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I s h a l l  speak about energy R&D pol icy and p r i o r i t i e s ;  however, t o  

do t h i s  i n t e l l i g e n t l y  one must f i r s t  t a l k  about energy pol icy.  

mary purpose of energy R&D i s  t o  help implement and advance energy 

policy; bu t  t he  matter i s  somewhat complex. E n e r a  research, hopefully, 

reveals  new p o s s i b i l i t i e s  and new options t h a t  ought t o  influence energy 

pol icy.  Thus there  must be a continuing dialogue between eriergy pol icy  

and energy R&D because they are c l e a r l y  interdepecdent. 

Present U. S. energy pol icy  i s  l a rge ly  dominated by our c m i t m e n t  

The p r l -  

t o  energy se l f - suf f ic iency  - t h a t  i s ,  t o  Pro jec t  Independence (P. I . ) .  

B u t  t h i s  commitment does not  cons t i t u t e  our e n t i r e  eriergy pol icy:  we 

are ,  even now, making decisions concerning nuclear  p l an t  s i t i n g  and con- 

servat ion t h a t  go much beyond any immediate commitment t o  self-suff ic iency.  

These decisions w i l l  commit us over t h e  long term t o  ce r t a in  pa t t e rns  of 

~ 

land use, as w e l l  as t o  ce r t a in  l i f e - s t y l e s  t h a t  are i n  some degree inde- 

pendent of our c m i t m e n t  t o  Pro jec t  Independence. 

Both energy pol icy  and energy research and development st ' rategy a r e  

present ly  i n  t r ans i t i on ,  l a rge ly  because new governmental s t ruc tu res  for 
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energy are being created.  

John Sawhill as i t s  Admin:istrator, has been establ ished,  and FEA i s  r e -  

sponsible f o r  providing and implementing the  Government's energy pol icy .  

Congress i n  t h e  authorizing l e g i s l a t i o n  provided a two-year l i f e  f o r  FEA 

whose concern i s  w i t h  shorter  term energy pol icy  such as a l loca t ion  of 

scarce energy supplies and implementation of Project  Independence. But 

these short-term commitnents car ry  w i t h  them long-term implications,  and 

therefore  FW i s  inevi tab ly  drawn i n t o  long-term energy pol icy.  

m e  Federal Energy Administration (FEA), with 

A t  t he  same time, l e g i s l a t i o n  which w i l l  e s t ab l i sh  a new Energy R e -  

search and Development Administration (ERDA) i s  threading i t s  way through 

Congress. It i s  d i f f i c u l t  t o  p red ic t  when t h i s  b i l l  w i l l  be enacted i n t o  

l a w ,  or exact ly  what i t s  nature  w i l l  be when it i s  reported out of the  

conference committee. However, e s s e n t i a l  elements of ERDA a r e  r a t h e r  

c l ea r :  it w i l l  cons is t  of most of t h e  Atomic Energy Commission (but  

without AEC's regulatory and l i cens ing  functions); t h e  Office of Coal 

Research and t h e  energy programs of t h e  Bureau of Mines conducted above 

ground (such as t h e  synthane p i l o t  p l an t ) ;  t h e  so l a r  hea t ing  and cooling 

as w e l l  as t h e  geothermal programs of t h e  National Science Foundation; and, 

depending on whether the House o r  Senate version of the  EXDA b i l l  p reva i l s ,  

t h e  automotlve emission and s tack gas technology of t h e  Environmental Pro- 

t ec t ion  Agency. 

Thus, when ERDA and F'I3A a r e  both f'unctioning, our energy pol icy  and 

energy R&D a c t i v i t i e s  w i l l  be b e t t e r  organized; but there  w i l l  remain 

t h e  matter  of assur ing t h a t  ERDA research p o l i c i e s  are cons is ten t  with 

F'EA energy pol ic ies ;  and, fu r the r ,  t h a t  FEA energy p o l i c i e s  take adequate 
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account of t he  new options created by ERDA's  s tud ies .  

coordlnation, some of which i s  now being done i n  the Office of Energy Re- 

search and Development (OERD) . 

This w i l l  require  

Pro jec t  Independence i s  the  c e n t r a l  element of our shor te r  term energy 

pol icy .  FEA has establ ished a l a rge  P. I. t a s k  force  t o  decide, f i rs t ,  ex- 

a c t l y  what the  goals of P. I. should be; and, secondly, t o  work out plans 

f o r  implementing P. I. These plans,  known as the  P. I. Blueprint ,  a r e  

scheduled t o  be placed on the  Pres ident ' s  desk i n  November. 

nated as Conservation, R&D, Fuel Supply, Policy Analysis, Quant i ta t ive  

Analysis, and In te rna t iona l  Assessment a re  c rea t ing  t h i s  massive Blue- 

p r i n t .  Such an attempt t o  v i sua l i ze  an energy fu tu re  constrained by a 

commitment t o  self-suffici .ency, and then doing the most. that, ca? he d m e  tc 

put  these aims i n t o  prac t ice ,  i s  probably unprecedented i n  our f r e e  economy 

Groups desig- 

0 system. 

The most important - and t h e  most d i f f i c u l t  - p a r t  of t he  exercise  i s  

the  precise d e f i n i t i o n  of self-suff ic iency.  Given the  long lead t i m e s  i n  

producing new sources of prime energy, it seems qu i t e  u n r e a l i s t i c  t o  ex- 

pect  t h a t  by 1980 we shall no t  import any fore ign  o i l .  A more r e a l i s t i c  

goal would be t o  keep U. S. imports of fore ign  o i l  below some 15 or 20 per- 

cent  of our demand f o r  o i l ,  with not more than one-fourth of t h i s  amomt 

caning from one sec t ion  of t he  world. 

from p o l i t i c a l  whims of possibly unfriendly oil-producing s t a t e s .  

We would then enjoy invu lne rab i l i t y  

I n  addi t ion t o  t h e  Blueprint, P. I. includes an Action Plan: a s e r i e s  

of things t h a t  can be done, almost immediately, t o  increase our supply of 
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domestic energy and t o  reduce our demand. Many such ac t ions  involve 

breaking through bureaucrat ic  deadlocks or  br inging together  p a r t i e s  

with conf l i c t ing  aims - f o r  example, environmentalists and shale  o i l  

developers - and resolving t h e i r  differences.  

What can research and development do t o  help achieve the  a i m s  of 

Pro jec t  Independence? 

Energy Future" (NEF), a repor t  presented t o  the  President by AEC Chair- 

man Dixy Lee Hay i n  December 1973. 

R&D has been s t ruc tured  by t h i s  document; and many of t he  p r i o r i t i e s  we 

have establ ished were stron@y influenced by it. 

This question w a s  addressed i n  "The Nation's 

Much of our thinking about energy 

I n  i t s  ba res t  e s sen t i a l s ,  NEF projected an energy demand f o r  1985 

of about 120 mQ (1 mQ = 1015 Btu), somewhat higher than present  projec-  

t i o n s .  ( In te res t ing ly ,  s ince 1952 the re  have been a t  l e a s t  133 inde- 

pendent pro jec t ions  of supply and demand, a l l  of which concluded t h a t  

we would have an energy shortage of s ign i f i can t  proport ion.)  

s t a t e d  t h a t  by increasing nuclear energy i n s t a l l a t i o n s  t o  provide 16  mQ, 

increasing domestic o i l  and gas production t o  provide 56 mQ, and greatly 

expanding our coal  mining, we could come within 14  mQ of se l f - suf f ic iency  

by 1985. 

NEF f u r t h e r  

This s h o r t - f a l l  of 14 mQ would then be made up by conservation 

t o  the  extent  of reducing our energy growth r a t e  from more than four  per-  

cent  per  year t o  some th ree  percent  annually.  

"The Nation's Energy Future" proposed an $11,000,000,000 Federal budget 

for energy R&D over t h e  next f i v e  years,  and it estimated that  energy R&D 

i n  the  p r iva t e  sec tor  would amount t o  about an equal sum, so that  during 
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I '  

t h i s  period t h e  overa l l  energy R&D budget f o r  t h e  Nation would be over 

$22,000,000,000. 

Wherein do the  NEF recommendations d i f f e r  from what t h e  Government 

philosophic had been doing i n  energy R&D? There a r e  two differences:  

and budgetary. 

our e n t i r e  energy R&D program has been s tudied coherently and as a whole; 

all modali t ies  were considered, and an attempt w a s  made t o  f i t  them i n t o  

an overa l l  energy pol icy .  Second, t he re  were e s s e n t i a l  changes i n  empha- 

sis and i n  budget - primarily,  a s ign i f i can t  increase t o  $480,000,000 f o r  

FY-75 coal  research, a l a rge  comitment t o  energy-related bas i c  research 

i n  t h e  amount of $3OO,OOO,OOO, and subs t an t i a l  increases  f o r  environmental, 

fusion, and p a r t i c u l a r l y  long-range energy p o s s i b i l i t i e s  such as geothermal 

The philosophic difference w a s  t h a t  f o r  t he  f i r s t  time 

and so la r .  

L e t  me expand on the  r o l e  w e  see f o r  R&D i n  Pro jec t  Independence. 

The bas ic  s t r a t egy  f o r  achieving the  goals of P .  I., however p rec i se ly  

or  loosely these a r e  f i n a l l y  s e t ,  i s  three-pronged: . 
1. Conserve energy by reducing i t s  growth rate t o  less  than th ree  

percent per  year.  

2. Produce more domestic o i l  and gas. 

3.  Gradually s h i f t  from our dependence on o i l  and gas, which w e  be- 

l i e v e  w i l l  always be i n - s h o r t  supply, t o  greater dependence on coal  and 

uranium which, a t  least  i n  pr inc ip le ,  are more abundant than a r e  o i l  and 

gas. 

In  briefest terms, then, our short-term goals f o r  R&D are t o  he lp  

achieve se l f - suf f ic iency  by e f f i c i e n t  energy use, by extending our domestic 
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sources, and by crea t ing  the technology necessary t o  s h i f t  from scarce 

sources t o  abundant ones. 

For the  long range, say the  period a f t e r  1985, we see two bas ic  aims 

F i r s t ,  w e  recognize t h a t  doing without cheap f o r e i a  of our ener@;y R&D. 

o i l  imposes on our country addi t iona l  cos ts :  economic, environmental, 

and soc ia l .  

and development i s  t o  minimize these economic, soc ia l ,  and environmental 

consequences of t h e  U. S. commitment t o  Pro jec t  Independence. 

Thus, the  f i r s t  major goal of our long-range energy research 

But beyond P. I., there  are those very long-term matters t h a t  w i l l  

u l t imate ly  a f f e c t  t he  whole s t ruc ture  of our energy system and possibly 

therefore  our soc ia l  s t ruc ture .  Here we a re  faced w i t h  g rea t  uncertain-  

t ies ,  such as: on which of t h e  long-range energy modal i t ies  can we count 

and which w i l l  forever  remain dreams? Thus, t he  second long-term aim of 

our energy R&D must be t o  achieve a r a t i o n a l  long-term energy system, and 

t o  l e a r n  enough about t he  various long-term modalit ies t o  enable us, as 

quickly as possible ,  t o  estiinate the  r e l a t i v e  cos t s  of major energy sowces  

and energy u t i l i z a t i o n  options.  

It would be qui te  impossible t o  describe i n  d e t a i l  t he  elements of our 

$11,000,000,000 five-year energy R&D program. Rather, I s h a l l  speak of a 

f e w  elements of t h e  program t h a t  seem t o  m e  t o  deserve spec ia l  a t t en t ion .  

F i r s t ,  there  i s  conservation which turns  up as the  s ing le  most i m -  

por tan t  element i n  every energy scenario f o r  t h e  fu ture .  

t i o n  i s  an elusive thing; it involves many decis ions made by many people - 

for example, a s h i f t  t o  smaller, more e f f i c i e n t  cars ,  as wel l  as develop- 

ment of b e t t e r  ways of u t i l i z i n g  energy, say i n  i n d u s t r i a l  processes.  

But conserva- 

A 
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basic  question, which strongly pervades much of our energy R&D policy,  

i s  whether mechanisms of the marketplace w i l l  be adequate t o  bring about 

ample conservation. No one knows the  answer t o  t h i s  question, nor a m  I 

cer ta in  t h a t  any of our sciences can t r u l y  answer it. But we must e s t i -  

mate as bes t  we can the  ro l e  of the  marketplace and, more generally, the 

fu ture  demand f o r  energy a s  affected by various important soc i a l  and eco- 

nomic f ac to r s .  

t h a t  is ,  a community of scholars who think about energy, who develop b e t t e r  

models f o r  our energy systems, who predic t  the  fu ture  as bes t  one can - i s  

an e s sen t i a l  p a r t  of the  U. S. energy R&D e f f o r t .  And, indeed, such fu- 

turology i s  being given a more serious place i n  our R&D program. 

Thus, I urge t h a t  creat ion of an energy pol icy community - 

But conservation technology i s  a l s o  e s sen t i a l .  For example, t he  aver- 

age eff ic iency of the  United States  u t i l i t y  industry i s  only about 30 per- 

cent because gas turbines  a re  being so widely used: If the  average eff i -  

ciency could be increased t o  perhaps 50 percent, possibly with topping 

cycles, we would thereby reduce almost by ha l f  our demand f o r  f o s s i l  f u e l  

( i n  t h i s  case, mainly coal)  for power production. 

A second all-pervasive element i n  our energy R&D program must be the  

environmental impact of vaxious e n e r e  modalit ies.  

modalit ies could become unavailable i f  we should discover t h a t  it causes 

h i t h e r t o  unsuspected hea l th  or environmental damage. 

Any one of our  energy 

An alarming example 

of t h i s  i s  the  finding, s t i l l  somewhat t en ta t ive ,  t h a t  ac id  su l f a t e  emitted 

by b u n i n g  various hydrocarbons may be a much more ser ious hazard than any- 

one had suspected even s ix  years ago. 
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How should w e  go about determining such environmental e f f e c t s ?  There 

are two possible  routes:  

t e r n  establ ished by AEC - i n  c lose proximity t o  groups tha t  are develop- 

ing  the  new technologies; o r  t o  conduct the  research as p a r t  of other  en- 

vironmental and hea l th  research, bu t  separate  from the  technological. de- 

velopment. This f i r s t  method presumably makes the  technologis ts  more 

sens i t i ve  t o  such issues ,  bu t  it possibly may lead t o  an underplaying 

of these side ef fec ts ;  t he  second method makes it harder f o r  the  tech- 

nologis t s  t o  be f u l l y  aware of what the s ide e f f e c t s  are. I a m  not  pre- 

pared t o  say, categorical ly ,  which way i s  b e t t e r  i n  all cases ,  bu t  I am 

inc l ined  t o  keep t h e  technologis ts  and the environmental hea l th  groups 

as c lose  together  as possible .  In  t h e  present  climate of concern over 

environment, t h e  danger of t h e i r  not  keeping each other honest i s  c l e a r l y  

less  than t h e  danger of their  not speaking t o  each other  i f  they are sepa- 

rate. 

t o  conduct such research - according t o  the  pat-  

The environmental and hea l th  i ssues  are l i k e l y  t o  be subt le  and long- 

l a s t i n g .  Some epidemiologic s tud ies  on new e n e r g  modal i t ies  could l a s t  

many, many years.  Therefore, i n  c rea t ing  our ins t rumenta l i t i es  f o r  deal- 

ing  with these questions w e  shall have t o  c rea t e  i n s t i t u t i o n s  t h a t  have 

t h e  required longevi ty  and s t a b i l i t y .  This view s t r i k e s  many as somewhat 

dangerous and expensive; long-term i n s t i t u t e s  are of ten viewed as long- 

term sinecures; bu t  where epidemiology i s  concerned, t h i s  i s  the nature  

of t h e  problem, and I submit t he re  i s  no way around it. 

Turning now t o  the energy modal i t ies ,  I see two r e l a t i v e l y  short-term 

and two long-term matters  t ha t  deserve p a r t i c u l a r  a t t en t ion .  I n  the*hcktest 
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term, we a re  t ry ing  t o  increase our domestic supply of o i l  and gas. 

we a r e  r e fe r r ing  t o  extract ion,  then w e  must depend mostly on e x i s t i n g  

technology. 

If 

The question, then, tends t o  be more a matter of encouraging 

exploration and investment than it i s  R&D per s e .  

longer range, we sha l l  be t ry ing  t o  e x t r a c t  l i qu ids  and gases from coal  

and from shale;  and here I bel ieve we encounter a ser ious bot t leneck.  

By 1985 we may have t o  ex t r ac t  1200 x 10 

double the  present  l e v e l  of what we a r e  now mining. 

mining technology, l e t  alone t h e  i n s t i t u t i o n a l  arrangements, t o  do t h i s  

3n a n  environmentally acceptable manner? Thus, I count technology f o r  

ex t rac t ing  coal  as one of the highest  p r i o r i t y  items i n  our long l i s t  of 

important energy R&D i ssues .  tons annually 

means t h a t  we s h a l l  have t o  open one new deep mine and one new surface 

mine each month f o r  t he  next decade! Is  t h i s  a conceivable goal w i t h  our 

But i n  the  s l i g h t l y  

6 tons of coal per  year,  or  

Do we have the  

9 Achieving a goal of 1.2 x 10 

ex i s t ing  mining technology? 

What I say about coal  mining holds,  

uranium. With shale  o i l  we ought t o  be 

9 j u s t  how much of t h e  1800 x 10 b a r r e l s  

we can depend on - p a r t i c u l a r l y  whether 

t o  a degree, f o r  shale  o i l  and 

learn ing  as quickly as we can 

of o i l  i n  the western deposi ts  

i n - s i t u  methods w i l l  be success- 

f u l  - and i n  t h e  case of uranium whether we can by 1985 increase our out- 

pu t  from t h e  present  14,000 tons annually t o  t h e  7O,OOO tons projected 

for t ha t  time. It seems odd t h a t  mining which was the  o r i g i n a l  technology 

(De Re Metall ica,  wr i t t en  i n  the  s ix teenth  century, was the  f i r s t  modern 

book on technology) would appear t o  be the  prime technological bot t leneck 

-- 

t o  our achieving a goal of energy self-suff ic iency;  but  perhaps t h i s  i s  
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not surpr is ing since so much of the ex t rac t ive  industry has been conducted 

by s m a l l  miners who have always shown great  ingenuity, but  who have lacked 

the  resources t o  exploi t  p o s s i b i l i t i e s  afforded by the l a t e s t  technologies. 

I s h a l l  close w i t h  a few remarks about the long-range modalit ies - 

so lar ,  geothermal, fusion, f i s s i o n  breeders - upon which our very long- 

range energy system undoubtedly hinges, but which can have r e l a t i v e l y  

l i t t l e  impact on the  short-term a i m s  of Project  Independence. 

explained, it i s  e s sen t i a l  t h a t  we know what these options o f f e r  since 

choices t ha t  we make now w i l l  obviously a f f e c t  our long-range energy sys- 

t e m  and a l so  our soc ia l  system. 

A s  I have 

The primary questions regarding each modality are:  i s  it technica l ly  

possible? W i l l  it be soc ia l ly  acceptable? Fusion poses the  l a r g e s t  ques- 

t i o n  of f e a s i b i l i t y ;  despi te  great advances i n  recent years,  the s c i e n t i f i c  

f e a s i b i l i t y  of fusion has ye t  t o  be demonstrated. 

of our energy fu ture ,  t o  quote Palmer Putnam, we cannot depend on fusion; 

but  we must determine whether it i s  f eas ib l e .  

t o  spend about $1,000,000,000 over the next f i v e  years.  

A s  prudent custodians 

To t h i s  end, we a r e  planning 

Geothermal energy 

i s  surely feas ib le  i n  some embodiments; but what about hot dry rock? Un- 

less hot  dry rock i s  feas ib le ,  geothermal i s  a rela ' t ively s m a l l  energy 

source. We sha l l  make a concerted e f f o r t ,  therefore,  t o  obtain an answer 

t o  t h i s  question over the next f i v e  years.  

This leaves the  f i s s i o n  breeder and so la r  e l e c t r i c i t y ,  both of which 

a r e  technical ly  feas ib le .  

children - wind, waves, ocean thermal gradients,  bioconversion), we hardly 

But w i t h  so la r  (and here I include solar's 

know what it w i l l  cos t ,  and w i t h  t he  f i s s i o n  breeder we a r e  r i g h t l y  concerned 
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about the long-term soc ia l  commitment it imposes. We must begin a t  once 

t o  ascer ta in  the real  po ten t i a l  of so l a r  e l e c t r i c i t y  (solar heat ing  i s  I 

bel ieve being pursued on an adequate sca le ) ;  and w e  must resolve any nag- 

ging questions t h a t  s t i l l  bese t  t he  f i s s i o n  breeder.  O f  these l a t t e r ,  I 

consider s i t i n g  t o  be one of t h e  more troublesome and one of t he  more 

important issues. 

Developments i n  energy storage and energy transmission should open 

new p o s s i b i l i t i e s  f o r  s i t i n g  f i s s i o n  breeders and t h e i r  supporting sys- 

tems i n  ways tha t  are soc ia l ly  and environmentally acceptable.  

Se t t ing  R&D p r i o r i t i e s  i n  energy, as w i t h  s e t t i n g  of p r i o r i t i e s  i n  

science generally,  i s  complex; and, even w i t h  the  most able ana lys i s ,  

it must always involve l a r g e  elements of r i s k ,  uncertainty,  and even 

luck. I t r u s t  t h i s  discussion has provided some ins igh t  as t o  how w e  

i n  the Office of Energy Research and Development of FEO are approaching 

t h i s  tough, bu t  immensely important, matter of es tab l i sh ing  R&D p r i o r i -  

t i es .  I would s t rongly encourage the energy research community repre-  

sented by t h i s  audience t o  cooperate with the Government i n  helping t o  

establish these p r i o r i t i e s :  obviously, w e  shal l  need the most s k i l l e d  

and enlightened ass i s tance  w e  can obtain.  

June 20, 1974 


