e 

nncl(MF op t ion n. ly b e j r i -n r d u o b . . \ b o ingo C^-'ry^iGS to cu\ c 

Cc>rcud r o r £ i ( b iw*io;i lo ib.-- uiiCiyy f .cilitb-^s sMoi., b i l l vbjcbi v/o 

w i l l Ijo .nbit i l ' - i i ' i ill Lbe n> j r futni io 

4 , f i . v i ' k ' n i ' JH , 1 1 ' ' . ! o n . ' 

In put'"^umj t b a loionin 'j . o ' . i s , h iqb p n o i i l y ni 'ist be 

q i v e n l o ostaL>lLshinn ih ^ . s f J e a t i n o IJ ..si;; t i c iu u o n m e u t a l r u i i ; ; t u ! i n l s , 



t 't^ ' ..' of onr caoryy sysU:;,'̂ , froiu Ihf̂  noD-re'n. •- : : ' : . " u " 

to noji- iossi l fue ls , mainly nuclenr , C;oothernuu, solar (anb so la r ' s 

chib ' '/.\ - hydro, wind, V'^avos, ocor'n tbarniQ; Gr£;dioni;j, ajaJ pos:bbly 

biob ^ airal s o u i c e ? ) . binoc tb.£- Jor3g-r!;rige yoaJy r.rc necorjaarily 

unce r t ab i , we be l ieve that long-range K&D should retain as much 

flexibil i ty as po t c ib l e : we munt nol: foreclose any of our o;;nions 

prematurely. VVhat arc the o p t i o n s ? 

Fortnnately the country is well enc;ovvod with coal . ' The 

chal lenge is to iearn liow to t'/ansforni our coa l . Tl:a chalJoncj-e is lo 

learn how lo translorm our different lypas of coal iJnxjugh a variety of 

p r o c e s s e s into accep tab le ga seous anci licjuid fuob-? sui table as 

subs t i tu tes and re!)bicemcnt:s for dwincbjng surjibdes of r)otro)euin and 
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i > a . , ' I ' 1 . J a 

f a t ' b ' ' . ' , ' a " 1 • J , ' I . I ,. r 

0 • a ' J . P I '•> I ,' 1 T ( , i , ^ . I 

o a i c o ' if \ • iL. 

TJI '^ a . ^ of SO^ IX c i i ' O i j 1 , u I ^ a w a . i ' ' Lhca<' i^rc • , •>v 

' s ^£" \ a ' ' '̂ r a r f ac-f^v ' e c " ' J y i^a K b ( b n f a a d v \A , h e r d n i ; 

1 I C ib ' I b( S;J_ b i - f( 1 '̂ ^ ' b ^ ' M ^ f K i " o ' COLl .a i l , p u b ' 1 0 

• . 1 T T - .- „ J „ 

sun a' c riajor rovicc of en y uati] tb. < is mi c'•> o^ ^ VK.r-,, , 

hoi-.'^b by to 1 -• pTo -iJcC by an opcinnad r^.'^ i ch eb< i l , that cobai 

enero> cdii contiil no tf) thr. ]o,gc scab" laGduction o' eU-utiicity 

and/or sy'.t^iciaa b • I s . 

5. Jb^h i^i 

Theia iiic inan^ other elaiaenir, to b > mcl i-" ad, ^il '-'"ill 

sca le , in the Jona-rani' ' ' enercpy leseaiah i)lan (» .g . , oc(-an gra'dant-s, 

wmds^ Vv'.ives, v iic. , topao g cycles); 'vith 1\ai j). .sibb tat p K as 

they flo not appt a as in^poi'" 'Ot as th* ICL hnolocjie'^ of con; eiaalio i, 



1 1 1 1 ' ' , ' ' . • ' ' 

IK ' ' IV ' ' I ' ) J I a - , , i I . , I I 1 I, i _ i u ' 

0 P ^ V .' ' L ^ . 1 

c n. g \ b f ' ) , J L I Ml n ' j ^ L f ' b b b j '< ^ i 

\̂  e c i 1 c I a^ je ! ' s. (, bnat _T \ a,t iha kn" a . 7( f\ i ^ns , a "̂  ci ^'" ' 

tho.- fi : \ h a ' ' ( i c n i o o a r '•!tai . .oy.. v,, t o b ^ dcur n= .i ' JU 

IF ' 11 '^ ••. i.i i . t ' ' - "" Gt->i i a .. J ..) x l ' ^ •„ L I I a .1 w r̂  

Ecr ious cdfou at u n c o / c r i r g tn- p o n n a-^a s - a . i ! -̂  a .a i ^^i 

a s W3 can whia ' i ol t na ka iu^ irc pro. . i a j , v/luch it-» f a k e . bo. 

vx t h e ve ry long i an our o^\'i: ro a a y a^ j ro<- ed th^ \?or1a 's fatur.^ 

del carls on a floA- of adcqaaLt a o - ' o y . Tbns ' .iU be h-id, \vc Icln ac 

onlv th'<a' d) tlin 1 .d of I . 1 e t . , '^"^ th t onr c e a n o y i s \o\,' 

corianittjn r j toi b' t o . 

Con Ja^_^onf_ 

In c o n c l u s i o n , I v'wdja h b o t o add th b t h e a p p r o a c h towa id 

RM^ should be o n e of i l e a l a l i t v s a i c a it wi l l not be pos.sibb^ to 
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t O I 

d L. t l 

lU^' \, c ' gy 

' L 1 < . A t 

X. 5 f ^ 

-i _f -^f L ' , C L< / I ., J 

<: . <"• 

a , >-• ( 

f i i J T / C ae> L 1 S yf-'^y • 

U i 1 (- ( ' I I. 

c o n t t . lU c lO tas . , a. . 

S» Vf J o d i f . V. 1 a n t [ oJ LC '̂  . a j * i i „ a i t 1 

Tn p i i l l 3 ^ „ a n o a f f i '^ > n 1 ^ j t ^ a i ^ . f , 

t h e C o i g r c s " KL^ b-^cn o a ) J g p i c i i f t o a .u f . >. i - ' ' _ 

r c o ^ a u u i t i o n l a g T - k > t i t n ra c r ^ . o C C I L I > i t v a - . T ' c C c , i a r C i : : « 

C o - - T i 2 i l e a TQi^'i o n t Lf l i t ] 1 c -• - 1 a l i i h F ' \ T e a Lt c n p . c d Ly 

t h . H o u s e d u d i i O : ^ i L ' . . • ' I t b o c i c uj a i i a t h^ ^c la t 

V v i l h i n I h a n r ' i r ^ cu . 'i ^ b ^ l i t o a^^ t j L Lai \ ^ i' nOi. 

p i o g i e s a d c^io I c s o f o , b u t a r j ^ < u p v^ r i o ' l J ' ^ nu..-' b( fi l a 

t\'' r e n a L e G e v ^ n . a i n L C, "^riL o n s O A i cc a ri ac > on l a t a a l ' u 

s h o i t l y . Thr Zi ln j u M i . a o n g l ^ ^ hLgi i p i j o > i ' y l o K e y c i 

t h a a a b j 11 s .ir J u i q.. I b M ' I ' t ' n I 'TL t o [ i ' l v d a t i n 

o r i p u u . a t )o i i bo ^.3\\ < K L i b \j')al'> o'' V o i a t ] ucb p^. iKia iu a . 
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P. "• 1 a* 1 

d i g a Lt. 1 c J 

I k _ 1 k I . 7 

a t . a J ^ 1 n '•_̂  

Vr J. i i . t n 1 ••' a 11 ' a f , 

f c b u > I" ^ a o ' " " _ • I a Gi ' . 

t b p->ir' - 1 a f , - I naa) ^ 

a- a tV 

T 1 ! 

! 3 > r t 

' . 3 . . ' a ' t.M a 

' r ir ( 

f ^^' J^^ a l g - a 

a g . n c x a s . 'J ha Ac . i i i i c f ^ u ' on h aa ]>->cna' •'d c- o j , p i î  , of S'^' . 7 

m i l ] i o n j-or t at r'^ cj o t L ^ . r - l RfO t x t ^ v i t ^ t — (^ I j g . a o k l a h 

c o i i p a i c ' - vc_y f a v o ' a b l y I'xLh I h a k v f l o f •^xni * j \ a o i < l a b e 

p j c v ' i d c d by H.R, ] 4 7 1 d , Jw q a o t h . a l P'^a fun t o n s c^ ^' 

a r d I%LC, oZ coii'c, en ' v h c d i l a d Uy t_ t r u j ' ^ a ' r t d l o > 

At t h i s p o i n t , oFu u t < t cuOv k g u c s t i u • v Sf^th^ T- U JVJ > g 

g e o t h e t m a l d - i ' t l c . p.ncnt o k a d , d m ^ s ' ^th, *h3 ^r a t i un an t h e 

loiicj I ' l l . , I t w aaicl I r-^ t e t k c l i v l a «-r t ^,p t,, ,^, ^ -^ 

E n a i g y Cc^oi dMi ^t aon ai ' 'b . o r,' f ' o p i t no id t h e n t a . f a i 

t h e f u i . c t i c n t o PRPA' i i , a o i d d i t ha k ' L L i i ao 1( iv*. P ' I a s 
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' -5 n a -^j a e 

•^n.ej y a ^ Co a -

<~ 1 1 c 

a t. 

' \ • • < 

f »• £ • 

" gicia) t o 

•'̂  -D t b • 

Laurcfj 0~ 1.- xc 

c%i'alBa^ a t j . - f z.'\ t, i j l a c a " ^c "̂ nc i ^L a O" V C 

wicdi t . t u a i d i o i : . . x i a l a > . < - o ^ i ) v , t t i v , - u ^ ' i j - ^^ ._!» ^»1 ^ . ^ i 
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hit prtviCi'^ Dc'iic:! LI.-rit oi i<nturdi tv-.GOur ues proposai. i.r. i-"w ocpu, , i .i-t 

wo'il'l incorp'>rate i"ost of the responsibilities of the D.'" :rt''.r.nt cf t-̂c 

Interior, the activities of the Forest Service and certein water resource 

functions of tr.e Departrit-nt of Agriculture, the activities of the Nationdl 

Oceanic and Atmospheric Administratior' of the r-p^ .̂ rinira of Lc/,,T.Oi ce, ih--

W3tf;r resciTcc planninq functions of t'-e Corps o. 'nyi!r.\"j, i'̂ ^ las i.i'-'̂ Hr-'' 

zcfii)' T ''r-j:': jf t' f> lit ju -",. ;o' ••, i-r • i r^r 

Ri . ji f •_ . '" ,̂  i l. L' • 0.'. ' . , . :' i > , .1 

bi-'' .,iC.' .•: , . tlij- ... L'lil 1/ ' i: ! i< Cii'T . ' .1 , , r,. I . 

Hv'lion's prcv >t.iS n'.iL't:! r'csntrccs. 

Once DLIIR is established, it should incorporate th, i-jict'ons o" 

ERDA and FEA. Therefore, it wculd bring into being in era agency most 

of our energy related programs. But most importantly, it would allow our 

government to manage our total energy resources under one department which 

will enable us to prevent many of the problems we are currently facing. 

Many of these problems have arisen because we have not adequately managed 

and conserved our total energy resources. No one agency has been able to 

relate one energy resource to another or more importantly to the total needs 

of the American people. 
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I cannot stress too strongly the need for a DENR just as soon as 

Congress can provide it. The present Executive Branch structure must 

be updated by the Congress to conform to our present and future enerav 

needs. The President acted on his own to establish the Federal Energy 

Office on an interim basis to deal with the emergency. If the Congress 

will now give us the first steps toward this reorganization which have 

already proceeded part way through the Congress, the Federal Energy 

Administration and the Energy Research and Development Agency, this will 

give us the organization with which we can move ahead now. But, as I have 

indicated, the Congress vn'll not have fully dealt with the requirement of 

revamping our government for energy and related responsibilities until 

it provides a new Federal department initially requested three years ago 

by the Administration. 

In conclusion, I want to reemphasize our organizational needs. 

I know, first hand, that we do, in fact, have an energy emergency. 

It is nothing less. I also know that pointing fingers at each other, be

tween States and the Federal Government, between Congress and the 

Executive Branch, within Congress and within the Executive Branch, between 

nations, and at the energy industry, is not going to add one iota to the 

solutions which must be forthcoming. 

Furthermore, I know that there is only one way to proceed. The 

nation needs to start, not tomorrow, but now, with a permanent 

governmental organization which has the authority and responsibility to 
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do all that is necessary to guarantee the people of this nation that they 

and their children's children will have adequate energy supplies. 

The House of Representatives has already passed H.R. 11510 to create 

an ERDA organization. I urge similar action in the Senate, just as I urge 

the House to complete, without delay, its action on the FEA bill. 

As the ultimate organizational solution, I urge the Congress to 

take prompt and positive action to create the Department of Energy 

and Natural Resources. 

This concludes my statement. I will be pleased to respond to any 

questions you might have. 

/ 



0 si fr?R ̂ '^'^^ 

TESTIMONY lU'.FORr, fil̂ NATr. COMMllFCl. AMD INTERIOR COMMITTCRC 

iii;ARiN(;r> ON S . ?i.5o AHD ii . R. i i o b ' i 

APRIL b , 1")7H 

Ai.viN M. WEINBI:RG 

I am appearing before you in general support of the 

intent of S. 2050 and H.R. 11054- (as amended), which is 

to proceed v/ith national prototype demonstration projects 

for solar heating and cooling in houses. However, as you 

know, the Administration is opposed to the bills for the 

reason that they are in the province of the proposed Energy 

Research and Development Administration (ERDA), and should 

await the establishment of that agency. Currently, the 

National Science Foundation (NSF) has the lead agency role 

for solar energy, and we are requesting a total budget in 

solar energy of $50 million in Fiscal Year 1975. 

There is by now general agreement that one of the ulti 

mate "answers" to the problem of developing adequate and 

nonpolluting energy resources in the United States is to 

harness solar radiation. The tantalizing technical point 

is that roughly an average of 150 watts of energy impinge 

on each square yard of the United States; thus the total 

energy requarement for the United States in 1370 could, in 

principle, have been obtained (at 10 percent efficiency) 

\ 
from solar radiation on a mere 50,000 square miles v/hich is 

only about 3 percent of our total farm land. 

T-.74-138 



A second fundamental point which makes solar energy 

potentially so attractive is that it is practically non-

polluting, and forever renewable. Thus, provided technical 

feasibility of particular systems can be established and, 

provided these systems show some promise of econoraic prac

ticability, solar power must be given serious consideration 

for the long term. 

It is also generally agreed that the technology is 

presently sufficiently in hand for solar heating of houses 

and other buildings for prototype development and possibly 

larger scale demonstrations to proceed. Also, the prospects 

for combined heating and cooling solar systems seem not too 

far behind those for solar heating. It is estimated that 

ultimately 35 percent of the total thermal energy of buildings 

in the United States can be developed cost effectively through 

15 solar energy, with savings of roughly 30 mQ (1 mQ = 10 BTU) 

per year in 2020. A number of investigations have been made 

of current engineering feasibility, and these indicate that 

depending upon the geographical location, solar heating may 

sometimes be economically competitive with gas and oil when 

appropriate economies of scale are assumed. 

However, left entirely to the private sector, solar 

heating and cooling may be very slow to develop because of 

1 Report of the Committee on Aeronautical and Space Scient 
U. S. Senate, "Solar Heating and CoolinF, Demonstration A 
of 1974", March 13, 1974, pp. 36, 66, 77, 102. 
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constraints due to building codes, lack of building design 

criteria, lack of knowledge of production economies, lack 

of public familiarity with such systems , architectural prob

lems, and general inexperience. Thus, a federal program to 

hasten the adoption of widespread solar thermal systems in 

buildings and housing will inaugurate a highly desirable 

long-term trend to use solar energy for space conditioning 

to the extent practicable. The current National Science 

Foundation program is designed to overcome the aforementioned 

barriers to more widespread use of solar energy. 

Turning to a comparison between the two bills before 

you, I note that HR. 11864 permits the incorporation of the 

solar energy demonstration program under ERDA, vrhile S. 2650 

does not. A case might be made that the time is ripe nô ? to 

give a strong boost to solar energy v/ithout encumbering it 

with the predictable organizational growing pains of a nevr 

ERDA. However, the creation of what will amount to a special 

mini-agency to administer the solar energy demonstrations, 

which S. 2650 appears to do, would create a very undesirable 

situation for the new ERDA just because the very idea of 

ERDA is to provide unified leadership to the national energy 

effort. Thus, a timely incorporation of any energy demonstra

tion project under ERDA would be highly desirable both in 



order to enhance the development of a coherent national 

energy posture, and in order that the demonstration project 

itself would be appropriately connected into other energy-

related RED vfhich ERDA will manage. 

I note that H.R. 11864 allows for considerably more 

administrative flexibility in developing the prototype-

demonstration projects as the program proceeds. For exa^iple, 

the matter of an orderly development using prototypes before 

demonstrations, is specifically spelled out in H.R. 11864, 

and the size and number of demonstrations is left to the 

particular circumstances. Also', the time specified for 

development of design criteria for solar heating in S. 2650 

may not be enough. It is my opinion that in general, as 

any energy program proceeds, it may turn out, for technical 

or other reasons, to be desirable to tailor a series of 

prototype and demonstration projects to prove out several 

competing approaches at various times and at various levels 

of effort. H.R. 11864 again allows for such flexibility, 

whereas S. 2650 does not. H.R. 11864 also allows for 

greater flexibi Lity in funds. 

The major weaknesses of H. R. 11864 are that no 

clear-cut program responsibility has been established, and the 

success of the total program will depend upon agency coopera

tion. Second, the National Science "p'oundation programs in 
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solar energy are not incorporated formally within the bill. 

This in our view would be a mistake in light of the experi

ence the National Science Foundation has had in their solar 

heating programs, and in view of their general research 

programs in a vjide variety of solar energy projects. Some 

of these projects are directly related to the solar heating 

and cooling problem such as research on collectors and 

storage systems, evaluation of specific heating-cooling systems, 

etc. , while others are more long range, like research on 

direct conversion devices. In fact, the National Science 

Foundation has been a "lead agency" for solar energy research, 

and I see no reason to change this role of NSF. 

You have asked me to comment on incentives for the tirivate 

sector to pick up the results of the governmental demonstra

tions. This is a crucial matter, and concerns such economic 

incentives as tax write-offs. , government leverage on market 

development through GSA and DOD, work with the State and local 

building code agencies, etc., which are beyond the strict pur

view of my office. I am sympathetic to the plea of Dr. I. A. 

Jones of TRW in testimony regarding one of these bills that 

the housing infra-structure be involved as early as possible 

in the demonstration phase of the program. "Others'^ have 

Jones, I. A., Testimony before th^ Subcommittee on Housing, 
Committee on Banking, Housing and Urban Affairs, March 21, 19 

3 
Study of Committee on Public Engineering Policy (COPEP), 
"Priorities for Research Applicable to National Needs," 1973. 
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commented in a different connection on the necessity 

for a "technology delivery system" when transferring tech

nology from the federal RSD sector to the private sector, 

and the En'^rgy Policy Project of the Ford Foundation is 

currently funding a m.ajor study on the institutional prob

lems of the commercial application of new solar conversion 

systems. A draft report of this latter study is now avail-. 

able from the Energy Policy Project. 

Drawing on the general experience with Operation Break-

r 

through and the opinions of the sources quoted above, it 

will clearly be necessary to develop a sophisticated under

standing of the various elem.cnts in the private sector '-rhich 

will have to participate in a successful commercial develop

ment of solar heating and cooling. It may be necessary to 

couple all these elements together skillfully with a variety 

of federal incentives as a part of any proposed demonstra

tion program in order to ensure a successful result. As only 

one example among many, if it should turn out that the first 

costs of solar energy are high relatively to conventional 

heating-cooling systems, but that total lifetime costs are. 

lower, then financing schemes which would appear to the con

sumer as utility-type costs might be a desirable element of 

the technology delivery system. Of course, a part of the 



incentives picture is an estimate of the cost effectiveness 

of solar heating-cooling relative to other energy alterna

tives. Clearly, incentive schemes in which the federal role 

may be large in the early stages would have to show an orderly 

phase-out in favor of the private sector in later stages. 

In addition to the Department of Housing and Urban 

Development, the Office of Energy Conservation of FEO has 

also given much thought to the matter of federal incentives 

in the private housing sector, and you might like to hear 

from them both directly on this point. 

In summary, I fully support the goal of both pieces of 

legislation: A sxrong push for using solar energy cccn. 

However, I view the organizational arrangements as awkward, 

and I believe that the National Science Foundation currently 

has the authority to accomplish many of the objectives of 

this bill. 

-FEO-

T-74-138 
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I am delighted to participate with you in your deliberations 

regarding the Solar Energy Bill, S. 2819. I understand that Senator 

"Humphrey has a second Solar Energy Bill, S. 3234, which is not fonnally 

before you, but which represents his later thinking on the subject. 

With your permission, I will address my remarks primarily to the later 

bill. As I understand it, the only significant change between the two 

is that S. 3234 will' transfer the solar energy office from the AEC into 

the newly established ERDA when that organization is established. In 

my opinion, the change is a desirable one. We also understand from 

Mr. Norman Klug of the Joint Committee staff that you would like to 

have my general opinions regarding the future and potential of solar 

energy, and what the Federal government role should be. I will be 

delighted to share my opinions with you. 

Perhaps, 1 should begin by explaining the function of my office. 

We are a very small office of fourteen professionals reporting to Mr. 

Sawhill. Our function is to oversee the entire Federal energy research 

and development program, to coordinate the program - the research between 

the various agencies, and to provide advice to Mr. Sawhill regarding re

search issues in er.ergy. 
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We also work very closely with the Office of Management and 

••• Budget on energy R&D matters. .As. you know. Project .Independence is • 

the major concern of the FEO cxirrently, and my office is responsible 

for coordinating the input to Project Independence for research and 

development. 

I believe the general facts regarding the very high potential 

for solar energy have been established. The total solar radiation on 

the planet is an extremely large quantity compared to the total human 

energy needs. I have estimated, for ex£imple, that one could obtain 

the total energy requirement for the entire U.S. in 1970 at only 10% 

- efficiency from the solar radiation on a mere 50,000 square miles, 

which is only about 3% of our total farm land. Put another way, about 

150 watts of energy on an average impinge on each square yard of the 

U. S. In addition, of course, this energy comes in a natural unpol-

luting form with very few secondary drawbacks to safety, health, etc. 

These basic facts have tantalized many people to try to make actual 

use of this natural resource, especially in the past few years as the 

pressure on our other energy resources has become apparent. 

However, the technical and practical drawbacks to large scale 

electrical production from the sun are large. The main problem is that 

this energy comes in a very diffuse and unconcentratcd form. Although the 

• sun itself is very hot and solar radiation could theoretically be captured 

; at high temperatures, practical considerations make it a low temperature form 

of energy. Generally speaking, engineers desire energy in as compact a fcmi as 

possible, and they usually desire it at as high temperature as possible, 

at least up to the temperatures where material limitations become im

portant. Thus, solar energy installations tend to bo largo and bulky, 



they may require extensive use of land, and they often require 

tocJmologies v/hich are not yet available. These technologies tend to 

.be unavailable for the reason I have just mentioned, namely that solar 

energy rcfiresents a different trend from natural engineering develop

ments. 

The one big exception, of course, has been the use of solar 

energy in the sĵ ace program. This is one high technology area par 

excellence where a major effort has been expended to develop jjov/er 

from solar energy sources. As you can imagine, however, the solar 

energy technologies developed within the space program are not usually 

directly transferable to the commercial field because of cost considera

tions. 

In my own opinion, the ultimate choice before us so far as solar 

energy is concerned, comes down to a tradeoff between nuclear power 

and solar power. Nuclear pov;er is in a sense a culmination of the 

technical trends toward extremely high temperatures and extremely high 

energy density, vjhereas solar power is just the opposite. Both are, 

of course, for practical purposes, infinite so far as total resource is 

concerned. As in many cases of this sort, I believe it is likely that 

the Nation will develop some type of' equilibrium between those two mo-

dailitics (and for that matter for the fossil fuel option also) which 

reflect some kind of overall averaging of the economic, environmental, 

and convenience factors, which is difficult for us to predict accurately 

at this time. 



„ 4 -

Let mo elaborate on my own views as to the trade-off between 

solar electricity and nuclear electricity. The cajjital cost of a ... ...... ̂  

nuclear powered system is now estimated to be around $500/Kv;. Solar 

electricity by direct collection and conversion to steam probably 

will cost considerably more than this, perhaps as much as .$1,000/Kv; to $3,Q00/Kw. 

So large a difference probably will not be compensated by the smaller operating 

costs of the solar system. I have, therefore, always felt that unless 

society decides to turn away from nuclear energy for reasons connected 

with the potential Jiazards of radioactivity, nuclear would v/in over solar 

for the long run. 

IJov;ever, I must make a caveat here. Future developments may 

lead to solar energy considerably cheaper than my estimate; and some of 

solar's children, like winds or ocean thermal gradients, may prove to 

be quite cheap eventually. 

For these reasons, I believe the Nation should support a vigorous 

program in research on solar energy. Much of this program should be in 

physical research exploring the various scientific and engineering 

possibilities, some of it should bo in studies to explore the various 

types of tradeoffs which compare solar energy to other forms, and some 

of it should be of incentives to the private sector to bring practical 

commercial systems into actual use as fast as possible when feasibility 

has been demonstrated. The planned Administration programs demonstrate 

that the personal views I have just outlined are also reflected in the 

pfficial position C'f the Administration. In addition to the general 



" 5 " 

comments I liave just given regarding overall soJctr RfiD, I believe 

we are now close to practicality in one area of 5;olar energy, namely 

the solar heating of houses. In fact,' com)>lned solar heating and 

cooling houses also seems to be a near term practical possibility, 

although some development work is still required for the cooling sys

tem. You are, of course, aware of bills in the Senate and the House 

relative to Federal demonstration programs in this area. I have 

testified in general support of the intent of those bills. In short, 

I believe the Federal government should pursue a very vigorous program 

to bring feasible systems as fast as possible into the commercial sphere. 

Turning now to where the Federal programs in solar energy reside, 

as you will understand from the previous comments regarding my office, 

the role of my office in energy Ĵ &D is overall coordination and planning. 

V?c do not fund any research programs directly ourselves. Likewise, the 

FEO itself is not directly involved in solar energy R&D. At this time, 

the NSF has been given the lead role in solar energy. The major NSF 

activities are in the R/iNN Division, and I believe Dr. Eggers will be 

testifying to you on that program tomorrow. In addition, substantial 

efforts are underway in both the AEC and in NASA. You have just heard 

from the AEC, and I believe you will hear from NASA tomorrow. 

As you will hear tomorrow, the NSF program very broadly covers 

the general scientific potential of energy from solar radiation. Their 

program extends from very basic research on some of the more distant ap

plications of solar energy to the demonstration of feasibility of solar 

heating in school ))Uildings. You will also hoar that they are funding 



three very important studies at this point which are expected to give 

crucial information on the details of commercial practicability wf 

solar heating. With the completion of these studies, I believe it 

will be possible to make some important decisions about how the 

government can help develop incentives in the private sector for the 

solar heating of buildings. In my office, we will be watching these 

developments very carefully so that the appropriate government mission 

agencies J such as HUD, are involved as the NSF research and development 

stage is phased out. 

The most important factor to my mind so far as solar energy is 

concerned, and indeed, so far as the entire energy RSD picture is con

cerned, is the reorganization of the Federal R&D effort in energy which 

is embodied in the establisliment of the Energy Research and Development 

Administration. There seems to be every reason to believe that ERDA 

will be a reality within the next few weeks. In the current form of 

ERDA, solar R&D would be under a separate Administrator for solar, 

geothermal,^ and advanced systems. In the ERDA bill, the work in the 

National Science Fcundation on solar heating and cooling will be trans

ferred into ERDA. I fully expect the eventual ERDA program in solar 

energy to develop in such a way that the total Federal programs for 

energy v;ill represent an appropriate balaî ce bet\/een basic research, 

applied research, engineering development, and system demonstrations. 
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Given the attention v;hich solar energy v;ill surely receive 

.-under its Assistant Administrator in ERDA, the central position which •; 

.BiyjA will have in the total energy R&D picture, and in particular, its 

lead role in the development of solar energy, I believe the general in

tent of S. 3234 will be achieved. Further, it is my opinion that it 

would be a mistake at this time to set up a special office within ERDA 

with its ov/n budget, and with its own independent position. On the 

contrary, I believe it is most important to develop a coordinated thrust 

for the whole energy R&D program with no special and external position 

and priority imposed on any of the particular energy aspects or modali--

ties. In my opinion, the Congress will have ample opportunity to review 

the relative priorities of the various modalities as they are developed 

by the Administration through ERDA in the future without the establish

ment of such a special office for solar energy. : 

As to the matter of the budget for solar R&D, I note that in 1975, 

there is relatively little difference between the proposed Administration 

budget in solar energy and the budget proposed in S. 3234. Since the 

budget for the later years has not yet been specified by the Administration 

and is still being studied, I cannot comjnent on how that might differ from 

the authorization proposed in S. 3234. Again, after ERDA has been es

tablished, and has submitted its FY 1976 budget to you, there will be 

ample opportunity for Congressional review of the solar energy portion. 
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In summary, I wholeheartedly cudorsc the general intent ot the 

solar energy bill for 1974 v.'liich is to give a strong push l;o research 

in all the aspects of solir energy. I do not believe, however, that 

the establishment of a special office for solar energy either within 

the agency or vjithin the eventual ERDA vrould have a beneficial effect 

upon either the orderly development of overall energy R&D postuie for 

the Nation, or even for the portion of R&D devoted to solar energy 

itself. . " 
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Represenxative Holifieid. The next witness is Hr. David 

Cope, Federal Energy Ad.-ninistration. 

Dr. Cope, will you please proceed. 

OFFICE, FF3E?.AL EA'ZP.GY A^-XIMSCPATIO:; CACCC>:?.-.}.":ED 5Y: 
V/ALTER HI33A-1D, DIRECTOR CF E.\'ERGY RESEARCH AND 
DEVELOPMENT, F̂ TA, A.KD VI.\'CEXT MC XELVEY, DIP3CT0R OF 
THE UNITED ST.ATES GEOLOGICAL SURVEY,) 

Mr. Cope. Thank you, sir. 

Hr, Chairr.an and Mergers of the corj?.ittee, riy nar.e is 

David F, Cope, I am ax xha Energy Research ana Develop.T.ent 

Office of the Federal Zr.e-cgy Acminisxration. 

Accompaning r.e on ny right is Dr. Walter Kibbard '<i^ho 

is Deputy Director of the Energy RSD Office, On ny left is 
I 

Dr. VincG.-it r<c.<eivey« Di^eoror '-•f the U.S. Gcolo>_,ical Survey. 

We are pleased to have been invited xo xestify.before > 

this cor-T.ittee. 

I am here today to testify xo xhe co.'Hi-nixxee on X.he. 

adequacy of uraniun resources to meet xhe rapidly growing 

nuclear energy program and the importence of a sound inport 

policy in relation to assuring that these resources will be 

available when needed. 

Part of the basic near-tern straxegy of FEA's Projecx 

Independence progra-^ is to make greater use of our more 

abundant doncstic ronourc?<;, such as coal and nuclear enerrv 

This pre-supposes the availahilirv of adequate dr-'sr:o 
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I, supplies of these fuels xo permit this subsxixution. 

2 'I 
' Estimates on donjestic coc^l resources have been developed 

ii 

' ii 
i! 

sources l e a o m g to a fairly high degree of conficence in our 

5 ,1 

over a long period of rime by a variety of indepencenx 

4 

knowledge of xhe exxent of these reserves. However, we 
It 

6 

7 :! 

S 'I 

9 

!l 

j cannot say tne same ror urnaium. 

X believe-^ that in any ordering or priorities ror the 
I 

near future assuring the availabilixy of uraniu." supply is of ' 

utmost imporxance. FEA, therefore, considers ix necessary xhc( 

we dexermine xv^e. extent of our uraniu."n.resources and that 

1 1 ' * - ! 
" ' we do It promptly. 

12 

13 

\ 

I 
14 || 

II 
ii 

1 5 ' 
Ij 

!6 •' 

i! 

Representative Kolifield, What are you doing in that, 

field to determine that? 

Mr. Cope. We are in the process now of working wixh ^ 

oxher Government agencies, parxicularly xhe AEC, the. U.S. 

Geological Survey, the.Bureau of .'̂ ines and industry, t-o—x-yT' 

i 
I I 

^^ !• to determine what they are doing to map out a urogram, >v'«-̂ -'Z 

a^^ then te-follow up^a-»4- s^^s. what "is necessary to see/jthe 18 ; 

19 |[ program is implemented. 
'I , 

20 li ReDresentative Holifieid. You are really deoending on 

21 || your information then from these sources? You are not doing 

22 I it independently, you are merely receiving it ana evaluating 

23 'i i t . 

25 •; receiving it and evaluating it. We are trying to get 
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information independently from Various sources, 

Rapresentaxive Holifieid. Vfnat luck are you having? 

Hr. Cope. V/'e are having very good luck in getting 

information. I xhink xhe informaxion that we have assures • 

us that there are some programs under way, As=tt><wnexher_ these7 

Representative Kolifield. Programs under way for whax? | 

Mr. Cope. Exploration, mapping and trying to lay out anc 
i 

delineaxe whax uranium resources are' available. [ 
j 

Represenxative Holifieid, From 'vvhat source areas? 

Mr, Cope. You mtean agency source areas? 
I 

Representative Holifieid. I mean what source areas are | 
! 
i 

the energy sources, are you talking about coal, oil, gas, 
I 

nuclear? 
t 

/.-^ • I 
Mr. Cope. In ŝy particular case I am talking about i 

/^ ^hux « j 
nuclear. Hte.parts of the Federal Energy .Administration are 

I 
looking at oil, gas, coal resources, oil shale and all ; 

sorts of energy resotirces. 

Representative Holifieid. Then you only have to do with 

the nuclear field. 

-Mr. Cope, That is all I am speaking to here, yes, sir, I 
r i 

Mr. Chairman. . I 

P.opr-'!::.c-nxaxiv n 'ioi i ; l.-". 1. Ar:* •".• : thii C'T.".: .-r :'•"." ..'.1 
* 

of the sources of fuel? 
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Mr.- Cope. .My p̂ î̂ îeti-irer area of,-i responsibility and 

interest is nuclear but in xhe energy research and development 

a-pea we have a-crme cognizance and affise. input into the other ̂ '-vy.t r:; 

0̂ '; 

" I 
12 i; 

!l 

1; 

H j! 

16 !! 

il 
-.7 I 

IS 

19 

20 !: 

areas. Perhaps u'^. Hibbara would like xo speak to thax. 

Representative Kolifield. V/ouid you speak to it on the 

basis of saying how many ceoole you have assigned xo nuclear, 

how many people you have assigned to coal, oil and gas? 

Mr, Kibbard. We have a small office, Mr. Cnairm.an. We 

have a specialist in each of xhese areas, V/e have a 

specialist in nuclear. Dr. Dope. We .have a specialisx in 

oil and gas, a specialist in coal, a specialist in oil shale. 

So, our total office is only 10 people. 

Representaxive Holifieid^ . Of course, you know I am 

the author of the Federal Energy Agency Act. 

Mr, Hibbard, Yes, sir. 

Representative Holifieid, We did place a secxion in tha-

Act authorizing you to get xhat inform.ation. 

Mr. Cope. Mr, Chair.man, there are other parts of FEA 

looking into this rather extensively. I guess we are not 

«»4i«iifi-ê  to speak on this aspecx of it^ wo arc' rtOx--ftt~ly 

21 

22 

23 

!~-crtK3.'=i»!—OiB^sWf res—s ec-t-iron s—are—dcririvp-. 

Representative Kolifield. You said you were in charge o; 

the energy area. 

-1 > >k.» 1 

25 Representative Holifieid. UTiat other people would be 
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getting figures on fuel resources that you would not be 

cognizant of? 

Mr. Cope. ' The people in xhe Project Independence Blue-

prinx program specifically. .Alxhough we have people in our 

group who are following that raxher closely, I don't know 

that any of us in this m.eeting here xoday are following ix, 

Representaxive Holifieid. I wanx to follow xhat up 

because I am just wondering if you coordinated your inform.a-

tion gathering sources and somewhere xhere musx be either 

one man or two man who are getting these staxisxics xhat ws 

ask you to gex. 

Now, are you the one who is responsible for getting 

all the statistics or part of it? 

Mr, Cope, No, sir, we are not the ones responsible. , I 

am responsible for it in the nuclear area. 

Representative Holifieid. Who is in the other area? 

Mr. Cope. I am sorry, I can't tell you whoihas that 

r'esponsibility. We can provide that informaxion, sir. 

Representative Holifieid. I would hope so, I think it 

would be of vital interesx to us to know if you are looking 

at the nuclear end of it, its relation tc the fossil end of 

it, because unless you put the two together we don't have 

the total .figure and it is reaningless, 

are looking at that in our group. I just rion^t happen xo 



'•2jf^' . ' !i' know the name of the individual in FIA who is responsible for j 

2 g a t h e r i n g t h i s i n f o r m a t i o n . There a r e a numl^er of commi t t ees . 
II 

*J '! T*T-. n ^^ ^^t r .n*r%->- f . -^ /~vc^ rs-v-.^ ^l^/^•^•sT-^*-T n ' t - ^-^ -^ ^ ct -̂ ^ea-rv 'T* = i o r - u a i ^ - t - c ; r^•^ 
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These commit tees a r e l o o k i n g a t d i f f e r e n t a s p e c t s of t h e 

!' ene rgy program. They h a v e ^ c r o s s c u t cor r - . i t t ees and •vsTri^trs 

5 i n p u t s 4̂  But w e ' a r e ' l o o k i n g a t i t ^a rncTwe.a re ' coord iha t ihg '^ i* , ' 

^ !J . w i t h i n t h e agency . " ^^ _„ 

7 
II 

Representative Holifield, Is Mr, Sawhill or one of his 

^ i| deputies coordinating this energy which comes from similar 
• !i 
^ ij sources and is for the same purpose as far as independent 
• '! 

^^ ', use, kilowatts? . 
1, 

11 !' Mr. Cote. That is correct, and that is one of' the main 

I • • . 
12 ij t a s k s t h a t i s b e i n g u n d e r t r x m g under Mr, S a w h i i l , 

li 
12 ii ?.epresentaT5.ve H o l i f i e l . d , That who would be r a k i n g ? 

14 Mr, Cope. The Federal Energy Administration. There 

15 ,j are several deouty administrators involved. I think Mr. 

16 'I 2e4rift-e-?> in oarticular is involved in, t̂ î̂ât-. Many oeoole in 

17 j! the Federal Energy Administration are involved m various 

19 ;j Representative Hosmer. Vfno will coordinate all of this 

20 ji sc that somebody knows what is going on? 

i' 
21 'I Mr. Hibbard. May I answer that? 

22 i! Under Mr. Sawhill who is the Administrator there is 
!i 

23 ;! an assistant administrator for resource develooment who is 

| i , 

?5 ,' t h e bq!««^ resourCG'J in t>Ĥ  dev^lonment . 
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18 

19 
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21 
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Also under Mr. Sawniil there is aLsistant administrator 

Eric S©*«:ter. KG IS responsible for the Project Independence , 

Blueprint whicn is being developed relative to the proposal , 
I 

for the 5re*rg-<r̂ rfv̂  energy policy for the country. • 

Representative Holifield. *7hat is he interested in? , 
i 

Mr, Hibbard. He is an assistant administrator. 

I 

Representative Holifield. ŝ̂ .at phase of the 

energy development is he interested in? j 

Mr. Kibbard. He is interested specifically in looking 
I 

at the various modalities from the standr>oint of suDoly, 
comparing them to the projected demands, anc coming up 

with a plan and a policy which hopefully will have the 

Representative Hosm.er, Let us taxe a test here and 

see how well everything gets around. Yesteraay I r^3.G 

an interesting press release that originated in your 

Department, Dr. Hibbard, that somebody î ants to dig holes 

30,000 feet deep every 20 miles throughout the country to 

inventory the energy resources ana other resources that 

might be available and there are quite a lot of unknowns abou" 

that. 

Do you know about that? 

Mr. Hibbard. I knew about that, yes. 

2i ; Cope' 
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Mr- Cope. I did not. 

Representative Hosmer. Dr. McKelvey, did you know about i 
i 

that? 

Mr. McKelvey. Yes, I did, sir. , 

Reoresentative Hosm.er. V/ell, that is two out of three, j 
! 

Representative Holifield. I am a.,'little bit surprised ' 
. i 

very frankly at your lack of knowledge. Dr. Cope, of som.e ' 
i 

of these things that are certainly vital. We are very much- ! 
interested in nuclear of course, but we are also interested ! 

i 
in coal and oil. We are interested in the overall industry. 

Maybe we should have somebody else come up — you know, [ 

one of the things that we find out about the agencies is that j 
I 

sometimes they are so compartmpntalized thar it is difficult 

for us to know whom to talk to to get the overall .inform.aticn . 

that we need. : 
! 
I 

Mr. Cope, Mr. Chairman, if I m.ay I would like to respond 
j 

to that. ' ! 
i 

Representative Holifisld, Yes, you ray, : 
I 

Mr. Cope, If I indicated that I was not knowledgeable 

that is not correct because in our office, the energy RSD { 

office, all of these inputs com.e into us, we do review them 
i 

and we try to place in balance what the various alternatives '• 
I 

are, ; 

I 
1 



.;..•: wnat one person in the Federal Energy Administration had 

,; the specific responsibility for looking at the oil and gas, J-^i^' 

.1 • - - • - ' • / ^, ' / j 

' ^ I 

^ . In the Federal Energy Administration there are a nurJer ; 

-̂  ,' of studies going on. Txxey are still m the process or trying 
II 
•I 

^ j t o deve lop t h e P r o j e c t Independence B l u e p r i n t , Threrg--i-s—a. 
•I ^) 

^ ., vse^fe---aHKnu^tr~of^--materirai"thart'~^^ 

2 ,; ag«TFtey—wh-irch—we—are_tryin.g_ta. keep—up-witht 

^ Representative Holifield, I want to be fair to you, 

10 i Perhaos our invitation to vou indicated that we only wanted 
I 

11 ;| you to testify on the nuclear oart. ! 

i| " I 
12 |; . Mr. Cooe. We c e r t a i n l y e x p e c t e d t h a t was t h e c a s e , '< 

Il - j 
!l • i 

12 ii K e p r e S e i t t a t i v e H o l i f i e l d , A l l r i g h t , p r o c e e d . ! 
:; " ' 

I'i 1| Mr. Cope. Virtually every portrayal or the nation's \ 
i 

energy future, whether short or long-term, pictures.a rapid ; 

expansion in nuclear energy as one of several means for ' 
I 

meeting the nation's energy requirement's, ; 
i 
I 

The AEC's most recent estimate on nuclear power growth 

projects as one of its medium range cases a nuclear electric j 

I 
generating capacity of about 250,000 megawatts electrical | 

2! |j (Mwe) by 1985 and 1,090,000 Mwe by the year 2000, •' 

22 ;{ FEA as part of its Project Independendence Blueprint wil]i 
i< I 

23 II consider various energy options and several different cases 
I' " I 

15 ; 

16 I 

1 

17 

10 ' 13 1 
1 

19 

,oi 

Z.CVi z^ 

25 II We a r e now i n t h e m.idst of ana lys in '^ t h e s e ener-TV 



» I . ) . 

\ 
options ^nd thereiore, I cannot •comment on l/'cse TJVO_,I tions 

at this time. I will instead discuss the uranium z'••quire." 2r, 

associated with the AEC estimate. 

"70 achieve the above level of generating capaciiy, r.22 

estir.ates that the cujulative uranium requirements wiii oe 

about 400,000 tons of uranium oxide by 1935 and abo't 

2,200,000 tons of uranium oxide oy 2000. 

However, the 30 to ^0 year lifetime requirements for 

these sam.e reactors will be approximately 1.5 million tons 

and 5,0 miil*,ion tons rsspecti'vsiy or •'^^^n* 

Representative Holifield, For each reactor? 

Mr. Cope, That would be for the total nuclear capacity 

in those respective years. In other words, 19=5, the 

lifetime requirer.ent for all reactors would be roughly one-

and-a-half million tons and then the five million-tons for 

the year 2000. 

The viability of the nuclear option is dependent upon 

our- ability to meet these anticipated deisands for uranium. 

This ability in turn, depends upon the existence of commer

cially recoverable reserves and mining and nailing capacity. 

A comparison of the AEC estimates of projected reserves 

with anticipated uranium demands suggests that unless 

exploration to identify richer reserves proceeds at a m.ore 

uranium of 50 parts per m.illion (pom) or less. 



xh princi.}!..: t h i s .r.av not grecitly incrert:^e the cc-sr of 
I 

I > 

nuclear electric power because of the relatively small 
_• * i 

components of the total generating cost represented by the 
i 

cost of uranium ore. 

However^ the econom.ic cost could be much greater than ncv; 
r 

es t imated and the mining of these lew c;rade ores might in.pose ' 
.? ! 

serious and even unacceptacie environ.-vrtintal and social 
I 

representative Holifield. That makes it more urgent 

than ever that we get to the liquid m.atal fast breeder. 

Mr. Cot-e. I certainly think so. . ' 

i 
i 

Thus, extensive mapping and exploration are required 
i 

to locate and characterize the richer deoosits so that we 

may assei>s our ability to supply the rapidly increasing am.ounj.-: 

or uranium, which will be needed in the period 19 85. and 

beyond. 

In the uranium mining business, exploration and eventual 

development of a mining operation requires long lead tim.es 

and there needs to be strong incentives for a cor.pany to 

invest in such an operation. 

V.'e are troubled by the fact that, for a variety of reaso 

the marxet has not responded forcefully to the vast prospecti 

increase in uranium demands. 

dilln^.iTG the location, conc-antration j.nci character of our' 

http://tim.es


I' 253 

domestic reserves ana the capacity to convert these reserves 

into above-ground uranium at a rate and cost consistent with 

the projected expansion of nuclear power. 

FEA believes that the m.atter of uranium availability is 

of greater urgency than is generally recognized at present. 

We supoort the efforts of the AEC, USGS, Bureau of Mines and 

industry in the develop.ment of new prograr.s in this area 

and the strengthening of existing ones, 

A„mong our specific recomuT.endaticns are: 

Ca) The deterr.ination of the availability of domestic 

resources which can be developed on a schedule exid at a price 

which will meet the present and projected fuel needs of the 
I 

I 

nuclear electric generating industry/, 

(b) The developr.ent of new and improved techniques for 

deep uranium, exploration and developr.ent. 

Cc) The development of new techniques for the recovery 

of low-grade ore.. 

Cd) The development of environm.entally acceptable 

criteria and techniques for mining 'iranium ore and, in 

particular, the low-grade ores which require massive 

excavations. 

(e) The determination of the cost and practicality of 

extracting uranium from sea water. 

to encourage the exploration and production of domestic 
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uranium resources consistent with the long-term, objective 

of providing uranium fuel for the nuclear industry at 

acceptable econo.mic and evnironm.ental costs. 

Representative Holifield. Dr. Cope, why didn't you 

have., with those alphabetical indentations, anything about 

the liquid m.etal fast breeder? You go"''into the whole field 

here of low-grade ores which you and I both know are very 

expensive, you go into deep mining techniques, and even to 

getting uranium, from sea water. But you don't say a word 

about the liquid metal fast -brefeder reactor, 

Mr. Cope. Mr. Chairm.an, the way—we approach&d this 

problem V-̂ -̂̂ n-ia-was directed specifically at resources, 

it was not an attem.pt to either address or avoid addressing 

the breeder. 

We considered that this is -6-omet-;;;i.ng that .is a separate 

problem although, strongly related. There was no intent 

either deliberately or otherwise to leave that out. 

Representative Holifield. I see so m.uch of this going 

on in the AEC from thetop level on down, a lack of any kind 

of enthusiasm, or urgency for doing the one thing which would 

make unnecessary low-grade ore, deep and expensive ore, the 

extraction of uranium fro.m sea water which of course in 

itself v;ould be a massive research and dsvelopm.ent technology 

dollars. 

http://attem.pt


-'iS-' >.'' You know, 'the President said that the liauid metal 
il ' 

•̂  'i 

'• fast breeder reactor was of the highest priority. 

rrt-

Mr. Cope.' That is correct. 

Representative Holifield. This cor.ur.ittee accepted that. 

' The _utility industry accepted that . The r.anufacturing 

6 '• . '• 

I industr>' accepted that. All of us acc_qpted that, . 
•7 

I Yet, I find it pai>''sing strange thar you don't have I 
I 

8 ' ' 
,1 anything in there. You talk about massive excavation and all ; 

i 
9 • _ , . 

', that ror low-grade ores out you don't say anytnmg about 
10 . I 

Ij getting on with som.ething rhat -wa believe is technically 

n li .,, , , , . , . . . . i 
ji possible and wnicn nas tne nighest priority and wnicn is I ]9 I 

jj lacking now for som.e three years without any action on it. 
n j! 

11 Mr, Coue, Mr. Chairm.an. this ecu] c' r>nve WPH been 
ti 

Il said. • In our analysis od- the uranium, resource '•ypd^24-^" 
. _ 1 ' 

'^ ' if we assum.e that the breeder com.es in on the projected 

16 • t ' 
•| schedule that the AEC new has and that we will havê i comjr.ercially 

17 I' ' '• s^ available breeder along about 19 8 3 or early 1990's we 
li I 

18 " ''•—'.—N '^ ' ' think there(will/still\be t^^ Droblem with the availability 

19 

20 

! of uranium resources notwithstanding the breeder. 
I 

! I^think ^hat is the reason we didn't bring it into 

I 
^̂  ij this particular session. 

'̂̂  I Representative Hosm.er. I think what Mr. Holifield is 
II 
I 

o - i j] 
li getting at, and I want to ̂ et at, too, is tnat out at the 
.! 

^̂  ' bumper stickers out there saying, "Impeach LMF3R." 

http://com.es


Mr. Cope. 'As I say, there was no attempt on our part j 

to exclude the breeder, | 

Representative Holifield. Again, I find it passing stranpe 

that you did not have an item in there, an explanatory item j 

in regard to the L.MF3R and its potential im.pact on the i 

nuclear energy structure throughout, because from the amount i 

or inrormation we nave Jn -this comjr.ittee, wnich has been j 

laboriously and at great expense developed over the past I 

12 or 1̂+ years, we believe that this is the most im.portant | 
t 

thing for us to be going at in research and development so ; 
I 
t 

far as the nuclear field is concerned. 

V/e would know how to miake the water reactors. We 

know the whole technique of themi. We are building and operating 

them, at m.ore than comoetitive levels with fossil fuels ' 
I 
i 

with'their present high nricas, coal and oil ' I 
j 

We also have known about the shortage of uraniumj ore. I 
We have known it for a long, tim.a. This is why alm.ost 12 ' 

I 

years ago v;e started on research. I think it is back farther ' 
i 

than that when we starte.d with E3R-I. Twenty years ago we i 

started with the EBR-I to try to find out if the utilization ! 

of Plutonium, and development of the liquid m.etal fast 

breeder technology could be done. 

We finally, after spending, l<?t v.s say, a billion dollars 

model, the first demonstration .model. This was not just thia ' 



• ?S7 j 
'* commictee. Tnj,^ was alx of the _ utility industry, the manu- : 

i' 

2 1| f a c t u r m g industry, the President and the Congress, because 

, î •" ' i 
3 .( this committee ?ot these research and developm.ent funds j 

I, ' I 

II ! 
•' . approved by the Congress in both houses, the Senate and 

i 
5 ' the Itouse, - ' 

;: . . . I 
6 .' I would think that you night want to add a chaoter to yoii: 

Hi ' 
* i 

7 ' testir.ony anc send it in if you feel the way I feel about 
3 .,• this. 

I ' • 

5 Mr. Cope. Mr. Chairm.an, I can certainly speak personally 

10 on tnis. This is or\ two points. In our evaluation or the 

11 : Project Independence exercises, which if you use a cutoff 
;i 
il • 

12 li date of about 19 35, it does not aooear that the breeder will ,' 
It . "* i 13 ; com.e in in tir.e to affect that program per se, ! 

.'' ' * '. ; 

14 i; But the second point " i 

is ;_ Representative Holifield. I am not disagreeing with you.' 
I 

I, I 

16 I' I might extend it to 19 9 5 at the rate AEC is going. | 
ll I 

II 
17 j" Mr. Cox>e, On the second ooint, certainlv the sooner ' 

i' ' , ^ 
;i 

18 i' the breeder cor.es in then the less serious will be our uranium. 

^9 'j resource problem. 
'' i 
I; 

20 '; Representative Holifield. That is right, but you do j 

2 1 !! not say anything about that. Yet you worked m Milton Shaw's | 
1 I 

22 .. department for many years, you have been in the AEC for 20 j 

i' j 
23 i! years. So, you must be knowledgeable on that. j 

25 '! Representative holifield. I invite you to tell the wholci; 
|( ' 
I , 

I I 
I 1 
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6 ll 

11 li 

13 o I: 

14 ii 

15 

16 !| 

17 i 
i 
I 

18 ! 

19 ll 
1; 

20 :i 
i ' 

21 |l 
ii 

22 •; 
1 

23 i! 

story on nuclear energy m your testimony if you are going 

to testify on that point. 

Mr. Cope; Thank you. 

Chairman Price. I ask unanim.ous consent that he be 

able to revise and extend his renxarks. 
\ 

Representative Holifield. Is there objection? 
•if 

Represenrative riosm.ar. ho objection. 

Representative .̂ lolifield. Hearing no objection, the 

request will be granted. 

.Mr. Cope. Relation to 'Jraniu.m Im.port Policy. • 

- We recognize that the above program, goes beyond the 

scope of these hearings. However, we believe that this 
! 

backgro'jnd is im.portant to place our u-̂ anium import policy 

in proper perspective with respect to the overall program 

or uranium supply. 

Foreign policy with respect to importation of uranium 

is an essential ingredient to the viability of-the 

nuclear segm.ent of our energy supply and requirem.ents picture. 

Uncertainty on what th<t policy is or should be is in 

itself a problem and a firm, and clear enunciation of policy, 

whatever it m.ay be, is preferable to no policy. I 
FEA has not yet fully evaluated the pros and cons of thisi, 

issue to suggest what the policy should be. However, as we 

25 ;, insufficient exploration work is being undertaken to determ-ina 



259 1 
i 

,~37' ' I Wah^t the U.S. assurea uranium, reserves really are; that tnere j 

, 'I . I 
• ', needs to be sigr.iricantly increased exoloration efrorts by j 
'! • * I 

^ 1 industry and government to correct the situation; that for j 
; I 

^ 'I . . .. i 

vario.^3 reasons tne present .mar.K.et forces are not providing i 
ii 

^ ' the incentive'for industry to .move ahead at an acceptable 
il 

6 l| pace, and that a long-term stable market is an essential 

-̂  i' ingredient to orovicing "the incentives for industry to 

5 •• proceed on its own to develop the needed uranium^ reserves, 

^ • There are m.any forr.s which these incentives could " 
• •! 

I , 

0̂ '_ t a k e , b u t t h e f o l l o w i n g a r e s e v e r a l which have been s u g g e s t e d 
I' 

11 ij to FEA: 
12 ;i Ca) Tax incentives for utilities to enter into long-

I, 
,1 

13 :! t e r n o r e corrjr.it.Tient c o n t r a c t s wi rh i"h^ t e r n s beir^^ jTiore 
I. v > 

14 i! f a v o r a b l e f o r domes t i c o r e comjnitr .ents . 
I' 
ll 

!5 ; (b) Governm.ent s t o c k p i l i n g , o r g u a r a n t e e d p r i - ce . 

t 

16 i' , ^^^ R e q u i r i n g as a c o n d i t i o n t o l i c e n s i n g a n u c l e a r xi^^ 

17 ji /^supply t o r .eet t h e p l a n t ' s a n t i c i p a t e d needs f o r som.e numher ' 

I a 

19 

of years in the future, for example, ten to thirty years. 
! 

R e p r e s e n t a t i v e . H o l i f i e l d . A l l t h e recom.mendations a r e 

20 ' d e s i r a b l e . Seme of t h e t e s t i m o n y i s t h a t nobody i s a b l e t o 
.1 

21 ,,' get such an assurance right now. 

22 I' Mr. Cope. I recognize that. 

Representative Holifield. If that recomm.endation were 

25 ;, required fuel over the lifetim.c of the plant. 



.Mr. Cope. .Unless it v?as done' in a gradual fashion hy" 

a policy that would say you gradually work into long-term 

requirer.ent: so. as to avoid any sudden disruption of the 

m.ar.ket. 

As we ha.ve indicated these were suggestions which have 

been passed on to us. We haven't triec to go into it any 

deeper and find out how,, sound these are or if ^h€:y are 

better. The ooint we wish to make . 

Representative Holifield. Tlney are not your recorumenda 

tions. These are the recorjr.end^tions that have been made 

to FEA? 

Mr, Cope, That is correct, sir. 

Representative Holifield, Do you have a question on 

the first paragraph, Mr. Hosmer? 

Representative Hosm.er. Yes. I have difficulty 

understanding what you are getting at on page 5. 

Is it that the announced criteria represent a policy 

with respect to imports? That is prem.ature because we at 

this point do not yet know what our domestic resources are 

and that the im.port policy should be scaled in relation to 

that? 

Mr. Cope, Congress.man Hosmer, we treat that in the 

recommendation. J-Zhat we are attempting to do there is to 

do relate to import policy a.nd tie \ into what we consider to 
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8 :• 

.9 ,i 

10 ;'' 

11 

12 ' 
'I 

13 ii 

I 

•-> I 
I, 

16 

17 

18 

19 

20 

21 

22 

23 

25 

be a oasic issue of assuring the long-i^r.m stable supply of 

uraniu-m. I am just enunciating the various things that bear 

on thatjr \Czut.. 

Represe.ntativa Hosm.er, If rZC gees oulling ahead with 

these criteria that are proposed is it your feeling then 

that it should be prepared to revise them as som.e of the other 

facts com.e in that are needed to base the oolicy that is 
I 
I 

m.ost closely aim.ed at the national interest? | 

Mr. Cope. We suggest in our recomjr.endations that the 
« 

proposed m.onitoring policy of the AEC is a very important ; 

aspect of it. This is a complicated business and we knew that; 

it is difficult to predict what.Amarket conditions v;ill be 

three, five, ten years in the future. 

Representative Hosm.er. I am» thinking of a little shorter 

range in the future. 7he. testim.ony that was put in the record 
i 

by Mr. McGee of the Kerr-McGee Comoany tointed out that ' 
I 
I 
I 

up to the period 19 SI and by that year your im.ports would be : 
I 

allowed at a rate of 40 percent of the feed furnished the ,' 
I 

AEC's complex, the previous year 30 percent, and 20 percent — 

even so that in actuality the load growth at that tim.e open 
I 

to foreign im.portation would considerably exceed 50 percent 
i 

of all the new contracts that have not yet been entered into.i 

'I' H r*> T.^/n K ,.— .-. •» , - » . ' - . < . * « - . ^ - . ..̂  

..V.W.-. » wvj _ ^ . w . « w . . t o v j v c i ' . - . . u c w u V u u . l c i t . . . u » ' C 

;' not been concractec for yor that ^re rcj ' ̂  y affen.-;^ ,; 
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import policy,' 

For instv^nce, their figures show that in the year 19 30 -

where there is a total of 20.4 million pounds, I don't know 

what their figure is, of requirements that are uncomjr.itted. 

This-leaves 84.H percent of the im.ports of that bunch wide 

open and the effect on the United States industry could 

theoretically be rather difficult a.nd disastrous in this 

short a range period. 

V/hat do you think of that analysis? I wonder if the 

AEC thought about that when they put out this criteria? 

Mr, Cope, I don't know whether the AEC did or not. I 

guess our response to that would be sor.ewhat along this 

line. Certainly the assurance of a stable dor.estic ura.nius 

industry is exceedingly important and if the import policy. 

in any way is going to inhibit the establishmant of- that 

stable industry, then the import policy should be adjusted 

accordingly. 

Representative Hosmer. It is extremely im.portant to the 

nuclear utility industry over the long range but sometimes 

price to tharn is exceedingly im.portant over the short range. 

So, we have a conflict between the two in which the 

ultimate interest of both the utilities, the mining and 

milling industry in the countr:/ is.- liable to slip down the 

Mr. Cope. That is part of the nrf^blem, the weighin."' cf 



two desirable objecxives and trying to deterr.ine v/hat is the 

best course. 

Representative Hosm.er, I would hope thatyr^^m, whoever 

they are next year, and by who.m they .ray be staffed and 

executed, will find it in their hearts and minds to give som.e 

attention to your recommendation that this thing be carefully 

monitored, 

I am very fearful, when you spin one of these agencies 

apart and let the pieces land into a new bosom you don't 

know whether you are going to get clasped-very well or not, 

with all due consideration, Mr, Holifield, to your comiplete 

reorganization plan but with total fear and trepidation 

with respect to what was do.ne to it on the other side of 

the Caoitol, 
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Reprasentdtive Hoiifield. I am suffering fromi that 

surgical operation, itself, in cente.v.plation. 

- 'I Do I undeirstand you to say that you believe this 

fcrr.ula set j,p by the AEC is a practical formula, well con-

sicered, a.nd has e.-.ough graaualness to it to not jeopardize 

'1 the dcm.estic suD"ly,or are you fearful of it? 

Mr. Cope. Mr. Chairman, our staxer.ent was that this 

ppears to be consistent with a stable industry. I think 
I 

I woulc have tc reply that at this stage we cannot judge 

!• whether this is a good one or poor one. ' 
1 

Reoresentative Holifield. You can understand that it 

,̂  I does go in very gradually a.d i. can ba s.cpped a. any ti.e. 

it would not be mandatory that they go ahes.d w:*th this i' 
I 
II 

13 ;. 
'• . . . I 
'1 it were not in the national interest. i 

14 II ^ I 
'I Mr. Cope. We took that into account, sir, in our ' ' 

I 

Representative Holifield. You are willing to risk A, | 
I 
1 

B, and C, 10, 15, up to 2C percent by 1979, you would be i 

willing to risk that? You feel there is enough stability 

in the domestic market now and enough de.mand i.-. the CD.mestic 

market that that would not --

Mr. Cope. ~—§;iâ .s—̂ Ei+a-e-,we -s-ê i-l̂ this stability still 
has to be dem.onstrated, that there are some indications ir 

•i, .-A .1 r-

25 
.-.*-y >».«......w«.« «--.*.'»-» >.«WWU„*^.&.V.J/ y 'S'«4t.4.V-*l, ^.w> I. ^ i I J 
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th** this will give \i*-&a«e tim.e to determine whether there 

is a stable industry. 

Representative Holifield. rjid if it looked bad at 

that tim.e, there would be no reasc.n for going ahead next 

5 !! y e a r . 
.! 
il 

7 . 
f 

8 i 

9 

!l 
: ' j 

1 

i( 
12 ii 

13 ;' 

14 I 
I 

'I 
I 

15 : 
,1 

16 
li 

17 ' 
I 

18 ; 
I 

19 i| 
I 

20 • 

21 

22 

23 

Mr. Cope. It should be looked at^again. • I 

Representative Holifield. Go ahead. 

Mr. Cope. Recomjr.endation. ! 

I 

In contrast to oil, uranium is widespread throughout i 
I 

the world and one therefore fears less tne cartelization oi ; 
! 

r 

uranium... Hence, from the viewooint of being subject to the j 
[ 

vagaries of foreign sources we probably can import uranium. | 

with less risk than we can import oil. Further, the impact •• 
I 

on our foreign exchange balances is negligible compared with 

that of oil. ' 

However, m a i n t a i n i n g t h e uraniu.T. e.mbargo m.ight be 
) 
I 

considered for two reasons: 

(1) The prospects of cheaper foreign ore would inhibii 

the development of a stable do.mestic market necessary to 

providing the incentives for the development of domestic 

reserves to m.eet future recuiro.ments. 

(2) Should the foreign supply r.oz .materialise as 

expected, or be suddenly intarrupt--!d , rh'ire could be a 

25 'i meet these additional demands. 
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dcm.estic uraniu.m producing industry and on the .^residential 

objective of achieving a .national capability for en-ergy 

self-sufficiency. Should this monitoring program, indicate 

that the im.portation policy is having a significant adverse 

effect on the dcm.estic industry's ability to develop poten

tial reserves needed tO' meet future requirements, we sug

gest that it be reexam.ined in light of those findings. 

FE.̂  alsc supports t.".o .--.EC's pla.-.E to pursue an ex

panded ag-^ressive -̂rcr.-,.-.-. cirected xo-.;ard obtaining a com

prehensive asses3m?nt o: xhe extent of .potential domestic 

On balance, tne i.x.port policy should be consistent 

with assuring adequate do.mestic uranium resources when needed, 

VJe, therefore, support lifting tne em.bargo gradually and 

in a .manner that will not jeopardize the stability of the 

£iT*e rgiFtg con".e3 *-z.c uroini-u*** incus try. 

The AEC's proposed policy appearsjto be consistent 

with this goal. However, we are cc.ncernea about the appar

ent lack of i.ncentives for private industry to conduct the 

exploration necessary to develop the potential reserves. 

Therefore, if .-̂ .EC' s policy is ij:plem.ented, FEA considers it 
It 

extremely i,-nportant that they establish and carry out the 

proposed program, to monitor the extent of im.portation of 

25 anc "•.illin-', techno..-•; ;y i.\ orr.-r ro r.^lo â r.u.-'t' z'r.a C'^yj.j^'inr 
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of an adequate uranium fuel supply on a tim.sly schedule. 

We further suggest that strong consideration be given 

to developing a program which will encourage the utilities 

to enter into long-term contractual arrar.ge.mants for their 

uranium, ore needs with xhe expectation that this would lead 

to a m.ore stable dor.estic uranium, m.arket which would provide 

the mining industry the incentives to develop "the potential 

uranium resources needed. 

(The appendices follow:) 



Mr. Cope. we appreciate, 'sir, huvi.ng had the oppor

tunity to testigy oefcre this co.T..mittee, and we hope our 

testi-mony nas ueen nelpful. 

Representative Holifield. Dr. Cope, thank you for 

your testi.mony. ^ . 

You recomm.end that we encourage the utilities to enter 

into long-ter.m contractual arrange.ments for uranium, ore. 

Is it not true that m.any of tne.m would like to do that but • 

nave not been aole to get t.-.e ctner side of the oargain to 

agree? 

Mr. Cope. That is correct, sir. This is a very com

plicated issue. V/e are not suggesting that the blame is 

or. one side or the other. Sat this goni ••• ̂  T̂̂ pr-n-r̂ '̂ r 3'"our,.': 

that everyone concerned, including the govern.ment,.should be 

trying to work to this e.nd. 

Representative Holifield. . Have you a.ny thougnts at 

all on the problem of tails assay and tne a.mount of pre-

production, whether we should have preprcduction at this 

time or not? 

Mr.Cope. I un'̂ d̂erstand the pro.olem, Mr. Chairm.a.n. 

I understand the payoff. In one case,\-ith the higher tails 

assay t4wHt we are aole to essentiallv e.<ter.d Ov-r enrichment 

capabilitiec tut nlac«̂  a "'-Ser lo'-mc en the ore require-' 

thfir̂  we î elicve thi» pressure on the oro '̂̂ oui""--'-"'r.ts but 
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we increase the pressure en the r-nr-- rer.t ^joebiliry. 

i 

I do not have c suggestion as to which is the preferabLj 
i 

way to go. Certainly it indicates that v/e have a problem on [ 

both sides of the fe.ice. ! 
r 
t 

Representative Holifield- Do you have any cuestions, 
i 

Mr. Hosm.er? •• I 
f 

Representative Hosm.er. No questions, .Mr. Chairman. ; 
t 

Mr. Hansen .x.ay have som.e. 

Representative Holifield. Mr. Hansen, do you have 

any questions? i 

^ il Representative Hansen. No cuestions, Mr. Chairm.an. 

Representative Holifield. Thank you, Dr. Cope, and 

your associates 

I-"*' ll Mr. Cope. Thank you, sir. • i 

15 II Reoresentative Holineld. We look forward to hearing 

•6 ji from you before this goes to the Dress. 

17 Ij Mr. Cope. All right. 




