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¢ UNITED STA]‘ES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATSDN

. t

amsummou D.C7 20545 e
%, - . A ) - e
N 4. April 15, 1976 - .
“ e " ' o 4 ‘ ¢ - .
‘ .". ‘,. &' ‘& 9
. * Sy, e . A R .=
. ,A\ . . . soaT . * . -~ -
‘\‘W_ - The Presidenz/of»the Unjted States . L
' . : { s “ o . N ; _...\,,)
The Presiden "of the Semate = B 4

v o ) 3 . L

'“The'Speakerﬁgf the/Féuse”of Representatives® . . .= .. ° '
i L / S 1 s . _ o o .

] Siri: S /,/’ “ ; Do - - . ‘”

I ‘englose for yawr consideration Volume I of ERDA 76-1, "A'National
Plan for Energy Research, Development, and Demonstratiom - Criating

Energy Choices for ;he Future" containing the Plan. ' Volume IXy. the ;

e

’ . ‘Program‘Implementation (1including both monnuclea and nuclear -pro=
grams) will be fo;warded under separate cover at a later date, fil‘
expected to be within the next days. St . oY

\
e

T This ‘is the first annual update of the initial report, submitted td yo s
in June 1975 (ERDA—48), and complies with the requirements of Section
" 15 0of the Fedéral. Nonnuclear Energy Research ahd Development Act of
1974 ' o N

»

« This. report represents an-bvolution\‘ >g-proach over the previous
"document. ERDA's proposed. National\igl ‘has beeh expanded in scope
and depth of coverage and the basic rand strategy are refined,

' but,remain essentially intact. The E=ﬂl~” arizes ERDA's current
) " vi4ws on the energy technologies thé‘Nition‘wi%I need to achievé
L . 1o er-term energy independence, specifically.;’ N
- . k . o The paramount role of»the private sector in the develop

and commercialization of new. energy technologies is ad :1:1 d;

o Conservat (energy efficiency) uechnologiis are singled
out for increased attention and are now ranked with several
supply technologies as being of the highest priority for
national action. - _ -

A

o The President s 1977 budget requests a large increase - 30%

over 1976 - .in- funding for epergy RD&D with particﬁlar

emphasis on:

- accelerating energy RD&D programs diré,f}d at achieving -."‘z
greager long-term energy indepe cgc& .
\_o /

.'Y L e .
R4 :
\




. '. ‘»'". £ .v""" / .
- 'encouraginé'cost-sharing{with private £ndustry and
' ‘ . avoiding the undertaking of RD&D more/appropriately
Dol C the responsibility of the privatg sec¢tor-,

v

M ‘ \ ’
- ‘supporting the commercial demonstraeion of synthetic ' .
R : . v '_fuel production by providing loan/guarantees beginning: - -
PRI - in FY, 76 - a - 0= - ) -

.‘*,: /-

o Federal programs to assist.industrx in accelerating the
'market penetration of energy technologies with near-term
' potential are a key element/of the Plan.
~The” Executive Summary outlines,ﬁpecific cqnclusions and recommendations
that are presented more fully in thevbodylof the report.
_ I believe it is important .that we achieve extensive Congressional and
.. public discussion-of the national. energy research, development and
,demonstration considerations and recommendations contained in ERDA-48
“and’ described in further detail in the present report. Such public
discussion 1s an éssential part of the common* effort to arrive- at an
effective approdch”to the solution of our energy problem - .an approach
that in terms of ‘résearch, development and demonstration is’ baség .
the concept ‘of creating energy choices for the future.

‘GI‘-‘ lf’

v o Sincerely,_

AW

Robert,C..Seamans,‘Jr.
Administrator.
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independence. These¢ goals are reiterated in the 1976

" Energy Message:

—“First, to halt oGr growing dependence on im-,
ported oil during ‘the [Dext few critical years.
—*“Second, to attain energy independence by 1985
by achieving- invulnerability to d1srupt10'ns -
caused by oil import embargoes. Specifically,
we must reduce oil imports to between 3 and 5
- million barrels a day, with an“accompanying .
ability to offset any future embargo with storéd
petroleum reserves and emergency standby
‘measures.
—“Third, . to mobilize our technology and re-
... sources to supply a significant share of the {free
L world’s energy. needs beyond 1985.”"

- The followrng principles gu1ded the development
of the program, These pnncrples are stil sound
today : .

—“Provide energy to the Amencan consumer at
‘the lowest possible cost consistent with- fhe need
for secure energy supphes .

—"“Make energy .decisions’ consrstent with. our.
overall economic goals.

—“Balance environmental goals with energy re- :
.- quirements.

—"Rely upon the pnvate sector and market forces *

as the mgst eﬁicrent means of achieving the Na-

tion’s gonls, but \act through the. government

where the private sector is unable to achreve our:
' goals

—"“Seek equity among all our citizens in sharing

of benefits and costs of our energy program. .
" “s“Coordinate our energy policies with. those of

other consuming nations to promote “interde-

,pendence as well as rndependence

New. technology that will help expand | domestrc A
.. ogy introduction. These guideposts can be use-

energy supplies and rmprove the el’ﬁcxency of energy
usg, is an essential tool in acl ving the President’s -
energy goals The mtroductlo

P
N

. Preface

Intbe 1975 State of the Union message, Presi-
dent Ford enunciated three national energy pohcy ‘
. goals necessary’ for the Nation , to rega1n energy

Vin

of new technology re- °

. o . ¢
i} - : I L4

quires, in tum, a major national effort in research

development ‘and demonstration (RD&D), carried out .

largely in the private sector but supplemented by
£0% ernment-sponsored RD&D where/necessary.

- op
Président and ‘the Congress a
tional Plan for Energy Research, Development and *

Within the context of the Presrdent’s goals for
rgy independence, the 1975 plan:

__Recommended energy R&D goals and objectrves

e

-y | for the-Nation. )
" t—Examined the potential trmlng and contribution

of major energy technology options. ,
-1 | —Ranked major technologies and related them to -

mid and long-term.

. _}—Discussed Federal and private sector: roles m

<energy RD&D and descnbed‘the Federal energy
RD&D effort.

"the development of the President’s ended 1976
d the 19‘77 budget request for energy RD&D fund-

o Whrle ERDA’s proposed pla.n is natlonal in
sc’)pe, the Federal Government can neither. unilat-
Iy plan the course ‘of national action nor ‘accom-
pl sh-all the necessary actions defined by such a plan.
Thisplanning process is a ‘usetul mechamkm because
. the Federal Government.can use such an approac
-context for its own actions and as a wa
ptomote consensus on the Nation’s apprdach to en-
,ergy RD&D. In this regard ERDA-48 contributed
“to) this planmng process in the following three ways:
1. By establishing a likely order of technology
1. introduction from the near to the. long term;
ERDA—48 identified current major guideposts
for measuNag and assessing the rate of teghnol- ',

ful in evaluating whether enough néw technol-
ogies are being introduced to solve the Nations

The Plan also served as an 1mpo ant 1nput to -

their potential energy contribution in the, near,

-

\

-



.
“¥..  ngplogy In
. ., are intend

‘ew

A NATIONAI: PLAN FOR ENERGY RD&D '

v ] ' . - b ” M

-

. energy problem, and in’ identifying possible.;

compensatory government action.

»

-2. ERDA-48 proposed national energy RD&D

e priorifies linked d1rectly to this order of tech-
uction: These national priorities .

to be generally helpful in evaluat-
' | ing the nalhmpal energy RD&D effort. In par-
. ticular, the priorities bear on the alloqatron of
government RD&D resources.

3. It stimulated debate on the technologlcal op- .

tions open to the Nation in the context of the
total energy problem. ‘ERDA beliaves this con-
text, which- forces the weighing of

tives together, facilitates the obje evalua-

v tion of individual technologles It is a debate_‘

that should be encouraged.

Accomphshment of the: activities 1dent1ﬁed in-

the proposed national plan needs: 1) ‘agreement of.

the private sector and Ahg public on " the planning
of both the role and the -

approach, and 2)facceptan
~sets of ‘actions set forth in the plan to be carried out

. by these entities. Thus, the development of a national.

planning approach must be iterative ang dynamic.

- Newly dtscovered energy supplies, changes in energy

policy, scientjfic successes and fanlures .economic
conditions, actual progress. in introduéing new. tech-
nology—all these sand - more will change the Plan.
- Recognizing these dyndihics,. thie Congress instructed

ERDA to report annuhllyaon {ts progress during the o
past year, and to rewse annually its Plan 'and pro-

‘gram,
. This document is the first such annual report.
and Plan revision. Because it ranges widely, although

not exhaustively, “across the’ energy problem and -

energy RD&D, this reyised Plan’carries many themes.

However, it returns repeatedly to the central theme .
that the development and introduction of new energy *

technology “requires, the interaction of many pro'!

/wams, institutions, and individuals. ° .
© ™ Agcordingly, Chapter I of ERDA 76-1 presents

an overview of the energy. problem and the major
“for its solution. It then describes at

requiremen
some’ length“the relatlve rolfs of the participants in
.the ‘solution and Why—and how——-the players must
work together. .
v . k;' )
. e

alterna-

®. Ry treatedCin greater depth in the‘next Plan update.

. The next two chapters present: the rev1sed Plan

’ and program. Chapter TI describes the Plan-—a likely
" ordering of technology introduction arrd the related

national RD&D priorities. This revised Plan is not
‘much different from ERDA-48. Substantively, the
higher national priority assigned.to conservation is
the major revision. Additionally, this chapter restates
3nd attefpts to clanfy some of the ERDA—48 mate-

viale ;
Chapter III summarizes the Federal -energy -
RD&D program, which, of course, is only one part
‘of the, national. activity under way, This chapter de-
velops two important points. First, it discusses Federal

- RD&D program strategies, emphasmng&phrograms

nearing~the point of market penetration e inter-
acion o Federal RD&D with the private market is a
unique L
ond, this|chapter presents.the, FY 1977 Federal en-
ergy RD&D budget.’ (Volume II of this Plan, pub—
lished separately, contains more detail on last year’s
progress and future prospects for each of -the energy
kRD&D programs.)

Chapters IV and V turn to the -institutional _
mechanics necessary to implement the Federal RD&D
and program. Chapter IV discusses the interactions
between ERDA and the public, the private sector,

.

state and local government agencies, other Federal

Government agencies, and other countries. Successful
interaction will increase ‘the likelihood of . early
" development and implementation of new energy- tech-
nologies and-realization of the Nation’s energy goals.
Chapter V describes the key elements of the analysis
and planning system being developed and rmple- C

, mented. by ERDA

fo The ﬁnal chapters of this report. will be of spe- .
cial interest to-thpse who want. to follow closely the
analytic foundations of*the Plan. Chapter VI -dis-
-cusses the events, public cbiiments, and new analytic
results that have impact on or have shaped the Plan,

. and explains why Plan revgslons were made; similar’
material will be included in all future editions of the
Plan. Chapter VH looks to the future, presenting
ERDA!s current views of priority matters to be .

4

d cruclal aspect of ERDA’s ‘mission. *Sec- .



- Key Points of The Sumt\hary

: Representing an evolnlion in approach over 2
initjal planning of June, 1975, this National Plan
expands she scope and depth of coverage of the - '
earlier Pian.The basic goals and strategy are reﬁlfed,
bat remain essentially intact.

_ Significarit points of emphasls in this report are ‘
as follows:

e The paramount role of the private sector in the de-
velopment and commercialization of Bew energy
teohnologies is addressed.

« Conservation (energy efficiency) technologxes are
sinigled. out for intreased attention and are now
ranked "with several supply- technologles as being
of t ighest priority ‘for national action. The

}m res snblhty for.developing and bringing

unto use 1mproved technologies for energy effi- -

ciency rests: with the private sector but the Federa:b
Government is increasing its funding for this are

to provide encouragement ‘and stlmulus to the

total’ nattonal effort, o

¢ Federal programs to assist mdustry in aceeleratmg' -
“ the market penetrajlon of energy technologxes with -

.near-ter ntial are a key. element in the Plan,

« "The close coordinati tion of technology development

with socioeconomi¢ and environmental, factors, at

“regional as well as national levels, is ‘provided.

¢ The President’s 1977 Budget recogmzed the high*
“priority of energy RD&D by proposmg a greatly -
* expanded program at a level appropriate to the

respor!berhtleg

cifically, it:

s

of the Federal Government. Spe-

~—~Accelerated energy RD&D programs di-

#rected at achieving greate( long-term energy

independence. °

Expanded eﬁorts“'to assure the safety,

rellablhty, and availability. of cdmmer-
cial nuclear power plants.

——Placed greatest funding on technologies—-

Executlve Summary :

<
ECR terms of recoverable resources (ie.,
% > nuclear and fossrl) ' ‘

-*r-_—-Conunued to expand the mvesugatton
- " of other technologiés where they can.
make significant contrifutions to meet-
ing the long-term energy . reqmrements
“of the U.S. (i.c., solar, and fusion).
—Encouraged. eost-sharing, with private indus- .

try (e.g., coal liquefaction * demonstrations) - .
and avoided undertaking RD&D more ap-

i propriately the responsibility of the “private
/. sector- (c.g., in areas of conservation tech-
: nology).
- Z-Supported the commer®ial demonstration of -
* .- synthetic fuel production from coal, oil shale, -
.~ and other domestic .resources, by providing -
loan guarantees beginning in FY., 1976.
* A new short-term, ﬁve-year-forward planning cate-
\,,gory is» added to the Plan to focus gttention ‘on

may have effect within five years.

. National priorities for energy RD&D are not the
same,as prxontnes fos the allocation of Federal funds
for en RD&D. In many cases, Federal spendmg
for the development of a particular energy tech-" -
nology may not be justified because: :

—the RD&D function can better be performed
by the pnvate sector,
" —the objective can better be achreved by some -
means other than RD&D, or
—the funding required is not suﬂicrently high in
priority compared to other demands for Federal
funds. . .4

A}

. Furthermore, the level of Federal resource com-
mitment for any particular area.of energy technology
is also influenced by the stage of technology devel-
'opment as a tec ology moves from theé less expen-
sive research phase to the more eXpensnve pﬂot ‘and
demonstration plant phases.

--While -ERDA’s proposed plan is nattonal in

~ with the hxghest potentral payoft m" ‘ scope, the Federal Govemment cap neither um-

Lo e

opportunitiés for- .technology development that - °



. proach to energy RD&D
. 4

e Actions must be initiated to prepare for a tr
from dependence on oil and-gas to reliance on alteg- .
- nativé energy sources,, particularly coal and nuclea.r
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A NATIONAL PLAN FOR ENERGY RD&D

. laterally» plan the course” of natxonal action nof ac- -
* complish all the neeessary actions defined by such

a plan. This planning process is a useful mechamsm

because the Federal Government can use such an -
-approach as one. context for its own actions and as

a .way to promote consensus on the Natlon s "ap-
Background of the Plan "
- The Nnﬁon faces a seridus and continuing

' el‘fergy prublem characterized by limited energy

2&; and increasing dependence pn diminishing oil
gas

resources. This problen is currently exempli-

fied by an undue relfince upon imported fuel.s..
This serious energy préblem has come about

because mdst of the fuel currently used by the Na- -
tion is in the form of petroleum and natural gas, and A

these fuel resources are becoming rapidly -deplgted.
1tion

in the near and mid term. Hlstoncall'y, however,
such transitions, as illustrated in Figure I, have re-

. quired more than half a century,

To provide alternatives to' undesirable depend-
ence on oil and gas, the Nation; must undertake a

" program of fechnology ‘development whith will be

= . R
l o
100 — - . T
s B . PETROLEUM &’
0N .

.. " NATURAL
/

5]ﬂ 111 1 1 .
186'0 f880 1900 20. 40v- 60 " 80
CALENDAR'YEAR

' . SOURCE: HISTORICAL STATISTICS OF THE UNIDED
> STATES BUREAU OF THE CENSUS; U.S.
8UREAU OF MINES. 1974

1

~

v
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- Figure! U.S. Energy COnsumptidn-Patterns/ ‘

- oil and gas.

.

‘nuclear fission (bréeder)

tec '_rTanyndlﬂicult and costly, and will reqnire

The problems of transntxon .to new - energy

sources are difficult. New domestic..energy sources
_ are potentially ava}lable indeed, solar energy and
d fusion represent essen- .
‘tially inexhaustible energy sources—but there are

. significant economic, env1ronmeﬁtal social and tech-
*nological problems to be, solv

before these new

“can besome adequate supplements for
eanwhile, existing domestic alternatives
in such forms as abundant coal resources, and the

energy sour

‘full benefit of nuclear light water reactors cannot
beﬂcomplctely realized without funher technological’

improvements.

» v

Figure TI presents currem potentlally recoverable |

resource estimates for key dothestic fuels. Shaded

areas ipdicate the ‘additional.resources that may be- ~ _

come recoverable if the necessary technology and
utilization techniques tan be developed. In additiom,

Figure

cumulatnve energy demand from now until the end

of the century. Coal and nuclear represent the major
.exploitable resources to supplemeht oil-and gas over

the next several decades. Geothermal, oil shhle,and

illustrates the relative paucity of domestic -
oil gas resources compared to the “estimated

solar energy ip the form of splar heating and cooling

represent supporting. rﬁso»ryésjo ease overall supply
problems in that same tinae period. Nuclear -breeders,
solar elcctnc,cand fus "ppresent technologies that
can exploit midjog tesbuirces for the next century.
These latter tthee eclinolognes differ significantly as
to the status of théir’ dcve]opment and demonstra-
tion, the severity of the economic, envnronmental
social and technologlcal challenges to be overcome
and their potential for meetmgcnergy needs within
given time frames. With respect’ to the latter point,

- the first two of these have the potﬂntxal to contribute -

d

to meeting energy needs during *fxeﬂatcr part of this -
\

century.

+  Insummary, .even though the Nation is blessed

with'. abundant energy. resources, it is currently de-

péndent upon a narrow base of diminishing resourses. .

“This Plan is designed to describe likely options

for the introduction of new technology that will assist -

- the changeover from dependence dff this narrow base

of diminishing. domestic resources to reliance on a .~

broader range of less, limited altgrnatives.

. The  transition ., to less Rlimited resources poses

fsubstantutl technological and envx.;onmental prob-'

1¢hs.'Of equal.importance’are the difficult economic,
social, and institutional problems that will be agso-

- addressed more intensively than ever before and a

11

RD&D p'rogrﬂ'l however suecessful technically, can

fail because of failure to solve any..one of these

problems. e
N - « -
’ . ‘ .

.clated with this transition. These problems must be
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Technology development is made more diﬂicult-
.. by uncertainty as to how the future ‘will evolve with
CoSts ;m many

redpect to energy demand, energy
other factors. There is, today,” uncertﬂtmy as.to the

future of enefgy demand; the. relative. eoonpfnlcs of
energy 'technologles. the interplay With thé -£nviron-

ment; the chdice of preferred energy‘systems. the
date ‘of introduction or the rateé’of implementation

of a.particulai¥ teclinology; the internationl
aspects ‘'of the world-wide energy problem; and other

factots affectmg solutlon to -the domesnc energy
. problem. '

‘ While 1echnologlcal development is a necessnty

for .almost every aspect of the energy problem, the

Aesngryof a program for technology development must

remain responsive to such factors as:

¢« How much domestic ol and gas is actually found
and produced ~. v

plus the backup protection against supply disrup-
tion that can be gained from stockpiling policy
* The rate -of lmplementatlon and level of de\/elops

ment of both existing and emerging new technol-'

ogies *
e The degree of p:otectlon afforded human health
.and the physncal environment

12

L
o .

» The degree of modification of life stylesﬂ(hlch the
Nation finally adopts -

* The end-use energy efficiencies that may be-ﬁnaﬂy
attained

¥

¢ The level of effort that can be plaoed in the devel- i

" opment of new technology , . -

‘e The -economic and techmcal\,suceess ﬁnally

- achieved by new. technologles
. The impact of economic and- socnopohucal consld-
" erations. ' .

Even though- thi$ list is t exhaust:ve, it is .

‘' <

iustrative of the difficulties in. ealing “with the en-

ergﬂ problem D&lslons on thi¢ development muyst be.
e today in th; fage of uncertainty, without fore-
closing future options.- Indeed; the basis for “under--
taking a program of energy RD&D’B to broaden the
Natlon s range of available energy options—to cgete

T energy choices for the future;
o' The availability of |mports from secure sou:ces

While RD&D.is clearly needed, ant insufficient -
amount is being ponducted in the private sector. be-

. caifse of uncertainties with respect.to future profit-- -,

ability; environmental standards and other regulatory

M 4

a

policies; the magnitude of technological risks being.

faced; the lack of present institutional -organizations

.to undertake the effort; or simply because of the

§heer size of the effort or 1nvestment ’Energy RD&D

[ R

;oL
‘catlintenamg
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is one ‘element of the tdtal National“policy . whlcz

must seek-to reduce these risks and. uncertamtxes an
: 1mprove the economlc and égulatory chma.te »for

' sprivate action.” .
" The startmg point for:'ﬂus ‘Plnn fbr technology

~developgnent is- the . Broader concept. of natlonal en-

" - ergy goals and prisiciples. -

- Ultimately, decisions: as to which’ technologles
are found to be aoceptable hate wxde-rangmg impli-
cations for the eountry’s sscdmy, and involve the
future environmental and economic well- bemg of all

-.citizens.. The. process of developing alternatives to
*.the present energy system needs.to be carried out in
-+ a context which comlﬁually considers the broader
.. issues of publl.c concempw _

_The.programs to achleve Energy Independence
were guided by the following prmcnples These prin-
- ciples are still sound today:

"o “Provide energy to the American.consumer at the
lowest possible cost consistent with the need for
secure energy supplies.

v “Make energy decnsnons consistent with our overall
«. economic goals. :
Lo -“Bala.nce environmental goals with energy requlre-

ments @

ey “Rely upon privite sector and market forces -as-

, .the nost efficient means of achieving the Nation’s
goals, but act through the government where the

.. private sector is unable to achieve our goals
« - e:'Seek equity among all our citizens in sharing

" costs and benefits of our energy programi.

. “Coordinate our energy policy with those other

consuming nations to promote mterdependencq as
well ds mdependence ” %
In keepmg with the above principles, the Presl
dent set forth the followmg goals. Tfor a comprehep-
" sive national energy effort in the l976 Energy Mes-
sage® .
—Flrst to halt our growing dependence on im-
ported oil during the next few critical years. -
~—Second, to attain energy mdependence by 1985
by " achieving ' invulnerability to ' disruptions

caused. by oil import embargoes. Specifically,

we must reduce oil imports to between 3 and 5

mlll;on barrels .a day, with an accompanying

- ability to offset any future embargo with stored
© petroleum- reserves and emergengy standby
measures. .
‘ —Thlrd -to mobilize our technology and resources
to supply .a significant share of the free world’s
-‘energy ‘needs beyond 1985. S

Tt is the purpose of the! ‘National Plan for En-
ergy RD&D to translate thesé: principles and goals
into ‘specific Federal programs for technology devel-

mentmg thls development w1ll be of paramount im-

7. =

~ portance and that the pubhc s support as cmzens and

consumers is essential.  _

A basic premise in national energy polley and
pldnning for RD&D is that the private sector has the
primary role in creating new energy alternatives; the
Federal Government’s role is to assist the private
sector in the developn{ent and market penetration of.
new energy technologies.

With few exceptions, the private” sector is the _

. main producer and cg. sumer of energy. The role of

the private sector i§"therefore paramount in the
accelerated’ introduction of enérgy technology, and
in the solution of the Nation's energy problem.
In part, this is so because the private sector is, -
motivated and prepared.to take the: risks involved in
developing and mtroducmg new energy technologies.
In addition, the private sector has the inherent flexi-
bility to act; the preponderant share of new invest-
ment funds; and the managerial capabilities for.carry-
ing out most of the RD&D and virtually all of
technology introduction. Moreover, market forces as
they are perceived by decision-makers i the pnvate
sector will determine the economically optimal mix
of alternative energy technologies to displace the un-
due reliance on petroleum and natural gas. '
Therefore _the establishment of the Federal pro-

gram and activity levels, the objecuves are: )

» .To - assist and reinforce private sector actions
[rather than to compete with them

* To ensure relevance of governmental activity by
achieving extensive private sector involvement at
the earliest possible moment in the’ development
cycle. .

An important theme of this report is that the
private sector and market ‘forces are the most effi-
cient means of achieving the Nation’s, energy goals.

~ ~The role of the public sector, especially that of
the Federal Government, is therefore supplemen--
tary—to do what cannot otherw:se be done privately.
The Fedeal role, in turn, divides into three parts:
Government can establish an appropriate policy cli- -
mate for private sector action, share risks, and con-
duct a complementary RD&D program.

- In general, a preferred role. of government is to
establish an appropriate climate for private introduc-.

. tion of energy technology, such as:
.. Leadershlp and assistance: establishing a con-

sistent and stable policy and regulatory network.

-

.. Mnnagement of energy resources located in Fed-

eral lands: making .available these resources for
use over time, with due regard to environmental,
- aesthetic, conservation, land-use, or other factors
of national interest.
¢ Economic and anti-trust regulation; makmg ener,
(decisions consistent with national economic. goafy
- providing energy consistent with' the need for
- secure energy supplies; and assisting in the devel-
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opment of standards, cntena, and . certnﬁcaﬁen
procedures.
* Human health, safety, M envnmnmental Pro-
, tection: ensuring the proteotxog 'of the Nation’s
"ﬁMronment and the pubhc;‘ th and safety.

Jicies with those of other consurting and producing

‘. "nations to promote interdependence as well as

- independence.

Within the Federal Government, ERDA has °
specific leadership responsibility in energy RD&D.

Energy RD&D is an important component of
the total Federai role, and ERDA plays a leadership
role here in three ways.

First, ERDA develops-and updates the National
Plan for Energy RD&D. This Plan cannot, and is

Fundamentals of the Plan
" To propose effective solutions to the Nation’s

_ current energy problem, the National Plan for Energy

ur energy pol- . -

RD&D addresses technology development from the
standpoint of both private sector and Federal Gov-
emment activities, and also proposes approaches to

-incorporate pertinent nontechnologwal considera-

not intended to, represent technology as a total solu- '

fion to the energy problem, nor can it predict cer-
tain success for -any partieular program, ensure im-

‘ mediate results, or preselect a single energy future.

LS

Rather, the Plan performs three principal functions:

1. Establishes a likely order of technology intro-
duction from the near to the long term; and
identifies current major guideposts for measur-
ing and assessing the rate of technology intro-
duction. These guideposts are useful in deter-
mining whether enough new technologies are

being introduced to solve the Nation’s energy

problem, and in 1dent1fymg possible compen-
satory govérnment action.
Proposes national energy RD&D pnontles
. linked dlrectly to the order of technology in-
s troduction.  These pnontles are intended to be
generally helpful in evaluating the national
energy RD&D effort. In particular, thé prior-'
ities bear on the allocation of . govemment
RD&D resources.
Stimulates debate on' thg technology options
open to the Nation jn the context of the total
. energy problem. ERDA: believes this context,
which forces the weighing of all alternatives
together, facilitates the objective evaluation of
individual technologies. It is a debate that
should be encouraged.

Second, ERDA has:the responsibility to monitdr
and report on the entire Federal energy RD&D
effort. In this way, a coordinated program aimed at
common objectives is more likely to emerge. Volume

" 1I of this Plan summarizes the activities of 23 Fed-
eral agencnes as they relate to the total RD&D pro-

gram. .

* Finally, ERDA is itself the prmcnpal sponsor of
Federal energy RD&D, including programs involving
risk-sharing with the private sector.

tions which can affect the results of RD&D.
The National Plan for Energy Research, De-
velopment and Demonstration is an integral part .

‘of an overall approach for addressmg the Nation’s

energy needs. It is responsive to the natxonal energy
policy goals and principles enunciated in the ‘Presi-
dent’s 1975 State of the Union Message, and reiter-
ated in the 1976 Energy Message. While its emphasis
is on technological development, it is consistent with
and reflects broader policy concerning import levels,
foreign relations, the needs of inddstry and consu-
mers, fiscal policy, environmental protection, and
human health and safety concerns.

In its initial response to the Nation's energy

" needs, the Energy Research and Development Ad-

ministration (ERDA) formulated the first National
Plan . for Energy RD&D, which proposed national
priorities for the devefopment of .new energy tech-
nolognes That approach, published in June 1975, re-
mains the basis for this first annual update.
The dual emphasxs of this updated Plan is:
o The further refinement of priorities and strategic
approaches identified in the mltlal Natlonal Plan.
for Energy RD&D

~* The integration of the critical nontechnologlcal

aspects of energy development into RD&D con-
sideration.

Technologlcal Emphasis
The overall emphasns of this Plan is to support

the private sector in the development and implemen-

qrd

tation of energy technologies that can begin to re-
duce the demand for il and gas significantly in the .
balance of this centul}y ‘and, where possible, in the
near term. ,
To accomplish this, the Plan:
* Singles out conservation (energy efficiency) tech-
nologies for increased attention and ranks them
- with several .supply technolognes .as .being of the
- highest priority for national action .
* Identifies six key supply technologxes which can
enter the market penetratlon phase in the near
term
¢ Outlines initial program steps to overcome tech-
" nological barriers to the rapid implementation of
key technologies with near-term potential
e Addsa short-range planmng category to focus at-
tention on opportunities for technology develop-
“ment that may have effect within five years.
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To balance these initiatives, the Plan also de- .

velops in further detail the longer-range programs
given pnorlty in ERDA’s initial Plan.

Nontechnologucal Emphasus

-

The nontechnolOglcal emphasxs of thls Plan is

to ensure that RD&D has taken account of all those.

factors which can facilitate the rapid integration of

new energy - technologles into thc framework of the

society.

To accomplish this, the Plan out'lmes approaches
to:

* .Government support to the private, sector to accel-
erate market acceptance of key techuologies after
technological barriers to malket penetratlon have
been removed

. Integratlon of environmental plannmg at each stage
in the process of technology development

* Interaction of public and private sectors at na-

tibnal, state, regional and local levels to ensure
appropriateness of efiergy RD&D

* Development of a management process within
ERDA to provide overall guidance and coordina-

" (Beyond 2000)

tion of both technological ,and "nontechnological

aspects of energy development.

These approaches will be- St{mmarlzed and the
basis for their emphasis will “be explained in greater
detail below. '

The foundation of the National mﬁ is a set
of recommended national energy technology goals,
- a strategy for achieving these goals, and a proposed
set of national priorities for energy technology devel-
opment.

To provide a basis for setting priorities in tech-
nology development and developing strategies for im-
plementation, the Plan identifies eight national energy
technology goals: .

I. Expand the domestic supply and economically
recoverable energy' producing raw materials
Increase the use of essentially inexhaustible
domestic energy resources = . -
Efficiently transform fuel résources into more
desirable forms °
Increase the efficiency and reliability of the
processes used in energy conversion and de-
livery systems
Transform consumption patterns to improve
energy use
Increase end-use eﬂicnency

IL
- L
IV,

V.

VL
VIL
welfare and environment related to energy
Perform basic and suppomng research: and
,techmcal services related to energy
The Plan then develops a strategy for attaining

these national goals:
[}

Protect and enhance the general health safety,

NEAR TERM

[

* Increase ‘the efficiency of
energy-used in all sectors of the
economy and extract more
usable energy from ‘waste ma- -
terials

* Preserve and expand major do-.
mestic energy systems: coal;
light water reactors, and gas

" and oil from new sources and
by enhanced recovery tech-

,-.- niques. ~’
MID TERM .* Accelerate the developmént of
(1985 to 2000 - new process for producing syn-
and beyond) thetic fuels from c¢oal and ex-
tracting oil from shale
-* Increase the use of fuel forms
such as geothermal energy,
solar energy for heating and
"cooling, and extraction of more
usable energy from waste heat.
Permit the use of the essen-
tially inexhaustible resources:
nuclear breeders; fusion; and
solar electric energy from a
variety of options including
wind power, thermal and pho-
* tovoltaic approaches, and ocean
thermal gradients

¢ Provide the technologies to use
the new sources of energy,
which may be distributed as
electricity, hydrogen, or other
s throughout all sectors of

(Now to 1985
and beyond) s

LONG TERM »

Initial ERDA analyd¢s have led to the prelimi-
nary conclusions that only

ogies in a combination of applQaches can provide
adequate solutions to the present ehergy problem. All
the national energytechnology gdals must therefore
be pursued together. However this does not mean
that every conceivable technology approach can or
should be pursued with -equal vigor or at all.

Although the proposed strategic approach is
broad in scope, it recognizes the existence of limited
resources, and consequently, the importance of set-
ting priorities.

All appropriate technologies will be drawn upon
to some extent.in achieving the national technology
goals. However, the development of some tech-
nologies is absolutely essential, while the develop-

‘mont of others is more supportive and complemen-

tary. This distinction is based on six criteria:

-« How substantial an energy contribution would suc-

o

cessful development of the technology make possn-
ble? .
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Table | Technologies Now Availabie for Pursuing Major Energy Technology ‘Goal's

Tha last column. of this table presents dats from ERDA—4S. it represents the maximum impact of

_technology In any scenario meas-

ured In terms of additional oll which would have to be marketed if the technology wers not impiemented. Besls for the calculetion Is
explained in Appendix B of ERDA—48. These dats are being fsexamined, and changes will be made when analysis is completed.. In »

number of cases, revised projections of impscts will be lower.

* * Near—now through 1985
Mid—1985 through 2000
Long—Post-2000

¢ Assumes no change in ond-qﬁ device.

. Direct
o - Substitution~ =’ Impect In
¢+ Termof For OU) Lo RD&D Year 2000
Technology - impact® & Qaa®* ’ Status in Quads

GOAL I: Expand the Domestic Supply of . vl

Economically Recoverable Energy-Producing . - .

Raw Materiais . 7. -
Oil and Gas—Enhanced Recovery Near .’ Yes ° - Piiot "13.6
Oil Shale . S Mid ¢ . Yes . Studv/Pilot 73"
Geothermal . . Mid No Lab/Pilot 3.1-5.6

GOAL II: increase the Use of Essentially , ‘

Inexhaustible Domestic Energy Resources g e -

~.Solar- Electric . Long No Léb . 2142
Brédder Reactors , Long No Pilot/Demo 31

ORGSR T e e g T N e b

GOAL I1i: Efficiently Transform Fuel Resources o

Into More Desirable Forms . . v . : g
Coal—Direct Utilization Utility/Industry Near Yes Pilot/Demo 245
Waste Materials to Energy Near ¢ . Yes. Comm 49
Gaseous & Liquid Fuels from Coal Mid Yes Pilot/Demo 140
Fuels from Biomass : Long Yes® Lab 14

GOAL |V: increase the Efficiency and Reliability .

of the Processes Used in the Energy

Conversion and Delivery Systems . :

Nuclear Converter Reactors Near No _ Demo/Comm 28.0
Electric Conversion Efficiency Mid No . Lab , 26
Energy Storage : Mid No . Lab N L —
Electric Power Transmission and Distribution .Long No Lsb . _ 14

GOAL V: Transform Consumption Patterns to )

Improve Energy Utilization . . '
Solar Heat & Cooling “Mid Yes Pilot/Demo 59
Waste Heat Utilization Mid Yes Study/Demo 49
Electric Transport ’ Long Yes Study/Lab 1.3
Hydrogen in Energy Systems ) Long Yes Study : —

GOAL V!: Increase End-Use Efficiency :

Transportation Efficiency. Near Yes Study/Lab 9.0
Industrial Energy Efficiency Near Yes Study/Comm 8.0
_ Conservation in Buildings and Consumer Products Near Yes 71

Study/Comm

« In which time frame does the technology produce
its initial energy impact?

Does the energy output of the techhology sub-
stitute directly- for oil and gas supplies?

What is the economic status and potential-of the
.technology? "

implications of the application of the technologies?
What is the stage of development of the technology
in the spectrum from the laboratory to the market-
place? ’ ‘

Table I summarizes the key characteristics of
each technology with respect to some of these factors.

-

L

What are the environmental and human health .

These considerations and the strategic considcrqfions
discussed provide a basis for the priority ranking of
the technology .categories, listed in Table II.

Priority Ranking of Conservation
Now Significantly Increased

Conservation (energy efficiency) technologies are
singled out for increased attention and are now
ranked with several supply techiologies as being of
the highest priority for national action. Thig rdnking
represents 8 major changé from the initial Plan and
reflects observations:of only moderate progress to’
date on supply technologies, evaluation of public

2
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o Tablell

_Proposed Natlonal Rnnklrlk of RD&D Tochnology cwogorlu‘ i

_HIGHEST PRIORITY m-:m?un

NEAR-TERM CONSERVATION (EFFICIENCY)
TECHNOLOGIES e

v

v \ ' . /}

\ .
= _CONSERVATION IN BUILDI’JGS & ,; :
. CONSUMER PRODUCTS . o ‘.
* INDUSTRIAL ENERGY EFFICIENCY & '
«® TRANSPORTATION EFFICIENCY

HIGHEST anm SUPPLY v,
' NEAR-TgRM MAJOR ENERGY SYSTEMS '

SRS Nawsounces OF LIQUID ANDGASES
s mrqn THE MID f:RM

'x\

'."

- PR . ' ‘-*g rymgr-: MATERIALS TO ENERGY

\ /~ »\ * 3 N A
7+ GommDIRECt UTILIZATION IN "
F 7 UTHATY/INDUSTRY
NUGL

omr-:n mpmm\ur rzcuuowelas , 3

[ o8
{1 ,gunm-:n SED (LIM{TED APPLICATI@)N)
‘ vTER‘ TECHNO].OGIES A b

THE LONG TERM

* individual technologies are not ranked vllthlﬁ tﬁ%hnol&gy categories.
I ,

. O FUSION  ————— e

ﬁ R- coré ERTER REACTORS:

OIL AND GAS ENHANCED RECOVERY ! f’? xS

. GAs:-:dus AND LIQUID FUELS FROM IR
AR S S

. onLe,dllAne SR E

‘s BREEDER REACTORS :

*

* SOLAR-ELECTRIC = '~ IR

y .

Y .

5 QEOTH&MAL .

" -\e SOLAR HEATING AND COOLING
e; l! WASTE UTILIZATION

ELECTRIC CONVERSION EFFICIENCY
LECTRIC POWER TRANSMISSION
ND DISTRIBUTION -

o .ELECTRIC TRANSPORT

¢ ENERGY STORAGE ] o s

» FUELS FROM BIOMASS ;
.« HYDROGEN IN ENERGY SYSTEMS.

comment on the initial Plan, and further analysis of

conservation” opportunities. Specific reasons for as--

signing this higher priority to energy efficiency tech-
nologies are identified below.

"Many of the technologies to improve energy
efficiency currently appear to share one or more of
the following characteristics:

*.» A barrel of oil saved can result in reduced imports.

. ~*. Tt typically costs less to-save a barrel of oil than-

to produce one through the development of new
technology. *

* Energy conservation generally has a beneficial
. effect on the environment in comparison to energy
produced and used.

« Ca requirements to increase energy use effi-
‘cien€y are generally lower than capital needs to
produoc an equivalent amourk of energy from new
sources since -most new supply technologres are
lughly capn;al intensive, -

. Conserva,tlon technologies can generally be imple-

" mented-at a faster rate and with less government
involvement in the near term than can new supply

techqologxes.

‘ ..

e Energy efficiency actions- can reduce the pressure
'3 Y P

for accelerated introduction of mew supply tech-
nolpgies. Since the actions persist over tlme, the
benefits are continuing. :
These reasons deal generally with conseryation
technologies. The rate of application and introductions,
of conservation technologies in specific instances will
be determined by the comparative economigcs -and
social acceptability of the available alternatives.

Because comservation technologies are charac-

terized by their large number, their diversity, and

the relatively small energy contribution of any one— .

in contrast to major supply technologies—a broad;

gexjeral strategic approach is required to stimulaté .
the' market introduction and implementation of these -
‘more diverse technologies. Supportive of this ap-

- proach, the new short-range planning category, initi-
ated in this Plan is particularly appropriate.

In addition to the near- (1985), mid- (1985-

2000), and long-term (post-2000) planning horizons

" established by ERDA’s enabling: legisjation, a new

planning horizon—O0 to § years—will be mclﬂ'ded in

the National Plan_for }

forward focus is mtend ) roll forward each year,

&

ot e

17 _ ' T q

ergy RD&D. The 5-year
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and will be institutiopalized and monitored _for suc-

————term—if-the -institutional infrastructures.to- support .

.cesses and, failures. o
While opportunities to be considered within this

focus are sought throughout the entire ERDA pro-

gram, and nuclear, fossil, and solar and other tech-
nical areas are being included, it is likely that the

predominant opportunities will be identified within -

ervation program. Opportunities for fuel

the
' are also being sought because of their

sub t_ifﬁ__ n

nologies such as geothermal and solar

_ 3m he ranking, because of projected limita-
tioRean thelr- application, both techriologies can have
an impact on the Nation’s énergy demand in the mid

their market penetration can be established. These _
technologiey’ are important because they are suffi-
ciently welkigey

eloped to be employed on a regional
‘basis whe

ically. Th‘cf,c “ resources ‘and technologies’
included iti 8¢ category are limited to hydrothermal
and- geopressutized applications, and the solar

relatively high costs for alternative fuels.

The Plan and The Federal EnergvaD&D' !

. Program . .

Federal -blil.dget‘aib'cqﬁolis are designed to en-

courage and support private sector initiatives in en-
ergy RD&D; nationgl energy technology "priorities
do not, therefore, translate - directly to the ERDA

- energy ,'bi'lgiget for any one year for several reasons:

» Differences exist in the scope of effort and the

extent of funding required at different phases in»
the maturing of energy technologies. In, general,

, - earlier research efforts require a lower level of

‘e Other govenment agencies also have responsib.iﬂ'é_\._

funding than, say, demonstration phases.

o Many of the }echnologiés will be: developed in the
private sector and the distribution of necessary

* Government will vary tremendously.

for different ‘technologies. RD&D is only one
mechanism for government involvement. ..

ities in energy RD&D. These are reflected in the
total Federal budget and ‘in ERDA’s planning
process, but do not appear in the ERDA budget.
The 1977 Federal budget and the Administra-
tion’s legislative progiam provide strong support for
energy RD&D. The total allocation for.energy RD&D
has been increased by more than 30 percent. The
Federal budget for 1977 demonstrates the’ Adminis-

LB

y fhpact. on ol imports and relief of gas

oling are assigned only a moderate -

W kesources can be exploited econom-

heat-' ,,
ing and cqo[irig technologies may be limited to areas -
that enjoy high levels of insolation and experience ‘

“celerated development, has™

effort between the private ‘sector and the Federal

The nituse of government involvement may differ

tration’s commitment -to \the. importance of energy
research, development, and Yemonstration as stressed
in the Plan which was a key Input to the President’s
budget process. In|this year’s tudget, the amount |
earmarked for energy research, \development, and,
demonstration represents a 30 pe i é i
budget outlays over the previous y
budget increases this year occur in
RD&D areas. | .
Among the specific budget decisions, the, Presi-
dent has placed emphasis on closing the fuelgycle
in the nuclear light, water reactor program by pro-
viding a substantial increase for management’
nuclear waste and  chemical reprocessing. The in-.
creased funding in nuclear waste management repre-
sents a recognition on the part of the Administration
that safe and“etmilﬁmmentally sound nuclear waste
disposal, which is a responsibility of the Federal
Government, should be demonstrated on an expedited
basis. To encourage and enable private sector to

capacity, the Nuclear Fuel Assurance Act was pro- .

- posed to Congress in June 1975. The Act will pro-

vide ERDA necessary authority to negotiate coopera-
tive agreements with private firms which, after
Congressional approval, would provide temporary
ancial assurarices to thgss firs
Conservation, ‘recorfBigN

| in.the Plan for ac-
‘received an increase
in FY 1977 over FY 1976 of 64 percent, or .essen-

_ tially a rate of increase two times the overall pro-
gran) average. ' ' . .

The budget also provides funds to initiate a

'synthetic fuel program in 1976 as an essential part

of a national RD&D ¢¥ort. Its purpose would be to

‘build, own, and operate additional US. enrichmerit

provide assistance to the private sector to encourage .

‘the development of both conventional energy tech-

nology_ (e.g., fossil fuel and nucl,eaqpowai,,_plants)
and emerging technologies (c.g., synthetic fuel from

-coal, oil shale, and other domestic resources).

Even with the energy conservation measures
outlined in'this Plan, the demand for oil and gas is™
expected to -outstrip the combined domestic supply
and 'the current level of imports. Moreover, the gap

between demand and domestic production is widen-

ing.* Over the next 25 years, synthetic fuels offer a
domestic energy alternative to imported oil and nat-
ural gas. : : ‘

8% A program of legislative, bhcigetarj, and admin-
Ttrative actions to undertake a Federally supported - -
“Synthetic fuels initiative was considered by Congress .

in the fall of 1975 and, although the program was

" not authorized during that session, the 1977 Budget

providés funds to implément during 1976, a $2 bil-

“lion. loan guarantee program in ERDA." With - the

* This relationship is|graphicily portiayéd in Figure INI-3.

. 1‘. Q “ :
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enactment of EIA this- program would be trans- -

ferred to EIA and expanded ﬂ'onr

in loan guarantees, to meet the current 1985 objec-*

stives of 350,000 barrels of ofl per day of synthetic
fuel producuon capacity. :

IntTables III, IV and V, growth of Federal
energy RD&D programs is deprcted “Table IIT lists

v

$2 to $6 billion -

budget outlAf of_all Federal agencies performmg
* RD&D and Tables TV:and V show ERDA budget

amounts. Frgure I illustrates percentage increases m

ERDA’s major program areas.

Volume II of this Plan (pubhshed separately)

ment of the technologm

describes in detail the Federal programs for develop-

~ Tablem"

Qe «.;

——

.t Funds for FY 76 Transition Qunmr are not lneludod

-; . Percenu.e cmqn ealeulntad prlor to roundln. outlayn

. * Parcantagas change celc

Federai Energy R&B (in millions) S .
T " o .
FY 75, ‘ FY 76° YT .
BA ' 80 BA BO ! BA 8O -
Direct Energy R&D oo 3 ST T
ERDA . .- $1,317.0 $1,011Q. . $1,657.0 .' $1,427.0 $2,435.0 $2,009.0
DOl : - 899 54.2. +104.0 . 93.3 983 - 96.3 -
EPA o 80.8 18.2 . 56.8 76.6 55.4 76.6
NRC - T .58.9 51.7 87.5 76.9 104.0 98.2
NASA : 0.8 08 * 1.7, 1.0 ~0- . 08,
Subtotal =~ ° -7 1,5474 1,135.9 1,907.0 . 1,674.8 2,692.7 2,280.9
. Supporting(R&D . ’ N 3 A . v
ERDA . 3520 ) 3130 ¢ 403.0° 3730 - 430.0 404.0
Dol ?‘3, ©.33.2 30.9 59.0 56.7 . — 668 65.2
EPA ‘ 53.2 150 432 " 434 416 434
NRC 23- 21 9.6 9.1 5.0
NSF . 103.2 65.9 114.6 74.2 106.9
: Subtotal 553.9 416.9 629.4 556.4 624.5
Total Federal .. ) : L - ;L o $ -
* Energy R&D $2,101.3 $1,551.9 -§2.536,4’."‘ $2,231.2 1. $3,359.8 . $2,905.4
. * Funds for FY 76 Transition Quarter are not included. v N .
e 'rable IV ERDA Energy R&D Budget ‘Table V. ERDA Energy R&D Budget
SISOV (Outlays in millions) ’ (Authorlty in rnllllom\ . -~
‘ C rvnro , FY76to
: o : ) Y72 e nn
" : ‘ percent . .
. FY75  EY76t _FY77 change® FY75 fvnf ‘: @vn eh.nd--
Direct Energy R&D e ' ‘Energy RD&D Programs
" Nuclear Fuel Cycle: . . Lo e Nuclear Fuel Cycle
. and-Safeguards $ 120 $ 163 $ 282 73 and Safeguards $ 118 s 173 S 347 101
.Conservation 21 55 .91 " 64 Conservation [ .86 120 - &0
ﬁoothermal ‘) 21 32 . 50 57 . ' Geothermal 28 ’ 31 100** 223
Fusion . S 185 . 224 304 - 36 Fusion 183 250 392 57
Fission 538 522" { 709 36 * Fissien 567 602 823 37,
Solar 15 © 116- - 357 Splar 42 115 160 39. .
Fossjl_ . . 138 333 442 33 Fossil " 935 1. 398 477 20
Environmenta] - o Lo . Environmental : .
. Control Tech. 7 12\ . 15" 24 Control Tech. . 8% 13 16 23
~Subtotal.© (1,011 1,427 2,009 Subtotal \} 1,317 1,657 2,435
' ' 0] . A 2 . :
Supparting Research ' - Supporting Research - ' -
Basic Energy ' L . Basic Energy ’ _ o
-Sciences . 165 188 205 - 9° . Sclerices , 191 210 - 227 8
* Envirormental ' Environmental S
R earch 148 185 199 7 Research 171 193 203 .
SuMl ‘- ; -:,313-' ..+ 373 ‘ . 404 Subtotal - 362 #403 . 430
“rotal ERDA - LT T . Total, Enoa - SO
a . " Ene D&D -} $1,679 '$2, 060 $2,865
Energy RD&D  $1, 324 $1.800 sz 413 8y \ 5629 . 8 3

t Funds for FY 76 Transitional Quartsr are not lnelud-d o
ted prior to rounding suthority.

** includes $50 Million for Geotho;mnl Losn Guarantes Program. ‘
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Figure 11l Energy Research and Development Administration FY 1977 Budéet

( This Plan (ocnses on a set of teclmologles

" (involving both supply and demand) and a related set -

of operational approaches. If successfully pursued,
. these approaches could result in significant market
"~ penetration’of technologies that could ease the over-
all energy problem within the next critical decade.

The Plan therefore identifies seven hlgh-pnonty h

technologies that have the potentlal for making sig-
nificant energy contributions in the near term and
mid term. They are:

Conscrvatlon (energy eﬂiclency)_
Light water reactors -

Enhanced oil and gas recovery
Direct utilization of coal
Synthetic fuels

Geothermal energy

Solar heating and cooling

The Plan develops a preh’mmary strategic™ ap-
- - proach for each, analyzing its marketability and a *
strategic approach tp support.its commerclahzatnon

by the private sector.

The Plan also identifies strategies for the devel-' )

o Breeder reactors. -
 Solar electric
e Fusion

To be effective in mppor(ing the privnte sector
in the development and commercialization of energy

" technologies, the Federal Government must take the
“'lead in helping to create mechanisms for interaction

between ERDA and other public and private sector
groups. Introduction of new energy technologies will

: . -directly or indirectly touch all Americans and all pn- .

vate institutions, and will require the concrete action
of all—Congress, Federal Govemment agencies, state
and local governments and regional groups, and the
pnva;c sector.

An important operatnonal element of the Plan,

therefore, is to ensure the participation’of each of

these groups and to promote interaction among them, °
so that RD&D program planning can be responsive

. to’ the international, national, regional, and local ob-

jectives. To this end, the Plan outlines initiatives de- .

" signed to:

. Promote ‘and ‘support- :cooperative mtcmauonal ef-
forts to develop solutions to comimom energy

Y'Y

... opment of three hlgh-pnonty programs with longer-

v term potentml problems -
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e 'Improve/interacuOn among Federal agenc:es in-

. volved in eneygy RD&D
o Stren
and local governments, universities, and
- the public

en interfaces between ERDA and nndus-

. Capntallze on ERDA’s existing reglonal structure -

-to coordinate research, developiment end demon-
_stration of energy techrology with local economic,
" environmenital, and social concerns.

: ERDA is developing an internal management
system for analysis, resource allocation, implementa-

tion. and evaluation of its programs to emsure the
most effort to complemeiit the private sector in meet-
ing national eneigy goals. The implementation of this

. system will take time, will be difficult, and will re-
“‘quire the assistance of the private sector. It is vital

that ERDA develop a well-coordinated and inte-
grated system for program planning, budgeting, and
review (PPBR system). Such a system is needed to
provide a framework for:

. Analyzing the Nation’s energy needs

-e Formulat:ng Federal plans for addressnng those

néeds.
* -Designing | programs to carry out speclﬁc objecnves

e Allocatmg resources consxstent with the Plan and

' programs -
* Ensuring that the programs are etfectwely de-
signed and managed.

~

For example, it is necessary in developlng an_;

energy plan to be able to determine which tech-
nologies are likely to be developed by the private

_ sector with” minimal government involvement and

which will require more sﬁclﬁc government assist-

~ance. To make these projections, planners must be

familiar with industry criteria for market penetration

. and must be able to anticipate probable private sec-

tor behavior in terms of investor and consumer

acceptance of new technology. If a technology is .
judged-to be a:poor commercial risk in the private

,sector, a judgment must be made as to whether the

'potential public benefits are sufficient to justify a

government ; rofe Inputs 10 determine this must come
frominteraction with industry and with. the pubhc
- (e.g., consumers, local and reglonal entities, environ-

mental groups). This logic is-presentedin Figure IV.

Through the use of PPBR, the current procesi
of establishing priorities among technologies ih
- Plan can be vastly improved. The PPBR system'is

heing designed ‘to develop an energy system option

- which can evaluate public and private rates of return
and develop measures Jof relative value among tech-

- nology programs.

It is anticipated that for each technology pro-
gram, .the system-will develop five basic docyments:

l Program Strategy: This document will explore
. the need, -if any, for a Federal role and the

>

" effectiveness of RD&D and othier potential
programmatic solutions as illustrated by Figure-

IL. It will present a program strategy and estab- .+ ¢

~ ' lish the major goals and rmlestones for the
' program.

* Program Plan: The program plan will chart the
- detailed course of the program, typncally over
a several-year period léading to a major pro-.
grammatic decision (e.g., should a demonstra-
tion phase be undertaken?) .The bhsis forthe
‘program plan is the program Strategy, byt the
_plan would be more ‘specific in assigning pros
! gram responsnblhty and déveloping manage-
' ment structure and will seek to define the most
- cost-effective Federal program to achieve the

' agreed objectives:
.. 3. Environmental Development Plan: The plan
: for environmental development will ‘be & com-
panion document to the program plan, detallmg
the program of' environmental .research that

must parallel technology development. Environ-
mental issues involved in developing the:tech- -

nology are identified and a program outlined
for resolving these issues in a time period con-
sistent with the rate of technology RD&D.
L4 PrognnAppmnlDoc—em'I'hnsnsanm-
ternal ERDA document that will present in
some detaii the activities to be conducted and
milestones to be achieved - within approved
budgets for a given fiscal year. Its-purpose is
- to provide a baseline for momtorlng program
operations.

‘5. Environmental Impact Shteneu (EIS):

Within the structure of the National Environ-
mental Polncy Act, ERDA intends to use the
- EIS as a major input to decision processes.
Where required, an EIS will be prepared to
illuminate a major “go/no go” program de-
cision. It summarizes the ‘information devel-
oped by the Environmental Development Plan
. and uses j to address the issues raised. In this
A hopes that these issues can be -

idéntifigd at the start of an appropriate pro-

gr , 80 that they can be systematically

addressed. - ’ '
Developing the Plan .

- The Natlonal Plan for Energy RD&D ls Te-
qunred to: be updated annually to remain respon- -
sive to: qnntmuous changes in the external environ-
ment, both with regard to energy and non-energy -
events and pohcnes ‘Technical and nontechnical

21
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L

- .energy choices, analyses of energy systems attempt

to identify these changes and assess thell‘ potentlal'

impacts.

This update draws from prehmlnary conclusions

-from three selected areas of ‘analysis gimed at:

. Understandlng the Jelationships among, energy, -

economic grqwth, and environmental impact as a
result of the introduction of new energy technol—
ogies and other eneérgy policy initiatives v

¢ Calculating. the net energy aspects of energy tech-'

nologies

~*_Supporting market penetratxon rmtnatnves through

specific market studies (eg, the Electhc Utlhty

Study menfioned in Chapter VI).

. Most of these studies are not yet complete It
appears, however that they will be useful in -select-

ing promising enérgy technologies and in clarifying

the degree of Fedoral participation—I{f any—required
.ta develop and introduce new technologies. Anglyses
- to date do not yet suggest the need for a sharp
* revision'in the basic goals and strategies in this Plan.

‘ Although it is too garly to state with certainty .
what:will be included in fature reports, the redults:
three efforts essential to ERDA’s own plan

of -
J repprt inthe 1977 Plan,

annual Plan.
" These activities are: .
¢ Developing beneﬁts and costs of energy RD&D

-_probably ‘be included and. help to slmpe the mext

* Establishing priorities for component programs - é

- o Analyzing energy RD&D activities ln the pnvate

sector. -

- During 1976, it is ERDA’s goal to apply the
tools of energy systems analysis to the quantification
of costs and benefits of selected energy technologies

. and’to report on this work i In the next Plan.

Usnng its developlng PPBR system, ERDA ex-
pects in the commg year to be. able to extend the
processwof prlorlty-settmg to a much greater level of
detail than is presently possible. The PPBR can make
program prigrities and the bases for resource alloca-
tions' more explicit which, in tum, will help to
delineate the implications of various alternatives..

Finally, as.an essential means to reinforce and
support private: sector actmties, it is ERDA’s goal to
?rnltlate an analysis of ongoirfg ahd anticipated RD&D
"Efforts in the prlvate sector and to provxde an interim

Y T e



Chapter I—-»The National Energv Prob!em and

The Umted States is ‘a nation rich in domestic
energy resources,; yet depends on the importation of

large quantities of fossil fuels. This is.the essential .

paradox of the ‘Nation’s ‘energy problem.

Today, over 75 percent of the Nation’s energy
demand is filled by petroleunl and natural gas. These
energy resources are in dwindling supply domesti-
cally -and, ultlmately, worldwide. Indeed,, domestic
productlbn of these fuels has detlined since the em-
bargo -of October 1973. On the other hand, coal, the
' mostabundant domestic fossil fuel, supplies less than
20 percent of current energy needs, uranium provides
only about 2 percent of the Nation’s energy, and
alternative sources such as solar or geothermal energy
~ provide little or-no energy. Clearly, the Nation relies
most on the least plentiful domestic energy resources
and least onthe most abundant resources..

" The-present level of petroleum and natural gas -

use reflects their relative cost and abundance in the
past. As a result, this Nation-has not sought, until
_ recently, as a matter of national policy either to ex:
plicitly limit the rate of energy growth or tc develop
an adequate range of readily available alternative en-
ergy supply systems for the future. Instead, the Na-

tion has built up over the last half century a large.

mfragucture based on the production and use of

petroleum and natural gas. The cost of this infra-

structure ex $150 billion, arfd the Nation can-
not afford to leose the value of this investment.

As a result of reliance on petroleum and natural
gas and of the céntmumg decline of domestic produc-
tion, the proportion of energy needs met by 1mports
has .remained at approximately 20 perccnt since  the
oil embargo, even despite the decreases in U. S. energy

_demand ‘associated with the recent recession. The
_annual cost of this imported energy has risen from
. -about $3 billion,in 1970 to about $27 billion today

"The dxfference in cost is mostly attributable to in-

. creases in price rather than absolute levels of im-.

_ ports, Most critigally, foreign™ sources  of these
‘ energy supplies have ‘become less’ certam Canada

~
cw

the Nature of Its Squtlon .

~

has restncted its exports to the U.S.; the Orgamza-
tion of Petroleum Exporting Countnes (OPEC)
cartel has exhibited cohesion and purpose in con-
trolling prices and production in jon in the face of weak- -
ened world demand; and the Middle East remains

" politically unstable.

But even if none of these things had happened the

long-term problem of a diminishing petroleum and A

natural gas resource base, both domestic and wo:
wide, remains. As standards of llvmg il "
throughout the world, the demand for petroleuin
natural gas will increase for many countries. ut wé#
resource base will contmue to decrease. The ¢

of the last few year$ have served, importantly, to
dramatize the resource problem. They create serious
present difficulties, but they aré only short-term
manifestations of the longer term problem

"Solving the energy problem lequim broadening'
the base of domestic energy resources and adapting -
to the new resource basemolequicklyﬂlaneverbe-
fore, '

d
‘W\s\

h

A vanety of domcstlc energy resources should _

~ be developed because it would reduce our excessive

reliance on one form of energy—a reliance;that has
at times severely congrained national policy—and
because social choice is hkely to-be best served by a
range of energy choices. It is not jpossible to predict
what the Nation’s interests and its. people’s desired
life style will be at the end of this century. But what-
ever those interests and desires are, a sufficient sup-

- ply of affordable energy should be available to serve

them. The social decisions on which technologies will
be chosen for implementation and on the degree to
which they will be employed can best be made if
alternative energy forms are available.

The urgency of solution should also be stressed.

' Historical perspectives (Figure I-1) show that in the

past it has taken about 60 years to move from reli-

% ance on ohe major energy resource to reliance on

another. Domestic production of petroleum and nat-

- . .

~ -
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ural gas.now appears to have reached or passed lts
peak, The relative domestic market shares of these
two”energy supplies afe expectéd to decrease with

time. A transition to new energy resource bases must’

be accomplished, but this transition from dependence
on a narrow base of diminishing resources to rcliance
on a broader range of less limited or unlimited alter-
natives must be made more swiftly than' ever before.
The Nation does pot have 60 years this time if
growth in the energy sector is to be supported with-
out undue reliance on foreign énergy sources.

An aggressive national program of techinologicai
development can expedite this process because broad-
ening the domestic energy resource base requires
rapid expnnded utilization of existing and new tech-
. nology. Technology for using some resources other
than oil and gas, such as coal and nuclear, is alrdady
avallable Nevertheless, these technologies often re-

uire economic, environmental, and techpical im-
provements. Furthermore, longer term solutions to
the energy problem, which involve the ability to ex-
' plont very large or neatly inexhaustible domestic re-

t

" sources, require specific technological advances that -

*/are still decades from large-scale utilization.
‘But improving - existing technologies and de-
veloping attractive new -ones require substantial in-

- vestments—investments that must be made in a cli- .~
mate of uncertainty. Today there are uncertainties-

about future energy demand; the relative economics

of energy technologies; the interplay with the environ--

ment; the' final choice of energy systems; the date of

PERCENT OF TOTAL

A NATIONAL-PLAN' FOR ENERGY RD&D
intfoduction or the rate of impleméntation of a par-
ticular energy technol%gy developments that might
impact on the worldwi

factors that aﬁect the solution to the domestlc energy .
problem.

Despite these uncertainties, decnslons foust be |

. made today, withaut foreclosing future pptions, even .

Public Sectors

though important imformation may be unavailable or -
analyses may be 1ncbﬁ_ﬂ:te Functioning effectively,
in this environment necessitates continuous feedback
and' readjustments. which are necessary elements\ of
planmng under condmons of lincertamty '

)

The Role of the Prlvate and .

With few exceptnons, the \pnvate sector is the
main produceg and consumer of energy. The role of
the pnvat;:/{ector is therefore paramount in the
accelerated’ introduction of energy technology,. and
thus to the solution of the Nauon s energy problem.

_ Specifically, the private séctor is prepared to
take risks, has the inherent flexibility to act, controls
the preponderant share of new investment funds, and

“po'ssesses the necessary managerial capabilities for

carrying out most of the RD&D and virtually all of

. fechnology introduction. Moreover, market forces as

they are perceived by decision-makers in the pnvate
sector will determine the economically optimum mix

. of alternative energy technologies to displace the un-

due. reliance on petroleum and natural gas. Thus, an

"important theme of this report is that the private

sector and market forces are the most efficient means

--of achieving the Nation’s energy

goals. _
The role of the publlc sector, especially that df

.the Federal Government, is therefore supplementary

- —to do what cannot otherwise be done privately.

The Federal role, in-turn, divides into three parts.
Government can establish an appropriate policy cli-
mate for private sector action, share risks with the
private sector,.and conduct a compl®mentary RD&D

* program. Of course, all three may be required to

introduce_any single technology.

Es}ablishing an Appropriate Climate
The preferred role of government is to establish

- an appropriate policy climate for. technology intro-

duction. In a few situations——notably uranium en-

. richment—the government is the sole commercial

100 -
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agent because of earlier activities growing out of its -

national security responsnbxhtxes -Current governmént
initiatives in uranium enrichment would decrease the
govérnment’s. control and contribute to commercial-

ization efforts by the privaté sector. In other sitha- =
tions, the government's regulatory role greatly affects
the introduction of- -techndlogies. For example

changed government pnee regulations on oil and gas

129
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-pensive - enhanced-rechvery
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could make conservatlon technologies and more ex-
iques for oil and

of nuclear plants and othey'major 1ns€ al
speed construction and Pwer: the co
Such acnvm

trons could

Other examples of government toles that can
stimulate or inhibit private action are energy pricing
policy and strategic storage (Federal Energy Admin-
istration); energy regulation (Féderal Power Com-
mission); investmefit tax credit (Department of the
Treasury); environmental regulation (Environmental
Protection Agency); Federally owned resource man-

. agemeht (Department of -the Interior); and siting

standards (state and local governments).
In general, then, the preferred role for govern-

" ment is to establish an appropriate ¢limate for private

introduction of energy technology- by: -

¢ Providing leadership and assistance: Establlshlng’ :

.a consistent energy policy and regulatory network

» Managing energy resources located in Federal

lands: Making these resources available for use
over time with due regard to environmental,

_ “aesthetic, conservatron, land use, or. other factors‘

of national interest -

e Establishing and enforcing economic and anhtrusl

+ Coordinating Federal polrcy with international pol-
- _icy: Coordinating the Nation’s energy policies withs
those of other consuming and producing nations

regulation: Makmg energy deClSIOHS ‘consistent

with national economic goals; providing energy to

the American consumer at the lowest possible cost .

consistent with the need for secure energy- sup- . -

plies; assisting the development of standards, cri-
teria, and certification procedures

 Protecting human - health and the envrronmenl° .

Ensuring the protection of ‘the Nation’s environ-
‘ment and-the public’s health and safety .

to -promote interdependence as well as inde-
" pendence.

. Sharing Risks

Even with a regulatory and policy climate more
gonducive to private investment, private action may
fail to follow -because risks remain exceéssive. Both

technological uncertainty and the difficulty of pro--
oo jectmg future economic conditions contribute to ex-

cessive risk, even when technical feasibility is known.
In these cases, government can stimulate

- private-sector action by sharing risks—that is, by

"absorbing the greater-than-commercially-acceptable -

risk of investing in erfergy technology.* .
‘This relatively new govemment role ‘has the

» See Chapter V fora drscussron of the cntena for gov- .
ernment mvestmem

4

\advantage of producingwa self- liquidating go\"ernmgot‘

interest in successful pro;ects It is a technique con-
templated by. the Fede lannuclear Energy Re-
search and Development A®** and by other leglsla-

‘ ton administered by ERDA and other agencies.

At leagt four specrﬁc risk-sharing ventures are

already in place or in the formative stage: . .

» The proposed Nuclear Fuel Assurance Act, de- .
slgned to move a hithggto Government monopoly -
-in uranium enrichment production into the private
sector by temporary financial assurance to private
enrichment firm _

* The proposed synthetic fuels commercial . demon-

stration program, aimed at constructing a first

round . ;of. commercial-scale synthetrc fuel plants: -

(ERDA) '

. o The geothermal loan guarantee program *** which

‘will assist' both RD&D and mtroductron of new
geothermal technology (ERDA) o

~« The loan. program to open new coal mmcs““

(FEA)- .
Beyond these specific ventures, ‘the President

has proposed .the Energy Independence Authority

(EIA). The EIA would Have at its disposal a variety -
of tools to share the risks on many types of energy
projects. . .

Conducting RD&D . -

Increasingly, RD&D is requlred to develop new
technology that can subsequently be “introduced to
. develop neW domestic energy resources, or to exploit
old resources more cleanly and safely Much of this
kind - of RD&D is already being carried out by the
pnvate sector. But the private sectof ,canrio’t conduct

all the necessary RD&D; Federal help\ls necessary.
' However, a Federal RD&D program shpuld néither -
act as a substitute for privaté funds no! invest too -
heavily in speculative pro;ects that may Rever capture
a place in the market.

The choice is dxfﬁcult but the Federal Non-
‘nuclear Energy Research and Development Actt of ..
1974, one of the acts that, estabhshes the basis for
ERDA’s programs, addresses -tlus quesu n. The
relevant text states: Y

“In’ determining the appropmteness of Federul
" involvement in any particular researth an devd-
-opment undertaking, the Administrator sh
consideration to the extent to which the P posed

dndertaking . satisfies criteria including, but not

limited to, the following: B

(A) “The urgéncy of public need for the riotential

“results of the ‘research, development, or

T e% Public Law 93-577; Section 7.,
~#** Title 2, Public ' Law 93-410, “Geothermal ergy Re-
search, Development and Demonstration Act'of 1974.”

Toseee Pubhc Law 94-163 “Energy Pohcy and Conservation

"r Pubhc Law’ 93-577 Section 5(b)(2)

4
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N ,f;demonstratlon effort is hlgh, and it is unhkég

W%: . that--similar results would be achieved in a
- timely manner in the absence of Federal
7+ ~assistancé.”

" “The potentral opportumtles non-Federal
interests to recapture-the in stment in the
S undertaking through the normal commercial
el utilization of proprietary knowledge appear
e ~ inadequate to encourage timely results.

: (C) “The exient of the problems treated and the
objectives sought by the undertaking are na-
tional or widespread in their significance.

(D) “There are limited opportunities to induce
non-Fedgral support of the pndertaking
. through regulatory actions, end-use controls,
tax and 'price incentives, public education, or
L othgr alternatives to drrect Federal financial
LA :{é;lstance
Ly ',‘(EJ" “The degree of risk of loss of investment

ERTA u}herent in'the research is high, and the avail-
ablhty or risk capital to the non-Federal en-
‘tities, which might otherwise engage .in the

- .7 fields, of the research is inadequate for the
AU ,'tunely development- of the technology.
L (F) “The
% : exceed the:financial capabrhtres of potential

U non-Federal ‘participants in the research to
RN Support effectivé efforts.”

9 ThlS ]egnslative‘ mandate fits closely with the
nature “of the- ‘techniology-introduction problem dis-
cussed ‘in thrs chapter Sections (A) and (B) of the
Act recogmze the- ~urgency of obtaining thg results
of RD&D—an urgéncy that may mandate govern-
ment involvement. Similarly, Section (C) stresses the
importance of the national benefits to be obtained
and recognizes that local efforts may not produce
them. Coal and nuclear energy are good examples of
nationally important energy sources that may" ot be
able to be tapped fully by local or regional efforts.
"Section -(F) notes that some energy technology de-
velopment is just too expensive for.the pnvate sector,
fusion power illustrates this case.

~. At the same time, the Act infers that o

. Federal involvement. Section (D) syggests that ob-

* stacles to private action should first be removed, and

Section (E) recognizes the potentlal value of° nsk-
sharing.

“The Role of. FederaI-Agencies

When goyernment needs to play any of its three

. roles, it req the - action of numerous Federal
agencies: .

¢ Various Federal agencres are responsnble for

- recommending comprehensive national energy pol-

»
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g.agmtude of Yhe investment appears to ’

er ave-
nues should be explored before decrdmg on direct

7
icy that is in balance with other national policies
and priorities. Among these agencies are:
—Energy Resources Council
—Council of Economic Advisers
—Council on Environmental Quahty
—Domestic Council
—Water Resources Council
—Federal Energy Administration. ‘
Various Federal agencies are directly inyolved in
managing the expenditures of energy or related:
RD&D resources. Among these agencies are:
——Energy Research and Development Administra-

tion -
—Department of the Interior
—Environmental Protection Agency
—Nugclear Regulatory «Commission
—National Science Foundation .
—National, Aeronautics and Space Adrmmstra-
tion. '

» Several agencies are involved in the regulatory

aspects of environmental protection and human

health and.-safety. Chief among these are:

—Environmental Protection Agency

—National Institute of Envrronmental Health
Sciences

—National Institute for Oecupatlonal Safety and - -

Health , .
—-Department of Labor (Oecupatmnal Safety and
Health Administration)

—Occupatnonal Safety and Health Revxew Com-

mission.

Other agencies are involved in settmg ttandards
and regulations for energy-related organizations.
Among these are: -

—Federal Energy Administration
—Federal Power Commission
—Nuclear Regulatory Commission

4

' —Department of Commerce (Nitional Bureau of

Standards)
—Department of Transportation -
—Fegeral Trade Commission
—Interstate Commerce Commission
—Federal Maritime Commiission.

Other agencies work with the private sector to

“ assist the market penetration of key enérgy tech- .
-nologies. Among these are: g

. —Department of Housing and Urban Develop-

ment
—Department of Commerce
—Department of the Interior
-—Smali Business Administration -’
—Department of Transportatron
—General Services A tration.
Finally, there are agenf®és that deal with other
areas that have direct energy implications. Among
these are: -
—Department of State
—Department of the Treaaury
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—Department of Defense
——Department of Health, Education and Welfare

The Role of ERDA

Energy RD&D is an important componeht of
the total Federal role, and ERDA plays a leadership
role here in three ways.

First, ERDA develops. and updates this Plan.

The Plan cannot, and is not intended to, represent
technology as the total solution to the energy prob-
lems, predict certain success for any particular pro-

gram, ensure immediate results, or preselect a smgle .

energy future. Rather, the Plan performs three princi-
pal functlms .

effort. In this way, a coordinated program aimed at
common objectives is more likely to emerge. Volume

II of this Plan summarizes the activities of 23 Fed-

eral agencies as they relate to the total RD&D pro-
gram. -

Finally, ERDA is the principal sponsor of Fed-
eral energy RD&D as well as of several risk-sharing
programs.

This chapter has gxamined the energy problem
and the nature of its solution, a sketch not so very
different from that drawn in ERDA-48. More im-
portantly, it has attempted to set forth the institu-
tional structure in which the energy problem must be
solved. Specifically, it has spelled out the division of

responsibility between the private and the public sec~

1. Establishes a likely order of technology intro<e ®Rtors, as well as the three supportive roles played by

duction from the neat- to,the long-term, dnd .

identifies current major guxdéposts for measur-
ing and assessing* the rate bf technology intrd-
" duction. These guideposts can be useful 'in
evaluating whether enough new technologies
are being introduced to solve the Nation’s
energy problem, and in identifying possible
* compensatory government action.
. 2. Proposes -energy RD&D priorities linked di-

rectly to the order of technology introduction.,

These national prlorltles are intended to be
generally helpful in evaluating the national
energy RD&D effort: Mn pagticular, the pri-
+ orities bear oh the allqcatlbn ‘of govemment
RD&D resources, " Y
3. Stimulates debate qr)%hh. technology options
-open to the Nation™in thé context of the total
energy problem. ERDA believes this context,

together, facilitates the ob]ectlve evaluation of
individual technologiés. It is a debate that
should Be encouraged.

Second ERDA is responsnble for monitoring
and reporting on the entire Federal energy RD&D

3

which forces the weighing of all alternatives,

_ the Federal Government. Similarly, the functions of
the several Federal agencies, and especially ERDA, .

have been clarified, and the cooperation of the Fed-
eral energy RD&D Rrogram has been emphasized.
However a discussiofi of the crucial rolesto be played

' itate and local governments has been postponed-
unti ‘

Chapter IV to simplify this discussion.

‘These assessments, which will be regularly included in
subsequent editions of this document, are based on:

e How much domestic oil and gas is actually found and
produced

e The availability of imports from secure sources, plus the
backup protection against supply disruption that cdn be
gained from stockpiling

® The degree and rate of implementation of both existing
and emerging technologies

* Ths degree of modification of life styles the Nation finally -

. adopts

e The degree of end-use efﬁmencxes that may ‘finally be at-
tained »

o The level of effort that can be a1located to the develop-

ment of new technology by the public and private sectors:

¢ The cconomic and technical success finally achieved by
new technologits

* The extent of enwronmental economic, and sociopolitical
considerations.

Chapter VI discusses such assessments mo‘re fully.

-
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. The National Plan for Energy Research, Devel-
opment and Demonstration has been formiulated as &
an integral part of the overall policy for addressing
the Nation’s energy needs. It is responsive to the

_national” energy policy goals and principles enunci-
ated by the President (sce Preface). While its- em-

phasis is on technological development, it is‘“con-
sistent with and reflects broader policy concerning

- import levels, foreign relations, the needs of industry

and consumers, fiscal policy, environmental protec-
tion, and human health and safety. :

"This chapter presents the fundamentals of the
National Plan for Energy RD&D:

. National policy goals related to energy

* National energy technology goals _
* Strategy and priorities for RD&D. ’

In addition, the final section of the chapter dis-
cusses specific supporting technologies, basic energy
science, and énvironmental research. ,

Natnonal Policy Goals Related to Energy
The Natlonal Plan for Energy RD&D is based.

on five national goals formulated to guide the mtro-
- duction of new technology: - " s

e Maintain the security and %olicy mdependence of
the Nation
* Maintain a strong and healthy economy, providing

adequatc opportumtles and allowmg fulfillment of
economic aspirations (especnally in the less affluent -

parts of the population)

~ e Provide for future needs so_that future life styles

~ remain a matter of choice and are not limited by
", the unavailability of energy

"« Contribute to world stability through cooperatlve

international efforts in the energy sphere

v Proteﬁ t and improve the Nation’s envxronmental

- quality<by assunnf that the preservation of land,
water, and air resources is given high priority.
These goals express ERDA’s current under-.
standing: of the national interest with respect to
energy technology,’and should therefore serve as the

basis for energy RD&D in both the private and:

public sectors. Because of their fundamental impor-
tance,. these goals merit contmued scrutiny and debate.

v

"broad range of approaches. Central among

The Need for Choices.

To achieve the national policy goals related to
energy, the U.S. must have the ﬂCXIblllty of a broad
range of energy choices.

It is not possnble to predlct now what our Na-
tion’s interests and itg people’s desired life style will
be at the end of this century. Whatever”those inter-
ests and desires are, however, energy should be

‘available to serve them. The present sntuanon, in

which national policy and social choice are con-
strained by overreliance on mcrcasmgly scarce forms
of energy, cannot be allowed to recur.

It would, be presumptuous ‘now for the Nation

to select a single technological course of action

toward long-term energy independence. The success-
ful exploitation of new energy sources and the reduc-
tion of the growth rate of energy demand require a
is
the development and deployment of new technSlogy;
that is the focus of this Plan. Because technology
development is uncertain, commitment now to one
set of technologies for the future would,ignore the.

‘possibility of failure. Even if technological success ..

were guarantéed, it would bé impossible’ to ensure
that the resulting technology would be best suited
for future conditions.

Finally, it is reasonably certain that the Natmn

" would be better served by leaving to the future the

ultimate choices of how much energy is consumed,

which technologies are actuall unplemented and to
what degree. To provide llgntcd options for the
future would undermine the. strengths of the market
piace and mdmdual chonces of life style

Responding to the Problem g -;‘

In its unmednate respguise to the"ﬂlergy situa-
tién, -the Nation is currentiff limited to two choices:
importing, more oil and natural gas or making do
with less energy. Successful achievement of national

-goals, however, mandates.a more positive policy

‘aimed at exploitation of “domettic resources. and re=
duction of unnecessary waste in energy consumption.
The ‘Nation has several possible courses of
technologital development that can assist in solving
the energy problem. The first course of actiof is to

”" : '.- | | -qn-
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produce more of the major fuels in use today. Sec-
ondly, new technologies to expedite the transition te
resources that are presently under-used.(e.g., solar
energy. for heating, - geothermal)' -or .-essentially

‘inexhaustible * (e.g., fertile uranium for ‘breeding,

fusion fuels, solar energy for electrical. generation)

" can be developed and introduced. Thirdly, to make
better use of more plentiful resources, actions can

be taken to alter present patterns of end-use con-
sumption. These actions can facilitate the shift of
major end-use sectors from dependence on scarce

fuels to more plentiful resources. As an’ example, '

electrification of land’ transportation would términate
present dependence on oil and gas and allow needs
to be met by any of the basic resources, all of which
can be used to generate electricity. Finally, efficiency
improvements can be madd, both in the conversion
of resources into energy and'in the end-use devices
that use thi$ energy to meet societal needs.

All these desirable courses of action, if they are
to achieve their full potential, require the develop-
ment and 'implementation of new or improved
technology. . - ) . -

®

National Energy Technology Goals -

* The framework for organizing a M nal Plan
for energy RD&D must be establishe@ in relation
to the five national policy goals and must permit a
positive response to the energy problem. To provide

this framework, the four courses of technological -

development discussed above 'have been exparfded

into a set of national technology goals. Two addi-
tional goals have been added to cover actlvmes that .

support all technological approaches The set of
national energy tethnology goals is as follows:
. 1. Expand the domestic supply of economically
recoverable energy-producing raw materials
II. Increase the use of essentially inexhaustible
' domestic energy resougges
III. Efficiently transform fuel resources into more
desirable forms

IV. Increase the eﬁ‘iclency and rehablhty of the
processes ised in energy conversion and de--

livery systems

V! Transform consumption patterns to lmprove o

energy use
VL. Increase end-use efficiency
VII. Protect and enhance the general health safety,
welfare, and envifonment related to gnergy
VIil. Perform. basic and' sypporting research and
technical services- félated to energy.

These goals emphasize not only the’ develop-
ment of technologies related directly to the energy
supply, but also the development of technologies
that focus on the:

¢ Crucial importance of reducmg energy waste and

increasing the efﬁcxency of energy use in all sec-

-

. e

" tors of the economy through the application of
eXisting and new technologies ’

» Major role of technologies in protecting and en-

‘hancing the quality of the human and physical -
environment, a concept that must be fully inte-

. grated mt(ffall aspects’ of energy productnon and
use

"e Need for basic research and technology transfers

from other high-technology areas to support and
stimulate continuing innovation 4n the energy
technology "area.

The supply and demand technologles related to
goals I through VI are listed in Table II-1. The
table also shows.the best estimates (developed last
year) of the energy impact in the year 2000 of an
aggressive but potentially attainable rate of introduc-
tion of each technology, and indicates the time frame
in which eath technology would begin to have an
impact. This table summarizes the current spectrum

" of technology options from which the Nation may

select and introduce new energy technology if eco-
nomic and other criterias are met. Before a strategy
for achieving these goals can be developed, however,
it is necessary to examine the Nation’s energy re-
source* base—the resources presently available to
address the Nation's energy problem.

The Importance of Rewurces

A crucial requu‘ement in the develqpment of a

‘National Plan for Energy RD&D is an understand-

ing of the Nation’ste epergy resource base. That
understanding must wwith knowledge of those -
resources currently in widespread use and known to
exist, and those currently unused or finder used. °
Despite the great visibility ‘'of new and exotic energy-
forms in both general and technical literature, the
fact remains. that the U.S. currently depends on coal,
petroleum gases .and liquids, hydroelectricity, and
nuclear power to meet 99 percent of its energy
needs, More crmcally, 5 percent of these needs are
met solely by. petroleum and natural gas, both of
which are in limited domestic supply.

The. followmg discussion of the Nation’s re-
sources wil] develop and lllustrate two key . points:
o The Nation possesses very large domestic fuels

resourcés that are qnder-used or not used at all.

.+ Tha maggltude of the recoverable resources and, -

in ‘many Cases, even their availability are depcnd-
ent upon technology o

N7

Reliance on a Narrow and Declmmg
Resource Base

.~ The urgency of the need for transition to new
energy sourtes emerges ¢learly from - the -intensive
reappraisal of the Nation’s oil and gas resources per-
formed by the United States Geological Survey
(USGS) and independently supported in a study by
the’ Natlonal Academy of Science. (NAS) These esu--

i ’
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> Teble lI-'l "l'oohnologlee Now Avaligble for Pursulng Me]or Energy Technology Goals

'I'he last column of this table preunh dats trom ERDA-48. it repnum ‘the: maximum Impeet of the hchnol in any scensri

ured In terms of additional oll which would have to be marketed If the technology were hot lmplementod, Ioe..ie for '3\0 ul;ul‘:ﬂ':r.l.;
explained in Appendix B of ElﬂHe. These dsta .are being resxamined, and changes will be de when analysis:is completed. In a
number of cases, mm‘ projections _of.mehl‘nrpom will be lower. ' T‘. -

Y

»

S

‘Neer«—nowthmu;h 1988 .7 [
. 'Mid—1985 thwugh 2000 R
" Long-—Post-2000

** Assumes no chorl(e in end use dovlce

. :'3“’*' | R
u
L Term of lproui'lbn ' nmoap  Yobr 2000

) - Technology .. "4z Impaét® & Gas** i - Status . In Quads

GOAL I: Expand the Domestic Supply of R .

Economlcelly Recoverab le Energy Produclng o . ‘ ) P

. Raw Materials .~ ' | ’ o ‘
0Oil and Gas—Enhenced Recovery Mid. Pilot . 136
Oil Shale - Near - _ " Study/Pilot - 9 73 -
. Geothermal s . Mid " N&° " Lab/Pilot 3156

GOAL 1l: Increase the Use of Essentially S ' s i :

Inexheustlble Domestic Energy Resources oo L e g ’ .
Solar Electric i Lohg "No : Lab 2.14.2

! Breeder Reactors Long No Pilot/Demo . 3.1
* Fusion' Long No Lab —_—
. GOAL 1il: EMcientIy Transform Fuel Resources e - ® "

Into More Desirable Forms ' o

Coal—Direct ‘Utilization Utlhty/lndustry Near " Yes Pilot/Demo 245
+Waste Materials to Energy . ‘Near = '~ Yes Comm ° 49
Gaseous & Liquid Fuels from Coal Mid Yes Pilot/Demo ' 14.0
Fuels from. Biomass . Long Yes Lab 14
~  GOAL IV: Increase the Efficiency and Rellablllty . ' "3
" of the Processes Used in the Energy .- ) ’ ' :

Conversion and Delivery Systems. - - ... . " -
Nuclear Converter Reactors - T . Near - No’ Demo/Comm 28.0
Electric Conversion Efficiency Mid - 'No Leb . 267
Energy. Storage Mid No~ sLab" T o
-Electric Power Transmission and Dmrubutlon Long No “Lab 14 -

GOAL V: Transform Consumption Patterns to 4

Imprové Energy Utilization . B et

“ Solar Hegt & Cooling -’ ot Mid . . Yes Pilot/Demo - 8.9
Waste HOW Utilization -~ R ' [ * ' .'Yes +Study/Demo 49
‘Electric Transport : , . long - Yes v Study/Lab o 1.3
Hydrogen in ‘Energy Syetems Long Yes . ' Study ST e

GOAL Vi: Increase End-Use Emclency - ‘ .

_ Transportation Efficlency’ - Near " Yes Study/Leb- " 9.0
" Industrial ‘Energy :Efficiency - " Near Yes Study/Comm 8.0
COnservotuon in Buildings and COnsumer Producte Neer - 7.1

Yes - St_udy/Congm?

K|

mates were used in ERDA'—48 to project domestic
petroleum and;natural gas production. .

" - The amount of oil and gas considered to be
economically recoverable js subject to wide varia-

. tions, reflecting different assumptions about undis-
" covered resources, technology, and piice. Responsi-

ble estimates of remaining recoverable:resources vary
by ‘a factor of two or more. All.major estimates
agree; however, that at current levels of use, domestic

. supplies- of oil and gas cannot support ‘projected

energy demands for’ very long. ° ‘
The implication of the USGS and. NAS ‘esti-

'mates is that current rates of oil and gas productron '

by conventional methods will be difficult to maintain,

even with’ addmonal Outer Contmental Shelf and '

v

' _vAlaskan produchon Without enhanced recovery, the -

USGS estimates indicate that production of domestic |

- oil and natural gas will begm to drop rapidly in the

mid "1980’s. It is unlikely- that major new energy
sources will be ready by that time.
New estimates of domestic recoverable resources

-may present.a more optimistic picture. However; for

purposes of ‘planning for- alternative RD&D pro-
grams, it is more prudent to use the lower band of

existing" estimates. In cither case, as Dr. McKelvey, i

Director of the USGS, has said:

. higher and lower estimates still carry-. the same -
message on several important policy questions. All

- " indicate .that substantial amounts of fluid hydro-

. carbons remain to be discovered if exploratiom is’
"_-,;encour_aged All indicate that one of the largest

Q9
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targets: for future productxon is the oil presently
.., remaining in place- that might be available if re-
\"'”), covery. technology is advanced. All emphasize the ¢
.importance of frontier areas, and all show that it
%is ‘necessary soon to develop Gther -sources of
energy as.the mainstay of our future energy}
supply" Ce by ‘ [
Spr!clﬁc Changes in Resourcyg,Estlmates
¢ .Since ERDA-48 .

Estimates “of the major‘ﬁctoverable domestic
. résources are shown in Figure II/1. The shaded areas
in this figure indicate the addmoqgl resources that
_may become recoverable if the technology can be
developed to make this feasible. The figure and
- the estimates are identical to those: presented in
ERDA-48 with the following exceptions:’
o' An increase in the estimate of coal resources. The
--recoverable .resource level; estimated at 12,000
quads in ERDA-48, has been increased to 13 ,300
"quads (an 11 percent increase) to reflect a new «
resource assessment by USGS.** The new USGS
estimate showed, an‘ overall 25 ﬁercent increase in

» Department of the Interior News release, May 1975
*% See Chdpter VI for a more’ deuuled assessment of this
new assessment.

ENERGY AVAILABLE AND‘REQUIREMENTS IN QUADS (1015 BTU) SHOWN GRAPHICALLY BY AREA

7

us. bUMULATIVE ENERGY B
 REQUIREMENTS, 19752000

. 2900 QUADS WITHOUT
£ CONSERVATION

2000WITH
L. ™~ CONSE RVATION

1035 REQUIREMENTS -
~}71 auADS) f s

. LOW 5
YIELDE#:
‘ORE |

THYDRQTHERMALMMT

| MAGMA320
ENHANCED .- " {5

L.
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' (43,000 .quads. per year) T
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total coal resources (mcludmg resources not ¢

rently considered ‘economically recoverable).
The addition of solar energy to the recoverable
resource base. The estimate shown in the chart
gresents the average

solar flyx mcrdent on the U.S. per year, and indi-

. cates the high contributién potential of this re-.

source. However, significant technical problems are
associated, With the use of ‘solar energy. Since

intermittent in a térrestrial application, the prac-
tical application “of solar energy requires the

* availability of large collecting " structures and

energy storage. (For example, 20,000 to 30,000

acres of thermal collector area-are required for a

1,000 megawatt electric plant at today s collection

'efﬁcrences) Furthermore, solar energy technol-
ogies and their applications will' require varying

degrees of further developmént before they can

become economically viable. Some water and.
space heating systems are -being introduced in the
U.s.; however, considerable technologncal develop-

can be used eﬁicrently and economically.
The addition of fusion to the recoverable resource.

~ base. The estimate of 3 tnlhon quads reﬂects the

—_—

BREEDER REACTORS :

LIGHT WATER

REACTORS. 1,800
RECOVERY- '
P B TC%
B i3 - A g
“GAS PETRQ; . GEO- ol COAL* URANIUM ==, SOLM o FUSION
. LEUMTHERNMAL  SHALE , ' DA .
1030 1100~ . 5800  13300% ', . 130000 .+ ~ 43.000/YR . 3 TRILLION
R f‘kuroll—-l RecoverableDomastncEmryRmurcu R

QR

. ment is required before solar energy in other forms

1

- energy flux is relatxvely low in energy value andis

&
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. " “potential energy that can be derived from the deu-  sources. Accordingly, the National .Plan for Energy
< terium in the oceans. In’ theory, fusion energy is ~ RD&D describes likely options for introducing new
capable of providing all the energy needed for an - technology ‘that will assist the changeover from de-
mdeﬁmte period. ‘Through the RD&D process, pendence on this narrow base of diminishing domes-  *
scientists are attempting to translate that theory  tic resources to-reliance’ on a broader range o‘f less
into practrce Difficult scientific, engineering, and  limited alternatives. -
. economic problems will have to be salved even 4« The transition to less hmlted resources poses
- -after success has been achneved in, producmg the  substantial -technological and environmental prob-
" necessary contr_olled thermorniuelear -Feaction: - 1ems. Of equal importance are the difficult economic,
Nevertheless, .the: resource base is so ‘large that - .social, and institutional problems that will be asso-
- success” wil -ensure_ a vu'tually hmltless energy_ ciated with this transition. An RD&D program, how- * "~ = -
. source." : - ever successful techmcally, can fail because of failure
* The addition of geothermal energy to the recover< to solve-any one of these-problems, These prqblems

_able resource base. The geothermal estimate is  ‘are, addressed in later sectiorns of thi$ report. .
basedon a new assessment of resources* that

considers utilization of present or near-term tech- D&D
"nology without regard to cost. Most important cur- Strategy and Prlontles for R

~ rently is the recoverable heat portion of hydro- A Nauonal Plan for Energy RD&D should be' )
. thermal convective resources. In the mid term guided by the policy and technology goals -estab-
(1985-2000), the liquid-dominated hydrothermal lished. It must also reflect the reality of available
- resources and the geopressured resources (includ-" ' domestic energy resources and the developmental

- ing dissolved-‘methane) could become viable op-  statusof technologies needed to use these resources; .
tions, for both electric power, generation or direct , To translate the understanding' developed thus far
use as heat. The mid- to long-term (2000 and  into an RD&D program, however, it is necessary o
beyond) ‘geothermal potential of the total ‘heat  compare the potentials of the wide spectrum of tech-

. - resource within the earth’s crust is undoubtedly " nology- options currently under investigation. Defini- -

. very large, in the forms of hot dry rock, heat flows - tions of major technological options to be considered

evidenced by“temperature gradients that are either in the Plan are presented in the Glossary. Twenty-one ..

“nermal” or enhanced by natural radioactive.de- - - major RD&D technologles and 14 suppomng fech-

- cay, and ultimately even magma {molten rock) . nologles are described. ?

~# The addition of encrgy demand estimates (1975- ERDA-48 examined a number of combinations

2000) with and withoyt conservation. Energy CON-  from the. speetrum - of technology options to estab-
servation is shown to reduce thg cumulative re- lish- both- an overall strategy and specific energy
quirements by over 15 percent. The demand-  ppgD priorities for thé principal supply and demand '
~“estimates are based on the 'scenarios contained in technologies. Subsequent analysis, described vy
. ERDA‘48 ' ~Chapter VI, has changed the strategy and pnonues SN
. of ERDA=48 in oné important respect: ,
' Priority Ranking of Conservation now signiﬂ -
Figure 11-1 shows the relative-paucity of domes- . cantly increased. This major change from ERDA—48
tic oil and gas resources compared to. the estimated ~ ‘refiects observation of only ‘moderate progress to
cumulatlve eénergy .demand from now untjl the end  date on supply technologies, public comment on
of the century. Coal and nuclear represent the major . ERDA-48, and further analysis of conservatron op-
‘exploitable resources to supplement oil and gas over ~portunit|es Spe(:lﬁc reasons for assrgmng higher
. * the next several decades. Geothermal, oil shale, and priority. to energy efficiency technologles are identi- -
solar energy (in the form of solar hgating and:-cool- " fied" below. . Many of - the technologies to improve ‘.
.ing) represent: supporting resources to éase overall - energy efficiency currently. appear to_have one ot v

~ . supply problems during that time period. Nuclear more of the following characterfstlcs
breeders, solar electric, and qulOll represent tech-

nologies that can exploit major resources for the.
* next century; these technologies also have the poten-
* “tial to contribute to meeting energy needs during the
"latter part of this century. =~ . s
In summary, even though the Natlon is blessed L

with abundant energy resources, it is presently de-

- pendent: upon a nairow base of diminishing re-

‘!

~

Implucat:ons of the Resource Estlmates

-

e

oA barrel of oil saved can result in reduced imports.
Conservation: combined ‘with fuel subgfitption ef- . .
forts reduces dependence on forelgn ofl. The focus - -~
is on cost-effective _approaches since not everything -
that ‘sayes energy should be rmplemented at- this:-
 time. Technology development should increas the,
number of cost-effective approaches available. e

* It typically costs less to save a barrel of oil than T

* Nee Chapter VI for a-more detmled drscusslon of thrs ’t° produce one through the deVﬂlOPment of new
new assessmenz. : o e tgchnologyJ : : N _

~
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" Time of Impect smmrceumm ' e - TechRology - .
Near-term " Increase efficiency of en xuse _Conservation in Bulldings and - - 71 o
. (now to 1985  and convert weste to ene . Consumer Products - PR oL
and beyond) ; o Industrial Energy Efficiency 80 ..
- . . SR "', 1 Transportation Efficiency . 9.0
L R j* . Waste Materials to Energy . A9 ‘
Preserve and expand oll ges,- / ) ' Coal-Direct ‘Utitization In . - 245
coal, end nuclear ) . Utility/ Industry ‘ Ll
; : Nuciear-Converter Reactors . , - 28.0
bll & Ges Enhenced Recovery ,.x 136
Mid-Term Accelerate development of synthetic d Geseous end quuld fuels from Coal 140 - o
(1985-2000 / + -fuels from coal and shale ' Oil Shale - 730
. and beyond) : 2 .
L T LU viincrease use of under used (Umited Geothermal 3.1-5.6,
" . _-application) fugl forms and extract .- -Solar Heating & COOIIng - 59 .
a .\ more useble energy from waste heet Weste Heat Utlllntlon 49
’ — 79; . - A R
* 'Develop the technologles neceuery o Breeder Reecﬁore ‘3 1
t0 use the essentlelly Inexheuetlble ) Fusion i , roe
fuel resources S Solar Electrlc i ,-J.;-- “ oo 21-42 -
o Develop the technology neceuary Electrlc Convenlon Efﬂclency 26 o
to change the existing distribution . * ‘Electric Power Trenemmlon & R N
. : . . systems to accommodate the Distribution- .- - R s
Lok .. .7 distribution of new energy sources. Electric Transport . - 1.3
; I . . - Energy Storage - . o=
g 77 Hydrogen in -Energy Supplles —_
. € ¢ Fuels from Blomeee 14

»

28" -

* social acceptability of the available alternatwes i

el _‘ : Y
: ) Rt
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e . ’
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’

. Energy conservation generally has a morg. bene- -

ficiil effect on the environment than does energy

« produced and ‘used.
. Caprtal requirenients to increase: cncrgy-use effi-
ciency are generally lower than capital needs to

' -produce an equivalent amount of energy from new
. . sources since most. new supply tcchnologles are:

hrghly capital-intensive.

» ‘Conservation technologies can gencrally be im- -,
~ plemented at a faster rate and, with less govein- -
ment involvement in thc ncar—tcrrn than can supply -

technologies. :
* Energy efficiéncy ahnons r‘,an reduce the pressure

for accelerated® introduction of new supply tech-" -
nologies. Since the actidns persist over. t1me, thc L

benefits are continuing in nature. .
These reasons deal generally with conservative

of conservation technologies in specific instances wi
be. determined by the comparative economics an

,' technologies. The rate of application and rntroductrria

i
)
'

Strategy - of Energy Technology . .

' With this revision, ERDA now views the llkely
nge: in energy. supply and -

order of’technological chan
" demand as follows:

For the pear-term (now to 1985) and beyond,- )

technologywillhelpto.u".' o y

H

. Increase the eﬂicrency of energy used in all sectors -
of the economy and extract more usable energy

. from waste ihaterials e o

* Preserve and expand major "domestic energy sys-
tems: coal, light water feactors, and gas and -oil
from newg sources and by enhanceq recovery

* techmiques. . )
E For the mid-term (1985-1000) and‘beyond, tech-
will help to; i
» Accelerate the’ developmen; of new processes for ‘
producmg synthetic fuels front eoal and extractmg
oil from shale
* Increase the use of fuel forms su;:h as geothermal
cnergy, solar energy for heating and cooling, and -
extractron of more usable energy from waste heat.
"Fur the long-term (pasl 2000)Ltechmhgy will -
help to: - :

“ o Permit the use of the essennally mexhausuble re-

sources; nuclcar breeders; fusion; and solar’ elec- -

tric energy from a variety of options including -

wind power,  thermal and~ photo-voltaic . ap-
prodches, and ocean thermal gradients

* Provide the technelogies to e the new sources of

energy, which may be distributed as electricity,

- . "hydrogen, or other forms throughout all scCtors of

- the economy.
Table II-2 presents the spectrum of technology
optlons hsted in Table II-1 in these strateglc terms.

Table u—z The Strategy of Technology Introductlon

) lmpoet n Yur moo ‘
(Quads)
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Table II-3° presents the strategy in more concrete
terms-—the rumbers of energy facilities that*would

. be bullt if all the -technologies were successfully

rntroduced These estimates are not additive, since
not - all technologles must be mtroduced fully to-
satlsfy demand in the year 2000. .

While these tables are not preanptrve, they

potentrally provide a set of yardsticks useful inas-- -

sessing the actual rate of technological mtroductron'
Such assessments are essential to. shaping:the Federal
role.in developrng energy®* technology to fit prpgress
‘bexng made in the private sector.

National RD&D I’mntles

Based .on"an understandlng of the strategxc roie
of technology in solving the Nation’s energy prob-
lem, it is ‘possible to suggétwwhat type of energy
RD&D is most important eral observations are
helpful in understanding the natare and use of these
priorities, presented jn Table I1-4.

. 1. 'The highest supply and demand teclmology .

priorities stem directly from the strategic ‘agsessment
.doscl;rbed in the precedmg sectlon. :

I3

* Table -3 Numben of Major Facllltles Potentlally
R Requlmd by Year 2000
Typoof AU B

£ Number of Equlnlent Facliities’
Energy . Potantially
Facllitles _Required In 2ooo 'Existing In 1975
Fossil Power Plants . 500-800- 400
" (1000 Mwe equivaient) o
‘Nuclear Power Plants. - . 450-800 37
(1000 MWe equivalent) Py I .
_ Geothermal Power Plants '\40—5f00 05
(1009 MWe equivalent) SR N
- Solar Electric Power Plants 50-100 0
(1000 Mwe equlvalent) N ,-(“ - ) "
Coal Mines ‘. .. 1600-2370 ' 640 .
(one million tons/year . -
equivalent) ‘ D
Coal Liquefaction or - L 70-140 © . -0
Gasification Plants 4 i
(50,000 b/d oil equivalent) ) -
Oil from Shale Plants , = .  40-80
(50,000 b/d oil equivaient) | &
Buildings (millions) 13-22  negligible
Solar Heated and Cooled .
- . Heat Pumps . St 13-26 . .02
* “*(millions) o T T
. Electric Automobiles 10-20  negligible”
' ,(mlllions) , s e
‘Notes %

® The list Is non-additive beeeuu dlﬂerent teehnologles serve
the equivalant energy markats in .different scenarios.

R SOurei for the dete is the ERDA—48 seenarlos
o MWe = magawatts electric ;
¢ b/d = barrelsber day ~

2. Under-used (limited application) mid-term
technologies such as geothermal and solar heating
_and cooling are assigned only a jnoderate priority in J
the ranking. However, certain, Applications of these
technologres can have an impact on the Nation’s en-

demand in the mrd term with the establishment -

industrial base. T se technologies are impor-

.tant because they are 4u crently well-developed t0 .
be. employed on a:regional basis where the resources -
“can-be exploited economically. The geotheimal re-
- sources -and technologies included in this category .
-are h ted to hydrothennal and geopressurized ap-
pIrcatro s, and the solar heating and eoolmg téch--

-~nologies may be limited to areas that enjoy high
levels™ of insolation- and expenence relatwely hrgb
costs for alternative fuels. :

3. A lower priority is assigned to technolo

supporting intensive electrification, and to hydrogen

and biomass systems., Electrification technologies,
and hydrogen systems are likely to'be very important.
to an economy powered by breeders, solar electricity, .~
and fusion power.. As the importance of electrifica- -

" tion increases over time; the priorities for these tech- -
nologres should also be increased. Further study may
aldo reveal épecific apphcatrons within the -broad
technologies that should: receive a high priority now.

- 4. Notwrthstanding the differences in prior- -

. ties, some work on all the . energy technologie; is
‘appropriate now. A number of factors support thrs
conclusjon:

* . A specific RD&D:dan fail entirely, or can produce
-results much later than expected. It would thus be -
unwise to restrict the number of RD&D efforts on
- the assumptron that anyone will be successful.

~ - - -

e

.o The long lead, times characteristic of’ the technol-
o jogies for using- rnexhaustlble resources require that - -

'RD&D. be undertaken now to ensure their timely
«availability. Figure 11-2-summarizes this ploblem.’

¢ Only the. successful development and jmplemen- - .

f a number of technologies in a combina-_

roaches can provrde adequate solutrons

_ ;tion. of .
- )’\ to.the preseX energy problem o

Curtgilment df any major exrstmg energy source
.+ (e-g., nuclear power) places heavy demands on all

’%;p:i oV

rall RD&D pnorrtres have a number _
as some limitations.” Both therr uses- -

4

standrng of the priorities.

;e ',l‘he prlorlties help_ in assessing progress towanl

“tie” energy . technology goals. RD&D .is a pre-
cursqr ‘of tgchnelogy mtroductlon. Therefore,

- 'RD&D pfogress, or lack of it, provides early indi- -,

;.--cations of whether the technologrcal strategy is
a proceedrng;as planned. -

* The pridritiespform the basis for Fedenl acﬂon.
: iWhen any ofefhe three Federal roles is ]ustrﬁeg
5 the pnorrtres hé‘lp determme its urgency '

in":u—.

and llmrtatlons are important to a proper under-s

[
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. A NATIONAL ‘PLAN FOR 'ENERGY RD&D

; Lo e \,/Tablo__n; Proposed National Ranking of RD&D Technologies*
“,} . : ‘. . . . .

mel-lzsr PRIORITY DEMAND _ e

NEAR-TERM CONSERVATION (EFF ICIENCY)

" CONSERVA'IZION IN BUILDINGS &
't TECHNOLOGIES :

.CONSUMER PRODUCTS -,
* INDUSTRIAL ENERGY EFFICIENCY
* TRANSPORTATION EFFICIENCY
* WASTE MATERIALS TO ENERGY

mcu:s'r PRIORITY SUPPLY ©  ©. AN S !,

. \
R . \<

- NEAR~TERM MAJOR ENERGY SYSTEMS -

[y

‘. NEW SOURCES OF LIQUIDS: AND GASES : _

. COAL DIRECT UTILIZATION IN
UTILITY/INDUSTRY ' X

¢ NUCLEAR-CONVERTER REACTORS :

* OIL AND GAS ENHANCED RECOVERY

. GASEOUS AND LIQUID FUELS FROM

, FOR THE MID TERM . COAL D
, S o ) ‘e OIL SHALE. - ;
ilNEXHAUSTIBLE" SOURCES FOR THE ! "'« BREEDER REACTORS ' .
_ ONG.TERM ‘  FUSION : .

* SOLAR ELECTRIC -

OTHER IMPORTANY TECHNOLOGIES *
* UNDER-USED (LIMITED APPLICATION)
* WD-TERM TECHNOLOGIES

¢ GEOTHERMAL
¢, SOLAR HEATING AND COOLING
. WASTE UTILIZATION

TECHNOLOGIES supponrms mrsnsuvs : e ELECTRIC CONVERSION EFFICIENCY
ELECTRIRTCATION ‘ . ¢ ELECTRIC POWER TRANSMISSION
AND DISTRIBUTION *
' * ELECTRIC TRANSPORT
ENERGY STORAGE

TECHNOLOGIES BEING EXPLORED FOR o FUELS FROM BIOMASS ‘
.7 THE LONG TERM * HYDROGEN IN ENERGY SYSTEMS

'lpdlvldu-l Tochnolo(ln an not ranked wlthln th- tochn.logy cnhgorlu.

.

~ .

o B B . A

"~ The pﬁoﬁﬂu -are not si;nply nelated to the allo-
cationsof ERDA RD&D resources. As outlined in
Chapter I and discussed in detail in ‘Chapters III

- and V, the chain of events from national priori- -
‘ties to ERDA: programs is a long one. A Federal
- role must first- be- justified, and the relative impor-
tance of Federal RD&D—as opposed to other Fed-
eral actmns—assesscd When Federal RD&D is:
mdlcated ERDA may not be the: appropriate agency
to conduct the related programs, Further, ‘the level
- of ERDA resource commitment is also inﬂuenced . R
. by the stage of technology development and the A Ce e
~ overall size. of ERDA’s budget. . )
Despite their ‘limitations,  these RD&D priori- °
' ties should serve as a useful tool ih linking both

technologies requires the concurrent development of
technologxes that' prévide specific support. The pn- o
ority and status of - these technologies, listed: in
Table .1I-S, derive fmm the technolog:es 'to” which
they Telate.

. The following hst ongma]ly mcluded

. ERDA-48, pres¢nts specnﬁc supportmg technolqu o
" - activities:

-« More rapid and complete assessment of domestnc'ﬂ
uranium resources. . .

Tablo u-s Supportlng Toehnologln ;

. Speciﬁc : Exploration and Rmume Asussment_ 2l
“private and public RD&D to the national interests - Supporting ' Mining and Beneficiation = - '
‘in‘energy technology s . . Technologies:  Environmental Contro! Technology .

... Nuclear Safeguards

" " Support to the'Nucleat Fuel Cycle
Uranium Enrichment
Fossil Fuet Transportation RO
Waste Management” SeTv

'Speclfic Supportmg Technologres

o Successfhklmplementatnon .of .the"RD&D strat-
egy to develop’ hnd implemient. the pmﬁary RD&D

N + B
‘ S ) - -
Q .,'} '.“:'." . - . . .
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REACTION (1942} TD GRID (1955)

NOTES: - * MEPRESENTS APPROXIMATE STATUS OF TECKNDLOGY TODAY

v THE'STEPS THAT ARE EXPECTED TO BE FOLLOWED YO ACHIEVE SIGNIFICANT S JARE OF MARKET. THE

® FIGURE IS NOT INTENDED TO PREOICT TIME REQUIRED FOR MARKET PENETAAYION'IT DOES INDICATE
ACTUAL DATE AND LEVEL OF MARKETPENETAATION WILL DEPEND ONDEGREQ OF TECHNICAL IU_CCIl’.. ‘

REACTOR GOES START
CRITICAL (1957) (1964)
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) r RESEARCH AND ENGINEE RING PHASE ‘ '
. . PILDY PLANT INITIAL EXPERIENCE
- . S " DEMONST RATIONS :
F CARGE SCALE COMMERCIAL -t
" [ ELECTRIC TRANSPORT . ] @S ~ -
R o ) . '
o — -'p' yor
-_aneewsas ) . S S .
' - . PR e
: - . SIGNIFICANT . :
. y
SOLAR - THE RMAL ' 5. OF
(Eotar-Treamar ] _ Q‘,v . wASKET
SOLAR~-VDLTAIC i >, 4 . .
GEOTHERAMAL ' e
- (GEOPRESSURED) %
Emov™ 71 @ ccareasimuiryior
C DEMONSTRATED) ' N
Y
)  —t * 33 YEARS . 2 \
AN HISTORICAL — 4_1|> :
A EXAMPLE: ) R ’ ’ — - - :
NG HT WATER FIRST CHAIN f‘nnsrﬂec;sﬁncurv SHIPPING PDRT OYSTER CREEK NUCLEAR POWER :
: 5

PROVIDES APPROXIMATELY
OF ELECTRICITY PRODUCED

OPERATES
(1970)

3 " THELEVEL OF RDAD SUPFORT, ANG THE ECONDMICS-OF THE ylv!recnfoowa RELATIVETO ) o ' .
. ALTERNATIVES. . . , AL . »
. ] . e K
Figure l-2° Status of Longer-Range Technologies )
o A : LY v e S,
o Expansion of cqal availability and use through  Basic Energy Science : Qo

improved mining and environmental control tech-

- nologies - " .

* Increased eﬁo';'.. toward understanding biomedical
and environmental- consequences of wasfe prod-

ucts generated and dispersed by fossil energy .

technologies
o Emphasis on resolution of nuclear safeguard
issues to strengthen the viability of the nuclear
- option . . o '
o Increased effort on light water reactor fuel cycle
technology where information and experience are
required-to resolve issues of chemical processing,
plutonium recycling, and waste management
o Early expansion of the U.S. nuclear, fuel enrich-
‘ment capacity through diffusion, centrifuge, and
other techniques. .= -

Basic Energy Science and

. Environmental. Research , -

Two of the eneigy technology goals do not in--

volve direct supply and demand energy technology.
They do, -however, encompass two critical techno-
logical activities: basic energy science and environ-
mental research. ’ '

o

 »Basic ‘energy scierice provides the ‘seeds for

- future technological advances. The basic strategy of

the ‘National Plan for Energy RD&D is that the Na-

: tion must rapidly change to new energy technologies

and new resource bases. Much of  the resegrch to
accomplish this massive task will be developmental

" and applied, and will be performed by the private

sector’ or in certain cases by the government.

. To develop new knowledge relevant fo the Na-
_tion’s energy goals, an accompanying program of
- lopger range, more fundamental research must also

be established. Only by gaining new jnsights can
major improvements be made in existing technolo-

gies, and entirely- new concepts developed. Since the-

results of resgarch cannot be predicted with “any

certainty, the apropriate level of support is based oo - "

L=

subjective judgments of the possible’ future signifi-

cance of technology needs and. the nature of the
uncertainties to be resolved rather than on objective
analysis. : o !

Fundamental research has to
largely by public funds. The private sector can and
does_perform ‘excellent ‘basic research in selected
areas, .but in general there is insuffiéient. incemtive

be supported -

' for it to invest heavily in’ activities that can pay ofl"



“overall national program js‘that directed togard ‘the

. past experience_has indicated that-the resul
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only in the long term. The return from research is

. unpredictable, ‘and the results may not accrue to

those making the inittal-investment.
A national program of basic energy science
must include two types of research. One type ad-

-dresses topics Where the results, if successful, can

be expected to “form the foundation on which netw
or improved environmentally acceptable technologies
can be built. For example, improved understanding
of the strength and corrosion of structural materials,

the fracture of rocks, or chemical reactivities and

kinetics may have major impacts on many diﬂerent

~ development programs. Within ERDA, the focus is

on thoge areas where the development of future
energy- technologles requrres 1ncreased understand-
mg.

The second type of research implicit in the

s. While
of such
research will probably be useful ultimately, this can-
not be, predicted except in the most general terms.

discovery of fundamental laws and pgincipl

- The ERDA programs in medium and high energy

physics a2 of this’’typé. ‘Both. séek a deeper under-
standmg of mattér and energy at the most funda-
mental :level., The research seeks to enhance man’s
culture dnd understandmg of nature, which are
values of great but intangible benefit.

Placing basic energy science in agencies respon-

" sible for meeting:. dévelopment and demonstration -

goals produces an element of conflict. Some feel that

basic research thrives in an environment not domi- -

nated by demands for short-range applications; how-
ever the ultimate usefulness of basic research is

typrcally its pnmary justification. If rapid applrca-.

tion of results is to"occur, there must be.a conscious
effort to’ transfer fundamental results and insights to
those responsible for development and demonstra-
tlon

- To eﬁect this transfer of results each federa‘lly

. supported technology ptogram must have a compo- -
- nent whose primary function is to bridge the basic- .
‘to-applied gapy gprving as the point - of contact

between programs and the basic research activity. In

this way, program requiréments are translated ingo’

aeeded fundamental knowledge by the research{g
and new fundamental knowledge is tragslated in

* engineering concepts in the development‘and demon-
stration programs: ’ ¢ '

Environmental Research

Y Quality of life is measured not only in terms of
the goods and setvices-that an abundant and cheap

~ energy supply can provide, but also in ,terms of -

human health and a clean environment. An’ energy

;o

future that:promises inexpensive goods and services - -

v_ _but that neglects’ the cost of damage to man and the
- 'envu'onmen‘t is a poor bargaxn Generally, however,

the advérse impacts of technology can never be
totally eliminated. Thus, the challenge is to create
energy futures that %re enviro ehtally acceptable
as well as technologically and economically viable.
“Environmental acceptability” implies a’ trade-off .
between the',energy benefits- sought, the consumer. |
‘cost of energy, and the social cost of damages to
human health and the environment. Environmental
considerations are among the many factors that con-.
tribute. .to the need for alternative- technology -*
approaches accordingly, they must be weighed care-
fully-in the decision procésses leading to the adop-
tion, rejection, or modification: of these alternatives.
- This integration of environmental considerations
into the ERDA decision-making process is discussed
further in Chapter V of this report.However, it
must be recognized that major environmental issues
will be resolved not through technology along, but
also through social processes.- Hence, public dis-
senuna,tlon of -the 1mphcatlons of technology alterna-
tives is mandatory to perrmt socidlly optimal choices. -
In general, at a’given level -of energy ‘produc-

- n

~ tion, the direct cost of supplying energy to the cofi-

sumer degeases as,_ such associated brocesses u':
land-reclamatiap, waste disposal, and air and wat

pollution contrel are minimized or neglected. Thus, -
. the direct cost of energy decreases as environmeéntal
* restriction$ are eased. At the same time, indirect
social and environmental costs (e.g., pollutant-
induced diseases, disabilities, shorteue& hfespans

- deterioration of bunldlngs, reduced productivity) in-

crease as envrronmental degradation increases. These
trends are shown in Figure ll- :

TOTAL COSTS.

TO SOCIETY.
(TRA‘DE_-OFF CURVE)

4

[72]

[}

o 2\
INDIREC ) " 1COSTS
ENVIRONMENTAL - INCLUDING
JDAMAGE ' POLLUTION
‘leosts comaou

R

ENVIRONMENTAL DEGRADATION

NOTE: DIRECT ENERG'Y COSTS + INDIRECT -
ENVIRONMENTAL DAMAG§ COSTS = TOTAL
COSTSTOSOCIETY. ¢

2

Figure Il-3 Conceptual Envnronment/(:ost
Trade-Off Curve at a Fixed Level :

~ of Energy Production - °
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* Early identification and characteization of the
environmental issues and public concerns ‘assogi~ °,

The sum of-the direct energy costs and'the in-
direct social and envifonmental costs represents the
tofal cost to socrety In theory, this curve should ated with the commecial operatlom of energy
exhibit a minimum cost yalue. Soclety may choose systems
to pay more than this minimum cost in one of tweé ¢ Establishment of standards of environmental per-
ways, The first, to the nght of the trade-off curve, formance for_ each technology concept to spur

. ig'the historical approach in which the direct energy iinnovations aimed at reducing. the severity of
costs- to .a pamcular consumer are minimized, and - environmental |mpacts- and the cost of their
the increasgd indirect environmental and secial costs. control ' oy
are either" ‘spread over the whole socnety,‘ or worse, * Continuous 1ntyracuon wrth the publlc pnvate :
paid for By a dlﬁerent element-of the pubhc The organrzatxons, and other govemmental agencies -
other approach, to‘,,i‘he left of the curve,, is, when  to ensuge ‘current awareness of public concerns o
society. decides to- reduce environmehtal degradatlon regardlng‘energy developments and environmental . '
~still further: It seems reasanable that:society’s choice * RD&D, as well as wide dissemination of informa-"
would-be to the left .of the mirfimum cost as-lon tion on environmental problems and progress. .
socrety believes that-the marginal beneﬁt exceed§ Within ERDA, the following operatlonal phllos-
equals the marginal ‘cost. ' ‘ophy guides environmental¥

‘While' the curves shown in’ Flgure II-3: are &, E,nvrronmental performance is co dered ar?’ inte-
1llustrat1ve only, they. represent the technology/ ..,‘,;j o gral part of energy technology performance and is

. environment trade-off reJagonshlp The responsibil- ‘assngned competitive priority within each technol--
ity of energy RD&D is to-change the shape of -the " ogy program-Enwronmemal_actl_Ltles thereby
~ trdde-off curve over time to affprd the public.greater command syfficient resources to -achieve - major
environmental protection for thg $ame-cost ¢r equal . program milestones.
protectron at ‘less cost. A number.of Feder'al jagen- - * ‘Protection of the health and saféty of woﬂlrs and 7
* ‘cies, including ERDA, have been: a§5rgned 1esp,onsn-‘ . the general public from ftote adverse impacts
bility to pursue RD&D :to accomp,hgh this ,resylt. ~%.. of energy is a basic perfonn standard for all

Addressing the energy/envifonment trade-off ‘tnergy technologies.

. from the social rather- than RD&D viewpoint, a . # In conformance with t'.he spmt of the NatIonal

relationship can also be éstablished amongthe level, - Environmental ' Policy *Act,* detailed environ-

of energy production, direct energy costs, and- indi- mental planning focused on key decision Points-
:’é" rect environmental costs. In brief, if éither the direct ,constitutes an ‘essential part ‘of every program

energy costs or indirect environmental tosts become - Plan. An agency-wide environmental and safety

- too great, society can either.invest in new technolo- ~overview function assesses ‘changes in resource:

gies and/or resource bases with lower penalties or priorities, scheduling, and environmental perform-

settle- for a lower level of energy production. ;ﬂ‘;:i goals. | o q tal e

This analysis highlights a real responsibility to * Public involvement programs and envirenmen
identify available ene%lg‘y galternatlves anl:loto improve RD&D coordination activities at both- the agency
knowledge of their environmental implications. Ex- and the technical program level are conducted to
tensive research must be conducted if the public i$ ensure that (1) .techmcal and policy decrsron-
to be informed of the true nature of trade-oﬁs and makera are fully lnformed about related extemal
the 1mpl|catlons of the various choices. Thls- ap- activities, Qerceptrons, and Problems,;(2) environ-

- proach is expected to be one way in which. environ- n;ente}} actlvr(tires are coor dlnated etlfiec'u vel.y, and .
mental perspectives can be .introduced into ‘the lil)ll;A’ outside g{?“m gain a realistic view of =
ERDA decision-making’ process. Insights derived s and the Nation's environmental progress \%

ERDA’ and problems related to energy:
therefrom can affect DA’s view of prlormes in It wall take some time ‘before. the environmental

-

g

2%
[

L

‘both technology development and envrronmental re- -

- search e

Strateglc Elements of Envu‘onmental Pollcy

The overriding challenge to. energy RD&D . is
‘s to establish,a spectrum of technclogy optlonsA
capable of srgnlﬁcantly reducing the social costs of

_energy production _while providing ' economically
. attractxve benefits for energy. suppliers and con-
sumers. To meet this chalienge, the environmental

RD&D ' strategy developed must contarn the follow-

/ing elements —

BN

* Public Law 91-190. - e Y

. RD&D sfrategy is fully implemented either.nationally.. :.

or within’ 'ERDA for all near-, mid-, and long-term
technologies.” First pnonty must: be.  #ssigned to

v achlevmg market penetratxon of ncar—term technol-
. ogies, as discussed in Chapter‘IIL In:recognition that

decisions concerning the benefits ‘and - risks of - the

‘immediate energy future must be made soon,; en- '

vironmental activities in ERDA ahd throughout the .
Federal RD&D establishment reflect this near-term
emphasis. Chapter III includés -a discussion of the

s\
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major health and environgniental problems aﬁectmg
? market penetration of near-term technologles and
~ the approaches the Federal RD&D establishment is
- pursuing to resolve those problems. ‘
Since knowledge gf the identity, character, and
methods for mitigatingfiear-term environmental risks
is far from complete, RD&D planning must place
heavy emphasis on the rapid acquisition of environ-
. mental information and innovation in the near-term.

The planning process, however, cannot néglect mid-
_ and long-term environmental problems. Environ-
mental p annmg and lmplementatlon must therefore

o

A NaTIONAL PLAN FOR ENERGY RD&D
ensure support for long-term environmental RD&D
in the face of pressures to turn full attention to near-
term demands. ‘ .
To ensure that dappropriate environmental
RD&D priorities are maintained and that ERDA

_resources are allocated to produce environmentally

acceptable energy technology options over the long-*
term, a formal environmental planning process is
being structured withio' ERDA. Chapter V includes a .
description of this ERDA environmental planmng
process.

) . » r

(S
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Chabter "l—The Plah and The Federal
-Energy RD&D Program For FY 1977

Laymg out the fundamentals of the Plan, as was
done in the preceding chapter, in terms of the objec-
tives and goals to be attained and the programmatic
priorities for action is the first step in building the
National Plan for Energy RD&D. To be complete,
however, a plan to.indicate how the objectives
it has set are td be achieved—i.e., how resources are *
to be deployed, how problem areas are to be ad- .
dressed, and how responsibilities are to be assigned.

As indicated earlier, the private sector must play
the predominant role in market penetration of new

ergy technologies. The energy situation is thus
completely unlike the Manhattan Project or the
Apollo Program in ‘that in those cases, virtually all
activities were undertaken or directed by the. Federal _
Government.

This chapter, therefore, focuses on the narrower
set of activities that the Federal Government can

appropriately undertake, thhm our Nation’s free
enterplise system, to carry forward its portion of the
total national effort. Accordingly, this chapter covers:
(1) the budgetary decisions made by the Federal Gov-
ernment to support specific energy technologies; and
(2) . the overall programmatic approaches to be
adopted for each of those technologies. The two sub»
sequent chapters deal with the institutional mécha-
nisms and decision-making processes that appear .
central Yo carrying out the Plan. ‘

The FY 1977 Budget
The ERDA Niational Energy RD&D Plan served

-as an important input to the development of the

President’s amended 1976 and 1977 budget requests
for energy RD&D fundmg ’

A
. -
-

Table lll~1 President’s National Emrgy Prognm FY 1977 Budget

(Ouﬂ.y' in millions of dollars)

.. FY1976 FY 1977¢
- Percent
s T % s % &  changs
Program Activities * )
Domestic energy resource development, ™ 5,516 69% 7.{59 70%° ' 4$32%
conservation and petroleum storage (e.g., FEA, o -
Energy Independénce Authority, TVA & power
administration, uranium enrichment)* . )
Energy rnurch development and demonstration ‘2,231 -.28% 2,905 28% +309%
(eg ERDA, Interior, NRC, et al.) ~ . . .
‘ngulatlon (REA, FPC, MESA, NRC)' ' Y 234 3% 244 . 2% . + 4%
" Total outlays ’ 7981 100%, 10,408 1009, - - +30%
Less: Receipts (TVA, NPR, uranium enrichment)* —3.385 —4,355 - ,p +29%,
Net outiays .. 459 6,053 o 432%
t Funds for FY 76 Transition Qu.r!or are not includo':l - . 1 c
* Based on: "Seventy issues—Fiscal Year 1977 Budget,” Qta] e R q e
L : R . N

. - 1)
5 L ‘
* 1}
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36 A NATIONAL PLAN FOR ENERGY RD&D °
- - i ) . -~— ,/ L
Table lil-1A Federal Energy R&D (Dolars in millions) .
. FY 75 e RS Y
BA - BO : BA .-.. ‘B0 BA B0 -
DlrectEnergy R&D o ~> FERA '5 A
[ERDA ) $1,317.0  $1,011,0 '$1,657.0 " $1,427.0 $2, 435, 0 - $2,0090 ™
DOI L - 89.9 54.2 : 104.0 93.3 98.3 ) 96.3/ )
. EPA ) - 80.8 . - 18.2 : 56.8 76.6 55.4 . 76.6
NRC ) . 589 - 51.7 87.5 76.9 L. 21040 -~ - 982
NASA ) 08 08 1.7 10 B ~0- 0.8
Subtotal o 1,547.4 . 1,1359 1,907.0 1,674.8 2,692.7 2,280.9
Supporﬂng R&D 1 . ’ . . ‘
ERDA , 362.0 - 313.0 403.0 3730 " 4300 404.0
Dol . - . 33.2 © 309 : - 59.0 56.7 668 65.2
- EPA © 832 5.0° 43.2 434 41.6 43.4
NRC 23 2.1 9.6 9.1 B 53 . 5.0
NSF . -103.2 65.9 1146 74.2 - 123ﬂ 106.9
Subtotal . ) 553.9 . 4169 629.4 556.4 667.1 624.5
Total Federal . ‘ _ .
Energy R&D $2,101.3 - $1,552.8 . $2,536.4 $2,231.2 $3,359.8 $2,9054
3 ’ '
. * Funds for FY 76 Transition Quarter are not included. .
A
' : ".. <
1} T ‘.
. INCREASES FOR ENERGY R, D&D PROGRAMS : )
i
. . PROGRAM ] 4‘ ’ :

CONSERVATION
 FOSSIL ENERGY

- SOLAR ENERGY
GEOTHERMAL ENERGY
FUSION POWER

FISSION REACTORS

NUCLEARFUEL CYCLE &
SAFEGUARDS R&D

ENVIRONMENTAL
CONTROL TECHNOLOGY

~ SUPPORTING'RESEARCH
JP

#- (57%) WITH LOAN

(64%)

GUARANTEE

PERCENT INCREASE - 10 200 - 30 40"
ovER 1976 '

50 60 - 70 80 980 100

Figure lii-1 Energy Research and Development Administration FY 1977 Budget

o . o L. 48
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Table Ill-2 Fodonl Energy RBD Budget Exclmhnof ERDA Table'lll-4 ERDA Energy MW FY 75—76—77

(Authiority in miilions) ) - (Authority in. mllllom)
. " , ) . : T . FY76te )
.- _ _ o ; 7 ) o W
. . L . L . w“"‘
FY.75 FY 76° Y 77 T FY75 _FY76t . FY77 ‘change®
Enoru RD&D Prognams " ¢ ’ ~ L Enorq RD&D Programs o o
" Nuclear Fuai Cycle - v C o Muciear Fuel Cycle S\
and Safeguards - 6.6 - 144 . 260 ' ., and Safeguards '$ 118 $ 173 $-347 101 *
Conservation * 41 - 5.7 . 1.2 Conservation 36 . 75 & 120~ 60 -
- Geothermal ’ . 10.9 ,}22 . 59 Geothermal - . , .- .28 31 . 100°** 223
Fusion PR - 2 e ~0~ Fusion - . + - 183 280 . 392 &7 : .
: Filsions. ce 57.6 78.7 . /85,0 - Fission Lo, . 567 0 602 823 v 37 -
" Solar > - 08 . 17 - K0~ Solar 7 iUl 115° ‘160 @ 39
_ Fossil - " 69.6 800 .-  8%7. -Fossil. _ 4 398 477.‘ 20
*Environinental T ¥ .. . Environmental T T
~Control Tech. - 80.8 573.--.7 559 Control Tech."s 13" 16 " 23
Subtotal - . 2304 . 2500 2577  Subtotal S $1~317 .$1,657 $2,435 -
. N ~ » .lt
" Sypporting Research . : - Supporting Roulmh _ ' s
Basic Energy oo . : Basic Energy . ) .
' Sciences . . "~ 84.6 958 , r.1_ds.s £ slclonmml', : 191 210 227 8
* Environmental S N nvironme o -
Research ., 073 . 1306  '1335 ReSearch 171, 198 203 S
Sbiowl ' isle 264 2371 Subtotal - 362 _403 49
v et ’ Total ERDA . ’
", . Total Non-ERDA" -
# " Energy RD&D . 4223 4754 4348 Energy RD&D  $1,679 32,060 $2,865
. - EE _ " {76 dollars do not includa transition quarter. .
‘76 dollars do not Includo tnmmon quurthr ‘i * Parcantage changa cakculsted prior to rounding suthority. *
. C o, + ) - 7 % Includes $50 Million for Geothermal Loan Guarantss Program.
"¥. g
. Table |||is Federal t:nqmm.nsudmmlusmamm - Table 113 ERDA Energy R&D Budget
. ; (Odthys In - mililons) o o (Outiays In millions)
~ R | SRy
I I - ¥ . . .
N R : 4 R : percent
" FY75. ... FY76t v - " FY78 __FYTSt - FYT77 - change®
* Direct Energy R&D- sl - ", ! Direct'Energy R&D
Nuciear Fuel Cycle . S T ' Nuclear Fuel Cyél . .
-and Safeguards - ‘6.3 137 .~ 239 and Safegusrds - sz,rzo $ 163 s 282 73
Conservation 13 7.0 =" 19  Conservation - 55 91 - 64
~ Geothermal ° 107 . 10.1. ‘¢ 58 Geothermal : . 21 - 82 50-’ 57
Fusion -0~ 0~ ~0-  Fusion , 151 224 304 - 36
" Fission . 50.6 68.7 80.2  Fission . - 538 522 . 709 36 .
. Solar 0.8 100 . 08 Soar -~ <. 15 86 . 116 35 T
Fossil . 37.0 702 o 822 . ‘Fossli « 138 333 442 33 ¥
- Environmeial ' . Environmentdl’-: - T
Control Tech. 18.2 77.1 771 . Control Teeh' - 7 7 12 15 24
Subtotal 1249 2478 2719 - Subtotal’ $1,011 81.427 $2,009
. sdpportlnc' Research ; ' MRS SUMM Mlﬂl
Basic Energy -~ , e . Bulc»Enorgy . N I
" Sclences 555V 628 897 - _ Sclences 8 165.- $ 188 $ 208 9
Environmental v » Environmental S PR -
* Research . 48.4 120.6 130.8 Ressarch 148 188 199 - .7 , .-
Subtotal 1103.9 1834 _ 2005 Subtotal - § 3138 373 § 404 - .
' otal Non-ERDA ' ‘ : Total ERDA - S ! .
Energy RD&D 2288 . 4312 . 4924 Energy RD&D  $1,324 $1,800 $241 AT
fl‘uM- for FY 76 fnmllloml Quartar are not Included. ' !'hux:n:;."dz.‘n:.w.&“ "w”wxmmwm

. 7 "‘4 S .
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In FY 1977, as compared
eral outlays for all energy activi
increased about 30 percent to a netlevel of $6 billion.
_Similarly, the energy RD&D portion of this total has
also increased over 30 percent, to a level of over $2.9

billion. Table III-1 and IH-1A summarize this infor-

mation as adapied.fram the January. 21, 1976 docu-
ment, Sewent ;lmes-—l“igpl Year 1977 Budget, pre-
pared : Y - the - Office; of $Management and Budget.
Tables 11-2 'and TH-3ate a breakdown of the energy

RD&D -portion’ of the Federal energy budget by

agendy, Table TH-4%nd III-5 and Figure III-1 are a

breakdown-of the 'ERDA energy RD&D budget by -

technology’ “afea, showing percentagé changes for

FY 1977 of selected major programs. o
- Althqugh the year-to-year percentage changes

reflect program “priority, they also’ reflect program'

~ status. Thus a new program, such as Conservation,
may receive a lower absolute level of funding, but a
level significantly higher than the preceding year or
years. On the other hand, older programs may re-
quire very expensive technology and large demon-
- stration plants, which entail large. absolute expendi-
tures but not necessarily a level of expenditure
significantly higher than the preceding year. Budget
.decisions are designed also to encourage cost-sharing
- with private industry (e.g., coal liquefaction demon-
stfationhnd to avoid undertaking shorter term

- RD&D that is inore appropriately the responsibility

p of, the private sector (¢.g., in areas of conservation
" technology). The extent to which the current budget
has been successful in sharing the cost of programs.

with non-Federal organizations is shown in quantita-
tive form in Table I11-6. Specifically, of the total ex-

pected costs over $5 billion for ERDA cost-shared
* dprograms, non-Federal ofganizations are prepared to

bear about 30 percent of the funding burden. This
. funding will:facilitate a broad range of activities, in-

. Chiding”.demonstration of a fission power breeder

"reactor, “éléctric energy systems,. ‘solar - heating and

G 2 .
Tabila 111-6—ERDA Cost-Shared Progham Areas
with Non-Federal Organizations) -

(in § millions) \
- e “ Nom. 'il'on-
ERDA Federel o ‘Faderal
Ao Estimated Organize-.  Totel Cost es
B ° Invest. tions Estimated  Percent
: .‘." ment  Investment Cost(TEC): of TEC
Fossil* /1967 . 1257 3224 . 39
Geothérmal®* 7 5 12 - 42
., Conservation 94 116 210, ' 55
“ Fusion (Only Laser) 15 33 ., 48 © 69
F_Iul_?n“‘ . 1967 - 283 . 1981 . 14
Totsl .+’ 3780- 1694 - 5475 = . 31
* Does not include demonstretion plents ~ “
** Funding of most plents yet to be determined
~2%** Primerily CHnch RiverBreeder Resctor 'I y )
. : - -
4.2

FY leG,,Fedﬁ" 1 ‘coolifig of buildings, conservation techniques in op- - |
combined have_

erating commercial restaurants, and coal liquefaction.
The major thrusts of ERDA’s Energy RD&D

budget for FY 1977, discussed.in the order of pro-

gram priority ranking. laid out in Chapter II, can be

summarized as follows: L .

—Consérvation reteived a substantial funding in-

~" crease from FY 1976 amounting to 64 percent.

- Conservation togeth€r with gradual deregulation
of oil prices was an important element of the
Energy Policy and Conservation Act. This fund- : -
ing supports a greatly. expanded program to im-
prove technology and encourage conservation of

- energy in buildings, industry and tafispartation. .
—Light Water Reactor Fuel Cyele, funding was in-

creased by 73 percent from thg'previous Year to
assist the private sector in“‘closiﬂgn_t!_le~_fu’éI.éycle”_- K
i.e., reprocessing” and refabricatgo'n -of nuclear
fuel; developing acceptable technical and environ-
mental approaches for the long-term storage of
commercial reactor wastes; yand i.n,surir&g safe-
guards of nuclear materials.

«—Coal Direc{ Utilization program funding was in-,
. creased from past levels to suppdrt the continuing
* program and to permit construction of additional
 demonstration plants. W 0

~—Enhanced Oil and Gas Recovery ptbé{éﬁ"-@'!ding

rovides for continuation of Opgoing: programs
#énd additional field demonstratiod§ in. partncrship
with industry. . EIT ORI AL
—Synthetic Fuels program funding'will be requestéd.
" in a supplemental FY 1976 ;budget request: fo-
provide financial incentives to”develop ¥ synthetic:
fuels industry. S e
—Essentially Inexhaustible- Energy Technologies,
i.e., breeder reactor, fusion, and solar electric—
all had their funding increased upwards of 30
percent reflecting ‘the critical long-term ‘need for
- these programs. - I _.
- As can_be ‘seen; the ERDA FY 1977 Energy
RD&D budget reflects the major objectives set forth
in the Presidént’s 1976 Energy Message; the national
priorities in the Nati Plan for Energy RD&D;
the application of crité#a for determining the appro-
priate Federal role as set forth in Chapter II; and
the principles set forth directly- abovg to arrive at

_ appropriate budget levels for the Federal Program.

The overall Federal budget strategy is best cap- .-
tured by quoting selected portions relating to energy .
RD&D directly from the OMB 'document Seventy .
Issues: - Lo R . Cn

* “The Nation hR undeveloped reserves of coal,

. oil, gas and. uranium. There are also many oppor-
*tunities to conserve energy.. A solution to the depen-

dence problem can be aclifeved with a longer term
effort directed toward increasing domestic energy
supplies ‘and achieving greater conservation. The
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Presrdent’s national energy program is a compre-
hensive approach ‘designed to achieve a capablhty
for energy independence by 1985. The program in-

' _¢ludes both short-term and longer term initiatives but ..
‘placés basic reliance on the private sector to carry. *

out expanded domestic energy supply production and
conservation, and by developing a strategic storage

petroleums system that will. bc capable of easing the-
' impaét of any embargo. .
' “The 1977 budget outlay estlmates reﬂect the .

President’s strong emphasis on domgstic energy pro- . .

- duction, consérvation and petroleum storage pro-

grams and massive R&D efforts to develop new en-

ergy technologles L AR

Domestic Pnergy . Resource Development

" . Conservation and Storage
“Development and consgrvation of energy re-

sources are essential’ to achieving greater inde-
pendence from foreign petroleum supplies. These

-4 programs encourage: the development of oil, gas,
" coal and urdnium resérves, energy production, stra-

‘s

tegic petroleum storage, and more energy efficient
process. nghhghts contamed in the FY 1977 budget

"™ include:

¢ “Energy Resource Development, Pmduction, Con-
servation J

—“Energy Independence Authonty—Proposed _

: estabhshment of an -Ené Independence
Authority with $100 billion lqurty and fund-
ing authgrity to provide  assistance (mainly
loans and loan guarantees) o the private sector

. nuclear power plants)
"ogies (coal to gas plants, o
Authority will also work to shorten the trme
required for energy pro;ects to_obtain clear=

ances and ‘permits from Federal regulatory L

agencles

—“Uranium Emfchment—Uramum epr;chment. ,
_one of the processes required:to’ COnvert uramum
" ore into usable fuel for nuelear power pla‘nts
At the present time, thjs actiVity-is: camed out

th - SR
in three Government-owned productiof: facile "+ ° “The Energy Research and Development Ad-

-’:"mlnlstratlon, proposéd by the, Administration, was -

ities originally built for defense purposes.

—"In order to selieve the taxpayer of the financial .

burden of funding the construction of addi-
tional uranium enrichment facilities and to as-
sure the availability of fuel for nuclear power
plants, the President has proposed legislation
required to foster the creation of a private com-
‘petitive uranium enrichment industry in the U.S.

—"To produce a large enough stockpile to meet -

et potential future needs, the FY 1977 budget will

provide a substantial increase for (a) the pro-

duction of‘enriched uranium and (b) the con-

(]

x5

: ,tmuatxon of the prevnously approved expanslon '

. of the capacity of the current ERDA plants -

"However, the Administration believes ~that
“future expansion of enrichment capacity should

ance under the proposed Nuclear Fuel Assur-
> ‘ance Act.
) - . - R * L]
' —“Energy Conservation—Conservation proposals
to: provide $55 million in financial assistance to

low-income homeowners for insulation, -estab- .

lish thermal efficiency standards for niew resi-

dential and - commercial buxldxngs, encourage
appliance manufacturers to improve energy effi-

ciency and to label appliances; and encourage
auto manufacturers to increase.fuel economy.

The Energy Policy & Conservation Act makes. " -
‘the appliance labeling and auto fuel economy'»-g

standards mandatary.

—“Energy/ Enyironment — : Amendments to: the i
Clean Air Act to prwlde a.needed. balance be-

tween envrronmental and energy goal,s
—“Energy Tax:Exj e-Tax expendrtures
to encourage. thé develgpment and'. production
of energy and, mmeral' fesolirces. <Exploration
and develo, expenses (mostly for oil and

" be financed by. the private sector with necessary.-
Government cooperation and temporary assur- - -

gas) may be treated as current costs rather than

as capital investments, which are depreclated
over a number of years. This provision is ex-
pected- to. provnde a $1 billion incentive to
develop enérgy resources in 197%. Another tax
provision allows the use of percentage deple-
tion rather than actual cost depletron Although
_ shatply curtailed for oil and gas in 1975 legis-

lation, it is still expected to offer a $1.6 billion.

tax incentive for mineral production in 1977,
with thost of that amount for fossil fuel produc-
tion. The Administration has proposed a pack-
age of tax aids for electric utilities that will
especially help generating facilities not  using

$0 8 b|ll|on of tax rehef in 1977 ’

-Energy Research Development and Demonstration

established in January 1975 to  be the major Federal
agency for the conduct of energy research; and'devel-

oil or gas as fuels. It is estrmated to provide .

opment. In FY 1977 ERDA will provide 83% of

the total Federal funding [outlays] for energy R&D.
It also provides a central Federal dgency for the
planning and coordination ‘of Federally sponsored
energy research and development.

L] L B R L] ..

o “Qversll Energy R&D Budgd&nte'y

—"“Accelerate energy research and development

Lo



. 40.

A NATIONAL PLAN FOR ENBRGY RD&D . -

programs dlrected at achlevmg greater long- .

term energy independence.

o ity, - and avanlabnhty ‘of ‘comimercial ‘nuclear’

term storage of radioactive wastes, fuel re-'

.processing, and safeguards against theft of

‘nuclear materials.
—“Place greatest funding on technolognes wnth
the highest potential payoff jn terms of re-

coverable resources (i.e., nuclear and fossil).

—“Continye to., expand e investigation of
_ pther technp]ogles where, they can make sig-
. mﬁcant contribitions to meeting the long-'
“term .energy requirements of the U.S, (i.t)
solar, geothermal, and conservation R&D)
“Encourage cost-sharing_with pnvate industry
"(e.g., coal liquefaction demonstrations) and.
avoid undertaking shorter term R&D more
appropriately the responsibility of the privatc
sector (e.g., in areas of conservation technology).,
“Support the commercial demonstration of syn-

... 1 thetic fuel production from coal, oil shale, and
othigr domestic resources "by ' providing: loan

j guarafitees, during FY 1976 (upon enactment
“of ‘the; Ehergy. Independence” Authority legisla-
“tion" in’ FY 1977 transfer thhse .projects to
: EIA) ' T
e ¥N n-nucleal Energy R&D
[ Balinc'e ‘between nuclear and non-nuclear en-
‘érgy JR&D—The table of direct ERDA spend-
+»- ... Ing*indicates upore ‘effort on nuclear than non-
% . nuclear .energy\ R&D. However, direct ERDA
#. . spending is not 3 true measure of the total na-
;* tional effort on nbp-nuclear energy R&D and
-+ greatly understates’ the effort being made to
-+ develop and commercialize non-nuclear energy
-technologies.

nuclear energy R&D (which has higher tech-
nical and regulatory uncertainties).

~ee —"“The Administgation plans to support legis-
ER lation which is expected to provide about $6
ot billion of loan guarantees in FY 1976-1978
"to enable industry to construct facilities for
producing synthetic fuels.

—*"“About $50 million per year will also be

provided for loan guarantees for geothermal N

production projects.

~—“Fossil energy development——Acceleratec"the v
development and demonstration of technology

to (a) enable plentiful domestic coal resources
~to be substituted for increasingly scarce sup-
plies of oil and natural gas; (b) increase the

efficiency of the use of. fossil fuels through

—“Expand. efforts to assure the safety, rehabll-

power plats by increasing R&D on the long- .-

—*"‘Although specnﬁc data is not a%lable pri- .
" vate industry is known to be spending much’
more on non-nuclear energy R&D than on -

advanced power conversion - systems and (c)-
ase the recovery of oil and natural gas

fro fields in the U.S.
. —*“Solar energy development—Increase the de-

applications, mcludmg 226 [awards: mvolvmg

- velopment and:demonstration of solar energy .

* 325 to 480] units to demonstrate Solar heating
and - cooling in_ residential and commercial

' burldmgs and acceleratlon of technology for the-
conversion of solar energy to-electricity. -

—-“Geothermal energy development—-Expand

R&D required for the utilization of U.S. geo-
thermal resources including improving the’ cap-'
abnh&f'or defining the extent and ‘availability
of s resources, developing advanced _engi- .
neering techniques and building pilot plants~
Provide $50 million in FY 1977 for loan guar-

; antees to enable mdustryr to proceed with geo-

' / thermal: production projects which would other-

"wise not be undertaken begause of current .

technical and economic uficeriginties. ,
—“Copservation R&D—Provider an expanded
. program to improve technolo

and transpontation. -

* “Nuclear Ene R&D ;
~—*“Fusion—Continue research to determine the
sciéntific feasibility of obtaining virtually un-
limited power for the long-term (beyond. the
year 2000) from the controlled -thermonuclear
fusion reaction. In FY 1977 continue construc-
tion on the $215 million Tokamak Fusion

. Test Reactor-at’ Princeton, N.J., which wnll
. represent a major milestone,
—“Fuel Cycle and Safeguards—Improve the use
-of current commercial nuclear reactors.
—“Commercial waste management—Greatly
accelerate the conduét of R&D to provide
the technology for the terminal storage of

radioactive wastes from commercial power

- plants by demonstratmg this technology at
several sites.

_ - —-“Nuclear fuel nprocessing—Assrst industry
L by conducting R&D. on the technology for *

- reprocessing and reusing spent nuclear -fuel

dlscharged from commercial .nuclear power

v plants. -
. —“Saf

guarding nuclear materials against theft.

—“Uranium enrichment R&D — Develop and

d encolrage
. co rvation of energy fo bulldmgs, industry,

Demonstrate techmques *for

[y

demonstrate improved techniques for uranium =~ -

enrichment which offer the promise of more

efficient production and cheaper electnclty for
consumers. :
* “QOther Direct Energy R&D
—“Significantly increase outlays for the Nuclear
Regulatory Commrssions safety research pro-

S S
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' gram and the Department of Interior’s ‘mining  Presidential Proposal for Energy

- R&D program.” =~ _
—“Reduce outlays for the :Environmental Pro-
_ tection Administration’s” development of en-

" vironmental control technology because of the' ™

completion of portions of major contracts and-
.- .the increasing responsibility of other agencies '

in this area. - L
_“Supporting Energy R&D ' T
—*“Continue the FY'
. grams to (a) determine the biomedical and

énvironmental effects of nuclear and non-

of safe energy téchnologies and (b) solve funda--
‘mentat scientific and engineering problems that "
* constrain the development of energy technolo-
. pes. L ' .
“Synthetic Fiels . . .

. —“Support legislation to provide $2' billion in
. loan guarantees for industry ($500 million of
Budget Authority) during-1976 for the com-
mercial - demonstration of synthetic fuel  pro-
duction from coal, oil shale, and other domes- -
tic resources. A total of $6 billion in loan

guarantees is expegcted to be necessary over the .

1976-1978 period in order to reach the 1985
objectives of 350,000 barrels per d?y of syn-
thetic_fuel production capacity. . . .
L ] ] v . . o® . 3 ..

“Nucleg“Regulation—Funding for the Nuclear
Regulatory ' Commission will increase-15% be-
cause ofpthe irfiportant role NRC plays in ensur-
ing that nuyglear power continues to be a safe and
envirohrentally acceptable means of generating
electricity. The United States needs additional .
nuclear gower -plants in order to achieve more
energy in ndence from foreign suppliers and fo
© ‘provide consumers with cheaper electricity than -
‘i glternative: sourceg can provide. The additional
T & NRTU will help enable the U.S. to
benefits ¢f nuclear power by assuring

pntal’ ¢ffects, and. safeguarding nuclear
Nuclea?. Eicensing—A legislative proposal to
~streamling; the: NRC procedures for licensing
; ‘ﬁnilclégi‘;{pprt_';'quQtQ to reduce the -amount of
- =, . "time’ required:to process applications while main-
s o 1einihg safety gnd.enyironmental standards. .
-+ Nged:for-initiative. to. Develop Domestic 5 .
- Eneigyt Resources. .o oo
o7 7wy i esgential that the Nation move-promptly
. 3, deVelop domestic edergy -resources to assure that

ed Suppliés. afe “available in the long run to

LW
T

Py

> avoid Ja- growihg dépéndence on foreign energy sup- ‘
plies. +The ; Natich’s: energy. situation continues to”

h . . b
deteriogate. . % </ Wt _
. .-'2'."-'«:,'"."' t“..‘ 28 o v . . .

1976 level of -effort on pro- -

- nuclear energy sources €6 assure development

tténtion towfhe problems of safety, -

L . 46

Independence Authority -« :

" “To encourage needed domestic energy de-
velopment and conservation, . the ‘President has
proposed the establishment of a governmen rpo-

- ration, the Energy Independence Authorify (EIA)

with $100 billion in financial :resources to help .:

achieve greater energy independence.
N RRR . . L]

]
_ “Specific types of projects which ‘EIA could -
- provide financial and regulatory assistance would
be limited to commercialization of: L
. —“Emerging energy technologies, such as_syn-
* thetic fuels, not -yet in widespread domestic
commercial operation. =~ .- s
—*Technologies essential to.production of nu-
" clearpower. ‘- .’ . :

. . —“Conventional or emerging technologies . for
~ production ‘and transmission of electric- power ..
~ generated by sources other than oil and gas.
—“Conventional energy technologies for the. pro-
- duction or transportation of energy that arg of - -
such size or scdpe that they would not other-

" wise be financed by the private ector.
" . P
- . . 1977 Budget
. _ERDA Synthetic Fuels Commercial Demonstration Program
: T . ($ millions) . . .
1976° e
- Sudget Budget
Authority Outieys Authority Outlays
Loan Guarantee Fund 500 — —_ —_
Administrative Expenses 3. 8 = =
Total 503°. 3 — —_

"« The losn guarantes fund will cover tf—_.bllllon imiuaumn- to,

. initiste the program in 1976. The. gerantes. programNili be" &

transferred to -the Energy Indepshdente'-Authority™in. 1971 upon- =
its enectment. " - L . b o -

Need for the Program R
.« “U.S. dependence on foreign soiirces SF. oil "an
. gas continues to grow with, domestic prodiction
having fallen in the last sever e R
“Even using advanced oil andigas recovery tech
niques, extensive production from-the' Quter Con
tinental Shelf-and Alaska, imptoved enelgy:cor: -
servation, expansion’ of nucjésr power facilities, -
and greater direct burning of coal, oil imports will -
continue to riss substantially if synthetic ‘fuel pro--
ductiop capacity is not available by the middle
1990’s. Synthetic gas and liquid fuels' can be
obtained from the processing of.caal, oil shale,
biological waste, and other domestic resources
not now being fully utilized. : '

“Initiating a synthetic fuels- industry capable of*
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providing about 5 million barrels/ day of produc-

tion capacity (i.e., about 100 major plants) b FY 1977 Budget (ERDA) - Ly
‘ 1995 w?ll rezuirg early resolution c:f a lr:umbc:r o¥ R&D To Improve Commercial Use of Nuclear Power -
# - uncertainties related. to regulation, environment, Summary Tableb N (Outlays $ Millions)
' financing, labor and transportatién. The lead time . Regearch and Developmant e cz‘.::. °
3 to initiate such an industry requires the consftuc-"= i Programs - 1976 1977 . 1976-1977

tion and operatio_n, over. the’next 5 to 10 yearé;"'p'f'_,_:_' Lﬁucle‘ar'p ower plant saf ety* 60 89 49%'
a variety of synthetic fuel plants to obtain the, s Safeguarding nuclear : -

15 27 809%

needed data and information. materials
: : . : o ~'Nuclear fuel reuse 13 30 131%,. -
' ident’ o ' " Management of B S .
T;he P‘fs'dentj" Proposal » ‘ commercial wastes 12 63 :25%
* “In "his 1975 State-of-the-Union message, the /- Total " +100 - 209 : 1099%

‘ El‘_CSIdent proposed, the first .‘u.n_port‘an.t _Step toward : ."‘ Most of these funds are Im;:lud'od in the bu:.dget.‘ of the Nucl‘lr .
thé development of a synthetic fuels industry—a - -Regulatory Commission (NRC), o . Lo
.federally sponsored Synthetic Fuel Commercial : M

- Demonstration Program. An extensive interagency : / ' O ¥

_ study concluded that the synthetic fuels’ program |- sive and accessible, t!:f‘}f‘, Mse: is. severely® -
should proceed in two phases, the first .of which . / ' limited by environmental:2 . ‘trﬂnt?#hde‘w
-would involve the construction and operation of - “spread use of coal withautirefaxing’ nviron, ¥

about 12-15 commercial-size plants and would mental standards ' will ‘requiré ‘new. clean'. :

~ result i total synthetic oil and gas production = - - conversion technologies’ (€:g,, gasification-o? \
equivalent to 350,000 barrels per day of oil. The 0 . -liquefaction of coal) or those Pernmitting direct”
second phase might begin in 1978 or 1979 and.¢ = use of coal (e.g., sulphur removal from ex- .
- raise production to 1 million barrels per day, but:, _ . haust gases). LAl '
this depends on the résults of R&D efforts, addi- * “Recovery of potentially significant solar and
" tional information on environmental.impacts, and. . geothermal resources is currentlyﬂiiﬁited by .-
- . the private sector’s response to the first phase. - technological and economic uncertainties.
¢ “Although a $6 billion program of loan guarantees Their economical use will require develop-
to implement aspects of the President’s proposal : ment of new or improved tCCh"OI.Ogles‘, :
-~ was passed by the Senate during the last session, it * “The U.S.’s most plentiful domestic resurces .
- failed to pass the House of Representatives. .~ arecoal and nuclear. Neither:one alone could ..
St ' ' be sufficiently developed to meet all our en- .
Prioram in ergy needs over the next few decades due to
Suppprt for ih‘e ,ffl:rpgram n _the 1977 Budg{et limitations  on required transportation. and
* “The President is again supporting immediate ‘other supporting facilities and equipment
creation, in 1976, of a synthetic fuels commercial ? manufacturing capacity. Both coal and nu-
demonstration program in the Energy Research clear must be exploited to achieve energy
and Development Admiinistration. This program independence from -foreign suppliers.
will be carried forward'in ERDA until such time - .+ “Furthermore, compared to coal-fired power
as the Energy Independence Authority is enacted - ... plants; the price for electricity generated by
-+ and the program can be incorporated under that ¥ .0 nucléar power plants is significantly cheapqr
Authority. - R SR "%s  for the consumer in most parts of the country.

£

oA ==As a firgd step in implementing this program, —"But nuclear plants and their assogiated sérviga” - . ,
= ‘the ~1971'I;udget provides for FY 1976 supple- facilities also have prablems - that. must be " :”
‘v - -mental™finding of $503 million in budgetcau- ¥ . addressed . ‘ e 2w
““thority to cover- $2 billion in loan guarantees >+ “Nuclear plants must be carefully esigied; " -
for the remainder of 1976. _ constructed, and operated so that:none.of -the -
—"Additional budget authority to cover the full + radioactive materials comtaiticd’ de#p “inside
- 56 billion loan guarantee program for Syn- - théplant can ever be released to the environ-
thetic Fuels, which the Administration sup- v ment. " - AR
ported in 1995, is included in the 1977 Budgey .-~ '» “An independent Government agency (the:
under the Energy Independence Authority. ' Nuclear Regulatory - Commission) regulates
) . ' the safety of nuclear power plants at every -
Need for the Program = . i stage. v :
: . : ‘ * “A recent report by a group of safety experts
—"The US. needs more nuclear power. =~ has concluded that nuclear power plants are -
* “Although domestic coal supplies are exten- very safe (the chance of any member of the:

o e ke
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: pubhc belng killed in a nuclear plant related
.. accident is one in 5 billion which is slightly
. less likely than the chance of being struck by
a meteor. And' over 2000 times .less likely
than being struck by lightning). ~

- o “The nuclear materials that serve as fuel for_
the power plant must be protected agatnst -

: theft o
*® .‘" . *® . *®
. “Nucleax fuel dlscharged from power plants
must be reused or recycled and radioactive
waste matérial must be safely managed and
disposed of.” :

. R * . »

Chief Programmatic Thrusts

Because Volume II of the Plan is designed to
present programmat:c efforts in_considerable detall

. the remaifiing Section of this chapter concentrates on*
those bioad: a(’eas critical to achievin

. For szfoi the! high-priority programs
sued in"the: ‘ngar- and mid-term, these” crit

. 1nvolve, TEN ‘acgelerating the market penettation of

energyzsupply And conservation technologles in or
““entering “aommercial status; and (2) ensuring the
environmental acceptablhty of these technologies
(including health, safety, soqal and aesthetjc factors).
“ For high-priority programs' in the longer term,.i.e.,
chiefly those. for the essentlally inexhaustible energy
sources, the critical area is identifying and over-
coming technical and environmental problems in the
earlier research, development and demonstrat:on

" . program phases. 2

In each of these two groups, the Plan considers:

. _The critical problems of each technology that pre-

vent market penetration and environmental accept-
ability for the near-term and technol success

“ for the longer term programs. The form saspects

~ of technology development tend to” be the, ones.
__that have received the léast attention in the past,

are likely to pose. the.greatest.

come, -and will’ requlte the closest cooramat:on

.. - between ,the ‘government-‘apd #ilie private sector.’

N Conseqtiently, thipy Tecsive Hvore - extended treat-

‘.0, “mefit in the fechnology discussions. '

Y

expected to play. Each’technology requires aspro- .
gram designed to meet its particular developmenl

needs. As discussed in Chapter- I, a_governnient, \i:

role Is justified under selected condlqo_

- when.a low or uncertain level of private ge
~investment bars private- actnon even thoug]
cant social (public) benegits ]

nergy goals.

rdles to be over- -

* The strategic approach to be taken by the govem- «
ment—within the context of the Plan—and the *
larger, complemenury role -the prlvate sector Is " §.

2 ) ¢ n-'v - o S

“adsistance in addressing key uncertainties and/op’ '

If :the Nation’s overall
‘efforts are to mesh eﬁecttvely, eaoh set:tor needs to

- institutional obstacles.

. understand the current approach tdjg_HMUCIHg the. -

L technologies and the roles expected of each.

'+ The specific programmatic efforts being considered :

or already under way to implement the strategic

tation that normal market forces. will cause the
implementation of the. technologtes, -and, -in still
otkers, efforts are contingent on interim results,

- furthér analysis, or negotiations between the

" government and private firms.

In the discussion that fOIIOWs, the seven hngh-
.priority techmolagies becominyg available in ,the near-

- and mid-term: a‘te addressed before the three’ lbn%er

.‘.

term technolpg:es The order of presentatxen
1 ICbnservatIon o

nght water reactors T L
Enhanced oil and gas recovery
Direct coal utilizatiori”

-+ Synthetic fuels
Geothermal Comn
Solar h?tmg and coohng

. -BreeCh a’ctors

... Fusidn>; S

" Solar electric -

Addi‘tnonal detail -on these and other Federal
. Technology efforts is presented in Volume II of this
Plan being pubhshed separately e

¢°“SQMPPN

aan.
e
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Conservatnon Technolcigles .

_In the -aggregate, conservation technologxes—

~ i.eggthose permittihg A more ¢fficient use of-energy

. —3Kill, contribute substanually to balancing the do-
miESis -energy supply and.demand. ERDA-48 esti-
SE that full 1mplementatlon of more efficient

es would perr;nt contmued economic
without increased levels pof imports through

than those discussed later,

i na "3 .
w0, many L -
0 'more ew efficient home

4 8 (see Appendix B), which

Ry by the year 2000, guch ¢chdologies would |

¥gy consumption t6"be25 percent .

d be without their adoption”(Sces”
). Moreovcr, many of/ these, .
¢ ‘a2 “more ‘immediate—i.e., -

ly technologles—

43

approach. In some ' areas; current efforts are ex- "
tensixe; in others, they are minimal.in the expec-

gt conservatxon !

.

8evelop & new barrel of sup-
s suggested by the conserva-
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. end-use. Altliddgh these scenarios were not- ‘able to . ,.
. reflect the costs®,of modlfymg end-use installations, -

the large differtnce in total costs among scenagios
indicated that ample financial margin exists to gover
these addmonxﬂ costs and still’ provide a lqﬁ'—cost
- solution. Moreover, the barrel saved will make more -
of the finite resource available for future needs. o
 Finally, ‘these teclmologles generalfy will help’
meet energy needs. with. the least adverse impact on
-the envnronment Spec cally, as’ conservatxon actions
reduce energy consumption levels, pollutant.emrsslons .
and disruptions-will be décreased because. of reduced
- enqrgy extraction and transportahon- activity, reducgd ",
. fossil-fuel combustlon and the lessened need for -
al of waste-heat -and other materials. In addi-
tion, reduced energy consumptien will extend the

. availability of fossil eneygy resources and allow time

"a'to develop technologles that -.use inexhaustible en-

' operatlon of spec1flc voluntary and mandatory con-

ergy.sources (e.g., solar, fusion, breeder reactors).

The advantages of conservation tecfnologies
are expyessed generally above. The rate of applica-
tion apd introduction of conservation technologies

* in specific mstances will 'be determined by the com-
parative economics and social acceptab;llty of the
avarlable alternatives. —

. ‘Many of, these advantages were - recbgmzed in
- the recent enactment;of the Energy Policy and Con- *
servatxon Act. The stated purpose of the Actis to
“reduce domestic’ energy consumption through the -_-

-servation programs.” : Cohy
" The key- conservatton technologles under con- .

- slderatlon differ - sxgntﬁcantly from supply technolo-

gles iScussed later.in this ¢hapter. Specifically, their
r, their dnversrty, aid. the relatively small
gy contrlbutlon of any:one preclude-a single ap--
proach; rather, a broadly .conceived' strategy is
needed. The nature of thd conservation technologies .. -
‘ready for market penetration, the problems to be.
surmounted to gain adoption, and the broad-based
strategy’ for facnhtatmg their penetration’of the mar- -

ket follow. = . _ o 3

“The Opportumtles o .
The Nation has mamfold oppo,rtunmes for

greater efficiency in the use of ‘energy: Many are

sufficiently developed to.permit their raprd market .
penetration. They fall into four groups )

el ..lndnstry.conservmon. The industrial sector cur-’

rently consumes 40 percent of the Nation’s ep-

'.cient technologies—some" specific to.'individual
‘industries and others applicable to many indus-

. tries—is known. Many of these promise efficiency

" improvements, of more than 30 percent. By -

implementing the successful’ résults of, RD&D,. -
projected industrial -energy consumptxon can+be
decreased by up to 17 percent per unit of gutput
(equivalent to 1.8 to 2.7-million aggregate bar-

. rels of petroleum equivalents per day (BPDE)
~ “by 1985).

Some of these more.efficient technologles o
? —Intermediate teifiperature heat pumps to mini-
_mize primary fuel:consumption -
.——Brayton cycle turbine generators- to produce

electricity from the thermal discharge of fur: .

naces (e.g., aluminum smelter or glass kiln)
-~Heat transfer/thermal storage techniques to

cascade energy flow within process industries
—High temperature msulatxon/refractones

< —Waste heat recuperators ‘and ‘regenerators.

2.

e

Bnlldings consemﬂon. Commermal establish-

" ments and residential housmg-. which consume

29 percent of all energy in the 'U.S., present a
number of opportunities to improve energy effi- -
ciency. Full understanding of these opportunities

- requires a systematic evaluation of essential fac--

tors associated with meetxng a commumty energy.
needs. Three areas seem to hold large promise.

First, a number of specific technolegles exist—
notably in msulatxon, shell desigri"and heating, -

. ventilating, and air condmomng—that need to

be ‘integrated and-may require innovative mar-.
keting by industry to motivate consumiers to ac- -
cept and install them. Second, waste energy can. ..

- be ‘used more effectivelyin community systems.

~ Third, some .new technologies; such as. the .

-» Annual Cycle Energy System,* appear promising * =
but require further testing and/or development. ...

Implementatlon of the results_ f ‘these

efforts-could save 2.0 to 28 80N RPDE by |

. Transportation energy eonservlﬂon.‘ "'The trans< -
Jportation sector, which consumes 31 percent of
“total U.S. energy, can' reduce its petroleum con-

the yea: 1985. ’ D i

sum;mon by using proven technologles and by -
implementing well-stug@‘d operatxonal changes,-

. lncludmg. NS

—Retrofitted aerodrag reductxon devs,ees on
long-haul trucks S

ergy. Reduction of this level of.energy consump- . ——, Annual Cycle Enesgy Systems (Aéls) for B-ﬂlhu A '
system potentially applicable to thé residential and small

tion will require ‘a systematic evaluation of the
industrial processes involved and a determination 8
of those’ processes in which increases in thermo-
dynamic efficiency can be achieved. Industry has
made substantial . progress in this regard, but

* more remains to.be done.:A host of more effi-

"commercial buildings market Tor space heating in winter

and-cooling in summer. Préperly’sized water storage tanks
are incorporated in new building designs, including use of
heat pumps. Heat is extracted from storage water in the -
wintet; ice or ‘chilled w-ter in |torue is used to. eool in

'i'f mmmer

L e M .
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—Reduced ° horsepower losses on accessory

drive for autos and trucks
—Use -of drag reduction devrqes between frerght
, cars on trains .
~ —New, energy-efficient engines for autos.’
. These improvements aré ‘expected to achieve
savings  of about 0.5-0. 7 million BPDE by
1985.** - . .
4. "Electric energy systems The electric utlhty sec-
tor presently uses about 27 perpent‘" of -all U:S.
. energy consumed. This percentage is expected to

increase substantially in the years ahead. Sig-

nificant energy savings—expected fo be 1.0-1.5
‘million BPDE by 1985—can be achieved by
using improved. equipmeht, and by altering con-
sumption patterns, system structures ,and opera-
tions, Substantial- “capital”’and land savrngs arid
" rsavings of oil can also be achieved. There are a
"humber of opportunities for near-term savings,
such as electric load management, application of
energy storage, and removal Of constraints to
. more efficiént higher voltage transmission lines.
A reliable electric energy system is also the cri-
 tical link between advanced source technologles
and end-use.

R Y

In addition to these opportunmes, a continuing
stream of new ideas and projects flows from the

-screntrﬁc community, individual inventors, and entre--

- produced more efficiert light sourtes and\thermally
activated heat pumps. Moreover, technoldgical op-

preneurs. For>example, recent private eSorts have

portunities need. to, be ‘considered in the light of
alternative socio-economic-régulatory actions such

" as standards and |nnovat1ve ﬁnancrng

. clency
soe This 27

"Market Bamers

. ]
n

By and large, .most of these conservatxon tech-~

nologles will ‘have to ‘ovgrcome problems of eco-
"nomic, uncertarntres, ‘and normal resistance to the
acceptance ‘of new “products » Economic - barriers
will diminish as fuel prices rise and as more econom-
ical conservation technologies become available. For

example, as fuel becomes relatively more expensive,

end-users will be mcreasingly likely to invest in

initially more expensive new technologies in the
:knowledge that ‘overall (i.e., life-cycle). costs will be-

competitive for a given level of output. This “conver-
sion” process will occur naturally but slowly within
the market. In some instances the large, potential
benefits may justify government action in the form
of economic incentives or RD&D asaistance.

*+The savings envisloned are in lddltlon to ‘those cur-
rently being pursued by Detroit (e.g., lighter weight
ears), but may be included by manufacturers in the effi-

lmpmements-reeentlv mandated by legislation.
reent is included ... the oreceding three end-
use sectors and is theretore nonadditive. -

7

In addition .to the economic barriers there are v

several other kinds that must be considered in map-
ping implementation strategles Specifically, end-
users may be reluctant to invest in new technologies
because they do not know whether the technologies -
will perform as designed, or whether they will be

reliable; developers and manufacturers are 'some-

times reluctant to create’ new technologles becaise
they do not know whether they &an, in an acceptable
tinfe frame, meet the institutional tests posed by state
and local governments, lending 1nst1tutrons, unions,
and other key groups 'wiose support is required to
_ implement new approachﬁn llteralLy every segment
of societ}. For example: - .
1. Most individuals and some 1ndustnes are unac-
customed to using lrfe-cycle costing as & basis for
_purchase decisions, and tend to make declsions
‘on the basis of lowest initial cost. If.companies
continue_to make investment decisions solely on
the. basis of ‘initial cbst, some new technologies
Ae.g.y long-hfe lrght sources, -and lntegrat ap- -
« pliances for miobile homes) will’ fall td re !
potential. ot

2. Personal taste and value are often wedded to

4 exnstxng technologies. Forgexample, the changes
in home appearance caused by the installation df
.solar heating may be an important deterrent to
some prospective buyers, and the “look” of low

drag automobiles and trucks may impede their v'

acceptance by potential operators. -

" 3. Vendors may be deterred from marketxng a

device because new and unexpected environ-

'mental standards might inhibit the use of a tech- -
" nology before the investment for 'development

and marketing can be. recovered.

Even though a ' basic: technology is avaxlable,
. manufacturers ,may have to overcome, ‘numerous

other technological hurdles*and some institu-
~ tional hurdles to .adapt technology to par-

.‘ticular markets. This effort may greatly com-
. pound the economic uncertainties:

"5. Potential users may -be unsure whether the first

generation of a technology will perfonn as adver-
. tised. The problem is accentuated ‘where the
-available technologies have not been sufficiently

demonstrated. Potential consumers cannot afford .
operating fuel-saving products at a loss, especrally .

when no significant gain results. from being the
first operator of a new technology.

Fxnally, market penetration of - cQaservition
technologies may be impeded by ‘a un& of valid
environmental, human health, and safety considera- -
tions. All new or modified energy relsted technol-
ogies must, of course, meet any existing pollution
control requirements and many are required to meet
new. source performance standards. In improving en-
ergy “efficiency” in eommercial eltlblilhrmnts and i‘i
: -

z0 - - .
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reduced :ventilation, for example, the .potential haz-
-ards of increased exposure to.fine particulates from

residentia] housing through improved insulation or--

- . insulation, or the effects on human health of reduced

»

*

L,
Los

ventilation must be evaluated. =
" In addition, exotic technologles and/or ‘fuels

producmg electricity may produce soie fiegative

- environmental impacts. For example, hrg,her temper-
ature combusuon will substantially .increase certain
" types of emission (expecnally NO,),. higher tempera-

ture.wastewater, and increase material deterioration.

.The use of certain fuels (e.g., nitrogen-,and sulphur-

“bearing 0ils) in' conjunction: with hrgh-temperature“

cycles wll likely adversely affect air em1ssrons
‘OM the' positive side, quantnﬁcamn ‘of the en-
virgimental benefits resulting from reduced energy

con mptmn ‘may help overcome mstrtutlonal and
social\bargjers impeding large—scale conservatron

Strategic Apprdach ?'

- In recognition of the need to address these gens-_
* eral commercial and socroec0pom|c factors, the stra-.;:

tegic approach to bnngmg a’ large number -of con-

servation technologles into use in. the cnear term

incorporates five main elemenys:

1. ‘A national policy comlacive to the adoptlon of
energy-eflicient technologies. An element of this
policy is the enactment of the Energy Policy.and
Conservation Act®" which, in part, provides -for:

" —A gradual removal of oil price controls, to en-

courag% normal -workings of the marketplace

" —ie, to mcrease supply and to. reduce
- demand’

[y

» —-Insurlng the continuing pmgress in the im-

provement of automotive energy efficiencies,
to ensure consumer adoption of more energy
efficienit automotiVe technologies . - -
—The idéntification ofareas for improving the
energy efficiency of “major- household
ances, to- encourage consumers:
- most energy-efficient choi
—Working with - energy-intemive industrles, to

ehcourage the adoption of existing .conserva-

' tign technologies” . -

—Federal conservation eﬁorts, to be carried out _

through procuremeént’ policies and through a’
10-year ‘plan- relative ' (& federally owned or

leased buildings.

. 2. A0 to S.year planning honmn. In ‘addition to
~  the near- (1985), mid> (1985-2000), and long- "
term (post 2000) planning hqrizons established

. * Pubhc Llw 94—163

by ERDA’s enabling legislation, a new planmng

horizon—o0. to 5 years—will be included in the

annual energy ‘RD&D Plan. Opportunities in

nuclear,. fossil, solar, and. other technical areas
_ wrll be mcluded although the predormnant o)

 —

™

-3

portunmes will probably be in the conservatron"
Wro{gram "Fuel subjtitution' opportunities also will
J be sought because of the-benéficial jmpact on oil |
lrmports and Telief of gas short
focus is, intended to roll forwatdb&ach year. The

... ‘process will be institutionalized and monitored
« for successes and failures. «The -results of the
initial JERDA review will be coordinated with
other. ‘interested: agencies, - partlcularly FEA, to

. ensure.a proper overall govethmental approach
is being designed and the best opportunities are "
+, being identified. Industry views .will .also be

: .. sought in this design phase to ensure-that any

" government action assists and provndes incentives
to industry rather than result in preemptrVe, un-
needed, orirrelevant government action. o
~ Although some of these technologxcal rmprove- '
ments will begin to appear in the marketplace‘_
between now and 1980, it may be cost effective”

E “for government to -aSsist industry in acceleratmg o

. their mtroductnon and acoeptanee by the Amen- :
cap°public. -* A

Accelersted - ldentlﬁcﬂbn of | ,teclinol-
ogies (particularly within:the 5-year hohzon) and.

~ dissemination of ifoimation about their applica-
tion in poteintial end-usen. For some trme,PEA -
has had a program to rdenufy conservation op-

- .portunities in industry, burldmgs, and tfansporta-
“tion. Other involved agencies include the Cooper-
ative ‘Extension Service, Department of Com-"
mer d-Housing and Urban’Development.

- 4. Integration of market and imstitutional barrlerl ‘
' into the plans for developing the most attractive

-conservafibn téchnologies and for facilitating their
Jimplepentation. A general approach is being de-
velop&o consider implementation barriers at
s the mceptlon and throughout the RD&D planning

. s to work: out tbe lmple- »
mentatiod details of more_complex technological
approachee. Such , efforts "wj be
needed in the hi =

- try.. Leading ¢ idates for

" - include. the Annual Cycle Energy

. grated housmg, and community ‘energy. systems.
Similarly, demonstrations of comservation_tech-

- -.nologies with broad industrial applicability ay

“be justified. The appropriate government roleNin+ -

;hns area will be'determined by further analysis o\«

-promising technologies and by socioeconomic

- research. that diagnose barriers and the cost -
- effectiveness of alternative approaches to over-
commg them.

v

. Actnon Program
- ~'The principal elements of a Federal program‘ to "

carry out the strategy outlined above include:
¢ Carrying out the provisions of the Energy Policy

A4 .
- . )

es,; This S-year - -
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Conservation At within Federal Energy Adminis-

tration, and the Department of Commerce
. 'Encouragmg the private sector tp implement con-

E]

- servation- and fuel-substitution technologies within -

- "V “the’S-year. planning horizon :
Te ‘l'-fstablnshmg a joint FEA and ERDA planning and

implementation capability s

* Developing a capability for: sl s

P

i:

" —Identifying the energy-savings technologles that

.. are attractive from the point of view of cost and .

. ‘unplementatnon _
-’_—Developmg energyrconQumptlon standards
'—-ldentnfymg envnronmental costs and benefits

- —Verifyirg technology capabilities ,
‘—Informing end-users about new technolog:es

. —Identifying ‘and assisting in removmg institu-

tional obstacles ‘-
.+ Carrying out demonstratlon programs as appro-
* priate.’ .
Light Water_ Reactors SRR

Although forecasts vary, most show nuclear
power as a major factor in meeting U& energy
needs by the end of this century. A typical forecast
s for an installed nuclear capacity building from
the present level of 39.6 millions of kilowatts 'of

4 - »q
. Table NI=7 -
Cut off TR :
Cast® Reserves®® Potentiel <7 Totsl
10 315,000, " ,1,000,000 1,315,000
15 420,000 -, 1,620,000 . 2,040,000
30 600,000 2900000 - 3,500,000

’ Recovery cost per pound.” ’
*‘%in uddltlon 90,000 tons of by- product is expocted throu.h?OOO

) . ¢ -
1

* Siccess in the transfer of responsibility for urans
_jum enrichment to private jndustry and progress
in initiating new U.S. capacity to méet future U.S.

- and overseas demand for enrichment services

. A commercial fuel reprocessing “and ,\:ecyclmg

capacity

* . Demonstrated safe and envu'onmentally acceptable

capacnty (gigawatts—GWe) to 70-76 GWe by 1980, .

increasing to 160-185 GWe by 1985, 265-340
GWe by 1990, and 450-800 GWe by 2000.*

" .. Industry and Government, in cooperation, have
brought light water poWel' feactors to their current

. status of safety and economic viability. As & result,

this energy source presently. supplies some 8 per-.

cent of U.S. electricity demand. Although several

- problems 1mpede rapid market penetratlon (e.g.,.

long 1¢éad times; evolving regulatosy requirefflents;

less than desired plant reliability “an

capital cost *+) over 200 nuclear po w]ants have
now been committed or ordered.

"

To bring the technology of hght ;yater reactors'

to full economic fruition several:parts of the fuel

. Jvailability, °
. a feature also shared with large coal plgnts, and high

waste treatment and storage and dxsposal proeesses
. and facilities
* Improved LWR technology P
. Strengthened safeguards -

-

Uramum Resources ' LT B

If the use of hght water reactors usmg domestrc ,
uranium resources is to expand as projected,~an -
increase in. the domestic uranium' resolgces must
also take place. Although uncertainties about the
extent of uranium and the economics of its recovery
exist, ERDA’s present gssessment (see Table III-7,
above) is that the reserve base ‘is adequate to pro-
vide for all operating and planned power reactors .
(235,000 MWe) and to permit further growth even
without the recycling of plutonium and uranium. .
However, currently identified. wonomrc-grade ($30

“or_less " per pound production cost) uranium re-.

sources may be madequate to support the postulated
long-term expansion of light wafer reactors, beyond
1999 for their lifetime. Thus.faddxtxonal major quan-

" tities of uranium resources of all grades must be iden- . .

- cycle must be valxdated—-techmcally, commercnally ’
and.environmentally. In brief, the areas requmng_

increased emphasis are: %

. Better definition (i.e., in terms of location, grade,

extent, economics and availability) of recoverable
- domestic uranium resources > f

e Includes up to 60-80 GWe of breeders, nssummg success-

ful completlon of the breeder development ~program.

- %e Despite higher capital costs, nuclear energy’s lower fuel

* costs (compared. with fossil fuels) allow power to be pro-

«uced at a lower totyl cost in most of the'Nation. Only.
in those areas of the West where abundant. low sulphur -

_cog| reserves can be mined cheaply is nuclear power not
« currently competitive. Of course suqb.ﬂumatel "depend
" on the accuracy of future esmnata ‘of both nuclenr and
coal costs. .

'?

ey ]

=3

| Uramum Resources——'rons .01

‘4

tified and developed into reserves. _

Uranium Oxide (Us0g)

‘The necessary mdustml eomrmtment to ex-
ploratlon and expansion ‘of production capacity to.

-ensure adequate development of resources has been

retarded. To_ identify areas favdrable for unnium'

_explomnon, 40 assess more completely the resource . - .
. base, and to improve exploratlon and extraction tech-
-nology, & comprehensive government program, Na-
.tional Uranium Resource * ‘Evaluation (NURE) has

direction, .it is designed to -p systematic and

been in progress: for about: iﬁUnder ERDA’s
extensive sarvey of the.conte: § US. and Alaska *

‘byFYl981NUREu~ to identify locali- "
,ues thnt appeat‘favotabmed cxplontion

!
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. and to provide an initial estimate of the resources in
“such localities. Such information will support private
industry gpploration and willeprovide a more com-
. prehensive basis for estimating the potential uranium
*  resources that may: be available in ﬁtuyﬁycars.
y .. <8B7is expected thiat the uranium production*Mdustry
. will continue to,take responsibility for assuging the
« transferral offidentified uranium resources toproduc-
tidn capacity and for the establishment of relation-
ships. between buyers and sellers that will guarantee -
¢ .%hat arantum demands will be met. ERDA will also
continte to analyze the industrial capability to pro-.

7+ “duce uranium at needed rates. :

.b,‘

. ‘U?énium" En.-ic;hmerif S ' .1
+ “-.. Light water reactor technblogy depends on.

separating the small fraction (0.7 percent) of natural .

‘uranium that is fissile (i.e., will fission Bwhen strut_:k

3 B

\‘l . K ) - ) -

b

© uraniunge235, the fissile isotopé.

»

by a neutron) from the much larger mass of non-
fissile natural uranium. Uranium used as a fuel must
be enriched by increasing the concentration - of
During and subsequent to World War II, the
government built three large €nrichment plants th#¥
-use the gaseous diffusion process to earich uranium.

- These ‘plants will produce about 15 million separa-

" tive work units (SWUs)* this -year for both foreign

and domestic use, which would be sufficient for
. about 150 nuclear power plants of 1000 MWe each.
"The tapacity of the existing ERDA gaseous diffusion
aplants will be improved and electrically uprated to

a capacity of approximately 28 million SWUs by

1981, whtich should meet the long-term enrichn‘),w

* Separative work units are a ‘measure of the effort required' .
to eprich the uranium fed to the enéicl.n:neqt plant. -
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seLvices reqmrements for reactors planged through
about 1984. However, by 2000, projected domestic
and foreign nuclear power expansion could rzquire
as many as 15 additional 9 million SWU enriching
plants depending on the tails assay, the introduction
date of Pu recycle, and the level of enriching services
sales to foreign markets. (See Figure II1-2,)

ERDA believes that expansion of uranium en-
richment is a busihess operation best carried out i
the private sector. To this end, over the past_few
years, ERDA has been transferring uranium ennch—

~ ment technology to a number of fualified domestic

‘

}

industrial firms. But several factors have lnhlblted_
thé private sector’s moving ahead quickly in this.
-area. First, enrichment plants require<normous ‘in-

vestmentq—-f-about $3 billion for each full-scale
gl::nt—and lorf. return-on-investment lead times.
ond, the technological competition between the

" diffusioni process and’the centrifuge method creates

“begin the necessary investment to expand enrichment .

x

glement of technical and financial uncertainty.

99 percent, gas. centrifugation might prove to be
more economical. In. addition, there is another
process, laser isotope separation, whose techl’lology
has yet to be demonstrated. &

To enable and encourage the private’ sector to

capacity, the Nuclear Fuel Assurance Act, was pro-
posed to Congress in June_1975. This Act will pro-
vide ERDA necessary, authority to negotiate cooperh-
tive agreements with private firms,“which, after
Congressional approval, . would
financial assurances to these private: firms. Specific-
ally, ERDA is seeking authority to enter into_con-

.tracts for cooperative agreements up to the amouné'f

of $8 blll;gn to assure that in the unlikely event the
pro pﬁvate ‘ventures do not succeed, the gov-

&y bould still take actions te ensure that the
plants “would be brought ori-line“in time to supply
‘domestic and foreign customers with uranium en-
richment services when needed:“It?is expected that
node of these funds wpuld have to be expended for,

the assumption of private ventures. In addition, the n'

legislation provides for a backup plan for a new gov-

" ernment-owned facility at-its Portsmouth, Ohio, site -

-as a contingency measure in the event that private

ventures are unable to proceed. When private indus-
try efforts have- made suﬂicnent progress, the backup
plan will be dropped. ’

Reprocessmg and Recyclmg Capacity .

* Fuel elements discharged from light water reac-

tors contain about half the fissile material present in
new fuel elemenis. From economic and conservation
points of view, recovery and reuse of the materials

appear desirable, but no domegstic or foreign com- .

mercial facilities currently process spent fuel from

' K

gaseous diffusion is an established tech-*
nology with a demonstrated reliability greater than’

rovide- temporary

commercnal reactors. ’i’he first 'doméstic commerclal.
_ plant expenenced some, operatxgnal and maintenance -
difficulties and was shut down’for modifieation and-
‘expansion; restart before 1982—1983 if not foreseen,
A second plant has not reached——and may’ nevér
reach—the operational stage. ‘A third commerclal
reprocessmg plant was expected to cqmmence ‘opera- -
tion in 1976, but will beidelayed pending constsac-
tion of facilities to satnsfy new criteria, for ¥waste .
treatment and plutonglm shipment. It would ‘appear«

that, before any ngw commercial. ricatjon

. plant that depends on large-scale utﬂlzatxon of plu-

‘tonium ' can. be® fully -licensed, a deoisigy on the

".General Environmental Statefient on Mixed' Oxide

‘Fuel (GESMO) must be forthcomnng ‘A final state-
ment by the Nuclear Rqulato;y Comunission (NRC)
is expected in 1977. -

¥ From a resource standppint the development of
a commergi _repro'ﬁ“ssing and recycling capacity is
‘'highly desifable Tor the continued growth of nuclear
power. The continued absence of a repzocessxng and
recycling capa'bnhty will matenally incrgase the de-‘
mands' for urapium, incfeas¢ enrichment capacity
requxrements, and necessitate interim storage of large
volumes of spent’ fuel elements.

: .ERDA is proceeding with a program to assist
1ndustry to resolve ontstandnng problems associated
with LWR fuel reprocessing and recycling. . Initial
.program ‘efferts (i.e., those to be completed during

' 1976-1977) include:
~e~Solicitation of expressnons of interest and informa-

tion:from the nuclear industry on impediments to
commercialization faced by industry.and sugges-
- tions on-what steps by industry or actions by

. ERDA could overcome these impediments.

* Based on industry response, other studies and
evaluations, and discussions with -industry and

. other government agencies; a_specific plan of
action will be formulated. If necesgary, legislation
-for any required assistance would be *nfted and

+ submitted for- Congressional approval

* A broadly based program of research and devel-
opment of the chemical processes, systems, and
components a
LWR fuel cycle will be. pursued concun'ently
< Areas requiring additional development include
the plocess technology, systems operations and
maintenance, design” congepts- and understanding
of environmental 1mpaéts§e '

.

‘s

Raduoactuve Wasm ‘Management

A safe and, environmentally ‘acceptable pro- .
gram foshthe. mapagement and control of radio- .

. active wastes is essential. Central .to thlS waste man-

agement program-* is ERDA'’s acceptance,. of the
responsibility for the custody of those radioactive-

~ wastes that have been .identified by the NRC as

56 g S

licable to, the final phasgs of the - -
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re'cimnng long-term federal control for reasons of
human health and.safety. The realizatfon of nuclear

~power’s full potentlal can only occur if environ-

mentally s* ‘waste disposal method,s are developed.
» Of the varjous radioactive wastes produced,

in plutonium récycle facilities and a proposed NRC”

: regulatlon would require that tra‘nsuramuﬁgcomfml- :

nated waste, converted to solid form if ne¥esglyy, be
transferred to ERDA no more than 5 years aiter its-
generatiog.

"These wastés need to be 1solated-frorr1 ‘man’s
environment for extremely long perlods of time. The
preferred solution appears to lie in enfplacing _the'

- relatively small volumes of these potentially hazard-

- pus radioactive wastes within deep, stable .geologic

formations. (Some geological formations have been

stable for hundreds of milligns of years, and there is .

every reason to believe they will continue to be so for
further geological periods. Studies to date of a pre'-
historic underground matural nuclear criticality in

- .. what is now Gabon,. indicate the radioactive residues
~“gfithe phenomenon—natural high-level waste—have

“

remaxged essentially at the generation -Site for well
over 1 billion years.)

LaBoratory and theorqtical studies of geologic

lation of waste have been in progress for 20 years, .

d site investigations are now being conducted in
southeastern New Mexico. A potential application for
this locatlon, beyond ‘its use as a pnlot plang; would
- be storawf transuranium waste generated-.by
ERDA in- its military production operations. In
addition, it would also provide a facility for limited
expenments with commercial high-level waste, begul-
nipg in the mid-1980's. However, . demonstratlon
of geologic emplacement or storage of high-level

waste on a much larger scale is essential. The timing -

is propitious to undertake a major program to de-
velop sites in several sections of. the Nation in several
different, types of geological formations. This ex-
panded effort- would, facilitate waste managetfient on
*a regional basis, mcludmg the involvement of knewl-
e_dgeable state government and university scientists.

< In geologic isolation of waste, the geological
l’nedtum 1tself ‘Prowdes one of the primary safety

f gctors. The form of the waste and its container pro-

additional safety factors. In earlier stages, when

the waste is still in retrievable storage or in transit,
the physical and chemical forms of the waste may

affect the margin of safety -available in case of con-.

ultlmate di'sposal "of waste, and for failure to discuss

regulatory issues. Pending issu¢ of one or more .

generic, environmental impact statements to replace

the prev1ous draft, - retrievable surface repOSltory :

work is being deferred. In view of the delays in gen-
‘erating commercial high-level waste and the planned
acceleration of the geologic site development pro-

~gram”ERDA now believes that the eventual need for

a surface storage facility will be much less than was
thought when developmgnt started. ERDA’s present
plans are to begin depionstration of the terminal
‘(geologic) storage of cgmmercial high-level waste by
the early to. mid-1980’s. Since criteria for waste
forms and packagmg will affect processes, facilities,
. and economics of the commercial fuel cycle, ERDA
has a.goal of establishing (or recommending to -

* NRC) such criteria by the end of 1978.

LWR Technology .

In addition to the critical need to establish a

complete fuel cycle, a number of lesser problems
impede full development of nuclear power. These
inchide less-than-desired plant availability and relia- :
bility, long copstruction and lncensmg lead time, and
evolvmg regulatory requlrements ;‘-“} .

. If the level of availability and- Hise of nuclear

plants improved, it would translate directly into sav-

‘ings of fossil fuel—e.g., the daily output of a 1000-
MWe .LWR is equlvalent to approximately 30,000\

barrels of oil. Cost savings from realistically attain-

able construction time and design Standardization/

modularization could- be on the order of $1-$3 -

billion Elunng 1980-1985. o

Although the solutions to these problems he in

the amount of effort "
ihdustry is not yet com-

" the industrial/utility sectt
being devoted fo them by 1

o rnensurate with the potentlal economic benefit to,

*the public or reductionin oiléconsumption. Govern-

mental analysis' and planning could identify ap-

* most of the radioactivity is .concentrated in. one of tainer rupture, however unlikely that might be. A
the waste streams from the chemical processing of development program aimed at less soluble, more
Spent nuclear reactor fuel to recover its residual monolithic waste forms has been underWay for some

b potential energy sources. This high- -level liquid radio- time. Primary emphasis has been glven to the silicate
active waste, as defined in NRC regulations, may be glass form.” *
~'stored na more than 5 years after the processing of ~ Another program, begun in 1972, concerns re-

' . the parent fuel, and the stable, solidified product, trievable surface storage of commercial, solidified,
sealed in high-integrity containers, must be delivered - hlgh-level waste at a central federal site. The draft
t0-ERDA no more than 10 years after processing the ‘environmental impact statement publlshed by the

* fuél. The very-long-term potential hazard of high-  former AEC in,September 1974, which was a key
legel waste is from its content of plutonium-239 and.  ste roceeding to the location, detailed design, -

- related materials .(known collectively as transuranium * aﬂpp truction of such a repository, was criticized .

i - nuclides). Transuranium waste will also be genegated | or lack of detail in its discussion of the follow-on’ ™%

Qo «..:,w'-‘i?" S o d : - L
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ecauses of - plant deratings will be squ
efforts should resultnn Jmproved component rehabxhty ’
‘-ahd in a reduction of scheduled and unscheduled
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proaches to stimulating priyate investment in this
area. ~
Specifically, ‘ERDA is undertakmg a program
to stimulate greater industrial involvement ja im-

This program will' include component testing and .
support in the basic technologies required by indus-
try.to increase the availability and productivity* of
existing, plants. Determination of the underlymg
t. These

ntime. The program will also seek to reduce the
pe and cost of new plant construction through

“I*7%tch efforts as engjneering standard support, stand-

ardxzatxoxi/modulanzatnon design studiesximproved
construction - technology  development, "and special
siting studies. The efforts will be conducted with

‘industry and uulity groups, and will be closely co-

" ordinated with other idterested government agenmes,

including NRC and FEA.

Safeguards ‘ )
The potential for sabotaging acilities or steal-

"*ing and dlvemng fissile materials raises a fundamen-

* sion of materials or other criminal acts that could

tal safety issue. Unless the public fears concerning

“these issues can be allayed, future expansion of the

fclear power industry is likely to be curtailed.
- The question of the dégree of protection to be
afforded nuclear facilities to prevent criminal diver-

constitute a public safety threat continugs to receive
substantial government attention. In ‘addition to
NRC’s establishing appropriate safeguards criteria

_for commercnal nucleay facilities, ERDA is support-

ing a program of research and development on more
effective safeguards systems and physlcal protection
measures..

All facilities to be constructed and operhted

" under oooperative demonstration programis will i
“clude the demonstration of. appropriate safeguards

'O

systems .and measures. To implement this policy, .

- ‘ERDA, for example, i$ currently supporting thé&
*development of a conceptuat design that will identify .

performance requuements for the various parts of
the physical protection system, the accoyntability
system, and the materials control systems. Such in-
formation can then be integrated into the detailed

.. design of future fuel eycle facilities. .

Enhanced Oil and Gas

. Recovery Techniques

From past exploration, approximately 290 bil-

~ lion barrels of conventional oil, 130 billion barrels of
.heavy oil and bitumen, and 600 trillion cubic feet

of natural gas a®y known to exist but-cannot be re-
covered with  present commercial recovery tech-

iques. , .

niques. Enhanced oil and gas recovery techmques .

might eventually recoyer 40 billion barrels of this
oil and 250 trillion cihbic feet of the natural gas, or
the equivalent of 10 to 12 times current angual
production levels.* If costs of the recovered oil and
gas" were competitive with:_ alternative ‘fuel sources,

1ced-pecovery techmques could  postpone the
expected domestic oil and gas productxon decline by
a decade or more.

Enhanced recovery is a genenc term for a
variety of techniques for increasing the flow of oil

and- gas_from their natural. locations in permeable

rock to producmg wells and for increasing recover-
ability of the resources. The individual téchniques,
which have different applications in different reser-
voir formations, are at- various stages of develop-
ment; if proven successful and marketed, they would
permit greater recovery not only from existing de-
clining fields but also from new ﬁelds under develop-
ment, Present high priority areas”are 1nland

Imp’ementataon Bamers

. A number of techniques for enht)ncing‘ the -
recovery of oil and gas are being researched .and
‘tested by private oil and gas companies, and, even- .

tually, 1ndustry$would .undoubtedly develop and im-
plement these technologles on its own. However, -
_because of current economic circumstances, private

- industry might pursue alternative investment oppor-

tunities, thus postponing development and marketing
of enhancement techniques.

Indeed, enhanced  recovery techniques require
significantly larger capital investments than conven-
tional secondary recovery. Specifically, the estimated
cost of oil using several of the enhanced ‘oil recovery .
methods now being tested exceeds current domestic
oil prices; however, this situation may become more
favorable .as- oil prices are decontrolled over the
coming years.

Not only is industry hampered by uncertainty

_over,such institutional barriers- as price regulations

-and tax requirements, but the posslbxhty of antitrust
action has tended to limit cooperaive ventures that

could spread the risk and increase the support base.

Environmental problems are principally the

However, tertiary oil rec
geological substructures differently. Secondary and
tertiary methods, which will be used to stimulate
existing wells, could cause contamination of ground
water through pipe casing leaks—a problem simi-
lar to that which now exists for primary drilling——

. same as those associatedo%;rith primary production.

- W

* The estimate of potential oil recovery is ERDA’s, based
on a range of industry estimates.. The gas recovery esti-
mate is based on the Natural Gas Survey, Volume II,

* U.S. Federal Power Commission, 1973.

B

ry techniques may affect
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‘as well as through geologic faults. Biological con- .
-cerns include what impacts waste heat and dissolved

and suspended solids may have on aquifers. In addi-
tion, enhancement techmgues for oil recovery may
resuft in gaseous emissions of H,,S .

Strategic A‘pproach _
The Plan.anticipates'that the enhanced recov-

- ery teclihiques will be developed primarily and ap-

plied commercially by mdustry as its ablllty to pre-
dict returns on- a project improves and in'response

to rising domestic and international oil prices. This

process may be accéerated by complementary Fed-

eral efforts to address production, market, and en- -
vironmental uncertainties. The Fedegal program is’
- intended to provide more quickly an_understanding -
" of the magnitude of the recoverable resources; eval-

uation of the real potential of alternative technol-
ogies; understandmg of the environmental impacts;
and, ultImately, more complete recovery of the re-
serves.

The. earlier various enhanced recovery tech-

niques are researched and developed, the faster
reasonable estimates of actual additional recoverable
resources can be developed as input to substantive

planning, development of national energy strategy, -

and the setting of ‘priorities.

Development and commercial application of -

enhanced recovery techniques requires several years
for evaluating the necessary technology, the potential
environmental impacts, and the attendant economics.
For example, 5-6 years may elapse between project
initiation and resultant production; several more

-years may pass before profitability and extent of

environmental impact can be demonstrated. Thus,
research on resolving the uncertainties associated
with advanced technologies needs to be intensified.

The availability. of economical enhanced re-

covery techniques might result in more complete, .

ultimate recovety of reserves. More complete re-

covery might result from changes in the current

production cycle from primary recovery to the vari-
ous phases of enhanced recovery. For example, fur-
ther research might obviate the need for the tradi-
tional primary—secondary—tertiary cycle indicating
that in certain instances water flooding (secondary’
recovery) should be omitted and replaced by micellar-
polymer ﬂoodmg (tertiary recovery), and that water
flooding should -be done concurrently with pnmary
»production. Such advanced technology application
might replace the “last ditch” applications that often
have marginal economic returns.

The costs and benefits of various enhanced

recovery techniques are being analyzed by ‘ERDA .
to determine the appropriate mix and level of Fed-

eral R&D expenditures. A e

_ A NATIONAL, PLAN FOR ENERGY RD&D
Action Program
. The Government is developing an approach
'to. accelgrate the development and application of:
enhanced-recovery techniques:
* ERDA is co-funding research, development, anti
demonstration projects with industrial firms.
* ERDA is analyzing and interpreting field test re-
sults to understand the potential for the profitable
“use of certain enhanced-recovery techniques.
* FEA is reviewing price regulations, tax require-
- 'ments, and other institutional barriers relative to

- enhanced-recovery. a

. Under jointly funded Federal RD&D projects,
private firms provide an average of 60 percent of
the funds. However, as the risks become lower the
Federal role should be reduced. Each of the pro-.
jects involves a-field demonstration, which is ex-
pected to prodyce technical, economic, and environ-
mental results that will be transferred to other firms
if the industry to obtain maximum .benefit.: Pres-
ently, 15 major enhanced-recovery demonstration
are under way. These demonstrations are split be-
tween enhanced oil recovery (approximately 55 per-
cent) and enhanced gas recovery (45 percent). Addi-
tional demonstrations are anticipated:for FY 1976,
with about the same split between oil and gas re-
covery efforts. Environmental factors are considered
in developing and executing this demonstration pro-
gram.

The legal and institutional. questlons are being
investigated by the FEA, which implements the
price regulations. FEA is also evaluating applicable
tax laws to determine if reasonable changes can be -
made to encourage enhancement projects. Reduction -
of uncertainty over oil price legislation might speed
industrial activity since the economics of the various -
advanced techn'ologies for enhanced recovery are
very sensitive to -price. A clear-cut explanation of
‘how /_output from enhanced recovery techniques will
be pnced and how the large atcompanying research
and development expénses wﬂl be treated for .tax
purposes could serve as an‘avln(:entlvevfor initiating
major projects.

.
~

Direct Utilization of Coal S

Although the Nation’s coal resources are not
inexhaustible, they do represent one of the Nation’s
most abpundant fuel resources. At present, coal is
supplyigg only 17 percent of domestic energy. At -
that of’ consumptlon known reserves economic-
ally rekoverable in a l970scompet|t1ve environment
-would Jast more than 300 years. As prices of alter-
nate fuels escalates in the future, less accessible
coal reserves will become increasingly attractive.
Thus, coal’s etonomic usefulness should continue

- well into the 21st Century and perhaps beyond. .

-
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Production of coal is now. beglnmng to giow
agaln and reached 640 million tons in 1975, exceed- *

ing the 400- to' 600-willion tdns-per-year range that
. had persisted since ,&oxld War II. Indeed, several
forecasts project a tripling of domestic demand by
the year 2000, provide barriers to such high levels
of use can be overcome. Currently, about 65 per-
cent of the coal is used in central station electricity
generatlon, about- 15 per cent, as coke, and most of
the remaining. 20 percent, in industrial plants- for
power or process heat. Consequently, in comsjdesing
how to increase the use of coal, interest centers first
on appllcatlon in central statlon ‘power plants and
second in mdustry

Implementahon Barriers S

Immediate expansion in the use of coal is
limited by the high costs and uncertainties associated
with the environmental acceptability of this energy
source. The critical environmental concerns are two-
fold.

First, much of the coal can best be extracted
through 'strip mining. This will require restoring the
land to original productivity and recontouring. The
necessary revegetation would consume. substantial
amourits of water, a. commodity in short supply in
western regions where much f the strip mining
would occur. Moreover, if stripping were indiscrim-

inate; disrupted habitats. could endanger wildlife
' species and upset ecologxcal balances. In spme areas,
coal extraction threatens aquifers which lie above
or'in a coal seam.

Given these problems, research must be con-
tinued on restoration of “productivity. The reclama-

tion effort itself "will have some impact on water
quality.and quantity. Acid and alkaline leaching into

ground. and surface waters will occur before strip-
mined land can be fully reclaimed. Wind/water
erosion can also deteriorate water quglity by increas-
. ing sediment loads. Thus, prompt reclamation efforts,
even as mining continues elscwhere at the extraction

site, needs to be instituted to reduce this potential .

for erosion, soil loss, and water contamination.

The second environmental concern is the prob-
lem associated with stack effluents. Central station

operations generate such atmospheric pollutants as.

noncomibustible residuals. (ash), and noxious gases,

Existing technology can remove the ash satisfactorily, ,

and the cost of the necessary equipment to do so
has been incorporafed fully in utility rate bases. Fly
ash systems developed forthe utilities by industry
during the last several decades are now standard
equipment on new power plants. :
The discharge of noxious gases (oxides of nitro-
_ gen and sulfur) has become a concern only in the
relatively -recent past' and, as a consequence, control
of this pollutant is not as well in hand. Nitrogen

~ nique.

- oxide emissions can be controlled by controlling

combustion temperatures through techniques such as
staged combustion, or flue gas recirculation. More-
over, this technique can achieve EPA discharge
levels ‘of 0.7 pounds of NO, per 10° Btu at a cost

- close to that of conventional combustion systems.

It is  expected that lndustnes will adopt this tech-

-

Nitrogen and sulfu'r oxide emissions may de-
grade air ﬁxallty in the Vlclnlty of the emission source
beyond alléwable levels. In addition, sulfate trans-
port over long distances is a concern. An EPA -

.regulation forbids more than 1.2 pounds of sulfur
" dioxide per 10 Btus, which is achievable by burning

low-sulfur fuels. However, because supplies of low-
sulfur fuels are limited, it will be necessar'y to
_employ sulfur-removal systems to permit use of
“fuels wnth a higher sulfur content.

In addition to the environmenfal problems,
rapid development of extraction sites in the Northern
‘Great Plains and' the Rocky Mountains will bring
large outside populations to remote and sparsely
populated regions. This influx may create a sudden, -
heavy demand for such necessities as housing, schools
and health care facilities, needs which small com-
munities may have neither the capability nor the
money to reSpond to. On the other hand, many
regions might profit from the increased activity.

Strategic Approach

" Private corporations, government and industry
organizations, such as Electric Power Research In-
stitute (EPRI) have been involved in developing
approaches to improve technologies for the direct
utilization of coal. Major private sector R&D efforts
are ongoing with regard to coal utilization technolo-
gies. It is expected that industry will have a con-
tinued high interest in developing and implementing
these technologies. The government role is to iden-
tify those aspects of coal utilization that have high
. potential payoffs to society, but are not receiving
adequate attention or funding. Furthermore, the
government has a role in disseminating information

- and providing financial incentives (where necessary),

in order to facjlitate market penetration of near
cornmercnal technologies:

The' strategnc approach to be undertaken ad-

" dressés mining and air pollution problems separately.

In the Extraction. area, improvements in mining tech-
niques and equipment are under investigation to in-
crease both the recoverable fraction (leaving less
unmined coal in the ground) and -the efficiency of

- extraction so that fewer man-hours and less energy

is expended per ton of coal mined.
*  Environmentally acceptable methods of land

reclamation. are also being developed to restore

.

ERIC o - ko
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mined areas to an acceptable condition with equal or
supenor productivity. Simultanepusly,  improved
miner health and safety are being sought, especnally

- in underground coal mines. :

e

To deal with the problem of complying with air

. pollution standards, coal can be cleaned in advance

of combustion, sulfur can be removed during,com-
bustion, or sulfur can be removed from stack gases.

Removing sulfur from coal with various mechani-
cal or chemical separation techniques in advance of
combustion or conversion reduces problems of on-
site waste disposal: allows use of existing coal.-com-
bustion systems;. and. may improve the economics

of use and transportation (compared to raw coal).”

Coal cleaned in this manner can be further enhanced
by crushing and blending to uniform size and Bty,
value, in order to improve its opezability and’ reli-
ability. One disadvantage of this process is the loss

of some of the coal due to imperfect.separation.
"Government and industry groups such as EPRI have
been developing such improved benefication meth-

ods. ERDA is monitoring and utilizing results of
these efforts to perform economic trade-off studies
and analyses in order to promote their use and
adoption by private industry.

Substantial effort is being devoted to removmg
sulfur pollutants during combustion. One promising
process is the fluid bed combustion system in which
the coal is burned in a solid/air mixture, with the
solid including a substantial quantity of limestone.
Combustion temperatures are l%yer which aids in
controlling ‘hitrogen oxide emiséions. The sulfur is

. converted to a dry calcium sulphate. The cost has

been estimated (but not yet demonstrated) as being
comparable to that of scrubbers. In addition, fluid

bed combustion systems do not have the plant-

efficiency penalty of scrubbers.

Other advanced technologies with potentially
attractive environmental features in terms of air
pollution include coal gasification in combined cycle
systems and MHD. Direct use of coal in industry (as
opposed to use in an electric utility that generates
electrical power .used by industry) faces a more
complex, set of problems. Frequently, scrubbers, the
most immediately available , air pollution control
solution for large central stations, are uneconomical
for smaller scale industrial applications, It is princi-
vally the operating and maintenance costs of the
add-on scrubber systems that discourage such appli-
cation. Consequently, fluidized beds, which_elimi-
nate the need for add-on-systems, appear to be the
more attractive solution.

In addition, large, central power stations could
use low-sulphur coal in conjunction with stack gas
scrubbing systems, which have reached the stage of
linﬁed commercial application. However, even

gh these systems meet immediate requirements,

o ' Ri

,'thelr -commercial rellablllty has not yet been fully

demonstrated. Furthermore, the sludge-like’ gypsum
fgged in the process is difficult to dlspose of and
ly doubles the bulk of the waste from a power

" Station. Scrubbers may increase the cost of- central

stations ‘by about 20 percent and reduce station effi-
ciency. Consequently, the Plan provides for develop-
ing alternative air pollution control means that reduce

the total disposal problem and increase the pollutant

removal capacity of the central stations.
In addition to the-above technologies for using

_coal directly, it _may be possible to substitute to some
extent coal for oil in oil-buming equipment used by

utilities. Finely pulverized coal’ Suspended in fuel oil
can possibly be accommodated by minor modifica-
tions of existing burner and fuel-handling equipment.
For a given heat rate, the fuel oil demand may be
reduced as much as 30 percent. As might be ex-
pected, the air pollution problems for both fuels atre -
NO, ang SO,, and particulates. Because of the util-
ity industry’s large investment in existing oil-burning-
equipment, retrofitting to permijt an oil-coal slurry ,
could simultaneously result in lowering petroleum
demand ‘and increasing coal consumption. The eco-
nomics and practicality of this approach are belng
mvestlgated

Action Program

By 1985, the Department of the Interior’s
Bureau of Mines (BOM) will have completed major
demonstrations in the eastern, central, and south-
western sections of the country to establishthe eco-

" nomic efficacy of integrated extraction-reclamation

systems. The Department also has a health and safety
program to address related issues: In addition the -
BOM and the EPA™Q developing improved coal
treatment technology to upgrade the quality of coal®
by reducing the amount of ash, sulfur, and other
constituents.

The cleaning of flue gases from coal-fired utility
and industrial boilers—i.e., scrubbing—has been’
assiggped highest priority within the EPA-coordinated
Fedethl Interagency Environmental, Control Tech-
nology R&D Program. To this end, EPA is develop-
ing second-generation Flue Gas Desulphunzatlon -
(FGD) systems that offer improved economics and
reliability and reduce the amount of by-products that -
must be disposed of. A comprehensive sludge dis-
posal technology program supplements the second
generation work. In a parallel program, EPA is pur-

. suing flue gas, treatment to develop a cost-effective

process for full-scale control of nitrogen oxide. Fuel
additives, which will serve the same purpose as sul-
fur in enhancing electrostatic precipitator perform-
ance, are under study and development. And ad-
vanced particulate. control technology is undergaing
development to broaden applicability and effective-
ness.
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sources and must develop alternative energy sources

=" which will petrhit power generation from:¢ irfng . to;minimize its dependence on energy ‘imports.
" of coal and coal dérived fuels in an efficient and en- Over ihe next 25 years, synfhetic fuels* offer

~ ‘vironmentally-acoéptable manner. ERDA’s research - -
~nattiral"gas. For,this"option to-be credible, however,
- ‘under- the<mhast..favorable energy-conservation as-

. includes the wse.of open and closed cycle gas turbines. -
* . in combustion” with.advanced combustionsahd gasifi<
«cation technologies, such as atmospheric ‘and pres- "
rized: fllidized bed combustors. The fluidizg#ibed -
v combustors- offér- the. major advantage of intefnal
. v removal of,sulfur oxides from combustion products.

;. JChis approach offers the potential for eliminaging the
.i:.need" for_ stack- gas scrubbers; required in conve'n,-t.: ‘
- 'tional coal-fired boilers to meét emission standards.”

m;d _ﬁgd,'_pil_dt-plagt.' 2

“"$ynthetic Liquid and: Gaseous Fuels ',

<
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" under: optimistic ~ energy-conservation assumptions, -

L will outstrip the supply provided by.conventionals

.domestic oil and gas sourcés, thus increasing thg
. level \of oil and gas imports. Moreover, the gap
_ between the demand and domgstic production “is

-, ‘widening; Theiefore, in the years ahead, the US. -, Hnari o coan linid shd:gases

.’ must seek to exploit untapped domestic oil' and gas

cos

o ol
: ¥

fa .

-

estic energy :alternative to imported oil and

- sumptioiis-and enhanced domestic oil and gas.recov-
" ery.techniques, approximately 5 million barrels per
- 'day equivalent synthetic ptaduction capacity must be .
operational By:-1995 to.hold:imports at current levels
(or. about .6 .million barrels, pes, day).” (See Figure
111-3,) Ynder less favorable assumptions, the need for

‘tional coal-fired 0 me " .synthétlé €uels could ‘be twice 'thia ‘mmount or more.
. *'In addition 1o reséarch’ units. which have been oper- " - yne c’us jf’l'l{l- - ‘wu;e Mg gmount or more

ated, by ERDA and EPA fog several years, there is .. [mplgm".i;ité;ioh‘i Barriers
‘dutrently under - consideration-an atmospheric fluid-: % 8 - W

R

X S - A T s
:» ;" Although. ot 'in ‘commer

_.t,éqlmdbglqpl? processes for .convér ing cedk to clean

“liquid “and * gaseous’ fue]s—e.g.,> Lurghigesification,
e Teonch itheu ot Ko Totee.
have been available for inany years,-However, given -
* the ‘presént cost end the usicertaiti relativée economics

of gynthetic: tuel produiction coat; it,is ot surprising

that a“synthetic _fl;?l;w_ging&m-;mguog .fécently been

developet ﬁi.n the U.S. by the privite sector. Commer-
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uel;produced from

converting otl{end shale.
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cial size plants—i.e., those with a daily capacity of
20,000 to 50,000 barrels of oil or up to 250 million
cubic feet of gas—are complex afd expensive, cost-
ingup to $1 billion or more each. Such investments
are beyond the capability of all but the largest in-
dustrial firms. The products of these plants must

compete in the marketplace with all other similar ,

products, the prices of which are often.controlled by
nonmarket forcés. For example,, the world price. of
%il is controlled by an internatjonal cartel, and the
domestic price has been strlctly regulated. These im-

" pacts on the natural market forces - affectmg com-.

.peting fuels, coupled with uncertainties in the costs
of synthetic fuel production, create a pricing risk
that is, at present, unacceptable to virtually all pri-
vate investors.

Possible escalation in project cost and other
risks arising from environmental and regulatory de-
- lays ik construction or start-up add to the uncer-
tajntie§ surrounding synthetic fuel product costs and
prices df competing fuels, thereby further reducing

‘the attractiveness of investment in synthetic fuel

plants. Project delays resulting from environmental,
regulatory, technical, or other causes could severely
strain the financial resources of any firm. Indéed, an
industry survey conducted in 1975 indicated that
there is unlikely to be significant pnvate investment
in production of synthetic fuels from coal and shale

before 1985 without some form of government-incen-

tives or substantial changes in federal regulation.
In addition to technical and economic barriers,

implementation barriers also include a range of -

unsolved social and environmental problems. The
principal social problems are community imipacts of
rapid growth, while the most important environ-
mental problems relate to: (a) coal and shale extrac-
tion; (b) use of water in the conversion process; and
(c) contaminating effluents from the synthetic fuel
plants.

With regard to extraction, in addition to: the

problems cited for the éxtraction of coal; the major
unique problems of oil shale processing include fugi-

tive dust and the disposal of spent shale. The large .

. quantities of spent shale resulting from commercial
" operations will requlre significant-land areas for dis-
posal,’ which may be affected by erosion, fugitive
" dust, leaclyng, and productivity reduction. Dlsposal

ape degraded in qualit

of spent shale can cause high salinity and sediment_
problems. Other environmental problems may occur’
as a result of heavy metals and carcmogens in shale
as well as land-use- changes. And #ve mining ltself
could affect subsurfate water flows.

In - addition,

[

synthetic - *fuel processes ‘require

large quantities of water and thousands of acre feet,

per commercial facility. In some areas the acquisi- .

water will be difficylt.-
sed consumptively may
- point it is unsuitable

tion of the necessary p
Further, process wate

for other uses. . .
vFinally, there is the potential for gaseous and
liquid releases from synthetic fuel conversion facil-

ities, which may contain polycyclic aromatic hydro- .

carbons. These hydrocrabon releases could include -
-known and suspected carcinogens,’

Strategic. Approach

These implementation barriers, especially the
economic ones, are serious impediments to private-
sector development of a synthetic fuel mdustry in
the near term.

ped
A

Therefore, the strategic approach of the gov- . .

ernment would be to provide Federal financial assist-
ance in carrying out critical technology RD&D while
taking action thatwould mitigate against the uncer-
tainties associated with developing an industry.
The strategy for implementing the first initiative
is embodied in ERDA’s coal RD&D program. This
program is based on the assumption that for the
private sector to eventually make widespread use of
newer, lower cost synthetic fuel technologies, they .

.must participate with ERDA in their development.

Therefore, the strategy is keyed to producing con-
cepts, processes and equipment that -will meet the
needs of the private sector. Specifically, the strategy
aims at producing a commercially viable technology
for each key stage of extracting, refining, and use,

while closely involving the private sector. This stra® -
. ‘tegy has led to a cost-sharing phllosophy used in the
" demonstration pro;ect‘s

But industry is. involved throughout the tYplcal

" development sequence which is shown in Figure

I1I-4. The cost-sharing, for exagpple, is concentrated
in the pilot plant and demonstrapo plant phases but
also occurs to some extent in egrliet phases

J— — - 15T020 YEARS — : —=
1-4 YEARS. 416 YEA&S 5-8 YEARS_ : - B-12 YEARS ' o
. [3
" EXPLORATORY PROCESS ~ } | por DEMONSTRATION COMMERCIAL,
RESEARCH DEJ:ILT"(:”SS')" -1 PLANT .’ PLANT - m,;mt

-

Figure -4  Typical Process Development Sequence

-



.

_ resolving these guestions. ‘requires the construc;i’on'. o
and range of .-,

* Published in November 1975. ) ' -

. about regulationls, environmental impag}

* “The development; phases' tak gl
of time dependmg on the" complexn L of

ment time from laboratory to completron of ‘demon-
stration plant operation is typically 15 to 20 years .
.. The technical feasibility of the conceptybeing

®s - sis did not mclu

ength over the next 10 years However,"the analy-
ée other, nonquantlfiable ‘benefits that
e U.S. as a result of undertakmg a
¢ (a) thé international leverage im-

- might accrue
program suchs:
proved bargai

(b), the lmpact,‘ ori‘gndustry of government suppoit

developed is evaluated in each phase to degennme ' ‘,for synthetrc fuels- development (c) the political as

the advisability of carrying the project to}thé. next .

well as.economic value of a decrease in world oi}

ase. Tentative economic and enwronmental eyalo-, 7 o “*pfices paid by.importipg ‘nations; and (d) "possible

* “ations start in the early stages of precess development” -

and continue through pilot plant and demonstration

-plant phases; more extensive evaluations are made
. with demonstration plants. In addition, before proj- .

ects reach the stage of major construction, environ-

~ mental analyses and “yater resource availability as-

sessments are made; environmental impact state-

4ments are developed as required.

To have an industrial infrastructure in place to

draw rapidly on these new technologles when they .

will be peeded in the 19905 appears to. requlre exten-
sive commercial effort in the near. term =
By and large, even if ‘nermal economlc incen-

tives were developed after. 1985, it would; ‘he_foo late

‘to establish the scale of industry (5 tp-10 million
barrels of oil equivalent per day) néeded by the end
of the century to hold oil imports at current levels
sin¢e each plant needed would take’5 to 10 years to
plan, design, site, and build. For the necessary num- "

,‘.

weakenlng of the cartel strength (this. was assessed as
negligible).” .- .

s The- lnteragency Task Force concluded that the' ‘
- valug of these four nonquantifiable benefits makes:a

limited synthetic fuels program worthwhile. Further-
more, the program to be discussed later has .posi-

1g position associated with posmve‘
"U.S. leadership'in developing alternative fuel sources;:

.

. tive benefits greater than those calculated by the-f ;

Task Force because of the elimination of synthetlc :

crude from coal from the plant mix analyzed. This %

technology is the least cost efficient of all the proc- 2
‘esses examlned in the analysis. Currently, the recom-":
‘mended first phase of the program- does not’ ‘include, *

this technology until the results Of current R&D
eﬁbr}s on coal technologies are known.

Actuon Program .
With the clear need to move ahead in laymg

».+ the foundation of a synthetic fuels industry, 'the Ad-

ber of plants to be operiting in the mid-1990s, an-

industrial base on the order of 1 mllhon barrels ‘per ;. .

day may have to exist by. 1985.. But uncertamne

labor,’ product pricing, and’ transpo;tah -must . be

ﬁnanc‘ing, .,

resolved before these deClSlOl‘lS can be’ made, and .

and operation of a ‘limited “numb
§ynthet1c fuels' plants in the next 5 to 10 years. _-
. To determine the viability of: initiating a- limited

‘number of synthetic fuels plants the, Syntheﬁc»,lFuels -

Interagency Task Force* carri
nomic analysis. In that analysis;:it
nets econoniic benefit of sucjt plants depen the
ongoing strength of the OPEC dattel, tﬁee ptual

price competitiveness of synthetlc fuels, the ﬂfﬂuﬁx;t;e

“oit preliminary eco-
1at the
gk 4

)

of tecb.nology ‘and economics:of scale in reducmg :

the cost. ‘of synthetic fuels, and the U.S. energy posi-
tion in 1995. The results of that anal,ysns showed

‘that, on average, a slight ($1.65 bl]llOﬂ) net negaﬁve ;

benefit would accrue from the first phase of an action
program to develop a synthetic fuel ca‘pacuy of 350

000 barrels per deﬁ' equivalent, compared: With no, .
program. Moreover, this benefit.became more nega- :

tive as the program ‘grew tg 1.0 and '1.7 millioh bar- -
rels per day equivalent, assuming:a 50- 50 probablllty.

that the OPEC cartel would not retaln its - ptesent‘.

)

- R

mmlstratlon supported ‘a formal market penetration
program in 1975. The major objectives of this Syn-.
: thetlc Fuels Commercialization Program are to:

* Lay the groundwork for developlng an mdustry '

infrastructure by:

. —Investigating and acqumng information on en- ° ,
vironmental, economic, lnstltutlonal te‘chnlcal-";'; .

and other potential problems *‘t

-—Gatherlpg and reviewing lnformatmn on
“vate sector’s experlence in the synthetrc
field - -

planned domestic energy production .- ,

!o

positien in energy development by demonstrating

: - our ablllty to tap our vast resources.

The.;program would entail: two phases. In the

" first, ot Inf'mmatlon Program phase (350,000 barrels
" per day), ‘dpy
: demonstration plants. ‘would be cdistructed, including
facrlmés for high- Btu’coal gasrﬁctgtlon, oil shale con-
" version, § ubstltute ut)hty‘pf industrial fuels, and con-
vbrsnon' of waste matefigl- to liquids and gas. This
“fitst phase of the program wild demonstrate and ob-

“tain lnforrqauon on the technlcal economic, and“
envnronmental feasnbllrty .of “synthetic. fuel plants,
. using: dlﬂ‘erenr avadable energy resources and tech- .

nologles

A v

s /" i

f'l

 Develop an energy supplement to- exxstmg andaﬂ

proximately 14—19 “commercial-sized

)
:
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: : jle lll—8 Illustntive Plant Mlx Y ., v
‘ _ v 7 pdbavie Est. Production ‘Aftecting °
Type Plant : . Number : Capacity—Each Plant Industry
+  High Btu Coal Gasiﬁcatnon R - -40,000 BPDE Pipeline Gas
Ara . : .
Oil .Shale Co jon - 24 10,000,to 50,000 BPDE: Retroleum X
} Co. . . )
‘ Substrtute‘Fw #wi{;/mdustnal 67 5,000 to 25,000 BPDE “ Utilities/Industrial Users
.. ¢ : K4 . :
-, Biomass C&hvarﬂ’on (GaS/quuld) .- 3-5 @ 1,200 to,6,000 BPDE . --Various ‘
Totals ~ * 14-19 - 350,000 . . . e

o
>

Rl

. . .
. - .

: ' . : c o
T L o . .

To rllustrate one possible plant’ technology/ "

‘resources is shown in Table ITI-8.* ,

In’ carryihg out the first phase of the synthetic
fuels program, the Federal Government would reduce
ﬁnancml uncértainties by providing limited economic

ingentives to the private sector to construct and oper- .

- ate’ ‘flie commercial demonstration plants, The Gov-

ernment would also provide limited guarantees or, if
necessary, assistance to localities for, needed socio-
economic infrastructure planning and development.
Finally, the Government would help expedite the

constructior of the Rlants by facilitating theé neces-’

sary federal regulatory permits and clearances.
The program might be expanded to 1 million

barrels' of oil equivalent. per day during the second -

phase, if the energy situation warranted and if the
environmental, social, technological, and ‘produiction
cost problems were sufﬁc_rently tractable. However,
this decision is not anticipated until. 1978-1979 and
would depend on overall en@r'gy RD&D results, in-
dustry response to (he program’s fitst phase, and the

results of rnfprmatron on environmental and other

impacts.

In addition to laying the groundwork for a
viable synthetic fuels:industry, important RD&D will
be carried out of) advanced synthetic fuel technol-
ogies. These efforts would support development of a

number of synthetic fuel processes in parallel, mov-

-ing from basic R&D in the laboratory, through
process development units (PDUs) and pilot and
demonstration ‘plants, to market pefietration. A sig-
nificant number - of - liquefaction and gasification’
PDUs and pilot plants are currently operating; addi-
tional PDUs and pildt plants are being designed or
“are under construction. Finally, a contract for a
clean boiler fuel demonstration plants (COALCON)
has been let, and the plant is being designed. Addi-

tional’ contracts—-—for high-Btu and low-Btu demon- -

stration plants——wrll be initiated shortly. .
In parallel with these legrslatrve budgetary, and
admmrstratrve actions, ERDA is carrying out a pro-

~ * The, actual plant number and sizes may vary from this

utlmate. depending on the proposals received from imter-
ested firms and final environmentdl impact statements.

Rn

" minimize

wsynthetic fuels. Initial "efforts in the

gram, still berng formulated will include a.number of

efforts, sugh .as measurement of water quality at test
sites and 'the prediction of degradation resulting from

r

commercial operatrons, investigation of options that > -

e need for water; development of im-
proved recygling: and effluent treatment techniques;

‘and evaluation of process and by-product pollutants -

and assocrated health effects. In addition, assessment‘
of the potential health impacts “would require en
onmental and health information which involve bo“th

short-term and long-term studies. Data’ from these'«
studies are necessary for setting: appropriate regula-
gram to address environmental concerns. This pro- .

tory standards and-for the design of effective tontrol
technologres, including incineration, collection-dis-

. posal, and chemical absorption techniques.

'Investrgatrons into revegetation dynamics and
p1ant species selectron are contrnurng In situ proc-
essing of both coal and oil shale is being given con-
siderable attention. However, the in situ approach
would leave most of the solid waste products in
place. In. addition, ‘there could still be problems of

_ land subsidence, hydrocarbon and partrculate emis-

sions+ through.the fractures, and contamination of

aqurfers uStudrés- of oil shale formation and kerogen-

content”4nd the characteristics of pollutants, seam
size, and’ associated underground aquifers are berng
‘conducted.

Efforts also are under way to establish air pol-
lution control requirements to prevent.or minimize
environmental pollution from productron and use of

concentrated. on assessing the potential . environ-

- mental “effécts of . the coal-conversion - processes.
Control technology aimed at controlling 'sulfur and
. particulate emissions from hot, acidic gas streams is.

also under development. -

)

Speclfic Steps in Action Program

Mov1ng ahead with the first phase of the market
penetration program requires a seties of legislative,
budgetary, and administrative actions, including:. -

o Lepislative authorization of -the limited ﬂnancral‘
incentives fo be awarded to the pnvate sector for

L K
oo

ogram are.
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+ Table Ili-9 Geothermal Resoumn—Esumated Recoverable Hut wl\h St

Preunt or Nnr-'rerm Tochnology wi

Regard to Co:t'l', (In Qu:ds)*

RESOURCE TYPE = *

* “LOW TEMPERATURE (90°-150°C) !

-

o

>

- !/r 4

HOT DRY ROCK * . .

' GEOPRESSURED : v o .
- ELECTRICAL UTILIZATION - 100 ¢ 230% '| EXPERIMENTAL

METHANE PRODUCTION = ™ e 500 1500 o

80 .20 .|

| .. STATE.oF TECHNOLOGY
i i i C . ; > o o
) HYDROTHERMAL CONVECTIVE®* I I S L R
VAPOR DOMINATED (>150° C) g COMMERCIAL e
- L1IQUID DOMINATED . R . .
HIGH TEMPERATURE (>150°C) & 20 1 ég » TEST PHASE . l -
80 .2 |

. TEST PHASE

S

EXPERIMENTAL

MAGMA ++ | o 240 | UNEXPLORED
TotAaL - ~g00 | ~2500 L
% —— Ti;—r —1 —
DR . G ; o0 . =1
GRAND: TOTAE (KNOWN PLUS INFERRED) " QAo

¢ -

e 2

L. NORMAL GRAOIENTS ARE NOT INCLUOEO AT THIS TI
PRESENTLY CONSIOEREO RECOVERABLE. 1 QUAO=10

E AS THEY ARE NOT

SOURGQE: DEFINITION
REPORT: GEOTHERMAL
Brus, ENERGY RESEARCH, -,

**DOES NOT INCLUOE LESS THAN 90°C SYSTEMS, ALTHOUGH SUCH SYSTEMS MAY

BE ECONOMICALLY EXPLOITABLE ESPECIALLY FOR NON-ELECTRIC APPLICATIONS., -
+ASSUMING 2% EXTRACTION RECOVERY, 8% CONVERSION EFFICIENCY.

OEVELOPMENT AND
DEMONSTRATION ’

++MAGMA RESOURGES MAY BE RENEWEO BY NATURAL RESUPPLY FROM THE INTE RIOR PROGRAM, (ERDA-86),

OF THE EARTH THEREFORE THIS ESTIMATE MAY BE CONSERVATIVE.

J

Ry

demonstration plants Although loaf@aranteey
are essential, price guarantees and grant authority
may also be needed to ensure all mpjor synthetlc\*‘
fuel technologles and the important- types of re-

- sources are included in the program. If needed,

price guarantees and grant rauthority would be
sought under the authority of the Nonnuclear Act. ;

Legislative authorization of thg limited financial
guarantees to localities for needed socioeconomic

~  infrastructure as well as assistance’ for planning
.. and development. This: could be. in “the,

rm of
guarantees of local government debts- mcurted to
‘provide the necessary infrastructure., '

Continue the necessary env1ronmental studies that
will ensure environmental acceptability of a com-
merlcal synthetlc fuels mdustry

. Evaluate mechamsms to expedite, federal regula-'

" tory penmts and"clearances. "

. Administrative ation to ensure the technology -

.- demonstrated by .the’ program will be*available to
_all interested firms at a: teasongble cost.

.~ OCTOBER 1975,

Geothermal e, ,
""The Nation’s geothermal resource base is one
af the largest potential domestic energy sources. As

estimated by the U.S.G.S,, ERDA-86,* reported the

total heat content of the accessible geothermal re- -

source base (depth less than 10 km) to be about
600,000 quad®, excluding the highly diffuse “Normal
gradient” resource. However, only a small fraction of
this base is recoverable in usalfle form with presently
foreseeable technology. On the basis of conservative
assumptions of extraction and conversion efficiencies

the total recoverable energy from this base, with - |

near-term technology but; without regard to cost, was-
estimated to be only about 3400 'quads, which is still
about 45 timés the total U.S. energy consumptxon in
1974,%* as showfiin Table I11-9. However, s esti-

® Deﬁnlthn Report Geothermal Energy Research, Devel- '
. opment and Demonstration Program, ERDA-86. . ’
** However,.a mgmﬁcnnt proportion of these resources exist”
away fror. populntlon centers and thus may not be fully
exploitable. . . ° -

3 < 3« BN
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y'a small fraction of this
ual level of approximately
f the century) is estimated to be

mated in’ ERDA-4l, on'l

. extractable over the next 257 / years. Economic ex-

ploitation of this.fespurcé wxll require the -reduction

_ of technological #d financial risks, the rgductnon or

weo

" development of the most favorable, known hydro- -
*thermal = reservoirs. For some sites; based on an

~ stage, but the technolog)l

removal’of a nuinber/of institutional barriers, and the |,

.development of* technology to - -provide acceptable

._control of possible nvironmental problems: The lat-

» ter, often site- or ype-speelf;c, Jaclude subsistence,
brine disposal, and the erfgsion bf
substances, such /as hydrogen sulﬁde, in varylng
‘amounts, , .

Only the 1vapor-dommated hydrothermal re-
source (The Geysers in California) has been e
nomically exploited i the U.S. This type of resource *
is rare and amounts to only_a few percent of the
known or inferred total geothermal resources. The
more extensive hquld-ldomnnated hydrothermal -re-
sources ‘have not been[ explolted to. any ‘degree for
powerstroductlon in the U.s. (although there has
been sbme forelgn experience, using technlques cur-
rently not environmentally agceptable in this coun-
“try). A few hydrothermal development efforts in the
U.S. are in the technology verification or pre-pilot
for tapping the larger geo-
pressured resources along the Gulf Coast is.in the
stage of engineering feaslblhty studies. Commerciali-.
zation of geopressure;l resourges will probably fotlpw
that of hydrothermhl:#Thus, the hquld-dommated
- hydrothermal resourdes represent the principal near- '
* term opportunity for explortatlon It awaits the de-
velopment of improved versions of existing reservoir
assessment, extraction, and utilization technologies,
and the solution or abatement of a number of en-
-vironmental and |nst1tutxonal problems, as discussed
below. ,

Implementahon ‘Barriers - - -

Because the costs of. extractlng energy and of
controlling enviropmental - impacts vary greatly -
among the different types of hydrothermal reservoirs,
mature technology will be directed initially at the.

extension of foreign technology, the cost of elec-
tric power generated by geothermal resources has:

", been estimated at well below the. cost of power

produced in conventifRal coal or nuclear .plants.
However, uncertainties about the actual power pro-

duction costs and reservoir ‘lifetime associated w1th' .

an untried geothermal site, as well as the basic
uncertainties of a new technology, have' discouraged

most :tilities from proceeding with geothermal en-

ergy development And the few utilities tha: have
taken an interest have' had little success in attracting

. support from pubhc utlhty commlsslons, lenders, or:; ﬁOrarmust be dete
: are- devnsed and implemented, the assoclated water

anCStOIS

nékieus_or toxic - . -

S EOWE

The reasons impéding the commercnal develop-
ment are prl‘ncnpally threefold:

A NATIONAL PLAN FOR ENERGY RD&D‘ -

1. Lack of reliable, detailed. resource informntion,
e.g., on the changes in the characteristics of a._

S reservoir resultlng from energy extractlon

Lack of proven domestic - technology for use

. with “al] but one type of recoverable resource,.
the vapor-domlnated hydrothermal -

3. Legal and regulatory complexities 1nvolv1ng leas-"f_ '

- ‘the likey, . . v .

4 '

ing, resoud¢e.ownership, water. nghts ‘taxes, and

In addition, insufﬁcient knoulledge of possible S

. environmental impacts ahd the lack of proven con-; .
trol techniques for all but ‘the vapor-domlnated -

hydrothermal resources inhibit rapid . .commer
development.
three. areas.
First - geothermal development may pr rqge
seismic distarbances and subsidence. Reniova

The envnronmental tssues fall into

-

n seismi¢ activity, with effects varying from sit¢ to

v‘f]ectlon of massive quantities -of  water may result

site. Withdrawal of water. may also cause subsidence .-

as reservoir pressure is decreased, unléss appropnate
control measures are taken, such as brine reinjection.

Data requnred to predict subsidence rate, and-

sersmlc activity are currently ugavailable. Potential
seismic activity at each site must be assessed and the:
potential effects of withdrawal or injéction of large
quantities of, water analyzed and monitoF

levels must be monitored and base line

Ground .
stablished -

with predictive modeling prior to developmernit. Re-'"

environmental control measures.

) lﬂ]CCthﬂ technologies must be explored as 1mportant .

Secondly, quantities of air pollutants released, '
*from hydrothermal activities. are not known. Hydro-"

gen sulfide, emitted in large quantities is a significant -

‘pollutant because of its toxicity and disagréeable

odor. Méthods of treating large gas volumes with °

low H.S concentratior must be developed.

Third, where a fresh water aquifer occurs above:

a geothermal reservoir the fresh water could be con-
taminated by tapping’ the geothermal strata, Saline

waste waters canpot be discharged: into-. surface - -

waters without treatment. Subsurface reinjection of "

brine-liquid effluénts may represent a -significant

control measure not only for brine disposal. but also,
" for .subsidehce; although it may be accompihled by
-other environmental -problems ‘such as selsmlc dis-

turbances (see above). MR

+  When such.reinjection .is not feasnb‘le or desir-

able, surface treatment and disposal must be con- . .

sidered. Because it may also 1ntroduce trace: con-.
taminants, removal of toxicants must. be effeéted and

: 'envuconmental impacts of effluents” on fauna and

ined. Unless adequate ‘contrals

a



. IMPLEMENTING THE PLAN Sl : 4 SRS R Co61”

‘ P 3 . ]

pollut:on problemse'may mhtBit development of geo- take the development of the . other forms of
thermal energy. “l\ ) geot,hermal resources, such as the, still, larger geo-

- ERDA- 86~lm; estimated that; W}thout Federal*"“pressured and hot dry rock types. (The. “momen-

. involvement,  only about 1,500 MW. of geothermal. -“fum” ‘approach is based on the current judgment
power would be on line by 1985. Most of this would that breakthroughs in an already generally under- .
tesult’ from the’ planned expansron of vapor-domi-  stood technology are not probable; rather, as
nated ' geyser ﬁids with- ted addltlons -of additional experience is acquired, sustained and sys-
qumd-dommatpd drothermal resources in south- .‘-t'ematrc performance and cost improvemerits i ex;

* ‘ern California and scattered small-scale, nonelectnc " traction and utilization will accrue.) However, to tap

applréat:ons in the’ Westem U. S . these resourdes,, the necessary technology, which is -
' . ] 'p. : o . |mprov1n and -is closely related to that already in -
Strategrc Approach AL I T T « , * Z'operatiofl with vapor-dominated resources, must be *

. \
' Although the ne,cesséty detafled analyses of the *brought to fruition. Parallel tq. efforts to accelerate
various types of geo'thermﬁl tesources have not been - market penetration, Governiment RD&D, would assist
. ‘completed it appesgs; that the developrent of geo-; in bringing the’ technology for the advanced geo-
" thermal enmergy may have ‘an attractive positive , Preggured and hot dry ‘rock: sources to comparable
rate of return. However, ‘as perceived by private if- . maturity.” . :
. ‘vestors, ‘who make conservative estimates of tech- Thigd, the Federal Government can act asa °
. nical and other risks, this rate of return seems mar-_ ° catalyst, or “broker”"in formrq ‘a’'consortia of insti~ .
", ginal. Govemment-sponsored studies of the moré '* tutions needed to commercial geqthermal resources-— -
~ economically attractive hydrethermal resources sug- -, i.e., electric utilities, resdurce? development com-. -
gest that these could, where available, provide elec»  panies, ' specialized equrpmlént manufactprers and
tricity at competitive prices. Equally 1mportant local government. |, o
capital coéts of installed hydrothermal capacity dre. - " Although electric utrlltles ‘are not’ surted to
expected to be competitive. As in any unproven cting the exploration, drilling, and production
. technologlcal area, significant uncertainties exist in ~ operations becaus® of -regulatory constraints, they ~
 the economic analyses dnd sufficient apalysis. has not _are necessary consortia participants because they
- been done to derive predictions.of expected rates of - form the largest single market that can be immedi- -
- return -that will. be accepted *by “t‘l'ty decision- - jately identified. Other possible user-industries, such .
‘makers‘and private investors.. © .7 asthose requiring process heat or those that could -~
Nonetheless, it is ERDA’s curren wgment thfll use geothermal heat for space heating and ‘coolifig,: *
the geothermal resource will prove to*®e’a Comr%:f:l; ‘are more diffused and less readily identifiable,: But

or

- cially attractive source of. energy. However, the . form. an important future ma%et for geOthermnl
. vate sector has not utilized the geothermal resou energy and should be included.

. beyond the limited dry-steam type because of existing - The oil and gas mdustry is the most- promment
' barriers. Both’ utilities and resource companies W Wl“ " candidate among the resource developers because it . - .
;i have'to cooperate in.individual projects. . **- has basic commitment to energy supply, expertise in v

: "To address this impassg, a limited- and targoted the technologles of resourde discovery and extrac-’ &
govemn'(ental program could help a ﬂedglmgkmdus- " tion, the cquipment: (or. ready access to the equip- ~
try overithe initial barriers* afdi permit the Nation; e’v‘ ment) necessary for" ‘discovery and extraction, and\ = ‘

. asa Wh e, ‘to realize geothergial’s full potential. | The,, access to the’ capital requlred fo support the: effort.

- tegi€;: approach governing! commerclahzatlon :"Cther possible resource ‘developers, whose- problems “.,,i
" efforts would encompass four ptlﬁcxpal elements. Lalso will be considered, include the minerals industry

. First, the Government would assnst ‘the prlvate ‘and the specidlized CXPlOT"mOﬂ l“d“Stf)’ begmnlng

. sector in identifying and venfymg the extent and to form arQund "geothermal energy. : .
lifetime of usable geothermal ge'Sour . This’ a$srst-. _ Unlike most other energ resources geothcnr}?l
ance, consisting of -the -U.S. Geologr 1. Survey’s re- energy - is nontl'anspvrtable r'This aspect alters this,

‘gional * and national .assessment of geothermal + . traditional perspective of tH¥ ngirket. The. developer:
. resources, the development and testing. of - 1mproved no longer hasa large eom ot y-llke m

: ﬁket ﬁl‘ h" :4;
explorapon techniques, and an accelerated leasing his, resource; rathep he ml,tstr H’ it o thtisp.- il
program to improve the’ avarlablhty of Federdl land,- ific users able to explor e ,speciﬁc SHaraclerigtice? .
would lessen the uncertainties and risks now con- of the resources” and . to' locate‘:*a{ ¥ the" e
frontmg investors. S SRR specific * site ~of thetresource ’l'he usef. ho. [&nger « .
) .Second, Governiment would “assist mdustry in  has a lasge market from -which' to draw his energy; .
:.utrlmng the sizable hydrdthermal resources. Greatet . - rather, he must- accept the: speclﬁc resourcegmd its ¢
~ “utilization of hydrothermal resources will enable in- . . finite lrmrtanbns and  deal wrth a smﬂe developer.
. "dustry to gain the momentum necessary to under- - He also must accept the specnﬁc‘srte ereby losylg,‘

K3 . ' . -,‘ R
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all flexibility in location; availability of services_ such

as transportation, transmission line location, and the -

" public services; and. proximity to markets. (This
situation is comparable to that for hydroelectric
power.) The community, in. permitting the develop-
ment of the resource, must accept the impacts not

. ‘only of the extraction of the resource, which can be
relatively easily foreseen, but_ also of its use, which
are not so easily foreseen and can be major. Thus,
three parties—the dgveloper, the user, and the com-

- munity—must have individual perceptions of proﬁt-
ability before defelopment can proceed.

. The Federal Goverriment would play’ this bro-

ket role in two ways. A planning and program’ up-
.dating effort would acquire information and develop
- potential geothermal utilization growth scenarios, for
high-payoff regions. The regional cost/benefit and
socioeconomic analyses performed as input to this
" ‘planning would spur action in the specific cases and

" help-determine whether Federal assistance would be

. beneficial. In addition, and growing out of the plan-
. ning, 'Federal Assistance may tye provided for high--
leverage cases in one or more of four forms: (a)

direct contracts with industry; (b) cost-shanng of-

RD&D or demofistration projects with industry; (c)
loan guarantees to obtain necessary capital; and
(d) accelerated leasing of public lands. .

- The fouﬁh, element of the Government’s stra-

tegic approach is “seeding.” Specifically, the Gov-
ernment may provide the above forms of assistance
- to develop the prototype plant (i.e., the first of
. many) in resource-rich fields. Given the nature of

geothermal technology that nrakes numerous mod- -

erate-sized plants (e.g., 50 MWe) more appropriate

than a few Targe plants, the experience gained from -
_ developing a prototype may be transferred quickly

and economlcally to construction of the remaining
. plants in-the field. In this way, limited' Government

assistance could help industry acquire first-hand ex-

perience and facilitate the development of the,indus-
trial- banking-user mfrastructure

Actlon Program '

The action program necessary to effect thls;

strategic approach will consist of five steps:
» DOI will evaluate Federal lands for geothermal
« leasing, issue leases, and administer and supervise
leases. The role of the Bureay of Land Manage-
‘ment is to encourage the utilization of geothermal
reservoirs by designing add implementing an eco-
'cally attractive leashﬁ.program
arry: out programs to establish the
ecgriomic, and environmental acceptabll-
geoTErmal technologres

n

| Solar Heating and

* The geothermal loan guaranty prog/ram is being =
developed to facilitate the availability of. risk
capital to the geothermal. ihdus;fy; alternative
‘economic incentives will be analyzed and recom-
mended when in.the national interest.

* Studies to determine the env&ror}lnental and socio- -
economic implications’of the application of geo-
thermal technologies .will be/ carried out, and -
appropriate control technologi es, standards, regu-

. latory policies” and planning methodologxes will

~be developed.

LY o

ling in Buuldmgs

‘5Solar energy is a very large, nondepletable,
domestIcally available resources for the United
States and is now virtually untapped. Among the
numerous possible techn ologies for applying solar en-
ergy for U.S. energy req irements, direct-heating and
cooling of buildings offers the best opportunity for
easly large-scale application and commercialization. A
substantial market potential is present because about -
one-fourth of the total national need is far building
operational requlrements and 80 percent of that
usage is for $pace temperature control and heating
water. Since most of these requirements are now
dependent on the use of depletable fossil fuels, either

"directly or through" generation of electricity, wide-

spread use of solar energy to heat and cool bulldmgs :
can substantially reduce such dependence. Specific- -
ally, the installation of solar heating and cooling
systems in about 1 percent of the present buildings
in the United States would save the equivaledt of
about 80,000 barrels of oil pgr day.. If 10 percent
of the then-existing buildings were solar equipped
by the year 2000, oil-equivalent savings of about

- 1 million barrels of oil - per day—or about 2 quads-—

may be realized.
The Basic technol Aor using solar ‘energy -at
low temperatures is reasonably well understood.

_Significant numbers of different types of system3 for

space heating and water heating are being rapidly
developed, tested, and installed. For example, more
than 300- solar-heated buildings are completed or
under construction in the U.S. The total production
of solar collectors in 1975 was in excess of 700,000
square feet. .The cost of the installed systems in
1975 is estimated at abdut $10 million.

Results of economic analysis_indicate that, for

. fuél costs in the $10-per-million-Btu range (equiva-
~ lent to about 3 cents pet KWh—which is near the

dverage electricity cost fo the U.S), solar heating
system ,costs must be below about $15, per square
foot of instilled collector. . ‘ .

~ Although little long-term performance data
exist and only -general ‘interim standards have been

.- implemented, recent studies indicate that some sys-
* tems arg beginning to be marketed at costs well under

9
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cost.increases in alternative energies), it will be con- -
strained by other barriers including two that are in-.
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- $15 per square foot of installed collector ared’(based

upon prices being quoted by at least one manufac-
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turer). However, other recently completed buildings
- show system costs ranging from $10 to $20 or more
per square foot of installed collector and costs of
some experimentgl, high performartce heating and
cooling systems appedr to be on the order of $20 to
$50_per square foot of installed collector area. Sig-
nificant uestions, of coursh, remain concerning the

reliability, operating effectiveness and maintenance

of these systems over their projected lifetimes.

Present “systems, then, ‘&re commercially com-
petitive in only a limited range of applicaﬁ"ﬁbs and
geog,aphic regions. If the use of such systems is to
grow, it will Y& necessary for the private sectar 4nd,
{n some instances, the Federal govern nt; to con-
_tinue new-technology research, but als .'ﬁ'q*;eﬁne the
wpresent technology and to demonstrate “its practi-
cality. s :

Whil¢ solar heating and cooling is considered
Finol Sys-
nology, a -Sys-#

an environmentally beneficial tec
tematic' assessment has not-yet been completed of
direct and indirect environmental issues of the solar

componenfy=for solar heating arid cooling systems
may be preceded by the development of ney ma-
terials and equipment. Emissions and mate;%s use
related to fossil fuéf consumption must be

against increased, (and riew) environmental impacts
and materials requirements from the solar iggustry.

Implementation Barriers

The pfincipal barrier to successful commertiali-
zation ' of *solar systemg is their lack of eanomic
_ competitiveness with available_cogventional systems
and fuels. Except in special cases, present solar heat-
ing and cooling systems must be uséd in conjunction
with' normal-sized convgxtional systems o édbure
that continuous -hot water and spacc conditiofing
are provided during extended pésiods of reduced
sunghine. Thus, over the near term, solar -systems
will. generally require substantially larger invest-
ments. than conventional systems. The extent of

~ such additional investmegqt and the speed and method

of payback (by operational fuel savings and in poten-
tial property value -enhancement) are crucial to suc-

anced’

hegent in any technology innovation ir?e construc=
" tion industry. First, home or building

(m'ar"ked preference for lower initial ¢bsts. Therefore,
‘because solar heating and cooling systeins typically

gequire higher initial efpenditures, the average home- .

. owner must.be convinced the syslgm provides suffi-

ciently rapid-operational, returns-or enhancement of
property. values te justify the¢ additional investment.

%  Second; there generally is a strong reluctance by

speculative builders, developers; lending insfitutions,
.and other major components of the construction in-
dustry to accept the risk of introducing 'a nefv tech-
nology to an already high risk industry. The’problem
is intensified by the current-absence of consensus

! standards on .construction and performance, modifi-
cations-in current copstruction practices, and lack of

information on systems reliability and maintenance
requirements. e

. "Other institu'tiopa’l,}soc'ial- and legal barriers
that must bé overcome include "the definition of
.appropriate land use régulagions, air and sun rights,

- product® life cycle. The produgtion of ecohomie, and "building codes, aj’well as acceptance of the

‘unfamiliar ' solar techaology by mortgage fenders
“apd insurance groups.
bl * - ' o,

~'i_‘ ‘ -
Strategicrf Approach '

The -overall goal' of the Federal program~for
sola?tneating and cooling is to stimulate the advance-
ment of an industry to produce, distribute and serv-

- jee solar hardware for hot water heating and space

uyers show a°

3

-heating and cooling for residential*and ‘commercil .-

buildings. The Government will conduct its pro-

* gtams to encourage thwarticipation- of industry
' organizations, consumer groups, and state and local
go%emmenw The program is structured to demon- .

st

- cal usg of combined heating and cooling technology
by the end of 1979. This will be accomplished by a
series of cyclical @ monstration projects applicable
to new and existing buildings, .and by research and
development to advance solar technology. The first
two cycles.of  demonstration projects will concen-

-~ cessful market development. Competitive use of solar * trate on space heating -and ‘hot water supply for

- systefns is contingent upon many factors, including the

unit cos#pr purchase™nd installation of -available

solar e;
.sun flu®

?’al heating andsgooling systems, the cost of the
« adg

1/2

idgjtional conventional epergy, ‘and the availability
of capital funds., . .

<If solar héating and cooling technology should
-becmle economically advantageous - (through - cither
cost-effective improvements in solar

. LA

- 4

pment, the.climate and average available .
the initial and operational cost of conven-" *RD&D program is designed to yield components®

technology or’

both residential and’ nonresidential buildings, and
subsequent cycles will emphasize combinetd space
heating and cooling "apd hot water supply. The

having lower cost, greater durability and improved
performance, as-well as a significant advance in the
ability to. predict the performance of solar systems.
Improved systems sh 5¢ able to reduce, and

perhaps eJiminate th¢ need for conventionel ‘backup ,

systems. If program objectives are met, the market

T -

té the practical use of solar heating technology
by/the end of 1977, and to demonstrate the practi- .

I
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could. be mcreaséd to 10 percent of the new bulld-
mg starts in 1985: & - ;

Action Program e O
w'he major elements of the Federal program in-
clude: - -

* Resideatial Demonstrations
Commercial Demontrations
Deyelopment in Support of the Demonstratlons
Reséarch and Advanced Systems Development
Collection' and - Dissemination of Information
Additional Policy Measures Requlred to Achieve

. Rapid and‘Wldesﬁr:ad Utilization. -

iz Chief among the program elements is the
d?:monstratlon of working systems to be carried :out
in close conjunction with .private industry. Solar
heating and. cooling systems are planned to be in-
in a number of commercial bulldmgs' and residential
_family units to test speclﬁc systems in specific build-
‘ing types and under various climatic conditions in
‘the U.S. Both new cogstruction and retrofit systems
"are planned to be demonstrated, mcludmg many
"types of passive systems.

A heavy emphasis will be placed upon the in-

"~ “.volvement of small business in the demonstration of

solar heating and cooling and in research and devel-
_ opment to produce improved systems Involvement of
m%lbusmess ls,wsll above 50 percent in most areas
£ Federal program The unique capabllltles of
small 6usmess organiZations are recognized in their
high ‘inmovation raté, lower organizational inertia,

“and ﬂextblllty in meeting local and regional needs.

Ihls multicycle demonstration program, in
&lclf"HUID will manage the residential applications
ile ERDA manages the demonstrations on com-
mercial buildings and proyide the necessary experi-
-ence wiflviable applications. This, in turn, will pro-
Wyde information- necgssary to improve solar heating
and cooling systems for use under a variety of con-
ditions. The' later pltases will demonstrate cooling as
ell as “heating systems. Efforts are intended to -
ﬁroduce a substantial reduction in the installed Heat-
" ing cost. The demonstration program will also pro-
vide .infdrmation*on system- reability and mainten-.
ance, arid help to establsh needed construction and
operating standards.” An additional requirgghent for -
early commercialization is the fieed for consénsus
"standards. ERDA is workmg with professlonal and
trade organizations, such as ASHRAE? and ANSI**

_to develop such standards. The démonstrations will . ,

~ also provide. substantive experience for |denufymg _

will exhibit the nature of applled solar technology .

to potential users and lenders. Also, they will provide
an opportunity to identify and resolve operational
and jurisdictional problems .within the construction
industry. :

A comprehensive;,. socnoenvxronmental assess-
ment for the national solar energy program, mcludmg
_heating and cooling, is ‘under pigparation and is due
in September 1976. This study will help verify befie-
fits and identify any possible deleterious impacts of
solar space heating.

In parallel with the commercnal and res|dent|al

| demonstratlon programs, a.Federal Buildings Pro-

,gram is bemg developed by FEA and ERDA. The
" basic aim is to encourage all Federal. agencnes to use
solar heating (and potentially solar cooling) in their
buildings if a life-cycle cost analysis- indicates eco-
nomic viability. 'ERDA is working with FEA to im-

plement the project, wherein. ERDA can provide .
additional "experience by solar heating and cooling

demonstrations on Federal buildings and increase the

-early market for solar equipment. This, in turn,

should accelerate industrial interest in -

producing
solar equipment and stimulate solar applio&cns in

the commercial and consumer’ sectors of the
economy. - :

Breeder Reactor

The capabllltyf:)f the Nation to draw on nuclear
energy to meet ‘the dlectric and other energy require-
ments of this dountry beyond this century will de-
pend on having available a proven, environmentally

- safe,_commercial breeder system by the 1990’s that
. can effectively use total “uranium resources—i.e.

U-238 as well as U-235. .

The Liquid ‘Metal Fast Breeder Reactor
(LMFBRY concept, a technology that has been
" demonstrated to be technically feasible, is the chief

candidate for meeting this need. Eight breeder reac- |

tors are in operatlon around the world. However,

the LMFBR is not now a commercially viable option .

‘that utilities can purchase to #htisfy their electrical
energy generation requirements. Specifically, several”
technological areas must be investigated and the total
.- system concept must be demonstrated to be eco-
nomically competltwe and socnally acceptable to the
Nation. ek o

"Market Barriers. ' S
%  The speclﬁc technicat, economic, and psycholog-

ical barrlers to currently markeﬁng a breeder ‘reactor
are:

and resolving legal and regulatory.” problems, andw, °® AR lnsuwlcnt ggmeermg base, Wthh prohibits’

L]
LI

V ‘ASHRAE—-Amencan Society of Hentmg Refngerauon -

and Air Conditioning Egginéers. ,

ﬁt‘ Al ANSI—-Amencan National Standards Institute.

»

u"
' « ‘y

ai
4; /
- “

-ghe nuclear man

plants ‘and fuel cycle facilitiesin commerclal sizes
©at competltlve costs M

. v .
: .
" . s

acturing industry from desigriyg
and c?structmg safe, “reliable LMFBR power -

[}
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¢+ The lack of advanced fuel and core materials and
" the technical basis for producing reliable and eco-
nomic fuel, systemis, which prohibits LMFBR
power plants from generating new fissionable ma-
terial at a rate commensurate with the national

- growth in electric power demtand. - '

* Lack of utility operating ‘experienct. to demon-.
" . strate that. LMFBR systems ‘will perform safely,

economically, and reliably in a power generatlon
network. . .

e Lack of- public acceptance in LMFBR power
" plants and fuel cycle faciljtias for safety, economic, -
~and environmental reasons.

¢ Unknown capital costs which make the breeder

system economically noncompetitive with. other
~ commercial power generation systems.

The development of a responsive overall oro-

am was addressed in the Final

ment—qutud Metal Fast-Breeder Reactor Program.*

“In his review of this document, the’ Admmlstrat.or
of ERDA stated:

“The- FES ‘'shows that the major areas of uncer-

. tajinty lie in plant operation, fuel cycle perform-

: ance, reactor safety, ,safeguards, health effects,

‘waste management, and uranium resource av#il~

bility.-I find that the avallablhty of sufficient infor-
mation. to résolve these areas of uncertainty is
‘crucial before ERDA\c##render a meaningful de-
cision on the commercidtfzation of that technology,
ie., the -environmental acceptablhty, technical
feasibility and economic competitiveness of
LMFBR technology for wxdespread commercial de- "
ployment. ERDA has programs in plate in each of
these areas. The l.MFBR Program has focused on
plant operatlon through the development of experi=
ence in LMFBR demonstration plants, on fuel
cycle performance through its base programs of
J-uel%:yéle development, and on reactor safety

" . which is an fhtegral part of both the plant demon- ° -

stration program and_the base program. The other
areas of uncertagly—-safeguards, health effects,
waste management and uranium resource avail-
ability—are not unique to the LMFBR, and are
being addressed generically by other programs

To achieve this, eight specific areas of mvesuga- .

tipn are now under way:

1. Components. Developing engmeermg compo-
. nent options with demonstrated capability for
meeting the saféty, reliability and performance
requirements of‘large LMFBRs operatmg on :
utility systems, with demonstrated capablrlty of
being reproducible, Economical, and manufac-

tured within cost and schedule. -+
2. Materials. Developing structural materials and
+ “design methods permitting economic fesign and

-

7

_# ERDA-1535 of December 1975.
s »

ironmental State-

-nkn,ffh

operation of components at "acceptable levels

of plant availability and at up to 40-year life-
time for inaccessible. components.

. 3. Physics. De)/elopmg’ design data and conﬁrm ‘

computauonal methods with an accuracy suffi-

cient to enable specification of core loadmgs,

shielding requirements and control requlrement

- / for large LMFBRs factors of conservatism con-

sistent with low design cost, low plant costs,

improved plant performance and competitive
power costs.

. 4.° Chemistry. Dev'eloping instrumentation and

- methods for monitoring and cohtrollmg corro-

sion processes and system impurities to levels

-that preclude-'degradation of component and -
system- performance over the plantilife, and

. develop processe&»lor removing sodium and
radioactive contamifiation from components
being repaired without affecting service life.
Safety. Developing and confirming analytical

“

methods that will permit design flexibility rela- -

tive to current practice, allow greatet design
-confidence, improve efficiency and reduce costs
and schedules, and to demonstrate the inherent
safety of LMFBRs prior to a large-scale utility
commitment to LMFBRs in the 1990’s: ,

6. Plant Expenence-FFTF, CRBRP and PLBR.
Designing, constructing, licensing, operating,
and maintaining LMFBR power plants on an

. electric utility power generatlon network,
thereby demonstrating the economis, safety and

environmental advantages of the LMFBR con- -

cept and estabhshmg the mdustry capability to
offer a salable plant in a competitive market.

- .

performance characteristics that will ensure the
commercial viability of early LMFBR power
plants and. that will enable “achievemenit~of
-doubling times of 10 to 15 years as determined
. by energy growth after 1990.

8. Fuel Recycle. Developing and demonstrating

© fuel reprocessmg systems that accommodate all
‘fuel system options and allow for the rapid fuel
recovery and turnaround times necessary to
ensure doubling times of 10 to 15 years.

.- However, to ensure the plants are accxdent-proof

afid environmentally acceptable, expensive design

add-ons may be necessary. Therefore, several 1mp0r-

more econamical plant designs.

‘In-his findings on the Final Envlronmental Sme-
e Administrator stated further: - .
“On the basxs of the rial set forth in the FES,
I find that if the reference plan andifs supporting
programmatic efforfs are vigorously pursued, suf-

Fuels, Developing fuels system options with

- tant.issues are under investigation which, when satis-
factorily resolved, will permit freedom to produce .

-

ficient, information would be available,as carly as -

12
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1986 to resolve the major uncertainties,.aff#chn
* widespread LMFBR technology deploys R
therefore. to permit an ERDA decisiofi .
mercnallzatlon of that technology T

Actnon Program

"As positive’ results are obtained. from these in-
vestigations, a series of reactor plants will be de-

signed, built, and operated to confirm the results and .

provide experience on a total reactor plant system.

The Experlmental Breeder Reactor-1I has been op--

erating since 1963 and the Fast Flux Test Facility is

under constructlon wnth qperation due tq begm in
1979.

In design is the Clinch River Breeder Reactor -

Plant, (with a §tart-up date of 1983), a cooperative
venture with industry and the utilities. Target plant
designs that will serve as a basis for furthér coopera-
tive projects are being developed. This will lead to a
Prototype Large Breeder Reactor that will provide
;yxpenence with a commercial-size LMFBR.

These programs and supporting efforts are
aimed at permitting a decision by 1986, as to whether
commercial deployment of the technology is accept-
able.

Fusnon ’ _

Drawmg on p]entlful deuterlum and tritium
found in the oceans as fuels resources, fusion tech-
nology; if practically developed, could provide essen-
tially limitless amounfs of energy. Accordingly, the

. technology was designated as one of the three high-
priority ]onger term energy supply technologies.

With this’ technology. energy is produced when
nuclei of light atoms are joined or fused into larger
nuclei, with an attendant release of energy. For such
to occur, light elemental nuclei in the form of a
plasma must be confined at high densities and tem-
peratures for adequate peﬁgds of time.

The development and?q;:monstratlon of this is
being pursued along two different lines.- The first is
an-investigation of several magnetic confinement sys-
tems; the second is research into inertial confinement

by means oﬂergy lasers or electron beams.
Magnetic Cénfinement Fusion . x
“The primary emphasis in the magnetic confing-

ment program at this. time. is_the development of a
sufficient understanding of plaﬁ

the required plasma densities, temperatures and con-
finement times. Engineering activities parallel t6.and
- coordinated with’the scientific studies of plasma pro-

duction, contaiyment, and heating provnde thegtesh-. .
tation . ‘an £ 54

L nologlcal base for near-term .experi
‘ﬁltlmpte]y, for development of fusnon
. I- . \ M

e,r reactofs’

§ . behavior and.mag- |
netic- confinement: ‘systems.4g,-altain simultanéously .

The Magnetic Confinement Q‘ogtam is orga-'

- nized into foutr subprograms that emphasnze the dif-

ferent aspects of the program’s major goals. The
Confinement Systems Subprdgram conducts the major
. experiments to achieve the necessary conditions for
~practical fusion power. The Development and Tech-
nology Subprograni provides the engineering support
and techhology base for the major magnetic confine-

ment expenments and conducts fusion test facility

and engineering experiments and studies related to
reactor design. All theoretical and computational ac-
tivities in support of the Magnetic Confinement Pro-
gram as well as small-scale experimental ®udies are
carried out in 'the Applied Plasma Physics Subpro-
gram. The Reactor Projects Subprogram is respon-
sible for the construction phase of the Tokomac
Fusion Test Reactor and other large pro;ects :

The most promlsmg magnet,lc conﬁnement con-
cept at this time is the Tokamak. The Tokamak
Fusion Test Reactor, on which construction began in
FY 1976, is expected to be the first experiment to
produce sizable quantities of fusion energy. In addi-
tion, backup approaches to the Tokamak are being
pursued. The prmcnpal alternatives are the theta pinch .
and magnetic mirror concepts, which involve alterna-
tive magnetic configurations. *

2 The magnetic confinement approach has recently

achieved ignition-level temperatures and a ten fold
increase in plasma confinement conditions in a mag-
netic mirror- device. A ‘similar advance has been
achieved in a Tokamak device with confinement con-
ditions five times better than any previously reported
and only a factor of tén below the value needed for
fusion break even. During FY 1977, the program
will use the knowledge gained by these accomplish-
ments’to accelerate attainment of net fusion power
and improve the performance requirements of the
next generation of mathines.

The majom o(planned milestontes of this program
are: (1) the production and understanding of igni-
tion-level hydrogen plasmas in 1978-1980; (2) the
production of substantial quantities of thermal energy
in the Tokamak Fusion Test Reactor by 1982; (3)
the prodaction of substantial quantities of electrical

{énergy in Experimental Power ‘Reactors in the late

~

1980’s; and (4) the operation of a commercial-scale

’Demonstratlon Power Reactor by the late 1990’s. -
" .

Inertial Confinement Fusion

o

Ll ‘,'
"~

The Inertial Conﬁnement Program seeks to de-
termine the sciéntific feasibilMy pf laser- and electron-,
beam-initiated thérmonuclear burn, using principlépof
inertial confinement and applying it to such' areas as

- nuclear weapons effects simulation, nuclear weapons

physics modeling, military power systems, and com-
mercial power production.

-
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Progl:am strategy involves the maintenance of‘a Market Barriers
research, development, and applicajjon core research - S .
program within the ERDA laborat®#¥ies. At the same ‘ Althpugh solar energy can be tapped with these
technologies, by and large, it cannot how be tapped

industrial capabilities in support of the core program. ° economically. For example, for phatovoltaic elec-

Broadly based efforts in universities and industry t"c'tyc tol) btch.com?e tl;“i:at:vgfh m?’:;@?;;ﬁg::ﬁ:e:
will complement and extend the national laser fusion e.g., coa), the cost pe : or array
b : must be reduced by a factor of 50 to 100. Similarly,
program base. : . _ -
- ~ ~ wind energy can now only be used for some limited
Studies of laser-matter interaction phenomena  applications (e.g., in,remote areas or in a fuel saver
and advances in laser technology permitted the  mode), but the regional and intermittent nature of the
achievement of the first major program milestone of  source and the absence of economic methods of en-
pellet compression_in FY 1974. As more powerful  ergy storage make it uneconomical for meeting gen-
laser systems become available, the next major mile-  eral energy needs.
stone of significant fusion yield is expected to be , '
achieved in FY 1978-1979sfollowed by scientific g : - '
s . rategic Approach .
break even in FY 1981-1982 and net energy gain by. € PP

~ the mid-1980's. Based on the success in achieving ' Givemthese market barriers, the general thrust

these milestones, an operational test system could be  of the RP&D program is to develop the technology,
operational by the late 1980’s and a demonstration ~ and systeni§‘and gain the experience that will result
commercial power plant, by the mid-1990’s. ‘ in substantial reductions in the cost of using solar
' ., : energy. However, since the specific problems with

each of the four technologies are distinct, their re-

Solar Electric spective RD&D program strategies are different. L

As indicated earlier, solar energy is a very large, In wind energy conversion, tfe program strategy
nondepletable, domestically available resource. If a  is to stimulate industrial efforts to design more effi-
small percent of the incident energy could be eco-  cient rotor systems and to lower capital costs through .
nomically harnessed, a significant fraction of pro-  prefabrication and more efficient production tech-
jected U.S. energy needs could begin to be met by niques, and through demonstrations of reliable, eco-
the year 2000. ' ) ‘ nomically viable wind energy systems, ’

To tap this energy, four technologies appea K .The_ program strategy for solar photovoltaic con-
most promising: .. version is to lower the cost per watt of collector
arrays by a factor of 50 to 100 from present levels
by: (1) producing low-dost photovoltaic ‘materials -
through large-area crystal growth, high-volume sheet
production, modified array ‘encapsulation, and im-
proved cell and array designs; and (2) encouraging
industry to, achieve volume production'so that they
may gain manufacturing experience and develop eco-
nomies of scale. ' ' :

—Solar thermal electric generation involves the
concentration of solar energy to greate the high
temperatures needed fo heat water or other fluids
to power turbines which, in turn, drive electrical
generators. Total energy systems, based on solar

‘thermal electric system concepts, can also sup-

. ply industrial‘process heat or space heating and -

cooling needs. , . I ar thermal electric. th . .
: E . n solar thermal electric, the program strategy
—Solar photovoltaic conversjon involves the direct ¢ 1 fociis on small-scale models, large-scale experi- -

qcf;nyersnogf ,ofhs%nllgql:}...,m ell'l:‘:t"‘;"t,y through use - 1.nts, and pilot plants tq improve performance-to-
- - otbarrays of photovoliaic cells. .- cost ratios, reduce technicalxand economic_risks, and

—Wind energy conversion syStems comménly con-  verify operating characgeristics. The critical areas of ..

vert wind to mechanical epergy, which may be’ cost will be identified as a basis for subsequent pro-
used directly {p drive energy 4torage devices , grams that will concentrate on those alternatives with. -
". (e.g., pwnped hydrostordge, flywheels, or com-  the greatest promise of lower cqsts. I
. pressed ga‘ses),‘or Cleﬁtﬁc generators v ¢ ' OceapRhermal gradient canersip’n, vwhile theo-
-——Ocean thermal enemgy conversion uses the..'iem‘- ’ lly economical, has not yet been demonstrated
.- perature differential occurring between the solar-  as A practical energy source. Using curreht technol-
¢ heated oceans surface and /the deeper, colder  ogies to scale to large sizes requifes. major.compon--
-water as.a heat source to drive a working fluid -ent development. For'-example, the-Improved, heat:
in a thermodynamic cycle qhat powess turbines . - exchanger technology needed to use.thé small tem-
“to produce electricity. Other rengwable ocean  perature’ differentials- and t6 overcome .the” poten-
resource options such as tides, wavés, salinity tial problems associated with biofouling has not yet .
gradients, and currents are also being explored. “been developed and is critical to thé overall potential

. . - . ! ’ . . 3 . i . ‘
*a . . . . . N . L 8 ! - . . . .
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; v
of the technology Once such technologles have been
demonstrated, it will be possible to develop large-
scale components, subsystems, .and full- scale ocean
thermal systgms ,
Action Program e *

~An action program has been deslgned for each .
technology area ‘to carry: out the approaches de- ;,' ]
scribed above ' . :

» q-
« Solar thermal conversion, Completlon “mega- - .
watt. solar thermal test facility .in 1978 w1ll kY
.permit testing and evaluation of/the major sub-
_systent” concepts “under development for central
receiver,approach to solar thegmal electricai con:
« version. In addition, the” conceptyal deslgn of &,

10-megawatt electric solar, thermal pilot.plant .is e .

scheduled for completion-in. FY 1977, with-con-

'structxon of the pilot plant scheduled for uhuatlon
in PY-1978. Flnally, imtial operation of the total '
egergy test tad is scheduled for combleuon in‘ FY
1977 ' st

# Solar photovolltuc convemon. Attractlve apphca-

photovoltauc conversion systems will be identi-,
~ fied by.'the end of FY 1977. In addition, a
major series of expenments on multlkllowatt pho—
voltaic energy conyersion systems will be mi;&
%oated in FY 1976; these- expenments will pravi
aliable bperatxonal éxperience and will stim
‘the developmieht- of the industrial_base. _Thi
RD&D on mateuals and fabncatlon techm

“of less»than $2 000 ;}er peak | kllowatt for ¢

a4 ¥
[ 3 ’\v." W, 9
¥ oo

* Wind energy conversion. vl

'; 19774 studies’ of programm

. 'ﬂpleted and R&D on heat exchanger tec

. biof onlnn* will be conducted. Cntena ‘will be de-
-« véloped

tions that will adyance the w1despread usc'of’ §olar .

* trated photovoltalc systems by'FY_ 1979 and for v

planar solar cell arrays by 1982.

anticipated that, in
cooperation with utiliti¢s;~the design, fabncauon,
and installation (at two climatically different sites)
of two multi-hundred kilowatt wind energy systems
will be completed in FY 1977, with the coopera-
tion of utilities. In addition, completion of the de-
s:gn and fabrication of a megawatt-scalé(wind en- °
ﬁ' system is, scheduled for FY 1977. This system - -
-~ wil gfost-e jmum design for. hlgh—wmd- ,

tbloelty sifes; ‘Pufidg FY 1977 the initiation’ of -

~ field* testing ‘of several innovative -and advanced .-

wind en[gy conversion concepts, and of: anumber . -
~'of wihd “energy: conversion- systeins sultable for,
small-scale appllcatlons wdl bé undprtaken

chan thermal enelgy eonvenlon Dunn
ic. planmng altem cl
deoffs .be com-" -
otogy and .

tives and cost-beneﬁt-nsk

or a posslble future (test facility. In"."

Jparallel with the test program, cnucal components.
_and%ubsystems will be 'developed. and prescreened

sa titit the most promising cdnd:datcs can be de-?

' .__jvelopemfor f‘ure largp-scale tesnng.-_; R

clationships have wbeenhm d and/or devel """
These e orts are laxd out =




developmenf of new enérgy resources w' 4]
affect the lives of all Americans and will thig

Congress, Federal Gownmeqt agencies, stolg:
“'local govemments, regiondl orgamzatmns*‘(e’ fe-,
gional _governors’ ' cqnferences), tha""% jvate scctor:
_(e.g. mdustry, universities, and other nonproﬁt,m-
", &itiffons), and the public..In addition, becausg’

5? thﬁgxced to cooperate on'the resolution of thbgap
L‘ '1 i~and because of the impact that ne
nology .will - have throughout the " Ju
natlons will need to'intefact with thé_ tI 5
“'is'exccuted. . . "
L _The role of the private sectornxs"
:jgged one of the: basic principles upon i
" i formul _ toicie
- fprees represen the most efficiént mea.ns of achlehng'
the Natfon’s enérgy goals. - ™,
ranitnt wi

.71 v ThéFederal G -rovndeleadershnp ‘
apd assiStande in Yveral'wa ,q}p create thé

- ~dyerall climate and’ develop fic; incentives

) needcd. to achlev; national energ¥4 »First, it will
& encourage maxlmqu private sector .nteraction and
12 w&D Second,l_d‘ will initiate

i

Aan pursuc profitably on its own. ,\,Moreover, the,
igher risk ptogra\ms manag “the Federal Gov— .
. “ernment will be brought to e point of commer-
c1al feasibili
,proceed unless- the private sector becomes increas- -
.7 ‘ingly involved-as the programs approach Comimer-"_

> v cial feasibility. Third; the Federal Govemment will =

work to estabiish -a; consistent. developmental - and
- regulatory framework that balances the early g:levelop-

S

}- public needs such as human hea]tlf safety, envrronb

common energy interésts.and problems, - Mause' ;

-xapidly as possible, but’ will not, .

ment of alternative 'eehnologres ‘with other legmmatc’ ]
g m' : a.nd the shanng of capablhtxes This RD&D ‘ap-

.'; ; vgovcmments, reglonal energy orgamzauons,
s, T public at large in the planning efforts meces-

Mons are involved in the energy problem because
tion is regional as well as national. Specifically,
xi#is localities and regions are affected differently
ergy. shortages by large energy projects, and

by envt—ronmental discharges or conditions. While in-
dmdual states. and- regional groups of states are

, pffected dlﬁerently, in terms of cost and benefits, by

*ASome new energy programs, none can take precipi-

" tous action-without affecting other regions. Moreover,

. .to the extent that'state and local governments perform

energy planmng, they have the primary résponsi-
bilities in ‘the related areas of environmental control
‘and human health; resource extraction; plant siting;
promylgition ‘gf construction and building codes to
ac¢:ommodate innovative technologles, and mdustnal
regulatlon

. Thusy one of thé roles of state and local govern-

ments‘ and reglonal orgamzatlons is to réflect these.
reglonal ‘and local perspectives in the development of
. coordinated energy RD&D policy and planning.

« “. °The, involvement and understanding of the pub-

lic are necessdry to achieve the objectives of the Plan.
. Sinee the pubhc is the ultimate consumer of energy,

. " ts concerns for the environment, human health, and
) safety must be considered as-carefully as t

. and ecdnomlc concerns. In addition, the pullifc fias

- a major role. since it must reach literally milliong of

individual’ decisions 'to implement a_truly " eff

ponservatnon program as well as. Other clemefits. .of'

natxonal energy, RD&D pohcy -
Fitially, international agreements are neeessary
to coordmate the energy efforts of countries condugt-

24
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proach will complement broader efforts of interna-
tional cooperation 1n energy policy and planning.

In view of the ‘spawific, important roles that gov-
ernment, the prlvqte \sector ‘and the ,public: at large
Ving (1fe o&s of theNational Plan

for Energy RD&_ A A
ar that an important as-
an must be the develop-

ment of approprl '=mec anlsms to ensure the par-

ticipation ‘of and interaction among these entities, To

this end, actions are being taken to:
* Develop lnternatlonal agreements

-« Improve Federal agency interaction
"« Strengthen the private interface
» Expand 1nteract10n with state and local govern- :

. ments * .
s Establish a regional interface. £

a

‘Developing International ‘Agreements

The United States is not alone in deahn@wnth
the continuing problem of a secure and economical |
energy supply. Many countries in the world have the *
same problem but, in most instances, are not blessed
with natural resources as abundant and diverse as
those of the United States. Thus, they, too, have
recognized the need for and value of effective con-
servation programs and the necessnty of developing

new technologies. i : Y

Because o.tg}ﬁe obvious economlc benefits that
would accrue, it is clearly in the-best interests of all
the nations who share the problem to cooperate in
finding its ‘solution. The U.S. policy is to promote
such cooperation and interaction wherever appro-

pnate ' -

“To this end; ERDA the Department of State,
and other Fedgral agencies are fostering international

- research, development, and demonstration igitiatives

in many energy areas. Several courses of action are -

. being pursued, including: (1) entefing into bilateral
RD&p and nuclear supply agreements; (2) partici- "
pating in the International Energy Agency (IEA); (3)

provndlng assistance to developing- countrles and (4)
pamclpatlng in the Safeguards Progiam.

- More than 30 bilateral agreements dre in effect

supplying of nuclear- reactors and uranium, ennch-,

.. ment services.

oy Speclﬁc energy RD&D agreements exist between
_ the U:S. and the U.S.S.R,, and between the U.S. and

Japan. ‘Specifically, the US curren®y exchanges in-

" formation on breeder .redctors with Japan, and in the

fields of fusion and breeder reacters with the U.S.S.R.

- T X

e benefits'provided by

ical data exchanges as well as the -

A numbeT of agreemelr%s in the nonnuclear area are
pending with Japan.

arate agreements with Iceland and Italy in the geo-
thermal field, and has agreements with Poland on
oal research. Energy RD&D cooperation also forms

.an ;mportant part of numerous other general Science

of

- member countries, and their commercial 1mplementa-‘

>

and ‘Technology Agreements with other countries.
Finally, the U.S. has recently executed memoranda
of understanding (MOUs) with eight countries calling
for information exchange on solar heatmg and cool-
ing of buildings.

_Participating in the Intemational Ene'rgy Agency

As’a result of membership in the International'
Energy Agency (IEA), the U.S. is particiPating in a

number of energy RD&D programs. For example,
active efforts have been under way during the past
year to 1dent1fy areas of interest for cooperation, to
prepare a framework of principles governing joint
support of energy RD&D projects, and to draw up

cooperative implementation . agreements, In the com- - -

ing year, work will proceed on producing an overall

IEA strategy by the end of 1976. —

-In addition to these policy and admlmstratlve
activities, the IEA has launched a number of specific,
lmportant energy technology RD&D projects. Orig-
inally, nine areas were identified for multilateral co-
operation: coal techmology, nucléar reactor safety,
radioactive waste management, controlled thermonu-
clear fusion, conservation R&D, solar energy, hydro-

gen, municipal and industrial waste, and waste heat -
-utilization." At special meetings on research and de-

e U.S. has entered into seps

velopment on November 20-21, 1975, the IEA Gov- -

erning Board recommended seven new areas: high

temperature reactors for process heat, geothermal

energy, solar pov&ér systeins, wave power, wind
energy, ocean thermal energy, and bloniass conver-
sion. The IEA also approved an energy systems
analysis effort, which will be a major activity in 1976,

to identify and evaluate energy technology op’hons _

their ‘fotential energy contributions to the various

tion time frame; and to advise the member nations
individually and collectively on RD&D priorities.

This systems analysis work will be undertaken by

national experts and by two international groups, one

- located . at the Brookhaven Natiopal Laboratory. in
. the U.S..and the other %t the Julich Laboratory in .

Germany. In the course of these studies, data on

energy and interfuel substitution possibilities ‘will be’

collected and made available to all- member nations.-

Similarly, .cooperative ventures among smaller .
. groups of paruClpatmg countries can be aﬁtranged un- -

der the auspices of the IEA. For example, in Novem- . -
- ber. 1975, the U.S. signed the five agreements as part’

of an overall IEA coal technology cooperative effort.

Vo

EY »

- .One of these was an agreement among the United
"States, the Federal Rep‘ublie of West.Germgmy, and -
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_the United ngdom to research more eﬁicrent and °
,cleaner ways to burn coal. A fluidized bed ‘combus-
‘ tion test facrlrty, desrgned to burn coal. more effi- .

ciently, will be built m Bntam at a shared cost of

$15-20 rmlhon

-

‘The U.S. participates in a number of interna-

tronal energy-related activities. that Dmvolve develop— :

ing countries. For example, there are U.S. Joint Co- -
Qoperative Commissions;; wlth Israel, Iran, and Egypt

that allow for assistancé in' nonnuclear programs.
On September’1, 1975, during thesspecjal meet-

. proposed ¢ .

arh'lnternatmnal Energy Institute (IEI) to assist de-

veloping countries in applymg available enefgm'h
" nology to their energy needs. This concept was. v{}eb

comed by other members of the'U.N, and is now'in’;
the process of being developed in more detail. In the..
nuclear area, the International Atomic Energy

Agency (IAEA) provides an excellent forum for co- -

3.

operation and mutual reward among developed and.

developing nations. Two notable programs in this
format are the IAEA’s technical aSsrstance program
and 1ts Safeguards Program.

: Partlclpatmg in the Safeguards Program

The . International -Atomic Energy Agency

* (IAEA) is responsible for the implementation of

safeguards portions of the Nonproliferation Treaty
relating to thé peaceful uses of nuclear materials. In
the Safeguards Program, the United States and other
countries supplymg niiclear material, equipment, and.
‘technologies requrre assurances'that: (a) exported nu-
clear material is not diverted by the receiving’country

" for éxplosive use; (b) recéiving facilities have adequate

safeguards and physrcal protection against domestic
nuclear threats; and (c) any nuclear, assistance, will
not be used by the receiving country to further any
military purpose. . .

- ERDA, the Arms Control and Disarmament

Agency (ACDA), and the Nuclear Regulatory Com-

mission (NRC) asslst the IAEA in developmg effec-
tive safeguards procedures and improving measure-

ment techmques ERDA is responsible for reviewing

facilities that receive U.S. nuclear materials to ensure
adequate physjcal protectlon before NRC grants the
export license. These ongoing. reviews have" proved

efféctive in enco&ragmg adoptlon of these measures -

by other countnes

* Effective Federal agéncy mteract‘ion m‘ éhergy
RD&D is essential to:. (a) integrate the goals and ob-

‘jectives of RD&D into the broader context of na-

al;_energy policy; (b) eliminate redundancles or

N N,

M

_gaps in energy RD&D planning and mplementahon,
(c) accelerate the RD&D process and the market
penetratron of new energy technologies and systems.
by- minimizing. procedura] delays and integrating tasks

performed by different agencies; (d) optimize Federal .

 resources (noney . and manpower) and thereby im-

-prove RD&D productivity in the Federal sector; and:

(e) fulfill leg1slat1ve and administrative requu-ements
expressed in .Congressional. mandates and ]omt
agency agreemerits. Of these objectives, the two that

“ must be vigorously pursued first are the: (1) integra-

tlon of energy RD&D programs into the broader con--
text. of national energy policy, and - (2) elimination- of
umntended ~redundancies or gaps in energy RD&D
planmng and 1mplementatxon

Ihtegratmg Energy RD&D Programs mto
* National Energy Policy

y ‘1 Energy RD&D goals and objectives must, be,
A mﬁegrated jato the broader context of a national
, energy policy. This necessitates interaction and co-
ordmated program planning not only among the Fed-
eral agencq&that are charged with RD&D, but also -

among all Féderal, state, or local agerigjes as well as - -

legislatiye’ bodies that will implement national energy
pollcy Tlie Energy Resources Council (ERC) is the

© primary: instrument for this coordination. The ERC
ensures comrhunication and coordination among the
several agencieg involved in developing and.imple-
menting energy policy or in managing energy re-
sources.

- Among all the Fe ral ageney interaetlou at
fecting energy RD&D, perhaps the most important is
that between ERDA ¥ad the Federal Energy Admin-
istration. It is here’ that a strong tje i$ established at,
the working level Between: national-energy lrcy and
national enetgy RD&D policy. ERDA'f:xs is the
" technological character of the energy #Stem, while
FEA's focus is the*economic (price regulatory) and
operatlonal aspects of the energy. sy
ites of the two agencies do, of
complement each other.

" In addressing Aechnological problems, ERDA
.must recognize the possible institutional and social
barriers to 1mplementatron of both existing and new
technologies and, hence, must interact strongly with
FEA as the companion agenty that can mount at- .
tacks ‘on such- problems. In modlfymg the present
enérgy system; FEA should recognize the existench. -,
of technologlcah issyes and, hencg, must- interact -
'strongly with ERD
attacks on such problerns o :

The nature and importance of these interacuons

. overlap and

_have been more and more strongly recognizfd by .
“FEA and ERDA over the past year. ‘As a result, the

two agengles have agreed to increase their emphasis

. on ]olnt program plahning activities. Mutual involve- -

ment in the early phases of program planmns will *

e 2 R

m. The activ-:

‘the - agency that can monnt T,

.
»
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help ensure developmert of: fully coherent nationaff energy, environment’ and safety, solar energy,
programs. Responsibility for implementing the pro- geothermal, advanced energy systems,-national - -
grams will follow both the legislative direction pro; security, conservation, and other RD&D pro-
vided the agencies and the capabilities in place’'in . grams. Under a separate agreement, NBS will
each -agency to direct and integrate such activities conduct an 1ndependent evaluation for ERDA
~ with its related activities. ERDA and FEA are pres- .of energy-related inventions to provide informa-
~ ently developing a memorandum of understand:ng ., - tion on- promising-ideas that have been ex-
.- (MOU) that will embody these principles and pro- ammed for their technical feasibility - and
vide an overall framework for more detaxled coordi- - . worthlness for consideration for further support.
" nation on speclﬁc programs. -

: . ~An jmminent . ngreement between ERDA and
 Of similar imp&tnnceis astrongundmtemcﬁve " the ‘Sis | Business 'Administration (SBA) to
relationship betwéen ERDA and the Environmental ~' - ensuré sIT business concerns are provided a -

‘Protection Agency (EPA). This relationship is needed ~ * _reasonable o portunity to participate fairly and.
-t assist ERDA in effectively mtegratxng its approach, *‘equitably _ in ;,Federal grants, contracts, purs"
to environmental consideratiop into ‘technology . de- chases, and other Zctivities related to energy
sign and to ensure a coordmatedﬁ‘%deral approach to RD&D ..
key environmental issues. b SR . ‘ ——Agreements between ERDA and the Depart
Ellmmatlng Redundancles in Energy RD&D L ::::o(g %ﬁe% ;t;p:::srn;ul:lll)st and
Planning and Implementatlon s : . . heating and cooling, solar electric, oce or-
. - Because of its scope, complexity, and number . - ‘mal, bioconversion, geothermal, and synfuel.
. ,oi pamclpants the Nation’s energy RD&D program’ - evaluation. A joint ERDA/DOD etfort s =
1’\has"the potential for sigriificant ' redundancies and . . planned to” identify additional areas in "which
gaps if interaction and coordinated program plan- - joint efforts will be mutually beneficial.” A gen-- '-},;
ning and management are neglected. To avoid energy - eral MOU ‘between ERDA and Douqs bemg
-jﬁlD&D program redundancies and gaps and to énsure prepared.

:‘the coordinated implementation of the National Plan —F Nuclear
“for Energy RD&D, three klnds of aqtmns are belng . R:;;z‘:;"g;zmﬁf: (ll:l?c.; :n:lheEng A to
. taken:

- provide for coordination between the two agen- -
" e Obtmmng input to Volume H of tlus Plan from

‘cies on the Saféguards Program operational pol- -
_other agencies involved in energy RD&D. In as- icy, contingefcy -plans, and .intemational re--

. sembhng Volume II of the Plan ‘(which describes. . sponsibilities; Safeguards RD&D' and " testing .
“in detail 1mplementatlon plans for the total Fed- o activities; Emergéncy Preparedness response
el energk RD&D effort) each year, ERDA inter- resources; and the sharing of nuclear materials -
LE écts with the various primary agencies involved in _ information. (PO
g energy RD&D. Specifically, other agencles review -

" .relevant’ sections. of Volume H; examine the inte- '-_‘:l:ui;::l:‘:: %r(l):n Dea v::;::m D) .:: '.
grated program for orhissions -and overlaps; ‘and. "ERDA to coordinate - activities  pertdining to. '
provnde feedback to ERDAon the results of their . - energy-related housing and ‘urban programs. '
reviews. '

. . Entering mto fonual agreements wnth other Fed —'(A;RMC?&?W;;“;%?;:: l;::mm
.eral agencies. Some of the formal agreements thaf - irements” ly vailability for .
~havé been reached in the past year or will be im- - B gner techi 4 supp ye’e:b oot O?Feg-
plemented in the. near future are 9f gam,cular Y eral gli){,D &D etf Thena ment. é alls for the -
importance: ~ establishmicht' Ak water-for-énergy. b

= - gy ase. pIO- ,; .
¢+~ —A. memorandgm of “"d"s‘indms (MOUD 15" gram at the. WRC,"participation in ERDA's" '
.. " tween ERDA und the National Aeronautics and- . enyironmental and water ‘respurce.-aisessments;
o, :-Spece ‘Administration (N'ASA) to perform basic * ‘and e.mhapgd"of data wbetween ERDA and the
* ‘? -,.%and applged reésearch at elected NASA centérs™ '. WRC: Initial involyement gill emphuasize pro-k
Y in specified dlxlphqes technologies (eg grams in synthetlo fuels; ge&ennal energy and
:. - ' photovoltaic systems, bine -technqlogies, * coal COI!VCI’S!OII demgnsﬂ'i n plants o s A
© v - fuel cell technology, hydrogen tecﬁnology, wind- .. . sa s - 4_;
QN . energy systems) ——“&L ' ' 1 AR TR
-5™An MOU: buiven ERDA and the Nalnsl ™ ERDA 5 o sgpoe s vt o ooy,
- Bureau of Standards (NBS) t6 :cooperate iq, -~ American Association of Small R Coi; s, en-
identifying and evalyating specific programs’ re-* titled "Opportumues ‘at BRDA o Sm m L
“lated to measurementi and standards in_fossil _panies,” .. . e

? B . 4,' PR )
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« Participating in the Federal Energy Manageient
Program (FEMP), The Federal Government itgslf is
a significant enérgy consumer, representing over 2
percent of total national energy consumption. The -
Federal Government is alsq the largest single pur-
chaser eof energy in the Nation, thus providing a
significant opportunity for direct savings and lead-.
ership.in energy conservation. . ’ . '
The Federal:Bnergy Management Program was
established in’ ;1973 to achigve major reductions in
Federal department and agency .energy consump-..
tion. In 1974 and 1975, annual energy savings of
. approximately 25 percent were achieved, primarily °,
through curtailment measures such as adjusfing
thermostats and lighting in Federal facilities and
. é‘,lj_,- eliminating wasteful practices in the operation of
¥, ships, planes, and automobiles.” .
'~ This program has now been extended for 10
years to reduce energy use in the Federal Govern-
ment through adoption of cost-effective technologi-.
cal improvements in Federal facilities. It is also
. expected: to have the “spin-off” benefit of demon-
strating life-cycle cost-effectiveness of conseryation
.technologiés not now in the marketplace. Devel-
oped under the policy guidance of ‘the Energy
* Resources Council (ERC),* the program will be
_undertaken by: . ‘ " "
—FEA, which is. reSpoﬂ'si' for management
: leadership W o
" —ERDA, which oveérsees the technological* as~ -
: pects of the program .~ :
—GSA, which is charged with ensuring appropri-:
ate program.implementation. + .~ s

RS
" '.q

P
=
A

'Stéfﬁthening the Private Interface

Decisions on eneigy RD&D programs will affect.’.
the life of every citizen and. every ingtitution in the’
country. Thus, all-citizens -should have the oppor-
tunity to influence those decisions. However, there
‘are many “publics” who have interests—often”con-
flicting intérests—-in energy RD&D. Other difficulties_

" include the technical nature of the subject of energy;
. the long lead times_involved in planning; the com-
plexity of the energy-field participations and mrission;
and the proprietary nature of some of the informa-
tion. ;- ‘ s . v

j ‘.‘.ﬁns__ﬁring that puBlic'opinio;lfii r_epl;gscn'i'ed'ini :

v

.,
+ energg RD&D planning and obtaining support for,
implesAestation of its results require a two-way dia- ..
* " logle befween informed citlzéns and receptive. deci-
sio! ers. Government gfécisfon-tnakers fnust pro- - .
vid® the Pulplic with timely and complete information, _ °

‘ 3 ; I3 |
* " # Subsequent ¥y this .action, the ‘Energy, Policy -and Con-
sérvation ActY{P.L. 94-163).mandated a 10-ycar conserva-
tion program for buildings owned or leased by the Fedéral
_Government. A part of the FEMP program will address
thig requirement. L ’
, . . L : ' B C :

8.

_» Advisory committee. ERDA has a number of ad-

AR ) .
The:Congress « .

including ‘background materials opn the problems, .
needs, and concerns of energy RD&D programs and
planning; possible solufions to the problems; and
possible effects. (social, environmental, ‘economic,
technological) of the programs, problems, and solu-
tions. The informed citizens must be pravided with .

forums, including thosd listed in Table IV-1. Among
the most important of these avenues of communica-
tion are: : " ' s

. and take advantage ‘jgjrvarious communications

,

visory groups made up of individuals who repres,
sent a broad spectrum of technical expeértise and
citizen interest.' The General Advisory Committee
maintains a broad overview of ERDA’s programs; .
Seven other advisory committees deal with spe-
cialized areas: Advisory Committee on Geothermal
Energy, General Technical Advisory Panel ¢Fossil),

Table IV-1 Forums for Interaction / B

Primasy Forum for

Interests Affected Soliching Review and Commients

The general public, - ¢ Advisory Committees

industry, state and % ‘e Consumer representation

regional energy .7 plan . .

representatives, special ¢ Public hearings and

interest groups, and the ~ meetings Cot

academic community o Meetings with ERDA " -

L . : officials, T

: : : - » Federal Register requests

T . %' . for comment .

e Publications and speeches
e . - » Environmental impatt
g}.‘-. . RO - statement

Lgigisiati.vq hearings on .
N . ERDA-related programs-and
841 .- . A
2 N budgets -.

e ot . L N

General Accountin'g" Office
- reviews and othyr special
. e , - ' study requests:
A A e Formal review of the '
: : : ‘National Plan for Energy

N « . " RD&D by OTA and CEQ™;

4

!

v .
Other Federal agencies - . Joint pjanning {l’cﬁyit‘@;ﬁ -
S AR throughout the year
o N = Review of the Plan, pri
-t - publication and'respo]
- B ) a formal ERDA rggybst'fér
. - *..  programmatic ' " :(.x:™
T e ) information®* TR
* * o Environniental impact

- stategnent o

9

s

.'\e,.-

_ » As shatéd, inVthe emebiing ERDA :legisiatior; the Councll-

- pn Environmenta!  Quality (CEQ) is required to undertake .
an ‘ongoing _ass 1t ‘of the adequacy of attention. to. *
enviroimeqtal pratection and energy: conservation in -the
energy RD&D program. The Office, of Technology Assess-
ment (OTA) has fiiso been taquested by Congress to under-
steke a review of the annual report. o T e

"+ See ERDA 76-1,: '

:¥olume . 2—Progrem’ I'n\pl'dirlpMOn. for

", othar agency detéils on specific programs. .
. -9 . RO

C

. A L
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. Historical Advnsory Commrttee Senior™ Utrhty
. Steering Committee, High Energy Physics Advisory

Panel, Lignite Advrsory ‘Committee, and Atomic-

Energy Labor-Management Advisory Committee.

Meetings of these: groups are amjounced in ad- "~

vance and are open to the public.

* Public heanngs and meetings. ERBA. tholds and

Pparticipates .in many public hearings,. meetings,
and conferences. For . example, ERDA has initiated

 a series of regional public meetings to solicit com-

‘ments on the National Plan for Energy RD&D in

genéral ‘and on the ;mplen)entatron -of the Plan-’
for the regions in which the meetings are hefd in -

pdtticalar. From these, important relatlonshlps
are developed with concerned interest groups and.
state and regional policy makers. As a result of one

* of the’éarly public meetmgs ERDA will be sup-

"plied with a centinuous flow of information and

viewpoints from 16 southern states on the National
Plan for Energy RD&D. {

_** Primary responsibility for conducting these meet--
ings is.being assigned to the regional- ERDA .or-
ganization, with the aim of establishing these of-

fices as accessible contact centers. Public meetings -
will continue after the ‘publication of the. Plan to

discuss-its contents and its impact on the Nation
.from a regional and local perspective. Meetings.

" have ‘already been held in Atlanta and Seattle,

“able.. This communication
through publlcatlon of enviromental impact state- -

and are being planned for Denver Chicago, San..
Frdncisco, and Boston.
Environmental impact statements. Programs to ap-

- prise the public and organlzed interest groups of .

the estimated enviconmental characterlstlcs of al-

ternative prospective energy systems and to pro- -
"vide open channels for respondlng to speoific

publlc concegns in the decision progcess are avail-

basically lmplcrrfented

ments and throtgh their assoc1ated,publ ic hearings...-
Envitonmental RD&D activities are directed

o
: w rough a sequential* process, tailored*for. each

(program) or sijte- specnﬁc Jii7

.~ €nérgy, alternative. At milestones in this process,
" where actions may be proposed that would signifi-+

«cantly affect: the quallty of the environmeM®, en-
vironmental 1mpact ‘statements are prepared En-
-vironmental 1mpact statemends: ‘may ‘be generic.

pending :on the state of te‘molog'y development

E -and__neatness “to; demonstratlon They explore

. -policy and prd

and economic climate are paramount in a demo-
cratic_gociety. Comprehenslve consymer represen-
‘tation plans are bemg ‘developed by all -major -
Federal agencies to’ provnde specrﬁc channels for
comsumer _participation in major Federal-agenc

gram decisions. This effort is in re-
sponse to the President’s call for an examination of
present: and new procedures by which all consumers
can;receive zan equal opportunityyof bei d.

Prelumnary consymer representation plans ha'v? _

. *been pubhshed" and, after comments have been.res

ceived in- writing and at a sene$‘-o£ pubhc meet- -
ngs, wvill be made final'in 1976. ~

A’s Consumer” Repmentatron Plan is being
dcs d to ensure ERDA takes into consideration
the effects of its programs on a ‘multitude of con-’
“sumers. Participation of énergy consimers and

¢ producers, in-thevlecision-making of the agenc

. both Recessary and_desirable. ERDA's-job.is to

assist: prN?te mdustl_'y in the development of new - .
or improved technologies that can ‘be made com-

meércially attractive. This implies.the tec;bnologm

.ernment as a whole controls the marketplace or

*, the Nation’s  environmental and socjal standards;
" " in the final analysls, it is-the consumer ‘who does,

L through buying practices and the Political process.

Qt) in ndture, de-+ “ *

n

. cmoh-malong process if it car brifig to, 1
s-or gssumptions raise workdble :
new or

For the consumer to pixrtncnpate in this decrsron-
making process, he must know:

-~ What detisions afe planned, when' they wrll bc

, made, and who wilmake them = ‘- .

..—The. technical, economlc, environmental, and

- institutional facts and hssumptxons avarlable to
thg decision-maker -

—-The alternauves undér consldiratxon by~ the
decrsnon-maker e

‘_hTh\e analytical tools methqu, and results’ tha‘t §

LT used to assrst-m the @msnon—makm}

process.” G
An- mformed publrc?an lﬂﬂyence thie Federal de
new
ditional f;
r differen altemanves, and- pfovi
addmonal analytj alresults Thé ERDA orisumer

! §

*

- must meet the requifements of thé" private L
, marketplace in_terms of peeds, institutional com-
" patibility, economles .and the requirements of the _
general welfare.(i.e., en’vrronmental and social ace -~ .

ceptability).’ Neither ERDA 'nor'the Federal Gov- - -

~ Representatiof®Plan is desrgpecbto gnsure s ficw:

' ot oplnlonand infognation. 2 . L e b
- Altfough these?mmumcanon forums are-gdhc
erally available- tgy all ¢itizens and" dll sirfstitutigns,
specific avenues bcmg expl and important -

_ pollcy initigtives are. being taken ‘to- es!abllsh specrﬁi:' .

. 1nteract|on with' mdustry ad. umversrtl&' g

“Federal R Regl#r Vc...:ne 40, r@s November ‘26’ o

* ’sociological, aesthetlc and other pubtic” concerns -

. and provide a basis for public review and discus- -

. - sions to ensure pubhc input to 'the energy develop-
‘" . rhent process.. .

* Consuriier representatlon plans. Interactlon with -

the public dt large can be :the most difficult”

. dlalogue to. establish but can also be the most re-

warding as the public’s concern for human health,

- safe'ty, the. envrronment ‘style and Quallty of llt'e, ‘ 1975

[ ' ° A T e
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. Table V-2 lllustrative Jointly Funded Programs With Industry® . '
P " hd . _- . 76 T . - . * .
. R T S * . Percentof Total Esti’
. T SO Y S et e . K m.tpdcostConu-lbut.d
Program Aras : L J C ‘f Industry Particlpant by lnduetry .
, A., Fossil A T TR [ ‘ S e T
1. High-BTU Gasification ¢ g _ : B -7 o o ‘/?;:‘
" a. Bi-Gas Pilot Plant < PR ‘American Ga$ Assocm’aoﬁ ' L %2/
b.: Steam-lron Pilot Plant s -Amerlcan Gas Association L, : 33
2. Gas and Oil Extraction : - ’
a. Miellar Polymer Flooding -, . oil companie§ 65 .
b. Thermal Recovery and Solvent Oil companies ™ .. B2
- B. Conservation - _— . o
1. Electric Energy Systems o . i “4'_. . : L
a. Battery: Energy Storage Test Facllnty , .-Utllrty companies * " N T ;54
b. Forced Coollng Test i " .Electric Power Res€arch Institute (and a 76
. : . * wanufacturer of underground I .
Lo S +. electrical équipment) - . oo s S
. . " R . : . . . - HARL L B o Lo
2° End-Use Conservation . - . o . e .. e
: Stirling Engnne—lOO H. P Automqbile rnanufacturlng Combany 50" >
C. Fission s - 4 R Lo
Clinch River Breeder Reactor - Utility compannes (and somu r’oactor "y 14 .
s ) S manufacturers) ST R
L B . - . et T ’ - . hd
_ D Geothermal o o 3 oL _—
" Thermal Loop Expenment with Hot Brunes o Utility companyk_' S R - 50.
. Su Table {I-6 for the estlrnuted total cntt-shurlng with ‘non-Fedarsl organizations.» L ‘ T
. . . . . . . . . . . "‘; ’:~

Interaetron with Industry

‘The ERDA mission is unique: Unlike other gov-
ernment agencies involved in RD&D, ERDA’s mis-
sion is to'research and develop new technologies and .
to assist the pnvawseeto_ y penetratmg the market
with their new: ;ec\'
. grams are desi, ¥
possrble pomt%h R process,,.

The tradi mmguté‘ of technology rescarch and
dev.elopment is ft:grﬁ‘ bagic ang applied research

oii?e indugtry at the earliest’,”

-

ERDA along with other gtwemmeht agencres,
. {s also conducting a study to determine how-the exist-"

'_. ing patent and licensing pohcy can be applied most

4T o this end, ERDA pro-

_laboratories: ands individual inventors. through”engi- -

‘ices for use by all cofisuming levels. It"is obgous
that industry, both largecand small, is crucial to this
process as the developer producer, and. marketer.
- Thus, the Federal Governmentl mdustry mterface is
" as’broad-as industry itself. e L 0t
. Various rums .age used 10 comntumcate with.
Amefritan: mdustry (Ste- Tab‘
° as shown in Table IV-2, ERDA is secking jointly
" funded of ]Omtlwplanned ,programs wrth ipdustry -
and, indugrial orgamzatlons‘ to " éstablish - .workinhg
relatlonshlps at-the earliest possrble developmental
stage of new energy technologles . -

‘ -

*For example,»a membrandum of understanamg is immi-
" nent between the Electric’, Powcr Research Institute ind

“ERDA to jointly review program ptans, coordinate future
- activities, identify - projects approprlate for. coordinated

. neermg facilities tQ.the l)toducers of goods and 'serv-

.

effectively to’ enhance’ the private sectorg moenuve
to engage in energy” 'RD&D. Public

been held at which, much helpful cntrzsm ‘has been
. received ftom -varjous industry - Tepresentatives and
. public inteTest groups. An intérim report was recently
submitted to Congress, and it is ERDA’s intention to
complete the-rpatent policy and to, deliver a
fial report to Congress ip 1976."

The financial communlly ﬁas\; crltrea‘l rol;ﬁ

- the market penetratron of new enéigy * techn ogies. |
since it is from this sector that muth of the funds for -
: RD&D investments will come: Wi ut; the financial

™ backing of the ban.lr.mg and inves

eqtmgs have -.

'

T

mentibstititions, |
- lg, verysfew fiéw: enérgy technologies will cOme’ jnto gen-

*" eral usk. But before making the necessary loans, the. .,4

1v: l) In. addition, .

_financial commumty must be assured of the teﬁmcal

* SUCCESS otpthe energy optwq, lts‘abnlrty to-capturc a’

” not hnpede or prevent market’ penetrat:an of the téch-
*.nology. It is, therefore, imperative that ERDA main

IS

parallel or sequential conttactmg, and,,rdenttfy efforts ‘ap- -

>

~propr|ate ‘for )omt fundm:
e

- larkes eniouglr share ' of, hétimrket 10" become -profit-
able, and g govérrimeyr regulatdpy- climate that will -

v,

tain close liaison with the financial community, to >
' communicate the status of the energy RD&D pro- -

'grams and ;of government attitudes and, in turn, to
understand "the concerns and attitudés of the mvu-
- tors. Durlqg this year, ERDA will mttrate sucil a rela-
tlonshtp

. S - v : P
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No summgry of-efforts to strengthen the relation-

+ ships with industry would be complete without i men-

tion of the government’s commitment to small busi-
ness. Specnﬁcally, all government energy RD&D
program managers aggressively seek out small busi-
ness partnc:patron,‘and small companies: a:e

tion, an ERDA task force has been .established to
. coordinate-ahd monitor small business 'participation,

' and a cooperative agreement with the Small Business

Administration is being readied for signature. Like-

" wise, individual invéntors will be asslired full evalua-
tion of their energy-related projects through a joint
- program of ERDA and the Natlonal Bureau of
,Standards o

>+ -Liaison with lndustry is also bemg furthered
throUgh the use of technology utilization representas

“Stivesdolated-ini eight of the Nauonal"g

"’ .t.hrougho\lt the country. These represen
..+ :as Iocal and regional points of contact with private -
die -mdustr;y on the availability of technologies, partic-
ularly»those eVojvmg from energy programs but hav-
* qmg fionéngrgy; apphcations.
¥ Fma!ly, the fffice of Industry, State and Local
%dl Be! ugng.ﬂSE) advnses ERDA programmatic and °
orporate” management on bstter wayséo obtain
and use industrial views in the ERDA ‘decision-mak-
ing process. To this end, the ISL staff is in frequent
communication with, all segments of industry, with
ERDA energy RD&D program offices, and with state

wr

groups. frequently share common interests in energy
resource development implications, this centralized:

organlzatlonal unit represents- the interest of these
A grough’ in° planning and - policy formulatjon. Also,
4
{ ). ' ERDA ‘ently established an Office of Commerc:al-

2dio¥hat js responsible for: ...
- Contlmnng the analyses agd initiating: ﬁogram im-
plementatlon efforts related to the synthetlc fuels
* commercial dembnstratlon program *
¢ Idemifying major constraints to commercialization

o

. contrlbutor to the development of adequate man-

made, |
aware of the existing project opportunities. In ‘eddi-

ratories . -
s serve ' ¥

RS

(X8

and local governments. Since representatlves of these -

power resources.

- During FY 1975, contracts approximating $135
million** were signed with universities. ERDA ex-
. pects' this figure to climb to about $140 mllllon"‘
durlng FY 1976 and $170 million** .in FY 1977.

~ ERDA.i

broad ‘and- efféctive, partnership with ‘universities in

. conducting research, training and developing skilled

manpower; ensuring local concerns are incorporated
in the National Plan, and strengthenuSgthe traditional
role of universities in research and. teabﬁm& To this
end ERDA i is in'the process of develop1 :

the effort are:

s Universities and colleges through ik
will be.encouraged to participate in%Hs}
energy research programs to the maxit
of their capabilities and interest.

¢ University activities supported by ERDA \\{111 be
relevant to ERDA’s mission and compatible with
the interest, strengths, and act1v1t1es of the univer-

] s1ty °, .0

" ERDA will encourage participation in supported )
research by young faculty membersgand by stu-
dents, as well as senior investigators, in ways that
enhance and strengthen the universities’ traditional

- educational and research mission. _

¢ Team research of both an interdigciplinary and a
multi-disciplinary nature on the part of faculty and
students will be encouraged on appropriate sci-
entific and technical related subjects, and on the
broader social assessment of. energy development
and utilization. . - .

o

- » ERDA recognizes and will prolmde support to the

of other selected energy technologles and analyzmg ‘

o the effectiveness of .various incentives (such as in
. the Nonnuglear Act) ln overcoming these con-
i _straints :
) . Exammmg mechanlsms for speedmg the introduc-
{ tion,-in the near-term, of available energy technol-
ogies lnto themarketplace - , .

Interactlon "with Unwersmes‘ :
The Nation’s academic commumty represents
an,lmportant resource needet for. the conduct of sup-

porting research and techpology development~across
the spectrum of energy RD&D, as well as a rha]or

[y

* Al nonproﬁt lnstltutlons of higher leammg and educa- .

e tional nonproﬁt organization that 'are operationally

nfﬂhated or integrated with such institutions. - %

" visory Committee to provrde input on matters related

extent practicable-to the universities’ primary edu-
cational role of training professlonal manpower to
meet current and long-range enetgy.needs. .

* ERDA will encourage the submis$ion from univer-

. sity lnvestlgators -of ufisolicited research prbposals

that are consistegt with the specrﬁc mission and
objectives of the program. .

Cooperative efforts among the umversmes, industry,
‘and ERDA’s National Laboratones.and Eaergy
Research Centers will be encouraged :

- An ERD University Conference was held in
carly November 1975 to acquaint_universities wu.z
ERDA'’s programs and plans and to encograge opel
~ dialogue and feedback. Followup meetings’ are con-
templated, as is the establishment of a University Ad-

to the ERDA/umverslty ipterface. "~

* ** Excludes funds (e.g., about $750' mllhon for' operatlng”'
expenses in FY 1976) paid tp umversltles and umverslty
consortia that operate F,RD!#éenlmes .

£

.;

ulldlng on 'this base to establish a ¥+

b

.

v ‘.
N .
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ingidnterdition ‘witfi* State and
Local Govermunents , R

are well aware of the Nation’s energy prgblems -an

State and local govesnments and, regional groupg*® -

* have major responsibility” for finding their solutions.

Their perceptions of ¢he probletns, the candidate so~
lutions, and the possible local and regiqnal impacts
must become an integral part of thg planning prbcess
for the energy RD&D) program.. i

State and local governments can contribute: sig-
nificantly. to energy RD&D projects by providing the
general public with the information necessary to ob-

tain sociopolitidal consensus on energy matters and -

by encouraging the -conservation ethic not only for

" energy but also for other natural resources.. They fre-.
- quently have the tools—taxatjon and Eiting authority
. ! _to ameliorate some of the inequities brought about
" by new technologies. These government3units can
make significant contribution in other ways as well;
for example, 38,000 units of local government utilize

B2

' ‘enormous numbers of buildings, vehicles, and equip- -

ment andare among the largest energy consumers in
the Nation. They can take the lead in implementing
* techpology improvement and conservation® methods.
In addition, numerous municipalities are producers as
‘well as consumers of electrical power, thus they have:
an immediate and direct interes
eventual implementation of projects.
' ‘Among tie roles these orgartization§ have are: )
« Identifying Yhe' environmental, social, and eco-
nomic impacts of energy projects within- their geo-
graphical jurisdictions o
Developing and promulgating, when appropriate;
. revised local standards, taxing policy, and other
. incentives (such as construction and land-use plan-
ning) that facilitate and encourage .encrgy conser-
vation, thesuse of new fuel sources, and the expan-
sion of the supply of existing sources '
Defining questiors, problems, and al

® !

ternajye solu-.

.
»*

\

the execution and °

.« A

tions with respegt to resourcezextraction, transpar-:;:
A e ¥

tation, and, distribution , .
Helping provide information and data to assist the
public in arriving at an informed sociopolitical con-
~ sensus on energy matters S "
- Participating in national energy RD&D planging
Conserving energy in providing services-and in
operating government facilities within theirzjuris-
diction. - : ,gl

" Technical assistance is being provideﬁ fo ofany
* . state goyernments through the techiology utilization
program mentioned earlier. Technical representatives’
located in eight of ERDA’s National Laboratories at-

. a5 temBt to match'State needs with technolagy available
; gy ¢

at the laboratories. The National” Laboratories are
% working on re%'onal assessmen studies thdt, will pre-
dict and evaluat: '

. . 1

s @

.

S S S

¢ the sogioeconomic, environmental, .

84 .

L.

- ﬁd« sogial impacts of energy resource developments.
actively cooperating in these

* State ‘governmen
“studies. o

-~

A fegional studies

ts are

¥,

program is beiné conducted

d: .. to. predict and evaluate the socioeconomic, human

health, environmental, and institutional jmpacts re-
ated to th gevelbbment of all on-line afid prospec-
“tive en%{ sources. Six ERDA laboratories are coor-.
dinating¥this programson a regional basis and have
_ direct contact with state' governments. This program
provides not only information ¥0.ERDA on potential

"environmental issues but also feedback to the states

for use in energy policy decision-making.

Thé'itates are already agtvely engaged in exam-
ining energy RD&D and broader energy matters. For
example, under the National Governors’ Conference,
five subcommittees have been formed to deal with
national coal polidy. These subcommittees and their

ArchMoore (West Virginia); Water Requirements for
Coal, Governor Richard Kneip (South Dakotaj: Coal

chairmen are: Surface Mine Reclamatighy. Governor -

‘Gasification/Liquefaction, - Governor Dan Walker

(Illinois); Coal Transportation Problems, Governor- &

Julian Carroll (Kentucky); and Boom/Ghost Towns ’

and Financial- Problems, Governor ¢Richard Lamm
(Colorado). This work is being coordinated with the
newly created-Intergovernmental Coordinating Com-
“mittce Tormed under the auspices of the Energy Re-
sources Council. This committee. will serve as a cen-
“ter for interacfion among Federal, state, and local
government' officials in developing national energy
policy, and is already working on synthetic fuels
policy and coal policy. Specifically, the new commit-

ts and
their regional and national associations can be in-

tee witl facilitate Federal interagency coordination -
for national energy programs. It will als§provide a -
- vehicle wherein state and local governmen

w

' formed and consulted as palicy plans are developgg | " .

to ensure adopted policies will hdve the flexibility to-
fit various geographical situations. '

.Beyond participating_in enérgy RD&D. polic);
formulation, and: technical information activities,

»

states- and localities are c.arky-in%f)ut specific energy

RD&D projects. For example,, the states of Texas
and* Louisiana are- studying the characteristics and

thd_Gulf C8ast. The City -of - Aibuquerque, New

thermorxdiation ‘of sewage-sludge, while the Gity of
Hobbs, New Mexico,.is working on a community-
. wide énergy managenient plan in' cooperation With
the University of Oklahoma. -~ " "~ . =
©" The strenfthening of Federal ties: to regio
*states, and localities is essentjal to the achjevement

of national energy RD&D goals. To this end, ERDA - :

~is actively building new relationships. with regional
~bodies and with state energy offices. Workshops cov-

- development potential of geothermal energy along.

is involved in research on.a pilot plant for .

ering specific . technology .areas are ' now being

’ N

v;)
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-y

planned. Information packets are being distributed « tfation of near-term technologies. Success or’ failute

regularly to all 50 states to keep state officials ap- -

prised of national engrgy RB&D policy and pro-

grams. Several technology transfer programs that

would bring the Federal Govérnment and the state
together in a ycériet,y of cooperative activities are now
under consideration. This increasing interchange will

“clearly result in greater input to.and ‘consensus on

the National Plan for Energy RD&D.

. L4
»

Establishing the Regional ln}terfa‘c'év

The dofnestic energy problem and its solution
are national, regional, and local in nature. The prob-
lem extends beyond traditional RD&D efforts and
includes, as an essential ingredient, the market pene-

Y

Pacific Northwest Lebo @ o, / R
mcuu@gé‘*

Idaho Nagional’
Engineerikg Lab. o

Lawrence Laboratories
Berkgley Livermore

SAN

LEGEND:
~ @OPERATION OFFICE

® FIELD OFFICE

co & AREA OFFICE ;
o @ LABORATORY .
24 - % . 5 ENERGY RESEARCH CENTER
. ¥ PRODUCTION FACILITY
1 . . . - .
* SITE >y

*  NOTE: THIS MAP DOESNOT INCLUDE PILOT/ . o
’ DEMONSTRATION PROJECTS, OR CONTRACTORS ,

-

in meeting. the Nation’s energy.needs will depend as
much on the ability- tq resolve complex economic,
social, political, and ecological issues at the regional
and local levels as on ‘the technical quality of the
specific energy RD&D programs. The Federal Gov-
¢rnment must therefore be sensitive to local and
regional needs._It must also reach public and private
groups at these levels to provide information to them;
to develop effective, productive communication links -
with regional, state, local, university, financial, and
industrial representatives; and. to receive feedback
from. thétn on the problems, progress, ﬁublic accept--
ability,  and ‘ovetal{ effectiveness of ERDA’s -pro<
grams-and the National Plan.for Energy RD&D. To
assist in-achieving /ERDA’s, overall energy mission
and in carrying out its specific .assiged energy pro-

-
*,
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gram respoﬂ*s:bﬂmes, an enhanced regional capdblhty'

 may be desirable.

' ERDA is a nationwide orgamZatxon (seea Fxgure
‘IV-1) created by the Energy Reorganization Act of
1974 from a combination of Federal energy RD&D
. units formerly resjding with the Atomic Enel-‘gy Com-
mission, Departrient,of the Interior, National Sciengg
“Foundation, and the - "Environmental Protect'bxf
“Agency. These diverse elements brought with them

*considerable headquarters and field resources and a

. < ~variety of management practices.

o

K

4+ consisting of approximately 3,000 people, and a

<

L
K3
'
o

s 7

's © nationwide field 'organization consisting of approxi-

- mytely 95,000, of which more than 90,000. are op-
erating contractor employees, This field orgamzatxon
consists. of: .

+ 55 laboratories and production facilities, w1th the

ERDA is composed of a headquarters faclhty.‘

major operating contractors including universities,

university consortia, nonprofit organizations, and
private ifidustry. These facilities, most of ‘which
emanated from the'formers AEC or, the. DOI's

Bureau of Mines, include 8, major multxprogram‘

'laboratories, 5 Energy Research Centers, 6 engi-
neering- laboratories, -7 spe'ciaus:d physical re-
search labof'atones, and 13 specialized biomedical
research laboratories,«_;l' here” are also 9 nuclear
. material p?ocessmg plants and 7 weapons produc-

. tion and- testing factlities engaged in carrying out

ERDA’s :mportant national secunty responsnbll-
ities - = e
* 8 govemmanL-staﬂed ﬁeld f)petatlons Offices—

2

from, the former A%G; These Operatlons Offices -
.. are. responsxble pnmanly for cor‘lﬁ'act administra- *

'~ tion, mapagenient,--afd..: rev1ew~-,Th|s.mcludcs
responsxbihty for.administering the opcrating con-
- ‘tracts for the govemment-owned fontractor-

- operated (GOCO) facilities in their region. Some ;
Operatxons Offices - also have dlrect operational -

L]
_ responstxhtles and, in 4 few cases, fulﬁll program
management and execution functions.

The diversity of this interface and ERDA’s role
to assist the private sector in introducing new tech- -
nologies to the marketplace, among other thmgs,

‘necessitated a_management assessment of field Te-:
- source utilization. _
As a first step in this assessment ERDA estab- -

lished an ad hoc group of experienced R&D man-
agers from inkluistry, academia, and the ERDA field
structure to eonduct a Field and Laboratory Utiliza-
tion Study.* Based in part on the study group’s rec-

"ommendations and on other management considera=
* tions, ERDA is studying’ possible orgamzatlonal ‘and

management actions, mcludmg B -

- o Delegating project execution authority to the ﬁeld .

on a case by case basis , ‘

* Assigning specific mission responsxblhtxes to set’ .

lected laboratories and Operations Offices

9 Developmg 4 coordinated approach to marshal

the various technical resources in each- fegion to
help ERDA attain its energy research, develop-
ment and demonstration objectives
Several task forces are now under way and will
be reporting their findings and recommendations to
ERDA ‘management. These task forces must con-
sider both the benefits and the consequences of such
actions. In addition, alternative approaches, staffing
and othér resource implications, and possible dis-
ruptions during a transition period must;be defined
and evaluated. ERDA is takmg initial actions, where

'theWappear appropriate, to increase field responsi-

bilities, but the scope and timing of these and possi-.

ble future”changes require and will receive car8ful
. review. | .

o .« = = .

* The results of this independent study are contained in -

ERDA-100, Report of the Field and Labontor! Utiliza- .’
tion Study Group, December 1975 .
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. Chapter V—Imﬁiementmg The Plan-

- ERDA Plannmg System -

Under the Energ% Reorgamzation Act of 1974"'

. the Federal Nonnuglear Energy- Research and De-

i

_agencres; industry, and sthe public, ERD

velopment Act**, and ‘several other statiites, ERDA
is. assigned planning ,responsibilities that extend be-
yond those necessary t6_formulate the progMms that

the agency. conducts di?‘egtly One of ERDA’s major

responsibilities is to update its ‘National Plan for*
Energy RD&D annually. Recogmzmg that its plan-
ning responsibilities have impact on othér Fedleral,

it “is ymportant to document the Planning, rogr‘ﬁm-
ming, Budgetmg, %nd Review @PPBR) system
developing to discharge its statutory maifdates. ,b

The overall objective of ERIDA’s PPBR system

" isto provide an isitegrated and discrplmed approach

-ERDA’s portion o

ta apalyzjng the Nation’spfuture energy technology
needs; for(hulatmg the vFederal role in.addressing
those needs; desrgn?g tarfeted § ograms?to conduct

the Plah;. allocating resources
consistent Aith -thé Plan“and program design; and

egsuring’that ERD#\’s ‘programs ‘are effectivély man-

aged. Accordingly, the PPBR system will addrsss

‘majot iues sudh as:

W i

. * What new energy technologies should be pursued

. natrpnally,to meet energy goals?

¢ Sections 4(b) and 4(c), and 6(a), among others of Pubhc )

. _Toewhat axtent will the private sector develop im-
portant technologies without Federal assistance?

. I‘f FedeFal assistance is involved, what is the roie

&f RD&D in comparison to regulatory, ﬁscal or
institutional solutjons?

e If Federal RD&D is mVolved what specific pro-
gram goals are appropriate, who should mana‘ge
* the program, and’at what cost? - .

 If ERDA is responsrbie for RD&D what is the ’

most “cost-effective program plan - and related
budget? .

P N i : e
W

-

e Sections 2(b), 103(1), and 103(4), among others, of Publlc'

Law 93-438.

. Law 93—577

k3 . o . : Y :. .. ! -

- L : X 1
. g
LT~ .

Believes\‘

1s“

PPBR System Structure® = < .

. * The general features of ERDA’s PPBR system
are illustrated lﬂ Figure V-1. The system comprises
analytical, plannmg, resource allocation, program
implementation, and program evaluation activities. ’
The analytical actﬁ'ities provide support for the plan-
ning activities, which focus @n normative, strategic,
and program planning. Strategic and program plan-
nrnggn turn help guide the resource allocation and
program implementation activities, Program evalua-
tion activities.serve to check actual progress against
planned prd%ess and provide a basis for updatmg

- and changing planning goals.

. Environmentdl planning is a key part of the

: ERDA PPBR system, environmental issues (includ-

ing occupatioral and human health, safety and wel-

-fare, and ecology)_are thoroughly tonsidered and

weighed throughout the analysis and decrsron-mékmg
process. “Accordingly, environmental planning is *
being embodied in a formal structure within the
PPBR to .ensure that” appropriafe environmental
RD&D priorities arg-maintained and that ERDA re-
sources are allo¢ated"to produce énvironmentally ac-
ceptable energy technology options .

.Planning Actrvrtles

1

PPBR activities focus on three types of -plan-

.Jning——normative, strategic, and program—aimed at

determining what -ought to be done, how it can be
done most effectively, and what will be done. En-

" vironmental planning is an integral component of

these three major planning phases. Accordingly, this
section. discusses each of the planning phases and .-
then describes ERDA’s envirofimental planning pro-
cess as it relates to norrnative, strategrc, and program

.'plahruhg I o , ,“

Normatrve £Ianmng

ve planning identifies preferred so]utions

Norﬁia

10 the national energy problem; that is, what ought to

be done. The idéntified solutions are based on a num-
ber of analytic inputs and pdiicy assumptions, As a

. -7 Ty
- < . P

7“ l_ | L TG



82_j’ ¢ : o . .

‘s

R

.

> — | NORMATIVE ,
PLANNING | & '

. T > .L '_. :' ,
* N . . . . . '. :.
' ' __ | STRATEGIC" . o
N it ° —] L
A AL¥SIS " | PLANNING ek i
) ’ : ‘,-. ¥ ::,:})_ 1:' . - ) ’ ‘ )
L R IR £} "RESOURCE ) %
R IS . T ALLOCA o
- o ON .
a' » I . ﬁ“?-’ )
b e -PROGRAM | S ?
. e | PLANNING g 23
*} ' o . v . : ' -;‘ £ b
v . L C . 2 NPEA @
Con -n... . . . \4 ~ L
" At‘-‘d . A}B '-\0 k
. '.T-*“-_' ’ ) -Flgure.vf’l'"“'jﬁqnml.f PBR; System el el e
" B . . . ) S g oo ‘..,' L - :.”.._I,;. ; "V T B . —, . e ’

, - ) g;- T : . !
ﬁrst step, reference pro;ect;qn; that mdlcate ;hq. A reso}urce man'powzr andgﬁ dalireqpuements reg- s
future state of the energy: sysfem ‘based on exﬂ;tmg.}t ulgtory. processes, nagonﬂ ‘ifiterests - 'and secunty 4
trends must: be established. .These projections serve’s lcgl restrlctlons,\mstltutbnal bamers prevallmg
prlmanly to define fuﬁte ﬁrb ms and mdlcate the ' iticd_l moods : : ST
. need for action. e .hﬁ g . > ice “gonseque ces 6f altcmatlve cases haﬁp

Second, normative anal hﬁlﬁvo]vcs the, devel-ﬂ : Em assessed; ‘»OhOIC ‘Can be _made and action dl'“&

h

Je, w

opment of alternative case Juse pf mode]g* «ected -.toward the e ’ at SﬁCh chqices dlctate ‘. Vo
that replicate the dynamic_ e} up eder;y ¥ Thus, hormative phlini‘lsg is‘:not-dhgted to'wd%v}w K
system. A series of cases iﬁ?ﬂ spari <) ange "of . predncuon, but l‘ﬂﬂ’kl‘ tﬂ L
fuure likely congligons is c:lopc:d° By . assi mg.f ’
reasonable vali ~«5'" ,changﬁfs m r%ﬂhatirsﬁs o Strateglc
ila '~".l‘ y techn ogle!ﬁievdppnknts ab-' R Strak
solute and rel4fy -"o,its of vu&uf fuels and technol-- ~ lined. in thé .. normatiy, plami‘t;g\ phase;?'can
-ogies, environf 4 @%standards;Patus of control tech- hieved most eﬂectiv::f} -Atthe’ Strategit level‘o
a.“tiogles populatigh dlstnbuuon 4nd m;tkeup, GNP. ﬁannmg, both the specific en{ y Systein options &hd - %
its: compongnts, capltql “availability, mdua&nal the cons  to their ‘matky s pemefpatiorf must be U
process, labor productivity and lffe styl hew . ahalyzed m'm greate 2
ases dcvelq,ped will suggest altematlve dlrectlons for - '%, o:;matnve S6..
the evolution of current energy. #fitem tthugh time. ,. Tbe‘key’pne of st] _" s i3 the replica-
and define- objectives towarq’ whith new ! ategic  tion of the prlvate stcto ¥ sloMg process to ._‘.
approaches and policy developmeiit could be of ented.. deternfipe. apggopriate private andp sgg.er roles. Ja '
Examination and comparisdh of the - -cases can. ~ To the magidnum extent: possnble, ;the analysis.is: '
provnde insights into policies, technologies, or other based on z'i ntitative assessment of ‘neﬁts, costs, "_ -:fg
* factors that are important regardless of the Natxon s. ' and % hermore the aialysns njust employ
future direction. Normatwe analysis also identifies decnslon riteria role$ qlppropriatg for the market ~
. problems common to potential futures, defif¢s com- - sector in which”the energy‘@tem opt!g: will be

, LN

: p‘lanm‘rtg heﬁnbs hothheviph]s

mon needs, and indicates ‘the probable market 'size  introduced: e
and liKely timing range for new technologies. The . The fundame'ntal logu: im tlies strategic
reasonableness of these cases can be: tested and the  planning is illustrated in. Flgure ‘V-2. The private
‘impact compared of any inhibiting constraints (e.g., 9. gector is the’ ké@ Strument: for achieving, market
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Fagure V—2€ Strategwc glaﬂmg I'.'ogjc,

e % % S0
entlg hjg 9.
publicttate-o

penetratlon of new: cnergy technologles Govemment (5
_ must ‘then be determiné

- RD&D involvemeént will be’ restrlcted fo- those
technologles for which (1) p‘?wafe returns are togslﬁ :
or market barriers too high to induce private segtor. * in olvemewt is appropriate. The Fede Al
activity, and (2) public returns are sufﬁcnently hlgl‘&‘ cgp usk van incentives (e.g, ‘glarantéed Ipans,
- to justify a govemment role. . . capital gra price supports, resegrch and developss
If .the private rate-of-return and other ﬁgures- {,n unding) to lnduce the prlv%m:otorﬁosmno-
5 of-merit for an energy,system option do mot: meef |  Vatdgit to accelerate Lﬁtﬁ ot inlfoduction of new
requirements, the venture will not’be’ consndered for" j:',pr cts in the mar¥€tplace. The . most - effective
_ private funding. If the venture does meet the requlre- . incentive(s)- can?b determmed b ‘repeatmg the
men% and it seems likely that the privat sector will: . private ‘sector on "analysis ‘and: determining
'f “the venture, then the government: Wj“ perform- _ Whlchmncen%f result in®he venture meeting the
S i yits legislated regulatory functions. = = private secfo nvestmept criteria. Those ‘incentives
o If factors that preclude sponsorship of the yen-. - MOst: llkely to induce lvate sect‘or patticipation at

" ture in the pnvate sector are.identified (e.g., high' the least .cost to the g8vernment can then serve. to

risk, high exposure, market fragmentation), it will b :.. define the prIMarygov;mment role. - v
. Outputs*of t,he stratpglc planning process in-

. necessm to determme 1( Lhe pubhc rateof-retums
v ,;4,.{
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A NA'rromL PLAN .FOR ENERGY RD&D

e

-

clude a. lrstlng of energy’ system optlons ranked ac-

cording ‘fo their “relative . importance within ‘the
~ERDA prograrm and a definitionof ERDA activities

B angl‘tfsource levels requlred to_assig the: private sec-
f -the various’
energy systems. “These’ o(xtputs prowde the basis for -

-to® m the market penetratlon pha

ogtxerm (e, five-year), resource. allocatlon among
-the’Various strateglc alternatlves LA :

Program Plannmg Co e
Program planning. descrlbes the detalled means
‘by which the ERDA program : defined in the strategic
plannlng phase will -be |mplemented Decisions are
.'made concerning what “wi ”,be doné' by ERDA ta
satlsfy the natiorfal “oughts” specified in the normas"
ing phase through the “hows” ' described uf

vthermal) that set. forth in detail what wnll be’ accom-.
pllshed these plans serve as a key input to the re-

source  allocation, program - ‘implémentgi

n, and
program evaluatlon activities. . CRT.

Enwronmenté_l Planmng

ERDA reoognlzcs the need to ensure that en-
d%nmental planmng ‘and: performance are reviewed

1C healtﬁ' goals are addressed at each decision’
comeeépt, research,. pilot plant, demonstra-

B goals for energy production alternatives. In this way,

energy. RD&D alternatives are designed to have mini-
- mal environmental impacts and energy development
decisions can be approached with full cognizance of
their environmental implications.

The environmenta] planning process results in
several major outputs an Environmental Develop-
ment Plan, a Balanced Program Plan, and an As-
sessment- of Environmental Impacts. The keystone
of the process is the Enwronmental Develepment

_Plan (EDP), which is prepared ‘to dccompany the .

progranlplan for each majdr technology thrust. The
_program plan and the EDP for a given technology

guide the research that ERDA must coordinate to_
ensure that the technology is environmentally accept- "

‘able. The purpose of the EDP is to ensure consid-

eration of (1) the health, environmental, safety, and ,

control technology requirements that musf be met for

the lechnology to become acceptable, and (2) the »‘

.- ssocial and institutional implications of the technology-

‘These issues are often.neglected until the. technology ..
is 'well- advanced, leading to costly delays at a time -

when the technology may seem most promising.

The EDP documents the planning, budgeting, -
management, and review processes for the environ-

_ mental aspects of each energy technology, and also:

-$he highest Jevels-of dectsron-makmg Environmen-

‘and related to the technological and economic -

0

respect to env1ronm,ental and mstltutlonal prob-
lems o

,ing research e
'» Designates s slgnlﬁcant mnléstones

Vi

“¢ Specifies requirements for performanpe momtonng

[

and supporting research, T

. Definition of the EDP requires close 1nteract|on

between those responsible for developing the energy
technologies and those responsible for enstring their
environmental acceptability. This close coordination
will provide the necessary visibility to ensure ‘that all

components are compatible. - ,
‘The Balanced Program Plan (BPP)"‘ is, in effect,

- the program plan for ERDA’s envir nmen}al re-
sedrch. Environmental -research mustf normally be

conducted along dlsclplmary (as opposed.to jenergy.

technology) lines. Using the -information collected in
the EDPs, the BPP defines the diséiplinary research
that must be perfermed to meet the needs of alt
energy technology development .

The remalnlng component of the enyironmental
plannmg process is the Assessment of Environmental
Impact, which culmmates in the preparatlon of en-

. vironmental lmpact statements at ‘major decision

.

points in a technology’s development. This process
provides the primary means for identifying and do¢u-
menting the envirgnmental, technolqglcal econdmic,
and other factors considered in decision-making. As
pubhc communlcatlon is. an essential part of this
© process, actiities are structured to inform the public
and organized interest groups: of estimated impacts
and to provide open channels for ERDA to respond
to specific pubhc concerns in the deCIslon process.

(Resource Allocation Activities '

" Resaurce allocation activities are based on:

"e Federal role and objectives deﬁnpd through ¢ stra-

* o Status of thé.current program (e.g; study phase, . .

tegic- planning
* Relative program priorities and long-term resource

requirements based on strategic planning and an -

estimate of future budget constramts "

pilot operations, demonstratfon plant) including
the work tg,be done, as descried through program
.plannlng and the degree of pnvate-sector cost-
“sharigg being achypved
*, Size and relative priorities of the Federal bu
as determlned by the President and Congressgd
ontotal budget constraints and competmg dediands
for: Federal Sfunds.
On thé basis of this mfnrmatrop, trade-olfs
aimed at allocanng ERDAusresources to" the most im-
portant actlvmes €an be‘clearly deﬁned ,

o

« S °

. : : T . . ERDA—116 Balanced Promm Pian Analysis of Blomed--
o Assesses the current status of understanding with

lcnl and Envlronmental Releardl. 3

,*‘.*_

4

) Identlﬁes ma]or pmblem areas and toplcs requlr- B

I"

-

3
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IMPLEMENTING THE PLAN-—ERDA PLANNING SYSTEM _. B kS . .. .85

. ‘Program Implementatlon Actmtles

‘Program implementation activities focus on; the

development of an operating plan thdt delinea e
. specific actjvities to be accomplished within apgegved ‘
- budgets. Through program lmpleméntatlon, At

,./

managemént:

= e Approves program execution, ;ncludlng annual op~
erating plans for specific programs - 2

* Establishes the controls that govern™ lmplementa-"'
' tion'by the o ratlngelements S :
« ‘Establishes * the smilestones or other means for

. management review cons;dered essential to control

the program
* Prescribes the -framework for tlmely reportlng
agmnst these milestones.

3
-

Program Evaluatlon Actmtles .
. The overall PPBR process is dynamlc and adap-

tive. Managerial action is initiated in response to -

specific problems defined as an identified difference -

. between an existing situation and a desired situation
(e.g., perceived actual progress versus' scheduled

progress on an RD&D program). -~ .
+7 The program evaluation process produces .ex-

ception reports that identify differences between the. *
* ‘desired conditions specified in the operating plan and -

the current actual conditions. Actions to eliminate or -

;_';‘reduq: serious differerices are then defined. The pro-
fgram evaluation process is conducted monthly.

Annually, a summary review is conducteg to

' _gvaluate program progress vis-a-vis program objec-

tives and approved milestones specified in the opera-

tion plan. In additien, in-depth evaluation of selected
 key programs are conducted each yeat, with all major

programs teceiving an in-depth review evef§fthree to

design and resource allocation. declslons

-The PPBR system agenefates seven key docu ‘

ments, the first of which is the Rational Plan @‘

Energy. RD&D4The Plan documeénts the normati
planning work performed by ERDA. For example,

Chapter II summarizes the goals and priorities th
- help define what ought to be done if the energy prob

lem is to be resolved through technology develop-
ment, and Chapter VI-describes some of the initial
anfalytical work undertaken to: support normative

.planning. - Car.

The ERDA Bu(gget .
prehenslve document. Th& budget presents near-term
prlorltles and the annual allocation of resources.

* The five remain ﬁ?uments are developed
for each technology prqura
¢ Program Strateﬁy This document™ explores the

need for a Federal’ role and the effectiveness of
RD&D ‘apd other programnauc solutlons A pro-

0 .

~ar® ‘milestones fof®

the other lmportant com- )

& gramt strategy for the market penetratlon of energy -

sented, *and the. najor goals
rograms necessary to 1mple-
ment that strategy are establlshed P

ram Plan. The program plan charts the de-

. systems options i

d course of the program over a perrod of sev- -
’ eral years, including major programmatic decgsxons :

v
*

(e.g., should a demonstratron phase. be- under-

taken") v ) S s

The plan specnﬁes elements such as‘j. nafi
. ment structure and roles of other age

definies; the most cost-effective . F'edera.l,t program ,

for, achieving the agreed-upon objectrves

« Environmential Development Plan (EDP). A com-" "

panion document to the program plan,;the EDP
outlines the program of environmental research
that _must parallel technology development ‘and;,

details a program for resolving those issues in a

time period consistent with the rate of technology

RD&D. - : A G

* Program Approval Documenf The PAD is-a pri-
marily internal ERDA document that functions as,
an operation plan. A one-year slice of the program‘
plan, the PAD’s purpose is to. provide a baseli\)é
for monitoring-program operations during a- grven
_ﬁscal year. The PAD also contains some summary
program plan materlﬂ to’ provnde a context for

. fiscal year operatibns.

"« Environmental Impact Statement ~(EIS). Wrthln

the structure of the National Environmental Policy
Act,. ERDA intends to use the EIS as a major
lnput to' decision processes. Where requlred an
- EIS describiig major program decisions is pre-

... pared. Th& EIS contains a' summary of the infor-
four years. Program evaluation feeds back to progrgm..

‘mation develpped by the EDP and addresses en-

(‘ ' "Vlronmental and other issues raised in the EDP

.
’/w

uhs wa,y, envﬂ,‘pnmental issues are ldentlﬁed a
,n%g of an gppropriate program phase and
ﬁﬁ tlcally addressed throughout the plaﬁnng

ocess. . et - ,

A vanety of analyses link. the Natlonal Plan and
the individpal program-,planning documents. Eco--
nomic con&l
relative costs and benefits -of .teghnological change.

erations, for example, help establish the -

e
,‘!.'l‘

,vﬁ&.

-

Net energy analyses, energy syMqm studies, and . ..

energy-envirohmental- trade-off stud
gulsh the relative priorities of discret} technologies
~ within a tlass of technologies. The statu of ERDA’s
ongoing gfforts in the areas is dlscussed
VI of this report.

ERDA believes that its overall planmn
will benefit from ‘commen¢ and consultation by others.

To fagjlitate this interchange, the- key steps in- ’

" ERDA’s planning must be understood ‘Accordingly, *

- ERDA intends to publish_descriptions of its. PPBR *

system as they become available.

help distin- ©

Chapter .
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Chapter VI—Factors IanUencmg the
- Evolution: of the Plan, -

..
-7 The atlonal Energy RD&D - Plan must be
~ responsive to continuous changes in the world, both
with regard to energy ‘and non-energy events and .
-*" policies. For example, changes in private investment
and technology development in oil and gas reserves,
_ in energy demand levels, in economic conditions, in’,-
"_environmental “considerations, and in life styles
“affect the basis on which the Plan is drawn.

In -arriving at this revision of the Plan; ERDA '
has exammed a number of factors, falllng into three
prlnclpal areas:

v

L 4

. An assessment of. the basis on. whrc the' earller
verslon ‘of "the Plan was - predicated, including:
domestic and world energy resources; and energy,

leglslatlve, and other’

< ' economic, envrronmental
' developments
* "An assessment'of the-comments and cyi
-ERDA-48 - by: windustry; the. general
'gronal state, and local interests; . other-k
_agencies; and Congress. Thdse useful comm
_ have materially influenced the Plan. - ’
* ‘An assessment dt recent energy syStem analysis
- studies-aimed pt: ‘under anding the relatronshrps
between energy, économig ‘growth, apd enviren-
mental impact as-a result_of ‘the 1ntr?$ductlon of
‘new energy t chndipgies and other energy policy

clsms of

initiatives; calculating the net energy aspects of't "

., ‘energy technologies; and supporting market penc-
" tration Initiatives’ through specific market studies:.
Although most of ti¢sc studies have not.yet been
complcted it appeats that they wrlﬁbe extremely
useful * in: selectlng\ the most promlslng from
among the lasge number of individual ehergy tech-
nologles being proposed: and matenally asslstlng
. dn clarifying the dcgree of Federal partlcxpatron
" if any, required to develop and introduce. new
technologres They do-_not yet suggest the neeli for

- a shafp revision in the basic goals and strategles K

=, of this Plan. .

' # \ Subsequent sectlon$50f thls chapter review each
of the above -assessments,:and describe their implica-
tions for this Plan. In future Plan fevisions, ERDA

L . . T, .

"ﬁ‘!u:l St

93"

ot %

will contlnue to, make and report on srmllar assess-

ments. ‘ S N
= j . . h; N

. . .‘. o ] B - “.
“International and Domiestic'Events

. The fundamental strategy of this .Plan is fo '
broaden the domestic energy resource base through
.the introduction of pew energy 'technologres in the

private sector. This strategy is based on.the -obser- .-
vations that worldwide supplies of oil and gas are

" finite, that domestic production of oil and gas has .
- entdred a stable or decllnlng phase,- and that ather-

,domestrc energy resdurces are available in significant
quantities. Events of the past six months, which are

" reviewcd: below, support this appraisal. Moreover,

clarification of U.S. energy policy by the Pres:dent -
_and Congress although very important for the mear . ..
term, does not alter the fundamental problem of l,m-'
balance in the Natlon s use of energy resources

Geographlcal Concentratron of World Energy D/“
Resources ‘and Reserves’ N T

Although world. energy fossil fuel reserves aré -

very large, their geographlcal .conceritration is an
impdrtant consideration 'in assessing- anlablllty ’
Petroleum and;natural gas reserves are largely con-
centrated in the Eastern Hemisphere, with over half
'of ‘the wotld’s \total in the Middle East and North-

" Africa, and most of the remainder in the Soviet
Unlon The U.S has the next larg t reserves of oil -
and gas. But in spite of the large adian gnd
Venezuelan producing industries, the of, Mnd gas

+ 3 reserves’ of "the Western! Hemisphere represent only.

13 percent of the world total. e

Reserves are essentially the proven,mvenfory
that producors must_have-.on hand to continye: op-
‘erations’ Based on world fates of ,production io
1974, the .total reserves of. petroleim would last for -
another 35 years and the world coal reserves would
last: fok -about 175 yea Of - course, these global
averages ' are -dgceiving se not all producers
- have equal call on the existing stock, and furtfer,
- demand can be expeqted to lncrease in the future

. . , - '
'.‘ oy S
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. The level of réserves is not static and it is gen-
.~ erally’ expected tHat. additional resources .will be
" located and.move ‘into the jreserve. category in the
* established’fprodiicihg arcas. Resource - estlmatcjs
(usually several times as large as the reserve esti-
«~ mates), include extrapolations not only of additions
in exngtmg proven . areas, - but- speculatlons about ”
potential new discoveries élsewhere., ln- the Middle
East, some estlmates suggest that the presently pub-
lished petreleum resérves may ultimately be at least .
» 4 twice as large: The U.S. Geological Survey estimates
> that ultlmatcly,there may be from two to folyr times -
" thesigurrent . «der;honstrated UsS. reserves of liquid
fuels. Even, mfre ‘speculative, but of great curréht
.. inferest, i3 ithg growing potential of offshore pro-
« v duction of (‘f’tll ~and °gas, particularly in-the U.S., the .
l\brth Sea,’ a‘nd the - Canadlan oﬁshore (mqludmg
the Arctlc) '
Unless. properly lnterpreted however, -data on
" resourde estithatese can be isleading. These re-
sources are nof ensured sourcgs of supply, since in
» _many cases, technological advances are. réquired to
locate, develop, and"use them in cconomically and
environmentally acceptable *ways. Appendix A pro-
. vides a more detailed discti$sion of: the world energy
resource picture, ificluding data on the geographical
:concentration “of reserves and on the magnitude. of
totdl reserves and resources - '

3

¢

ity

;.. A - 0 o‘

3

* .

- It secms. reasonable Togconclude that the geo~ :

« graphical dlstrlbutlon of fossil’ energy resources will
not be radtcally different from the  distribution of
. today’s reserves. In this regard, the U.8. has about
8 percent of the world's recoverable oil and gas re-

. serves and about 35 percent of the récoverable coal

;' , reserves. Dlscovcry of new reserves can stretch the

: world’s finite’ fossile resources, and that is desirable;

but, new discoveries arc- unlikely to result in changes
~in the location of new reserves. To the extent that a
. »nation wishes to draw on domestic _energy resources,
- the lop,g -term problem remains.

9

Contmpmg Worldwide Dependence
on Qil and Gas '

In spite ‘of rlsmg tosts. the worldw1de trend
toward greater dependence on oil and gas has con-
tinued since the original National Plan. This trend is *
expected to continuc'unless affirmative action is taken
to increase the_ use al 'and deVClop alternative

-

© sources.’ 7
' 'Developed countries, other than th /-centrally
o ;,4 planned (Commumst) economles, and less_de-

\iwieloped countnes rely on’ gas anddpi partjcdlaﬂy

‘ lmported oil; for three-fourths offheir epengy- teeds.
Rellance’on coal is minimal in-the less developed re*
.gions, except m a few countll'les such’ as India’ and

. Korea. The centrally, planned economies, however, -

-~ rely:én coal for over half of their tofal energy sypply
and on oil and gas for most of the remamder :

Q

ERIC

Aruitoxt provided by Eic:

vy

In many countnes, there age; few altematWes to -
imported ojl. ThetprospectS' for toal are not encour- .
aging in-some countries since incentives and advan-
tagés will continue to_favor rapld development of oil
and gas ‘until new energy sources are available. The
less developed. couptrics would benefit greatly from
. new technologies to use. solatga‘nd other’ renewable
. resougees. Developed countrieswean undoubtedly be
of asststancé in transfernng and applymg such tech;
nolog )
hg_s; the inertia of an mfrastructure devoted to

oil and gas, the difficulty of converting to other re- - -
- source bases, and the absencg of alternative domestic
encrgy resources in some countries (e.g., Japan) will

all Zontribute to'a contmufng qr.increased worldwnde y
dependence on oil and gas. Short-term variations in
petroleum supplies should -not obscure the- fgct that
in the long run a finite resource will, in the absence

of action to the contrary, be sub]ected to mcreasmg
demand

. "

H S

Gontmumg u. S Dependence on. 0|I and Gas 4

The problem of continued heavy reliance on th;
_ least abundant resources remains, The current reli- .
ance on oil and gas in the U.S. is reflected in recent”-
statistics on energy consumption. As shown in Table
VI-1, these'two sources accounted for. approxlmate'ly >
75 percent of total consumption in 1974. Based on *
carly estimates, these fuels. accounted for about the
sar‘e percentage of total consumption in 1975.
Dependence on imported oil has pot decreased
sugmﬁcantly even though U.S. oil démand has"re-
‘mained ‘well below the level of just two years ago.
The declime in energy demand in the U.S. has been
about 2 percent in gach of the last two years, while .
" the level of 1mported petroleum has also fallen'sllghfly» e
- and is not greatly below the level of 1973. In spité of -
““increased OPEG pnces the import dependence. on
- OPEC: countriés in genéral and the-Arab countrieg
in parti¢ular has grown during the past year. Impofts |
now -ac¢count for about 37 percent of total il con-
sumption, with OPEC countries accountmg for about
two-thlrds of all imports. o
.~ The normal ,cconomie .expectations that hlgher‘*
pnces would- bnng forth ,;narglnal supply and .add
dlversity- among export-sodrces have riot rhaterialized,
at least in the short: term.. Recent increases in doges-
tic drilling and,explo;atlon activity should, how ver, -
lead to new ﬁelds and addltlonal productlon lnﬁj
Mo

v

future.
.. Imfport dependence ‘on OPEC produetlon
likely to decline in the’ neag ternt.. Western,
" spheré “sources have not. proven rellab'le offsets to
Middle, East and’ other Eastern Hemls here produc- =«
tion. .Canadiah crude oil exports to’ he U.S. are:-
schegduled tp be cut by one- thlrd in 1976 as compared
to 1975, and to be phased out entlrely in 1981,
: Venezuela Whlch had longdbeen regarded as a favor-
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\ ?-_,,r. TableVI—l U. S Gross Co"lsumptlon_. 6f Energy (1015 BTU)‘ o ’ L T
. o, aema SR S ¢ Estimptedfor1975
' T T T ey T T ew T T Yeteh
. . Household snd . Trans. Electricity . Energy . Pnrckhtnge 1 -‘vznorgy Porcontlgo
. ;‘Enorgy Source (:omn-lerclll tndustrial pprtltlon Generatlon e misu. Jnputs ) f Total , inputs ' “_ . of Toul
Coal . ;0314 . 4.406 0.002 _8.520 — 13.241 18.'2% - 13.394 18.8% .v .
Natural Gas (Dry). 7518 10.018_ B 0._6805-/ 3.512 -~ '21733 . 29 8% 20."173\, 28.4% . -
Petroleum®* . N 6:061 » 59077 17.720 3.480 0246 33.414 35 .8% 32.70_1 T 46.0% °
Hydropower® K — . 0037 - — 3.253 . © —’ 3.290 - 45% ,| - 3.158 = 4.4%
Nuctear Power = _‘ — :_' — 1.202 — 1.202 1. 6% -1.652 2.3°{°
TOTAL 1_38‘9§ 2Q~_3_6§ 12{07 ' 19 967 0.246 72.880 100 0% : *71.078 100. ,/;
‘ g === . 9'_ ____: ‘—__ - . ==z ::: ‘—‘”“‘_____: = e =

Source u. S Bureau of Mnnes s s .
hd Dafa may not add to..tolal because of independent roundmg
hdd Including natural gas Iq‘hugs and refinery gases.’

. A ; s

.. LAY J - .

N . . . [

able source of oil supplies for‘the U.S., plans to'hold: .
its long-term production tg about 2 mlllrpn rbarre;v
per day although its current daily producipg-capacity -
is in- excess -of 3 million barrels. .Other Western
“ Hemisphere, sources have little export pétential and
the U.S. expects no sizable additions to domestic
production until North Slope _oil starts to flow .in
1977.-Consequently, U.S. dcpcndcncc on the Middle
~ East and ‘other Eastern Hemisphere Sources: may in-
“crease’ even more in the near term..

In' the near term, it is physncally possnblc for -
foreign.sources to supply our neéds. Spare producmg
capacity in-OPEC countries was recently estimated
'at 10 million barrels per day. OPEC produttion had -
fallen from a quarterly peak of 32 mllllon barrels per

~_ day prior to the Arab oil cmbargo to low of 26 nil-:
<" lion bartels per day in the spring ®1-1973. Higher.

levels of production and "exports in the third quarter,,

'pnor to the October 1 increase in OPEC prices, were
followed by sharp cutbacks afte é the 10 percent in-

créase. took effect. At the same
recovery under waygn- the major’ 'p(prting’ countries,

", it is likely that- engegy demand will increase¢ and the |
declme in OPEC production will be halted.

As economxd? ‘and energy growth resunfes lh the -

pattern of ineeting incremental suﬁplx?ﬂeeds with.im-
¢ ported oil. The cirrent upturn of ecodomic activity
« in the fas¢ of dechmng domestic: oil and gas produc:
- tion Wil probably leagl to higher’ imports initially.
7 mestw crude oil p duo}non was.at a rate of 8.4
.- nillion barrels per day in 1975—more’than a 10
. percent decline from the level _prior to the embargo, -
. in 1972, Domestic productnon f natural gas peaked
13 1977 at. 22.6 trillion cubic feet; in 1975,,produc-
‘ tfon was arourid 20 trillion cubic feet. y
.I-;__. , National determination tp cRnserve in energy
Yl .use, to develop new sources of ene 8y &upply, and to .
i¥.. - ghift demand, from oil and gas to. more. abundant’
i xnergy forms w:ll bé testdd as ecor?‘(mc growth re-

:M\
| 9:)
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b
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¢,,with economic ¢

sumes. <A measurc-of this di[ﬁculty is available from’

the ‘recent experiénce.during the recession, when the

-decline in  total energy use was comparable to the

decline in" economic getivity. It appears that in addi-

tion to a general slowdownin economic growth con- .
“servation alsé contributed to the detline in energy’
“usc. FEA has estimated that, in 1975, 3 million bar-
“fals of oil per day less were consumed as compared -

to historic expected projections of demand, and; that

‘conscivation cfforts,accounted for a substanual por- :

tion of the r’eductloh Yet the proportlon of lmported

" oil ¢hanged very little. - -

‘The short-term' reliance on 011 and. gas is com-
pounded by the obstacles to using those: resources
which couild be expended relatively quickly—coal and

nuclear power. Technical, environmenital; and ipstitu- .

tional factors come together to inhibit mcreased util-

1gatlorf of these resources, The prospect of mcreased -
reliance on: lmported energy fo mcet domestic energy -

needs argues strongly for techriology developments in
general and for near-térm conservation and fyel, sub-
stitution initiative in parucular In addltlon it is 1m-

portant that’ the cfforts of .individual nations be co-
urdinated through mutually romforcmg mternétlonal -
- coopcrative programs, as discussed in Chapter I'V. |

U.S. there is a dgnger of slipping back into the sime ,’ .
. b e New Assessments of Domestlc ReSources d

" The. U.S” has both the domiestic resources and -
the technical capability to pro,vrde alternatives to.oil, -

and gas. Periodie assessments have indicated the ex-

tent of,these resources. Resource assessments in the -
U.S. " are ‘much . more thorough and "soundly based

thap in most of the rest "of the world. The frequengy
of fesource surveys, formalized decumentation proce-
durés, and .the use of
estimates. L T .

i Nonetheless, new. assessments are made. periodi-
cally and significant changgs in estimates of the

.

resource base 'do: appear, A$ a result ofvnew assess- -

¢ - -

'¢1' ‘ T ! )

Y

high-technology exploratio
equipment all enhance the rellablllty of the resource

h
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< . - Table VI—-2~ Recoverable Energy ReSOurces of the Umted States ’ o S o,
S - . : (In Thermal Equivalents) S I S
I Data ln.r o ' ' Data from Recent Ofﬂelal Reports’ ¥ ' v *
s : ERDA-48. Demonstrated Addltlonel S [ ; . .
Resource - Units ’ Report . Reserves Resources : Total " Source and Explemtlon oo
o * sCoal - " Quads © 12,000 4,900 ¥ 16,500 21,400 ERDAA48 éxcluded hypothetlcal resOurces .
. R S . i . B and those |n ateas Ilkely to be closed to '
. . R e . , mm’ns\-,_ o .
Natural Gas : -Quads 775* 244 706 . 950 - Estimates based on. ““Mean Values'! 'of- USGS”
- e S o ’ Tt range of undiscovered resources o e
Petroleum®*'  Quads s 800* 246 . 704 " 950 Estimates baged on “Mean Values” of. USGS
,‘. ' : ) . ', : " 1 _ : range of uric covered resources ? o
Shale Oil - Quads 1,200 727 . "473 Y200  Western-and Alaskan shale¢ yleJdlngw25—100
U ‘ S . : gal/ton -
- . : . . . S ’ . o . [
s Uranium?®*** * Quads 1,800 ‘900 -+ 900 1,800 . Utlhzed |n LWR; ’ . g v
'Geothem\al Quads '.46 400 -~ 102 ¥ 13,332 ) 3,434 . Recoverable heat with present or near- term‘ 4"
L& tachnology .~ L s
v : ‘

» .* ERDA-48 dala based’ on the USGS ‘H|gh Prbbabillly eshmates but excludmg resources thal may be produced }hrougﬂ tech .:
nigues to enhance recovery rates. i . .

"®* Crude oil and natural gas liquids. -

***.The use of uranium in breeder reactors cﬁld expand the resource base to about 130 000 quads CorTe

Nole See discussnons in text and bnbhog’raphy for det&led references.. - . A o .

. . i . :
1 ~ K

a @ . o b P : - a ANE 1

ments” reported since ERDA 48, thescstimated do-  to the preparation of ERDA-48, it .was"pgssible to .
mestic resource- ‘base has - Tisgn: significantly for-coal = use these new USGS estimates in that analysis. A fol- :
and’ more thorough apprmsals have ‘been made of ~ low-on study planned for completion in mid-1976 wrll -
i geothermal and other resources. These new assess- reappraisc oil and gas. estimates in light of the, recent
ments are primarily -the résult of different interpeta-  changes in price-cost rclatlonshlps that were not taken
tions of preyidnsly ‘presented data and, in the case of _ into’ account in the 1975 ;study: These important
coa[ of major additions to- the-more speculative re-  pric¢ cficcts ‘could changc the outlook in several ways:
sgurces. Nonetheless, they tend to confirm the belief - (l) some resources formerly uneconomic to recover:
that- the U. S. has significant domestic_energy re- ~ may now be recovered, (2) the percentage rates of
ources that could- used to reduce depend‘ehce on ' recovery may improve, and (3) reserves may be - pro-
%rl and gas. Table VI-2.shows the new cstimates as.  duced at a more rapid rate., " L
compared to thosc in ERDA-48. . ‘ The rate at which the éxisting and newly estab-
. In g new US. Geologicg] Survey SlUdY,"‘ the “lished reserves of pil and gas will be produced is the
total coal resource base was increased 25 percent  most crudial short-term variable. If producers prices -
from 3.2 trillion”short tons to ncarly 4.0 trillion short are‘hlgh and"expccta‘hons for further price in¢reases ’
tons: The® bulk of the incrcase was in hyﬁothetlcal . aré lessenell, there could bera strong incentive ‘to de- .
- rescurces (587 billion tons), while identified resources © p rcsmeg -much more quickly than prevndusly
~ were increased by 11 percent (171 billion tons). Coal ~ cstimated. -However unless the_basic resousce esti-
) resouu:es currently considered- recoverable account mates are in errorg thev sult may be snmply to, ease’

»

>
. for less"than one-third of the pearly 4 trillion tons, - the ‘'short* and mhid-te 1 problems and’ aggravate the.
reflecting quantities in seams too thin t6 be mimed Jproblem in [he'g'n\g erm Expandlng the apphcatlon
cconomxcall_y and providing for a.recovery rate of. - of emhanced oil and gas:tecovery tec jles'is a-key
50 percent.Hypothetical, resources and those in areas " program initiative for achle\gi the gat ‘ef‘xhﬁ Na-
likely tg, 0¥eY to mining operations 6werc: not m- tional "Plan for Energy RD& UgThese a.spécts of thi$
éluded iithe¢’ BRPDA-48 analysis. - initiative were dr;cussed in greater detall m' Cl'fapter
.Sinée‘the 1. S. Geological Survey had completed . 1L R : '
¢ anew study®* of oil and natural gas resources P“Of e, An extbnswe evaluatlpn of} f uramum résources”
: TRV T . is now: under way"that willbe' ba§ed on detailed na-
: *USGS Builetin 1413 (Averltt). “Coal Resources of th%. 'h,onwrde geological, geophysxcal “#nd geochemlcal
‘ }Jgrjln;cg States, January 1, 1974, Washme.’i’om GPO; .  studies and surveys: The-evaluation will-take several'
i USdS Bulfetin 725 (M!ller et al ), Geol?glcal Estrmates years to complete bm lﬂfomatlon will be made avail- .-
-7 of Undiscovered Recoverale’Oil and Gas Resources in able as: it, accumulates: ‘A _preliniinary: report pub-. >
3 the United States,” 1975. % . - hshed in January 1976 1nd1c ted 2 50 pel;cent in-"
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L crease ' over earher estimates, but the ERDA—48'

analysls had been based on the later estlmates, Whlch
were then unpublished. '

A flew assessment of geotherrnal resources was

| recently completed by the USGS in cooperation with

ERDA.* For each identified geothermal system, the

) parameters used'in calculating volumes, heat content .
. and recoverabilities are listed. The prehmmary esti-

* mates disregard costs, and they will be "revised as
ore data and better methods of evaluation become
- aviilable. The geothermal potential that will éven-

tually be realized is dependent ypen the development-

of new technologies for exploiting the various-systems
in economlc and environmentally accEptab'le ys.
Estlmates of the total potentlal would vary wi#h the
combination of resource systems employed- and with

' : variations in.the technologies to be used and the rate

of explortatlon within each of the four major cate-

gories. For example, the estimates for hot dry rock

- and magma are based on assumptlons of rplatlvely

low heat  extraction and conversion efficiencies.

Higher efficiency assumptions would increase these

several times. The estimated resources are shown in
Table VI-3, on a heat equivalent basis.

In the long term, thorium resources could also

be lmportant but they-do not seem likely to represent

_ a significant alternative energy source in the near

term. Thorium is. a relatively abundant element (6

parts per million in the earth’s.crust vs. 2 parts per

million for'uranium), and resources are more than
adequate to meet any foreseeable needs. No new esti-
- mates of thoriunrhave been prepared in recent years.

Other Events and Developments
" There are many legislative and environmental

developments which potentially will affect the Na- )
. fluence the choice of new enérgy technglogy options

tional Plan and: program -implementation. Recent
legislative initiatives address automotive, consumer,
and industrial conservation; the development. of fuel
supplies from_lands subject to federally controlled

' miheral rights strategic storage of petroleumn fuels;

changes in the pyicing structure for oil; and Federal
encouragement of new technologies. Environmental

. initiatives, particularly at the state and local level;

must bé taken into account in fostering the develop—
, ment of nuclear power and the extraction of’ fossrl
~ fuels.

cations for the Plan. This s especlally true in the con-

- servation area, as discussed in Chapter IIL In gen-
- _‘etal, the Act stresses ‘conservation and the use of -
_ coal—policies which are entlrely consistent with the .

Plan, ’

. USGS Clrcular 726 (Whlte and Wllhams). “Assessment
. of Geothermal’ Resources of the United States—1975,”
Y1975 . : PR

* *% Public Law 94-163

The Energy Pohcy and Conservatron Act,**
recently signed and passed into law, has major impli-

-~
{
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. Table VI-3 Geotnermal liosourc‘ds—:Estlmat ‘Recover-
_able Heat with Present or Near-Yerm Technology
‘ (In Quads) '
" Resource Type ‘ Known Infeivred Total .
Hydrothermol Convection , } K -
~Vapor Dominated (>>150 degrees C) 2 ‘2 4
‘Liquid Dominated . '
High Temp. (>150 degrees‘C) 20' . 119- 130
Low Temp. (90-150 degrg_es C)y 80 - 250 330
‘Geopressured ‘ e
Electrical Utilizatior | 100 , 230 - 330
Methane Produttion . - 500 1 500 2,000
*Hot Dry Rock ' . - 80 + 320
Magma , o 80 240 320
Total 862 2 572 3, 434

NOTE: Doas not include (l) ‘normal gradients of‘ heat in the
earth, or (2) hydrotharmal convection systems less than
90 degrees C.. .

Source: Definition Report; Geotharmal Energy Rosad'rch. Develop-
ment and Demonstration Program (ERDA—BG), Octcber
1975 pp. 1-7. °

N

The legislation also establishes a framework for:
- the gradual, but complet% removal of oil price con-
trols. This. partial resolution of uncertainties concern-
ing price should allow the private s¢ctor to plan more

- meaningfully for additional domestic energy produc-

~ tion. The exploratlon for and development of not
, only petroleum but all competing energy sources can
proceed ‘more smoothly, including the.enhanced oil
and gas. recovery, and synfuel initiatives discussed
earlier.

Other developments have- more eﬁect on broad
aspects of energy policy. These developments are
important, nonetheless, to the extent that they in-.

at some future time period. Expanded oil and gas
supphes from areas where the mineral rights are con-
trolled by thé Federal Government and the-proposed
deregulatlon of fnatural gas are examples.
v Environm developments are_critical to. the
evolving Plan. Several current environmental initia-

tives are generic in nature (€.g., ‘nondegradation legis- -

lation, state lmplementatlon plahs for meeting na-
tional ambient ‘air quahty standards), with potential
effects on all energy implementation plans. Other’
initiatives are program-specific (e.g., water rights for
use. inr coal slurry:pipelines, statew1de morgtona son

'ne?l ear power plants).
mpllFatlons of these dévelopments on the

Plan relatée primarily to.the neéd to identify the major
environmental and other issues in_the context of spe-
cific programs, and to incorporate the resolution - of

nology develqpment plans. This implies a strong re-
quirement for. inter-agency cooperation (discussed in

‘.these technical and’ ‘non-téchnical issues into ‘tech- .

Chapter IV) as enylronmental stafidards and techni- _

3 . s
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.
cal RD&D programs are modlﬁed to meét

fhanging
reqmrements B

Assessment of the Plan by Others

"The 1mportance o{\the review of ‘the National
Plan by others is expressed in Congressnogal require-
¢ Office of Tech- "

. nology Assessment to' conduct a formal review of the

-

National Plan.* Also, The Non-Nuclear Energy Re-
search and Development Act directs the Council on-
Environmental Quality to undertake an ongoing as- \
sessment of the adequacy of attention to env1ron-w\

. mental protection -and energy conscrvation in the

" Review by OTA and Public Hearings

"CEQ is to hold annual public hearings, which 'in

energy R&D programs. In conducting this assessmient

1975 focused on a number of aspects.of the National

* Plan.** In addltlon, thé’ external review of the Plan \

-

. government agencies. This section summarizes the~
-most 1mportant comments and discusses how they in- ™2

» grouped 4

"2 (Program Implemen_tation) were solicited.

includes the solicitation of comments from state and
regional énergy representatlves, public and special in- ",
terest groups, lndustry, the general public, and other

“fluenced the Plan. Other government agenc1es pro-
ided initial input to the first National Plan in the~ .
area of program implementation. (Summaries of their
energy RD&D programs were contained in Volume 2
of ERDA-48.) In the current Plan, other agency
input and review to.Volume 1 (The Plan) and Volume

1

Held by CEQ ™ .

The OTA review and CEQ. heanngs on the
National Plan for Energy- RD&D produced the most
comprehensive and. wide ranging comments on the
Plan. In general, the‘review and comments were most
useful in hlghhg‘mng those areas where the Plan
could be made more responsive to the energy prob-
lems facii the codntry The comments can be
rding to, three primary issues:
¢ The basis for planmng @nd program execution and

thé resulting priori s uld be reexamined. Criti--
cisms included: excigjivedreliance on a hardware-
‘oriented approach; madequate -emphasis on con--
' servat&.n;‘ too_ little ‘attention to . nonte¢hnical
impacts resujting from chnology development
~-toa little focus on near-gilini*nergy problems; im-
balance between ené ply and demand
RD&D overemphasls on'Wgh technology, capital-
intensive energy supply ‘alternatives such 'as elec-
tnﬁpatmn, lnadeqﬂate emphasls on solar energy,

* United- States Congress, Office of %echnology Assess-
ment, An Analysis of the ERDA Plan l’l'ograln,
October 1975.

** Council on Enmonmental ‘Quahty Summnry Report on
1975 PublicgHearings: Environmental Effects and Energy
Conservatn(;n Aspects of the Nonnuclear Energy RD&D

Programs, January 1976. .
REEER V- 2
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1 inadequate emphasis on cOmmercmhzatton lack
of ‘established goals for the basic reseatch pro-
gram; lack of importance given to’ énv:rcyxmental
control and. protection; and management. folicies
that appear inadequate to achieve goals*

The deégree of cooperation and coordination with
~ others should be increased. Crmc1sms included:
insufficient provision for coordination and  coopera-

tion with' interpational concerns, Federal agencies,

state and loc. governments, and the general pub-.
licin energy planmng and policy making.

The awysw supportmg the
. 'comprehenslve. Shortcbmmgs \vere noted in: eco-

nomic and soaoeconomlc analysls, cost/benefit

analysis; resource assessment; foren licy op-

sical, environmental; i

social consmrlﬂt«analysm, and net ettergy analysls

- The; ¢urrent Plan reﬂects ‘the OTA" comments_
nd, critncnsms, and comments expressed to CEQ atits
rings, partlcularly in the sections dealing with
{fterm initiatives; the conservation program prior-

relationships, including constraint and net energy

. analysis; and the role of basic research. However,

many of the issues raised are complex, and have not
been resolved in this document. ERDA will continue

o incorporate ﬁtese comments in futhre revxslons of

the Pl&n. ,

Other cominents ot‘alned from the OTA revxew
and the CEQ public hearings indicatedsthat the Fed-
eral mission, as expréssed ifv the goals; of the Plan,

was too narrow. A related issue was the'need for an .

expanded national energy RD&D program reflecting
circumstances following. the Arab oil embargo A

. ajor envirohmental issues; incteased coordina- .,
_tion with othgrs; analysis of en?gy and economic

’

nshouldbem-on'

tuthna1, apd

significantly higher budget was suggtsted to accom- -

modate the adoption of a broader mission and the.

underscored in the OTA revnew

ERDA's Plan in many mstances acknowledges the -
need fg} such a broad perspective and program.

In fact, thé problems are not so much within the® .
Plan ltsels-p-wmch is a serious -and pralseworthy‘ :
initial eﬁort—but in the lack of a broad commit-
‘ment and mordlnatlon when the Plan, PrOgram,
and Budget are consndcred together.***

Chapter 111 summarized the ERDA pomon of ' e
‘the national energy RD&D budget and program im> .

'plemen,tatlon The fundmg ‘levels in this' program im-

“urgent need for energy solutlons These lssues were

plementation* plan reflect the Administration and _'

Congressional assessments.of the current energy sntu-\

ation subject to the effective utlllza\lon of manPOWer, Co
“facility, and budget resources. S

Certain issues highlighted- in the OTA revnew:f_ :

‘and CEQ hearings (e.g., the desxrablllty of greater

**# United States Congress, Oﬂice of Technology Assen-
ment,. An Analysis of the ERDA Plan and Prolnm,
October 1975, p. 4. e
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« + Government and state, loéal and reglonal concerns
_+ should be 1mproved to ensure suceessful ahd\ aoyt’

" . economic, environmental, socjal, ah¢poht1cal sy

. *_ Economic and net-energy analyses §hould boused
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. eneWependence as an enefgy pollcy goal) re-..

‘qliire broad publlc policy dlscuss;on since they affect
large segment,s of U.S. society. \Dec1slongon these
not‘be made singularly by government

can, however, help focus on, these issues by providing
supportihg’ analysis and' forums” fi discussion. For»,

... examplt, prellmlnafy conclusions \regarlling the im-

- pact.of epergy pollcy .on other sectots of the economy
ntéd dater in this chapter in a .separate dis-

cussion on energy systeﬂis analysis studles

4 Xl‘he pubhc 1’ev1ew' of the Plan prov1ded im-
"portant 1n§1ghts into - speci regional energy issues.
_In the two public meetings’ that were held;* _jggional
concerns were«\‘expressed about the future potential

° of- vanousenergy sourcés. These comments, reflected i

the umiqueness of regional environmens and were

s tied to local peréeptions of the nature and importance

.of problems, assocnatpd wrth development of energy
alternatives. N

~ “The. other main issues addressed by the partrcx-
pantsin the publlc metlngs were:

e The goals of the Plan slnould be more realistic and *

" “should consigder such reglonal constramts as re-
* sburces, capltal\,and manpower
~:»" The .degree of" ooordlnatlon between the Federal

‘ceptable energy policies and programs. j\‘,.f
o Criteria for rank1ng technology priorities shoi i

‘COnslder the 1mpact of technology developnl‘ent

« fems. The budget should reflect these priorities. \ o 3
~» The nuclear. alternative should be .assessed mg

carefully ih terms Jof env1ronment health" and
-safety. . : -

. Government incentives should be ava:lable to-en-

“, . sure commerclahzatlon of new technoldgles SR
':‘0_ Conflicts of water use' between' energgl and non-

‘ energy uses should-be resolved. P

.. » In view of finite resources, an ever-lncreaslng rate

of energy growth should not be éntourgged-

",  in assessing alternative ‘energy sources and tech-

e The importance: of short-term .energy plannmg~ :

* nologies. . i '\

should be emphasized. Conservation and otﬁer
_-alternatnves such 4s' solar, geothermal biomass
cgnverslon and hydregen should recelve mgﬁer

Qpnontles ' ¥ .

- Alnother form of pubhc reylew wa,s'provxded by
. ? '
"'The ﬁrst n!eetlng ‘was held’ ln lanta” (October J975)

econd’in Seattle’ {Decediber 1975). The. Bibli- -
' the publlcatnpns t‘,or these meetmgs . '_

’ U.bhshed for

<
' N . l

mteractlon betweqi industrial representatLves, trade

associations, state efergy -offices, , public . dinterest
groups, and Federal program planners. These. . graups -
were asked (by letter from ERDA**) to prohde their -
views -on energy RD&D.- :As a result of -this solicjtar

Yion and the:regionakFreview process, ERDA prograrh

managers and their staﬁs met with representatives .

' from:industry, publlc interest groups, and state and

Yeglonal energy groups. :
The. comments-elicited from' the publlc review.

. .process have been carefu}iy ‘examined dnd evaluated

. . .77 These commenits have helped sha current Na-’
. ERDA’ Reg"bnal Public R&lew . Lot ped shape the

tional ‘Plan, most notbly in the areas of program
prigsities (e.g., the new emphasis ‘on conservation)

and coordinntlng activities with state, reglona.l, and

‘local groups (e.g., the .emphasis on establishing & na-

" tional energy organizational infrastructure). In addi-
 tion, energy analysis eonducted at the state and re-

-gional level - will -be usefuf - is focusing the energy

¢ systems analysls el’t'orts whlch infiyence the Plan.

Euergyl Systems Analysls Studles a .

Subse uent to the devélopmént of ERDA-48,
sseveral stu ies were “undertaken to qddress issues
* taised by the Plan and related commgnts. For exam- -

" ple, it was clear ‘that more analysls of . economlc .
effects, and epergy-enyirgnmental trade-offs was re-

" quired. Slmnlarly, ERDA belicved that the “ctimula-

. tiveimpact of technology change in the' utlllty indus-,

fry ‘deservé more study, as did-the situation posed
¥ other countries that sustamed a h-lgh economic
) wfh wlth relatlvely low energy consumptfon. . .
~ These ' stugdies are neanng completion, ,will be
ternal review and comment, and

ct d to provide i
. planning At this point, the study results ap
" naty, but appear consistent with the Plan,
* The new émphasrs on canservati

energy goals “are remforced

‘from a study of the relati piiskdp between energy

. * and econgniic growth. v .o,
- The chgite of energy B DD technologies is rein-
-+ + forced by a study whigh 4 dicates that, of the tech-

nologies lnvéstlga ed

e The difficulty. 4

consumption "attemrto show qnproveql energy- -
. econdmic ‘effic ncy .is hlghhghted ima study of .
& fareign enqu/'ctonsumptioh pattems. .

Finally, He importance of emphasrqmg the coal'
and lighfbwvater reaétor nuclear mmatlves, dis-
g d,ear ier in Chapters I and III, is highlighted
B¥narket study of the electric utillty industry. :

.d\an letters from the Asgistant- Admmlstrqtor for Plan- "
ng and Analysis to reprmntauves of these groups in
)Marcl\and July 1975. . _ .

P ;
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. * . ‘'mental trade-off. analysis and- the- a(nalysls &
-Romic coﬂ'srramts to energy growrh are bemg mvesg*
gated Lo SR :

: The study of energy systems 1s dy'namlc‘ *As o
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In addltlon to the four study areas above;:*th
conceptuahzatlon of energy, economic, an

more is"learned dboyt the role of energykm socréty,

' both the problems being addressed and the

'fechnlques of analysis are subject’td r.han Thls
K d con-

The: purpo'se of the analysis; * highlights of

. emerging conclusions, and’ refere ; s,xo existing and

X}

planned detailed reports are prese et f
‘studies, - v

TLE /Each study is su;nmanzgd in the balance ot,thls

.-section. The conclus(ons and:esults a‘l‘e based on a
series .of mdepende'at *ahalyses The supporting
studies are only, lndlrectly related to 'each other,
pnmarlly throngh the common input assumptions
‘related to ‘Possible energy futures (i.e., the ERDA-48

dlscusseq prevnously in Chapter V.

Relatlonﬁhlp Between Energy and'J R
Economic Growth :

The effects of alternative future energy scenarios
on the U.S. economic system must be better under-
stood. This need i is, underscored by concerns over the
impact of -rising- energy prices on overall economic
growth, energy demand, inflation, and employment.
Other. areas of interest include the impact of Téw
technology introduction on the economic system and
on the cost of providing epergy.

The relationship between energy and economic

growth are complex but must be addressed to ensure

the compatibility of energy policy goais with other -’

e

societal goals. Accordingly, the main purposes of
analysis efforts i in this-area are to:
¢ Develop methods for measuring the interrclation-
ships between energy production and consumptlon
" and dconomic growth. The mterrefatlonshlps in-
clude those among; energy demands, prices, and
income; energy supplies, prices, and domestic eco-
. nomic output; and energy RD&D impacts, infla-
tion, labor requirements, and-capital requirements.
* Providg information on the.economic impacts of
-enérgy technology introduction. Impacts such as
changes in material, labor -and capital require-
‘ments, aggregate GNP and its distribution to con-
'sumptlon investment, and forelgn trade are impor-
tant to permit’ evaluatmn of alternative energy

. policies. -

* Differentiate betwecn the energy-economlc effects
of energy RD&D pohcnes and those of other pol-
icies. Fof example, it is important to providg infor-
mauon on the effects associated with policnes

»

nVlmh’w, ;
eco.

..‘

4;,“

. amfed mcreasmg energy supplies (such as
'xthrough expendltures on new technologies) as

e ‘.compared to those associated with policies ajmed:
wns -

-fr

., at-curtailing dcmanq (such as- demand reduc
) through price lncreases) .

‘New technologxes deslgned to explolt the Na-
tton s abundant:domestic _resource base are expceted
- to be available at dlfh:rent times and in'varying quan-

.tmes over' the next two decades: Contributions to

energy supplies are ex%cted from -cil shale, caal
liquefaction,and gasification geothermal energy, and
solar electric_ and direct solar appllcanons To the

. extent that these technologles can compete with existr

ing énergy sources, including imports, they can re--

duce the Nation’s dependence on for |gn energy sup-

phes Therefore, one strategy for meeting the Nation’s
energy policy goals relies on increased domestic sup-

* plies. Another. »’strategy involves reductions in energy

consumptlon

Four ‘models were ut1hzed to dgscnbe the m‘ter- ‘

‘ ¥
" scertarios). New and continuing studies are, however, ~ reactions existing beiween factors of energy supply.

a key. ingredient of the ERDA plannlng system; as

and demand and economic activity. These models,
discussed at the end of this section, were used to test
alternative supply and demand policies against a base
or reference case. This case assumed the continuance

-of present econamic and energy practices and condi- -

tions; the only exception ,was_the assumed decontrol

" of oil and gas prices.* The alternative policies were

evaluated in terms of their effects on economic growth
and on the achievement -of prespecified- import tar-
gets. These policies were based on the following: _
» A supply policy was based on the introduction of
the new technologles mentioned above. The. esti-
mates of ‘the maximum energy flows that could be -
expected from the new technologies were based on
the technical cafculations (scenarios) contained in
ERDA-48. Import ggrget levels were set as a de-
clining percentage tal domestic energy use.

* A demand policy was based on rising energy prices

(via taxes and tariffs only). ‘Demand medsures
(rising energy prices) were used to eliminate any

supply/demand gap still remaining after the irtro- -

duction of new technologles The procedure “used
was to increase the prlces of energy supplles grad-

* During the conduct of these evaluatnons. ERDA and FEA'-
cbllaborated closely on the energy projections generated’,
by FEA through_ its, Project Independence Evaluation Sys-
tem (PIES) model, £RDAg¥lieves that the FEA modeling
efforts provide a very logical and detailed -approach to
evaluating economic inter
frames.- Thus, ERDA ha: osen not to duplicate these
efforts, preferring instead to rk with FEA to produce
a wg\r\ually agreed upon set of ‘projections for the next

decade. Conversely, ERDA has taken the lead role for
examihing the energy-economic interactions for the -1985-

2000 time frame, with FEA provndlng ‘advice and review.

The evhluations.in this section covér only the 1984
period and were closely calibrated to the FEX, zes

1985 to provide the initial point*of depa@
. | .

too . tf&.{

~

tions for the 1975-1985 time’

‘
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*ually (whlch resulted in lower demands) untrl the
specified -import target levels were reached. “THe
- '1985° unport targét level was 10 percent of total
- energy’ CM
-5 percen ' Vol
The prellmmary results obtamed to date relative
_ tto the base case havé some. important implications
,for research. and develﬁament activities and for the
xmplementatlort,o/f new technology in the market place:

¢ The introduction, of ew !energy-producing ‘tech- *

. mology has a signlﬂcant positive effedg on the level

demand, is several-fold larger ‘than the discounted
_value of accum,ulated expenditure$ on RD&D. .

tion and-the 2000 target level was

‘ the economic wxll-being of .the
. country. The di ounted value' of future GNP re-

“stored by adding - s.upplles (through technology " indust ctoral model*

" introduction), mstéad lof i mcreasmg prices to reduce - . m ustry sectora’ mocel” an subsequently linked to',

2

pete.ﬁlccessfnlly by the end of the centnry New S
-technolagies (primarily oil shale, geothermal and i
direct solar) may account for 16, percent*of total i
. energy in 2000 as compared to only 4 perce l’ m
- 1985.
¢ There is an improvement in ene;gy-economlc elﬁ- :
ciency (as' measured by the. energy/ GNP : ', ) U
~ Prelimigary results: indicate a } to 3 percerithy ’.
point i p;ovement for each l0 percent .change m
‘energy. pnces ' :

“The sej ‘of analytital tools applled to these prol?-
“lems represents an advancement in the state-ofthe- .
- art for models of this type. Tt is the first time a macro~ '

* economic growth model h\%b\eden ‘linked'to aniriter:

_an energy ‘te logy orientéd resource allocation:
:model.** These eéfforts are being jointly pursued
- through contracts with ERDA **¢ It also represents - .

" o Higher prices (30 percent above those otherwise~ . “the first time that changes in‘energy technologies and -

expected in 2000) could be required to'achieve the . patterns were introduced into the economic ‘models

, Specified, energy demand reducuons, and this ap-
pears to be an undesimm cost to the Nahon. Im-

plementation of more efficient energy usmg “and .
producing devicesavould be the preferable way to..

achieve the import reduction. The price increases

"needed to achieve a suﬁlclent demand reductlon are 4]

half as large when new supply-technology is avail-

able as when it is not availablg. Energy demands -

- are rather inelastic, with a+10 percent increase in
price requnred to produce a 2.5 percent demand re-
duction in 1985 and a 4.5 percent demand reduc-
tion in 2000. - .

 Increases in the inﬂation rate occur as a result of -

. energy price changes. In addition to the introduc-
"uon of new technology, high taxes and tariffsf(over
150 percent on oil ‘and 20 percent on gas) are re-
quired to achleve the specrﬁed,lower demandsif8
leads to a long-term increase in the generag
tion rate of about 0.3 percentage point. -

result in a slowing of the rate of increase

output of the domestic economy, The rate of in-
crease in- real GNP declines; tesijting in a small
drop in the level of real GNP (about 2 percent
lower in 1990 and 3 percent lower in 2000). °

¢ Changes in labor requirements result in un increase
in unempléyment. A lower real GNP produces a
lower demand for labor inputs ‘to the ecorxomy
The restructuring of the econdmy to reduce energy

use offsets this somewhat through increased de-* -

mands for labor as a substitute for energy mﬁuts

‘The overall*result is a long-term increase in, the

unemployment rate (for both policy alterna(lves)

of from one+half to one percentage point hrgher
. than for the base case.

*- New technologies are only margimlly compeﬂtlve :

wlthexlsﬂngtechnologylntheshorl-runbntcom-

Net Ener

" to determine the new configyration of economic -

. activity . and indicators. The relatlonshlb among the

separate model{,ls expreSsed in theNlogic diagram .
“shown.in Figure VI-1: Each of the four models have
en previously. exgmined and: <critiquediCerfain ad-.
ustments -have bgen made. to~gevel __‘mpat.rb)py;f*”?ﬁ?E
definitions “of parameters The \ni al’,l‘es,ulﬁ of - "
ongoing”study -dre toybe pubhshed by' Gokhaven
National. Laboratory and Datg' Resg po-. *
rated: and ‘will be disseminated. for feview and ¢om- . i S
! thent at approxlmately the same ‘time that thésﬂPlan 'y
is pubhshed - .
. These effqrts are an mtegral part of the, \iarpl bkl
mng, ‘program, “and budget review process now being
%ructulzed within ERDA. The #treatment of other
aréas-of energy-economlc anal.ysrs—-segtp.ral élastici-
. ties’ ’reglonal considerafions, and the segsitivities of.
individual technologi¢s—hasiyet to be worked out.
‘Other policy variations (e.g., non-pnce induged con-
servation) will be investigatéd. Additional res
studies will be forthcoming as they are completed. \ .

Analysis: The Energy Required to
istribute, ‘and Conserve Entrgy

ergy analysis is the term commonly used .
energy expendrtures requnred to pro- '

Produce,

* For addmonal detalls see “US. Energy Policy end 4
Economic' Growth, 1975-2000," Edward A. Hudson®m -
-and Dale W. Jorgenson, The Bell' Journal of Econoinics

. and . Management Science, Volume S," Number: 2. Au-
' tumn 1974, %p. 461-514.. ‘ .

. * For additional details see:"A Methodology of Techmcal

“Analysis with Application:to Energy Assessment,” K. C. _
Hoffman, ASME Paper 75-WA/TS-8, American Society -
of Mechanical Engineers, New York, 1975. - .

*** With Data Resources, Incorporated (macroeconomic -
and cintef-i ry sectoral models) and Brookhaven
National Laboratory (input-output and resource alloca-
tion modeéls).
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Figure Vl—l Integratlon of Economué Growth

duce and distribute energy in various formsor to're-

- process. It is the difference between energy output
" and the sum of direct and inr‘ect energy inputs. Net

; nergy is a subset of the broader area of energy

(:nalysls which seeks to identify and interpret the

energy flows in society—both direct and indirect—
which are required for the productnon and distribu-
tion of various goods and services. Net energy analysis
is an aid to program planning, as it supplemeénts ‘exist-

" ing economic and technical analysis and'provides ad-

ditional information for evaluating techmcal pro-

_grams and project pnontles

Net energy analysns of mdxvndual technology

, options is imporiant for. several reasons:

+ To determine how much. -energy must be mvested
to-develop, construct and open;ate new technol-
ogies -

To supplement economlc studies anmed at evaluat-
ing the energy resource base and analyzing the

- cost of new. technologies

To provide a better understanding of the relation--

ships of energy-producing sectors of the economy

to each other, to othex‘ economic sectors; and to the

‘;envu'onment ,

{

.

.
'1

Q

ERIC

Aruitoxt provided by Eic:

duce energy consumption in a particular, demand .-

L1097

’,

Industry Interactuon and Energy Systems Models

* To 1dent1fy significant 1nd1rect economic benefits
f}om careful energy management such as preser-
-- 1 vation .gf the environment and conservation of
energy resources for future generations.
Net energy analysis is still in an early stage of
_development and lacks a well-established set of rules
. and conventions. Substantiye questidns arise as to:

» Which energy expenditupes or resource commit-
ments should be incjuded in the analysis, and what
system of measuremen should be used

¢ How endrgy of different forms (and with different
economic values) or energy of like form expended
. atdifferent times should be aggregated

*." o: Whether a single quantitative value (and if so;
. which one) can adequately express the slgmﬁcant
results of the analysls

. en if there wsre no uncertainty in the magni- .

tudes of the various energy inputs, very large appar-
ent dnscrepancnes in reported total energy.inputs per
unit’ of nét -output’ would still result from different
responses- to the ‘above, questionf. These questions
.can be ansWeréﬂ only after additional ‘studies in' net
cnergy analysls have been conducted

’

1Y R
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Recbgmzmg these dlfﬁcultres ERDA used two

- studies® to prepare conclusions;on the net‘energy of
"_seven basic technologies for produc:hgelectncrty and -

£ cent or higher. ,

nine ' technologies for * producing non-electrical
energy. Based on the results to ‘date, the conclusrons
areasfollows e . ,

« With the exception ot very low-gnde energy re-

sources, no ‘technologies appear to be ‘“losers”, .

" from:a net energy standpoint. These low-grade de-

' posits have not been included in the assessment of
the resource base presented earlier.

~

s Most technologies return from 4 to 10 fimey the

external energy (i.e., the direct plus indirect energy
inputs) expended for energy p uction.** That is,

- the external energy inputs amoynt to- 10-25 per-
cent of the energy output. However, for some con-
ventional fuel supply systems the extem? eneSgy
.required is less than S_percent, while for com--
binations of proogsses de oil from shale: used to
produce electricit

. -'vNuclenr electric power retums about 4 fimes the

‘extermal. energy required. A detailed study of the -

. nuclear option is summarized in Appendix B.

. Net erfergy analysis is-a supplement to, not a rg

placerent for, -otlier more widely used tools of -

analysis. Considering the current state-of-the-art, -

ranking of technologies on the basis of net energy
calculations is not as instructive as performing the
analysis on specific technplogies. The use of ques-
v ;\onable assumptions and the lack of comprehen-
sive data preclude extensive reliance on.the com-
panson of results. ’ :

Other major technologies wrll be analyzed and

reported on during the yefr. In addition, futufe
efforts will consider energy demand dptions and com-

. plete supply-to-demand pathways, including the
* transformation process ¢fficiencies at each step alo

the pathways

Foreign Energy Consumptnon Patterns

Guidange for domestxc energy policy will also
come fromw expeériences of other natidns. ‘Most in-
structive will be those-countrigs whiclyhave achieved
a hlgh standard of living with lower rates of per

_ capita ‘energy consumption than those in the U.S.

)

Most notably, several European .countnes (e g, .

'

*Two studies have dealt wrth a wide range of energy

. technologres “Transition,” sponsored by the “State of
Oregon, Office of Energy "Research and:

ot Govemor, 973, and “A Study to Develop. Energy

i E.sumltes of Memt for Selected Fueereg:hno]ppes."

Developmegt Sciences, Inc., September 1975. Orginally -
Depar. ent of the Interior, this latter ;.

.- sponsored by ‘the
‘study ' was subseque
Sevéral ‘othér studi
#* See Appendix B f
. used in net energy a lysrs

included - m ERDA’s

¢ 3‘
o
il -

the requirem'ent. can, beé 40 per-

Planning, Office .
rogram. .
referenced in the Brbhography
a further dfl;sron of the ‘terms .

# " dustries, constrtute a

SWeden, Denmark Swrtzerland West Germany) have
these charactenstlcs

Studies on forexgn energy use and econo;me~

growth are needed to: .,
+ Evaluate the level and mix of energy consumptlon
within different sectors and gain understanding of
the basic relatronshrp between forergn énergy con-
sumption and economic growth -
« Identify ppportunities for conservatiay
applicable to the U.S., and.eyatuate
“which life style changes may be -required to,
achtieve lower per capita energy consumptioh rates

whrch are,

"« Form a basis for determining both efficient and--

wasteful energy consumption practices in the .U.S.

"Sweden was selected for the fi
cause it has a similar economrc performance to the '
" U.S., as measured by per caplta gross natignal prod-
--uct (GNF) and per capita income, and a significantly .

lower per capita energy consumptron rate. Co

. Theresultsolthlsstndyplnsmearchbyothels'

indicate that major structural changes and éfficiency .

improvements would be required to promote, a sig-

nificant transfer of Swedish emergy consumpﬁon pat-
terns to the U.S. The major differenges are ip:.

« Makeup of the Economy and:Industrial Efficiency:+:
Sweden imports a sxgmﬁcant quantity of energy-
intensive products (e.g., -refined petroleum and *
-agricultural goods), which the U.S. produces in-
ternally.
dustnes, two important .enérgy*ntensnve U.S. in-

aller proportion of
. Swedish industrial mif. On the other hand, Sw
produceg significantly higher quantmes of p

. -and pulp than "the U.S. and exports)arge quantit

- of metal, machinery and- transportatron eqmpment :

", In addition, the energy efficiency of many indus-

ial processes appears to be‘hrgher in Sweden than
n the U.S.
ansportation Et’ﬁcrency “The

S%edxsh auto-
mobxle fleét, for example, averages Gver 60 percent "
» better fuel mileage than‘the U.S. counterpart: Sxm-< L

“ilarly; the Swedish people make greater use. of
mass transpottation. -

- « Housing Pattérns and Eﬂiclency Swedlsh ‘homcs

- are much better insulated than in the US,, résulting”
© in greater efficiency of emergy -use. Also, little or
“no air copditioningis requxred in Sweden. More-
~over; one\out sf: five hous;s in Sweden is Heated
"by hot water distributed rom fossil electric power
~plants; in, the U.S; this heat is dlscharged into the. *
envu'onment and lost; »
; Geography gnd Demography Urban’ densxty is ap-

. preciably higher in Sweden and ‘producnon centers -

are c}dser to markets *

1
‘ ° ',‘. _\ .

"j" A. Doem berg, “Com
. in SWweden and the Uni d States,” Brookham Nmonai
" Laborafory, September 1975. , v

o« ‘

Soregst U

.99.

e extent to .

t study*** be- -

The al]rmxnum and petrochemical in- -

arative Analysls of Energy Use .
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Some changes are under way in the U.S. that -
ptoinise improvements in per capita encrgy consump-
tion along the lines suggested !by the Swedish expen-

of gasohne was more than twick that i n the U S in*
1973. . . ?

. Additional studles of other countries are

ence. For example, efficiency improvements in the ° planned for the future. ’I‘hese efforts will be under-

U.s. transportatlon fleet will be- forthcommg as a
result of the recently signed' Energy Policy and Con- -
servation Acl. §pec1ﬁcally, auto. manufacturers art
requlred to bring their,fleet average up to 20_miles
per gallon (mpg) by 1980%and 27.5 mpg by 1985
For comparlson the .U.S. average of all autos was
13.5 mpg in 1972 while the Swedish average was in
" the low 20’s. In addition to auto efficiéney; the Act

also’ provxdes impetus ta future |mproverrlents in in-

dustrial energy efficiency., .

On the other side, however, it is’ possnble that'
energy’ consumption - pattt:rns jn Sweden- have not
«stabilized. The afount of energy uséd to support and
produce economic  activity, as measured by ‘the
lenergy/ GNP ratio, -has increased in SWedez during
-the last ten years. The U.S., which uses more energy
. per unit of GNP, has experienced'a flatter tfend over

able supply conditions, Swedish patfgrns in energy

may approach present U.S. patterns. The current .
emphasis of Swedish energy policy, however, appears .
to\be toward even greater eﬂic1ency improvements .

" - and slower growth rates fin'the Tuture. In addition,

- mer of 1975 by ERDA, is
the_ same period. Thus, gver- time and under favor- -
“first of several that seek to

~ taken in' cooperation with the selected foreign coun-
tries-and. thh the Internatlonal ‘Energy Agency .

'Energy Market Analysns A i

Analysis of the marketplace is uecessary fo un-
derstand how new technolog;es can have a reasonablé
chance of competing with other, more established
technologies. Successful competitio as two main
components that are investigatéd by- market analysis:
+first, the economics assocfated with energy recovery,
transformation, and distribution; and, second,, the
timing.of market mtroductlon and the degree of mar-
ket diffusion. These. studies are patterned after pri-
vate sector practnces, supplemesnted when -necessary
by other supporting patiofa}’and regional analyses.

The Electric. Ut}lity Study, started in.the sum-
example of a specific
ay. This study is the
ess the Plan’s overall
RD&D objectives, goals, apd‘program priorities from’
thre viewpoint of th stry most directly affected
by implementation of new energy techriology:

A four-step approach is used in the utility study.

market study currently’ under

‘the \gap between the. American and the . wedléh ~ l’"lrst a range of electric growth futures is established ..

standard of living may be different than indicated by
. the per capita GNP ﬁgures due to thé interpretation
glven GNP as a measure of economlc wealth. -
-Another study* prepared for FEA rei¥orces the

_ concluswn that structural changes and efficiency im-
provements in the U.S. economy would be réquired
to obtainy the lower energy cansumption patterns
achleved y some foreign: couitries. Differences’ in
per capita energy consumption between ‘West Ger-
::_many.and the U.S. are greatest in'the household and’
. cgmmercial sector, and the transportation sector. -
" For example sxgmﬁcantly ‘smaller houses, negligible . -
use of dir conditioning, "point-of-use’ hot wator heat-
ing, and othgr differences result in lower per capita

" consumption in the West Germany household sector '

(i-e., about 48 percent of the U.S. level in 1972).
In the automotive sector,.per caplti energy use
per passenger-mile and ‘per capita miles driven are

 the applicable governmeht RD

omr-a regional basis. Provision is made. fop both high
and low total growth rates in electric energy demand.

i ‘Secondé the technical optlo,ns avmlable to utilities are '

documeénted, -along with estimates of. time schédules
and economics. Third, the likely market penetratlon-‘ '

. and resijting benefits of each technology are assessed

" through an analysns of economic’ attractiveness from
the industry’s perspective. This assessment - may be
repeated for several energy policy scenarlos 2Fourth
programs are eval-
_uated in light of the 'market ftudy results to deter-
mine whether the program prnorltle,’agd goals .are
appropriate.

.+ Tentative findings 1n the ﬁrst stage of the
study—based primarily on comparisons of technol- -
ogy econemics - and envnronmental characterlstlcs— :
“" suggest. that:

‘. Conventlonal coal plants thh scruhbers and hght,

% both around 50 percent of the U.S. levels. Thesé .

witer reactors will continue to provide the bulk 8
factars account for a large portion of the lower per ’

l base generated power for the rest of the century,

" capita consumption in the transportation sector (i.e,” | 838 turbines will provide some power during peak o
about 27 percent of the U.S. level in 1972). periods.

a Lower energy consumption in the West Ger-" - * The existing and newer technologles will have to- /
many and Sweden transportation sectors must, to | Sompete against these technologies “‘S""“Sh few .
some extent, reflect the high retail pnce of fuel. In ' can now be said to offer clear-cut economic ad-

West Germany, for. example the average retall prlce' ‘ 'vantages (even considering the large uncertainties.
.. in'cost projections) over coal and nuclearalterna-

tives. . .
* Three aspects of new technologxes make them at- .
'tractlve to pursue first, thi potenual for 1mproved

- K

_* Richard L. Goen and Ronald K. Whne .
Energy Consumption: Between West
. United States,” Stanford Research

f
rmany and the ‘

Stitute, June ‘1975, | .
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ecqnomics—eve smdil improvements i technol-
.ogy economics Cin make a large: dlﬁerenee when

viewed from a pational perspective (in hght of
very large projegted markets under all likely-.

* "growth scenarios); sécond, the capability of new
technologjes to .meet future, potentially more
stringent environmental’ standards and third, the
ability of some new technologies to shift genera-

tion from oil and gas.
R&D on new technologres now belng pur?

e The
sued by the Nation pr s’ more competitory in
- each area than are likely to be developed by:
vendors or implemented by ﬁtlllties‘ ) ,
* One objective of the studyill be to lay out an
RD&D strategy that provides sufficient techn ogy
alternatives in critical areas, but that minif§izes
investments beyond basic research stages in\the

less crucjal areas. This strategy should 'provrde

_suffidienit alternatives fo meet potential future con- -

straints such: @5, the possibility of ‘a nuclear mora-

torium, ma]or restnctlons on.western coal mining, -

or severe cOnstrlctlons on current envrroamental
. standards. In so dojfig, the strategy sho d also
provrde for trea?ng substanial cost uncertarntres

"The report on the first stage—indicatjhg prelim-
pnng 1976;

the final report a yeﬁr later.
‘The results of the utility study are generally ap-
plicable to otheY: eniergy technology areas as well.

- They serve.to reinforce the cojnmitment to assess all

-~

« penetration, as hig

ted in fhis National Plan. In
addition, while. an adequate set of options must be
available to :We,market needs, . pnpntles
within program a should be established;" with™

emphasis on those options with the highest. chancéof
ac}nevmg market. success.

aspects of technolo ﬁ and~the barriers‘ to market
gh

Energy, Economlc and Emnronmental Trade Qﬂs..'_

: The economic and env1ronmental impacts asso-
.ciated with the national energy system and the inter-
relationships among economic and environmental
factors need to be consrdered jointly. The addition of
‘new e ergy and supptortmg systems will cause

these 1mpacts "based largely on the mix of

‘changes
'techno%es that constitute the . energy system m

future gears .
The purposes of

K8
tl}e analysrs of these trade—oﬁs
are to; >

* o Subject altematlve energy scenarios, such as those

. contained in ERDA-48, to further testmg and'
evaluation. . :

-« Establish a frame of reference for understandlng

choices among environgeental values, énergy use,

and economnc growth subject to eondrtrons of .

uncertainty
\ Provnde 1nformatron for pubhc discussion on the

L

"o Provide ifformation to p

) g E L,

-relative magnitude and 1nterdependence of the m-
'paéts associated with eriergy futures.
g%bgram managers and
energy- planners, responsible for developing tech-
nological options to achri'e energitgoals. The em-
phas;s here shoulWrovrdrng information
th as a set of trad€=off curves) that depicts the
ilable options; - the - sensrtmty of options to
changes teghhology mix, demand levels, and
other vgrlgbles and the extent to which RD&D .
“can provide solutions to energy, economic, and
envr,ronmental issues. )

”

“The trade-off analysrs undertaken by ERDA S0
far incorporates five factors»associated with*energy -
activity: tofal gnnual energy costs, including amar-
tized investment, fuel, and operaging costs; resources
.consumed; domestic and imported crude. oil requrre-

"‘q.“. L ’ C ‘.e

.4

o

. ments; environmental effects; and capita] require-":
ments. The sis is based on varipus combinations
of techn gxes which could be utilized to satisfy the -

end-use deman specr ed in the ERDA-48 scenas-
ios for2000.

Deﬁnmg approppiate quantitative measures for
ental’ factors above is fairly
€ven though there are uncertainties

in ‘the values. Developing information” needed to

. measure environmental rmpact is significantly more

difficult for several reasons:” the multiple. types and"
uantities of envnronmenta[ damage resulting from -

'partrcular technolognes, the spatial patterns of , re-

*leases in conjunction with variable natural dilution

effects, and the uncertainty concerning the level and

costs o specrﬁc environmental residuals.
'Envrronmental information” withi the’ fequired

- degree of precision is not currently available. In addi-

_tion,-damage functions defining the

sts to the pubhc

P

3

, of various levels of the pollutants resultmg from the  “

10

gl range of different technologies are not avaijable.
r ihis reason, the analysis works with total costs
of delivered energy only, rather than with total publm/
cost (with the latter incorporating the external effects
of different levels of emissionp, as discussed in Chap-

“ter II). The results of the trade-oﬁ aﬁlysrs presented

here highlight the energy ‘and economic factors -

...The first step in the analysis was to determine
the lowest possible value for each of the factors

. givgn various technology options. In €ach case
combinatibn of ¢nergy suppliés was chosen (subject '

-t

Ll

to the implementation constraints associated with an' |
- assumed scenario) which minimized each ‘factor in-

~ succession. This analysis is based on meeting afixed -
‘set of end-use demands through variations in. fuel.
substitutions from a given set of energy. technolo es. -

tsot‘thrsmm -
to sati -

Table VI-4 ,shows the re
tion step. The various technglogr

“use demands produced significant vanahons in the

9 -
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o - o . :
. Annual Imported portell,  Re-
Faclor Unit Coet Capital Ol . ON| -sources
{ Total Annual Cost, ,, N
s $Xx710° 296 388 304 304 340 .
Capital / ) ) -t
_ Reguirements, .
$ 109 1343 735 1197 147T 1364
lmporte& Oil, .
« " Btu x 1013 0 5 0
N N [y . .r
Domestic Plust "« '
o Imported -~ “- .
Oi!‘ Btu x 1013 - 20 70 20 4
Resources Used, ' . By~
Btux 1018 215 131, 133 12h . 1M
> Basis for Calculations: ERDA—48. Scenarios for thé|year 2000.
g Ny o Underlined values are thp absolute
: . minimum values for nch factod
values of some faétorsl and fewer vanatlon in other
@nnual cost has a aximum

Ny ' : ' e .
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Table VI=4 - Some' Preliminary Trade-Off An lysls
Ruum—sﬂect of Indspendently Minimizing Eafh Factor

Valuo of All Factors Wlun Each’Facto Mlnlnﬂ;od .

‘ 7

: tic Pifs *

.."»'

-

“subject to limits on the amount df reso
“This relationship is: lllustrated,ny Figure

constraint ¢auses a more significant cost ri

.» out sacrificing the high standard of lxving

(factors For exane?b

“value of 30 percefit above its nfinimum vajue while

‘capital requirements exhibit a 100 percent vatiation . - .

and resources consumed only a, 15 perceht pariation.
In the trade-off analysig ¢ases comple
_total annual costs were niin
straints on other, factors. This protess cap hest be
illustrated by gonsidering, for example, the{ trade-off
between the desire to achieve minimum angual costs
s used.

trade ﬁ presented is typical of those conjpleted to
date,
values where small seductions in the constrjint cause,
slight| cost increases and further ughtem g of the

he trade-off curves plus the underlying analy-

oint up several 1mponant conclusions: |.

ig out its overall mission, ERD views its
of trying to shift the trade-off curve to

. th& left through technology advances. On¢ example

.}hc achievement -of a more desirab; (lower)
level of resource consumption fordower

Sis |
’ In
" job as o

“The, intemlahthips \ - environmental
qnalityy energy costs, snd public costs to be
examined in much greater detail. There |are many
subjective views -on what constitutes an| adequate
level of env:ronmental quality, what additional en-
vironmental improvements should be sought,
what the total public cost will be at varihus levels
of energy producuon and environmen protec-

LY
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‘ OFF-PEAK ELECTR'CITY FOR OIL IN VARIOUS ~ -

. ‘ENO-USE SECTORS. ELECTRICITY GENERATED
: OFF-PEAK IS LESS COSTLY THAN OIL BUT .
4 CAUSES HIGHER TOTAL RESOURCE i

]

CONSUMPTION. " .

Figure V-2 " Relationship Between Resource

, Use and Total Almual Cost’ s
" véloped on environmental/en gy/economlc inter-
actions, and trade-off. curves may be a- uscful'
approach for this purpose. - .

Jlrade—o studies with @ more niarrow focus aré
equally impo! ant in' the context of individual tech-
nology_ programs Within each program, erous
technical options influence the amourit of energy pro-
duced pr conserved, -the associated costs, and the

.~ amount of environmerital impact. Trade-off- studies

will be useful in narrowing the list of options to: be
pursued in the ¢ energy RD&Dp gram L

~ Capital,” Manpower and Industllval 'COnstnints

to»Energyr Growth
The most critical impact of technology intro-

dticuon on energy and supporting ifidustries will be

oft certain economic resources (e:g., capital, labor,

material, and equipment) associated with facility con- -

struction and operation. Constraint analysis ad-
“dresses the physical constraints associated with these

- . resources and how-these resources might influence -
. and be influenced by energy growth and the introduc-

tion of new technology. Both technical and nontech-
nical barriers to technology introduction are impor-

* tant in this analysis. A constramt analysis is bemg .

106 -

conducted to:

tion. Much more -information . needs to be de- _ )
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FAqons INF‘LUENCING THE EVOLUTION OF THE PLAN ) <103
-The current ability of industry to modify*’e'xi{ting
manufacturing and other production: facilitiés to
reflect the reqtu(ements associated With new energy
technologxes is notklear and must) be mqre thor-
oughly investigated. For”example,/hew technology
places large demands op special Products such as ’
heavy steel plates, but this appears tc reqmre rela- .
tively small.additional capntal mvestments in the .
‘energy sector. -

‘. Iglentlfy future changes in economic rgsource con-, ¢
- sumption ~pa.ttems likely to arise from changes in
- the energy system, especially those likely to reqmre

W changes in industry infrastructure.

e Identlfy po ntially -severe  disruptions, “such- as
‘markedly incteased needs for skilled craf«tsmen, to ,
sectors of the economic-system  * -

-« Provide for a systematic’ way of analyzing resource

requirements (e.g., steel, labor, and money) from

2"
energy and non-energy sectors'of the economy.

The results of this constralnt analysxs wiil high- -
light areas where more detailed and narrowly focused
studies are appropriate; for example, studies tipat ad- -
diess spécific industries, products, or skills. Planned- .

¢+ ERDA efforts include the development of an overall .
_ manpower. ‘data base for energy-telatéd activities and
sources,and the analysls of manpower requxrelilents
_for future energy technologies: These. efforts.will be
coordinated with dther-Federal agencies' having on- *
goxng prog(ams in manpower-relatecl areas._

Need for Contmul/ng Stuclles

.. 'The ;current effort examines the capital,” man-
"power, material, equipment, and construction re-

quiremefits-associated with the alternate supply and

demand policies discussed previously-in the energy/

economlc growth section. The gequired Iespurce

levels were obtained from a model developed by the

‘Bechtel Corporation. ¥

The constraint afalysis effort is )ust begmmng

Based on the initial ealculations, it appears that:’

* The ratio of energy capital inyestment to total busn- .
. Dess investment (hlstoncally between 25 and' 30

.

percent) would remain relatively constant over a
broad range of near-term (to' 1985) energy futures..
In one scenario examined, heavy investments in
“synthetic fuel facilities were -offset by dechmng
transportatlon investments (e.g., tankers) for im-

- The gesults of all of these.continuing sjudies

and analyses simultaneously provide a perspective for -

- planning, an opportunity to test or to make concrete’
some of the, underlylng assumptions of the Plan, and
a mbans for extending the understanding of -the at-

ported oil and gas. tributes of different,approaches and qutcomes through

¢ A tight labor market will continue for certaln con- - time to deal W);l'l’*the energy problem. {llssmg in-
struction trades-—namely, pnpeﬁtters, _welders,  formation -an /uncertamtles highlight the n to. _

/boﬂermakers, agd electricians, However, overall ‘acguirethéiss _"xﬁc data or to defirie the“speciffc rela-

.. ! manpower demands byﬁnergy industries should tio f""is diés thiroughout the Federal structyre, in

-not have severe .eﬂects on the tgtal. manpower . unr.ve s, In the. private sector, and in othér-§pun-
‘market. tries all eontnbute to this process. As with -all -

) " ° ~

analyses, these ‘approaches need external dm:ussxon
and th&(iscipline of tHe peer review process.
desized en¥, results are greater knowledge anda de

* M. Carasso, J. M. Gallagher. K.. J Sharma ‘I R. Gayle,
R. Barany, “The Enery Supply Planning Model,” Bech-,
tel Corporation, Sﬂl)-i;ancnsco California, August 1975,

*
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' scope and in depth of cOverage.

- strategy have been reﬁned somewhat, but remain -
essentially irftact. ERDA-76-1. emphasizes the opera’
tional aspects of implementing the'-Plan, particularly -

- velopinig energy RD&D costs and- benefits;
establishing pnontles for component programs; and .
(3) analyzing energy RD&D activities m the pn-a'

'been

Chapter VII

.
The Natlonal Plan for Energy .RD&D is de=.
signed to provide the: framework’

govemmental'polgcy in the dewelopment of conser-

_vation an\d energy supply’ technologies.- ERDA-48 :

set forth the fundamentals of. the Plan, including a
dlagnos1 of thé national energy problem, the ﬁve
major natiodal gogls related to energy, and thé
energy technology gJals Furthér, the Plan presented
a strategy ‘for achieving these goals, along with
broad program objectives. Finally, the Plan.included
the judgmental pnonu for dpvelopmg th ajor

sources of energy. s
"In ERDA-76-1, th§ Plan 'h been .expanded in
2l'he basic goals.and" |

in the areas of market penetration of new technolo-
gies, Federal interaction with other institutions of
the national economy, apd an’ ovefall approach to
detailed analyses and planmng of Federal RD&D
. programs.

But no one document can fover all-the areas--m

that make up the complex lzmtrgy RD&D spectrum;
-not eventin the aggreghty can/ th¢ two.documents
(ERDA-48 and ERDA- 91 ,cldim completeness.

Thus, fQgure planning effoffs * will ‘build on these

efforts, adding new information as it becomes avail-

able and- gradually incgrporating more of the ele-
ments that must be considered /'a/cr‘eating a unffied . .
Plan. Although it.is too early o state with certainty
.~ what will be mcluded in future reports, three activi-

ties are essential to ERDA’s own planning and will
(likely be included in the next Plan update: (1) de-

vate sector, o a

,uevelopmg Energy RD&" Cost% )
and’Benefits )

The major energy technologms have not been

. subjected to a detailed review of <osts and benefits,

althoy, GjﬂL cost-benefit studies .of some_ options have

for-carrying out:-

. priorities for'energy system technolog

Q@) .

ne. Such asswsments are comphcated by the

uture Evolutldn of the Plan

fact - that altematlve\ technologxes cannot easily be
compared with each other;'since each tendé to inter-,
act simultaneously with many others. The DA-48
scenarios exempley~ this problemy Howew:r tools

. for overcoming-these complexmes—tools such as -

4,venture analysis, economic’i impact, analysns trade-oﬁ )

stydies, net.energy analysis, and constraint studig
are becoming available. It is ERDA’s goal to. apply

these tools during 1976 to achieve a more systematic .

* approach to quantification of the costs and benefits

" of selected energy technologieg, and to leport the :

multso!thisworklnthenext:l’hn

]

. Estéblishing Priorities for
COmponent Programs

The Program Planning, Budge}i
(PPBR) system discussed in Chapler V- is
" signed to incre flectivenéss of
- ERDA’s pro
" process is

e abn.hty to estabhsh more déﬁmtuf

=.rently, only. the.major categories of energy corser-

vation. and supply technologies trave- been ranked. " a
Future efforts, will-focus on rahking, in order of -

‘options. Cur-.

Jpriority, component programs- -ainfed at the same or -
similar markets. For example, the electric .utility
study currently in progress al&&tlmzanud in Chap- .

ter VI is aimed at ranking technologies that compete
for the electgic utility market; future analysis will
analyze other market sectors. For example, there, are
a number of technologxcal approaches to producmg
low-Btu- gas-from coal; ‘these and other technologies

. need tq be evaluated further to identify their relative -

merits for . the gas ‘utility séctor. However, because

. of the multIple uncertainties existing in many of the ’

; program’ areas, a comprehenswe rankm} cannot be

achieved within .the next year!. ERDA’is initiating K

‘the task and will pursue the assessments af rapidly
as possuble It Is ERDA’s goal In 1976 to hh the
first ‘step—more anslysis of

pmgmmsinannmberofkeymdin«latdn--
markets.

same or similar 4.

The/ results of this. analysm also wnll enable .

ERDAto specify inore: accurately ‘the. ob]ecnves of~. '

each c_om_p:) program and o