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PREFACE

" Energy Research analyses and provi des background
information about fTederal efforts in research,
development, and denonstration of new and energi ng
energy technol ogi es. The analysis was perforned in
response to requests from the House and Senate Budget
Comm ttees. In keeping Wi th the Congressional Budget
Office's nandate to provide non-partisan anal ysis of
pol i cy options, the report contains no recommendations.
Thi s paper was prepared by R chard M. Dowd, N col ai
Timenes, Jr., and Kendrick W. Wentzel, with contributions
fromMary Ann Massey and editorial assistance from
Mel i nda Upp, under the direction of Douglas M (ostle.

The authors wish to eXpress their appreciation to
nunerous reviewers who provided very hel pful coments.
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SUMMVARY

The Congress has Ionﬂ been concerned w th energy
i ssues; in recent years t concern has increased
markedly, paralleling an increasing national awareness
of energy probl ens.

Recogni zing the inportant contribution that research
can nake to the solution of both short and |ong range
energy problems, (ongress has expanded and redirected
federal policies and prograns in energy research
devel oprent, and denonstration (R,D,&D). It has directed
the Energy Research and Ebvelopnent Admnistration (ERD
to design a national energy research and devel opnent pl an
and a programfor inplenmenting it.

In response to such changing priorities, ERDAin its
national plan has described varying potential enerqgy
futures for the United States; other groups have alco
formul ated alternative futures.

Wile the u.s. energy future could take any of these
shapes, a consensus seens to exist that the nost desirable
future woul d have at |east three characteristics: (1) a
reasonabl e bal ance between total denmand and donestic
supply, resulting in reduced dependence on inports;

(2 m ni mal adverse envi ronnent al impacts; and (3) a
phased transition from the domnance of oil and gas from
traditional sources to a nuch greater role for a broad
variety of new technologies.

To achieve such a future, the United States woul d
have to rely heavily on: (1) conservation or demand
managenent, (2) inportant contributions fromall nmajor
near~term technologies, and (3) dependence, in the |ong
run, on some sort of "ultimate" technol ogy using a
virtual Iy inexhaustibl e source.

The impediments--technical, environmental, econom C,
or institutional--to inplenentation of new or expanded
technol ogies are of two types: those due to uncertainties

(e.g., technical feasibility) and those due to other
factors (e.g., prohibitive costs). -A strategy for R D, &
can be designed to gather information that can reduce
uncertainties. Such a strategy can also hel p devel op
net hods to overcone ot her inpedinents, should this be

(1)
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judged desirable. However, other mechanisms, such as
financi al incentives, nay be nore appropriate in certain
. 4

instances.

The criteria for designing research strategi es nay
be grouped into three categories: support of desirable
futures, insurance against failure, and cost.

The degree to which a given research strategy
supports desirable futures depends on: its consistency
W th Congressional nmandat es enphasi zi ng energy
conservation, renewable resources, and environnental
technol ogi es; its support for an energy future not limted
to a few sources but drawing froma w de diversity of
types; and the bal ance it achi eves anong technol ogi es that
coul d provide energy over three tinefranes: near-, mid-,
and long-term

Provi ding i nsurance against failure mnimzes the

chance that all or many technologies wll prove infeasible
(as sonme surely must). The degree to which a strategy
satisfies this criterion depends on: its adequacy of

attention to basic (as distinct from applied) research;
the pursuit of diverse technical approaches to any one
source (e.g., supporting both centralized and |ocalized
conversion of solar energy so that technical risks are
hedged); balance in the scale of research, so that |arge
costly denonstration projects do not crowd out earlier
stages; and proper pacing, so that the program does not
proceed so quickly that problens and failures raised in
one stage are incorporated into the next.

Finally, cost is a criterion because federal financia
support for any endeavor nust generally be |imted. Cost
could therefore becone the determning factor in choosing
between alternative strategies where other considerations
were equal or simlar.

Alternative Research Strategies

To illustrate the application of these criteria, five
potential alternative research strategi es have been
eval uat ed. Each strategy differs in the degree to which
it satisfies the criteria. The five strategies are:

(D A strategy of continuing ERDA's present prograns,
conpl eting ongoing projects and allow ng nodest
real growth, but not allow ng najor new starts.
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This is referred to as the "base program
conpl eti on" strategy, '

(2 A "full funding" strategy, including the
el ements of the base program conpl eti on strategy
and carrying out all najor additional R D &
projects identified in ERDA's national plan.

(3) A strategy enphasi zing | ong-term nucl ear fission
t echnol ogi es and downpl ayi ng al | others.

(.49 A strategy downplaying the fission prograns but
enphasi zing all other |ong-term technologies.

(5 A strategy enphasizing near- and md-term
technologies and deferring all major long-term
technology denonstration projects not already
underway.

The base program conpl etion strategy uses the
President's fiscal 1977 budget request, With its five-year
projections, as a base. Mdest growh rates were
I ncorporated and conpletion of projects already begun was
assuned. However, no new projects would be initiated
beyond 1977; it is very close to a "no new starts" strategy..

Gonsi stency of this strategy wth desirable futures is
inpaired by its reliance upon past projects and priorities.
It would not respond to recently articulated priorities in
sol ar energy, conservation, and environnental protection,
nor would It permt pursuit of diverse technical approaches
wthin any one source. Wile its pace of devel oprment woul d
not be excessive, its lack of diversity woul d not provide
i nsurance agai nst the likelihood of future failures. This
strate%y would total s$40.5 billion in budget authorit
over the next decade; it would reach its one-year peak of
$4.7 billion in 1986.

The full funding Strategy would add to the base
program conpletion strategy all of the denonstration
projects identified in ERDA's national plan in all
program ar eas.

This strategy could be consistent with a desired
energy future, including ERDA's preferred future, in that
all program areas woul d be supported, providing diversity
within each source and across all timeframes. Its weakness
steins fromthe scale of effort and the pace. So nmuch of
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its effort is devoted to |arge demonstration projects that
budget constraints could inperil initiatives in the vital
pre-denonstrati on stages of research and devel oprment. The
full funding strategy would cost $63.7 billion in budget
authority over the next decade; its one-year peak of $7.9
billion would occur in 1984.

The fission strategy woul d enphasi ze | ong-term
solutions, especially the nuclear breeder reactor. It
woul d add to the base program conpletion level all the
denonstrations in nuclear fission prograns but woul d not
i ncl ude demonstrations of other technologies.

This negl ect of inportant nonfission sources,
conservation, and the environnment woul d be inconsistent
with ERDA's desired future. It mght not insure against
failure, because it focuses only on one technol ogy, even
though all timeframes are covered. Pacing m ght also be
a problem because of its heavy enphasis on a single
technology. This strategy would cost $51.3 billion in
budget authority; its one-year peak of $6.1 billion would
occur in 1981

The fourth strategy woul d al so enphasize |ong-term
solutions; it would rely on nonfission technologies. It
woul d add to the base program conpletion all of ERDA's
suggest ed nonfi ssi on demonstrations, particularly for
nucl ear fusion and solar sources, but would not include
new denonstrati ons for nuclear fission.

This strategy would also be inconsistent with ERDA's
desired future because it would not assign an inportant
role to the breeder. However, its support for a w de
diversity of sources (other than the breeder) would help
Insure against failure. This strategy would cost $51.6
billion in budget authority; its one-year peak of $6.7
billion would occur in 1984.

The fifth strategy woul d enphasize near- and md-term
technologies. It would include all conponents of the base
program conpl etion strategy, to which would be added those
projects identified in ERDA's national plan from which
results could possibly be inplenented in the near- or
mid-term.
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This strategy woul d not be conpl etely consi stent
wi th desired futures, because denonstration projects for
| ong-term technologies woul d be deferred. However,
support of long-term processes at pre-denonstration |evels
woul d preserve sone diversity anmong sources, including
conservation and renewabl e resources. This strategy
woul d cost $48.0 billion in budget authority in the next
decade; its one-year peak of $5.4 billion would occur in
1983.

The total costs for these strategies over the next
decade range fromover $40 billion for conpl etion of
t he base programto nearly $64 billion for the ful
funding strategy. The budget inpacts of each strategy
are summarized in Summary Table |.

SUWARY TABLE |
FI VE ENERGY R,D,&D BUDGET ALTERNATI VES
(billions of 1977 doll ars)

Qunul ati ve Peak

- . Ten-Year One-Year Year of
Strategy ' o -~ Budget Auth. Budget Auth. Peak
Base Program Qonpl eti on $40.5 $M.7 1986
Rul | Fundi ng 63.7 7.9 1984
F ssi on Enphasi s 51.3 6.1 1981
Nonfission Enphasi s 516 6.7 1984
Near- and M d- Ter m Enphasi s 48.0 5.4 1983

Each of the strategies inplies future budget authority
significantly higher than current levels. (The President's
fiscal 1977 budget authority request for energy RD & is
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$3.1 billion.) Wile a strategy wth a budget |ower than
current levels could certainly be designed, it would
require a nmajor shift in priorities set by Congress since
the energy crisis of 1973-74.

Summary Chart 1 shows the budget authority pattern
required for each strategy over the next 10 years. Wth
the exception of the base program conpletion strategy, for
whi ch funding increases slowy, the budget authority
required for each strategy rises to a nmaxi num and then
decl i nes. Because the nmajor projects now pl anned cannot
extend a research programindefinitely, actual budgets
after 1980 woul d depend on interveni ng deci sions about
budget levels, on the desirability of planned projects,
and on cost requirements for introduction of new projects.

- Sel ection Among Strategies

The desirability of each of these alternative
strategies depends in part on a judgnent as to which
potential energy future is nost satisfactory for the
Uhited States. [If funding constraints are extrenely
severe or if it is decided that future |arge-scale
denonstrations should be primarily the responsibility
of the private sector, then it would be appropriate to
select a strategy such as the base program conpl etion
strat egy. -

If, at the other extrene, Congress deci des that
extensi ve federal support of denonstrations is appropriate
and that an additional $23 billion, beyond the costs of
conpl eting the base program should be rmade avail abl e
over the next 10 years for energy R D & then a full
funding strategy could be selected.

Sel ection of one of the three m ddl e-cost strategies,
whi ch have very simlar budget implications, could result
froma decision that sone internmediate |evel of funding
shoul d be supported. Such a selection could also reflect
a CGongressional decision that, for budgetary or other
reasons, only one of the three major groups of m ddl e-cost
denmonstration initiatives--near-and mid-term, fission, or
nonfi ssi on technologies--deserves support.

G her Perspectives on Research Strategies

The five strategies inply quite different m xes of
fission and nonfission research during the decade. The
range is fromabout $25 billion--with nearly half of all
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funding devoted to fission in that strategy--to about $13
billion, or a quarter of all funding, in the strategy
enphasi zi ng nonfi ssion technologies.

The influence of denonstration stages is also quite
significant in the choice of strategies. As funding for
denonstrati on projects grows, the total R,D,&D program
becones less flexible. The full funding strategy woul d
devot e about 45 percent of all funding over the next
decade to denonstration projects, while the strategies
enphasi zing fission, nonfission, or near- and md-term
t echnol ogi es woul d spend about one-fourth of the tota
on demonstrations. The base program conpl etion strategy
woul d spend about one-tenth on demonstrations.

Final detailed decisions on a research strategy do not
have to be made now. The budget paths descri bed above woul d
result froma series of decisions to be made over the next
decade. Research is dynamc, and new i nfornati on becones
avail able alnost daily. That information is useful in
itself; it can also be used to hel p shape those deci sions
to be nade in the future.

Each such deci si on, however, represents a step al ong
a strategic path. The pattern of those decisions over the
next few years, especially with respect to fundi ng najor
demonstrations, will--whether by consci ous design or by
pi eceneal actions--result in the definition of a US. energy
R,D,&D strategy. That pattern of decisions will have
significant inpacts on the federal budget over the next
10 years.



CHAPTER |
I NTRCDUCT! ON

Congr essi onal concern about U S. energy problens has
I ncreased markedly in recent years. Briefly, those probl ens
include (1) the finite character of traditional donmestic
sources of energy, such as oil and gas, whose production
has peaked and begun to decline; (2) environnmental effects
related to energy production, transportation, and use; (3)
I ncreasing energy prices in the early 1970s, wth attendant
I ncreases in unenploynent and inflation rates; and (4) the
possibility of another enbargo that would disrupt US
energy inports and harmthe econony.

Since the 1973-74 enbargo, increasing attention has
been focused on the |ong-range inportance of energy
technol ogies that are now only on the drawi ng boards or in
the laboratory. Many such technologies, if devel oped
successfully, promse to permt the exploitation of |arge,
hi t herto unt apped donestic resources or provide environnenta
or economc advantages over existing technologies.

Much work remains before such potentials can be
real i zed. For sone prom sing technologies, questions of
technical feasibility remain to be resolved; for others,
technical feasibility has been established but economc
feasibility has not. Qher inpedinents to early introduction
include potential environnmental problens or institutiona
constraints.

A research program can investigate such potentials and
provide information that reduces uncertainties. Partially
In response to recent U.S. energy problems, support for
energy research, devel opnent, and denonstration (R,D,&D)
In recent years has becone one of the fastest grow ng
components of the federal budget.

This paper analyses the rationale for a federal energy
research program presents sone of the opportunities for
I nvestigation of energy technologies, and describes the
maj or criteria for designing an energy research strategy.
Five alternative long-run energy research strategies, their
long~term budget ary implications, and possible inpacts on
the fiscal year 1977 budget are outlined.

(9
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The bal ance of this chapter briefly describes the
techni cal opportunities in energy, discusses Congressional
energy concerns and responses (particularly as they affect
research and development), describes the national plan for
energy research, devel opnent, and denonstration prepared
by the US Energy Research and Devel opment Adm ni stration
(ERDA), and outlines sone energy issues and opti ons.

Chapter Il considers the role of new and energing
technol ogies in shaping the nation's energy future, the
i npedi ments to realization of that potential and, hence,
the targets for research. Chapter |1l discusses the
rationale for federal involvenent and the criteria for
designing a research program Chapter 1V first describes
the President's requested energy research budget for fiscal
year 1977 with its inplicit priorities; it then outlines
five alternative long-run research strategies and eval uates
each one in terns of the criteria developed in Chapter 111.
Finally, Appendi x A describes the funding history, program
content and trends, initiatives and issues for 1977, and
future programinplications and decisions for each of the
maj or federal energy R D & program components.*

Potential Energy Technol ogi es

The nmany potential energy technologies that m ght
prove feasible drawon a variety of energy forns. In this
paper, energy prograns are classified into three broad
cat egori es: CD ERDA's direct energy R,D,&D, (2) ERDA's
supporting technologies, and (3) direct energy R,D,&D by
ot her agenci es.

Drect Energy RD &. ERDA's direct energy R,D,&D
programe | nclude tour categories of nonnuclear res.earch
and three of nuclear research

Nonnucl ear Technologies:

e Fossil energy includes research on direct
conbustion of coal, conversion of coal and

*A separate backup paper, detailing methodol ogy and data
used in developing the projections in this report, has been
prepared for staff use. See Congressional Budget Ofice
CCBO Technical Staff Wrking Paper, Federal Energy Research;
An_Analysis of Fiscal 1977 Program Funding Levels and

Al ternative Fiscal Budget Paths Through Fiscal 1986, July 1976.
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oil shale to clean fuel products and petrochem ca
f eedst ocks, advanced power cycles for deriving

el ectric power fromcoal, and inproved techni ques
for extracting oil and gas fromthe ground.

e Solar energy includes the direct use of the sun's
energy 1 n heating and cooling of buildings,
conversion of solar energy to electricity, wnd
energy, technologies to tap the power of the
oceans, and so forth

e (Ceothernal energy investigates ways of tapping
heat 1n rocks or fluids far bel ow the surface
of the earth.

e (onservation prograns address nethods to use
energy nore efficiently.

Nuclear Technologies:

e Fusion power addresses different nethods of
exploiting the energy rel eased when atons are
conbi ned. These prograns may result in the |ong
termin a new generation of nuclear energy sources.

e Fission Reactor research investigates the
reactions in which the splitting of atons rel eases
energy. This program addresses both the current

~generation of once-through converter reactors and
a new generation of breeder reactors.*

e« Qher Nuclear prograns investigate those activities
whi ch support nuclear fission reactions. Fuel
cycle R,D,&D, uraniumenrichment, and nucl ear
materials security and safeguards are included in
this category.

*The breeders are a case of special interest. Odinary
"converter"” fission reactors use only a small anount of the
potential energy in uranium nost of which then becones a
waste product. "Breeders" use simlar amounts of energy but,
in the process, also convert nore of the otherw se unusable
uranium into usable plutoniumthan do ordinary reactors.
Breeders produce nore plutoniumthan is used up in this
process, thus "breeding" nore fuel and greatly extending the
urani um resource base. The considerabl e controversy surroundi ng
breeder devel oprment has focused on potential environnmental and
safety hazards, as well as on economc considerations.
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Supporting Technologies. These include the
envi ronnent al research, safety research, and basic energy
sci ence prograns funded by ERDA,

_ Other Federal Energy R,D,&D. Agencies other than
ERDA al so conduct direct energy R,D,&D, but are funded
nore modestly. The largest prograns are nucl ear safety
research in the Nucl ear Regul atory Comm ssion, coal m ning
research in the Bureau of M nes of the Departnent of the
Interior, and the environnental research prograns of the
Environnental Protection Agency (EPA).

Congressional Concerns Wth Energy Research

The Congress has long supported federal research at a
nodest scale on a broad variety of energy forns and
technologies. Under the Atom c Energy Act of 1954, research,
devel opnent, and denonstration of nuclear power has been
carried to the point of successful commercialization of
fi ssion technologies, such as the current generation of
reactors. Until early in the 1970s, however, nuclear power
was the only technol ogy annually funded at the |evel of
several hundred mllion dollars.

In recent years, Congress has mandated--and has
i ncreased fundi ng for--aggressive investigation into
t echni cal opportunities in other areas. The najor
Congressional policy statenent in regard to nonnucl ear
R D& is contained in the Federal Nonnuclear Energy
Research and Devel opnent Act of 1974, P.L. 93-577. That
act recogni zes a broad spectrumof objectives for the
nation's energy research strategy; while a greater degree
of self-sufficiency in energy is clearly inplied as an
objective, the act also calls for a balancing of this and
ot her econom c objectives with environnental and soci al
goals.

In the act, Congress broadened the scope of the federa
energy research and devel opnent program by a commitnent to
"...a total Federal investnent which nay neet or exceed
$20,000, 000,000 over the next decade." Congress wanted to
elicit "...the broadest range of energy policy options."
To acconplish this, the act directs ERDAto "...establish
and vi gorously conduct a comprehensive, national program
of basic and applied research and development...."
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Congress has supported its nandates for broadened
energy R D, &D prograns with acconpanying increases in
f undi ng. In fiscal 1976, for exanple, outlays for energy
R,D,&D were three tines the fiscal 1974 level. The
President's requested fiscal 1977 budget woul d represent
an increase of nmore than 30 percent above fiscal 1976 |evels.

In addition to devel opnent of new energy supply
technologies, the act specifically requires energy research
to incorporate conservation initiatives, including "...

i nprovenent in efficiency of energy production and use, and
reduction in energy waste....advancel[d] energy conservation
technologies...[and] improve[d] techni ques for the nanagemnent
of existing energy systems...."

Denonstrati on and Commerci ali zati on

Success of a technology in the laboratory or at the
| arger "pilot plant” scale does not necessarily ensure its
adoption for commercial production. Substantial uncertain-
ties--particularly with regard to reliability, cost, and
profitability--can renain in translating that success into
production. Two stages renain before R D & can result in
actual energy production: (1) denonstration of a technol ogy
at a scale of conponents that approxi hate commercial size
individually (but not necessarily in a commercially viable
assenbly) in order to gather additional infornmation, and
(2) commercialization, the buil ding and operation of a
comrerclial scale plant that denonstrates continuing
reliability and produces a product that can be sold at a
profit.

Increasingly, as federal energy R D & efforts
accel erate and processes are proven at ever |arger scales,
decisions will be required about the potential expansion
of federal participationin R,D,D,&C-~-research, devel opnent,
denonstration, and commercialization. Except for certain
nucl ear energy prograns, federal involvenent in energy has
traditionally focused on basic R&D, |eaving denonstration
and commercialization largely to private industry. In the
past two years, Qongress has addressed the denonstration
I ssue and found that previous national efforts and |evels
of funding had limted the nation's options in these areas.
To renedy this, Gongress enacted the Solar Heating and
Gooling Denonstration Act of 1974, the Geothernal Energy
Resear ch, Devel opnent, and Denonstration Act of 1974, and
the Sol ar Energy Research, Devel opnent, and Denonstration
Act of 1974. These bills set a policy of supporting and
encouragi ng federal energy R,D,&D and established |arge-
scal e denonstrati on prograns.
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Commerci al i zati on addresses issues of a different
type, such as size of investnent and financial Cas opposed
to technical) risks. A nunber of commrercialization
proposal s are now before the Congress, However,
commerci alization issues are beyond the scope of this paper
and are addressed elsewhere.,*

‘ERDA's National Plan For Energy - -
Research, Development, and Denonstration

Concerned with an apparent |ack of clear direction
for future research, the Congress gave ERDA responsibility
for coordinating all federal energy R D & and required
the agency to devel op conprehensive plans for energy
research, devel opnent, and denonstration that refl ect
Congressi onal policy guidance. ERDA is al so responsible
for devel opi ng a conprehensive programto inplenent the
plan, Both the plan and the program i npl ementati on are
to be updated annually and submtted to Congress.

Responding to this nmandate, in June, 1975, ERDA
submtted to Congress its initial plan entitled "A National
Plan for Energy Research, Devel opnent and Demonstration:
Creating Energy Choices for the Future" (ERDA-48). The
pl an defines ERDA's interpretation of energy policy goals,
presents alternative energy technology futures ("scenarios")
and identifies one scenario as consistent with a policy
goal of energy independence. That scenario requires
devel oprment of a broad range of technol ogies for near-,
mid-, and long-termuse and enphasi zes the inportance of
nucl ear power. These results are used to define research
priorities. :

According to ERDA's plan, near-term supply priorities
are direct use of coal, nuclear fission, conversion of
waste material to energy, and enhanced recovery of oil and
'gas. Md-termpriority sources are synthetic fuels from

*See, for exanple, Congressional Budget O fice Background
Paper #3, "Commercialization of Synthetic Fuels: Aternative
Loan Guarantee and Price Support Prograns,” January 16, 1976,
and its conpani on staff analysis, "Financing Energy
Development," forthcomng. See al so CBO Background Paper

#7, "WaniumEnrichnent: Alternatives for Meeting the Nation's
Needs and Their Inplications for the Federal Budget,"

May 18, 1976.
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coal and oil shale. Long-termpriority sources are
breeder reactors, nuclear fusion, and solar electric. To
reduce energy demand, ERDA states that highest priority is
to be given to near-termtechnol ogi es designed to inprove
efficient use of energy and to reduce waste.

In a separate volune, ERDA outlines its programfor
i npl ementation of its national plan. The plan and program
toget her with agency budget requests, define ERDA's
research strategy and formthe data base for nmuch of the
analysis in this paper. In April, 1976, ERDA submtted
to Gongress the first updated version of its nationa
plan. This update builds on the earlier version; a najor
revision is its increased priority for conservation
technologies. ERDA has enphasi zed the paranount rol e of
the private sector, particularly wth regard to conservation.

R,D,&D |Issues and Budgets

The maj or energy R D, & issues addressed in this paper

are the level and mx of funding for energy prograns. In
selecting a level and mix from the many potential alternatives,
Congress will in effect resolve a nunber of other issues,

including: the relative bal ance between fission and non-
fission technologies, the inpact of l|large denonstration

project costs on the US. energy research program the
Inportance to be accorded to near- and md-term technol ogi es
as distinct fromlong-termones, the support to be given to
environnental prograns and to technol ogi es enphasi zi ng
renewabl e resources. The paper describes the varying degrees
of resolution that could be brought to each of these issues

by selection anong five alternative energy research strategies.






CHAPTER 1|
TECHNCOLGG CAL PCSSI BILITIES AND PRCBLEMS

To define the objectives of an energy research
strategy, to design the strategy, and to measure progress
of the resulting research programrequire an understandi ng
of the broader energy policy context in which the strategy
Is to be devel oped. Three questions are pertinent: (1
What can and should the nation's energy future |ook |ike?
(2 What can and should be the role of new and energi ng
technol ogies in shaping that future? And, (3) Wat are
the i npedi nents to devel opnent and tinely application of
t hose technol ogi es?

What Can and Should the Nation's Energy Future Look Like?

During the |last few years, a consensus has evol ved
about certain characteristics of a desirable energy future.
Those characteristics include sharply reduced reliance on
inports, inproved environnental quality, and a degree of
protection of the econony against the effects of precipitate
or large sustained increases in energy prices. The consensus
extends to selection of the general nethods that could be
used to achieve such a future; the methods include w se use
of avail able energy (conservation), efforts to accelerate
devel opnent of domestic resources (particularly those
hitherto | argely untapped), enphasis on renewabl e or
essentially inexhaustible resources, and an expanded rol e
for new technologies.

Central issues in the energy debate renain, particularly
the determnation of the level of inports that would be
consistent wth national security concerns and the
acceptability of both the economc and environnental costs
associated wth a |long-range strategy of independence.
Research, it is hoped, wll devel op information and
technol ogies that would permt the exploitation of new
resource targets, the nore efficient use of traditiona
sources, and greater ability to reconcile security and
econom ¢ and environmental 1 nperatives.

(17)
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Wat Can and Should Be the Role of New and
Ener gl ng Technologies I N Shaping lhat Future?

Use of energy resources has followed a cl assica
pattern of discovery, understanding, development,
exhaustion, and abandonnent. In the 19th century, wood
supplied the bulk of US energy, accounting for as nuch
as 80 percent of US consunption in the 1860s. GCoal then
becane the domnant fuel for nearly 60 years. The nost
recent cycle has enphasized oil and natural gas, which

overtook coal during World War |l and has reached a peak
suppl y of about 75 percent of all energy, while coal has
declined to around 20 percent. Each tine a change in fue

use has occurred, new technologies for the supply and use
of the new sources have cone into w despread use.

This rapid passage fromone fuel source cycle to
another has left the United States with great differences
In renmai ni ng donestic supplies of some nmaj or potentia
sources, For exanple, renaining coal sources contain at
| east 12 tines as nmuch thernal energy (expressed in units
of common energy content) as do natural gas sources. And
sone as-yet-untapped sources, such as the urani um -fuel ed
nucl ear breeder reactor, could produce nore than 10 tines

as much energy as the remaining coal. Finally, severa
potential sources, such as solar energy and nucl ear fusion,
are essentially unlimted. (See Appendix B for estinates

of the supply available fromall najor existing or potentia
donesti c sources.)

Proj ecti ons of Future Supply and Denand

Several estimates have been made of future |evels of
donestic energy supply and demand. Mst influential in
shapi ng federal research and devel opnent are the estimates
made by ERDA in its national plan, which are the
Administration's basis for planning the nation's energy
technology future. In addition, the Ford Foundati on Energy
Policy Project's "A Tine to Choose," the Federal Energy
Administration's "Proj ect |ndependence Report," and the
Departnent of Interior's study "Energy Through the Year 2000"
contai n independently prepared estimates.* Such projections

*Energy Research and Devel opnent Administration, "A National
Plan for Energy Research, Devel opnent and Demonstration”
ERDA-48, Vol. |, 1975. Energy Policy Project of the Ford
Foundation, "a Tine to Choose," 1974. Federal Energy

Adm ni stration, "Project |ndependence Report," 1974.

Departnent of Interior, Bureau of Mnes, "Energy Through
the Year 2000" (Revised), 1975.
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can be used to evaluate the new technologies in terns of
their potential contribution to future supplies,

A Business -as-Usual Future. |In describing one
potential future that assumed current policy and consunption
patterns are continued, all four studies foresaw an energy
demand in the year 2000 at nore than tw ce present |evels.
In addition, all showed substantial reduction in the
proportion of that demand that could be net by oil and natural
gas. Qurrently, oil and natural gas supply about 75 percent
of U.S. energy; by the year 2000, this proportion would drop
to about 40 or 50 percent (even though the nation woul d be
consumng twice the current anount of these fuels).

A Conservation Future. Three of these studies--ERDA's
FEA's, and Ford's--estimated the effects of vigorous
conservation neasures (Table I). Al agreed that conservation
could significantly reduce demand by as nuch as 10 percent
in 1985 and about 25 percent by 2000. (This reduction woul d
be equivalent to lowering the nation's annual energy grow h
rate to 2.6 percent fromthe average 3.4 percent since Wrld
Vér IT.)

ERDA's estimate assunmed a conservation strategy that
woul d i nprove end-use efficiency for heating and cool i ng,
for industrial uses, and for transportation. |Its strategy
woul d reduce 1985 consunption by 10 quads* (from 107 to 97),
or nearly 10 percent. The Ford Foundation, in its "Technical
Fi x" scenario, found that 1985 energy demand coul d be reduced
from11l5 to 92 quads. S mlarly, FEA projected that 1985
demand could be reduced from 103 to 94 quads.

The conservation scenarios for the year 2000 are al so
close, ERDA estinated a demand of 122.5 quads, down from
a business-as-usual 165 quads; the Ford study estinated
123-124 quads; and FEA estimated 120 quads. This woul d be
a 25 percent reduction fromthe denand projected w thout a
conservation strategy. Application of such a strategy
woul d therefore contribute significantly toward bal anci ng
suppl y and demand.

*Quad is defined in Table I.
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TABLE |. THREE PRQIECTI ONS, OF ENERGY DEMAND?2

(in quads)b
— W conser | W THOUl orser
1985 2000 | 1985 2000
ERDA Gonser vat i on Scenario® 97 122.5 107 165
Ford Foundation's
Energy Policy Projectd 92 123124 | 115116 187-183
Federal Energy Administration's
Project | ndependence Report® A 120 103 145
a. Al three projections incorporated reductions in denand

estinmnated to be achi eved through conservation

Donestic energy consunption is often tabulated in quads
of energy. A quad is quadrillion (1013) British therna
units (BTU). ne quad is equivalent to the energy
produced by burning half a mllion barrels of oil per

day for one year. 1In 1974, the nation consuned about
73 quads.

This scenario isS ERDA's Scenario |. It is not ERDA's
choice for the future; however, nany of its conservation
resources are incorporated in ERDA's preferred

Scenario V.

This scenario is called the "Technical F x" scenario.

FEA assunmes a price of $11 per barrel for oil (in 1974
dollars).
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Supply Sources, in addition to a scenario for a
business~as-usual energy future and one for a conservation-
oriented future, ERDA postulated four other scenarios
based on different sets of assunptions about future energy

uses and different m xes of sources. ERDA's Si X scenari os
are:

Scenario O, the baseline scenario that extends
present trends. It involves no initiatives in
devel oping alternative energy sources or in
adopti ng conservation neasures. (This is the
busi ness-as-usual case.)

Scenario I, which calls for sone increases in supply
fromalternative sources and for greatly inproved
efficiencies in energy end-use, including conservation
Iin the industrial, residential, and transportation
sectors and in electricity production and consunpti on.
(BRDA treats this as its conservation scenario.)

Scenario II, which relies on achi eving maj or synthetic
tuel s production capability fromcoal and oil shale.

Scenario IIX, which envisions intensive electrification
using New sources of generation, w despread use of
electric cars, and inproved electric efficiencies,
e.g., In transmssion and storage.

Scenario |V, which calls for "limted" nucl ear power
(no nore than the equivalent of 200 plants each
produci ng 1,000 megawatts), production of synthetic
fuels, and inproved industrial efficiency. '

Scenario v, which conbines production fromall potential

fechnol ogires at maxi numor near-nmaxi nrumlevels. It
calls for all the conservation inprovenents included
Iin Scenario |, as well as for the electric car usage

projected in Scenario II1.
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ERDA concl uded that only Scenario V is an acceptabl e
future: Al though several scenarios would limt inports,
only Scenario V wuld elimnate themin the year 2000.
The inport criterion thus appeared to override other
considerations in ERDA's choi ce of an acceptabl e and
desired energy future.

If, however, the inport criterion were rel axed
somewhat to allow snall but still significant inports of
oil, other futures would be both possible and accept abl e.
For exanple, if the conservation features of Scenario |
were conbined with features of other supply-oriented
scenarios, then considerably nore flexibility could be
obtai ned for contributions fromvarious future energy
sources than is provided by Scenario V. |If sone inports
were allowed, none of the new sources and technol ogi es
woul d be forced to provide as nuch energy as now seens
necessary, and failure or reduced success of any given new
technol ogy could be nore easily accommodated. Mich turns,
then, on the notion of an "acceptable" |evel of inports.
Qearly, the price and enbargo risks of sone nodest |eve
of inports could be tolerated, especially considering the
potentially extrene costs of achieving full independence;
yet the analysis which would permt selecting such a
| evel has not been done. For the present, selection of an
acceptabl e level remains a policy judgnent.

The Need for New Technol ogi es

Depl etion of traditional sources of donestic oil and
gas, along with an annual growth rate in energy denmand
generally estimated to be at least 2.5 percent, creates
a clear need for devel opnent of different sources and new
technologies. ERDA has called for a substantial increase
i N energy production both from existing sources such as
coal and fromnew technol ogi es such as oil shale, solar,
geothermal and synthetic fuels. Wile the relative
emphasis on the role of various technologies nay differ
as a result of different assunptions or criteria (as, for
exanpl e, relaxation of a zero inmports goal), it is clear
that a broad range of technologies that are not now
commercially enployed will be required to achi eve energy
pol i cy goal s.
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New technologies wll be required for efficient use
of traditional resources in the near-term, to tap new but
finite resource targets in the md-term and to devel op
essentially inexhaustible sources for the |longer term
The central issues for research design inplicit in
alternative futures are the timng and extent of need for
speci fic technologies.

Wiat Are the Impediments to the Devel opnent
~and Tinely Introduction of New Technol ogl es?

Technical, economic, environmental, and institutional
barriers nmay i npede introduction of new technologies.

Technical Impediments

For many potential technologies, major technical
uncertainties renain. For exanple, it is not certain that
a controlled fusion reaction can be sustai ned and confi ned.
Once sustai ned and confined reactions have been demonstrated,
significant technical problens relating to naterials, fuel
handl i ng, and safety remain to be resol ved.

S mlarly, while solar electric technologies, both
thermal and photo-voltaic, do work, substantial R,D,&D
efforts wll be required to overcone technical inpedinents
to sizing, efficiency and the life of units. SSmlar
techni cal probl ens confront other potential technologies.

Econoni ¢

Many potential energy technologies are subject to
substantial economc inpedinents, which can relate to cost,
profitability, risk, and size of investnent.

A chief inpedinent, for exanple, to the introduction
of technology to produce crude oil fromcoal is the
expectation that such oil would cost nore than $20 per
barrel. A that cost, synthetic crude oil could not
conpete with inported oil available at $13 per barrel.

Technol ogi es such as solar heating and cool i ng of
bui | di ngs, conservati on technologies, enhanced recovery of
oil and gas, and solar electric production are inpeded by
simlar concerns.
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Environmental Concerns -

Wsing energy often causes adverse secondary effects,
particularly relating to health and safety and environmental
i mpacts. Snog from gasol i ne consunption, sulfur oxides
fromcoal and oil use, and the effects of unreclaimed
strip mning are all evident environnental inpedinents
associ ated with some existing energy technologies.

The introduction of new technol ogies or the accel erated
use of older ones can raise concern about such environmenta
I ssues as storage of nuclear wastes, the toxicity of
synthetic fuel processes, and the effect on the |land of oi
shal e devel opnment. Such environnental inpacts nmay present
strong inpedinents to the introduction and use of new
technologies.

Institutional BRBarriers

Sone difficulties in introduci ng new energy technol ogi es
result from existing institutional barriers rather than
techni cal inpedinents. For exanple, the building industry
has difficulty incorporating new solar cooling and heating
t echni ques because |ocal building codes often |ack
provi sions for such innovations and jurisdiction over such
codes is splintered anong nunerous autonomous gover nirent
bodi es. Devel opnent of standards in these areas is critica
to the introduction of such innovations.

Gher institutional barriers arise fromthe nature of
the relevant industries. For exanple, the concentrated
nature of the electric utility industry, with its limted
nunber of menbers and highly centralized facilities, mght
be expected to present fewer barriers to the introduction
of centralized solar electric technology than the highly
diversified and decentralized |ocal contractor/construction
i ndustry would present to the w despread introduction of
| ocal i zed solar heating and cool i ng systens.

Publ i c acceptance of a new technol ogy or of expanded
use of an older one may also be in part an institutiona
barrier affecting regulatory action and consuner use.
This factor can be closely related to perceived
envi ronnmental and econom c inpediments and can influence
the potential success of technol ogi cal introduction.
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| nplications for Design of a Research Strategy

Sonme of these inpedinents are due to uncertainty about
the issue: |Is the technology feasible? Wat are the
environnental inpacts? Wat would the price be? An
R,D,&D program can be designed to gather infornation which
may reduce such uncertainties. Qher inpedinents are not
due to uncertainty; the price nmay be known to be too high;

exi sting standards would not be net. The decision then
nmust be nade whether to try to overcone the barrier or to
defer pursuit of the technol ogy. In sone cases, an R,D,&D

programmnmay generate information to reduce the barrier, but
In others entirely different mechanisms-~such as an

i ncentive program for commercialization--are appropriate.’
In any event, an R,D,&D program can be effective in
providing a basis for decisions about new or expanded

t echnol ogi es.
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CHAPTER [ I 1.
DESI GN NG A RESEARCH STRATEGY

G ven these perceptions of the range of likely and
desirable roles for new technol ogi es and the inpedi ments
to realization of those roles, two further questions
pert ai n: (1) What should be the role of the federal
government in attenpting to renove these inpedi nents? And
(2 What should be the criteria for a research strategy?

Thé Féderal Rol e

As indicated earlier, limts on the federal role are,
to sone extent, spelled out in legislation. The Atomc
Energy Act of 1954, as amended, sets forth a policy of
research, devel opnent, and denonstration for nucl ear
technologies. The Nonnucl ear R&D Act states that the
federal government shoul d conduct a comprehensive,
aggressive and vigorous investigation of all potentially
beneficial energy sources and technologies.* The program

*P.L. 93-577, Section 5(b) (2), Nonnuclear Energy Research
and Devel opnment Act of 1974. "In determning the

appropri at eness of Federal involvenent in any particul ar
research and devel opnent undertaking, the Admnistrator
[of ERDA] shall give consideration to the extent to which
t he proposed undertaking satisfies criteria including, but
not limted to, the follow ng:

(A The urgency of public need for the potenti al
results of the research, devel opnent, or denonstration
effort is high, and it is unlikely that simlar results
woul d be achieved in a tinmely manner in the absence of
Federal assi stance.

(B The potential opportunities for non-Federal
interests to recapture the investnent in the under-
taking through the nornmal commercial utilization of
proprietary know edge appear inadequate to encourage
timely results.

QO The extent of the problens treated and the

obj ecti ves sought by the undertaking are national or
wi despread in their significance.

oD) There are limted opportunities to induce non-
Federal support of the undertaking through regul atory
actions, end use controls, tax and price incentives,
public education, or other alternatives to direct
Federal financial assistance.

(@n .
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is to be designed to facilitate the commercialization and
use of these new and alternate technol ogies and sources
especially energy conservation and renewable or essentially
I nexhausti bl e sources. Wile the nation's energy future
could take al nost any of the forns described either in
EfDA's sSix scenarios or in nunerous other projections, the
nore widely acceptable possibilities seemto share three
characteristics: (1) a reasonabl e bal ance between total
demand and domestic supply, resulting in reduced dependence
on inports; (2 mninmal adverse environnental impacts; and
(3) a phased transition fromthe dom nance of petrol eum
oils and natural gas to a nuch greater role for a broad
vari ety of new technol ogi es dependent on nore abundant
donesti c resources.

Achieving a future with these characteristics wl
necessit at e: (1) a heavy reliance on conservation or
demand managenent, supported by research into methods that
woul d make energy usage nore efficient; (2) inportant
contributions-~-necessitating near-term R D, & -fromall the
maj or near-term technologies, such as nuclear fission, coa
and coal - based synthetic fuels, and oil and gas from
traditional sourcesy and (3) in the long run (perhaps well
after the turn of the century) a dependence on sone sort
of "ultimate" technology, thus requiring a long-termR D, &
programto explore such ultimate technologies.

Congressional criteria suggest federal involvenent if:
(1) private sector research is unlikely because of |arge
costs or risks or long lead-tinmes, (2) the public need for
results is urgent, and (3) the public benefits are
antici pated to be extensive.

(E) The degree of risk of loss of investnent inherent
in the research is high, and the availability of risk
capital to the non-Federal entities which mght other-
wi se engage in the field of the research is inadequate
for the tinmely devel opnent of the technol ogy.

(P The magni tude of the investnment appears to
exceed the financial capabilities of potential non-
Federal participants in the research to support
effecti ve efforts.” .
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In a strategy for energy research, devel opnent and
demonstration, a stronger case can be nade for federal
support in the earlier, nore risky research phases than
in the later phases. Were private research does exist,
the federal role would be supportive and complementary.

Finally, it is sonetines argued that the social
benefit--whether it be increased safety, |ow environnental
i npact, or reduced oil imports--of advanci ng new technol ogi es
justifies further federal expenditures beyond those required
sinply to prove that a process will work. In particular,
t he Nonnucl ear Energy R&D Act directs ERDA to fornulate its
plan not nerely to prove processes will work but also to
achi eve solutions to energy supply and environnent al
problems, Thus, if in sone cases--notably conservati on
and sol ar heating and cooling--economic and institutional,
rather than technical, barriers are controlling, then
research with that focus would al so be appropri ate.

Oriteri'a fdr a Féséaréh ét'ré'tegy

Properly concei ved, a research strategy shoul d be
designed to collect know edge that wll allow inforned
choi ces to be made anong technol ogi es and stages of
research, devel opnent, and demonstration. Qiteria for
design nay be divided into three groups: A research
strategy should (1) support the attai nment of desirable
futures, (2 provide insurance against technical failure,
and (3) do so at mninmumcost. These criteria are not
al ways conpati bl e; therefore judgnents on rel ative enphasis
and balance within a research strategy wll vary.

Support of Desirable Futures

Consi stency with Futures. Jearly, any research
strategy shoul'd be directed toward achieving a future that
is considered desirable. (The obverse is also true; the
strategy should not be directed toward gathering infornation
about technol ogies that broad consensus indicates are
undesirable.) The Nonnucl ear Energy R&D Act, in calling
for enphasis on conservation, renewabl e resources, and
mtigation of adverse environnental effects, establishes
three characteristics of the nation's desired energy fture.
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Scope and D versity of Source Types. An energy R,D,&D
strategy should investigate several kinds of energy sources
to provide maxi numflexibility among options. In addition,
It should explore technologies suitable for different
organi zing principles. For exanple, attention should be
given to decentralized as well as to centralized energy
systens, to avoid fostering dependence on a single kind of
delivery system Local solar heat and cooling units, for
i nstance, could provide an alternative to large centralized
el ectric generators and their extensive transm ssion
systens to serve heating and cool i ng demands.

Timng and Scale of Benefits. An energy research
strategy shoul d be keyed to the scale of benefits to be
derived froma proposed undertaking. Thus, other things
bei ng equal, a new supply source with potential w despread
application could be a better candidate for federal support
t han one which m ght produce only l|ocal or mnarginal
advant ages.

The urgency of a particular need, such as supply in the
short run, also bears on a research strategy. A technol ogy
to increase supply or reduce demand whi ch could have a
qui ck payoff may deserve support even if its long-term
benefits woul d not be great

To provide adequate options for the future, a strategy
shoul d cover three major timeframes: near-term (until
1985), md-term (1985-2000), and | ong-term (beyond 2000).
According to ERDA, each of these has technol ogi cal
possibilities that are considerably different, although
they overl ap sonmewhat. For the near-term the mnajor
potential sources requiring research are conservation,
direct use of coal, enhanced oil and gas recovery, nuclear
fission reactors, and use of waste naterials. For the m d-
term they are conservation, synthetic fuels from coal,
shale oil, nuclear reactors, geothermal, and direct solar
heati ng and cooling of buildings. For the long-term
the potential sources are centralized solar electric”
generation, fusion, and the breeder reactor.
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Insurance agai hst Failure

There is no a priori certainty that any particul ar
technol ogy or approach will ultimately be successful.
I ndeed, a research strategy that resulted in no failures
at all mght well be criticized as too conservative. But
a properly designed research strategy can help insure
against the simultaneous failure of all |ines of
investigation. '

Basi c vs, Applied Research. Basic research tends. to
be applicable to nore than one | ong-range technol ogi ca
probl em and hence has a wider set of potential benefits as
conpared with applied research, which generally has an
earlier payoff. Because basic research is nore risky and
nore renote frompayoff, private enterprise is generally
less likely to support it, so federal support is far nore
Inmportant. Basic energy research al so has the advant age
of generally not requiring facilities and costs as large
as are frequently necessary for applied and devel opnent al
work. Thus, a federal strategy should contain substantial
support for basic research, particularly in areas not well
supported by private enterprise.

D versity of Technical Approach. As indicated above,
a research effort should 1 nvestigate the broadest range of
energy sources. Each source can be tapped through severa
t echnol ogi cal approaches. For exanple, wthin the nucl ear
program both the standard |ight water and hi gh-tenperature
gas~cooled reactors have potential for increasing energy
suppl i es. Research efforts in both would hel p provide
I nsurance against the failure of one.

Balance Among R,D,&D Stages. Balance is particularly
important 1n allocating manpower and fundi ng anong research
stages, frompilot processes to the nore costly
denonstration stages. Al though ultinate indications of
technical, economc, and environnental viability of a process
are obtained only at a large scale, nost of the essentia
information about the process is obtained earlier. Budget
constraints |imt the nunber of options that can be pursued
at the larger scales. In addition, the large costs of
denonstration plants nay threaten to squeeze out new and
promsing research areas. Thus, high-cost denonstrations
and earlier stages of research should be bal anced on the
basis of a clear set of criteria for progressing to the
costlier stages. This does not nean that program design
shoul d not be selective at the snaller scale as well;
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i ndeed, careful attention to selectivity is an essenti al
conponent of research management.

Pace of Developnent. A desire to explore all options
fully can conflict with a need to nove quickly to
commerci alize one or several possibilities. To naintain
options, a strategy could be designed to investigate as
many of the technical paths as seemed prom sing, putting
off as long as possible the choi ce between options.
However, a need for rapid comrercialization could require
an early commtnent to a particul ar techni cal approach.

Because research is directed toward gathering
information, it is critical that coomtnent to devel opnent
not be prenature. The key infornmation that one stage of
the R D & process is designed to elicit should be avail abl e
before the next stage is begun. Wile this does not nean
that foreshortened sequencing is not possible, prudence
woul d suggest that such sequencing allow for the
assimlation of previous research results.

This elenment is clearly related to the tine interval
in which the source would hopefully provide energy.
Qobviously, long-termoptions do not require choices to be
nade as early anong options as do near- and md-term
options.

Cost of Research

As indicated, federal support is necessary if a
research effort is too costly for the private sector, as
is the case, for exanple, with fusion technology. In
addition, although the costs m ght not be too great, federal
support could be essential if the potential private sector
i nvol vemrent were snall, diverse, and fragmented.

In the face of limted resources, research efforts
must be selective. Avoiding premature coomtnent to a
particul ar technical approach and carefully assessing
research costs relative to expected benefits can nmaxi m ze
effectiveness of avail abl e resources.



CHAPTER |V
ALTERNATI VE LONG TERM
RESEARCH STRATEA ES AND BUDGETS

This chapter briefly summarizes the President's
energy budget request for fiscal 1977, describes sone
alternatives for long-term research strategies, and
anal yzes these alternatives with regard to 10-year budget
projections and the criteria presented in Chapter 111.

The President's Budget for Fiscal 1977

The President's 1977 budget authority request of
approximately $3.1 billion for energy R D & represents
an increase of 32.9 percent over fiscal 1976; outlays of
approxi mately $2.7 billion would be an increase of 30.6
percent over fiscal 1976 estinates. (See Tables Il and
III.) Approximately 90 percent of those funds are
al l ocated to ERDA

All but one of the nmajor ERDA direct energy research
prograns woul d receive increases of 30 percent of nore in
budget authority. The exception is the relatively nmature
fossil energy programwhich would receive an increase of
19.8 percent. D rect and supporting research on nucl ear
t echnol ogi es continues to receive the mgjority of funds.
The largest dollar increase over fiscal 1976 ($188 mllion
in new budget authority) is in the |argest program -
fission reactor research--primarily for further work on
the breeder reactor. Snmaller dollar increases are
provided for other portions of the nuclear program and
for nonnucl ear prograns.

I ncreases for other agencies and for supporting
technol ogies are | ower; budgets for EPA's energy research
and ERDA's nucl ear science research programwould actually
decl i ne.

Fundi ng of najor denonstration prograns and non-
nucl ear (especially fossil) prograns contributes
inportantly to budget increases requested for fiscal 1977.
Maj or projects include continued increases for the liquid
metal fast breeder reactor (LMFBR), three denonstration
plants for coal conversion technologies, the Tokamak
fusion test facility, and nmajor increases in nuclear fuel
cycl e research

(33
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TABLE Il
COMPARISON OF THE PRESIDENT'S FISCAL 1977 REQUEST FOR
FEDERAL ENERGY R,D,&D WITH FISCAL 1976: BUDGET AUTHORITY (&)

(millions of dollars)

Fscd Fisca
Hsca Hsca 1977 1977
: 1976 T 1977 as % INncreese
- Programs Estimate Estimate Reguest Of Total Over 1976

I. Drect Energy Technol ogies:

A, Fossil Energy $398 $105 $477 15.5% +19. 8%
B Solar Energy 115 34 160 5. 2% +39. 1%
C Geothermal Energy 31 12 50 1. 6% +61.3%
D (nservation 75 17 120 3% +60. 0%

Qubt ot al (619) (169 (807) (26.29  (+30.4%
E Fusion Power 250 80 392 12. 7% +56. 8%
F. FHssion Reactor 602 137 790 25. 6% +31. 2%
G Qher Nucl ear 173 50 347 11.3% +100. 6%

Qubt ot al (1, 026) (267) (1,529 (49.6%  (+49.2%
H Qher agencies®) 250 = .. (h .. 257  83%  +28%

TOTAL DRECT  $1,8%4 (b  $2,593 84. 2% +36.9%

1. ERDA Qupporting Technologies:

A Ewironnental 213 55 260 8 4% +22. 1%
B. Basic Energy
i ences 211 54 227 7.8% + 7.6%
TOTAL SUPPORT 424 109 487 15.8% +14.9%

1. Grand Total, Energy
R,D,&D: $2,319 (b)  $3,080 100%  +32.9%

a Operating expenses plus plant and capital equipment.
b. Not estimated.

c. (ontains direct energy-related RD&D prograns of the Nucl ear
Regul atory Gonmission, the Departnent of the Interior, the
National Aeronautics and Space Administration, and EPA

SORE CBO, Federal Energy Research.
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TABLE |11
COMPARISON (F THE PRESIDENT'S FI SCAL 1977 REQUEST FCR
FEDERAL ENERGY R D 8D WITH A SCAL 1976 OUTLAYS (@)

(nmllions of dollars)

H scal H scal
H scal H scal 1977 1977
1976 Q 1977 as % | ncr ease
__Programs Estimate EStinate Request (O Total Over 1976
I. Drect Energy Technologies:
A Fossil Energy - $333 $ 64 $442 16.5% +32. %
B Solar Energy 86 26 116 4.3% +34. %
C Geothermal Energy 32 9 46 1 7% +43. 8%
D onservation 56 14 91 3.4% +62. 5%
Qubt ot al (507) (113 (6%) (5.9 (437. 1%
E Fusion Power 224 65 304 11.3% +35. 7%
F. Hssion Reactor 522 158 684 25.5% +3L 0%
G Qher Nucl ear 163 44 282 10. 5% +73. 0%
Qubt ot al (909) (267 (L,2700  (47.3% (+39. 7%
H Qher Agenci es (c} 2248 .. .. (b) .. ...272 .. 10.1% + 9. 7%
TOTAL DO RECT $1, 664 (b  $2,237 83.3% +34.4%
II. ERDA Supporting Technol ogi es:
A Envi ronnent al 204 54 244 9.1% +19. 6%
B. Basic Energy
Sciences 188 . 52 204 7.6% + 8. 5%
TOTAL SUPPCRT 392 106 448 16. 7% +14.3%
I1l. Gand Total, Energy
R,D,&D: $2, 056 (b $2, 685 100% +30. 6%

(perating expenses plus pl ant
Not estinat ed.

and capital equi pnent.

Qontains direct energy-related R,D,s&D prograns of the Nicl ear
Regul at ory Gonmission, the Departnent of the Interior, the

National Aeronautics and Space Administration,

and BPA

SORE CBO, Federal 'Energy Research.




36

Conti nued enphasis is placed on devel opi ng new supply
technol ogi es and sources, although there is substantial
growth~--60 percent increase in budget authority--for the
conservation program CEven so, conservation accounts for
only 3.9 percent of energy R,D,&D budget authority.)
Details of the 10 individual prograns are provided in
Appendi x A

The President's request is a final stage in
adm ni strative budget design, leading fromdivision to
agency to OMB to Congress. Each year, ERDA inforns
Congress of (1) levels of funding initially requested
wi thin the agency by each of its programdivisions, (2
the levels that ERDA subsequently requested within the
Admnistration, and (3) the levels finally requested in
the President's budget.

The fiscal and policy assumptions--and even the
techni cal judgments--that underlie initial division and
agency requests nay differ narkedly anong different |evels
of the executive branch. S mlarly, optimsm about program
capability and fiscal realities nay differ anong divisions
within a single agency. Wthout a conplete know edge of
such assumptions~-and the extent to which initial division
requests may therefore represent "strawmen"--it i S unw se
to rely uncritically on any such nunbers to indicate the
real needs and potential of programs. Nevertheless the
requests can serve as a basis for discussion of alternatives.

The initial budget authority requests nade by all
di visions of ERDA totalled $4.4 billion; ERDA's request
to OMB was $3.9 billion, about 90 percent of the divisiona
totals. The President's budget requested budget authority
of $2.8 billion, about 72 percent of the agency's request.*
Table IV summari zes these requests.

*These figures include ERDA's portion of direct energy
R,D,&D plus ERDA's research on supporting technologies.
Conparabl e figures for other agencies are not avail abl e.
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TABLE IV
COMPARISON CF OM S ONAL, ERDA, AND PRES DENM AL REQUESTS
FCOR H SCAL 1977 BUDET AUTHIR TY

(mllions of dollars)

o ERDA
Dvision - Request  President's

‘Brogram | ~~-Request =~ - To OMB° ° Reguest
A Fossil $316 $721 $477
B Siar 300 255 160
C Geothermal 102 0 50
. D. Conservation 255 235 120
E Fusion 588 513 392
F.  Hssion Reactor 1,022 901 790
G Qher Nucl ear - 549 537 - 3T
SQubt ot al $3,633  $3,252 $2, 336
SJprrting Technol ogi es Y 7 668 - 487
Total ERDA R,D,&D $4, 384 $3,920 $2, 823

SORE See Appendi x A
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Rel ati ve differences in priorities can be noted by
conpari ng ERDA's request to OMB with the President's
budget authority requests submtted to Congress, For
exanpl e, the President's requested budget pl aces greater
rel ati ve enphasis on nucl ear energy research than does
ERDA, as indicated by the fact that the President granted
proportionately nore of ERDA's funding request for fission
research than for other prograns. The fission reactor
programrecei ved al nost 88 percent of the agency's request,
while at the other end the conservation research program
received only half of the agency's request.

Al ternative Long-Term Research Strategies

Several sources have been used to estinate budget
paths for alternative research strategies. The President's
fiscal 1977 budget request and ERDA s 1977 budget estimates
I ncl ude five-year budget commtnent projections, which
formed the basis for (BOs subsequent calculations.* These
cal cul ations include updated figures for several najor
projects for which total costs were not reflected in
either the fiscal 1977 budget request or its acconpanyi ng
five-year budget projection. Such project costs tota
nearly $1.4 billion. Finally, the costs of the possible
future projects itemzed and tentatively scheduled in ERDA s
nati onal plan were estinated. The federal share of the
total estinmated cost for future major projects (those
costing over $50 mllion) is estimated at $19 billion
(See Appendix C for a list of such projects.)

Usi ng these sources, CBO has calculated total 10-year
funding levels for five alternative energy R,D,&D strategies,.
Nunerous additional alternatives are possible; these were
selected to illustrate a range of possibilities and varying
degrees of consistency with the research strategy criteria
described in Chapter III (support of desirable futures,

I nsurance against failure, and costs).

*For a nore conpl ete discussion of the nethodol ogy, see
CBO, Federal Energy Research,
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The alternatives include strategies that woul d:

« Continue present programs, conpleting ongoi ng
projects and allow ng nodest real growh (the
"base program conpl eti on" strategy).

e Build fromthe first strategy and carry out all
the additional major R D & projects identified
by ERDA in its national plan (the "full funding
strategy).

e Enphasize the fission and breeder prograns as
long-term technol ogies and downplay all others
(the "long-term fission" strategy).

« Enphasize all other |ong-term technol ogies and
downpl ay the fission program (the "long-term
nonfission" strategy).

 Enphasi ze near- and m d-termtechnologies,
deferring all nmajor long-term R,D,&D projects
not already underway (the "near- and m d-ternf
strategy).

Each of these strategies is nore expensive than the
present R,D,&D program Reducti ons bel ow present funding
| evel s woul d require on average at |east a 30 percent
reduction in the Base Program Conpl etion strategy (which
itself is tied to pre-~embargo priorities). This woul d
suggest major reduction in existing denonstrations or
whol e prograns (e.g., no fusion R,D,&D), or abandonnent
of new priorities. Because it would require a najor shift
fromthe priorities that Congress has recently established
in response to grow ng energy supply problens, this
alternative was not devel oped.

Conpl eti on of the Base Program

The baseline for this alternative is the five-year
projection in the President's fiscal 1977 budget request.
It reflects present conmmtnents and therefore a budget
level that iS close to "no new starts.” (In order to
conpl ete the data base at this level for a full decade,
CBO has extended these five-year projection |evels from
1981 through 1986.)
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This alternative includes, increases to allow for nore
nmodest growth (beyond inflation) in each program area.
An annual growth rate of 3 percent has been assuned for
mat ure prograns, such as fission and fossil energy, and
6 percent for |ess devel oped prograns such as fusion,
solar, geothernmal and other nucl ear prograns. Because
it is new and has very few large projects planned at
present, the conservation program has been treated
separatel y: It has been assuned to grow 40 percent per
year for four years. By then the annual program | evel
would reach nearly $600 mllion; the program has then been
held at that |evel in subsequent years.

Finally, this alternative includes funds to cover the
full costs of |arge denonstration projects that have been
started in fiscal 1977 or previously but for which certain
out-year costs were not fully included in the President's
budget, For exanple, while architect and engi neering
(ARE) costs for a new denonstration plant m ght be included
in the President's fiscal 1977 budget projection, the ful
construction costs m ght not be i ncl uded, pendi ng conpl etion
of the A&E esti mates.

This strategy would result in gradual annual increases
in budget authority during the next decade. Budget
authority would reach a maxi nrum annual peak of $4.7 billion
in fiscal 1986, and the cumul ati ve 10-year total would be
$40.5 billion. CSee Table V and Chart 2.) Program
trends are assunmed to continue their present pattern, wth
nuclear R D, & domnating. Because there would be no
funding for any najor denonstration projects not initiated
in 1977 or earlier, few najor processes would be devel oped
at denonstration scale. For exanple, the dinch R ver
Breeder Reactor would be conpleted, as would three
denonstration plants to make synthetic fuels from coal;
however, a l|arger scale breeder would not proceed, nor
woul d a nunber of other fossil energy denonstrations planned
for fiscal 1978 and subsequent years.

This strategy would not be consistent with severa
criteria described in Chapter IlIl. Perhaps the nost
i nportant shortcomng would be its reliance upon old
projects and its perpetuation of current programpriorities.
For exanple, it would not respond to recent Congressiona
mandates to expand research into solar energy and
conservation. It would Iimt the diversity of sources and
negl ect many near- and m d-term technologies.
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The strategy would provide sone neasure of insurance
agai nst failure. Its pace woul d not be excessive because
no new projects would be started; the scale would be
directed toward earlier and snaller |evels of researeh
than woul d be the case with other alternatives. Wthin
each source, it is unlikely that a diversity of technica
appr oaches woul d be encouraged wi thout additiona
initiatives., The bal ance between basic and applied
research cannot be determined wi thout nore information

Full Fundi ng

This second strategy would include all of the costs
and projects of the first one, as well as all of the
| arge future energy R,D,&D projects that ERDA describes in
its national plan as reasonable future projects. (Only
those projects estimated to have a total federal cost
~greater than $50 nmillion each are included in the
calculation,)

This strategy assumes that mninmal fiscal constraints
woul d be placed on energy R D &. Required budget
authority woul d reach an annual maxi mum of $7.9 billion
in fiscal 1984. CQunul ative 10-year budget authority
woul d be about $63.,7 billion. (See Table V and Chart 2.)
Al'l prograns woul d receive increases; nuclear (fission
and fusion) prograns woul d continue to receive the |argest
percentage of the budget totals, reflecting partially
the costs of the denonstration projects planned for these
prograns. Chart 1 shows what this budget authority
pattern would be annually for the next decade.

Ohe of the characteristics of this strategy is the
i ncreasi ng share of the budget that would be devoted to
denonstration projects of all types. By 1981 such
projects would constitute nearly half of all energy R D &
budget authority. (Today denonstration projects account
for about 17 percent of energy R D & funding.) This 45
percent, however, would fund only those projects already
contained in ERDA's plan, leaving--after basic R&D expenses---
relatively little to expend on projects not yet planned.
Under this strategy, the nuclear program (including fission
and fusion) would account for nearly one-half of the tota
effort, and nonnucl ear technol ogies would account for a
little over one-third, with the rest allocated to
supporting research and ot her agenci es.
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chart 1 Ful Funding Strategy: Budget
Authority, 1976-1986

(In Millions of 1977 Dollars)
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In relation to the energy R,D,&D criteria, the
strongest point of this strategy is its clear support for
the future deened desirabl e by ERDA.* The Strategy
reflects scope and diversity in its research prograns
(e.g., it increases enphasis on solar and conservation
research in order to increase diversity) and consistency
with energy futures that require a broad range of
technologies. It would explicitly increase enphasis on
conservation, renewabl e resources, and the environnent,
and it would extend projects across all tine ranges. It
woul d al so encourage a diversity of technol ogi cal approaches.,

The weaknesses of this strategy stemfromits enphasis
on denonstration projects, which would leave little funding
for pursuit of other newinitiatives or earlier stages of
research. The pace of devel opmrent mght be too quick to
allow informati on gained fromearlier stages in the research
process to be anal yzed and assimlated before later stages
are undert aken.

Enphasi s on Long-Term Fi SSion Téchndlogy

This strategy assunes that full funding nay be too
costly and that key |ong-termtechnol ogi es nust be
I nvesti gated and devel oped as soon as possible. In this
case fission breeder technol ogy has been selected for
enphasi s because of its proven technical feasibility, its
near-conmerci al status, and the unproven feasibility or
unf avor abl e economc outlook for other |ong-term
alternatives. Such a strategy would fund all of the large
denonstrations planned for the fission reactor and "other
nucl ear" programs (except fusion) in order to resolve
Issues relating to the economcs, safety and efficiency of
the breeder cycle. However, other prograns (near-, mid-,
and long-term) would be funded at the | evel described above
for the base program conpletion strategy, thus allow ng
some growth while deferring until after 1986 all |arge
projects not already underway. The growth in conservation
fundi ng, however, would be reduced by one-half to cut
back conservati on denonstration projects.

*If the choice of futures were to be changed by Congress
or the Administration, this strategy could then be |ess
consistent.
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This strategy would explicitly enphasize nucl ear
denonstrati on projects that carry sonmewhat higher risks
and nore distant payoffs than would a short-term strategy.

It would result in cunulative budget authority of

$51.3 billion over 10 years, of which nuclear fission
research would receive 49 percent. Annual budget requests
would rise to $6.1 billion in 1981 and decrease by severa

hundred mllion in follow ng years. (See Table V and
Chart 2.)

Such a strategy would not generally support ERDA's
desired future because it would negl ect such inportant
alternative sources as synthetic fuels and sol ar energy.
Its technol ogi cal scope and diversity would be limted
because only nuclear fission would be substantially
supported. Conservation, renewable resources, and
envi ronmental prograns woul d not be enphasized. This
strategy would neet the test of timng and scal e of
benefits within the fission program because research
efforts at all tine horizons and all sizes frompilots
t hrough denonstrati on woul d be funded.

However, supporting the denonstration phase of only
a single technology would provide no insurance agai nst
failure. Appropriate pacing of devel opment and the
bal ance of R,D,&D prograns anong all energy sources are
likely to be jeopardized as a result of speeding a single
technol ogy to success as quickly as possible.

Enphasi s on Long-Term Nonfission Technol ogi es

Like the fission alternative described above, this
strategy assunes that a full funding budget is too costly
and that a choice of |ong-term technol ogi es nust be nade
quickly. It is, however, based on a judgnent that the
unresol ved issues of safety, plutoniumtoxicity, econom cs,
and proliferation of nuclear weapons naterials nake the
breeder less attractive than other potential |ong-term
technologies. This strategy would therefore provide
full funding for research into energi ng technologies--
including solar, coal, geothernmal, and fusion sources.
Nucl ear fission research would be supported only at the
| evel described in the base conpletion strategy, allow ng
proj ects now underway to be conpleted but deferring al
new | arge denonstrations until after 1986.
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This strategy would explicitly carry somewhat higher
technical risks and nore distant payoffs than the short-

term strategies. It would require budget authority
significantly below that for the full funding strategy.
The cumul ative 10-year total would be $51.6 billion, of

whi ch nucl ear fission research would receive only 25
percent. The annual budget authority requests under this
strategy would reach a maximumof $6.7 billion in 1984
and decline thereafter. (See Table V and Chart 2).

Li ke the strategy enphasi zing fission technol ogy,
this alternative would not be consistent with the future
preferred by ERDA in its national plan, because the
strategy does not assign to fission and the breeder the
central role which ERDA deens necessary. The strategy
woul d provi de insurance against failure because it would
expl ore di verse sources and di verse technical approaches
to each source. It would explicitly enphasize
conservation, renewabl e resources, and the environmental
prograns; all considerations of timng and scal e of
benefits can be satisfied. However, the strategy coul d
all ow too nuch enphasis on the denonstration stage, which
coul d squeeze out earlier levels of investigation.

Emphasis on Near- and Mid-Term Technol ogi es

This strategy is based on the judgment that, because
| ong-term technol ogi es are not expected to becone maj or
energy sources until the next century, a selection anong
those potential technol ogies need not be nade now  Thus
denmonstration projects for |ong-term technologies--although
not research and devel opnent up to and through the pil ot
pl ant stage--would be del ayed, givVving preference in terns
of budget dollars to projects with potential payoffs that
are particularly needed for the near- and mid-term. For
exanpl e, this strategy would fully fund such technol ogi es
as conservation, solar heating and cooling, synthetic
fuels, shale oil, and advanced recovery of oil and gas,
but it would elimnate or defer past the end of the decade
funding for longer-termprojects such as magnetohydrodynamic
demonstrations, an ocean thernmal gradient denonstration, a
vol cani ¢ hydrot hermal demonstration, a fusion demonstration,
a prototype breeder denonstration (beyond the dinch R ver
Breeder, which would be funded), and a gas-cool ed fast
reactor demonstration.
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This strategy woul d emphasize the earlier priority
benefits, basic research, and those technol ogies wth
less technical sophistication and risk in conparison to
the long-term technologies, It would result in cumulative
10-year budget authority of $48 billion; its maxi mum
annual peak would be $5.4 billion in 1983. (See Tabl e
V and Chart 2.)

This strategy woul d be somewhat inconsistent in its
support of ERDA's desired future because najor new
fission and |ong-term nonfission denonstrati ons woul d be
deferred. However, it would provide diversity among
sources, particularly at the early research and devel opment
stages, and it woul d enphasi ze conservation and renewabl e
resources. Utinmately, this strategy's consistency with
a desirable energy future woul d depend on decisions about
| ong-term t echnol ogi es; denonstrations of such technol ogi es
woul d be schedul ed when a nore conplete data base is
gathered from R&D results.

| nsurance agai nst failure is also mxed: The pace
would not be too fast because denonstrations of |ong-term
t echnol ogi es woul d be del ayed, and thus earlier research
woul d not be squeezed out. However, if some long-term

technol ogi cal approaches were not explored, the diversity
wi thin each approach could then be inadequate.

sSunmar y

The alternative strategies result in very different
budget pat hs. Chart 2 illustrates the differences that
m ght occur if the alternatives were to be funded in
accordance with the assunptions di scussed.

Tabl e V sunmari zes the cumul ati ve 10-year budget
authority and the peak years for each alternative
di scussed in the precedi ng pages.
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chart 2 Budget Authority for Alternative Research
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TABLE V
FI VE ENERGY R,D,&D BUDGET ALTERNATI VES
(billions of dollars)

Qunul ati ve Peak

: : - Ten- Year One-Year - Year of
Srategy ' - Budget Auth, Budget Auth. = Peak °
Base Program Completion $40.5 %7 1986
Ful' | Fundi ng 63.7 7.9 1984
H ssi on Ephasi s 51.3 6.1 1981
Nonfission Enphasi s 51.6 6.7 1934
Near- and M d-termEnnphasi s 48.0 54 1983

I nplications for the Fiscal 1977 Budget

Each of the alternative strategies assunes that sone
growth in funding for federal energy R,D,&D W |l occur and
that the majority of projects underway wll be conpl eted.
Because there are additional decision points for current
projects, no final path is locked in for any R,D,&D
program (i.e., solar, fossil, or nuclear). Pending
selection of a long-termresearch strategy, GCongress
could provide fiscal 1977 budget authority at or near the
| evel proposed in the President's budget; this would allow
any one of the long-range alternative strategies to be
pur sued. However, as nore |arge denonstrations are
nounted in the next few years and as denonstration costs
I ncrease as a percentage of the R D & budget, then potenti al
future budget paths woul d beconme nore clearly defined.

Inmplications of each of the five alternative strategies
for the fiscal 1977 budget would be as follows:

e Conpl eting the base programwould inply no changes
in the fiscal 1977 budget.
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The full funding strategy implies an intensive
effort in all technol ogies; additions could be
made to the President's 1977 budget request.
Such additional funding could sinply be

all ocated proportionately to each technol ogy

or it could be used to bring the |evels of
effort directed at each one into a different

bal ance. In any event, ERDA has indicated that,
for all prograns, a total of over $1.1 billion

I n budget authority above the President's request
cguld be used in the research programin fisca
1977.

The strategy enphasizing fission technol ogy coul d
inply an accel erated breeder reactor program
However, additional fiscal 1977 budget authority
mght not be required, because two of the najor
denonstrations for the programare about to start:
The Fast FHux Test Facility is about to begin
operation, and construction of the dinch R ver
Breeder Reactor is about to begin. By increasing
funding for other nuclear research in a nmanner
simlar to that described for the fission program
over $100 mllion in additional budget authority
could be added in fiscal 1977.

The strategy enphasi zing |ong-term nonfission

t echnol ogies could inply increased funding for
such technologies, including fossil, solar,
geothermal, fusion, and conservation. ERDA'S
original request to OMB indicated that the agency
believed it could use an additional $700 nillion
for these programs. Increasing budget authority
at a level sonewhat reduced fromthis request
could give these prograns an additional $400
mllion in fiscal 1977.

The strategy enphasi zing near-, and md-term

t echnol ogi es would inply i ncr eased funding for
prograns such as direct burning of coal, solar
heati ng and cooling, geothernal energy, and
conservation. |If these prograns were increased

In proportion wth the President's request for

I ncreases in the nuclear fission program (see Table
IV), up to $200 nmillion in additional budget
authority could be added to the President's 1977
budget request.
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Final detailed decisions on a research strategy do not
have to be made now. The budget paths descri bed above woul d
result froma series of decisions to be made over the next
decade. Research is dynamc, and new infornati on becones
avail able alnost daily. That information is useful in
itself; it can also be used to hel p shape those deci sions
to be made in the future.

Each such deci sion, however, represents a step al ong
a strategic path. The pattern of those decisions over the
next few years, especially wth respect to funding nmaj or
demonstrations, will--whether by consci ous design or by
pi eceneal actions--result in the definition of a U.S.
energy R D & strategy. That pattern of decisions wll
have significant impacts on the federal budget over the
next 10 years.
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THE PRESIDENT'S H SCAL YEAR 1977 BUDGET BY MAJCR PROGRAM AREA

The federal energy R D &D budget can be separated into 10 naj or
programareas. These are Fossil Energy (including coal, 0il and gas,
and oil shale), Solar Energy (enconpassing wind, solar heating ang
cooling, electric conversion, and ocean gradient), Geothermal,
Qnservation (including electric energy systens, energy storage, end-
use conservation, and technol ogies to i nprove efficiency), Fusion.
Power (pboth nagnetic and laser-induced), H SSiOn Reactors, Q her
Nucl ear (containingERDA's nucl ear fuel cycle, nuclear naterials
security and saf eguards, urani umenrichnent process devel opnent, and

advanced i sotope separati on programs), Orect R8D by other agencies,
Environnental, and Basic Energy Sciences.

Thi s appendi x consists of summaries of each of these 10 naj or
programareas. The format of each is identical, consisting of 8
charts of alternative budget authority and outlay projections,
tabl es show ng budget authority and outlays for the conponents in
fiscal 1975 1976, and the transition quarter, and fiscal 1977 budget
requests fromthe programdivision to ERDA, fromERDAto oM, and from
the President to the Congress,* (3 narrative descriptions of program
content and recent trends, (4 initiatives and issues for fisca 1977,
and (5 future programinplications and decisions.

The 10-year budget projection charts were devel oped using the
net hodol ogy described in Chapter V. Four levels are shown, In
increasing order: (1) the OMB projections of conmtnents resulting
fromfiscal 1977 requests and extrapolated through fiscal 1986; (2 an
increnent to provide probable real growth; (3 in addition, an increnent
to provide for recently revised cost estimates of existing construction
itens and to fund fully those projects for whi ch seed noney is contai ned
In the President's budget, (referred to in Chapter |V as the Base Program
Conpletion); and, fi na?le y, (4 abudget that would do all of the above
and fully fund all those initiatives suggested for subsequent years
In the programinpl enentation portion of ERDA's national plan, (referred
toin Chapter 1Vas Full Funding). No coormtnents to the full funding
| evel have been nmade or are being suggested for fiscal 1977, they
represent potential decisions for fisca 1978 and |ater budgets.

*Division and ERDA requests are contained in u.s. Energy Research and
Devel opnent Administration, FY 1977 Budget Hstory Tables, Comparing
D vision Requests wth Requests Submited to the Gfice of Managenent
and Budget and T0 the (bngress, undat ed.

(5D
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Fossil Energy Development Program, 1975-1986
(In Millions of 1977 Dollars)
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'FY 1977 Request

1975 1976 0 Ov. ERDA Pres.
Actual Estinate Estimate Redquest Request Request
Budget Authority 335 398 105 816 721 ari
Qutl ays 128 333 64 614 570 442

() ProgramGontent and Recent Trends. Most of the funding for fossil
energy (sone 85 percent) 1s for a coal programwhose obj ectives are:

to devel op an environnental |y acceptabl e technol ogy for converting coal

to liquid and gaseous fuels, to inprove nethods for the direct

contoustion of coal, and, for the longer term to advance nore efficient
power conversion systens. Qher significant fossil energy prograns

I ncl ude enhanced recovery of petrol eumand natural gas, and in situ
technol ogy (in-placeretorting and production of oil and gas w thout
earthmoving operations) for ol shale and coal. Funding has been provi ded
inrecent years for construction and operation of a nunber of pilot plants,
each costing tens of mllions, to investigate a variety of technol ogies.
Qrerall, the fossil energy programis the second |argest energy research
program Gowh in the fossil energy budget has been steady, and the
President's budget requests an increase for fiscal 1977 of 19.8 percent in
budget authority and 32.7 percent in outlays over 1976 |evels.

Initiatives and Issues for Hscal 1977. The n@jor newthrust in the
fiscal " I977 T0SSIT energy budget 1S funding for three denonstration plants:
one designed to convert high-sulfur coal to a clean boiler fuel, one to
convert coal to a "high~-BTU" gas of quality sufficient to ship by pipeline,
and one to convert coal to a "low-BTU" fuel gas for electric utilities and
larger industria users.

(39 Future Program Implications and Decisions. ERDA's national plan

envi sions an anfi tious construction program be?i nni ngevvth future large
scale pilots for synthetic oil and pressurized tluid-bed gasifiers in the
late 1970s, and peaking wth the near-commercial magnet-hydrodynamic
denonstration plant scheduled for the md-1980s. Total program budget
authority could peak around fiscal 1984 and outlays shortly thereafter.
A its peak, 54.9 percent of fossil energy programbudget authority woul d
be earnarked for construction and operation of large test facilities,
pilots, and denonstration plants.
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Solar Energy Development Program, 1975-1986
(In Millions of 1977 Dollars)

Appendix Chart 3.

BUDGET AUTHORITY
$2400

esesrewe Fyll Funding

2000 «m«mem Base Program Completion
== ====e Base Program Increment
OMB Program Commitment

1600 — —
1200 |- e
800 —
400 m
..‘-:-'-'--—:_—;zm-‘--ﬁ-‘.-—-
0 pee T | | | n — 1 I [ |
1976 78 ‘80 ‘82 ‘84 ‘86
Appendix Chart 4.
OUTLAYS
$2400
e'"——ee Full Funding
2000 - = U7 Base Program Completion _
= =me=== Base Program Increment
OMB Program Commitment
1600 - —
1200 (- e T
800 [— -
400 |- |
_T._..‘ﬁ,;.l-_""'-:-.:r.':.:-.'zw—-m-—
0 b= : | | I a ]

1976 78 ‘80 ‘82 ‘84



55
Fy 1977 Request

1975 1976 Q Dv. ERDA Pres.
Actual Estinate Estinate Request Request —Request

Budget Authority 42 115 A 300 255 160
Qutl ays 15 86 26 230 202 116

() Programntent and Recent Trends. The solar energy devel opnent
programincludes diverse projects to determne the viability of Pmﬁosed
solar technologies and to tap the essentially unlimted energy o

sun. These prgjects include (1) using solar thernal energy directly
for heating and cooling buildings, (2 converting solar energy into
electricity through photovoltaic and solar thermal electric systens,

(3) devel opi ng w nd power systems, (4 using the thermal gradients in
the ocean, and (5 converting organic natter such as garbage and pl ant
matter into useful clean fuels. The solar energy programis relatively
new accounting for only 5.2 percent of all energy research budget
authority and 4.3 percent of outlays in fiscal 1977. Qverall, this
programranks ei ghth as a percentage of total energy R,D,&D funding.
However, programgrow h i s begi nning to accelerate, having increased
by 29.1 percent in budget authority and 34.9 percent in outlays over
fiscal 1976 |evels.

(2 Initiatives and Issues for Hscal 1977. There are, as yet few
big-Ticket 1tens in the sofar program Accordingly, debat € on the
appropriate funding | evel nmust center on assessnents of the availability
of appropriate research opportunities and on ERDA's ability to nanage a
rapidly expanding program Dfferences in perception of these issues

parentIaY exist even wthin ErpA as reflected by the fact that the
divisional request for solar energy was cut nore sharply by the ERDA
Admnistrator than any other budget request for a na or energy research
program Neverthel ess, even the President's budget request represents
anost a fourfold increase in the solar programin two years.

(3 Future Programinplications and Decisions. Full funding for solar
ener gy devel opnent woul d nove the programup to fifth largest (as a
percentage of total budget authority for energy RD&) in 1981 and
second by 1985 It is during this period that construction is schedul ed
to begin for large-scale pilot and denonstration plants testing such
technol ogi es as multiunit conpl exes, of f-shore ocean tenperature power
generation barges, silicon arrays and Iarge area silicon sheets for
conversion to electricity, central receivers, distributed collectors,
and terrestrial and nari ne biomass conversion units. S nce these

pilot and denonstration units wll be costly, a najor decision nay have
to be made prior to 1981 as to which of these prograns hol ds the
greatest promse of conmercia and economC SuCCESS.
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Geothermal Energy Development Program, 1975-1986
(In Millions of 1977 Dollars)
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Fy 1977 Request

1975 1976 0 D AVA ERDA Pres.

“Actual  Estinmate Estinate  Request Request Request
Budget Authority 28 31 12 102 0 50
Qi ays 21 32 9 79 71 46

() Program Content and Recent Trends. The geothernal energy programis
designed to permt exploiting the energy potential of high and | ow
tenperature liquids, dry steam hot dry rock, and geopressured resources
deep beneath the surface of the earth. Mj or conponents, which presune
i nprovenent in understandi ng and assessnent of geot hernal resources,

i ncl ude research to overcone probl ens caused by tenperature and
corrosiveness Of the resource fluids. As a percentage of total energy
R,D,&D funding for fisca 1977, this programarea ranks last in both
budget authority and outlays. However, the geothernal energy program
is augnented by a proposed |oan guarantee programpresented el sewhere
inthe fiscal 1977 budget. This incentive programis designed to nake
funds more readily available fromfinancial institutions for projects
wth a direct potential for produci ng income--as opposed to encouragi ng
greater research and devel opnent efforts on the part of the private
sector.

(2 Initiatives and Issues for Fiscall977. As in the case of solar
energy, the basic rssue is the Tevel of funding for a fairly new
program whi ch depends, in turn, on the assessnent of the availability
of suitable research opportunities and the ability to effectively
spend | arge increases in funding.

(3 Future Program Inplications and Decisions. A fully funded

geot hernmal programwoul d have a near-termpeak around 1980- 1981,

followed in the md- to late 1980s by a second and possibly larger
programpeak. This second peak w | depend upon interi mprogress

nade in the nore advanced geopressure and hot dry rock technol ogy areas.
However, overall budget authority for the geothernal research programis
never expected to exceed 5.4 percent of the total R,D,&D progran annually
over the next 10 years. Indeed, for many of these years the program
wll rank last in inportance anong naj or prograns as a percent of

total energy R,D,&D--primarily because of the relatively small scale and
| ow nunbers of pilot plants envi saged.
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Conservation Research and Development Program,

1975-1986 (In Millions of 1977 Dollars)
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FY 1977 Request

1975 1976 Q Div. ERDA Pres,
" Actual Estimate Estimate Request Request Request

Budget Authority 36 75 17 255 235 120
Qitl ays 21 56 14 185 166 91

(D Program ntent and Recent Trends. The conservation R,D,&D program
has two n@j or subprograms. The first enconpasses efforts designed to
inprove electric energy systens and devel op feasible energy storage
systens, while the second and larger deals prinarily wth end-use
conservation and technol ogi es to i nprove conversion efficiency. Wthin
these areas, conservation in industry and in heati ng and cool i ng

bui I di ngs has recei ved the greatest enphasis over the fiscal 1976
request. on the other hand, inproved conversion efficiency funding is
down over last year. Overall, conservation R,D,&D ranks ninth in the
fiscal 1977 energy R,D,sD budget. However, this programhas expanded
robustly over its 1976 level. Budget authority is up 60.0 percent,

and outlays are up 62.5 percent.

(2 Initiatives and Issues for Hscal 1977. Recent studies in Long

| sl and reveal thal conservation and end-use dermand nanagenent neasures
are at least twce as cost-effective as construction of additional
electric generating capacity. The n@j or issue in the conservation
programis the | evel to which the base programof experinents and
field denonstrations should be expanded. Admnistrators famliar wth
the conservation Rsp community feel that $600 million per year by 1981
is not unreasonable for RED communities to absorb; at issue is how
fast--and whether--such a | evel should be attained. DOfferences in
perception of these issues are dramatically reflected in the relative
ranking of funding ratios at various stages in the devel opnent of the
conservation programbudget for fiscal 1977. For budget authority, the
ratio of the level recommended by the ERDA admnistrator to that
originaly requested by the responsibl e division was the second hi ghest
overall. However, the president's budget requested a | ower percentage
of ErDA's request than was the case for any other program whi ch woul d
be consistent wth administration view (as set forth in ERDA 76-1) that
the private sector should play the domnant role in conservation
efforts.

(3) Future ProgramInplications and Decisions. The conservation R&D
programhas the potential for sizeable future increases in |evel of
programeffort. In general, conservation projects are not particularly
capital-intensive in that traditional sense of noving forward from
experinents to pilots t0 near-commercial demonstration plants. Thus,

the rapid programgrowth anticipated for the 1980s (shoud a full program
funding path be followed) wll take the formof nany diverse, snall-

scal e experinents that separately wll be snall budget itens but in
total wll be significant.
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Fusion Power Research and Development Program,
1975-1986 (In Milions of 1977 Dollars)
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- Fy 1977 Regquest

1975 1976 T Div, ERDA Pres.
Actual Estimate Estinate Request Request — Request

Rudget Authority 183 250 80 588 513 392
Qtl ays 151 204 65 426 386 304

() Program@ntent and Recent Trends. Wile it has a long history, the
fusion power RRD programis still very far fromachieving technical
naturity because of difficult problens in physics and advanced
engineering. |f successful, the programcould |ead to denonstration of
the scientific feasibility of fusion power and to devel opment of a
reliable, economc, environnentally safe, and essentially inexhaustible
source of electric power for the longer term Subprogramenphasis is
devel oping along two paths. The first relies upon the nagnetic fusion
process. Mjor procurenent obligations are planned for fiscal 1977 in
support of the Tokamak fusion test reactor. Actual heavy construction
for this facility will begin early in fisca 1978. The second path
enconpasses continued work on the energing laser fusion process (which
was fornerly shown in the budget for defense-rel ated activities).
Experinental facilities, particularly for the nagnetic techni ques,

are extrenely expensive. Overall, the fusion power programcurrently
ranks third 1n total programfunding, and the President has requested
a 56.8 percent increase rate in budget authority and 35.7 percent
increase in outlays for fiscal 1977.

(2 Initiatives and Issues for Hscal 1977. No najor newinitiatives
or questions are raised 1n the fisca 1977 fusion power R&D program
This budget is essentially an extension of previous programintentions,
ifnc! ijpli ng the accel erated support now being given to the Tokamak
acility.

(3) Future ProgramInplications and Decisions. G al the na or energy
R,D,&D prograns, the future shape of this programis the nost difficult
to predict, in large part because of the very basic nature of the
technical problens. |f the pattern of devel opnent conjectured in ERDA's
national plan occurs, construction of an experinental power reactor
could begin as early as 1982, wth a ngjor increase in funding at that
time.
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Fission Power Reactor Development Program,

1975-1986 (In Milions of 1977 Dollars)
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FY 1977 Request

1975 1976 0 Ov, ERDA Pres.
Actual [EStinate Estimate Request Reguest  Regquest

Budget Authority 567 602 137 1,022 01 790
Qrl ays 538 522 158 833 777 634

() Program@ntent and Recent Trends. The najor fission power reactor
. devel opnent effort supports devel opnent of the liquid netal fast
breeder reactor (LMFBR). This programis uni que by ERDA budgeting
standards in that the largest single item (the $1.5 billion dinch

R ver denonstration plant) in the ERDA budget is not reflected as a
separate construction line item but rather is being funded entirely
under operating expenses. Qher fission subprograns, which are funded
at significantly lower levels, include the water cool ed breeder reactor,
gas cool ed reactors, and light water converter reactors. As both a
percent of total President's request for fiscal 1977 energy R,D,&D
(25.6 percent of total budget authority and 25.5 percent of total
outlays) and dol | ar change over fiscal 1976 funding |evel s (budget
authority up $188 mllion and outlays up $162 million), the fission
power reactor programis the largest programin the federal energy
research budget .

(9 Initiatives and Issues for Hscal 1977. Wth elimnation of the
nol ten salt breeder reactor fromthe President's 1977 budget, three
breeder reactor technologies renain. These are the IMFBR, which is
heavi |y funded; the light water breeder reactor, which was allocated
less funds this year than last; and the gas cool ed fast breeder

reactor, which received a nodest increase over fiscal 1976 funding
levels. (onsiderable controversy has attended the decision to go
forward wth the 1MFBR, focusing on environnental and safety questions.
Bval uation of current generation light water converter reactors continues
inan attenpt to anass a broader technol ogy base and to assist industry
in achieving better on-line availability and productivity.

(3 FRuture ProgramlInplications and Decisions. Mst of the inpact of a
well-funded Fast Hux Test Facility and dinch R ver Breeder Reactor
has al ready been incorporated into the QVB conmit nent projection.
However, full funding of the entire fission programw || dranatically
increase the size of future energy R,D,&D budgets as this program
continues its dom nance throughout the projection period. By the tine
such a programfunding | evel reaches its projected peak in 1981, the
fission power reactor programw || exceed $2 billion in annual budget
authority and consune about 31 percent of the entire fully funded energy
research budget. Mich of the early increase wll cone about as a result
of broad-based support for the IMFBR program Several additional najor
projects wll be candidates for construction beginning in fiscal 1978
A issue for the longer term--but also for fiscal 1977—is the nunber of
alternative fission breeder and converter technologies that can be
investigated at increasing scales and the relati ve enphasis anong
fission and nonnuclear prograns in designing an overall energy research

strat egy.
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Other Nuclear Programs, 1975-1986
(In Millions of 1977 Dollars)
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Fy 1977 Request

1975 1976 TQ Ov. ERDA Pres.
Actual FEstinate Estinate Request —Request — Request

Budget Authority 117 173 S0 549 537 347
Qrlays 120 163 44 376 369 282

() Program@ntent and Recent Trends. The "other" nucl ear prograns
area 1S an amal gamof ERDA prograns that essentially provide backup

for the fission reactor program The largest portion of the budget
allocated to this area supports fuel cycle R&D including urani umresource
assessnent, devel opnent of commercial ly viable technol ogies for reproces-
sing spent reactor fuel and recycling recovered urani umand plutonium,
and design of termnal storage concepts for radioactive wastes. Saller
per cent ages have been earnarked for naterial s security and saf eguards

(to prevent possible diversion of special nuclear naterial s fromERDA
facilities by devel oping and eval uating cost-effective safeguards
systems), process devel opnent (to denonstrate energing centrifuge

technol ogies for the enrichnent of natural uranium), and advanced i sotope
separation (prinarily the evaluation of alternative |aser-induced U 235
separation techniques). Qonbined, this area anounts to 11.3 percent of
budget authority and 10.5 percent of outlays for total federal energy
research~-a ranking of fourth in overall programfunding. Moreover, this
is the fastest growng programarea in the President's fiscal 1977 energy
research budget .

(2 Initiatives and Issues for Hscal 1977. The size of the increases
requested for this programarea reflects | ncreasi ng awareness of the
probl ens associated wth the total nuclear fuel cycle. Akey issue is
relative enphasis and support for redundant nucl ear fission technol ogies.
In addition to reprocessing RBD tailored to both the liquid netal fast
breeder reactor (IMFBR) and current |ight water (converter) reactors,
this programarea contains support for reprocessing wastes fromthe

hi gh-tenperat ure gas-cool ed reactor (HTGR)--whose devel opnent recei ves
little support fromthe fission program and whose sol e U.S. nanuf act urer
has indicated a desire to wthdraw fromthe narket. Regardi ng program
initiatives, the major newthrust for fisca 1977 is funding for a gas
centrifuge plant denonstration facility.

(3 Future ProgramInplications and Decisions. |If full programfundi ng
is carried out 1n accordance wth the tine schedule set forth in ERDA's
national plan, the area wl!l triple by 1981, moving fromfourth to second
in budget authority as a percent of total energy R,D,&D. This substantial
increase in an already sizable programeffort is attributable to large
construction projects in the three reactor/fuel cycle technol ogy areas.
In particular, liquid netal fast breeder reactor fuel cycle construction
projects alone could require total federal investnent of at |least $1.35
million between 1978 and 1986. At issue for the longer termis how nany

fission reactor technologies~-and thus how nmany support| ng fuel cycle
resear ch programs--can bé supported at |arge scal e
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Other Agency Direct Energy Programs, 1975-1986
(In Millions of 1977 Dollars)
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1975 1976 0 FY 1977
“Actual Estinaie Estimate Request

Budget Authority 231 250 — 257
Qut | ays 125 248 — 272 .

-~ Not estimated,

() Programcontent and Recent Trends. The area of other federal
agency direct energy research 1nvolves diverse efforts designed to
augnent nany of the nine na or programareas adninistered by ERDA.
The Nucl ear Regul atory Gonmssi on conducts reactor safety studies in
direct support of ERDA nuclear fuel cycle RED and the fission power
reactor devel opnent program Similarly, the Bureau of Mnes of the
Departnent of Interior directly supports the fossil energy program
through extensi ve research on the mning of coal and oil shale. Qher
portions of Interior play a mnor role in nuclear fuel cycle R&D, the
conservation program geothermal energy devel opnent, and envi ronnent al
control technol ogy. Likewse, BEPA investigates environnental inpacts
and devel ops technol ogies to control such inpacts so as to suppl enent
ERDA efforts in environnental control technol ogy. Lastly, the National
Aeronautics and Space Admnistration is conpleting its contribution to
the solar energy program These other agency efforts for fiscal 1977
wll constitute 8.3 percent of requested budget authority and 10.1
percent of outlays for total federal energy research if fully appro-
priated. However, new budget authority has grown at the slowest rate
of any n@jor programarea. Indeed, Wth the exception of the Nicl ear
Regul atory Gonmissi on, funding requests for these agencies are | owner
than their respective 1976 |evels.

(2) Initiatives and Issues for Hscal 1977. No new budget authority
has been requested Tor the NafTonal Aeronautics and Space Adninistration
this year in an effort to phase out direct energy research by this
agency,

Q) Ruture Programinplications and Decisions. No itens planned for

t hese prograns approach the nagnrtude of the larger fossil and nucl ear
denonstration plants. Basic issues involve the extent of work on a

| arge nunber of itens at considerably snaller scales, and the relative
attractiveness of these augnenting environmental, safety, and mining
research prograns as candidates for energy R,D,&D funds.
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Environmental Research and Safety Program,

1975-1986 (n Mmilions of 1977 Dollars)
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FY 1977 Request

1975 1976 ™ - Dv. ERDA Pres.

‘Actual Estimate Estimate HRequest Request Request
Budget Authority 183 213 55 430 377 260
Qitl ays 159 204 54 338 315 244

(1) ProgramContent arid Recent Trends. The environmental research and
safety programsupports activities designed to determne the effects of
energy technol ogy devel opnent on man and his environnent. Subprograns
include (1) biomedical and environnental research to provide data on -
the health and environnental effects of pollutants generated by existing
and energi ng energy technologies, (2) operational safety which perforns
isafety studies and provides a qui ck response capability for performng
aerial radiol ogical measurements, (3 environnental control technol ogy
to assess potential environnental 1ntrusions associated wth ener

t echnol devel opnent, eval uate radioactive waste disposal techni ques,
and devel op safety standards for the transport of nuclear shipnents, and
(4) reactor safety facilities to investigate techniques for neutralizing
accidents in power reactors. Qverall, this programranks fifth in budget
authority as a percent of total federal energy research and sixth in
outlays. Programgrowh over the last two years has been steady but
relatively noderate,

(2) Initiatives and Issues for FHscal 1977. It appears that the fiscal
1977 budget Tor this area 1s begrnning to shift in enphasis from
historica concentration on nuclear energy health and environnental
effects tonard a sonewhat nore bal anced research strategy enconpassi ng
broader environnental concerns, especially in the bionedical and
environnental subprogram However, the largest share is still allocated
to nuclear projects. An additional initiative this year is the transfer
of responsibility for the reactor safety subprogramfromthe Nicl ear
Regul at ory Gonmission t0 ERDA.

(3) Future Program Inplications and Decisions. No new bi g-ti cket
construction projects are envisioned for this programover the next
ten years.
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Basic Energy Sciences Program, 1975-1986
(In Millions of 1977 Dollars)
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Fy 1977 Request

1975 1976 0 Ov. ERDA Pres.
Actual Estinate Estinmate Request Request Request

Budget Authority 191 211 4 322 201 227
Qrl ays 165 188 52 274 257 204

() Program@ntent and Recent Trends. Funding for the ERDA basi c energy
sci ences programsupports theoretical and experinental research to

devel op scientific understanding basic to all energy technol ogies.

My or subprograns are (1) nucl ear science, which-—through a broad range
of basic studies enpl oyi ng various nucl ear particles as probes--provides
a new | evel of understanding of nucl ear Phenomena and processes; (2)
naterial s sciences to expand know edge of the properties of conventional
naterials required in al | aspects of energy generation, conversion,
transmssion, and storage; (3 nol ecul ar, mathematical, and geosciences
whi ch provi des basi ¢ scientific know edge of the characteristics

of potential energy sources; and (4) other capital equi pnrent for the
various ERDA national |aboratories. Qverall, this programarea ranks
seventh as a percent of total federal energy research; its growh rate
over fiscal 1976 |evel s has been minimal.

(2 Initiatives and Issues for Fiscal 1977. Wereas basic research
efforts In both naterrals sciences and nol ecul ar sci ences have been
allowed to increase slightly this year, the nuclear science subprogram
was cut, especially in the area of |owenergy nucl ear science (which
enconpasses experinental studies at national |aboratory and university
based accel erator and reactor facilities).

(3 Future Program Inplications and Decisions. The only big-ticket itens
schedul'ed ai TulT programfunding are three itens: an intense pul sed
neutron source, an advanced synchronous radiation source, and a very
high flux neutron source.







APPENDIX B 2

- ENERGY POTENTIAL, QGONSUMPTION I N 1974
SOURCE _(inquads)® - (in quads) _
Exi sting Sources
Natural Gas 1,030 22
Petrol eum 1,100 33
U ani um (o br eeder) 1, 800 1
Hydroel ectric 3
Qoal 12, 000 13
TOTAL 73¢
Evergi ng Sources
al Swale 1,200 - 5,800 -
U ani um (br eeder) 130, 000 -
Geothermal As much as 400
Sol ar Essentially Lhlimted — —
Fusi on

Essentially Uhlimted

SORE u.s. Departnent of Interior, Bureau of Mines, Lhited

Sates Fnergy Through the Year 2000 (revised), 1975,
and ERDA-48, op.cit.

e

These are estimates of total renaining resource potential.
Mich of these resources remains to be di scovered; not all
coul d be devel oped economcal |y at today's prices.

b, See Table | (Chapter 11) for a definition of quad.

Does not add due to roundi ng.

(73)






APPENDIX C .
LIST OF MAJOR CONSTRUCTION PRQJECTS AT FULL FUNDING
LEVELS FOR FISCAL YEARS 1978-1986*
(millions of 1977 dollars)

TOTAL ESTIMATED ESTIMATED

.. . . . . . COST OF S PROJECT
'PROGRAM AREA AND PROECT = _FEDERAL SHARE *  START DATE
® FOSSIL ENERGY
1. Synthoil PFilot 100 1978
2. Pressurized Huid Bed Pilot 100 1978
3. Clos=d Cyde Gas Turbine Filot 75 1979
4. Alkai Turbine System Filot 75 1979
5.MHD Engineering Test Facility 125 1979
6. MHD Advanced ETF 300 1982
7. MHD Demo 750 1982
8. Fress. Huid Bed/Comb. Gycle Denmo 450 1982
9. InStu@l Sa e demo . 100 1979
10, In Stu Large Gasif. Test Facility 50 1979
11 In Stu Large Gasif. Deno 150 1982
& SO AR BENERGY
1 Milti-thit Wnd Alot (10MW) 100 1930
2. Milti-Lhit Wnd Deno (100MW) 250 1981
3. Wnd Energy Factory Facilities 50 1981
4. QGean Thernal Gfshore Alot (25WY 400 1981
5 Cean Thernal Deno (100MW) 850 1984
6. ol ar Energy Research mst. S0 1978
7. Low Qost icon Array H ot 100 1979
8. Low (st S1licon Array Deno 200 1983
9. Large Area Slicon Sheet Aot 125 1983
10. Automated Array H |l ot 150 1982
11 Autonat ed Array Deno 200 1984
12. Gentral Recei ver Deno (1 GOMY 400 1983
13. Dstributed Gl lector Alot 85 1980
14 Dstributed Qllector pemo 400 1983
15, Hbrid Solar Thernal Aot 75 1981
16. wood Hantation HIlot 100 1979
17. Vdod A antati on Deno 250 1985
18. Mirine Biomass A | ot 100 1982
19. Marine B onass Demo 250 1986

*Only those projects estinated to cost nore than $50 mllion are
I ncl uded.

(™
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¢ GEOTHERMAL

NI W

8

High Sl inity pilot

Moderate Tenp. Resource Aot
Magmatic ReSOUrce Test Facility
Geopressure A | o

Ht Dy rock Al ot

Ht Dy Rock Deno

Sedinentary Hydrothermal Demo
\ol cani ¢ Hydrot hernal Deno

INSERVATION

oagihwhE

Deno of Fuel Cells Power A ant
Large Scal e Recovery H | ot
Large Sale Land FIl RAlot
Large Scal e Bioconversion H | ot
Large Scal e pyrolysis H | ot

. Large Scale onbustion Al ot

® FUSION PONMR

1.
2.
3.
4.

Experinental Power Reactor |
Advanced Fusion Facility
Fusi on Eng. Research Facility
Oper. Test SystemFacility

©® HS3S ON REACTOR

®NOUIRLNE

9.

Prototype Large Breeder Reactor
H gh Perfornance Fuel Lab
Fuel and Mat'l. Eval. Facility

M ant Gonponent Test Faci Iilt:?a/' _
cility

Sfety Research and Eval .
Gas~Cooled Fast React or Deno
Gas-Cooled Test Facilities
DOrect Gycle HTGR Dem

VHTR Deno

OTHER NUOLEAR

-

CSvoo~NoTTAWNE

'_\

IWR Training and Tech. Center
LWR Gormer ci al Assist. Program
HT(R Recycl e Deno Facility
IMFBR Large Scale Canp.  Testing
IMFBR Fuel Gycle Rlot

LMBR Fuel Gycle Deno

Hrst Termnal Sorage M ant
Second Termnal S orage M ant
Third Termnal Sorage H ant
Laser U ani umEnrichnent A | ot

®)

1,600
100
100
290
500
900
100

1,500

1,400

150
450
750
200
450
700
100
100
100
100

1982
1979
1980
1982

1981
1978
1978
1978
1978
1980
1978
1979
1984

1978
1979
1979
1978
1979
1985
1981
1983
1985
1981



