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UNITED STATES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
WASHINGTON, D.C. 20545

April 15, 1976

The President of the United States

The President of the Senate

The Speaker of the House of Representatives
Sirs:

I enclose for your consideration Volume I of ERDA 76-1, "A National
Plan for Energy Research, Development, and Demonstration - Creating
Energy Choices for the Future" containing the Plan. Volume II, the
Program Implementation (including both nonnuclear and nuclear pro-
grams) will be forwarded under separate cover at a later date,
expected to be within the next 30 days.

This is the first annual update of the initial report submitted to you
in June 1975 (ERDA-48), and complies with the requirements of Section
15 of the Federal Nonnuclear Energy Research and Development Act of
1974,

This report represents an evolution in approach over the previous
document. ERDA's proposed National Plan has been expanded in scope
and depth of coverage and the basic goals and strategy are refined,
but remain essentially intact. The Plan summarizes ERDA's current
views on the energy technologies the Nation will need to achieve
longer-term energy independence, specifically:

o The paramount role of the private sector in the development
and commercialization of new energy technologies is addressed.

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

o The President's 1977 budget requests a large increase - 30%
over 1976 - in funding for energy RD&D with particular

emphasis on:

~ accelerating energy RD&D programs directed at achieving
greater long-term energy independence,
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- encouraging cost-sharing with private industry and
avoiding the undertaking of RD&D more appropriately
the responsibility of the private sector,

~ supporting the commercial demonstration of synthetic
fuel production by providing loan guarantees beginning
in FY 76.

o Federal progfams to assist industry in acéelerating the
market penetration of energy technologies with near-term
potential are a key element of the Plan.

The Executive Summary outlines specific conclusions and recommendations
~-that are presented more fully in the body of the report.

I believe it is important that we achieve extensive Congressional and
-public discussion of the national energy research, development and
-demonstration considerations and recommendations contained in ERDA-48
and described in further detail in the present report. Such public
‘discussion is an essential part of the common effort to arrive at an
effective approach to the solution of our energy problem - an approach
‘that in terms of research, development and demonstration is based on
the concept of creating energy choices for the future. '

Sincerely, SEmN

VIR G VI

Robert C. Seamans, Jr.
Administrator
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Preface

In the 1975 State of the Union message, Presi-
dent Ford enunciated three national energy policy
goals necessary for the Nation to regain energy
independence. These goals are reiterated in the 1976
Energy Message:

—“First, to halt our growing dependence on im-
ported oil during the next few critical years.
—"“Second, to attain energy independence by 1985

by achieving invulnerability to disruptions
caused by oil import embargoes. Specifically,

we must reduce oil imports to between 3 and 5

million barrels a day, with an accompanying

ability to offset any future embargo with stored
petroleum reserves and emergency standby
measures.

—“Third, to mobilize our technology and re-
sources to supply a significant share of the free

world’s energy needs beyond 1985.”

The following principles guided the development
of the program. These principles are still sound
today:

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

—“Make energy decisions consistent with our
overall economic goals.

—“Balance environmental goals with energy re-
quirements.

—*“Rely upon the private sector and market forces
as the most efficient means of achieving the Na-
tion’s goals, but act through the government
where the private sector is unable to achieve our
goals.

—*“Seek equity among all our citizens in sharing
of benefits and costs of our energy program.

—“Coordinate our energy policies with those of
other consuming nations to promote interde-
pendence, as well as independence.”

New technology that will help expand domestic
energy supplies and improve the efficiency of energy
use is an essential tool in achieving the President’s
energy goals. The introduction of new technology re-

quires, in turn, a major national effort in research,
development and demonstration (RD&D), carried out
largely in the private sector but supplemented by
government-sponsored RD&D where necessary.

In June 1975, the Energy Research and Devel-
opment Administration (ERDA) submitted to the
President and the Congress a report entitled A Na-
tional Plan for Energy Research, Development and
Demonstration: Creating Energy Choices for the
Future (ERDA—-48).

Within the context of the President’s goals for
energy independence, the 1975 plan:

—Recommended energy R&D goals and objectives
for the Nation.

—Examined the potential timing and contribution
of major energy technology options.

—Ranked major technologies and related them to
their potential energy contribution in the near,
mid and long-term.

—Discussed Federal and private sector roles in
energy RD&D and described the Federal energy
RD&D effort.

The Plan also served as an important input to
the development of the President’s amended 1976
and the 1977 budget request for energy RD&D fund-
ing.

While ERDA’s proposed plan is national in
scope, the Federal Government can neither unilat-
erally plan the course of national action nor accom-
plish all the necessary actions defined by such a plan.
This planning process is a useful mechanism because
the Federal Government can use such an approach
as one context for its own actions and as a way to
promote consensus on the Nation’s approach to en-
ergy RD&D. In this regard ERDA-48 contributed
to this planning process in the following three ways:

1. By establishing a likely order of technology

introduction from the near to the long term,
ERDA-48 identified current major guideposts
for measuring and assessing the rate of technol-
ogy introduction. These guideposts can be use-
ful in evaluating whether enough new technol-
ogies are being introduced to solve the Nation’s
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energy problem, and in identifying possible
compensatory governmen! action.

2. ERDA-48 proposed national energy RD&D
priorities linked directly to this order of tech-
nology introduction. These national priorities
are intended to be generally helpful in evaluat-
ing the national energy RD&D effort. In par-
ticular, the priorities bear on the allocation of
government RD&D resources.

3. It stimulated debate on the technological op-
tions open to the Nation in the context of the
total energy problem. ERDA believes this con-
text, which forces the weighing of all alterna-
tives together, facilitates the ob]ectlve evalua-
tion of individual technologies. It is a debate
that should be encouraged.

Accomplishment of the activities 1dent1ﬁed in
the proposed national plan needs: 1) agreement of
the private sector and the public on the planning
approach, and 2) acceptance of both the role and the
sets of actions set forth in the plan to be carried out
by these entities. Thus, the development of a national
planning approach must be iterative and dynamic.
Newly discovered energy supplies, changes in energy
policy, scientific successes and failures, economic
conditions, actual progress in introducing new tech-
nology—all these and more will change the Plan.
Recognizing these dynamics, the Congress instructed
ERDA to report annually on its progress during the
past year, and to revise annually its Plan and pro-
gram.

This document is the first such annual report
and Plan revision. Because it ranges widely, although
not exhaustively, across the energy problem and
energy RD&D, this revised Plan carries many themes.
However, it returns repeatedly to the central theme
that the development and introduction of new energy
technology requires the interaction of many pro-
grams, institutions, and individuals.

Accordingly, Chapter I of ERDA 76-1 presents
an overview of the energy problem and the major
requirements for its solution. It then describes at
some length the relative roles of the participants in
the solution and why—and how—the players must
work together.

The next two chapters present thé revised Plan
and program. Chapter II describes the Plan—a likely
ordering of technology introduction and the related
national RD&D priorities. This revised Plan is not
much different from ERDA-48. Substantively, the
higher national priority assigned to conservation is
the major revision. Additionally, this chapter restates
and attempts to clarify some of the ERDA—48 mate-
rial.

Chapter lll summarizes the Federal energy
RD&D program, which, of course, is only one part
of the national activity urider way. This chapter de-
velops two important points. First, it discusses Federal
RD&D program strategies, emphasmng programs
nearmg the point of market penetration. The inter-
action of Federal RD&D with the private market is a
unique and crucial aspect of ERDA’s mission. Sec-
ond, this chapter presents the FY 1977 Federal én-
ergy RD&D budget. (Volume II of this Plan, pub—
lished separately, contains more detail on last year’s
progress and future prospects for each of the energy
RD&D programs.)

Chapters IV and V turn to the institutional
mechanics necessary to implement the Federal RD&D
and program. Chapter IV discusses the interactions
between ERDA and the public, the. private sector,
state and local government agencies, other Federal
Government agencies, and other countries. Successful
interaction will increase the likelihood of early
development and implementation of new energy tech-
nologies and realization of the Nation’s energy goals.
Chapter V describes the key elements of the analysis
and planning system being developed and imple-
mented by ERDA.

The final chapters of this report will be of spe-
cial interest to those who want to follow closely the
analytic. foundations of the Plan. Chapter VI dis-
cusses the events, public comments, and new analytic
results that have impact on or have shaped the Plan,
and explains why Plan revisions were made; similar
material will be included in all future editions of the
Plan. Chapter VII looks to the future, presenting
ERDA’s current views of priority matters to be
treated in greater depth in the next Plan update.
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Key Points of The Summary

Representing an evolution in approach over the
initial planning of June, 1975, this National Plan
expands the scope and depth of coverage of the
earlier Plan. The basic goals and strategy are refined,
but remain essentially intact.

Significant points of emphasis in this report are
as follows:

* The paramount role of the private sector in the de-
velopment and commercialization of new energy
technologies is addressed.

* Conservation (energy efficiency) technologies are
singled out for increased attention and are now
ranked with several supply technologies as being
of the highest priority for national action. The
primary responsibility for developing and bringing
into use improved technologies for energy effi-
ciency rests with the private sector but the Federal
Government is increasing its funding for this area
to provide encouragement and stimulus to the
total national effort.

» Federal programs to assist industry in accelerating
the market penetration of energy technologies with
near-term potential are a key element in the Plan.

* The close coordination of technology development
with socioeconomic and environmental factors, at
regional as well as national levels, is provided.

» The President’s 1977 Budget recognized the high
priority of energy RD&D by proposing a greatly
expanded program at a level appropriate to the
responsibilities of the Federal Government. Spe-
cifically, it:

—Accelerated energy RD&D programs di-
rected at achieving greater long-term energy
independence.

Expanded efforts to assure the safety,

reliability, and availability of commer-

cial nuclear power plants.

Placed greatest funding on technologies

with the highest potential payoff in

terms of recoverable resources (i.e.,
nuclear and fossil).

——Greatly increased the Federal invest-
ment in conservation technologies.
——Continued to expand the investigation

of other technologies where they can
make significant contributions to meet-
ing the long-term energy requirements
of the U.S. (i.e., solar, and fusion).

—Encouraged cost-sharing with private indus-
try (e.g., coal liquefaction demonstrations)
and avoided undertaking RD&D more ap-
propriately the responsibility of the private
sector (e.g., in areas of conservation tech-
nology).

—Supported the commercial demonstration of
synthetic fuel production from coal, oil shale,
and other domestic resources by providing
loan guarantees beginning in FY 1976.

* A new short-term, five-year-forward planning cate-
gory is added to the Plan to focus attention on
opportunities for technology development that
may have effect within five years.

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

—the RD&D function can better be performed
by the private sector,

—the objective can better be achieved by some
means other than RD&D, or

—the funding required is not sufficiently high in
priority compared to other demands for Federal
funds.

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

While ERDA’s proposed plan is national in
scope, the Federal Government can neither uni-
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laterally plan the course of national action nor ac-
complish all the necessary actions defined by such
a plan. This planning process is a useful mechanism
because the Federal Government can use such an
approach as one context for its own actions and as
a way to promote consensus on the Nation’s ap-
proach to energy RD&D.

Background of the Plan

The Nation faces a serious and continuing
energy problem characterized by limited energy
choices and increasing dependence on diminishing oil
and gas resources. This problem is currently exempli-
fied by an undue reliance upon imported fuels.

This serious energy problem has come about
because most of the fuel currently used by the Na-
tion is in the form of petroleum and natural gas, and
these fuel resources are becoming rapidly depleted.
'Actions must be initiated to prepare for a transition
from dependence on oil and gas to reliance on alter-
nativé energy sources, particularly coal and nuclear
in the near and mid term. Historically, however,
such transitions, as illustrated in Figure I, have re-
quired more than half a century.

"To provide alternatives to undesn'able depend-
ence on oil and gas, the Nation must undertake a
program of technology development which will be
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technologically difficult and costly, and will require
time.

The problems of transition to new energy
sources are difficult. New domestic. energy sources
are potentially available—indeed, solar energy and
nuclear fission (breeder) and fusion represent essen-
tially inexhaustible energy sources—but there are
significant economic, environmental, social and tech-
nological problems to be solved before these new
energy sources can become adequate supplements for
oil and gas. Meanwhile, existing domestic alternatives
in such forms as abundant coal resources, and the
full benefit of nuclear light water reactors cannot
be completely realized without further technological
improvements.

Figure II presents current potentially recoverable
resource estimates for key domestic fuels. Shaded
areas indicate the additional resources that may be-
come recoverable if the necessary technology and
utilization techniques can be developed. In addition,
Figure II illustrates the relative paucity of domestic
oil and gas resources compared to the estimated
cumulative energy demand from now until the end
of the century. Coal and nuclear represent the major
exploitable resources to supplement oil and gas over
the next several decades. Geothermal, oil shale, and
solar energy in the form of solar heating and cooling
represent supporting resources to ease overall supply
problems in that same time period. Nuclear breeders,
solar electric, and fusion represent technologies that
can exploit major resources: for the next century.
These latter three technologies differ significantly as
to the status of their development and demonstra-
tion, the severity of the economic, environmental,
social and technological challenges to be overcome
and their potential for meeting energy needs within
given time frames. With respect to the latter point,
the first two of these have the potential to contribute
to -meeting energy needs during the later part of this
century.

In summary, even though the Nation is blessed
with abundant energy resources, it is currently de-
pendent upon a narrow base of diminishing resources.

This Plan is designed to describe likely options
for the introduction of new technology that will assist
the changeover from dependence on this narrow base
of diminishing domestic resources to reliance on a
broader range of less limited alternatives.

" The transition to less limited resources poses
substantial technological and environmental prob-
lems. Of equal importance are the difficult economic,
social, and institutional problems that will be asso-
ciated with this transition. These problems must be
addressed more intensively than ever before and a
RD&D program, however successful technically, can
fail because of failure to solve any one of these
problems.
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Technology development is made more difficult
by uncertainty as to how the future will evolve with
respect to energy demand, energy costs and many
other factors. There is, today, uncertainty as to the
future of energy demand; the relative economics of
energy technologies; the interplay with the environ-
ment; the choice of preferred energy systems; the
date of introduction or the rate of implementation
of a particular energy technology; the international
aspects of the world-wide energy problem; and other
factors affecting solution to the domestic energy
problem.

While technological development is a necessity
for almost every aspect of the energy problem, the
design of a program for technology development must
remain responsive to such factors as:

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

* The availability of imports from secure sources,
plus the backup protection against supply disrup-
tion that can be gained from stockpiling policy

o The rate of implementation and level of develop-
ment of both existing and emerging new technol-
ogies

e The degree of protection afforded human health
and the physical environment

¢ The degree of modification of life styles which the
Nation finally adopts

* The end-use energy efficiencies that may be finally
attained '

o The level of effort that can be placed in the devel-
opment of new technology

¢ The economic and technical success finally
achieved by new technologies

¢ The impact of economic and sociopolitical consid-
erations.

Even though this list is not exhaustive, it is
illustrative of the difficulties in dealing with the en-
ergy problem. Decisions on this development must be
made today in the face of uncertainty, without fore-
closing future options. Indeed, the basis for under-
taking a program of energy RD&D is to broaden the
Nation’s range of available energy options—to create
energy choices for the future.

While RD&D is clearly needed, an insufficient
amount is being conducted in the private sector be-
cause of uncertainties with respect to future profit-
ability; environmental standards and other regulatory
policies; the magnitude of technological risks being
faced; the lack of present institutional organizations
to undertake the effort; or simply because of the
sheer size of the effort or investment. Energy RD&D
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is one element of the total National policy which

must seek to reduce these risks and uncertainties and

improve the economic and regulatory climate for
private action,

The starting point for this Plan for technology
development is the broader concept of national en-
ergy goals and principles.

Ultimately, decisions as to which technologies
are found to be acceptable have wide-ranging impli-
cations for the country’s security, and involve the
future environmental and economic well-being of all
citizens. The process of developing alternatives to
the present energy system needs to be carried out in
a context which continually considers the broader
issues of public concern.

The programs to achieve Energy Independence
were guided by the following principles: These prin-
ciples are still sound today:

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

» “Make energy decisions consistent with our overall
economic goals.

¢ “Balance environmental goals with energy require-
ments.

* “Rely upon private sector and market forces as
the most efficient means of achieving the Nation’s
goals, but act through the government where the
private sector is unable to achieve our goals.

* “Seek equity among all our citizens in sharing
costs and benefits of our energy program.

» “Coordinate our energy policy with those other
consuming nations to promote interdependence, as
well as independence.”

In keeping with the above principles, the Presi-
dent set forth the following goals for a comprehen-
sive national energy effort in the 1976 Energy Mes-
sage:

—First, to halt our growing dependence on im-
ported oil during the next few critical years.
—Second, to attain energy independence by 1985

by achieving invulnerability to disruptions
caused by oil import embargoes. Specifically,

we must reduce oil imports to between 3 and 5

million barrels a day, with an accompanying

ability to offset any future embargo with stored
petroleum reserves and emergency standby
measures.

—Third, to mobilize our technology and resources
to supply a significant share of the free world’s
energy needs beyond 198S5.

It is the purpose of the National Plan for En-
ergy RD&D to translate these principles and goals
into specific Federal programs for technology devel-
opment, recognizing that industry initiatives in imple-
menting this development will be of paramount im-

7

portance and that the public’s support as citizens and
consumers is essential.
A basic premise in national energy policy and
planning for RD&D is that the private sector has the
primary role in creating new energy alternatives; the
Federal Government’s role is to assist the private
sector in the development and market penetration of
new energy technologies.
With few exceptions, the private sector is the
main producer and consumer of energy. The role of
the private sector is therefore paramount in the
accelerated introduction of energy technology, and
in the solution of the Nation’s energy problem.
In part, this is so because the private sector is
motivated and prepared to take the risks involved in
developing and introducing new energy technologies.
In addition, the private sector has the inherent flexi-
bility to act; the preponderant share of new invest-
ment funds; and the managerial capabilities for carry-
ing out most of the RD&D and virtually all of
technology introduction. Moreover, market forces as
they are perceived by decision-makers in the private
sector will determine the economically optimal mix
of alternative energy technologies to displace the un-
due reliance on petroleum and natural gas.
Therefore the establishment of the Federal pro-

gram and activity levels, the objectives are:

* To assist and reinforce private sector actions
rather than to compete with them

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

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

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

In general, a preferred role of government is to
establish an appropriate climate for private introduc-
tion of energy technology, such as:

* Leadership and assistance: establishing a con-
sistent and stable policy and regulatory network.

* Management of energy resources located in Fed-
eral lands: making available these resources for
use over time with due regard to environmental,
aesthetic, conservation, land-use, or other factors
of national interest.

* Economic and anti-trust regulation: making energy
decisions consistent with national economic goals;
providing energy consistent with the need for
secure energy supplies; and assisting in the devel-
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opment of standards, criteria, and certification
procedures.

o Human health, safety, and environmental Pro-
tection: ensuring the protection of the Nation’s
environment and the public’s health and safety.

* International policy: coordinating our energy pol-
icies with those of other consuming and producing
nations to promote interdependence as well as
independence.

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

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

First, ERDA develops and updates the National
Plan for Energy RD&D. This Plan cannot, and is
not intended to, represent technology as a total solu-
tion to the energy problem, nor can it predict cer-
tain success for any particular program, ensure im-
mediate results, or preselect a single energy future.
Rather, the Plan performs three principal functions:

1. Establishes a likely order of technology intro-
duction from the near to the long term, and
identifies current major guideposts for measur-
ing and assessing the rate of technology intro-
duction. These guideposts are useful in deter-
mining whether enough new technologies are
being introduced to solve the Nation’s energy
problem, and in identifying possible compen-
satory government action.

2. Proposes national energy RD&D priorities
linked directly to the order of technology in-
troduction. These priorities are intended to be
generally helpful in evaluating the national
energy RD&D effort. In particular, the prior-
ities bear on the allocation of government
RD&D resources.

3. Stimulates debate on the technology options
open to the Nation in the context of the total
energy problem. ERDA believes this context,
which forces the weighing of all alternatives
together, facilitates the objective evaluation of
individual technologies. It is a debate that
should be encouraged.

Second, ERDA has the responsibility to monitor
and report on the entire Federal energy RD&D
effort. In this way, a coordinated program aimed at
common objectives is more likely to emerge. Volume
IT of this Plan summarizes the activities of 23 Fed-
eral agencies as they relate to the total RD&D pro-
gram.

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

Fundamentals of the Plan

To propose effective solutions to the Nation’s
current energy problem, the National Plan for Energy
RD&D addresses technology development from the
standpoint of both private sector and Federal Gov-
ernment activities, and also proposes approaches to
incorporate pertinent nontechnological considera-
tions which can affect the results of RD&D.

The National Plan for Energy Research, De-
velopment and Demonstration is an integral part
of an overall approach for addressing the Nation’s
energy needs. It is responsive to the national energy
policy goals and principles enunciated in the Presi-
dent’s 1975 State of the Union Message, and reiter-
ated in the 1976 Energy Message. While its emphasis
is on technological development, it is consistent with
and reflects broader policy concerning import levels,
foreign relations, the needs of industry and consu-
mers, fiscal policy, environmental protection, and
human health and safety concerns.

In its initial response to the Nation’s energy
needs, the Energy Research and Development Ad-
ministration (ERDA) formulated the first National
Plan for Energy RD&D, which proposed national
priorities for the development of new energy tech-
nologies. That approach, published in June 1975, re-
mains the basis for this first annual update.

The dual emphasis of this updated Plan is:

» The further refinement of priorities and strategic
approaches identified in the initial National Plan
for Energy RD&D

e The integration of the critical nontechnological
aspects of energy development into RD&D con-
sideration. '

Technological Emphasis

The overall emphasis of this Plan is to support
the private sector in the development and implemen-
tation of energy technologies that can begin to re-
duce the demand for oil and gas significantly in the
balance of this century, and, where possible, in the
near term.
To accomplish this, the Plan:
¢ Singles out conservation (energy efficiency) tech-
nologies for increased attention and ranks them
with several supply technologies as being of the
highest priority for national action

¢ Identifies six key supply technologies which can
enter the market penetration phase in the near
term

* Qutlines initial program steps to overcome tech-
nological barriers to the rapid implementation of
key technologies with near-term potential

* Adds a short-range planning category to focus at-
tention on opportunities for technology develop-
ment that may have effect within five years.
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To balance these initiatives, the Plan also de-
velops in further detail the longer-range programs
given priority in ERDA’s initial Plan.
~ Nontechnological Emphasis
The nontechnological emphasis of this Plan is

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

factors which can facilitate the rapid integration of
new energy technologies into the framework of the
society. _
- To accomplish this, the Plan outlines approaches
to: ‘
» Government support to the private sector to accel-
erate market -acceptance of key technologies after

technological barriers to market penetration have .

been removed ,

* Integration of environmental planning at each stage

_ in the process of technology development

¢ Interaction of public and private sectors at na-
tional, state, regional and local levels to ensure
appropriateness of energy RD&D

* Development of a management process within
ERDA to provide overall guidance and coordina-
tion of both technological and nontechnological
aspects of energy development. ‘

These approaches will be summarized and the
basis for their emphasis will be explained in greater
detail below. -

The foundation of the National Plan is a set
of recommended national emergy technology goals,
a strategy for achieving these goals, and a propoesed
set of national priorities for emergy technology devel-
opment.

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

I. Expand the domestic supply and economlcally

recoverable energy producing raw materials
II. Increase the use of essentially inexhaustible
’ domestic energy resources
III. Efficiently transform fuel resources into more
, desirable forms ,
IV. Increase the efficiency and reliability of the
' processes used in energy conversion and de-
livery systems
V. Transform consumption pattems to improve
energy use
VI. Increase end-use efficiency
VIIL. Protect and enhance the general health, safety,
welfare and environment related to energy
VIIL Perform basic and supporting research and
technical services related to energy

The Plan then develops a strategy for attaining

these national goals:

_and beyond)

. goals.

NEAR TERM ¢ Increase the efficiency of
(Now to 1985 energy used in all sectors of the
economy and extract more
usable energy from waste ma-
terials

* Preserve and expand major do-
mestic energy systems: coal,
light water reactors, and gas
and oil from new sources and
by enhanced recovery tech-
niques.

MID TERM * Accelerate the development of

(1985 to 2000 new process for producing syn-

and beyond) thetic fuels from coal and ex-
tracting oil from shale

» Increase the use of fuel forms
such as geothermal energy,
solar energy for heating and
cooling, and extraction of more
usable energy from waste heat.

LONG TERM e Permit the use of the essen-
(Beyond 2000) tially inexhaustible resources:

: nuclear breeders; fusion; and
solar electric energy from a
_variety of options including
wind power, thermal and pho-
tovoltaic approaches, and ocean
thermal gradients

* Provide the technologies to use
the new sources of energy,
which may be distributed as
electricity, hydrogen, or other
forms throughout all sectors of
the economy.

Initial ERDA analyses have led to the prelimi-
nary conclusions that only the successful development
and implementation of a number of these technol-
ogies in a combination of approaches can provide
adequate solutions to the present energy problem. All
the national energy technology goals must therefore
be pursued together. However this does not mean
that every conceivable technology approach can or
should be pursued with equal vigor or at -all.

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

All appropriate technologies will be drawn upon
to some extent in achieving the national technology
However, the development of some tech-
nologies is absolutely essential, while the develop-
ment of others is more supportive and complemen-
tary. This distinction is based on six criteria:

* How substantial an energy contribution would suc-
cessful development of ‘the technology make possi-
ble?
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Table | Technologies Now Available for Pursuing Major Energy Technology Goals

The last column of this table presents data from ERDA—48. It represents the maxi impact of the technology in any rio meas-
ured in terms of additional oil which would have to be marketed if the technology were not implemented. Basis for the calculation is
expiained in Appendix B of ERDA~—48. These data are being reexamined, and changes will be made when analysis is completed. in a
number of cases, revised projections of impacts will be lower.

Direct
Substitution impact in
Term of For Oil RD&D Year 2000
Technoiogy Impact® & Gas**® Status in Quads
GOAL I: Expand the Domestic Supply of
Economically Recoverable Energy Producing
Raw Materials
0il and Gas—Enhanced Recovery Near Yes Pilot 13.6
Oil Shale Mid Yes Study/Pilot 7.3
Geothermal Mid No Lab/Pilot 3.1-5.6
GOAL Il: Increase the Use of Essentially
inexhaustible Domestic Energy Resources :
Solar Electric Long No Lab 2.1-4.2
Breeder Reactors Long No Pilot/Demo 3.1
Fusion Long No Lab —
GOAL Ill: Efficiently Transform Fuel Resources
into More Desirable Forms
Coal—Direct Utilization Utility/Industry Near Yes Pilot/Demo 245
Waste Materials to Energy Near Yes Comm 4.9
Gaseous & Liquid Fuels from Coal Mid Yes Pilot/Demo 140
Fueis from Biomass Long Yes Lab 1.4
GOAL IV: Increase the Efficiency and Reliability
of the Processes Used in the Energy
Conversion and Delivery Systems
Nuclear Converter Reactors Near No Demo/Comm 28.0
Electric Conversion Efficiency Mid No Lab 2.6
Energy Storage Mid No Lab —_
Electric Power Transmission and Distribution Long No Lab 1.4
GOAL V: Transform Consumption Patterns to
Improve Energy Utilization
Solar Heat & Cooling Mid Yes Pilot/Demo 5.9
Waste Heat Utilization Mid Yes Study/Demo 4.9
Electric Transport Long Yes Study/Lab 1.3
Hydrogen in Energy Systems Long Yes Study —_—
GOAL VI: Increase End-Use Efficiency
Transportation Efficiency Near Yes Study/Lab 9.0
Industrial Energy Efficiency Near Yes Study/Comm 8.0
Conservation in Buildings and Consumer Products Near Yes Study/Comm 7.1

* Near—now through 1985
Mid—1985 through 2000
Long—Post-2000
** Assumes no change in end-use device.

e In which time frame does the technology produce These considerations and the strategic considerations
its initial energy impact? discussed provide a basis for the priority ranking of
¢ Does the energy output of the technology sub-  the technology categories, listed in Table II.
stitute directly for oil and gas supplies?
e What is the economic status and potential of the
technology?
What are the environmental and human heglth Conservation (energy efficiency) technologies are
implications of the application of the technologies?  singled out for increased attention and are now
What is the stage of development of the technology  ranked with several supply technologies as being of
in the spectrum from the laboratory to the market-  the highest priority for national action. This ranking
place? represents a major change from the initial Plan and
Table 1 summarizes the key characteristics of reflects observations of only moderate progress to
each technology with respect to some of these factors. date on supply technologies, evaluation of public

Priority Ranking of Conservation
Now Significantly Increased
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Table

Proposed National Ranking of RD&D Technology Categories*

HIGHEST PRIORITY DEMAND

NEAR-TERM CONSERVATION (EFFICIENCY)
TECHNOLOGIES

¢ CONSERVATION IN BUILDINGS &
CONSUMER PRODUCTS
INDUSTRIAL ENERGY EFFICIENCY
e TRANSPORTATION EFFICIENCY
WASTE MATERIALS TO ENERGY -

HIGHEST PRIORITY SUPPLY
NEAR-TERM MAJOR ENERGY SYSTEMS

NEW SOURCES OF LIQUIDS AND GASES
FOR THE MID TERM

“INEXHAUSTIBLE”' SOURCES FOR THE
LONG TERM

OTHER IMPORTANT TECHNOLOGIES

UNDER-USED (LIMITED APPLICATION)
MID-TERM TECHNOLOGIES

TECHNOLOGIES SUPPORTING INTENSIVE
ELECTRIFICATION

TECHNOLOGIES BEING EXPLORED FOR
THE LONG TERM

COAL-DIRECT UTILIZATION IN
UTILITY/INDUSTRY
NUCLEAR-CONVERTER REACTORS
OIL AND GAS ENHANCED RECOVERY

¢ GASEOUS AND LIQUID FUELS FROM
COAL
OIL SHALE

" BREEDER REACTORS
FUSION
SOLAR ELECTRIC

¢ GEOTHERMAL
e SOLAR HEATING AND COOLING
e WASTE UTILIZATION

ELECTRIC CONVERSION EFFICIENCY
ELECTRIC POWER TRANSMISSION
AND DISTRIBUTION

e ELECTRIC TRANSPORT

¢ ENERGY STORAGE

s FUELS FROM BIOMASS
e HYDROGEN IN ENERGY SYSTEMS

* Individual technologies are not ranked within the technology categories.

comment on the initial Plan, and further analysis of
conservation opportunities. Specific reasons for as-
signing this higher priority to energy efficiency tech-
nologies are identified below.

Many of the technologies to improve energy
efficiency currently appear to share one or more of
the following characteristics:
¢ A barrel of oil saved can result in reduced imports.

o It typically costs less to save a barrel of oil than
to produce one through the development of new
technology.

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

e Capital requirements to increase energy use effi-
ciency are generally lower than capital needs to
produce an equivalent amount of energy from new
sources since most new supply technologies are
highly capital intensive.

» Conservation technologies can generally be imple-
mented at a faster rate and with less government
involvement in the near term than can new supply
technologles.

* Energy efficiency actions can reduce the pressure
for accelerated introduction of new supply tech-
nologies. Since the actions persist over time, the
benefits are continuing.

These reasons deal generally with conservation
technologies. The rate of application and introduction
of conservation technologies in specific instances will
be determined by the comparative economics and
social acceptability of the available alternatives.

Because conservation technologies are charac-
terized by their large number, their diversity, and
the relatively small energy contribution of any one—
in contrast to major supply technologles—a hroad,
general strategic approach is required to stimulate
the market introduction and implementation of these
more diverse technologies. Supportive of this ap-
proach, the new short-range planning category initi-
ated in this Plan is particularly appropriate.’

In addition to the near- (1985), mid- (1985-
2000), and long-term (post-2000) planning horizons
established by ERDA’s enabling legislation, a new
planning horizon—0 to 5 years—will be included in
the National Plan for Energy RD&D. The 5-year
forward focus is intended to roll forward each year,
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and will be institutionalized and monitored for suc-
cesses and failures.

While opportunities to be considered within this
focus are sought throughout the entire ERDA pro-
gram, and nuclear, fossil, and solar and other tech-
nical areas are being included, it is likely that the
predominant opportunities will be identified within
the conservation program. Opportunities for fuel
substitution are also being sought because of their
beneficial impact on oil imports and relief of gas
shortages.

While technologies such as geothermal and solar
heating and cooling are assigned only a moderate
priority in the ranking, because of projected limita-
tions in their application, both technologies can have
an impact on the Nation’s energy demand in the mid
term if the institutional infrastructures to support
their market penetration can be established. These
technologies are important because they are suffi-
ciently well developed to be employed on a regional
basis when the resources can be exploited econom-
ically. The geothermal resources and technologies
included in this category are limited to hydrothermal
and geopressurized applications, and the solar heat-
ing and cooling technologies may be limited to areas
that enjoy high levels of insolation and experience
relatively high costs for alternative fuels.

The Plan and The Federal Energy RD&D
Program

Federal budget allocations are designed to en-
courage and support private sector initiatives in en-
ergy RD&D; national energy technology priorities
do not, therefore, translate directly to the ERDA
energy budget for any one year for several reasons:
» Differences exist in the scope of effort and the

extent of funding required at different phases in
the maturing of energy technologies. In general,
earlier research efforts require a lower level of
funding than, say, demonstration phases.

* Many of the technologies will be developed in the
private sector and the distribution of necessary
effort between the private sector and the Federal
Government will vary tremendously.

e The nature of government involvement may differ
for different technologies. RD&D is only one
mechanism for government involvement.

¢ Other government agencies also have responsibil-
ities in energy RD&D. These are reflected in the
total Federal budget and in ERDA’s planning
process, but do not appear in the ERDA budget.

The 1977 Federal budget and the Administra-
tion’s legislative program provide strong support for
energy RD&D. The total allocation for energy RD&D
has been increased by more than 30 percent. The
Federal budget for 1977 demonstrates the Adminis-

tration’s commitment to the importance of energy
research, development, and demonstration as stressed
in the Plan which was a key input to the President’s
budget process. In this year’s budget, the amount
earmarked for energy research, development, and
demonstration represents a 30 percent increase i
budget outlays over the previous year. Significant
budget increases this year occur in many energy
RD&D areas.

Among the specific budget decisions, the Presi-
dent has placed emphasis on closing the fuel cycle
in the nuclear light, water reactor program by pro-
viding a substantial increase for management of
nuclear waste and chemical reprocessing. The in-
creased funding in nuclear waste management repre-
sents a recognition on the part of the Administration
that safe and environmentally sound nuclear waste
disposal, which is a responsibility of the Federal
Government, should be demonstrated on an expedited
basis. To encourage and enable private sector to
build, own, and operate additional U.S. enrichment
capacity, the Nuclear Fuel Assurance Act was pro-
posed to Congress in June 1975. The Act will pro-
vide ERDA necessary authority to negotiate coopera-
tive agreements with private firms which, after
Congressional approval, would provide temporary
financial assurances to these firms.

Conservation, recommended in the Plan for ac-
celerated development, has also received an increase
in FY 1977 over FY 1976 of 64 percent, or essen-
tially a rate of increase two times the overall pro-
gram average.

The budget also provides funds to initiate a
synthetic fuel program in 1976 as an essential part
of a national RD&D effort. Its purpose would be to
provide assistance to the private sector to encourage
the development of both conventional energy tech-
nology (e.g., fossil fuel and nuclear power plants)
and emerging technologies (e.g., synthetic fuel from
coal, oil shale, and other domestic resources).

Even with the energy conservation measures
outlined in this Plan, the demand for oil and gas is
expected to outstrip the combined domestic supply
and the current level of imports. Moreover, the gap
between demand and domestic production is widen-
ing.* Over the next 25 years, synthetic fuels offer a
domestic energy alternative to imported oil and nat-
ural gas.

A program of legislative, budgetary, and admin-
istrative actions to undertake a Federally supported
synthetic fuels initiative was considered by Congress
in the fall of 1975 and, although the program was
not authorized during that session, the 1977 Budget
provides funds to implement during 1976, a $2 bil-
lion loan guarantee program in ERDA. With the

* This relationship is graphically portrayed in Figure III-3.
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enactment of EIA, this program would be trans-
ferred to EIA and expanded from $2 to $6 billion
in loan guarantees, to meet the current 1985 objec-
tives of 350,000 barrels of oil per day of synthetic
fuel production capacity.

In Tables III, IV and V, growth of Federal
energy RD&D programs is depicted. Table III lists

budget outlays of all Federal agencies performing
RD&D and Tables IV and V show ERDA budget
amounts. Figure III illustrates percentage increases in
ERDA'’s major program areas.

Volume II of this Plan (published separately)
describes in detail the Federal programs for develop-
ment of the technologies.

Table Ill Federal Energy R&D (in millions)
/ FY75 FY 76¢ FY 77
BA BO BA BO BA BO
Direct Energy R&D '
ERDA $1,317.0 $1,011.0 $1,657.0 $1,427.0 $2,435.0 $2,009.0
DOI 89.9 54.2 '104.0 93.3 98.3 96.3
EPA 80.8 18.2 56.8 76.6 55.4 76.6
NRC 58.9 51.7 87.5 76.9 104.0 98.2
NASA 0.8 0.8 1.7 1.0 -0 0.8
Subtotal 1,547.4 1,135.9 1,907.0 1,674.8 2,692.7 2,280.9
Supporting R&D
ERDA 362.0 313.0 403.0 373.0 430.0 404.0
DOI 33.2 30.9 59.0 56.7 66.8 65.2
EPA 53.2 5.0 43.2 434 41.6 434
NRC 23 2.1 9.6 9.1 5.3 5.0
NSF 103.2 65.9 114.6 74.2 1234 106.9
Subtotal 553.9 416.9 629.4 556.4 667.1 624.5
Total Federal
Energy R&D $2,101.3 $1,551.9 $2,536.4 $2,231.2 $3,359.8 $2,905.4
* Funds for FY 76 Transition Quarter are not included.
Table IV ERDA Energy R&D Budget Table V ERDA Energy R&D Budget
(Outlays in millions) ; - (Authority in millions)
FY 76 to FY76to
FY77 FY77
percent percent
FY 75 FY76¢f FY77  change® FY 75 FY 76t FY77 change*

Direct Energy R&D

Nuclear Fuel Cycle

and Safeguards $ 120 $ 163 $ 282 73

Conservation 21 55 91 64
Geothermal 21 32 50 57
Fusion 151 224 304 36
Fission 538 522 709 36
Solar 15 86 116 35
Fossil - 138 333 442 33
Environmental

Control Tech. 7 12 15 24
Subtotal 1,011 1,427 2,009
Supporting Research
Basic Energy

Sciences 165 188 205 9
Envirormental

Research 148 185 199 7
Subtotal 313 373 404

Total ERDA

Energy RD&D $1,324 $1,800 $2,413

t Funds for FY 76 Transition Quarter are not included.
* Percentage change calculated prior to rounding outlays.

Energy RD&D Programs

Nuclear Fuel Cycle

and Safeguards $ 118 $ 173 $ 347 101
75

Conservation - 36 120 60
Geothermal 28 31 100** 223
Fusion 183 250 392 57
Fission 567 602 823 37
Solar 42 115 160 39
Fossil 335 398 477 20
Environmental

Control Tech. 8 13 16 23
Subtotal 1,317 1,657 2,435
Supporting Research
Basic Energy

Sciences 191 210 227 8
Environmental

Research 171 193 203 5
Subtotal : 362 403 430

Total ERDA '

Energy RD&D $1,679 $2,060 $2,865

t Funds for FY 76 Transitional Quarter are not included.
* Percentage change calculated prior to rounding authority.
** includes $50 Million for Geothermal Loan Guarantee Program.
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INCREASES FOR ENERGY R, D&D PROGRAMS

PROGRAM

CONSERVATION

FOSSIL ENERGY

SOLAR ENERGY

GEOTHERMAL ENERGY

FUSION POWER

FISSION REACTORS

NUCLEAR FUEL CYCLE &
SAFEGUARDS R&D

ENVIRONMENTAL
CONTROL TECHNOLOGY

SUPPORTING RESEARCH

[ (64%)

) WITH LOAN

2 (57%
GUARANTEE

(73%)

PERCENT INCREASE 10 20 30 40 50 60 70 80 90 100
OVER 1976
Figure Ill Energy Research and Development Administration FY 1977 Budget

This Plan focuses on a set of technologies
(involving both supply and demand) and a related set
of operational approaches. If successfully pursued,
these approaches could result in significant market
penetration of technologies that could ease the over-
all energy problem within the next critical decade.

The Plan therefore identifies seven high-priority
technologies that have the potential for making sig-
nificant energy contributions in the near term and
mid term. They are:

o Conservation (energy efficiency)
* Light water reactors
» Enhanced oil and gas recovery
Direct utilization of coal
Synthetic fuels
Geothermal energy
Solar heating and cooling
The Plan develops a preliminary strategic ap-
proach for each, analyzing its marketability and a
strategic approach to support its commercialization
by the private sector.

The Plan also identifies strategies for the devel-
opment of three high-priority programs with longer-
term potential:

* Breeder reactors
e Solar electric
¢ Fusion

To be effective in supporting the private sector
in the development and commercialization of energy
technologies, the Federal Government must take the
lead in helping to create mechanisms for interaction
between ERDA and other public and private sector
groups. Introduction of new energy technologies will
directly or indirectly touch all Americans and all pri-
vate institutions, and will require the concrete action
of all—Congress, Federal Government agencies, state
and local governments and regional groups, and the
private sector.

An important operational element of the Plan,
therefore, is to ensure the participation of each of
these groups and to promote interaction among them,
so that RD&D program planning can be responsive
to the international, national, regional, and local ob-
jectives. To this end, the Plan outlines initiatives de-
signed to:
¢ Promote and support cooperative international ef-

forts to develop solutions to common energy
problems
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¢ Improve interaction among Federal agencies in-
volved in energy RD&D

» Strengthen interfaces between ERDA and indus-
try, state and local governments, universities, and
the public

¢ Capitalize on ERDA’s existing regional structure
to coordinate research, development and demon-
stration of energy technology with local economic,
environmental, and social concerns.

ERDA is developing an internal management
system for analysis, resource allocation, implementa-
tion, and evaluation of its programs to ensure the
most effort to complement the private sector in meet-

ing national energy goals. The implementation of this

system will take time, will be difficult, and will re-

quire the assistance of the private sector, It is vital

that ERDA develop a well-coordinated and inte-

grated system for program planning, budgeting, and

review (PPBR system). Such a system is needed to

provide a framework for:

* Analyzing the Nation’s energy needs

¢ Formulating Federal plans for addressing those
needs.

* Designing programs to carry out specific objectives.

¢ Allocating resources consistent with the Plan and
programs

¢ Ensuring that the programs are effectively de-
signed and managed.

For example, it is necessary in developing an
energy plan to be able to determine which tech-
nologies are likely to be developed by the private
sector with minimal government involvement and
which will require more specific government assist-
ance. To make these projections, planners must be
familiar with industry criteria for market penetration
and must be able to anticipate probable private sec-
tor behavior in terms of investor and consumer
acceptance of new technology. If a technology is
judged to be a poor commercial risk in the private
sector, a judgment must be made as to whether the
potential public benefits are sufficient to justify a
government role. Inputs to determine this must come
from interaction with industry and with the public
(e.g., consumers, local and regional entities, environ-
mental groups). This logic is presented in Figure IV.

Through the use of PPBR, the current process
of establishing priorities among technologies in the
Plan can be vastly improved. The PPBR system is
being designed to develop an energy system option
which can evaluate public and private rates of return
and develop measures of relative value among tech-
nology programs.

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

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

effectiveness of RD&D and other potential
programmatic solutions as illustrated by Figure
II. It will present a program strategy and estab-
lish the major goals and milestones for the
program.

2. Program Plan: The program plan will chart the
detailed course of the program, typically over
a several-year period leading to a major pro-
grammatic decision (e.g., should a demonstra-
tion phase be undertaken?). The basis for the
program plan is the program strategy, but the
plan would be more specific in assigning pro-
gram responsibility and developing manage-
ment structure and will seek to define the most
cost-effective Federal program to achieve the
agreed objectives.

3. Environmental Development Plan: The plan
for environmental development will be a com-
panion document to the program plan, detailing
the program of environmental research that
must parallel technology development. Environ-
mental issues involved in developing the tech-
nology are identified and a program outlined
for resolving these issues in a time period con-
sistent with the rate of technology RD&D.

4. Program Approval Document: This is an in-
ternal ERDA document that will present in
some detail the activities to be conducted and
milestones to be achieved within approved
budgets for a given fiscal year. Its purpose is
to provide a baseline for monitoring program
operations.

5. Environmental Impact Statement (EIS):
Within the structure of the National Environ-
mental Policy Act, ERDA intends to use the
EIS as a major input to decision processes.
Where required, an EIS will be prepared to
illuminate a major “go/no go” program de-
cision. It summarizes the information devel-
oped by the Environmental Development Plan
and uses it to address the issues raised. In this
way, ERDA hopes that these issues can be
identified at the start of an appropriate pro-
gram phase, so that they can be systematically
addressed.

Developing the Plan

Because the nature of the emergy problem is
dynamic, the annual revisions of this Plan can be
expected to evolve in response to changes and to new
information. ‘

The National Plan for Energy RD&D is re-
quired to be updated annually to remain respon-
sive to continuous changes in the external environ-
ment, both with regard to energy and non-energy
events and policies. Technical and nontechnical
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Figure IV  Strategic Planning Logic

factors which constitute these changes and influence

the evolution of this Plan can be characterized as:

¢ Assessments of international and domestic events
and their effect on the Plan

o Assessments of the National Plan for Energy
RD&D based on the viewpoints and insights of
others

» Assessments of the results of energy systems anal-
ysis studies and their effect on the Plan

e Assessment of RD&D activities in the private
sector.

An integral part of this Plan is a detailed pro-
gram for improving the informational base for these

assessments, facilitating ERDA’s access to this infor-
mation, and developing the tools to better analyze
the implications of new energy technologies in terms
of economic growth, environmental impact, and pub-
lic policy.

Decisions on the adequacy of energy RD&D
programs are being continually refined on the basis
of improved analyses and evaluation mechanisms
being developed within ERDA.

Successful implementation of new energy tech-
nologies will produce changes in the underlying eco-
nomic and institutional systems of this country. To
provide information to the public as a basis for wise
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energy choices, analyses of energy systems attempt

to identify these changes and assess their potential

impacts.

This update draws from preliminary conclusions
from three selected areas of analysis aimed at:

* Understanding the relationships among energy,
economic growth, and environmental impact as a
result of the introduction of new energy technol-
ogies and other energy policy initiatives

* Calculating the net energy aspects of energy tech-
nologies

» Supporting market penetration initiatives through
specific market studies (e.g., the Electric Utility
Study mentioned in Chapter VI).

Most of these studies are not yet complete. It
appears, however, that they will be useful in select-
ing promising energy technologies and in clarifying
the degree of Federal participation—if any-—required
to develop and introduce new technologies. Analyses
to date do not yet suggest the need for a sharp
revision in the basic goals and strategies in this Plan.

Although it is too early to state with certainty
what will be included in future reports, the results of
three efforts essential to ERDA’s own planning will

probably be included and help to shape the next
annual Plan.

These activities are:

* Developing benefits and costs of energy RD&D

» Establishing priorities for component programs

¢ Analyzing energy RD&D activities in the private
sector.

During 1976, it is ERDA’s goal to apply the
tools of energy. systems analysis to the quantification
of costs and benefits of selected energy technologies
and to report on this work in the next Plan.

Using its developing PPBR system, ERDA ex-
pects in the coming year to be able to extend the
process of priority-setting to a much greater level of
detail than is presently possible. The PPBR can make
program priorities and the bases for resource alloca-
tions more explicit which, in turn, will help to
delineate the implications of various alternatives.

Finally, as an essential means to reinforce and
support private sector activities, it is ERDA’s goal to
initiate an analysis of ongoing and anticipated RD&D
efforts in the private sector and to provide an interim
report in the 1977 Plan.



Chapter I—The National Energy Problem and
the Nature of [ts Solution

The United States is a nation rich in domestic
energy resources, yet depends on the importation of
large quantities of fossil fuels. This is the essential
paradox of the Nation’s energy problem.

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

The present level of petroleum and natural gas
use reflects their relative cost and abundance in the
past. As a result, this Nation has not sought, until
recently, as a matter of national policy either to ex-
plicitly limit the rate of energy growth or to develop
an adequate range of readily available alternative en-
ergy supply systems for the future. Instead, the Na-
tion has built up over the last half century a large
infrastructure based on the production and use of
petroleum and natural gas. The cost of this infra-
structure exceeded $150 billion, and the Nation can-
not afford to loose the value of this investment.

As a result of reliance on petroleum and natural
gas and of the continuing decline of domestic produc-
tion, the proportion of energy needs met by imports
has remained at approximately 20 percent since the
oil embargo, even despite the decreases in U.S. energy
demand associated with the recent recession. The
annual cost of this imported energy has risen from
about $3 billion in 1970 to about $27 billion today.
The difference in cost is mostly attributable to in-
creases in price rather than absolute levels of im-
ports. Most critically, foreign sources of these
energy supplies have become less certain. Canada

has restricted its exports to the U.S.; the Organiza-
tion of Petroleum Exporting Countries (OPEC)
cartel has exhibited cohesion and purpose in con-
trolling prices and production in the face of weak-
ened world demand; and the Middle East remains
politically unstable.

But even if none of these things had happened, the
long-term problem of a diminishing petroleum and
natural gas resource base, both domestic and world-
wide, remains. As standards of living increase
throughout the world, the demand for petroleum and
natural gas will increase for many countries. But the
resource base will continue to decrease. The events
of the last few years have served, importantly, to
dramatize the resource problem. They create serious
present difficulties, but they are only short-term
manifestations of the longer term problem.

Solving the energy problem requires broadening
the base of domestic energy resources and adapting
to the new resource base more quickly than ever be-
fore.

A variety of domestic energy resources should
be developed because it would reduce our excessive
reliance on one form of energy—a reliance that has
at times severely constrained national policy—and
because social choice is likely to be best served by a
range of energy choices. It is not possible to predict
what the Nation’s interests and its people’s desired
life style will be at the end of this century. But what-
ever those interests and desires are, a sufficient sup-
ply of affordable energy should be available to serve
them. The social decisions on which technologies will
be chosen for implementation and on the degree to
which they will be employed can best be made if
alternative energy forms are available.

The urgency of solution should also be stressed.
Historical perspectives (Figure I-1) show that in the
past it has taken about 60 years to move from reli-
ance on one major energy resource to reliance on
another. Domestic production of petroleum and nat-
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ural gas now appears to have reached or passed its
peak. The relative domestic market shares of these
two energy supplies are expected to decrease with
time. A transition to new energy resource bases must
be accomplished, but this transition from dependence
on a narrow base of diminishing resources to reliance
on a broader range of less limited or unlimited alter-
natives must be made more swiftly than ever before.
The Nation does not have 60 years this time if
growth in the energy sector is to be supported with-
out undue reliance on foreign energy sources.

An aggressive national program of technological
development can expedite this process because broad-
ening the domestic energy resource base requires
rapid expanded utilization of existing and new tech-
nology. Technology for using some resources other
than oil and gas, such as coal and nuclear, is already
available. Nevertheless, these technologies often re-
quire economic, environmental, and technical im-
provements. Furthermore, longer term solutions to
the energy problem, which involve the ability to ex-
ploit very large or nearly inexhaustible domestic re-
sources, require specific technological advances that
are still decades from large-scale utilization.

But improving existing technologies and de-
veloping attractive new ones require substantial in-
vestments—investments that must be made in a cli-
mate of uncertainty. Today there are uncertainties
about future energy demand; the relative economics
of energy technologies; the interplay with the environ-

ment; the final choice of energy systems; the date of
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Figure I-1 U.S. Energy Consumption Patterns

introduction or the rate of implementation of a par-
ticular energy technology; developments that might
impact on the worldwide energy problem; and other
factors that affect the solution to the domestic energy
problem.

Despite these uncertainties, decisions must be
made today, without foreclosing future options, even
though important information may be unavailable or
analyses may be incomplete. Functioning effectively
in this environment necessitates continuous feedback
and readjustments which are necessary elements of
planning under conditions of uncertainty.

The Role of the Private and
Public Sectors

With few exceptions, the private sector is the
main producer and consumer of energy. The role of
the private sector is therefore paramount in. the
accelerated introduction of energy technology, and
thus to the solution of the Nation’s energy problem.

Specifically, the private sector is prepared to
take risks, has the inherent flexibility to act, controls
the preponderant share of new investment funds, and
possesses the necessary managerial capabilities for
carrying out most of the RD&D and virtually all of
technology introduction. Moreover, market forces as
they are perceived by decision-makers in the private
sector will determine the economically optimum mix
of alternative energy technologies to displace the un-
due reliance on petroleum and natural gas. Thus, an
important theme of this report is that the private
sector and market forces are the most efficient means
of achieving the Nation’s energy goals.

The role of the public sector, especially that of
the Federal Government, is therefore supplementary
—to do what cannot otherwise be done privately.
The Federal role, in turn, divides into three parts.
Government can establish an appropriate policy cli-
mate for private sector action, share risks with the
private sector, and conduct a complementary RD&D
program. Of course, all three may be required to
introduce any single technology.

Establishing an Appropriate Climate

The preferred role of government is to establish
an appropriate policy climate for. technology intro-
duction. In a few situations—notably uranium en-
richment—the government is the sole commercial
agent because of earlier activities growing out of its
national security responsibilities. Current government
initiatives in uranium enrichment would decrease the
government’s control and contribute to commercial-
ization efforts by the private sector. In other situa-
tions, the government’s regulatory role greatly affects
the introduction of technologies. For example,
changed government price regulations on oil and gas
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could make conservation technologies and more ex-
pensive enhanced-recovery techniques for oil and
gas more attractive. Similarly, changing regulation
of nuclear plants and other major installations could
speed construction and lower the cost of the tech-
nologies. Such activities need to be continually
assessed to ensure that a proper balance is maintained
among various governmental objectives.

- Other examples of government roles that can
stimulate or inhibit private action are energy pricing
policy and strategic storage (Federal Energy Admin-
istration); energy regulation (Federal Power Com-
mission); investment tax credit (Department of the
Treasury); environmental regulation (Environmental
Protection Agency); Federally owned resource man-
agement (Department of the Interior); and siting
standards (state and local governments).

In general, then, the preferred role for govern-
ment is to establish an appropriate climate for private
introduction of energy technology by:

* Providing leadership and assistance: Establishing

a consistent energy policy and regulatory network
* Managing energy resources located in Federal

lands: Making these resources available for use

over time with due regard to environmental,
aesthetic, conservation, land use, or other factors
of national interest

* Kstablishing and enforcing economic and antitrust
regulation: Making energy decisions consistent
with national economic goals; providing energy to
the American consumer at the lowest possible cost
consistent with the need for secure energy sup-
plies; assisting the development of standards, cri-
teria, and certification procedures

¢ Protecting human health and the environment:

Ensuring the protection of the Nation’s environ-

ment and the public’s health and safety
¢ Coordinating Federal policy with international pol-

icy: Coordinating the Nation’s energy policies with
those of other consuming and producing nations
to promote interdependence as well as inde-
pendence.

Sharing Risks

Even with a regulatory and policy climate more
conducive to private investment, private action may
fail to follow because risks remain excessive. Both
technological uncertainty and the difficulty of pro-
jecting future economic conditions contribute to ex-
cessive risk, even when technical feasibility is known.

In these cases, government can stimulate
private-sector action by sharing risks—that is, by
absorbing the greater-than-commercially-acceptable
risk of investing in energy technology.*

This relatively new government role has the

* See Chapter V for a discussion of the criteria for gov-
ernment investment.

advantage of producing a self-liquidating government

interest in successful projects. It is a technique con-

templated by the Federal Nonnuclear Energy Re-
search and Development Act** and by other legisla-
tion administered by ERDA and other agencies.

At least four specific risk-sharing ventures are
already in place or in the formative stage:

e The proposed Nuclear Fuel Assurance Act, de-
signed to move a hitherto Government monopoly
in uranium enrichment production into the private
sector by temporary financial assurance to private
enrichment firms

* The proposed synthetic fuels commercial demon-
stration program, aimed at constructing a first
round of commercial-scale synthetic fuel plants
(ERDA)

» The geothermal loan guarantee program,*** which
will assist both RD&D and introduction of new
geothermal technology (ERDA)

» The loan program to open new coal mines****
(FEA)

Beyond these specific ventures, the President
has proposed the Energy Independence Authority
(EIA). The EIA would have at its disposal a variety
of tools to share the risks on many types of energy
projects.

Conducting RD&D

Increasingly, RD&D is required to develop new
technology that can subsequently be introduced to
develop new domestic energy resources, or to exploit
old resources more cleanly and safely. Much of this
kind of RD&D is alreadv being carried out by the
private sector. But the private sector cannot conduct
all the necessary RD&D; Federal help is necessary.
However, a Federal RD&D program should neither
act as a substitute for private funds nor invest too
heavily in speculative projects that may never capture
a place in the market.

The choice is difficult, but the Federal Non-
nuclear Energy Research and Development Actt of
1974, one of the acts that establishes the basis for
ERDA’s programs, addresses this question. The
relevant text states:

“In determining the appropriateness of Federal
involvement in any particular research and devel-
opment undertaking, the Administrator shall give
consideration to the extent to which the proposed
undertaking satisfies criteria including, but not
limited to, the following:
(A) “The urgency of public need for the potential
results of the research, development, or

** Public Law 93-577, Section 7.
*** Title 2, Public Law 93-410, “Geothermal Energy Re-
search, Development and Demonstration Act of 1974.”
*x*x* Puyblic Law 94-163 “Energy Policy and Conservation
Act.”
1 Public Law 93-577, Section 5(b) (2).
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demonstration effort is high, and it is unlikely
that similar results would be achieved in a
timely manner in the absence of Federal
assistance.

(B) “The potential opportunities for non-Federal
interests to recapture the investment in the
undertaking through the normal commercial
utilization of proprietary knowledge appear
inadequate to encourage timely results.

(C) “The extent of the problems treated and the

' objectives sought by the undertaking are na-
tional or widespread in their significance.

(D) “There are limited opportunities to induce
non-Federal support of the undertaking
through regulatory actions, end-use controls,
tax and price incentives, public education, or
other alternatives to direct Federal financial
assistance.

(E) “The degree of risk of loss of investment
inherent in the research is high, and the avail-
ability or risk capital to the non-Federal en-
tities which might otherwise engage in the
field of the research is inadequate for the
timely development of the technology.

(F) “The magnitude of the investment appears. to
exceed the financial capabilities of potential
non-Federal participants in the research to
support effective efforts.”

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

At the same time, the Act infers that other ave-
nues should be explored before deciding on direct
Federal involvement. Section (D) suggests that ob-
stacles to private action should first be removed, and
Section (E) recognizes the potential value of risk-
sharing.

The Role of Federal Agencies

When government needs to play any of its three
roles, it requires the action of numerous Federal
agencies:

» Various Federal agencies are responsnble for
recommending comprehensive national energy pol-

icy that is in balance with other national policies

and priorities. Among these agencies are:

—Energy Resources Council

—Council of Economic Advisers

~Council on Environmental Quality

—Domestic Council

—Water Resources Council

—Federal Energy Administration.

Various Federal agencies are directly involved in

managing the expenditures of energy or related

RD&D resources., Among these agencies are:

—Energy Research and Development Administra-
tion

—Department of the Interior

—Environmental Protection Agency

—Nuclear Regulatory Commission

—National Science Foundation

—National Aeronautics and Space Administra-
tion.

Several agencies are involved in the regulatory

aspects of environmental protection and human

health and safety. Chief among these are:

—Environmental Protection Agency

- —National Institute of Envxronmental Health

Sciences

—National Institute for Occupatlonal Safety and

. Health

—Department of Labor (Occupational Safety and
Health Administration)

—Occupational Safety and Health Review Com-
mission.

Other agencies are involved in setting standards

and regulations for energy-related organizations.

Among these are:

—Federal Energy Administration

—Federal Power Commission

—Nuclear Regulatory Commission

—Department of Commerce (National Bureau of
Standards)

—Department of Transportation

—TFederal Trade Commission

—Interstate Commerce Commission

—TFederal Maritime Commission.

Other agencies work with the private sector to

assist the market penetration of key energy tech-

nologies. Among these are:

—Department of Housing and Urban Develop-
ment’

—Department of Commerce

—Department of the Interior

—Small Business Administration

—Department of Transportation

—General Services Administration.

Finally, there are agencies that deal with other

areas that have direct energy implications. Among

these are:

—Department of State

—Department of the Treasury
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—Department of Defense
—Department of Health, Education and Welfare.

The Role of ERDA

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

First, ERDA develops and updates this Plan.
The Plan cannot, and is not intended to, represent
technology as the total solution to the energy prob-
lems, predict certain success for any particular pro-
gram, ensure immediate results, or preselect a single
energy future. Rather, the Plan performs three princi-
pal functions:

1. Establishes a likely order of technology intro-
duction from the near- to the long-term, and
identifies current major guideposts for measur-
ing and assessing* the rate of technology intro-
duction. These guideposts can be useful in
evaluating whether enough new technologies
are being introduced to solve the Nation’s
energy problem, and in identifying possible
compensatory government action.

2. Proposes energy RD&D priorities linked di-
rectly to the order of technology introduction.
These national priorities are intended to be
generally helpful in evaluating the national
energy RD&D effort. In particular, the pri-
orities bear on the allocation of government
RD&D resources.

3. Stimulates debate on the technology options
open to the Nation in the context of the total
energy problem. ERDA believes this context,
which forces the weighing of all alternatives
together, facilitates the objective evaluation of
individual technologies. It is a debate that
should be encouraged.

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

effort. In this way, a coordinated program aimed at
common objectives is more likely to emerge. Volume
II of this Plan summarizes the activities of 23 Fed-
eral agencies as they relate to the total RD&D pro-
gram.

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

This chapter has examined the energy problem
and the nature of its solution, a sketch not so very
different from that drawn in ERDA-48. More im-
portantly, it has attempted to set forth the institu-
tional structure in which the energy problem must be
solved. Specifically, it has spelled out the division of
responsibility between the private and the public sec-
tors, as well as the three supportive roles played by
the Federal Government. Similarly, the functions of
the several Federal agencies, and especially ERDA,
have been clarified, and the cooperation of the Fed-
eral energy RD&D program has been emphasized.
However, a discussion of the crucial role to be played
by state and local governments has been postponed
until Chapter IV to simplify this discussion.

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

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

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

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

e The degree of modification of life styles the Nation finally
adopts

¢ The degree of end-use efficiencies that may finally be at-
tained

e The level of effort that can be allocated to the develop-
ment of new technology by the public and private sectors

o The economic and technical success finally achieved by
new technologies

e The extent of environmental, economic, and sociopolitical
considerations.

Chapter VI discusses such assessments more fully.












Chapter ll—Fundamentals of the Plan

The National Plan for Energy Research, Devel-
opment and Demonstration has been formulated as
an integral part of the overall policy for addressing
the Nation’s energy needs. It is responsive to the
national energy policy goals and principles enunci-
ated by the President (sce Preface). While its em-
phasis is on technological development, it is con-
sistent with and reflects broader policy concerning
import levels, foreign relations, the needs of industry
and consumers, fiscal policy, environmental protec-
tion, and human health and safety.

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

* National policy goals related to energy
¢ National energy technology goals
¢ Strategy and priorities for RD&D.

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

National Policy Goals Related to Energy

The National Plan for Energy RD&D is based
on five national goals formulated to guide the intro-
duction of new technology:
¢ Maintain the security and policy independence of

the Nation

* Maintain a strong and healthy economy, providing
adequate opportunities and allowing fulfillment of
economic aspirations (especially in the less affluent
parts of the population)

* Provide for future needs so that future life styles
remain a matter of choice and are not limited by
the unavailability of energy

e Contribute to world stability through cooperative
international efforts in the energy sphere

¢ Protect and improve the Nation’s environmental
quality by assuring that the preservation of land,
water, and air resources is given high priority.

These goals express ERDA’s current under-
standing of the national interest with respect to
energy technology, and should therefore serve as the
basis for energy RD&D in both the private and
public sectors. Because of their fundamental impor-
tance, these goals merit continued scrutiny and debate.

The Need for Choices

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

It is not possible to predict now what our Na-
tion’s interests and its people’s desired life style will
be at the end of this century. Whatever those inter-
ests and desires are, however, energy should be
available to serve them. The present situation, in
which national policy and social choice are con-
strained by overreliance on increasingly scarce forms
of energy, cannot be allowed to recur.

It would be presumptuous now for the Nation
to select a single technological course -of action
toward long-term energy independence. The success-
ful exploitation of new energy sources and the reduc-
tion of the growth rate of energy demand require a
broad range of approaches. Central among these is
the development and deployment of new technology;
that is the focus of this Plan. Because technology
development is uncertain, commitment now to one
set of technologies for the future would ignore the
possibility of failure. Even if technological success
were guaranteed, it would be impossible ito ensure
that the resulting technology would be best suited
for future conditions,

Finally, it is reasonably certain that the Nation
would be better served by leaving to the future the
ultimate choices of how much energy is ¢onsumed,
which technologies are actually implemented, and to
what degree. To provide limited options for the
future would undermine the strengths of the market
place and individual choices of life style.

Responding to the Problem

In its immediate response to the energy situa-
tion, the Nation is currently limited to two choices:
importing more oil and natural gas or making do
with less energy. Successful achievement of national
goals, however, mandates a more positiive policy
aimed at exploitation of domestic resources and re-
duction of unnecessary waste in energy con’sumption.

The Nation has several possible courses of
technological development that can assist in solving
the energy problem. The first course of action is to
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produce more of the major fuels in use today. Sec-
ondly, new technologies to expedite the transition to
resources that are presently under-used (e.g., solar
energy for heating, geothermal) or essentially
inexhaustible (e.g., fertile uranium for breeding,
fusion fuels, solar energy for electrical generation)
can be developed and introduced. Thirdly, to make
better use of more plentiful resources, actions can
be taken to alter present patterns of end-use con-
sumption. These actions can facilitate the shift of
major end-use sectors from dependence on scarce
fuels to more plentiful resources. As an example,
electrification of land transportation would terminate
present dependence on oil and gas and allow needs
to be met by any of the basic resources, all of which
can be used to generate electricity. Finally, efficiency
improvements can be made both in the conversion
of resources into energy and in the end-use devices
that use this energy to meet societal needs.

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

National Energy Technology Goals

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

-, this framework, the four courses of technological

development discussed above have been expanded

" into a set of national technology goals. Two addi-

tional goals have been added to cover activities that
support all technological approaches. The set of
national energy technology goals is as follows:
I. Expand the domestic supply of economically
recoverable energy-producing raw materials
II. Increase the use of essentially inexhaustible
domestic energy resources
III. Efficiently transform fuel resources into more
desirable forms
IV. Increase the efficiency and reliability of the
processes used in energy conversion and de-
livery systems
V. Transform consumption patterns to improve
energy use
VI. Increase end-use efficiency
VII. Protect and enhance the general health, safety,
welfare, and environment related to energy
VIII. Perform basic and supporting research and
technical services related to energy.
These goals emphasize not only the develop-

ment of technologies related directly to the energy

supply, but also the development of technologies

that focus on the:

¢ Crucial importance of reducing energy waste and
increasing the efficiency of energy use in all sec-

tors of the economy through the application of
existing and new technologies

* Major role of technologies in protecting and en-
hancing the quality of the human and physical
environment, a concept that must be fully inte-
grated into all aspects of energy production and
use

» Need for basic research and technology transfers
from other high-technology areas to support and
stimulate continuing innovation in the energy
technology ‘area.

The supply and demand technologies related to
goals. I through VI are listed in Table II-1. The
table also shows the best estimates (developed last
year) of the energy impact in the year 2000 of an
aggressive but potentially attainable rate of introduc-
tion of each technology, and indicates the time frame
in which each technology would begin to have an
impact. This table summarizes the current spectrum
of technology options from which the Nation may
select and introduce new energy technology if eco-
nomic and other criterias are met. Before a strategy
for achieving these goals can be developed, however,
it is necessary to examine the Nation’s energy re-
source base—the resources presently available to
address the Nation’s enérgy problem.

The Importance of Resources

A crucial requirement in the development of a
National Plan for Energy RD&D is an understand-
ing of the Nation’s energy resource base. That
understanding must begin with knowledge of those
resources currently in widespread use and known to
exist, and those currently unused or under used.
Despite the great visibility of new and exotic energy
forms in both general and technical literature, the
fact remains that the U.S. currently depends on coal,
petroleum gases and liquids, hydroelectricity, and
nuclear power to meet 99 percent of its energy
needs. More critically, 75 percent of these needs are
met solely by petroleum and natural gas, both of
which are in limited domestic supply.
The following discussion of the Nation’s re-
sources will develop and illustrate two key points:
¢ The Nation possesses very large domestic fuels
resources that are under-used or not used at all.

e The magnitude of the recoverable resources and,
in many cases, even their availability are depend-
ent upon technology.

Reliance on a Narrow and Declining
Resource Base

The urgency of the need for transition to new
energy sources emerges clearly from the intensive
reappraisal of the Nation’s oil and gas resources per-
formed by the United States Geological Survey
(USGS) and independently supported in a study by
the National Academy of Science (NAS). These esti-
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Table il-1 Technologies Now Available for Pursuing Major Energy Technology Goals

The last column of this table presents data from ERDA-48. It represents the maximum impact of the technology in any scenario meas-
ured in terms of additional oil which would have to be marketed if the technology were not implemented. Basis for the calculation is
explained in Appendix B of ERDA-48. These data are being reexamined, and changes will be made when analysis is completed. in a

number of cases, revised projections of the impacts will be lower.

Direct
Substitution Impact in
Term of for Qil RD&D Year 2000
Technology impact* & Gas** Status in Quads
GOAL I: Expand the Domestic Supply of
Economically Recoverable Energy Producing
Raw Materials
Qil and Gas—Enhanced Recovery Mid Yes Pilot 13.6
Qil Shale Near Yes Study/Pilot 7.3
Geothermal Mid No Lab/Pilot 3.1-5.6
GOAL II: Increase the Use of Essentially
Inexhaustible Domestic Energy Resources
Solar Electric Long No Lab 2.1-4.2
Breeder Reactors Long No Pilot/Demo 3.1
Fusion Long No Lab —
GOAL lil: Efficiently Transform Fuel Resources
Into More Desirable Forms *
Coal—Direct Utilization Utility/Industry Near Yes Pilot/Demo 24.5
Waste Materials to Energy Near Yes Comm 4.9
Gaseous & Liquid Fuels from Coal Mid Yes Pilot/Demo 14.0
Fuels from Biomass Long Yes Lab 14
GOAL IV: Increase the Efficiency and Reliability
of the Processes Used in the Energy
Conversion and Delivery Systems
Nuclear Converter Reactors Near No Demo/Comm 28.0
Electric Conversion Efficiency Mid No Lab 2.6
Energy Storage Mid No Lab —_—
Electric Power Transmission and Distribution Long No Lab 1.4
GOAL V: Transform Consumption Patterns to
improve Energy Utilization
Solar Heat & Cooling Mid Yes Pilot/Demo 5.9
Waste Heat Utilization Mid Yes Study/Demo 4.9
Electric Transport Long Yes Study/Lab 1.3
Hydrogen in Energy Systems Long Yes Study —_
GOAL VI: Increase End-Use Efficiency
Transportation Efficiency Near Yes Study/Lab 9.0
Industrial Energy Efficiency Near Yes Study/Comm 8.0
Conservation in Buildings and Consumer Products Near Yes Study/Comm 7.1

* Near-——now through 1985
Mid—1985 through 2000
Long—Post-2000
** Assumes no change in end-use device.

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

The amount of oil and gas considered to be
economically recoverable is subject to wide varia-
tions, reflecting different assumptions about undis-
covered resources, technology, and price. Responsi-
ble estimates of remaining recoverable resources vary
by a factor of two or more. All major estimates
agree, however, that at current levels of use, domestic
supplies of oil and gas cannot support projected
energy demands for very long.

The implication of the USGS and NAS esti-
mates is that current rates of oil and gas production
by conventional methods will be difficult to maintain,
even with additional Outer Continental Shelf and

Alaskan production. Without enhanced recovery, the
USGS estimates indicate that production of domestic
oil and natural gas will begin to drop rapidly in the
mid 1980’s. It is unlikely that major new energy
sources will be ready by that time.

New estimates of domestic recoverable resources
may present a more optimistic picture. However, for
purposes of planning for alternative RD&D pro-
grams, it is more prudent to use the lower band of
existing estimates. In either case, as Dr. McKelvey,
Director of the USGS, has said:

... higher and lower estimates still carry the same
message on several important policy questions. All
indicate that substantial amounts of fluid hydro-
carbons remain to be discovered if exploration is
encouraged. All indicate that one of the largest
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targets for future production is the oil presently
remaining in place that might be available if re-
covery technology is advanced. All emphasize the
importance of frontier areas, and all show that it
is necessary soon to develop other sources of
energy as the mainstay of our future energy

supply.*

Specific Changes in Resource Estimates
Since ERDA-48

Estimates of the major recoverable domestic

resources are shown in Figure II-1. The shaded areas
in this figure indicate the additional resources that
may become recoverable if the technology can be
developed to make this feasible. The figure and
the estimates are identical to those presented in
ERDA-48 with the following exceptions:

An increase in the estimate of coal resources. The
recoverable resource level, estimated at 12,000
quads in ERDA-48, has been increased to 13,300
quads (an 11 percent increase) to reflect a new
resource assessment by USGS.** The new USGS
estimate showed an overall 25 percent increase in

* Department of the Interior News release, May 1975.

** See Chapter VI for a more detailed assessment of this

new assessment,

total coal resources (including resources not cur-
rently considered economically recoverable).

o The addition of solar energy to the recoverable
resource base. The estimate shown in the chart
(43,000 quads per year) represents the average
solar flux incident on the U.S. per year, and indi-
cates the high contribution potential of this re-
source. However, significant technical problems are
associated with the use of solar energy. Since
energy flux is relatively low in energy value and is
intermittent in a terrestrial application, the prac-
tical application of solar energy requires the
availability of large collecting structures and
energy storage. (For example, 20,000 to 30,000
acres of thermal collector area are required for a
1,000 megawatt electric plant at today’s collection
efficiences.) Furthermore, solar energy technol-
ogies and their applications will require varying
degrees of further development before they can
become economically viable. Some water and
space heating systems are being introduced in the
U.S.; however, considerable technological develop-
ment is required before solar energy in other forms
can be used efficiently and economically.

* The addition of fusion to the recoverable resource
base. The estimate of 3 trillion quads reflects the

ENERGY AVAILABLE AND REQUIREMENTS IN QUADS (10'® BTU) SHOWN GRAPHICALLY BY AREA
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Figure ll-1 Recoverable Domestic Energy Resources
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potential energy that can be derived from the deu-
terium in the oceans. In theory, fusion energy is
capable of providing all the energy needed for an
indefinite period. Through the RD&D process,
scientists are attempting to translate that theory
into practice. Difficult scientific, engineering, and
economic problems will have to be solved even
after success has been achieved in producing the
necessary controlled thermonuclear reaction.
Nevertheless, the resource base is so large that
success will ensure a virtually limitless energy
source.

* The addition of geothermal energy to the recover-
able resource base. The geothermal estimate is
based on a new assessment of resources* that
considers utilization of present or near-term tech-
nology without regard to cost. Most important cur-
rently is the recoverable heat portion of hydro-
thermal convective resources. In the mid term
(1985-2000), the liquid-dominated hydrothermal
resources and the geopressured resources (includ-
ing dissolved methane) could become viable op-
tions, for both electric power generation or direct
use as heat. The mid- to long-term (2000 and
beyond) geothermal potential of the total heat
resource within the earth’s crust is undoubtedly
very large, in the forms of hot dry rock, heat flows
evidenced by temperature gradients that are either
“normal” or enhanced by natural radioactive de-
cay, and ultimately even magma (molten rock).

* The addition of energy demand estimates (1975-
2000) with and without conservation. Energy con-
servation is shown to reduce the cumulative re-
quirements by over 15 percent. The demand
estimates are based on the scenarios contained in
ERDA-48.

Implications of the Resource Estimates

Figure I11-1 shows the relative paucity of domes-
tic oil and gas resources compared to the estimated
cumulative energy demand from now until the end
of the century. Coal and nuclear represent the major
exploitable resources to supplement oil and gas over
the next several decades. Geothermal, oil shale, and
solar energy (in the form of solar heating and cool-
ing) represent supporting resources to ease overall
supply problems during that time period. Nuclear
breeders, solar electric, and fusion represent tech-
nologies that can exploit major resources for the
next century; these technologies also have the poten-
tial to contribute to meeting energy needs during the
latter part of this century.

In summary, even though the Nation is blessed
with abundant energy resources, it is presently de-
pendent upon a narrow base of diminishing re-

* See Chapter VI for a more detailed discussion of this
new assessment.

sources. Accordingly, the National Plan for Energy
RD&D describes likely options for introducing new
technology that will assist the changeover from de-
pendence on this narrow base of diminishing domes-
tic resources to reliance on a broader range of less
limited alternatives.

The transition to less limited resources poses
substantial technological and environmental prob-
lems. Of equal importance are the difficult economic,
social, and institutional problems that will be asso-
ciated with this transition. An RD&D program, how-
ever successful technically, can fail because of failure
to solve any one of these problems. These problems
are addressed in later sections of this report.

Strategy and Priorities for RD&D

A National Plan for Energy RD&D should be
guided by the policy and technology goals estab-
lished. It must also reflect the reality of available
domestic energy resources and the developmental
status of technologies needed to use these resources.
To translate the understanding developed thus far
into an RD&D program, however, it is necessary to
compare the potentials of the wide spectrum of tech-
nology options currently under investigation. Defini-
tions of major technological options to be considered
in the Plan are presented in the Glossary. Twenty-one
major RD&D technologies and 14 supporting tech-
nologies are described.

ERDA-48 examined a number of combinations
from the spectrum of technology options to estab-
lish both an overall strategy and specific energy
RD&D priorities for the principal supply and demand
technologies. Subsequent analysis, described in
Chapter VI, has changed the strategy and priorities
of ERDA-48 in one important respect:

Priority Ranking of Conservation now signifi-
cantly increased. This major change from ERDA—48
reflects observation of only moderate progress to
date on supply technologies, public comment on
ERDA-48, and further analysis of conservation op-
portunities. Specific reasons for assigning higher
priority to energy efficiency technologies are identi-
fied below. Many of the technologies to improve
energy efficiency currently appear to have one or
more of the following characteristics.

* A barrel of oil saved can result in reduced imports.
Conservation combined with fuel substitution ef-
forts reduces dependence on foreign oil. The focus
is on cost-effective approaches since not everything
that saves energy should be implemented at this
time. Technology development should increase the
number of cost-effective approaches available.

» It typically costs less to save a barrel of oil than
to produce one through the development of new
technology.
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* Energy conservation generally has a more bene-
ficial effect on the environment than does energy
produced and used.

* Capital requirements to increase. energy-use effi-
ciency are generally lower than capital needs to
produce an equivalent amount of energy from new
sources since most new supply technologies are
highly capital-intensive.

* Conservation technologies can generally be im-
plemented at a faster rate and with less govern-
ment involvement in the near—term than can supply
technologies.

* Energy efficiency actions can reduce the pressure
for accelerated introduction of new supply tech-
nologies. Since the actions persist over time, the
benefits are continuing in nature.

. These reasons deal generally with conservative
technologies. The rate of application and introduction
of conservation technologies in specific instances will
be determined by the comparative economics and
social acceptability of the available alternatives.

Strategy of Energy Technology

With this revision, ERDA now views thé likely
order of technological change in energy supply and
demand as follows:

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

technology will help to:

* Increase the efficiency of energy used in all sectors
of the economy and extract more usable energy
from waste materials

¢ Preserve and expand major domestic energy sys-
tems: coal, light water reactors, and gas and oil
from new sources and by enhanced recovery
techniques.

For the mid-term (1985-~2000) and beyond, tech-
nology will help to:
* Accelerate the development of new processes for
producing synthetic fuels from coal and extracting
oil from shale

e Increase the use of fuel forms such as geothermal
energy, solar energy for heating and cooling, and
extraction of more usable energy from waste heat.

For the long-term (past 2000), technology will
help to:

¢ Permit the use of the essentially inexhaustible re-
sources: nuclear breeders; fusion; and solar elec-
tric energy from a variety of options including
wind power, thermal and photo-voltaic ap-
proaches, and ocean thermal gradients

* Provide the technologies to use the new sources of
energy, which may be distributed as electricity,
hydrogen, or other forms throughout all sectors of
the economy.

Table II-2 presents the spectrum of technology
options listed in Table II-1 in these strategic terms.

Table [1-2 The Strategy of Technology Introduction

Impact in Year 2000

Time of Impact Strategic Element Technology (Quads)
Near-term Increase efficiency of energy use Conservation in Buildings and 7.1
(now to 1985 and convert waste to energy Consumer Products
and beyond) Industrial Energy Efficiency 8.0
Transportation Efficiency 9.0
Waste Materials to Energy 4.9
Preserve and expand oil, gas, Coal-Direct Utilization in 24.5
coal, and nuclear Utility/Industry
Nuclear-Converter Reactors 28.0
Oil & Gas Enhanced Recovery 13.6
Mid-Term Accelerate development of synthetic Gaseous and liquid fuels from Coal 14.0
(1985-2000 fuels from coal and shale Oil Shaie 7.3
and beyond)
Increase use of under-used (limited Geothermal 3.1-5.6
application) fuel forms and extract Solar Heating & Cooling 59
more usable energy from waste heat Waste Heat Utilization ) 49
Long-Term Develop the technologies necessary Breeder Reactors 3.1
(past 2000) to use the essentially inexhaustible Fusion —_
fuel resources Solar Electric 2.1-4.2
Develop the technology necessary Electric Conversion Efficiency 2.6
to change the existing distribution Electric Power Transmission & 14
systems to accommodate the Distribution
distribution of new energy sources. Electric Transport 1.3

Energy Storage —
Hydrogen in Energy Supplies —
Fuels from Biomass 1.4
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Table II-3 presents the strategy in more concrete
terms—the numbers of energy facilities that would
be built if all the technologies were successfully
introduced. These estimates are not additive, since
not all technologies must be introduced fully to
satisfy demand in the year 2000.

While these tables are not prescriptive, they
potentially provide a set of yardsticks useful in as-
sessing the actual rate of technological introduction.
Such assessments are essential to shaping the Federal
role in developing energy* technology to fit progress
being made in the private sector.

National RD&D Priorities

Based on an understanding of the strategic role
of technology in solving the Nation’s energy prob-
lem, it is possible to suggest what type of energy
RD&D is most important. Several observations are
helpful in understanding the nature and use of these
priorities, presented in Table 11-4.

1. The highest supply and demand technology
priorities stem directly from the strategic assessment
described in the preceding section.

Table 1I-3 Numbers of Major Facilities Potentially
Required by Year 2000

Type of Number of Equivalent Facilities

Energy Potentially

Facilities Required in 2000 Existing in 1975
Fossil Power Plants 500-800 400
(1000 MWe equivalent)
Nuclear Power Plants 450-800 37
(1000 MWe equivalent)
Geothermal Power Plants 40-100 0.5
(1000 MWe equivalent)
Solar Electric Power Plants 50-100 0
(1000 MWe equivalent)
Coal Mines 1600-2370 640
(one million tons/year
equivalent)
Coal Liquefaction or 70-140 0
Gasification Plants
(50,000 b/d oil equivalent)
Oil from Shale Plants 40-80 0
(50,000 b/d oil equivalent)
Buildings (millions) 13-22 negligible
Solar Heated and Cooled
Heat Pumps 13-26 0.2
(millions)
Electric Automobiles 10-20 negligible
(millions)

Notes

e The list is non-additive because different technologies serve
the equivalent energy markets in different scenarios.

® Source for the date is the ERDA—48 scenarios.
* MWe = megawatts electric
e b/d = barrels per day

2. Under-used (limited application) mid-term
technologies such as geothermal and solar heating
and cooling are assigned only a moderate'prlonty in
the ranking. However, certain applications of these
technologies can have an impact on the Natlon s en-
ergy demand in the mid term with the estabhshment
of an industrial base. These technologies are impor-
tant because they are sufficiently well-developed to
be employed on a regional basis where the resources
can be exploited economically. The geothefmal re-
sources and technologies included in this category
are limited to hydrothermal and geopressurized ap-
plications, and the solar heating and cooling tech-
nologies may be limited to areas that enjoy high
levels of insolation and experience relatively high
costs for alternative fuels.

3. A lower priority is assigned to technologlm
supporting intensive electrification, and to hydrogen
and biomass systems. Electrification technologies
and hydrogen systems are likely to be very important
to an economy powered by breeders, solar lelectricity,
and fusion power. As the importance of electrifica-
tion increases over time, the priorities for these tech-
nologies should also be 1ncreased Further fstudy may
also reveal specific applications within the broad
technologies that should receive a high priority now.

4. Notwithstanding the differences 'in priori-
ties, some work on all the emergy technologles is
appropriate now. A number of factors support this
conclusion:
¢ A specific RD&D can fail entirely, or can produce

results much later than expected. It would thus be
unwise to restrict the number of RD&D efforts on
the assumption that anyone will be successful.
 The long lead times characteristic of the technol-
ogies for using inexhaustible resources require that
RD&D be undertaken now to ensure thelr timely
availability. Figure II-2 summarizes this problem.

* Only the successful development and 1mplemen-
tation of a number of technologies in a combina-
tion of approaches can provide adequate solutions
to the present energy problem.

* Curtailment of any major existing energy source
(e.g., nuclear power) places heavy demafnds on all
the remaining options.

These overall RD&D priorities have a number
of uses, as well as some limitations. Both 'their uses
and limitations are important to a proper under-
standing of the prlormes
* The priorities help in assessing progress toward

the energy technology goals. RD&D |is a pre-
cursor of technology introduction. Therefore,
RD&D progress, or lack of it, provides early indi-
cations of whether the technological strategy is
proceeding as planned. .

¢ The priorities form the basis for Federal action.
When any of the three Federal roles is justified,
the priorities help determine its urgency.
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Table 11-4 Proposed National Ranking of RD&D Technologies*

HIGHEST PRIORITY DEMAND

NEAR-TERM CONSERVATION (EFFICIENCY)
TECHNOLOGIES

e CONSERVATION IN BUILDINGS &
CONSUMER PRODUCTS

¢ INDUSTRIAL ENERGY EFFICIENCY

e TRANSPORTATION EFFICIENCY

o WASTE MATERIALS TO ENERGY

HIGHEST PRIORITY SUPPLY
NEAR-TERM MAJOR ENERGY SYSTEMS

NEW SOURCES OF LIQUIDS AND GASES
FOR THE MID TERM

“INEXHAUSTIBLE" SOURCES FOR THE
LONG TERM

OTHER IMPORTANT TECHNOLOGIES

UNDER-USED (LIMITED APPLICATION)
MID-TERM TECHNOLOGIES

TECHNOLOGIES SUPPORTING INTENSIVE
ELECTRIFICATION

TECHNOLOGIES BEING EXPLORED FOR
THE LONG TERM

¢ COAL-DIRECT UTILIZATION IN
UTILITY/INDUSTRY

¢ NUCLEAR-CONVERTER REACTORS

® OIL AND GAS ENHANCED RECOVERY

* GASEOUS AND LIQUID FUELS FROM
COAL
e OIL SHALE

BREEDER REACTORS
FUSION
SOLAR ELECTRIC

e o o

¢ GEOTHERMAL
¢ SOLAR HEATING AND COOLING
e WASTE UTILIZATION

¢ ELECTRIC CONVERSION EFFICIENCY

¢ ELECTRIC POWER TRANSMISSION
AND DISTRIBUTION

¢ ELECTRIC TRANSPORT

¢ ENERGY STORAGE

¢ FUELS FROM BIOMASS
e HYDROGEN IN ENERGY SYSTEMS

*Individual Technologies are not ranked within the technology categories.

The priorities are not simply related to the allo-
cation of ERDA RD&D resources. As outlined in
Chapter I and discussed in detail in Chapters III
and V, the chain of events from national priori-
ties to ERDA programs is a long one. A Federal

role must first be justified, and the relative impor-

tance of Federal RD&D—as opposed to other Fed-
eral actions—assessed. When Federal RD&D is
indicated, ERDA may not be the appropriate agency
to conduct the related programs. Further, the level
of ERDA resource commitment is also influenced
by the stage of technology development and the
overall size of ERDA’s budget.

Despite their limitations, these RD&D priori-
ties should serve as a useful tool in linking both
private and public RD&D to the national interests
in energy technology.

Specific - Supporting Technologies

Successful implementation of the RD&D strat-
egy to develop and implement the primary RD&D

technologies requires the concurrent development of
technologies that provide specific support. The pri-
ority and status of these technologies, listed in
Table II-5, derive from the technologies to which
they relate,

The following list, originally included in
ERDA-48, presents specific supporting technology
activities:

* More rapid and complete assessment of domestic
uranium resources

Table 1I-5 Supporting Technologies

Specific
Supporting
Technologies:

Exploration and Resource Assessment
Mining and Beneficiation
Environmental Control Technology
Nuclear Safeguards
Support to the Nuclear Fuel Cycle

* Uranium Enrichment
Fossil Fuel Transportation
Waste Management
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Figure 11-2 Status of Longer Range Technologies

o Expansion of coal availability and use through
improved mining and environmental control tech-
nologies

¢ Increased effort toward understanding biomedical
and environmental consequences of waste prod-
ucts generated and dispersed by fossil energy
technologies

o Emphasis on resolution of nuclear safeguard
issues to strengthen the viability of the nuclear
option

» Increased effort on light water reactor fuel cycle
technology where information and experience are
required to resolve issues of chemical processing,
plutonium recycling, and waste management

» Early expansion of the U.S. nuclear fuel enrich-
ment capacity through diffusion, centrifuge, and
other techniques.

Basic Energy Science and
Environmental Research

Two of the energy technology goals do not in-
volve direct supply and demand energy technology.
They do, however, encompass two critical techno-
logical activities: basic energy science and environ-
mental research.

Basic Energy Science

Basic energy science provides the' seeds for
future technological advances. The basic strategy of
the National Plan for Energy RD&D is that the Na-
tion must rapidly change to new energy téchnologies
and new resource bases. Much of the research to
accomplish this massive task will be developmental
and applied, and will be performed by the private
sector or in certain cases by the government.

To develop new knowledge relevant to the Na-
tion’s energy goals, an accompanying program of
longer range, more fundamental research must also
be established. Only by gaining new insights can
major improvements be made in existing technolo-
gies, and entirely new concepts developed. Since the
results of research cannot be predicted with any
certainty, the apropriate level of support is based on
subjective judgments of the possible fut}ure signifi-
cance of technology needs and the nature of the
uncertainties to be resolved rather than on objective
analysis.

Fundamental research has to be, supported
largely by public funds. The private sector can and
does perform excellent basic research in selected
areas, but in general there is insufficient incentive
for it to invest heavily in activities that can pay off
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only in the long term. The return from research is
unpredictable, and the results may not accrue to
those making the initial investmerit.

A national program of basic energy science
must include two types of research. One type ad-
dresses topics where the results, if successful, can
be expected to form the foundation on which new
or improved environmentally acceptable technologies
can be built. For example, improved understanding
of the strength and corrosion of structural materials,
the fracture of rocks, or chemical reactivities and
kinetics may have major impacts on many different
development programs. Within ERDA, the focus is
on those areas where the development of future
energy technologies requires increased understand-
ing.

The second type of research implicit in the
overall national program is that directed toward the
discovery of fundamental laws and principles. While
past experience has indicated that the results of such
research will probably be useful ultimately, this can-
not be predicted except in the most general terms.
The ERDA programs in medium and high energy
physics are of this type. Both seek a deeper under-
standing of matter and energy at the imost funda-
mental level. The research seeks to enhance man’s
culture and understanding of nature, which are
values of great but intangible benefit.

Placing basic energy science in agencies respon-
sible for meeting development and demonstration
goals produces an element of conflict. Some feel that
basic research thrives in an environment not domi-
nated by demands for short-range applications; how-
ever, the ultimate usefulness of basic research is
typically its prlmary justification. If rapid apphca-
tion of results is to occur, there must be a conscious
effort to transfer fundamental results and insights to
those responsible for development and demonstra-
tion. .

To effect this transfer of results, each federally
supported technology program must have a compo-
nent whose primary function is to bridge the basic-
to-applied gap, serving as the point of contact
between programs and the basic research activity. In
this way, program requirements are translated into
needed fundamental knowledge by the researcher,
and -new fundamental knowledge is translated into
engineering concepts in the development and demon-
stration programs.

Environmental Research

Quality of life is measured not only in terms of
the goods and services that an abundant and cheap
energy supply can provide, but also in terms of
human health and a clean environment. An éneigy
future that promises inexpensive goods and services
but that neglects the cost of damage to man and the
environment is a poor bargain. Generally, however,

the adverse impacts of technology can never be
totally eliminated. Thus, the challenge is to create
energy futures that are environmentally acceptable
as well as technologically and economically viable.
“Environmental acceptability” implies a trade-off
between the energy benefits sought, the consumer
cost of energy, and the social cost of damages to
human health and the environment. Environmental
considerations are among the many factors that con-
tribute to the need for alternative technology
approaches; accordingly, they must be weighed care-
fully in the decision processes leading to the adop-
tion, rejection, or modification of these alternatives.
This integration of environmental considerations
into the ERDA decision-making process is discussed
further in Chapter V of this report. However, it
must be recognized that major environmental issues
will be resolved not through technology alone, but
also through social processes. Hence, public dis-
semination of the implications of technology alterna-
tives is mandatory to permit socially optimal choices.
In general, at a given level of energy produc-
tion, the direct cost of supplying energy to the con-
sumer decreases as such associated processes as
land reclamation, waste disposal, and air and water
pollution control are minimized or neglected. Thus,
the direct cost of energy decreases as environmental
restrictions are eased.. At the same time, indirect
social and environmental costs (e.g., pollutant-
induced diseases, disabilities, shortened lifespans,
deterioration of buildings, reduced productivity) in-
crease as environmental degradation increases. These
trends are shown in Figure II-3.

\

TOTAL COSTS
TO SOCIETY
(TRADE-OFF CURVE) /

COSTS

INDIREC
ENVIRONMENTAL
DAMAGE —
COSTS

COSTS
(INCLUDING

POLLUTION
CONTROL)

ENVIRONMENTAL DEGRADATION

NOTE: DIRECT ENERGY COSTS + INDIRECT
ENVIRONMENTAL DAMAGE COSTS = TOTAL
_COSTS TO SOCIETY.

Figure I1-3 Conceptual Environment/Cost
Trade-Off Curve at a Fixed Level
of Energy Production
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The sum of the direct energy costs and the in-
direct social and environmental costs represents the
total cost to society. In theory, this curve should
exhibit a minimum cost value. Society may choose
to pay more than this minimum cost in one of two
ways. The first, to the right of the trade-off curve,
is the historical approach in which the direct energy
costs to a particular consumer are minimized, and
the increased indirect environmental and social costs
are cither spread over the whole society, or worse,
paid for by ‘a different element of the public. The
other approach, to the left of the curve, is when
society decides to reduce environmental degradation
still further. It seems reasonable that society’s choice
would be to the left of the minimum cost as long as
society believes that the marginal benefit exceeds or
equals the marginal cost.

While the curves shown in Figure II-3 are
illustrative only, they represent the technology/
environment trade-off relationship. The responsibil-
ity of energy RD&D is to change the shape of the
trade-off curve over time to afford the public greater
environmental protection for the same cost or equal
protection at less cost. A number of Federal agen-
cies, including ERDA, have been assigned responsi-
bility to pursue RD&D to accomplish this result.

Addressing the energy/environment trade-off
from the social rather than RD&D viewpoint, a
relationship can also be established among the level
of energy production, direct energy costs, and indi-
rect environmental costs. In brief, if either the direct
energy costs or indirect environmental costs become
too great, society can either invest in new technolo-
gies and/or resource bases with lower penalties or
settle for a lower level of energy production,

This analysis highlights a real responsibility to
identify available energy alternatives and to improve
knowledge of their environmental implications. Ex-
tensive research must be conducted if the public is
to be informed of the true nature of trade-offs and
the implications of the various choices. This ap-
proach is expected to be one way in which environ-
mental perspectives can be introduced into the
ERDA decision-making process. Insights derived
therefrom can affect ERDA’s view of priorities in
both technology development and environmental re-
search.

Strategic Elements of Environmental Policy

The overriding challenge to energy RD&D is
thus to establish a spectrum of technology options
capable of significantly reducing the social costs of
energy production while providing economically
attractive benefits for energy suppliers and con-
sumers. To meet this challenge, the environmental
RD&D strategy developed must contain the follow-
ing elements:

¢ Early identification and characterization of the
environmental issues and public concerns associ-
ated with the commercial operation of energy
systems

o Establishment of standards of environmental per-
formance for each technology concept to spur
innovations aimed at reducing the severity of
environmental impacts and the cost of their
control

» Continuous interaction with the public, private
organizations, and other governmental agencies
to ensure current awareness of public concerns
regarding energy developments and environmental
RD&D, as well as wide dissemination of informa-
tion on environmental problems and progress.

Within ERDA, the following operational philos-
ophy guides environmental RD&D:

Environmental performance is considered an inte-
gral part of energy technology performance and is
assigned competitive priority within each technol-
ogy program. Environmental activities thereby
command sufficient resources to achieve major
program milestones.

» Protection of the health and safety of workers and
the general public from potentially adverse impacts
of energy is a basic performance standard for all
energy technologies.

* In conformance with the spirit of the National
Environmental Policy Act,* detailed environ-
mental planning focused on key decision points
constitutes an essential part of every program
plan. An agency-wide environmental and safety
overview function assesses changes in resource
priorities, scheduling, and environmental perform-
ance goals.

* Public involvement programs and environmental
RD&D coordination activities at both the agency
and the technical program level are conducted to
ensure that: (1) technical and policy decision-
makers are fully informed about related external
activities, perceptions, and problems, (2) environ-
mental activities are coordinated effectively, and
(3) all outside groups gain a realistic view of
ERDA'’s and the Nation’s environmental progress
and problems related to energy.

It will take some time before the environmental
RD&D strategy is fully implemented either nationally
or within ERDA for all near-, mid-, and long-term
technologies. First priority must be assigned to
achieving market penetration of near-term technol-
ogies, as discussed in Chapter HI. In recognition that
decisions concerning the benefits and risks of the
immediate energy future must be made soon, en-
vironmental activities in ERDA and throughout the
Federal RD&D establishment reflect this near-term
emphasis. Chapter I1I includes a discussion of the

* Public Law 91-190.
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major health and environmental problems affecting
market penetration of near-term technologies and
the approaches the Federal RD&D establishment is
pursuing to resolve those problems.

Since knowledge of the identity, character, and
methods for mitigating near-term environmental risks
is far from complete, RD&D planning must place
heavy emphasis on the rapid acquisition of environ-
mental information and innovation in the near-term.
The planning process, however, cannot neglect mid-
and long-term environmental problems. Environ-
mental planning and implementation must therefore

ensure support for long-term environmental RD&D
in the face of pressures to turn full attention to near-
term demands.

To ensure that appropriate environmental
RD&D priorities are maintained and that ERDA
resources are allocated to produce environmentally
acceptable energy technology options over the long-
term, a formal environmental planning process is
being structured within ERDA. Chapter V includes a
description of this ERDA environmental planning
process.



Chapter [li—The Plan and The Federal
Energy RD&D Program For FY 1977

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

As indicated earlier, the private sector must play
the predominant role in market penetration of new
energy technologies. The energy situation is thus
completely unlike the Manhattan Project or the
Apollo Program in that in those cases, virtually all
activities were undertaken or directed by the Federal
Government.

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

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

The FY 1977 Budget

The ERDA National Energy RD&D Plan served
as an important input to the development of the
President’s amended 1976 and 1977 budget requests
for energy RD&D funding.

Table Ill-1 President’s National Energy Program FY 1977 Budget
(Outlays in millions of dollars)
FY 1976 FY 1977t
Percent
% $ % Change
Program Activities
Domestic energy resource development, 5,516 699%, 7,259 70% +32%
conservation and petroleum storage (e.g., FEA,
Energy Independence Authority, TVA & power
administration, uranium enrichment)*
Energy research, development and demonstration 2,231 28% 2,905 289% +30%
(e.g., ERDA, Interior, NRC, et al.)
Regulation (REA, FPC, MESA, NRC)* 39, 244 2%, + 4%
Total outlays 7,981 1009, 10,408 1009, +30%
Less: Receipts (TVA, NPR, uranium enrichment)* —3.385 —4,355 +29%
Net outlays 4,596 6,053 +32%

1 Funds for FY 76 Transition Quarter are not included.
* Based on: “Seventy Issues—Fiscal Year 1977 Budget,” OMB
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Table lI-1A  Federal Energy R&D (Dollars in millions)

OVER 1976

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

FY 75 FY 76* FY 77
BA BO BA BO BA BO
Direct Energy R&D
ERDA $1,317.0 $1,011.0 $1,657.0 $1,427.0 $2,435.0 $2,009.0
DOl 89.9 54.2 104.0 93.3 98.3 96.3
EPA 80.8 18.2 56.8 76.6 55.4 76.6
NRC 58.9 51.7 87.5 76.9 104.0 98.2
NASA 0.8 0.8 1.7 1.0 —0- 0.8
Subtotal 1,547 .4 1,135.9 1,907.0 1,674.8 2,692.7 2,280.9
Supporting R&D
ERDA 362.0 313.0 403.0 373.0 430.0 404.0
DOl 33.2 30.9 59.0 56.7 66.8 65.2
EPA 53.2 5.0 43.2 43.4 41.6 43.4
NRC 2.3 2.1 9.6 9.1 5.3 5.0
NSF 103.2 65.9 114.€ 74.2 123.4 106.9
Subtotal 553.9 416.9 629.4 556.4 667.1 624.5
Total Federal
Energy R&D $2,101.3 $1,552.8 $2,536.4 $2,231.2 $3,359.8 $2,905.4
* Funds for FY 76 Transition Quarter are not included.
INCREASES FOR ENERGY R, D&D PROGRAMS
PROGRAM
T
CONSERVATION B (64%)
FOSSIL ENERGY (33%)
SOLAR ENERGY 8 (35%)
(44%)
GEOTHERMAL ENERGY mm B (57%) WITH LOAN
GUARANTEE
FUSION POWER
FISSION REACTORS
NUCLEAR FUEL CYCLE & - o
SAFEGUARDS R&D il (73%)
ENVIRONMENTAL (24%)
CONTROL TECHNOLOGY ¥
SUPPORTING RESEARCH
PERCENT INCREASE 10 20 30 40 50 60 70 80 a0 100
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Table I1I-2 Federal Energy R&D Budget Exclusive of ERDA
(Authority in millions)

Table 11I-4 ERDA Energy Related Budget FY 75-76-77

(Authority in millions)

FY 76 to
FY77
percent
FY 75 FY 76* FY 77 FY 75 FY 761 FY77 change*
Energy RD&D Programs Energy RD&D Programs
Nuclear Fuel Cycle Nuclear Fuel Cycle
and Safeguards 6.6 14.4 25.0 and Safeguards $ 118 $ 173 $ 347 101
Conservation 4.1 5.7 1.2 Conservation 36 75 120 60
Geothermal 10.9 12.2 5.9 Geothermal 28 31 100** 223
Fusion —0— -0- —0- Fusion 183 250 392 57
Fission 57.6 78.7 85.0 Fission 567 602 823 37
Solar 0.8 1.7 -0 Solar 42 115 160 39
Fossil 69.6 80.0 84.7 Fossil 335 398 477 20
Environmental Environmental
Controif Tech. 80.8 57.3 55.9 Control Tech. 8 13 16 23
Subtotal 230.4 250.0 257.7  Subtotal $1,317 $1,657 $2,435
Supporting Research Supporting Research
Basic Energy Basic Energy
Sciences 84.6 95.8 103.6 Sciences 191 210 227 8
R Environmental
Environmental
Research 107.3 130.6 133.5 Research 171 193 203 5
Subtotal 191.9 226.4 2371  Subtotal 362 403 430
Total ERDA
Total Non-ERDA
Energy RD&D 4223 476.4 494.8 Energy RD&D  $1,679 $2,060 $2,865

* 76 dollars do not include transition quarter.

1 76 dollars do not include transition quarter.

* Percentage change calculated prior to rounding authority.

*» Includes $50 Million for Geothermal Loan Guarantee P

rogram.

Table Ill-3 Federal Energy R&D Budget Exclusive of ERDA
(Outlays in millions)

Table 1II-5 ERDA Energy R&D Budget
(Outlays in millions)

FY 76 to
FY 1977
percent
FY 75 FY 761 FY 77 FY75  FY76% FY77 change*
Direct Energy R&D Direct Energy R&D
Nuclear Fuel Cycle Nuclear Fuel Cycle
and Safeguards 6.3 13.7 23.9 and Safeguards $ 120 $ 163 $ 282 73
Conservation 1.3 7.0 1.9 Conservation 21 55 91 64
Geothermal 10.7 10.1 5.8 Geothermal 21 32 50 57
Fusion —0- -0 —0- Fusion 151 224 304 36
Fission 50.6 68.7 80.2 Fission 538 522 709 36
Solar 0.8 1.0 0.8 Solar 15 86 116 35
Fossil 37.0 70.2 82.2 Fossil 138 333 442 33
Environmental Environmentat
Control Tech. 18.2 77.1 77.1 Control Tech. 7 12 15 24
Subtotal 1249 247.8 2719  Subtoetal $1,011 $1,427 $2,009
Supporting Research Supporting Research
Basic Energy Basic Energy
Sciences 55.5 62.8 89.7 Sciences $ 165 $ 188 $ 205 9
Environmental Environmental
Research 48.4 120.6 130.8 Research 148 185 199 7
Subtotal 103.9 183.4 2205  Subtotal $ 313 $ 373 § 404
Total Non-ERDA Total ERDA
Energy RD&D 228.8 431.2 492 .4 Energy RD&D $1,324 $1,800 $2,413

1 Funds for FY 76 Transitional Quarter are not included.

t Funds for FY 76 Transition Quarter are not included.
* Percentage change calculated prior to rounding outlays.
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In FY 1977, as compared with FY 1976, Fed-
eral outlays for all energy activities combined have
increased about 30 percent to a net level of $6 billion.
Similarly, the energy RD&D portion of this total has
also increased over 30 percent, to a level of over $2.9
billion. Table III-1 and III-1A summarize this infor-
mation as adapted from the January 21, 1976 docu-
ment, Seventy Issues—Fiscal Year 1977 Budget, pre-
pared by the Office of Management and Budget.
Tables 111-2 and II1-3 are a breakdown of the energy
RD&D portion of the Federal energy budget by
agency. Table III-4 and III-5 and Figure III-1 are a
breakdown of the ERDA energy RD&D budget by
technology area, showing percentage changes for
FY 1977 of selected major programs.

Although the year-to-year percentage changes
reflect program priority, they also reflect program
status, Thus a new program, such as Conservation,
may receive a lower absolute level of funding, but a
level significantly higher than the preceding year or
years. On the other hand, older programs may re-
quire very expensive technology and large demon-
stration plants, which entail large absolute expendi-
tures but not necessarily a level of expenditure
significantly higher than the preceding year. Budget
decisions are designed also to encourage cost-sharing
with private industry (e.g., coal liquefaction demon-
stration) and to avoid undertaking shorter term
RD&D that is more appropriately the responsibility
of the private sector (e.g., in areas of conservation
technology). The extent to which the current budget
has been successful in sharing the cost of programs
with non-Federal organizations is shown in quantita-
tive form in Table III-6. Specifically, of the total ex-
pected costs over $5 billion for ERDA cost-shared
programs, non-Federal organizations are prepared to
bear about 30 percent of the funding burden. This
funding will facilitate a broad range of activities, in-
cluding demonstration of a fission power breeder
reactor, electric energy systems, solar heating and

Table 11I-6—ERDA Cost-Shared Program Areas
with Non-Federal Organizations
(in $ millions)

Non- Non-
ERDA Federal Federal
Estimated Organiza- Total Cost as
Invest- tions Estimated Percent
ment investment Cost (TEC) of TEC
Fossil* 1967 1257 3224 39
Geothermal** 7 5 12 42
Conservation 94 116 210 55
Fusion (Only Laser) 15 33 48 69
Fission®*%#* 1967 283 1981 14
Total 3780 1694 5475 31

* Does not inciude demonstration plants
** Funding of most plants yet to be determined
**2 Primarily Clinch River Breeder Reactor

cooling of buildings, conservation techniques in op-
erating commercial restaurants, and coal liquefaction.

The major thrusts of ERDA’s Energy RD&D
budget for FY 1977, discussed in the order of pro-
gram priority ranking laid out in Chapter 11, can be
summarized as follows:

—Conservation received a substantial funding in-
crease from FY 1976 amounting to 64 percent.
Conservation together with gradual deregulation
of oil prices was an important element of the
Energy Policy and Conservation Act. This fund-
ing supports a greatly expanded program to im-
prove technology and encourage conservation of
energy in buildings, industry and transportation.

—Light Water Reactor Fuel Cycle funding was in-
creased by 73 percent from the previous year to
assist the private sector in “closing the fuel cycle”—
i.e., reprocessing and refabrication of nuclear
fuel; developing acceptable technical and environ-
mental approaches for the long-term storage of
commercial reactor wastes; and insuring safe-
guards of nuclear materials.

—Coal Direct Utilization program funding was in-
creased from past levels to support the continuing
program and to permit construction of additional
demonstration plants.

—Enhanced Oil and Gas Recovery program funding
provides for continuation of ongoing programs
and additional field demonstrations in partnership
with industry.

—Synthetic Fuels program funding will be requested
in a supplemental FY 1976 budget request to
provide financial incentives to develop a synthetic
fuels industry.

—LEssentially Inexhaustible Energy Technologies,
i.e., breeder reactor, fusion, and solar electric—
all had their funding increased upwards of 30
percent reflecting the critical long-term need for
these programs.

As can be seen, the ERDA FY 1977 Energy
RD&D budget reflects the major objectives set forth
in the President’s 1976 Energy Message; the national
priorities in the National Plan for Energy RD&D;
the application of criteria for determining the appro-
priate Federal role as set forth in Chapter II; and
the principles set forth directly above to arrive at
appropriate budget levels for the Federal Program.

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

“The Nation has undeveloped reserves of coal,
oil, gas and uranium. There are also many oppor-
tunities to conserve energy. A solution to the depen-
dence problem can be achieved with a longer term
effort directed toward increasing domestic energy
supplies and achieving greater conservation. The
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President’s national energy program is a compre-
hensive approach designed to achieve a capability
for energy independence by 1985. The program in-
cludes both short-term and longer term initiatives but
places basic reliance on the private sector to carry
out expanded domestic energy supply production and
conservation, and by developing a strategic storage
petroleum system that will be capable of easing the
impact of any embargo.

“The 1977 budget outlay estimates reflect the
President’s strong emphasis on domestic energy pro-
duction, conservation and petroleum storage pro-
grams and massive R&D efforts to develop new en-
ergy technologies.

Domestic Energy Resource Development,
Conservation and Storage

“Development and conservation of energy re-
sources are essential to achieving greater inde-
pendence from foreign petroleum supplies. These
programs encourage the development of oil, gas,
coal and uranium reserves, energy production, stra-
tegic petroleum storage, and more energy efficient
process. Highlights contained in the FY 1977 budget
include:
¢ “Energy Resource Development, Production, Con-

servation
—“Energy Independence Authority—Proposed
establishment of an Energy Independence

Authority with $100 billion in equity and fund-

ing authority to provide assistance (mainly

loans and loan guarantees) to the private sector
to encourage the development of energy projects
using conventional technology (e.g., fossil and
nuclear power plants) and emerging technol-
ogies (coal to gas plants, oil shale to oil). The

Authority will also work to shorten the time

required for energy projects to obtain clear-

ances and permits from Federal regulatory
agencies.

* * & ® *

—“Uranium Enrichment—Uranium enrichment is
one of the processes required to'convert uranium
ore into usable fuel for nuclear power plants.

At the present time, this activity is carried out

in three Government-owned production facil-

ities originally built for defense purposes.
—“In order to relieve the taxpayer of the financial
burden of funding the construction of addi-
tional uranium enrichment facilities and to as-
sure the availability of fuel for nuclear power
plants, the President has proposed legislation
required to foster the creation of a private com-

petitive uranium enrichment industry in the U.S.

—*“To produce a large enough stockpile to meet
potential future needs, the FY 1977 budget will
provide a substantial increase for (a) the pro-
duction of enriched uranium and (b) the con-

tinuation of the previously approved expansion
of the capacity of the current ERDA plants.
However, the Administration believes that
future expansion of enrichment capacity should
be financed by the private sector with necessary
Government cooperation and temporary assur-
ance under the proposed Nuclear Fuel Assur-
ance Act.
* * * * *
—“Energy Conservation—Conservation proposals
to: provide $55 million in financial assistance to
low-income homeowners for insulation, estab-
lish thermal efficiency standards for new resi-
dential and commercial buildings, encourage
appliance manufacturers to improve energy effi-
ciency and to label appliances, and encourage
auto manufacturers to increase fuel economy.
The Energy Policy & Conservation Act makes
the appliance labeling and auto fuel economy
standards mandatory.
—“Energy/Environment — Amendments to the
Clean Air Act to provide a needed balance be-
tween environmental and energy goals.
—“Energy Tax Expenditures—Tax expenditures
to encourage the development and production
of energy and mineral resources. Exploration
and development expenses (mostly for oil and
gas) may be treated as current costs rather than
as capital investments, which are depreciated
over a number of years. This provision is ex-
pected to provide a $1 billion incentive to
develop energy resources in 1977. Another tax
provision allows the use of percentage deple-
tion rather than actual cost depletion. Although
sharply curtailed for oil and gas in 1975 legis-
lation, it is still expected to offer a $1.6 billion
tax incentive for mineral production in 1977,
with most of that amount for fossil fuel produc-
tion. The Administration has proposed a pack-
age of tax aids for electric utilities that will
especially help generating facilities not using
oil or gas as fuels. It is estimated to provide
$0.8 billion of tax relief in 1977.
* % * 3

* *

Energy Research, Development and Demonstration

“The Energy Research and Development Ad-
ministration, proposed by the Administration, was
established in January 1975 to be the major Federal
agency for the conduct of energy research and devel-
opment. In FY 1977 ERDA will provide 83% of
the total Federal funding [outlays] for energy R&D.
It also provides a central Federal agency for the
planning and coordination of Federally sponsored
energy research and development.

* £ * * *

¢ “QOverall Energy R&D Budget Strategy
—“Accelerate energy research and development
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programs directed at achieving greater long-

term energy independence.

—*“Expand efforts to assure the safety, reliabil-
ity, and availability of commercial nuclear
power plants by increasing R&D on the long-
term storage of radioactive wastes, fuel re-
processing, and safeguards against theft of
nuclear materials.

—“Place greatest funding on technologies with
the highest potential payoff in terms of re-
coverable resources (i.e., nuclear and fossil).

—*“Continue to expand the investigation of
other technologies where they can make sig-
nificant contributions to meeting the long-
term energy requirements of the U.S. (i.e.,
solar, geothermal, and conservation R&D).

—“Encourage cost-sharing with private industry

(e.g., coal liquefaction demonstrations) and
avoid undertaking shorter term R&D more
appropriately the responsibility of the private
sector (e.g., in areas of conservation technology).

—*“Support the commercial demonstration of syn-

thetic fuel production from coal, oil shale, and
other domestic resources by providing loan
guarantees during FY 1976 (upon enactment

advanced power conversion systems; and (c)
increase the recovery of oil and natural gas
from fields in the U.S.

—“Solar energy development—Increase the de-

velopment and demonstration of solar energy
applications, including 226 [awards involving
325 to 480] units to demonstrate solar heating
and cooling in residential and commercial
buildings and acceleration of technology for the
conversion of solar energy to electricity.

—“Geothermal energy development — Expand

R&D required for the utilization of U.S. geo-
thermal resources including improving the cap-
ability for defining the extent and availability
of such resources, developing advanced engi-
neering techniques and building pilot plants.
Provide $50 million in FY 1977 for loan guar-
antees to enable industry to proceed with geo-
thermal production projects which would other-
wise not be undertaken because of current
technical and economic uncertainties.

—“Conservation R&D—Provide an expanded

program to improve technology and encourage
conservation of energy in buildings, industry,
and transportation.

of the Energy Independence Authority legisla- * “Nuclear Energy R&D
tion in FY 1977, transfer these projects to —“Fusion—Continue research to determine the
EIA). scientific feasibility of obtaining virtually un-
e “Non-nuclear Energy R&D limited power for the long-term (beyond the
—Balance between nuclear and non-nuclear en- year 2000) from the controlled thermonuclear

ergy R&D-—The table of direct ERDA spend-
ing indicates more effort on nuclear than non-
nuclear energy R&D. However, direct ERDA
spending is not a true measure of the total na-
tional effort on non-nuclear energy R&D and
greatly understates the effort being made to
develop and commercialize non-nuclear energy
technologies.

—*Although specific data is not available, pri-
vate industry is known to be spending much
more on non-nuclear energy R&D than on
nuclear energy R&D (which has higher tech-
nical and regulatory uncertainties).

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

—“About $50 million per year will also be
provided for loan guarantees for geothermal
production projects.

—“Fossil energy development—Accelerate the

development and demonstration of technology
to (a) enable plentiful domestic coal resources

fusion reaction. In FY 1977 continue construc-
tion on the $215 million Tokamak Fusion
Test Reactor at Princeton, N.J., which will
represent a major milestone.

—“Fuel Cycle and Safeguards—Improve the use

of current commercial nuclear reactors.

—“Commercial waste management—Greatly
accelerate the conduct of R&D to provide
the technology for the terminal storage of
radioactive wastes from commercial power
plants by demonstrating this technology at
several sites.

—“Nuclear fuel reprocessing—Assist industry
by conducting R&D on the technology for
reprocessing and reusing spent nuclear fuel
discharged from commercial nuclear power
plants.

—“Safeguards — Demonstrate techniques for
safeguarding nuclear materials against theft.

—*“Uranium enrichment R&D — Develop and

demonstrate improved techniques for uranium
enrichment which offer the promise of more
efficient production and cheaper electricity for
consumers.

to be substituted for increasingly scarce sup- ¢ “Other Direct Energy R&D
plies of oil and natural gas; (b) increase the —“Significantly increase outlays for the Nuclear
efficiency of the use of fossil fuels through Regulatory Commission’s safety research pro-
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gram and the Department of Interior’s mining
R&D program.

—“Reduce outlays for the Environmental Pro-
tection Administration’s development of en-
vironmental control technology because of the
completion of portions of major contracts and
the increasing responsibility of other agencies
in this area.

* “Supporting Energy R&D

—“Continue the FY 1976 level of effort on pro-
grams to (a) determine the biomedical and
environmental effects of nuclear and non-
nuclear energy sources to assure development
of safe energy technologies and (b) solve funda-
mental scientific and engineering problems that
constrain the development of energy technolo-
gies.

» “Synthetic Fuels

—““Support legislation to provide $2 billion in
loan guarantees for industry ($500 million of
Budget Authority) during 1976 for the com-
mercial demonstration of synthetic fuel pro-
duction from coal, oil shale, and other domes-
tic resources. A total of $6 billion in loan
guarantees is expected to be necessary over the
1976-1978 period in order to reach the 1985
objectives of 350,000 barrels per day of syn-
thetic fuel production capacity.
* % *

£ *

o “Nuclear Regulation—Funding for the Nuclear
Regulatory Commission will increase 15% be-
cause of the important role NRC plays in ensur-
ing that nuclear power continues to be a safe and
environmentally acceptable means of generating
electricity. The United States needs additional
nuclear power plants in order to achieve more
energy independence from foreign suppliers and to
provide consumers with cheaper electricity than
alternative sources can provide. The additional
resources for NRC will help enable the U.S. to
achieve the benefits of nuclear power by assuring
adequate attention to the problems of safety,
environmental effects, and safeguarding nuclear
materials against theft.

o “Nuclear Licensing—A legislative proposal to
streamline the NRC procedures- for licensing
nuclear power plants to reduce the amount of
time required to process applications while main-
taining safety and environmental standards.

Need for Initiative to Develop Domestic

Energy Resources

“It is essential that the Nation move promptly
to develop domestic energy resources to assure that
needed supplies are available in the long run to
avoid a growing dependence on foreign energy sup-
plies. The Nation’s energy situation continues to

deteriorate.
* * * E3 *

Presidential Proposal for Energy
independence Authority

“To encourage needed domestic energy de-
velopment and conservation, the President has
proposed the establishment of a government corpo-
ration, the Energy Independence Authority (EIA)
with $100 billion in financial resources to help
achieve greater energy independence.

% * * * *

“Specific types of projects which EIA could
provide financial and regulatory assistance would
be limited to commercialization of:

—*“Emerging energy technologies, such as syn-
thetic fuels, not yet in widespread domestic
commercial operation.

—"“Technologies essential to production of nu-
clear power.

—“Conventional or emerging technologies for
production and transmission of electric power
generated by sources other than oil and gas.

—*“Conventional energy technologies for the pro-
duction or transportation of energy that are of
such size or scope that they would not other-

wise be financed by the private sector.
% * * % *

1977 Budget
ERDA Synthetic Fuels Commercial Demonstration Program
($ millions)

1976* 1977
Budget Budget
Authority Outlays Authority Outlays

Ltoan Guarantee Fund 500 — —_—
Administrative Expenses 3 3 —

Total 503 3

HIT

* The loan guarantee fund will cover $2 billion in guarantees to
initiate the program in 1976. The guarantee program will be
transferred to the Energy Independence Authority in 1977 upon
its enactment.

Need for the Program

e “U.S. dependence on foreign sources of oil and
gas continues to grow with domestic production
having fallen in the last several years.

e “Even using advanced oil and gas recovery tech-
niques, extensive production from the Outer Con-
tinental Shelf and Alaska, improved energy con-
servation, expansion of nuclear power facilities,
and greater direct burning of coal, oil imports will
continue to rise substantially if synthetic fuel pro-
duction capacity is not available by the middle
1990’s. Synthetic gas and liquid fuels can be
obtained from the processing of coal, oil shale,
biological waste, and other domestic resources
not now being fully utilized.

o “Initiating a synthetic fuels industry capable of
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providing about 5 million barrels/day of produe-
tion capacity (i.e.;, about 100 major plants) by
1995 will require early resolution of a number of
uncertainties related to regulation, environment,
financing, labor and transportation. The lead time
to initiate such an industry requires the construc-
tion and operation, over the next 5 to 10 years, of
a variety of synthetic fuel plants to obtain the
needed data and information.

The President’s Proposal

e “In his 1975 State-of-the-Union message, the

President proposed the first important step toward
the development of a synthetic fuels industry—a
federally sponsored Synthetic Fuel Commercial
Demonstration Program. An extensive interagency
study concluded that the synthetic fuels program
should proceed in two phases, the first of which
would involve the construction and operation of
about 12-15 commercial-size plants and would
result in total synthetic oil and gas. production
equivalent to 350,000 barrels per day of oil. The
second phase might begin in 1978 or 1979 and
raise production to 1 million barrels per day, but
this depends on the results of R&D efforts, addi-
tional information on environmental impacts, and
the private sector’s response to the first phase.

“Although a $6 billion program of loan guarantees
to implement aspects of the President’s proposal
was passed by the Senate during the last session, it
failed to pass the House of Representatives.

Support for the Program in the 1977 Budget

e “The President is again supporting immediate

creation, in 1976, of a synthetic fuels commercial
demonstration program in the Energy Research
and Development Administration. This program
will be carried forward in ERDA until such time
as the Energy Independence Authority is enacted
and the program can be incorporated under that

Authority.

—*“As a first step in implementing this program,
the 1977 budget provides for FY 1976 supple-
mental funding of $503 million in budget au-
thority to cover $2 billion in loan guarantees
for the remainder of 1976. o

—*“Additional budget authority to cover the full
$6 billion loan guarantee program for Syn-
‘thetic Fuels, which the Administration sup-
ported in 1975, is included in the 1977 Budget
under the Energy Independence Authority.

Need for the Program

—*“The U.S. needs more nuclear power.
* “Although domestic coal supplies are exten-

FY 1977 Budget (ERDA)
R&D To Improve Commercial Use of Nuclear Power

(Outlays $ Millions)
% of

Summary Table

Research and Development change
Programs 1976 1977  1976-1977
Nuclear power plant safety* 60 89 - 499
Safeguarding nuclear
materials 15 27 80%
Nuclear fuel reuse 13 30 1319,
Management of
commercial wastes 12 63 4259,
Total 100 209 109%

* Most of these funds are included in the budget of the Nuclear
Regulatory Commission (NRC).

sive and accessible, their use is severely
limited by environmental constraints. Wide-
spread use of coal without relaxing environ-
mental standards will require new clean
conversion technologies (e.g., gasification or
liquefaction of coal) or those permitting direct
use of coal (e.g., sulphur removal from ex-
haust gases).

+ “Recovery of potentially significant solar and
geothermal resources is currently limited by
technological and economic uncertainties.
Their economical use will require develop-
ment of new or improved technologies.

¢ “The U.S.’s most plentiful domestic resources
are coal and nuclear. Neither one alone could
be sufficiently developed to meet all our en-
ergy needs over the next few decades due to
limitations on required transportation and
other supporting facilities and equipment
manufacturing capacity. Both coal and nu-
clear must be exploited to achieve energy
independence from foreign suppliers.

» “Furthermore, compared to coal-fired power
plants, the price for electricity generated by
nuclear power plants is significantly cheaper
for the consumer in most parts of the country.

—“But nuclear plants and their associated service
facilities also have problems that must be
addressed

* “Nuclear plants must be carefully designed,
constructed, and operated so that none of the
radioactive materials contained deep inside
the plant can ever be released to the environ-
ment.

* “An independent Government agency (the
Nuclear Regulatory Commission) regulates
the safety of nuclear power plants at every
stage.

* “A recent report by a group of safety experts
has concluded that nuclear power plants are
very safe (the chance of any member of the
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public being killed in a nuclear plant related
accident is one in 5 billion which is slightly
less likely than the chance of being struck by
a meteor. And over 2000 times less likely
than being struck by lightning).

* “The nuclear materials that serve as fuel for
the power plant must be protected against
theft.

* * * * *

* “Nuclear fuel discharged from power plants
must be reused or recycled and radioactive
waste material must be safely managed and
disposed of.”

* * * * *

Chief Programmatic Thrusts

Because Volume II of the Plan is designed to
present programmatic efforts in considerable detail,
the remaining section of this chapter concentrates on
those broad areas critical to achieving energy goals.
For most of the high-priority programs to be pur-
sued in the near- and mid-term, these critical areas
involve: (1) accelerating the market penetration of
energy supply and conservation technologies in or
entering commercial status; and (2) ensuring the
environmental acceptability of these technologies
(including health, safety, social, and aesthetic factors).
For high-priority programs in the longer term, i.e.,
chiefly those for the essentially inexhaustible energy
sources, the critical area is identifying and over-
coming technical and environmental problems in the
earlier research, development, and demonstration
program phases.

In each of these two groups, the Plan considers:
* The critical problems of each technology that pre-

vent market penetration and environmental accept-
ability for the near-term and technological success
for the longer term programs. The former aspects
of technology development tend to be the ones
that have received the least attention in the past,
are likely to pose the greatest hurdles to be over-
come, and will require the closest coordination
between the government and the private sector.
Consequently, they receive more extended treat-
ment in the technology discussions.

» The strategic approach to be taken by the govern-
ment—within the context of the Plan—and the
larger, complementary role the private sector is
expected to play. Each technology requires a pro-
gram designed to meet its particular development
needs. As discussed in Chapter I, a government
role is justified under selected conditions—e.g.,
when a low or uncertain level of private return on
investment bars private action even though signifi-
cant social (public) benefits could be achieved, or
where the rate of implementation of the private
sector would desirably be accelerated through

assistance in addressing key uncertainties and/or
institutional obstacles. If the Nation’s overall
efforts are to mesh effectively, each sector needs to
understand the current approach to introducing the
technologies and the roles expected of each.

* The specific programmatic efforts being considered
or already under way to implement the strategic
approach. In some areas, current efforts are ex-
tensive; in others, they are minimal in the expec-
tation that normal market forces will cause the
implementation of the technologies; and, in still
others, efforts are contingent on interim results,
further analysis, or negotiations between the
government and private firms.

In the discussion that follows, the seven high-
priority technologies becoming available in the near-
and mid-term are addressed before the three longer
term technologies. The order of presentation is:
Conservation
Light water reactors
Enhanced oil and gas recovery
Direct coal utilization
Synthetic fuels
Geothermal
Solar heating and cooling
Breeder reactors
Fusion
Solar electric

COeXARAUNE D=
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Additional detail on these and other Federal
Technology efforts is presented in Volume II of this
Plan being published separately.

Conservation Technologies

In the aggregate, conservation technologies—
i.e., those permitting a more efficient use of energy
—will contribute substantially to balancing the do-
mestic energy supply and demand. ERDA-48 esti-
mated that full implementation of more efficient
technologies would permit continued economic
growth without increased levels of imports through
1985; by the year 2000, such technologies would
permit total energy consumption to be 25 percent
less than it would be without their adoption (Sce-
nario 1 of ERDA-48). Moreover, many of these
technologies can have a more immediate—i.e.,
within 5 years—impact than those discussed later.

It must also be recognized that conservation
technologies provide a potential cost-effective alter-
native to development of more supply technologies—
l.e., in many instances, it will cost less to save a
barrel of oil (e.g., through more energy efficient home
heating) than it will to develop a new barrel of sup-
ply. This conclusion was suggested by the conserva-
tion scenarios of ERDA-48 (see Appendix B), which
indicated that national energy needs could be met at
lowest cost by employing improved efficiencies in
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end-use. Although these scenarios were not able to
reflect the costs of modifying end-use installations,
the large difference in total costs among scenarios
indicated that ample financial margin exists to cover
these additional costs and still provide a low-cost
solution. Moreover, the barrel saved will make more
of the finite resource available for future needs.

Finally, these technologies generally will help
meet energy needs with the least adverse impact on
the environment. Specifically, as conservation actions
reduce energy consumption levels, pollutant emissions
and disruptions will be decreased because of reduced
energy extraction and transportation activity, reduced
fossil-fuel combustion, and the lessened need for
disposal of waste heat and other materials. In addi-
tion, reduced energy consumption will extend the
availability of fossil energy resources and allow time
to develop technologies that use inexhaustible en-
ergy sources (e.g., solar, fusion, breeder reactors).

The advantages of conservation .technologies
are expressed generally above. The rate of applica-
tion and introduction of conservation technologies
in specific instances will be determined by the com-
parative economics and social acceptability of the
available alternatives.

Many of these advantages were recognized in
the recent enactment of the Energy Policy and Con-
servation Act. The stated purpose of the Act is to
“reduce domestic energy consumption through the
operation of specific voluntary and mandatory con-

servation programs.”

The key conservation technologies under con-
sideration differ significantly from supply technolo-
gies discussed later in this chapter. Specifically, their
number, their diversity, and the relatively small
energy contribution of any one preclude a single ap-
proach; rather, a broadly conceived strategy is
needed. The nature of the conservation technologies
ready for market penetration, the problems to be
surmounted to gain adoption, and the broad-based
strategy for facilitating their penetration of the mar-
ket follow.

The Opportunities

The Nation has manifold opportunities for
greater efficiency in the use of energy. Many are
sufficiently developed to permit their rapid market
penetration. They fall into four groups:

1. Industry comservation. The industrial sector cur-
rently consumes 40 percent of the Nation’s en-
ergy. Reduction of this level of energy consump-
tion will require a systematic evaluation of the
industrial processes involved and a determination
of those processes in which increases in thermo-
dynamic efficiency can be achieved. Industry has
made substantial progress in this regard, but
more remains to be done. A host of more effi-

cient technologics—some specific to individual
industries and others applicable to many indus-
-tries—is known. Many of these promise efficiency
improvements of more than 30 percent. By
implementing the successful results of RD&D,
projected industrial energy consumption can be
decreased by up to 17 percent.per unit of output
(equivalent to 1.8 to 2.7 million aggregate bar-
rels of petroleum equivalents per day (BPDE)
by 1985).
Some of these more efficient technologies:
—Intermediate temperature heat pumps to mini-
mize primary fuel consumption
—Brayton cycle turbine generators to produce
electricity from the thermal discharge of fur-
naces (e.g., aluminum smelter or glass kiln)
—Heat transfer/thermal storage techniques to
cascade energy flow within process industries
—High temperature insulation/refractories
—Waste heat recuperators and regenerators.

2. Buildings conservation. Commercial establish-
ments and residential housing, which consume
29 percent of all energy in the U.S., present a
number of opportunities to improve energy effi-
ciency. Full understanding of these opportunities
requires a systematic evaluation of essential fac-
tors associated with meeting a community energy
needs. Three areas seem to hold large promise.
First, a number of specific technologies exist—
notably in insulation, shell design and heating,
ventilating, and air conditioning—that need to
be integrated and may require innovative mar-
keting by industry to motivate consumers to ac-
cept and install them. Second, waste energy can
be used more effectively in community systems.
Third, some new technologies, such as the
Annual Cycle Energy System,* appear promising
but require further testing and/or development.

Implementation of the results of these RD&D
efforts could save 2.0 to 2.8 million BPDE by
the year 1985. :

3. Transportation energy conservation. The trans-
portation sector, which consumes 31 percent of
total U.S. energy, can reduce its petroleum con-
sumption by using proven technologies and by
implementing well-studied operational changes,
including:

—Retrofitted aerodrag reduction devices on
long-haul trucks

|
o

* Annual Cycle Energy Systems (ACES) for Buildings. A

system potentially applicable to the residential and small
commercial buildings market for space heating in winter
and cooling in summer. Properly sized water storage tanks
are incorporated in new building designs, including use of
heat pumps. Heat is extracted from storage water in the
winter; ice or chilled water in storage is used to cool in
the summer.
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—Reduced horsepower losses
drive for autos and trucks

—Use of drag reduction devices between freight
cars on trains

—New, energy-efficient engines for autos.

These improvements are expected to achieve
savings of about 0.5-0.7 million BPDE by
1985 .%*

4. Electric energy systems. The electric utility sec-
tor presently uses about 27 percent*** of all U.S.
energy consumed. This percentage is expected to
increase substantially in the years ahead. Sig-
nificant energy savings—expected to be 1.0-1.5
million BPDE by 1985—can be achieved by
using improved equipment, and by altering con-
sumption patterns, system structures and opera-
tions. Substantial capital and land savings and
savings of oil can also be achieved. There are a
number of opportunities for near-term savings,
such as electric load management, application of
energy storage, and removal of constraints to
more efficient higher voltage transmission lines.
A reliable electric energy system is also the cri-
tical link between advanced source technologies
and end-use.

on accessory

In addition to these opportunities, a continuing
stream of new ideas and projects flows from the
scientific community, individual inventors, and entre-
preneurs. For example, recent private efforts have
produced more efficient light sources and thermally
activated heat pumps. Moreover, technological op-
portunities need to be considered in the light of
alternative socio-economic-regulatory actions such
as standards and innovative financing.

Market Barriers

By and large, most of these conservation tech-
nologies will have to overcome problems of eco-
nomic, uncertainties, and normal resistance to the
acceptance of new “products.” Economic barriers
will diminish as fuel prices rise and as more econom-
ical conservation technologies become available. For
example, as fuel becomes relatively more expensive,
end-users will be increasingly likely to invest in
initially more expensive new technologies in the
knowledge that overall (i.c., life-cycle) costs will be
competitive for a given level of output. This “conver-
sion” process will occur naturally but slowly within
the market. In some instances the large, potential
benefits may justify government action in the form
of economic incentives or RD&D assistance.

+* The savings envisioned are in addition to those cur-
rently being pursued by Detroit (e.g., lighter weight
cars), but may be included by manufacturers in the effi-
ciency improvements recent!- mandated by l~cislation.

**2 This 27 percent is inclvde. ) rerriing iaree end-
use sectors and is the . iv nenadditive.

In addition to the economic barriers there are
several other kinds that must be considered in map-
ping implementation strategies. Specifically, end-
users may be reluctant to invest in new technologies
because they do not know whether the technologies
will perform as designed, or whether they will be
reliable; developers and manufacturers are some-
times reluctant to create new technologies because
they do not know whether they can, in an acceptable
time frame, meet the institutional tests posed by state
and local governments, lending institutions, unions,
and other key groups whose support is required to
implement new approaches in literally every segment
of society. For example:

1. Most individuals and some industries are unac-
customed to using life-cycle costing as a basis for
purchase decisions, and tend to make decisions
on the basis of lowest initial cost. If companies
continue to make investment decisions solely on
the basis of initial cost, some new technologies
(e.g., long-life light sources, and integrated ap-
pliances for mobile homes) will fail to realize full
potential.

2. Personal taste and value are often wedded to
existing technologies. For example, the changes
in home appearance caused by the installation of
solar heating may be an important deterrent to
some prospective buyers, and the “look” of low
drag automobiles and trucks may impede their
acceptance by potential operators.

3. Vendors may be deterred from marketing a
device because new and unexpected environ-
mental standards might inhibit the use of a tech-
nology before the investment for development
and marketing can be recovered.

4. Even though a basic technology is available,
manufacturers may have to overcome numerous
other technological hurdles and some institu-
tional hurdles to adapt the technology to par-
ticular markets. This effort may greatly com-
pound the economic uncertainties.

5. Potential users may be unsure whether the first
generation of a technology will perform as adver-
tised. The problem is accentuated where the
available technologies have not been sufficiently
demonstrated. Potential consumers cannot afford
operating fuel-saving products at a loss, especially
when no significant gain results from being the
first operator of a new technology.

Finally, market penetration of conservation
technologies may be impeded by a range of valid
environmental, human health, and safety considera-
tions. All new or modified energy related technol-
ogies must, of course, meet any existing pollution
control requirements and many are required to meet
new source performance standards. In improving en-
ergy efficiency in commercial establishments and
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residential housing through improved insulation or
reduced ventilation, for example, the potential haz-
ards of increased exposure to fine particulates from
insulation or the effects on human health of reduced
ventilation must be evaluated.

In addition, exotic technologies and/or fuels
producing electricity may produce some negative
environmental impacts. For example, higher temper-
ature combustion will substantially increase certain
types of emission (expecially NO,), higher tempera-
ture wastewater, and increase material deterioration.
The use of certain fuels (e.g., nitrogen- and sulphur-
bearing oils) in conjunction with high-temperature
cycles will likely adversely affect air emissions.

On the positive side, quantification of the en-
vironmental benefits resulting from reduced energy
consumption may help overcome institutional and
social barriers impeding large-scale conservation.

Strategic Approach

In recognition of the need to address these gen-
eral commercial and socioeconomic factors, the stra-
tegic approach to bringing a large number of con-
servation technologies into use in the near term
incorporates five main elements:
1. A national policy conducive to the adoption of
energy-efficient technologies. An element of this
policy is the enactment of the Energy Policy and
Conservation Act* which, in part, provides for:
—A gradual removal of oil price controls, to en-
courage normal workings of the marketplace
——i.e., to increase supply and to reduce
demand

—Insuring the continuing progress in the im-
provement of automotive energy efficiencies,
to ensure consumer adoption of more energy
efficient automotive technologies

—The identification of areas for improving the
energy efficiency of major household appli-
ances, to encourage consumers to make the
most energy-efficient choices

—Working with energy-intensive industries, to
encourage the adoption of existing conserva-
tion technologies

—Federal conservation efforts, to be carried out
through procurement policies and through a
10-year plan relative to federally owned or
leased buildings.

2. A 0- te 5-year planning horizon. In addition to
the near- (1985), mid- (1985-2000), and long-
term (post 2000) planning horizons established
by ERDA'’s enabling legislation, a new planning
horizon—O0 to 5 years—will be included in the
annual energy RD&D Plan. Opportunities in
nuclear, fossil, solar, and other technical areas
will be included, although the predominant op-

* Public Law 94-163.

portunities will probably be in the conservation
program. Fuel substitution opportunities also will
be sought because of the beneficial impact on oil
imports and relief of gas shortages. This S-year
focus is intended to roll forward each year. The
process will be institutionalized and monitored
for successes and failures. The results of the
initial ERDA review will be coordinated with
other interested agencies, particularly FEA, to
ensure a proper overall governmental approach
is being designed and the best opportunities are
being identified. Industry views will also be
sought in this design phase to ensure that any
government action assists and provides incentives
to industry rather than result in preemptive, un-
needed, or irrelevant government action.

Although some of these technological improve-
ments will begin to appear in the marketplace
between now and 1980, it may be cost effective
for government to assist industry in accelerating
their introduction and acceptance by the Ameri-
can public.

3. Accelerated identification of promising technol-
ogies (particularly within the 5-year horizon) and
dissemination of information about their applica-
tion in potential end-users. For some time, FEA
has had a program to identify conservation op-
portunities in industry, buildings, and transporta-
tion. Other involved agencies include the Cooper-
ative Extension Service, Department of Com-
merce and Housing and Urban Development.

4. Integration of market and institutional barriers
into the plans for developing the most attractive
conservation technologies and for facilitating their
implementation. A general approach is being de-
veloped to consider implementation barriers at
the inception and throughout the RD&D planning
process. (See Chapter V.)

5. Demonstration programs to work out the imple-
mentation details of more complex technological
approaches. Such efforts will most likely be
needed in the highly fragmented building indus-
try. Leading candidates for such programs
include the Annual Cycle Energy System, inte-
grated housing, and community energy systems.
Similarly, demonstrations of conservation tech-
nologies with broad industrial applicability may
be justified. The appropriate government role in
this area will be determined by further analysis of
promising technologies and by socioeconomic
research that diagnose barriers and the cost
effectiveness of alternative approaches to over-
coming them.

Action Program

The principal elements of a Federal program to
carry out the strategy outlined above include:
» Carrying out the provisions of the Energy Policy
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Conservation Act within Federal Energy Adminis-
tration, and the Department of Commerce

e Encouraging the private sector to implement con-
servation and fuel-substitution technologies within
the 5-year planning horizon

 Establishing a joint FEA and ERDA planning and
implementation capability

+ Developing a capability for:

—Identifying the energy-savings technologies that
are attractive from the point of view of cost and
implementation

—Developing energy-consumption standards

——Identifying environmental costs and benefits

—Verifying technology capabilities

—Informing end-users about new technologies

—Identifying and assisting in removing institu-
tional obstacles

* Carrying out demonstration programs as appro-
priate.

Light Water Reactors

Although forecasts vary, most show nuclear
power as a major factor in meeting U.S. energy
needs by the end of this century. A typical forecast
is for an installed nuclear capacity building from
the present level of 39.6 millions of kilowatts of
capacity (gigawatts—GWe) to 70-76 GWe by 1980,
increasing to 160-185 GWe by 1985, 265-340
GWe by 1990, and 450-800 GWe by 2000.*

Industry and Government, in cooperation, have
brought light water power reactors to their current
status of safety and economic viability. As a result,
this energy source presently supplies some 8 per-
cent of U.S. electricity demand. Although several
problems impede rapid market penetration (e.g.,
long lead times; evolving regulatory requirements;
less than desired plant reliability and availability,
a feature also shared with large coal plants, and high
capital cost **), over 200 nuclear power plants have
now been committed or ordered.

To bring the technology of light water reactors
to full economic fruition several parts of the fuel
cycle must be validated—technically, commercially
and environmentally. In brief, the areas requiring
. increased emphasis are:

e Better definition (i.e., in terms of location, grade,
extent, economics and availability) of recoverable
domestic uranium resources

* Includes up to 60-80 GWe of breeders, assuming success-
ful completion of the breeder development program.
** Despite higher capital costs, nuclear energy’s lower fuel
costs (compared with fossil fuels) allow power to be pro-
duced at a lower total cost in most of the Nation. Only
in those areas of the West where abundant, low sulphur
coal reserves can be mined cheaply is nuclear power not
currently competitive. Of course such estimates depend
on the accuracy of future estimates of both nuclear and

coal costs.

Table 11I-7
Cut Off
Cost* Reserves** Potential Total
10 315,000 1,000,000 1,315,000
15 420,000 1,620,000 2,040,000
30 600,000 2,900,000 3,500,000

* Recovery cost per pound.
** In addition, 90,000 tons of by-product is expected through 2000.

* Success in the transfer of responsibility for uran-
ium enrichment to private industry and progress
in initiating new U.S. capacity to meet future U.S.
and overseas demand for enrichment services

* A commercial fuel reprocessing and recycling
capacity

* Demonstrated safe and environmentally acceptable
waste treatment and storage and disposal processes
and facilities

* Improved LWR technology

» Strengthened safeguards.

Uranium Resources

If the use of light water reactors using domestic
uranium resources is to expand as projected, an
increase in the domestic uranium resources must
also take place. Although uncertainties about the
extent of uranium and the economics of its recovery
exist, ERDA’s present assessment (see Table III-7,
above) is that the reserve base is adequate to pro-
vide for all operating and planned power reactors
(235,000 MWe) and to permit further growth even
without the recycling of plutonium and uranium.
However, currently identified economic-grade ($30
or less per pound production cost) uranium re-
sources may be inadequate to support the postulated
long-term expansion of light water reactors beyond
1990 for their lifetime. Thus, additional major quan-
tities of uranium resources of all grades must be iden-
tified and developed into reserves.

Uranium Resources—Tons of
Uranium Oxide (U303)

The necessary industrial commitment to ex-
ploration and expansion of production capacity to
ensure adequate development of resources has been
retarded. To identify areas favorable for uranium
exploration, to assess more completely the resource
base, and to improve exploration and extraction tech-
nology, a comprehensive government program, Na-
tional Uranium Resource Evaluation (NURE) has
been in progress for about 2 years. Under ERDA’s
direction, it is designed to provide a systematic and
extensive survey of the conterminous U.S. and Alaska
by FY 1981. NURE is expected to identify locali-
ties that appear favorable for detailed exploration
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and to provide an initial estimate of the resources in
such localities. Such information will support private
industry exploration and will provide a more com-
prehensive basis for estimating the potential uranium

_resources that may be available in future years.

It is expected that the uranium production industry
will continue to take responsibility for assuring the
transferral of identified uranium resources to produc-
tion capacity and for the establishment of relation-
ships between buyers and sellers that will guarantee
that uranium demands will be met. ERDA will also
continue to analyze the industrial capability to pro-
duce uranium at needed rates. '

Uranium Enrichment

Light water reactor technology depends on
separating the small fraction (0.7 percent) of natural
uranium that is fissile (i.e., will fission when struck

by a neutron) from the much larger mass of non-
fissile natural uranjum. Uranium used as a fuel must
be enriched by increasing the concentration of
uranium-2335, the fissile isotope.

During and subsequent to World War II, the
government built three large enrichment plants that
use the gaseous diffusion process to enrich uranium.
These plants will produce about 15 million separa-
tive work units (SWUs)* this year for both foreign
and domestic use, which would be sufficient for
about 150 nuclear power plants of 1000 MWe each.
The capacity of the existing ERDA gaseous diffusion
plants will be improved and electrically uprated to
a capacity of approximately 28 million SWUs by
1981, which should meet the long-term enrichment

* Separative work units are a measure of the effort required
to enrich the uranium fed to the enrichment plant.
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services requirements for reactors planned through
about 1984. However, by 2000, projected domestic
and foreign nuclear power expansion could rzquire
as many as 15 additional 9 million SWU enriching
plants depending on the tails assay, the introduction
date of Pu recycle, and the level of enriching services
sales to foreign markets. (See Figure I11-2.)

ERDA believes that expansion of uranium en-
richment is a business operation best carried out in
the private sector. To this end, over the past few
years, ERDA has been transferring uranium enrich-
ment technology to a number of qualified domestic
industrial firms. But several factors have inhibited
the private sector’s moving ahead quickly in this
area. First, enrichment plants require enormous in-
vestments—about $3 billion for each full-scale
plant—and long return-on-investment lead times.
Second, the technological competition between the
diffusion process and the centrifuge method creates
an element of technical and financial uncertainty.
Although gaseous diffusion is an established tech-
nology with a demonstrated reliability greater than
99 percent, gas centrifugation might prove to be
more economical. In addition, there is another
process, laser isotope separation, whose technology
has yet to be demonstrated.

To enable and encourage the private sector to
begin the necessary investment to expand enrichment
capacity, the Nuclear Fuel Assurance Act, was pro-
posed to Congress in June 1975. This Act will pro-
vide ERDA necessary authority to negotiate coopera-
tive agreements with private firms, which, after
Congressional approval, would provide temporary
financial assurances to these private firms. Specific-
ally, ERDA is seeking authority to enter into con-
tracts for cooperative agreements up to the amount
of $8 billion to assure that in the unlikely event the
proposed private ventures do not succeed, the gov-
ernment could still take actions to ensure that the
plants would be brought on-line in time to supply
domestic and foreign customers with uranium en-
richment services when needed. It is expected that
none of these funds would have to be expended for
the assumption of private ventures. In addition, the
legislation provides for a backup plan for a new gov-
ernment-owned facility at its Portsmouth, Ohio, site
as a contingency measure in the event that private
ventures are unable to proceed. When private indus-
try efforts have made sufficient progress, the backup
plan will be dropped.

Reprocessing and Recycling Capacity

Fuel elements discharged from light water reac-
tors contain about half the fissile material present in
new fuel elements. From economic and conservation
points of view, recovery and reuse of the materials
appear desirable, but no domestic or foreign com-
mercial facilities currently process spent fuel from

commercial reactors. The first domestic commercial

plant experienced some operational and maintenance

difficulties and was shut down for modification and
expansion; restart before 1982-1983 is not foreseen.

A second plant has not reached—and may never

reach—the operational stage. A third commercial

reprocessing plant was expected to commence opera-
tion in 1976, but will be delayed pending construc-
tion of facilities to satisfy new criteria for waste
treatment and plutonium shipment. It would appear
that, before any new commercial fuel refabrication
plant that depends on large-scale utilization of plu-
tonium can be fully licensed, a decision on the

General Environmental Statement on Mixed Oxide

Fuel (GESMO) must be forthcoming. A final state-

ment by the Nuclear Regulatory Commission (NRC)

is expected in 1977.

From a resource standpoint the development of
a commercial reprocessing and recycling capacity is
highly desirable for the continued growth of nuclear
power. The continued absence of a reprocessing and
recycling capability will materially increase the de-
mands for uranium, increase enrichment capacity
requirements, and necessitate interim storage of large
volumes of spent fuel elements.

ERDA is proceeding with a program to assist
industry to resolve outstanding problems associated
with LWR fuel reprocessing and recycling. Initial
program efforts (i.e., those to be completed during
1976-1977) include:
 Solicitation of expressions of interest and informa-

tion from the nuclear industry on impediments to
commercialization faced by industry and sugges-
tions on what steps by industry or actions by
ERDA could overcome these impediments.

* Based on industry response, other studies and
evaluations, and discussions with industry and
other government agencies, a specific plan of
action will be formulated. If necessary, legislation
for any required assistance would be drafted and
submitted for Congressional approval.

* A broadly based program of research and devel-
opment of the chemical processes, systems, and
components applicable to the final phases of the
LWR fuel cycle will be pursued concurrently.
Areas requiring additional development include
the process technology, systems operations and
maintenance, design concepts and understanding
of environmental impacts.

Radioactive Waste Management

A safe and environmentally acceptable pro-
gram for the management and control of radio-
active wastes is essential. Central to this waste man-
agement program is ERDA’s acceptance of the
responsibility for the custody of those radioactive
wastes that have been identified by the NRC as
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requiring long-term federal control for reasons of
human health and safety. The realization of nuclear
power’s full potential can only occur if environ-
mentally safe waste disposal methods are developed.

Of the various radioactive wastes produced,
most of the radioactivity is concentrated in one of
the waste streams from the chemical processing of
spent nuclear reactor fuel to recover its residual
potential energy sources. This high-level liquid radio-
active waste, as defined in NRC regulations, may be
stored no-more than 5 years after the processing of
the parent fuel, and the stable, solidified product,
sealed in high-integrity containers, must be delivered
to ERDA no more than 10 years after processing the
fuel. The very long-term potential hazard of high-
level waste is from its content of plutonium-239 and
related materials (known collectively as transuranium
nuclides). Transuranium waste will also be generated
in plutonium recycle facilities and a proposed NRC
regulation would require that transuranium-contami-
nated waste, converted to solid form if necessary, be
transferred to ERDA no more than 5 years after its
generation.

These wastes need to be isolated from man’s
environment for extremely long periods of time. The
preferred solution appears to lie in emplacing the
relatively small volumes of these potentially hazard-
ous radioactive wastes within deep, stable geologic
formations. (Some geological formations have been
stable for hundreds of millions of years, and there is
every reason to believe they will continue to be so for
further geological periods. Studies to date of a pre-
historic underground natural nuclear criticality in
what is now Gabon, indicate the radioactive residues
of the phenomenon—natural high-level waste—have
remained essentially at the generation site for well
over 1 billion years.) '

Laboratory and theoretical studies of geologic
isolation of waste have been in progress for 20 years,
and site investigations are now being conducted in
southeastern New Mexico. A potential application for
this location, beyond its use as a pilot plant, would
be storage of transuranium waste generated by
ERDA in its military production operations. In
addition, it would also provide a facility for limited
experiments with commercial high-level waste, begin-
ning in the mid-1980’s. However, demonstration
of geologic emplacement or storage of high-level
waste on a much larger scale is essential. The timing
is propitious to undertake a major program to de-
velop sites in several sections of the Nation in several
different types of geological formations. This ex-
panded effort would facilitate waste management on
a regional basis, including the involvement of knowl-
edgeable state government and university scientists.

In geologic isolation of waste, the geological
medium itself provides one of the primary safety

factors. The form of the waste and its container pro-
vide additional safety factors. In earlier stages, when

-the waste is still in retrievable storage or in transit,

the physical and chemical forms of the waste may
affect the margin of safety available in case of con-
tainer rupture, however unlikely that might be. A
development program aimed at less soluble, more
monolithic waste forms has been underway for some
time. Primary emphasis has been given to the silicate
glass form.

Another program, begun in 1972, concerns re-
trievable surface storage of commercial, solidified,
high-level waste at a central federal site. The draft
environmental impact statement published by the
former AEC in September 1974, which was a key
step in proceeding to the location, detailed design,
and construction of such a repository, was criticized
for lack of detail in its discussion of the follow-on
ultimate disposal of waste, and for failure to discuss
regulatory issues. Pending issue of one or more
generic environmental impact statements to replace
the previous draft, retrievable surface repository
work is being deferred. In view of the delays in gen-
erating commercial high-level waste and the planned
acceleration of the geologic site development pro-
gram, ERDA now believes that the eventual need for
a surface storage facility will be much less than was
thought when development started. ERDA’s present
plans are to begin demonstration of the terminal
(geologic) storage of commercial high-level waste by
the early to mid-1980%. Since criteria for waste
forms and packaging will affect processes, facilities,
and economics of the commercial fuel cycle, ERDA
has a goal of establishing (or recommending to
NRC) such criteria by the end of 1978.

LWR Technology

In addition to the critical need to establish a
complete fuel cycle, a number of lesser problems
impede full development of nuclear power. These
include less-than-desired plant availability and relia-
bility, long construction and licensing lead time, and
evolving regulatory requirements.

If the level of availability and use of nuclear
plants improved, it would translate directly into sav-
ings of fossil fuel—e.g., the daily output of a 1000-
MWe LWR is equivalent to approximately 30,000
barrels of oil. Cost savings from realistically attain-
able construction time and design standardization/
modularization could be on the order of $1-$3
billion during 1980-1985.

Although the solutions to these problems lie in
the industrial/utility sector, the amount of effort
being devoted to them by industry is not yet com-
mensurate with the potential economic benefit to
the public or reduction in oil consumption. Govern-
mental analysis and planning could identify ap-
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proaches to stimulating private investment in this
area.

Specifically, ERDA is undertaking a program
to stimulate greater industrial involvement in im-
proving existing LWR technology and techniques.
This program will include component testing and
support in the basic technologies required by indus-
try to increase the availability and productivity of
existing plants. Determination of the undetlying
causes of plant deratings will be sought. These
efforts should result in improved component reliability
and in a reduction of scheduled and unscheduled
downtime. The program will also seek to reduce the
time and cost of new plant construction through
such efforts as engineering standard support, stand-
ardization/modularization design studies, improved
construction technology development, and special
siting studies. The efforts will be conducted with
industry and utility groups, and will be closely co-
ordinated with other interested government agencies,
including NRC and FEA.

Safeguards

The potential for sabotaging facilities or steal-
ing and diverting fissile materials raises a fundamen-
tal safety issue. Unless the public fears concerning
these issues can be allayed, future expansion of the
nuclear power industry is likely to be curtailed.

The question of the degree of protection to be
afforded nuclear facilities to prevent criminal diver-
sion of materials or other criminal acts that could
constitute a public safety threat continues to receive
substantial government attention. In addition to
NRC’s establishing appropriate safeguards criteria
for commercial nuclear facilities, ERDA is support-
ing a program of research and development on more
effective safeguards systems and physical protection
measures.

All facilities to be constructed and operated
under cooperative demonstration programs will in-
clude the demonstration of appropriate safeguards
systems and measures. To implement this policy,
ERDA, for example, is currently supporting the
development of a conceptual design that will identify
performance requirements for the various parts of
the physical protection system, the accountability
system, and the materials control systems. Such in-
formation can then be integrated into the detailed
design of future fuel cycle facilities.

Enhanced Oil and Gas
Recovery Techniques

From past exploration, approximately 290 bil-
lion barrels of conventional oil, 130 billion barrels of
heavy oil and bitumen, and 600 trillion cubic feet
of natural gas are known to exist but cannot be re-
covered with present commercial recovery tech-

niques. Enhanced oil and gas recovery techniques
might eventually recover 40 billion barrels of this
oil and 250 trillion cubic feet of the natural gas, or
the equivalent of 10 to 12 times current annual
production levels.* If costs of the recovered oil and
gas were competitive with alternative fuel sources,
enhanced-recovery techniques could postpone the
expected domestic oil and gas production decline by
a decade or more.

Enhanced recovery is a generic term for a
variety of techniques for increasing the flow of oil
and gas from their natural locations in permeable
rock to producing wells and for increasing recover-
ability of the resources. The individual techniques,
which have different applications in different reser-
voir formations, are at various stages of develop-
ment; if proven successful and marketed, they would
permit greater recovery not only from existing de-
clining fields but also from new fields under develop-
ment. Present high priority areas are inland.

Implementation Barriers

A number of techniques for enhancing the
recovery of oil and gas are being researched and
tested by private oil and gas companies, and, even-
tually, industry would undoubtedly develop and im-
plement these technologies on its own. However,
because of current economic circumstances, private
industry might pursue alternative investment oppor-
tunities, thus postponing development and marketing
of enhancement techniques.

Indeed, enhanced recovery techniques require
significantly larger capital investments than conven-
tional secondary recovery. Specifically, the estimated
cost of oil using several of the enhanced oil recovery
methods now being tested exceeds current domestic
oil prices; however, this situation may become more
favorable as oil prices are decontrolled over the
coming years.

Not only is industry hampered by uncertainty
over such institutional barriers as price regulations
and tax requirements, but the possibility of antitrust
action has tended to limit cooperaive ventures that
could spread the risk and increase the support base.

Environmental problems are principally the
same as those associated with primary production.
However, tertiary oil recovery techniques may affect
geological substructures differently. Secondary and
tertiary methods, which will be used to stimulate
existing wells, could cause contamination of ground
water through pipe casing leaks—a problem simi-
lar to that which now exists for primary drilling—

* The estimate of potential oil recovery is ERDA’s, based
on a range of industry estimates. The gas recovery esti-
mate is based on the Natural Gas Survey, Volume II,
U.S. Federal Power Commission, 1973.
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as well as through geologic faults. Biological con-
cerns include what impacts waste heat and dissolved
and suspended solids may have on aquifers. In addi-
tion, enhancement techniques for oil recovery may
result in gaseous emissions of H.S.

Strategic Approach

The Plan anticipates that the enhanced recov-
ery techniques will be developed primarily and ap-
plied commercially by industry as its ability to pre-
dict returns on a project improves and in response
to rising domestic and international oil prices. This
process may be accelerated by complementary Fed-
eral efforts to address production, market, and en-
vironmental uncertainties. The Federal program is
intended to provide more quickly an understanding
of the magnitude of the recoverable resources; eval-
uation of the real potential of alternative technol-
ogies; understanding of the environmental impacts;
and, ultimately, more complete recovery of the re-
serves. .

The earlier various enhanced recovery tech-
niques are researched and developed, the faster
reasonable estimates of actual additional recoverable
resources can be developed as input to substantive
planning, development of national energy strategy,
and the setting of priorities.

Development and commercial application of
enhanced recovery techniques requires several years
for evaluating the necessary technology, the potential
environmental impacts, and the attendant economics.
For example, 5-6 years may elapse between project
initiation and resultant production; several more
years may pass before profitability and extent of
environmental impact can be demonstrated. Thus,
research on resolving the uncertainties associated
with advanced technologies needs to be intensified.

The availability of economical enhanced re-
covery techniques might result in more complete,
ultimate recovery of reserves. More complete re-
covery might result from changes in the current
production cycle from primary recovery to the vari-
ous phases of enhanced recovery. For example, fur-
ther research might obviate the need for the tradi-
tional primary—secondary—tertiary cycle indicating
that in certain instances water flooding (secondary
recovery) should be omitted and replaced by micellar-
polymer flooding (tertiary recovery), and that water
flooding should be done concurrently with primary
production. Such advanced technology application
might replace the “last ditch” applications that often
have marginal economic returns.

The costs and benefits of various enhanced
recovery techniques are being analyzed by ERDA
to determine the appropriate mix and level of Fed-
eral R&D expenditures.

Action Program

The Government is developing an approach
to accelerate the development and application of
enhanced-recovery techniques:
¢ ERDA is co-funding research, development, and
demonstration projects with industrial firms.

¢ ERDA is analyzing and interpreting field test re-
sults to understand the potential for the profitable
use of certain enhanced-recovery techniques.

* FEA is reviewing price regulations, tax require-
ments, and other institutional barriers relative to
enhanced-recovery.

Under jointly funded Federal RD&D projects,
private firms provide an average of 60 percent of
the funds. However, as the risks become lower the
Federal role should be reduced. Each of the pro-
jects involves a field demonstration, which is ex-
pected to produce technical, economic, and environ-
mental results that will be transferred to other firms
in the industry to obtain maximum benefit. Pres-
ently, 15 major enhanced-recovery demonstrations
are under way. These demonstrations are split be-
tween enhanced oil recovery (approximately 55 per-
cent) and enhanced gas recovery (45 percent). Addi-
tional demonstrations are anticipated for FY 1976,
with about the same split between oil and gas re-
covery efforts. Environmental factors are considered
in developing and executing this demonstration pro-
gram.

The legal and institutional questions are being
investigated by the FEA, which implements the
price regulations. FEA is also evaluating applicable
tax laws to determine if reasonable changes can be
made to encourage enhancement projects. Reduction
of uncertainty over oil price legislation might speed
industrial activity since the economics of the various
advanced technologies for enhanced recovery are
very sensitive to price. A clear-cut explanation of
how output from enhanced recovery techniques will
be priced and how the large accompanying research
and development expenses will be treated for tax
purposes could serve as an incentive for initiating
major projects.

Direct Utilization of Coal

Although the Nation’s coal resources are not
inexhaustible, they do represent one of the Nation’s
most abundant fuel resources. At present, coal is
supplying only 17 percent of domestic energy. At
that rate of consumption, known reserves economic-
ally recoverable in a 1970s competitive environment
would last more than 300 years. As prices of alter-
nate fuels escalates in the future, less accessible
coal reserves will become increasingly attractive.
Thus, coal’s economic usefulness should continue
well into the 21st Century and perhaps beyond.
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Production of coal is now beginning to grow
again and reached 640 million tons in 1975, exceed-
ing the 400- to 600-million tons-per-year range that
had persisted since World War II. Indeed, several
forecasts project a tripling of domestic demand by
the year 2000, provide barriers to such high levels
of use can be overcome. Currently, about 65 per-
cent of the coal is used in central station electricity
generation; about 15 per cent, as coke; and most of
the remaining 20 percent, in industrial plants for
power or process heat. Consequently, in considering
how to increase the use of coal, interest centers first
on application in central station power plants and
second, in industry.

implementation Barriers

Immediate expansion in the use of coal is
limited by the high costs and uncertainties associated
with the environmental acceptability of this energy
source. The critical environmental concerns are two-
fold.

First, much of the coal can best be extracted
through strip mining. This will require restoring the
land to original productivity and recontouring. The
necessary revegetation would consume substantial
amounts of water, a commodity in short supply in
western regions where much of the strip mining
would occur. Moreover, if stripping were indiscrim-
inate, disrupted habitats could endanger wildlife
species and upset ecological balances. In some areas,
coal extraction threatens aquifers which lie above
or in a coal seam.

Given these problems, research must be con-
tinued on restoration of productivity. The reclama-
tion effort itself will have some impact on water
quality and quantity. Acid and alkaline leaching into
ground and surface waters will occur before strip-
mined land can be fully reclaimed. Wind/water
erosion can also deteriorate water quality by increas-
ing sediment loads. Thus, prompt reclamation efforts,
even as mining continues elsewhere at the extraction
site, needs to be instituted to reduce this potential
for erosion, soil loss, and water contamination.

The second environmental concern is the prob-
lem associated with stack effluents. Central station
operations generate such atmospheric pollutants as
noncombustible residuals (ash), and noxious gases,
Existing technology can remove the ash satisfactorily,
and the cost of the necessary equipment to do so
has been incorporated fully in utility rate bases. Fly
ash systems developed for the utilities by industry
during the last several decades are now standard
equipment on new power plants.

The discharge of noxious gases (oxides of nitro-
gen and sulfur) has become a concern only in the
relatively recent past and, as a consequence, control
of this pollutant is not as well in hand. Nitrogen

oxide emissions can be controlled by controlling
combustion temperatures through techniques such as
staged combustion, or flue gas recirculation. More-
over, this technique can achieve EPA discharge
levels of 0.7 pounds of NO, per 10° Btu at a cost
close to that of conventional combustion systems.
It is expected that industries will adopt this tech-
nique.

Nitrogen and sulfur oxide emissions may de-
grade air quality in the vicinity of the emission source
beyond allowable levels. In addition, sulfate trans-
port over long distances is a concern. An EPA
regulation forbids more than 1.2 pounds of sulfur
dioxide per 10° Btus, which is achievable by burning
low-sulfur fuels. However, because supplies of low-
sulfur fuels are limited, it will be necessary to
employ sulfur-removal systems to permit use of
fuels with a higher sulfur content.

In addition to the environmental problems,
rapid development of extraction sites in the Northern
Great Plains and the Rocky Mountains will bring
large outside populations to remote and sparsely
populated regions. This influx may create a sudden,
heavy demand for such necessities as housing, schools
and health care facilities, needs which small com-
munities may have neither the capability nor the
money to respond to. On the other hand, many
regions might profit from the increased activity.

Strategic Approach

Private corporations, government and industry
organizations, such as Electric Power Research In-
stitute (EPRI) have been involved in developing
approaches to improve technologies for the direct
utilization of coal. Major private sector R&D efforts
are ongoing with regard to coal utilization technolo-
gies. It is expected that industry will have a con-
tinued high interest in developing and implementing
these technologies. The government role is to iden-
tify those aspects of coal utilization that have high
potential payoffs to society, but are not receiving
adequate attention or funding. Furthermore, the
government has a role in disseminating information
and providing financial incentives (where necessary),
in order to facilitate market penetration of near
commercial technologies.

The strategic approach to be undertaken ad-
dresses mining and air pollution problems separately.
In the extraction area, improvements in mining tech-
niques and equipment are under investigation to in-
crease both the recoverable fraction (leaving less
unmined coal in the ground) and the efficiency of
extraction so that fewer man-hours and less energy
is expended per ton of coal mined.

Environmentally acceptable methods of land
reclamation are also being developed to restore
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mined areas to an acceptable condition with equal or
superior .productivity. Simultaneously, improved
miner health and safety are being sought, especially
in underground coal mines.

To deal with the problem of complying with air
pollution standards, coal can be cleaned in advance
of combustion, sulfur can be removed during com-
bustion, or sulfur can be removed from stack gases.

Removing sulfur from coal with various mechani-
cal or chemical separation techniques in advance of
combustion or conversion reduces problems of on-
site waste disposal; allows use- of existing coal com-
bustion systems; and may improve the economics
of use and transportation (compared to raw coal).
Coal cleaned in this manner can be further enhanced
by crushing and blending to uniform size and Btu
value, in order to improve its operability and reli-
ability. One disadvantage of this process is the loss
of some of the coal due to imperfect separation.
Government and industry groups such as EPRI have
been developing such improved benefication meth-
ods. ERDA is monitoring and utilizing results of
these efforts to perform economic trade-off studies
and analyses in order to promote their use and
adoption by private industry. ’

Substantial effort is being devoted to removing
sulfur pollutants during combustion. One promising
process is the fluid bed combustion system in which
the coal is burned in a solid/air mixture, with the
solid including a substantial quantity of limestone.
Combustion temperatures are lower, which aids in
controlling nitrogen oxide emissions. The sulfur is
converted to a dry calcium sulphate. The cost has
been estimated (but not yet demonstrated) as being
comparable to that of scrubbers. In addition, fluid
bed combustion systems do not have the plant-
efficiency penalty of scrubbers.

Other advanced technologies with potentially
attractive environmental features in terms of air
pollution include coal gasification in combined cycle
systems and MHD. Direct use of coal in industry (as
opposed to use in an electric utility that generates
electrical power used by industry) faces a more
complex set of problems. Frequently, scrubbers, the
most immediately available air pollution control
solution for large central stations, are uneconomical
for smaller scale industrial applications. It is princi-
pally the operating and maintenance costs of the
add-on scrubber systems that discourage such appli-
cation. Consequently, fluidized beds, which elimi-
nate the need for add-on systems, appear to be the
more attractive solution.

In addition, large, central power stations could
use low-sulphur coal in conjunction with stack gas
scrubbing systems, which have reached the stage of
limited commercial application. However, even
though these systems meet immediate requirements,

their commercial reliability has not yet been fully
demonstrated. Furthermore, the sludge-like gypsum
formed in the process is difficult to dispose of and
nearly doubles the bulk of the waste from a power
station. Scrubbers may increase the cost of central
stations by about 20 percent and reduce station effi-
ciency. Consequently, the Plan provides for develop-
ing alternative air pollution control means that reduce
the total disposal problem and increase the pollutant
removal capacity of the central stations.

In addition to the above technologies for using
coal directly, it may be possible to substitute to some

extent coal for oil in oil-burning equipment used by .

utilities. Finely pulverized coal suspended in fuel oil
can possibly be accommodated by minor modifica-
tions of existing burner and fuel-handling equipment.
For a given heat rate, the fuel oil demand may be
reduced as much as 30 percent. As might be ex-
pected, the air pollution problems for both fuels are
NO, and SO,, and particulates. Because of the util-
ity industry’s large investment in existing oil-burning
equipment, retrofitting to permit an oil-coal slurry
could simultaneously result in lowering petroleum
demand and increasing coal consumption. The eco-
nomics and practicality of this approach are being
investigated.

Action Program

By 1985, the Department of the Interior’s
Bureau of Mines (BOM) will have completed major
demonstrations in the eastern, central, and south-
western sections of the country to establish the eco-
nomic efficacy of integrated extraction-reclamation
systems. The Department also has a health and safety
program to address related issues. In addition the
BOM and the EPA are developing improved coal
treatment technology to upgrade the quality of coal
by reducing the amount of ash, sulfur, and other
constituents.

The cleaning of flue gases from coal-fired utility
and industrial boilers—i.e., scrubbing—has been
assigned highest priority within the EPA-coordinated
Federal Interagency Environmental Control Tech-
nology R&D Program. To this end, EPA is develop-
ing second-generation Flue Gas Desulphurization
(FGD) systems that offer improved economics and
reliability and reduce the amount of by-products that
must be disposed of. A comprehensive sludge dis-
posal technology program supplements the second
generation work. In a parallel program, EPA is pur-
suing flue gas treatment to develop a cost-effective
process for full-scale control of nitrogen oxide. Fuel
additives, which will serve the same purpose as sul-
fur in enhancing electrostatic precipitator perform-
ance, are under study and development. And ad-
vanced particulate control technology is undergoing
development to broaden applicability and effective-
ness.

\
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Figure I1l-3 Projected Demand for Liquids and Gases to be Met by Synthetic Fuels

ERDA is developing advanced power systems
which will permit power generation from direct firing
of coal and coal derived fuels in an efficient and en-
vironmentally acceptable manner. ERDA’s research
includes the use of open and closed cycle gas turbines
in combustion with advanced combustion and gasifi-
cation technologies, such as atmospheric and pres-
surized fluidized bed combustors. The fluidized bed
combustors offer the major advantage of internal
removal of sulfur oxides from combustion products.
This approach offers the potential for eliminating the
need for stack gas scrubbers; required in conven-
tional coal-fired boilers to meet emission standards.
In addition to research units which have been oper-
ated by ERDA and EPA for several years, there is
currently under consideration an atmospheric fluid-
ized bed pilot plant.

Synthetic Liquid and Gaseous Fuels

The absolute demand for oil and gas, even
under optimistic energy-conservation assumptions,
will outstrip the supply provided by conventional
domestic oil and gas sources, thus increasing the
level of oil and gas imports. Moreover, the gap
between the demand and domestic production is
widening. Therefore, in the years ahead, the U.S.
must seek to exploit untapped domestic oil and gas

sources and must develop alternative energy sources
to minimize its dependence on energy imports.

Over the next 25 years, synthetic fuels* offer
a domestic energy alternative to imported oil and
natural gas. For this option to be credible, however,
under the most favorable energy-conservation as-
sumptions and enhanced domestic oil and gas recov-
ery techniques, approximately 5 million barrels per
day equivalent synthetic production capacity must be
operational by 1995 to hold imports at current levels
(or about 6 million barrels per day). (See Figure
I1I-3.) Under less favorable assumptions, the need for
synthetic fuels could be twice this amount or more.

Implementation Barriers

Although not in commercial use in the U.S.,
technological processes for converting coal to clean
liquid and gaseous fuels-—e.g., Lurgi gasification,
Fischer-Tropsch synthesis, and Koppers-Totzec—
have been available for many years. However, given
the present cost and the uncertain relative economics
of synthetic fuel production cost, it is not surprising
that a synthetic fuels industry has not recently been
developed in the U.S. by the private sector. Commer-

* That is, the clean liquid and gaseous fuels produced from
converting coal and shale.
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cial size plants—i.e., those with a daily capacity of
20,000 to 50,000 barrels of oil or up to 250 million
cubic feet of gas—are complex and expensive, cost-
ing up to $1 billion or more each. Such investments
are beyond the capability of all but the largest in-
dustrial firms. The products of these plants must
compete in the marketplace with all other similar
products, the prices of which are often controlled by
nonmarket forces. For example, the world price of
oil is controlled by an international cartel, and the
domestic price has been strictly regulated. These im-
pacts on the natural market forces affecting com-
peting fuels, coupled with uncertainties in the costs
of synthetic fuel production, create a pricing risk
that is, at present, unacceptable to virtually all pri-
vate investors. ,

Possible escalation in project cost and other
risks arising from environmental and regulatory de-
lays in construction or start-up add to the uncer-
tainties surrounding synthetic fuel product costs and
prices of competing fuels, thereby further reducing
the attractiveness of investment in synthetic fuel
plants. Project delays resulting from environmental,
regulatory, technical, or other causes could severely
strain the financial resources of any firm. Indeed, an
industry survey conducted in 1975 indicated that
there is unlikely to be significant private investment
in production of synthetic fuels from coal and shale
before 1985 without some form of government incen-
tives or substantial changes in federal regulation.

In addition to technical and economic barriers,
implementation barriers also include a range of
unsolved social and environmental problems. The
principal social problems are community impacts of
rapid growth, while the most important environ-
mental problems relate to: (a) coal and shale extrac-
tion; (b) use of water in the conversion process; and
() contaminating effluents from the synthetic fuel
plants

With regard to extraction, in addition to the
problems cited for the extraction of coal, the major
unique problems of oil shale processing include fugi-
tive dust and the disposal of spent shale. The large
quantities of spent shale resulting from commercial
operations will require significant land areas for dis-
posal, which may be affected by erosion, fugitive
dust, leaching, and productivity reduction. Disposal

of spent shale can cause high salinity and sediment
problems. Other environmental problems may occur
as a result of heavy metals and carcinogens in shale
as well as land-use changes. And the mining itself
could affect subsurface water flows.

In addition, synthetic fuel processes require
large quantities of water and thousands of acre feet
per commercial facility. In some areas the acquisi-
tion of the necessary process water will be difficult.
Further, process water not used consumptively may
be degraded in quality to the point it is unsuitable
for other uses.

Finally, there is the potential for gaseous and
liquid releases from synthetic fuel conversion facil-
ities, which may contain polycyclic aromatic hydro-
carbons. These hydrocrabon releases could include

known and suspected carcinogens.

Strategic Approach

These implementation barriers,  especially the
economic ones, are serious impediments to private-
sector development of a synthetic fuel industry in
the near term. _

Therefore, the strategic approach of the gov-
ernment would be to provide Federal financial assist-
ance in carrying out critical technology RD&D while
taking action that would mitigate against the uncer-
tainties associated with developing an industry.

The strategy for implementing the first initiative
is embodied in ERDA’s coal RD&D program. This
program is based on the assumption that for the
private sector to eventually make widespread use of
newer, lower cost synthetic fuel technologies, they
must participate with ERDA in their development.
Therefore, the strategy is keyed to producing con-
cepts, processes and equipment that will meet the
needs of the private sector. Specifically, the strategy
aims at producing a commercially viable technology
for each key stage of extracting, refining, and use,
while closely involving the private sector. This stra-
tegy has led to a cost-sharing philosophy used in the
demonstration prOJects _

Buit industry is involved throughout the typlcal
development sequence which is shown in Figure
I11-4. The cost-sharing, for example, is concentrated
in the pilot plant and demonstration plant phases but
also occurs to some extent in earlier phases.

" 15 TO 20 YEARS - "
1-4 YEARS 4-6 YEARS 5-8 YEARS 8-12 YEARS
EXPLORATORY PROCESS PILOT DEMONSTRATION COMMERCIAL
RESEARCH [™] DEJ;";"(';’:;‘S')“T - PLANT [ PLANT ot PLANT

Figure 114 Typical Process Development Sequence
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The development phases take varying lengths
of time depending on the complexity of the process
and project, the scope of the effort, and the re-
sources applied. (See Figure III-4.) Total develop-
ment time from laboratory to completion of demon-
stration plant operation is typically 15 to 20 years.

The technical feasibility of the concept being
developed is evaluated in each phase to determine
the advisability of carrying the project to the next
phase. Tentative economic and environmental evalu-
ations start in the early stages of process development
and continue through pilot plant and demonstration
plant phases; more extensive evaluations are made
with demonstration plants. In addition, before proj-
ects reach the stage of major construction, environ-
mental analyses and water resource availability as-
sessments are made; -environmental impact state-
ments are developed as required.

To have an industrial infrastructure in place to
draw rapidly on these new technologies when they
will be needed in the 1990s appears to require exten-
sive commercial effort in the near term.

By and large, even if normal economic incen-
tives were developed after 1985, it would be too late
to establish the scale of industry (5 to 10 million
barrels of oil equivalent per day) needed by the end
of the century to hold oil imports at current levels
since each plant needed would take 5 to 10 years to
plan, design, site, and build. For the necessary num-
ber of plants to be operating in the mid-1990s, an
industrial base on the order of 1 million barrels per
day may have to exist by 1985. But uncertainties
about regulations, environmental impacts, financing,
labor, product pricing, and transportation must be
resolved before these decisions can be made, and
resolving these questions requires the construction
and operation of a limited number and range of
synthetic fuels plants in the next 5 to 10 years.

To determine the viability of initiating a limited
number of synthetic fuels plants the Synthetic Fuels
Interagency Task Force* carried out preliminary eco-
nomic analysis. In that analysis, it was found that the
net economic benefit of such plants depends on the
ongoing strength of the OPEC cartel, the eventual
price competitiveness of synthetic fuels, the influence
of technology and economics of scale in reducing
the cost of synthetic fuels, and the U.S. energy posi-
tion in 1995. The results of that analysis showed
that, on average, a slight ($1.65 billion) net negative
benefit would accrue from the first phase of an action
program to develop a synthetic fuel capacity of 350,
000 barrels per day equivalent, compared with no
program. Moreover, this benefit became more nega-
tive as the program grew to 1.0 and 1.7 million bar-
rels per day equivalent, assuming a 50-50 probability
that the OPEC cartel would not retain its present

* Published in November 1975.

strength over the next 10 years. However, the analy-
sis did not include other, nonquantifiable benefits that
might accrue to the U.S. as a result of undertaking a
program such as: (a) the international leverage im-
proved bargaining position associated with positive
U.S. leadership in developing alternative fuel sources;
(b) the impact on industry of government support
for synthetic fuels development; (c) the political as
well as economic value of a decrease in world oil
prices paid by importing nations; and (d) possible
weakening of the cartel strength (this was assessed as
negligible). ,

The Interagency Task Force concluded that the
value of these four nonquantifiable benefits makes a
limited synthetic fuels program worthwhile. Further-
more, the program to be discussed later has posi-
tive benefits greater than those calculated by the
Task Force because of the elimination of synthetic
crude from coal from the plant mix analyzed. This
technology is the least cost efficient of all the proc-
esses examined in the analysis. Currently, the recom-
mended first phase of the program does not include
this technology until the results of current R&D
efforts on coal technologies are known.

Action Program

With the clear need to move ahead in laying
the foundation of a synthetic fuels industry, the Ad-
ministration supported a formal market penetration
program in 1975. The major objectives of this Syn-
thetic Fuels Commercialization Program are to:

* Lay the groundwork for developing an industry
infrastructure by:
—Investigating and acquiring information on en-
vironmental, economic, institutional, technical,
and other potential problems

—~Gathering and reviewing information on the pri-
vate sector’s experience in the synthetic fuels
field

¢ Develop an energy supplement to existing and
planned domestic energy production

e Improve the Nation’s international leadership
position in energy development by demonstrating
our ability to tap our vast resources.

The program would entail two phases. In the
first, or Information Program phase (350,000 barrels
per day), approximately 14-19 commercial-sized
demonstration plants would be constructed, including
facilities for high-Btu coal gasification, oil shale con-
version, substitute utility of industrial fuels, and con-
version of waste material to liquids and gas. This
first phase of the program would demonstrate and ob-
tain information on the technical, economic, and
environmental feasibility of synthetic fuel plants,
using different available energy resources and tech-
nologies.
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Table HI-8 lliustrative Plant Mix '
Probable Est. Production " Affecting
Type Plant Number Capacity-—Each Plant . Industry
High-Btu Coal Gasification 3 40,000 BPDE Pipeline Gas
Oil Shale Conversion 24 10,000 to 50,000 BPDE Petroletim .
Substitute Fuels Utility/Industrial 6—7 5,000 to 25,000 BPDE © Utilities/Industrial Users
Biomass Conversion (Gas/Liquid) 3-5 1,200 to 6,000 BPDE Various
Totals 14-19 350,000

To illustrate, one possible plant technology/
resources is shown in Table ITI-8.*

In carrying out the first phase of the synthetic
fuels program, the Federal Government would reduce
financial uncertainties by providing limited economic
incentives to the private sector to construct and oper-
ate the commercial demonstration plants. The Gov-
ernment would also provide limited guarantees or, if
necessary, assistance to localities for needed socio-
economic infrastructure planning and development.
Finally, the Government would help expedite the
construction of the plants by facilitating the neces-
sary federal regulatory permits and clearances.

The program might be expanded to 1 million
barrels of oil equivalent. per day during the second
phase, if the energy situation warranted and if the
environmental, social, technological, and production
cost problems were sufficiently tractable. However,
this decision is not anticipated until 1978-1979 and
would depend on overall energy RD&D results, in-
dustry response to the program’s first phase, and the
results of information on environmental and other
impacts.

In addition to laying the groundwork for a
viable synthetic fuels industry, important RD&D will
be carried out on advanced synthetic fuel technol-
ogies. These efforts would support development of a
number of synthetic fuel processes in parallel, mov-
ing from basic R&D in the laboratory, through
process development units (PDUs) and pilot and
demonstration plants, to market penetration. A sig-
nificant number of liquefaction and gasification
PDUs and pilot plants are currently operating; addi-
tional PDUs and pilot plants are being designed or
are under construction. Finally, a contract for -a
clean boiler fuel demonstration plants (COALCON)
has been let, and the plant is being designed. Addi-
tional contracts—for high-Btu and low-Btu demon-
stration plants—will be initiated shortly.

In parallel with these legislative, budgetary, and
administrative actions, ERDA is carrying out a pro-

* The actual plant number and sizes may vary from this
estimate, depending-on the, proposals received from inter-
ested firms and final environmental impact statements.

gram, still being formulated, will include a number of
efforts, such as measurement of water quality at test
sites and the prediction of degradation resulting from
commercial operations; investigation of options that
minimize the need for water; development of im-
proved recycling and effluent treatment techniques;
and evaluation of process and by-product pollutants
and associated health effects. In addition, assessments
of the potential health impacts would require envir-
onmental and health information which involve both
short-term and long-term studies. Data from these
studies are necessary for setting appropriate regula-
gram to address environmental concerns. This pro-
tory standards and for the design of effective control
technologies, including incineration, collection-dis-
posal, and chemical absorption techniques.

Investigations into revegetation dynamics and
plant species selection are continuing. In situ proc-
essing of both coal and oil shale is being given con-
siderable attention. However, the in situ approach
would leave most of the solid waste products in
place. In addition, there could still be problems of
land subsidence, hydrocarbon and particulate emis-
sions through the fractures, and contamination of
aquifers. Studies of oil shale formation and kerogen
content and the characteristics of. pollutants, seam
size, and associated underground aquifers are being
conducted.

Efforts also are under way to establish air pol-
lution control requirements to prevent or minimize
environmental pollution from production and use of
synthetic fuels.  Initial efforts in the program are
concentrated on assessing the potential environ-
mental effects of the coal-conversion processes.
Control technology aimed at controlling sulfur and
particulate emissions from hot, acidic gas streams is
also under development.

Specific Steps in Action Program

Moving ahead with the first phase of the market
penetration program requires a series of legislative,
budgetary, and administrative actions, including:

» Iegislative authorization of the limited financial
incentives to be awarded to the private sector for
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Table i1-9 Geothermal Resources—Estimated Recoverable Heat with
Present or Near-Term Technology without Regard to Costt; (In Quads)*

RESOURCE TYPE KNOWN INFERRED STATE OF TECHNOLOGY
HYDROTHERMAL CONVECTIVE**
VAPOR DOMINATED (>150° C) 2 2 COMMERCIAL
LIQUID DOMINATED -
HIGH TEMPERATURE (>150°C) 20 110 TEST PHASE
LOW TEMPERATURE (90°-150°C) 80 250 TEST PHASE
GEOPRESSURED
ELECTRICAL UTILIZATION 100 230 EXPERIMENTAL
METHANE PRODUCTION 500 1500
HOT DRY ROCK 80 240 EXPERIMENTAL
MAGMA ++ 80 240 UNEXPLORED
TOTAL ~900 ~2500
= |
GRAND TOTAL (KNOWN PLUS INFERRED) 3400
QUADS

* NORMAL GRADIENTS ARE NOT INCLUDED AT THIS TIME AS THEY ARE NOT
PRESENTLY CONSIDERED RECOVERABLE. 1 QUAD=101
**DOES NOT INCLUDE LESS THAN 90°C SYSTEMS, ALTHOUGH SUCH SYSTEMS MAY
BE ECONOMICALLY EXPLOITABLE ESPECIALLY FOR NON-ELECTRIC APPLICATIONS.
+ASSUMING 2% EXTRACTION RECOVERY, 8% CONVERSION EFFICIENCY.
++MAGMA RESOURCES MAY BE RENEWED BY NATURAL RESUPPLY FROM THE INTERIOR
OF THE EARTH; THEREFORE, THIS ESTIMATE MAY BE CONSERVATIVE.

SOURCE: DEFINITION
REPORT: GEOTHERMAL
ENERGY RESEARCH,
DEVELOPMENT AND
DEMONSTRATION
PROGRAM (ERDA-86),
OCTOBER 19765.

Btu’s.

demonstration plants. Although loan guarantees
are essential, price guarantees and grant authority
may also be needed to ensure all major synthetic
fuel technologies and the important types of re-
sources are included in the program. If needed,
price guarantees and grant authority would be
sought under the authority of the Nonnuclear Act.

e Legislative authorization of the limited financial
guarantees to localities for needed socioeconomic
infrastructure as well as assistance for planning
and development. This could be in the form of
guarantees of local government debts incurred to
provide the necessary infrastructure.

* Continue the necessary environmental studies that
will ensure environmental acceptability of a com-
merical synthetic fuels industry.

* Evaluate mechanisms to expedite federal regula-
tory permits and clearances.

¢ Administrative action to ensure the technology
demonstrated by the program will be available to
all interested firms at a reasonable cost.

Geothermal

The Nation’s geothermal resource base is one
of the largest potential domestic energy sources. As
estimated by the U.S.G.S., ERDA-86,* reported the
total heat content of the accessible geothermal re-
source base (depth less than 10 km) to be about
600,000 quads, excluding the highly diffuse “Normal
gradient” resource. However, only a small fraction of
this base is recoverable in usable form with presently
foreseeable technology. On the basis of conservative
assumptions of extraction and conversion efficiencies
the total recoverable energy from this base, with
near-term technology but without regard to cost, was
estimated to be only about 3400 quads, which is still
about 45 times the total U.S. energy consumption in
1974,** as shown in Table III-9. However, as esti-

* Definition Report Geothermal Energy Research, Devel-
opment and Demonstration Program, ERDA-86.
** However, a significant proportion of these resources exist
away from population centers and thus may not be fully
exploitable.
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mated in ERDA-48, only a small fraction of this
resource (reaching an annual level of approximately
5 quads by the end of the century) is estimated to be
extractable over the next 25 years. Economic ex-
ploitation of this resource will require the reduction
of technological and financial risks, the reduction or
removal of a number of institutional barriers, and the
development of technology to provide acceptable
control of possible environmental problems. The lat-
ter, often site- or type-specific, include subsistence,
brine disposal, and the emission of noxious or toxic
substances, such as hydrogen sulfide, in varying
amounts.

Only the vapor-dominated hydrothermal re-
source (The Geysers in California) has been eco-
nomically exploited in the U.S. This type of resource
is rare and amounts to only a few percent of the
known or inferred total geothermal resources. The
more extensive liquid-dominated hydrothermal re-
sources have not been exploited to any degree for
power production in the U.S. (although there has
been some foreign experience, using techniques cur-
rently not environmentally acceptable in this coun-
try). A few hydrothermal development efforts in the
U.S. are in the technology verification or pre-pilot
stage, but the technology for tapping the larger geo-
pressured resources along the Gulf Coast is in the
stage of engineering feasibility studies. Commerciali-
zation of geopressured resources will probably follow
that of hydrothermal. Thus, the liquid-dominated
hydrothermal resources represent the principal near-
term opportunity for exploitation. It awaits the de-
velopment of improved versions of existing reservoir
assessment, extraction, and utilization technologies,
and the solution or abatement of a number of en-
vironmental and institutional problems, as discussed
below.

Implementation Barriers

. Because the costs of extracting energy and of
controlling environmental impacts vary greatly
among the different types of hydrothermal reservoirs,
mature technology will be directed initially at the
development of the meost favorable, known hydro-
thermal reservoirs. For some sites, based on an
extension of foreign technology, the cost of elec-
tric power generated by geothermal resources has
been estimated at well below the cost of power
produced in conventional coal or nuclear plants.
However, uncertainties about the actual power pro-
duction costs and reservoir lifetime associated with
an untried geothermal site, as well as the basic
uncertainties of a new technology, have discouraged
most utilities from proceeding with geothermal en-
ergy development. And the few utilities that have
taken an interest have had little success in attracting
support from public utility commissions, lenders, or
investors.

The reasons impeding the commercial develop-
ment are principally threefold: .
1. Lack of reliable, detailed resource mformatlon,
e.g., on the changes in the characteristics of a
reservoir resulting from energy extraction

2. Lack of proven domestic technology for use
with all but one type of recoverable resource,
‘the vapor-dominated hydrothermal

3. Legal and regulatory complexities involving leas-
ing, resource ownership, water rights, taxes, and
the like.

In addition, insufficient knowledge of possible
environmental impacts and the lack of proven con-
trol techniques for all but the vapor-dominated
hydrothermal resources inhibit rapid commercial
development. The environmental ‘issues fall into
three areas.

First geothermal development may produce
seismic disturbances and subsidence. Removal or
injection of massive quantities of water may result
in seismic activity, with effects varying from site to
site. Withdrawal of water may also cause subsidence
as reservoir pressure is decreased, unless appropriate
control measures are taken, such as brine reinjection.

Data required to predict subsidence rate and
seismic activity are currently unavailable. Potential
seismic activity at each site must be assessed and the
potential effects of withdrawal or injection of large
quantities of water analyzed and monitored. Ground
levels must be monitored and base lines established
with predictive modeling prior to development. Re-
injection technologies must be explored as important
environmental control measures.

Secondly, quantities of air pollutants released
from hydrothermal activities are not known. Hydro-
gen sulfide, emitted in large quantities is a significant
pollutant because of its toxicity and disagreeable
odor. Methods of treating large gas volumes with
low H.S concentration must be developed.

Third, where a fresh water aquifer occurs above
a geothermal reservoir the fresh water could be con-
taminated by tapping the geothermal strata. Saline.
waste waters cannot be discharged into surface
waters without treatment. Subsurface reinjection of
brine-liquid effluents may represent a significant
control measure not only for brine disposal but also
for subsidence, although it may be accompanied by
other environmental problems such as seismic dis-
turbances (see above).

When such reinjection is not feasible or desir-
able, surface treatment and disposal must be con-
sidered. Because it may also introduce trace con-
taminants, removal of toxicants must be effected and
environmental impacts of effluents on fauna and
flora must be determined. Unless adequate controls
are devised and implemented, the associated water
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pollution problems may inhibit development of geo-
thermal energy.

ERDA-86 has estimated that, w1thout Federal
involvement, only about 1,500 MW of geothermal
power would be on line by 1985. Most of this would
result from the planned expansion of vapor-domi-
nated geyser fields with limited additions of
liquid-dominated hydrothermal resources in south-
ern California and scattered small-scale, nonelectric
applications in the western U.S.

Strategic Approach

Although the necessary detailed analyses of the
various types of geothermal resources have not been
completed, it appears that the development of geo-
thermal energy may have an attractive positive
rate of return. However, as perceived by private in-
vestors, who make conservative estimates of tech-
nical and other risks, this rate of return seems mar-
ginal. Government-sponsored studies of the more
economically attractive hydrothermal resources sug-
gest that these could, where available, provide elec-
tricity at competitive prices. Equally important,
capital costs of installed hydrothermal capacity are
expected to be competitive. As in any unproven
technological area, significant uncertainties exist in
the economic analyses and sufficient analysis has not
been done to derive predictions of expected rates of
return that will be accepted by utility decision-
makers and private investors.

Nonetheless, it is ERDA’s current judgment that
the geothermal resource will prove to be a commer-
cially attractive source of energy. However, the pri-
vate sector has not utilized the geothermal resource
beyond the limited dry steam type because of existing
barriers. Both utilities and resource companies will
have to cooperate in individual projects.

To address this impasse, a limited and targeted
governmental program could help a fledgling indus-
try over the initial barriers and permit the Nation,
as-a whole, to realize geothermal’s full potential. The
strategic approach governing commercialization
efforts would encompass four principal elements.

First, the Government would assist the private
sector in identifying and verifying the extent and
lifetime of usable geothermal resources. This assist-
ance, consisting of the U.S. Geological Survey’s re-
gional and national assessment of geothermal
resources, the development and testing of improved
exploration techniques, and an accelerated leasing
program to improve the availability of Federal land,
would lessen the uncertainties and risks now con-
fronting investors.

Second, Government would assist industry in
utilizing the sizable hydrothermal resources. Greater
utilization of hydrothermal resources will enable in-
dustry to gain the momentum necessary to under-

take the development of the other forms of
geothermal resources, such as the still larger geo- -
pressured and hot dry rock types. (The “momen-
tum” approach is based on the current judgment
that breakthroughs in an already generally under-
stood technology are not probable; rather, as
additional experience is acquired, sustained and sys-
tematic performance and cost improvements in ex-
traction and utilization will accrue.) However, to tap
these resources, the necessary technology, which is
improving and is closely related to that already in
operation with vapor-dominated resources, must be
brought to fruition. Parallel to efforts to accelerate
market penetration, Government RD&D would assist
in bringing the technology for the advanced geo-
pressured and hot dry rock sources to comparable
maturity.

Third, the Federal Government can act as a
catalyst, or “broker” in forming a consortia of insti-
tutions needed to commercial geothermal resources—
i.e., electric utilities, resource development com-
panies, specialized equipment manufacturers, and
local government.

Although electric utilities are not suited to
conducting the exploration, drilling, and production
operations because of regulatory constraints, they
are necessary consortia participants because they
form the largest single market that can be immedi-
ately identified. Other possible user industries, such
as those requiring process heat or those that could
use geothermal heat for space heating and cooling,
are more diffused and less readily identifiable, but
form an important future market for geothermal
energy and should be included.

The oil and gas industry is the most promment
candidate among the resource developers because it
has basic commitment to energy supply, expertise in
the technologies of resource discovery and extrac-
tion, the equipment (or ready access to the equip-
ment) necessary for discovery and extraction, and
access to the capital required to support the effort.
Other possible resource developers, whose problems
also will be considered, include the minerals industry
and the specialized exploration industry beginning
to form around geothermal energy.

Unlike most other energy resources, geothermal
energy is nontransportable. This aspect alters this
traditional perspective of the market. The developer
no longer has a large commodity-like market for
his resource; rather, he must sell it to those spe-
cific users able to exploit the specific characteristics
of the resources and willing to locate at the
specific site of the resource. The user no longer
has a large market from which to draw his energy;
rather, he must accept the specific resource and its
finite limitations and deal with a single developer.
He also must accept the specific site, thereby losing



62

A NATIONAL PLAN FOR ENERGY RD&D

all flexibility in location; availability of services such
as transportation, transmission line location, and the
public services; and proximity to markets. (This
situation is comparable to that for hydroelectric
power.) The community, in permitting the develop-
ment of the resource, must accept the impacts not
only of the extraction of the resource, which can be
relatively easily foreseen, but also of its use, which
are not so easily foreseen and can be major. Thus,
three parties—the developer, the user, and the com-
munity—must have individual perceptions of profit-
ability before development can proceed.

The Federal Government would play this bro-
ker role in two ways. A planning and program up-
dating effort would acquire information and develop
potential geothermal utilization growth scenarios for
high-payoft regions. The regional cost/benefit and
socioeconomic analyses performed as input to this
planning would spur action in the specific cases and
help determine whether Federal assistance would be
beneficial. In addition, and growing out of the plan-
ning, Federal assistance may be provided for high-
leverage cases in one or more of four forms: (a)
direct contracts with industry; (b) cost-sharing of
RD&D or demonstration projects with industry; (c)
loan guarantees to obtain necessary capital; and
(d) accelerated leasing of public lands.

The fourth element of the Government’s stra-
tegic approach is “seeding.” Specifically, the Gov-
ernment may provide the above forms of assistance
to develop the prototype plant (i.e., the first of
many) in resource-rich fields. Given the nature of

- geothermal technology that makes numerous mod-

erate-sized plants (e.g., 50 MWe) more appropriate
than a few large plants, the experience gained from
developing a prototype may be transferred quickly
and economically to construction of the remaining
plants in the field. In this way, limited Government
assistance could help industry acquire first-hand ex-
perience and facilitate the development of the indus-
trial-banking-user infrastructure.

Action Program

The action program necessary to effect this
strategic approach will consist of five steps:

» DOI will evaluate Federal lands for geothermal
leasing, issue leases, and administer and supervise
leases. The role of the Bureau of Land Manage-
ment is to encourage the utilization of geothermal
reservoirs by designing and implementing an eco-
nomically attractive leasing program.

¢ ERDA will carry out programs to establish the
technical, economic, and environmental acceptabil-
ity of geothermal technologies.

¢ Regional analysis will be undertaken to determine
the match between geothermal resources and
needs within the region.

e The geothermal loan guaranty program is being
developed to facilitate the availability of risk
capital to the geothermal industry; alternative
economic incentives will be analyzed and recom-
mended when in the national interest.

¢ Studies to determine the environmental and socio-
economic implications of the application of geo-
thermal technologies will be carried out, and
appropriate control technologies, standards, regu-
latory policies and planning methodologies will
be developed.

Solar Heating ahd Cooling in Buildings

Solar energy is a very large, nondepletable,
domestically available resources for the United
States and is now virtually untapped. Among the
numerous possible technologies for applying solar en-
ergy for U.S. energy requirements, direct heating and
cooling of buildings offers the best opportunity for
early large-scale application and commercialization. A
substantial market potential is present because about
one-fourth of the total national need is for building
operational requirements and 80 percent of that
usage is for space temperature control and heating
water. Since most of these requirements are now
dependent on the use of depletable fossil fuels, either
directly or through generation of electricity, wide-
spread use of solar energy to heat and cool buildings
can substantially reduce such dependence. Specific-
ally, the installation of solar heating and cooling
systems in about 1 percent of the present buildings
in the United States would save the equivalent of
about 80,000 barrels of oil per day. If 10 percent
of the then-existing buildings were solar equipped
by the year 2000, oil-equivalent savings of about
1 million barrels of oil per day—or about 2 quads—
may be realized.

The basic technology for using solar energy at
low temperatures is reasonably well understood.
Significant numbers of different types of systems for
space heating and water heating are being rapidly
developed, tested, and installed. For example, more
than 300 solar-heated buildings are completed or
under construction in the U.S. The total production
of solar collectors in 1975 was in excess of 700,000
square feet. The cost of the installed systems in
1975 is estimated at about $10 million.

Results of economic analysis indicate that, for
fuel costs in the $10-per-million-Btu range (equiva-
lent to about 3 cents per KWh—which is near the
average electricity cost in the U.S.), solar heating
system costs must be below about $15 per square
foot of installed collector.

Although little long-term performance data
exist and only general interim standards have been
implemented, recent studies indicate that some sys-
tems are beginning to be marketed at costs well under
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$15 per square foot of installed collector area (based
upon prices being quoted by at least one manufac-
turer). However, other recently completed buildings
show system costs ranging from $10 to $20 or more
per square foot of installed collector and costs of
some experimental, high performance heating and
cooling systems appear to be on the order of $20 to
$50 per square foot of installed collector area. Sig-
nificant questions, of course, remain concerning the
reliability, operating effectiveness and maintenance
of these systems over their projected lifetimes.

Present systems, then, are commercially com-
petitive in only a limited range of applications and
geographic regions. If the use of such systems is to
grow, it will be necessary for the private sector and,
in some instances, the Federal government, to con-
tinue new-technology research, but also to refine the
present technology and to demonstrate its practi-
cality.

While solar heating and cooling is considered
an environmentally beneficial technology, a sys-
tematic assessment has not yet been completed of
direct and indirect environmental issues of the solar
product life cycle. The production of economic
components for solar heating and cooling systems
may be preceded by the development of new ma-
terials and equipment. Emissions and materials use
related to fossil fuel consumption must be balanced
against increased (and new) environmental impacts
and materials requirements from the solar industry.

implementation Barriers

The principal barrier to successful commerciali-
zation of solar systems is their lack of economic
competitivencss with available conventional systems
and fuels. Except in special cases, present solar heat-
ing and cooling systems must be used in conjunction
with normal-sized conventional systems to ensure
that continuous hot water and space conditioning
are provided during extended periods of reduced
sunshine. Thus, over the near term, solar systems
will generally require substantially larger invest-
ments than conventional systems. The extent of
such additional investment and the speed and method
of payback (by operational fuel savings and in poten-
tial property value enhancement) are crucial to suc-
cessful market development. Competitive use of solar
systems is contingent upon many factors, including the
unit cost for purchase and installation of available
solar equipment, the climate and average available
sun flux, the initial and operational cost of conven-
tional heating and cooling systems, the cost of the
additional conventional energy, and the availability
of capital funds.

If solar heating and cooling technology should
become economically advantageous (through either
cost-effective improvements in solar technology or

cost increases in alternative energies), it will be con-
strained by other barriers including two that are in-
herent in any technology innovation in the construc-
tion industry. First, home or building buyers show a
marked preference for lower initial costs. Therefore,
because solar heating and cooling systems typically
require higher initial expenditures, the average home-
owner must be convinced the system provides suffi-
ciently rapid operational returns or enhancement of
property values to justify the additional investment.
Second, there generally is a strong reluctance by
speculative builders, developers, lending institutions,
and other major components of the construction in-
dustry to accept the risk of introducing a new tech-
nology to an already high risk industry. The problem
is intensified by the current absence of consensus
standards on construction and performance, modifi-
cations in current censtruction practices, and lack of
information on systems reliability and maintenance
requirements.

Other institutional, social and legal barriers
that must be overcome include the definition of
appropriate land use regulations, air and sun rights,
and building codes, as well as acceptance of the
unfamiliar solar technology by mortgage lenders
and insurance groups.

Strategic Approach

The overall goal of the Federal program for
solar heating and cooling is to stimulate the advance-
ment of an industry to produce, distribute and serv-
ice solar hardware for hot water heating and space
heating and cooling for residential and commercial
buildings. The Government will conduct its pro-
grams to encourage the participation of industry
organizations, consumer groups, and state and local
government. The program is structured to demon-
strate the practical use of solar heating technology
by the end of 1977, and to demonstrate the practi-
cal use of combined heating and cooling technology
by the end of 1979. This will be accomplished by a
series of cyclical demonstration projects applicable
to new and existing buildings, and by research and
development to advance solar technology. The first
two cycles of demonstration projects will concen-
trate on space heating and hot water supply for
both residential and nonresidential buildings, and
subsequent cycles will emphasize combined space
heating and cooling and hot water supply. The
RD&D program is designed to yield components
having lower cost, greater durability and improved
performance, as well as a significant advance in the
ability to predict the performance of solar systems.
Improved systems should be able to reduce, and
perhaps eliminate the need for conventional backup
systems. If program objectives are met, the market
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could be increased to 10 percent of the new build-
ing starts in 1985.

Action Program

~ The major elements of the Federal program in-
clude:
Residential Demonstrations
Commercial Demonstrations
Development in Support of the Demonstrations
Research and Advanced Systems Development
Collection and Dissemination of Information
Additional Policy Measures Required to Achieve
Rapid and Widespread Utilization.

Chief among the program elements is- the
demonstration of working systems to be carried out
in close conjunction with private. industry. Solar
heating and cooling systems are planned to be in-
stalled and operated in several cycles through 1979
in a number of commercial buildings and residential
famlly units to test specnﬁc systems in specific build-
ing types and under various chmatlc conditions in
the U.S. Both new construction and retrofit systems
are planned to be demonstrated, including many
types of passive systems.

A heavy emphasis will be placed upon the in-
volvement of small business in the demonstration of
solar heating and cooling and in research and devel-
opment to produce improved systems. Involvement of
small business is well above 50 percént in most areas
of the Federal program. The unique capabilities of
small business organizations are recognized in their
high innovation rate, lower organizational inertia,
and flexibility in meeting local and regional needs.

This multicycle demonstration program, in
which HUD will manage the residential applications
while ERDA manages the demonstrations on com-
mercial buildings and provide the necessary experi-
ence with viable applications. This, in turn, will pro-
vide information necessary to improve solar heating
and cooling systems for use under a variety of con-
ditions. The later phases will demonstrate cooling as
well as heating systems. Efforts are intended to
produce a substantial reduction in the installed heat-

ing cost. The demonstration program will also pro-

vide information on system reability and mainten-
ance, and help to establish needed construction and
operating standards. An additional requirement for
early commercialization is the need for consensus
standards. ERDA is working with professional and
trade organizations, such as ASHRAE* and ANSI**
to develop such standards. The demonstrations will
also provide substantive experience for identifying
and resolving legal and regulatory problems, and

* ASHRAE—American Society of Heating, Refrigeration
and Air Conditioning Engineers.
** ANSI—American National Standards Institute.

will exhibit the nature of applied solar technology
to potential users and lenders. Also; they will provide
an opportunity to identify and' resolve operational
and jurisdictional problems within the construction
industry.

A comprehensive socnoenvxronmental assess-
ment for the national solar energy program, mcludmg
heatmg and cooling, is under preparation and is due
in September 1976. This study will help verify bene-
fits and identify any possible deleterious impacts of
solar space heating.

In parallel with the commercial and residential
demonstration programs, a Federal Buildings Pro-
gram is being developed by FEA and ERDA. The
basic aim is to encourage all Federal agencies to use
solar heating {and potentially solar cooling) in their
buildings if a life-cycle cost -analysis indicates eco-
nomic viability. ERDA is working with FEA to im-
plement the project, wherein ERDA can provide
additional experience by solar heating and cooling
demonstrations on Federal buildings and increase the
early market for solar equipment. This, in turn,

‘should accelerate industrial interest in producmg
solar equipment and stimulate solar applications in
the commercial and consumer sectors of the
economy.

Breeder Reactor

The capability of the Nation to draw on nuclear
energy to meet the electric and other energy require-
ments of this country beyond this century will de-
pend on having available a proven, environmentally
safe commercial breeder system by the 1990’s that
can effectively use total uranium resources—i.e.
U-238 as well as U-235. ) .

The Liquid Metal Fast Breeder Reactor
(LMFBR) concept, a technology that has been
demonstrated to be technically feasible, is the chief
candidate for meeting this need. Eight breeder reac-
tors are in operation around the world. However,
the LMFBR is not now a commercially viable option
that utilities can purchase to satisfy their electrical
energy generation requirements. Specifically, several
technological areas must be investigated and the total
system concept must be demonstrated to be eco-
nomically competitive and socially acceptable to the
Nation.

Market Barriers

.The specific technical, economic, and psycholog-
ical barriers to currently marketing a breeder reactor
are: ‘

* An insufficient engineering base, which prohibits
the nuclear manufacturing industry from designing
and constructing safe, reliable LMFBR power
plants and fuel cycle facilities in commercial sizes
at competitive costs. '
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The lack of advanced fuel and core materials and
the technical basis for producing reliable and eco-
nomic fuel systems, which prohibits LMFBR
power plants from generating new fissionable ma-
terial at a rate commensurate with the national
growth in electric power demand.

Lack of utility operating experience to demon-
strate that LMFBR systems will perform safely,
economically, and reliably in a power generation
network.

Lack of public acceptance in LMFBR power
plants and fuel cycle facilities for safety, economic,
and environmental reasons.

Unknown capital costs which make the breeder
system economically noncompetitive with other
commercial power generation systems.

The development of a responsive overall pro-

gram was addressed in the Final Environmental State-
ment—Liquid Metal Fast Breeder Reactor Program.*
In his review of this document, the Administrator
of ERDA stated:

“The FES shows that the major areas of uncer-
tainty lie in plant operation, fuel cycle perform-
ance, reactor safety, safeguards, health effects,
waste management, and uranium resource avail-
bility. I find that the availability of sufficient infor-
mation to resolve these areas of uncertainty is
crucial before ERDA can render a meaningful de-
cision on the commercialization of that technology,
i.e.,, the environmental acceptability, technical
feasibility and economic competitiveness of
LMFBR technology for widespread commercial de-
ployment. ERDA has programs in place in each of
these areas. The LMFBR Program has focused on
plant operation through the development of experi-
ence in LMFBR demonstration plants, on fuel
cycle performance through its base programs of
fuel cycle development, and on reactor safety
which is an integral part of both the plant demon-
stration program and the base program. The other
areas of uncertainty—safeguards, health effects,
waste management and uranium resource avail-
ability—are not unique to the LMFBR, and are
being addressed generically by other programs.”

To achieve this, eight specific areas of investiga-

tion are now under way:

1. Components. Developing engineering compo-
nent options with demonstrated capability for
meeting the safety, reliability and performance
requirements of large LMFBRs operating on
utility systems, with demonstrated capability of
being reproducible, economical, and manufac-
tured within cost and schedule.

2. Materials, Developing structural materials and
design methods permitting economic design and

* ERDA-1535 of December 1975.

operation of components at acceptable levels
of plant availability and at up to 40-year life-
time for inaccessible components.

3. Physics. Developing design data and confirm
computational methods with an accuracy suffi-
cient to enable specification of core loadings,
shielding requirements and control requirement
for large LMFBRs factors of conservatism con-
sistent with low design cost, low plant costs,
improved plant performance and competitive
power costs.

4. Chemistry. Developing instrumentation and
methods for monitoring and controlling corro-
sion processes and system impurities to levels
that preclude degradation of component and
system performance over the plant life, and
develop processes for removing sodium and
radioactive contamination from components
being repaired without affecting service life.

5. Safety. Developing and confirming analytical
methods that will permit design flexibility rela-
tive to current practice, allow greater design
confidence, improve efficiency and reduce costs
and schedules, and to demonstrate the inherent
safety of LMFBRs prior to a large-scale utility
commitment to LMFBRs in the 1990’s.

6. Plant Experience-FFTF, CRBRP and PLBR.
Designing, constructing, licensing, operating,
and maintaining LMFBR power plants on an
clectric utility power generation network,
thereby demonstrating the economic, safety and
environmental advantages of the LMFBR con-
cept and establishing the industry capability to
offer a salable plant in a competitive market.

7. Fuels. Developing fuels system options with
performance characteristics that will ensure the
commercial viability of early LMFBR power
plants and that will enable achievement of
doubling times of 10 to 15 years as determined
by energy growth after 1990.

8. Fuel Recycle. Developing and demonstrating
fuel reprocessing systems that accommodate all
fuel system options and allow for the rapid fuel
recovery and turnaround times necessary to
ensure doubling times of 10 to 15 years.

However, to ensure the plants are accident-proof

and environmentally acceptable, expensive design
add-ons may be necessary. Therefore, several impor-
tant issues are under investigation which, when satis-
factorily resolved, will permit freedom to produce
more economical plant designs.

In his findings on the Final Environmental State-

ment, the Administrator stated further:

“On the basis of the material set forth in the FES,
I find that if the reference plan and its supporting
programmatic efforts are vigorously pursued, suf-
ficient information would be available as early as
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1986 to resolve the major uncertainties affecting
widespread LMFBR technology deployment and
therefore to permit an ERDA decision on com-
mercialization of that technology.”

Action Program

As positive results are obtained from these in-
vestigations, a series of reactor plants will be de-
signed, built, and operated to confirm the results and
provide experience on a total reactor plant system.
The Experimental Breeder Reactor-II has been op-
erating since 1963 and the Fast Flux Test Facility is
under construction, with operation due to begin in
1979.

In design is the Clinch River Breeder Reactor
Plant, (with a start-up date of 1983), a cooperative
venture with industry and the utilities. Target plant
designs that will serve as a basis for further coopera-
tive projects are being developed. This will lead to a
Prototype Large Breeder Reactor that will provide
experience with a commercial-size LMFBR.

These programs and supporting efforts are
aimed at permitting a decision by 1986 as to whether
commercial deployment of the technology is accept-
able.

Fusion

Drawing on plentiful deuterium and tritium
found in the oceans as fuels resources, fusion tech-
nology, if practically developed, could provide essen-
tially limitless amounts of energy. Accordingly, the
technology ‘was designated as one of the three high-
priority longer term energy supply technologies.

With this technology, energy is produced when
nuclei of light atoms are joined or fiised into larger
nuclei, with an attendant release of energy. For such
to occur, light elemental nuclei in the form of a
plasma must be confined at high densities and tem-
peratures for adequate periods of time.

The development and demonstration -of this is
being pursued along two different lines. The first is
an investigation of several magnetic confinement sys-
tems; the second is research into inertial confinement
by means of energy lasers or electron beams.

- Magneiic Confinement Fusion

The primary emphasis in the magnetic confine-
ment program at this time is the development of a
sufficient understanding of plasma behavior and mag-
netic confinement systems to attain -simultaneously
the required plasma densities, temperatures, and con-
finement times. Engineering activities parallel to and
coordinated with the scientific studies of plasma pro-
duction, containment, and heating provide the tech-
nological base for near-term experimentation and,
uitimately, for development of fusion power reactors.

The Magnetic Confinement Program is orga-

- nized into four subprograms that emphasize the dif-

ferent aspects of the program’s major goals.. The
Confinement Systems Subprogram conducts the major
experiments to achieve the necessary conditions for
practical fusion power. The Development and Tech-
nology Subprogram provides the engineering support
and technology base for the major magnetic confine-
ment experiments, and conducts fusion test facility
and engineering experiments and studies related to
reactor design. All theoretical and computational ac-

" tivities in support of the Magnetic Confinement Pro-

gram as well as small-scale experimental studies are
carried out in the Applied Plasma Physics Subpro-
gram. The Reactor Projects Subprogram is respon-
sible for the construction phase of the Tokomac
Fusion Test Reactor and other large prolects

The most promlsmg magnetlc confinement con-
cept at this time is the Tokamak. The Tokamak
Fusion Test Reactor, on which construction began in
FY 1976, is expected to be the first experiment to
produce sizable quantities of fusion energy. In addi-
tion, backup approaches to the Tokamak are being
pursued. The principal alternatives are the theta pinch
and magnetic mirror concepts, which mvolve alterna-
tive magnetic configurations. ’

~ The magnetic confinement approach has recently
achieved ignition-level temperatures and a ten fold
increase in plasma confinement conditions in a mag-
netic mirror device. A similar advance has been
achieved in a Tokamak device with confinement con-
ditions five times better than any previously reported
and only a factor of ten below the value needed for
fusion break even., During FY 1977, the program
will use the knowledge gained by these accomplish-
ments to accelerate attainment of net fusion power
and improve the performance requirements of the
next generation of machines.

The major, planned milestones of this program
are: (1) the production and understanding of igni-
tion-level hydrogen plasmas in 1978-1980; (2) the
productlon of substantial quantities of thermal energy
in the Tokamak Fusion Test Reactor by 1982; (3)
the production of substantial quantities of electrical
energy in Experimental Power Reactors in the late
1980’s; and (4) the operation of a commercial-scale
Demonstration Power Reactor by the late 1990's.

Inertial Confinement Fusion

The Inertial Confinement Program secks to de-
termine the scientific feasibility of laser- and electron-
beam-initiated thermonuclear burn, using principles of
inertial confinement and applying it:to such areas as
nuclear weapons effects simulation,.nuclear weapons
physics modeling, military power systems, and com-

~ mercial power production.
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Program strategy involves the maintenance of a
research, development, and application core research
program within the ERDA laboratories. At the same
time, full use will be made of unique university and
industrial capabilities in support of the core program.
Broadly based efforts in universities and industry
will complement and extend the national laser fusion
program base.

Studies of laser-matter interaction phenomena
and advances in laser technology permitted the
achievement of the first major program milestone of
pellet compression in FY 1974. As more powerful
laser systems become available, the next major mile-
stone of significant fusion yield is expected to be
achieved in FY 1978-1979, followed by scientific
break even in FY 1981-1982 and net energy gain by
the mid-1980’s. Based on the success in achieving
these milestones, an operational test system could be
operational by the late 1980’s and a demonstration
commercial power plant, by the mid-1990’s.

Solar Electric

As indicated earlier, solar energy is a very large,
nondepletable, domestically available resource. If a
small percent of the incident energy could be eco-
nomically harnessed, a significant fraction of pro-
jected U.S. energy needs could begin to be met by
the year 2000.

To tap this energy, four technologies appear
most promising:

—Solar thermal electric generation involves the
concentration of solar energy to create the high
temperatures needed to heat water or other fluids
to power turbines which, in turn, drive electrical
generators. Total energy systems, based on solar
thermal electric system concepts, can also sup-

_ ply industrial process heat or space heating and
cooling needs.

—Selar photovoeltaic conversion involves the direct
conversion of sunlight to electricity through use
of arrays of photovoltaic cells.

—Wind energy conversion systems commonly con-
vert wind to mechanical energy, which may be
used directly to drive energy storage devices
(e.g., pumped hydrostorage, flywheels, or com-
pressed gases) or electric generators.

—Ocean thermal energy conversion uses the tem-
perature differential occurring between the solar-
heated ocean surface and the deeper, colder
water as a heat source to drive a working fluid
in a thermodynamic cycle that powers turbines
to produce electricity. Other renewable ocean
resource options such as tides, waves, salinity
gradients, and currents are also being explored.

Market Barriers

Although solar energy can be tapped with these
technologies, by and large, it cannot now be tapped
economically. For example, for photovoltaic elec-
tricity to be competitive with alternative sources
(e.g., coal), the cost per watt of solar collector arrays
must be reduced by a factor of 50 to 100. Similarly,
wind energy can now only be used for some limited
applications (e.g., in remote areas or in a fuel saver
mode), but the regional and intermittent nature of the
source and the absence of economic methods of en-
ergy storage make it uneconomical for meeting gen-
eral energy needs.

Strategic Approach

Given these market barriers, the general thrust
of the RD&D program is to develop the technology,
and systems and gain the experience that will result
in substantial reductions in the cost of using solar
energy. However, since the specific problems with
each of the four technologies are distinct, their re-
spective RD&D program strategies are different.

In wind energy conversion, the program strategy
is to stimulate industrial efforts to design more effi-
cient rotor systems and to lower capital costs through
prefabrication and more efficient production tech-
niques, and through demonstrations of reliable, eco-
nomically viable wind energy systems.

The program strategy for solar photovoltaic con-
version is to lower the cost per watt of collector
arrays by a factor of 50 to 100 from present levels
by: (1) producing low-cost photovoltaic materials
through large-area crystal growth, high-volume sheet
production, modified array encapsulation, and im-
proved cell and array designs; and (2) encouraging
industry to achieve volume production so that they
may gain manufacturing experience and develop eco-
nomies of scale.

In solar thermal electric, the program strategy
is to focus on small-scale models, large-scale experi-
ments, and pilot plants to improve performance-to-
cost ratios, reduce technical and economic risks, and
verify operating characteristics. The critical areas of
cost will be identified as a basis for subsequent pro-
grams that will concentrate on those alternatives with
the greatest promise of lower costs.

Ocean thermal gradient conversion, while theo-
retically economical, has not yet been demonstrated
as a practical energy source. Using current technol-
ogies to scale to large sizes requires major compon-
ent development. For example, the improved, heat
exchanger technology needed to use the small tem-
perature differentials and to overcome the poten-
tial problems associated with biofouling has not yet
been developed and is critical to the overall potential



68

A NATiONAL PLAN FOrR ENERGY RD&D

of the technology. Once such technologies have been
demonstrated, . it will be possible to develop large-
scale components, subsystems, and full-scale ocean
thermal systems.

Action Program

An action program has been designed for each
technology area to carry out the approaches de-
scribed above.

¢ Solar thermal conversion. Completion of a 5-mega-
watt solar thermal test facility in FY 1978 will
permit testing and evaluation of the major sub-
system concepts under development for central
receiver approach to solar thermal electrical con-
version. In addition, the conceptual design of a
10-megawatt electric solar thermal pilot plant is
scheduled for completion in FY 1977, with con-
struction of the pilot plant scheduled for initiation
in FY 1978. Finally, initial operation of the total
energy test bed is scheduled for completion in FY
1977.

* Solar photovoltaic conversion. Attractive applica-
tions that will advance the widespread use of solar
photovoltaic conversion systems will be identi-
fied by the end of FY 1977. In addition, a
major series of experiments on multikilowatt pho-
tovoltaic energy conversion systems will be ini-
tiated in FY 1976; these experiments will provide
valuable operational experience and will stimulate
the development of the industrial base. Thirdly,
RD&D on materials and fabrication techniques
will be carried out with a goal of achieving a price
of less than $2,000 per peak kilowatt for concen-

trated photovoltaic systems by FY 1979 and for
planar solar cell arrays by 1982.

* Wind energy conversion. It is anticipated that, in
cooperation with utilities, the design, fabrication,
and installation (at two climatically different sites)
of two multi-hundred kilowatt wind energy systems
will be completed in FY 1977, with the coopera-
tion of utilities. In addition, completion of the de-
sign and fabrication of a megawatt-scale wind en-
ergy system is scheduled for FY 1977. This system
will be of a cost-optimum design for high-wind-
velocity sites. During FY 1977 the initiation of
field testing of several innovative and advanced
wind energy conversion concepts, and of a number
of wind energy conversion systems suitable for
small-scale applications will be undertaken.

e Ocean thermal energy conversion. During FY
1977, studies of programmatic planning alterna-
tives and cost-benefit-risk tradeoffs will be com-
pleted and R&D on heat exchanger technology and
biofouling will be conducted. Criteria will be de-
veloped for a possible future test facility. In
parallel with the test program, critical components
and subsystems will be developed and prescreened
so that the most promising candidates can be de-
veloped for future large-scale testing.

* * * * *

To launch these multiple technology initiatives,
discussed in this chapter, a number of important
interrelationships have to be enhanced and/or devel-
oped. These efforts are laid out in the following
chapter.



Chapter IV—Implementing the Plan:
Interrelationships Among Energy
RD&D Participants

Introduction of new energy technology and the
development of new energy resources will directly
affect the lives of all Americans and will thus require
the concerted action of all private and public institu-
tions. Cooperative efforts are required among the
Congress, Federal Government agencies, state and
local governments, regional organizations (e.g., re-
gional governors’ conferences), the private sector
(e.g., industry, universities, and other nonprofit in-
stitutions), and the public. In addition, because of
common energy interests and problems, because of
the need to cooperate on the resolution of those prob-
lems, and because of the impact that new energy
technology will have throughout the world, many
nations will need to interact with the U.S. as the Plan
is executed.

The role of the private sector is paramount. In-
deed, one of the basic principles upon which the Plan
is formulated is that the private sector and market
forces represent the most efficient means of achieving
the Nation’s energy goals.

The Federal Government will provide leadership
and assistance in several ways to help create the
overall climate and develop the specific incentives
needed to achieve national energy goals. First, it will
encourage maximum private sector interaction and
involvement in energy RD&D. Second, it will initiate
energy RD&D efforts where the private sector is
unable to achieve national energy goals; it will not
manage or fund programs that the private sector
can pursue profitably on its own. Moreover, the
higher risk programs managed by the Federal Gov-
ernment will be brought to the point of commer-
cial feasibility as rapidly as possible, but will not
proceed unless the private sector becomes increas-
ingly involved as the programs approach commer-
cial feasibility. Third, the Federal Government will
work to establish a consistent developmental and
regulatory framework that balances the early develop-
ment of alternative technologies with other legitimate
public needs such as human health, safety, environ-

mental protection, and economic regulation. Fourth,
the Federal Government will seek to involve state
and local governments, regional energy organizations,
and the public at large in the planning efforts neces-
sary to validate and implement the Plan.

State and local governments and regional orga-
nizations are involved in the energy problem because
its solution is regional as well as national. Specifically,
various localities and regions are affected differently
by energy shortages, by large energy projects, and
by environmental discharges or conditions. While in-
dividual states and regional groups of states are
affected differently, in terms of cost and benefits, by
some new energy programs, none can take precipi-
tous action without affecting other regions. Moreover,
to the extent that state and local governments perform
energy planning, they have the primary responsi-
bilities in the related areas of environmental control
and human health; resource extraction; plant siting;
promulgation of construction and building codes to
accommodate innovative technologies; and industrial
regulation.

Thus, one of the roles of state and local govern-
ments and regional organizations is to reflect these
regional and local perspectives in the development of
coordinated energy RD&D policy and planning.

The involvement and understanding of the pub-
lic are necessary to achieve the objectives of the Plan.
Since the public is the ultimate consumer of energy,
its concerns for the environment, human health, and
safety must be considered as carefully as technical
and economic concerns. In addition, the public has
a major role since it must reach literally millions of
individual decisions to implement a truly effective
conservation program as well as other elements of
national energy RD&D policy.

Finally, international agreements are necessary
to coordinate the energy efforts of countries conduct-
ing major efforts in RD&D. Benefits can be derived
from coordinated international energy RD&D plan-
ning and the sharing of capabilities. This RD&D ap-
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proach will complement broader efforts of interna-
tional cooperation in energy policy and planning.

In view of the specific, important roles that gov-
ernment, the private sector, and the public at large
must play in achieving the goals of the National Plan
for Energy RD&D as well as the benefits provided by
international efforts, it is clear that an important as-
pect of implementing the Plan must be the develop-
ment of appropriate mechanisms to ensure the par-
ticipation of and interaction among these entities. To
this end, actions are being taken to:

¢ Develop international agreements
¢ - Improve Federal agency interaction
* Strengthen the private interface

¢ Expand interaction with state and local govern-
ments

» Establish a regional interface.

Developing International Agreementé

The United States is not alone in dealing with
the continuing problem of a secure and economical
energy supply. Many countries in the world have the
same problem but, in most instances, are not blessed
with natural resources as abundant and diverse as
those of the United States. Thus, they, too, have
recognized the need for and value of effective con-
servation programs and the necessity of developing
new technologies.

Because of the obvious economic benefits that
would accrue, it is clearly in the best interests of all
the nations who share the problem to cooperate in
finding its solution. The U.S. policy is to promote
such cooperation and interaction wherever appro-
priate.

‘To this end, ERDA, the Department of State,
and other Federal agencies are fostering international
research, development, and demonstration initiatives
in many.energy areas. Several courses of action are
being pursued, including: (1) entering into bilateral
RD&D and nuclear supply agreements; (2) partici-
pating in the International Energy Agency (IEA); (3)
providing assistance to developing countries; and (4)
participating in the Safeguards Program.

Entering into Bilateral Agreements

More than 30 bilateral agreements are in effect
that permit technical data exchanges as well as the
supplying of nuclear reactors and uranium enrich-
ment services. '

Specific energy RD&D agreements exist between
the U.S. and the U.S.S.R., and between the U.S. and
Japan. Specifically, the U.S. currently exchanges in-
formation on breeder reactors with Japan, and in the
fields of fusion and breeder reactors with the U.S.S.R.

A number of agreements in the nonnuclear area are
pending with Japan. The U.S. has entered into sep-
arate agreements with Iceland and Italy in the geo-
thermal field, and has agreements with Poland on
coal research. Energy RD&D cooperation also forms
an important part of numerous other general Science
and Technology Agreements with other countries.
Finally, the U.S. has recently executed memoranda
of understanding (MOUs) with eight countries calling
for information exchange on solar heating and cool-
ing of buildings.

Participating in the International Energy Agency

As a result of membership in the International
Energy Agency (IEA), the U.S. is participating in a
number of energy RD&D programs. For example,
active efforts have been under way during the past
year to identify areas of interest for cooperation, to
prepare a framework of principles governing joint
support of energy RD&D projects, and to draw up
cooperative implementation agreements. In the com-
ing year, work will proceed on producing an overall
IEA strategy by the end of 1976.

In addition to these policy and administrative
activities, the IEA has launched a number of specific,
important energy technology RD&D projects. Orig-
inally, nine areas were identified for multilateral co-
operation: coal technology, nuclear reactor safety,
radioactive waste management, controlled thermonu-
clear fusion, conservation R&D, solar energy, hydro-
gen, municipal and industrial waste, and waste heat
utilization. At special meetings on research and de-
velopment on November 20-21, 1975, the IEA Gov-
erning Board recommended seven new areas: high
temperature reactors for process heat, geothermal
energy, solar power systems, wave power, wind
energy, ocean thermal energy, and biomass conver-
sion. The IEA also approved an energy systems
analysis effort, which will be a major activity in 1976,
to identify and evaluate energy technology options,
their potential energy contributions to the various
member countries, and their commercial implementa-
tion time frame; and to advise the member nations
individually and collectively on RD&D priorities.
This systems analysis work will be undertaken by
national experts and by two international groups, one
located at the Brookhaven National Laboratory in
the U.S. and the other at the Julich Laboratory in
Germany. In the course of these studies, data on
energy and interfuel substitution possibilities will be
collected and made available to all member nations.

Similarly, cooperative ventures among smaller
groups of participating countries can be arranged un-
der the auspices of the IEA. For example, in Novem-
ber 1975, the U.S. signed the five agreements as part
of an overall IEA coal technology cooperative effort.
One of these was an agreement among the United
States, the Federal Republic of West Germany, and
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the United Kingdom to research more efficient and
cleaner ways to burn coal. A fluidized bed combus-
tion test facility, designed to burn coal more effi-
ciently, will be built in Britain at a shared cost of
$15-20 million.

Assisting Developing Countries

The U.S. participates in a number of interna-
tional, energy-related activities that involve develop-
ing countries. For example, there are U.S. Joint Co-
operative Commissions with Israel, Iran, and Egypt
that allow for assistance in nonnuclear programs.

On September 1, 1975, during the special meet-
ing of the U.N. General Assembly, the U.S. proposed
an International Energy Institute (IEI) to assist de-
veloping countries in applying available energy tech-
nology to their energy needs. This concept was wel-
comed by other members of the U.N. and is now in
the process of being developed in more detail. In the
nuclear area, the International Atomic Energy
Agency (IAEA) provides an excellent forum for co-
operation and mutual reward among developed and
developing nations. Two notable programs in this
format are the IAEA’s technical assistance program
and its Safeguards Program.

Participating in the Safeguards Program

The International Atomic Energy Agency
(IAEA) is responsible for the implementation of
safeguards portions of the Nonproliferation Treaty
relating to the peaceful uses of nuclear materials. In
the Safeguards Program, the United States and other
countries supplying nuclear material, equipment, and
technologies require assurances that: (a) exported nu-
clear material is not diverted by the receiving country
for explosive use; (b) receiving facilities have adequate
safeguards and physical protection against domestic
nuclear threats; and (c) any nuclear assistance will
not be used by the receiving country to further any
military purpose.

ERDA, the Arms Control and Disarmament
Agency (ACDA), and the Nuclear Regulatory Com-
mission (NRC) assist the IAEA in developing effec-
tive safeguards procedures and improving measure-
ment techniques. ERDA is responsible for reviewing
facilities that receive U.S. nuclear materials to ensure
adequate physical protection before NRC grants the
export license. These ongoing reviews have proved
effective in encouraging adoption of these measures
by other countries.

Improving Federal Agency Interaction

Effective Federal agency interaction in energy
RD&D is essential to: (a) integrate the goals and ob-
jectives of RD&D into the broader context of na-
tional energy policy; (b) eliminate redundancies or

gaps in energy RD&D planning and implementation;
(c) accelerate the RD&D process and the market
penetration of new energy technologies and systems
by minimizing procedural delays and integrating tasks
performed by different agencies; (d) optimize Federal
resources (money and manpower) and thereby im-
prove RD&D productivity in the Federal sector; and
(e) fulfill legislative and administrative requirements
expressed in Congressional mandates and joint
agency agreements. Of these objectives, the two that
must be vigorously pursued first are the: (1) integra-
tion of energy RD&D programs into the broader con-
text of national energy policy, and (2) elimination of
unintended redundancies or gaps in energy RD&D
planning and implementation.

Integrating Energy RD&D Programs into
National Energy Policy

Energy RD&D goals and objectives must be
integrated into the broader context of a national
energy policy. This necessitates interaction and co-
ordinated program planning not only among the Fed-
eral agencies that are charged with RD&D, but also
among all Federal, state, or local agencies as well as
legislative bodies that will implement national energy
policy. The Energy Resources Council (ERC) is the
primary instrument for this coordination. The ERC
ensures communication and coordination among the
several agencies involved in developing and imple-
menting energy policy or in managing energy re-
sources.

Among all the Federal agency interactions af-
fecting energy RD&D, perhaps the most important is
that between ERDA and the Federal Energy Admin-
istration. It is here that a strong tie is established at
the working level between national energy policy and
national energy RD&D policy. ERDA'’s focus is the
technological character of the energy system, while
FEA’s focus is the economic (price regulatory) and
operational aspects of the energy system. The activ-
ites of the two agencies do, of course, overlap and
complement each other.

In addressing technological problems, ERDA
must recognize the possible institutional and social
barriers to implementation of both existing and new
technologies and, hence, must interact strongly with
FEA as the companion agency that can mount at-
tacks on such problems. In modifying the present
energy system, FEA should recognize the existence
of technological issues and, hence, must interact
strongly with ERDA, the agency that can mount
attacks on such problems.

The nature and importance of these interactions
have been more and more strongly recognized by
FEA and ERDA over the past year. As a result, the
two agencies have agreed to increase their emphasis
on joint program planning activities. Mutual involve-
ment in the early phases of program planning will
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help ensure development of fully coherent national
programs. Responsibility for implementing the pro-
grams will follow both the legislative direction pro-
vided the agencies and the capabilities in place in
each agency to direct and integrate such activities
" with its related activities. ERDA and FEA are pres-
ently developing a memorandum of understanding
(MOU) that will embody these principles and pro-
vide an overall framework for more detailed coordi-
nation on specific programs.

Of similar importance is a strong and interactive
relationship between ERDA and the Environmental
Protection Agency (EPA). This relatxonshlp is needed
to assist ERDA in effectively integrating its approach
to environmental consideration into technology de-
sign and to ensure a coordinated Federal approach to
key environmental issues.

Eliminating Redundancies in Energy RD&D
Planning and Implementation

Because of its scope, complexity, and number
of participants, the Nation’s energy RD&D program
has the potential for significant redundancies and
gaps if interaction and coordinated program plan-
ning and management are neglected. To avoid energy
RD&D program redundancies and gaps and to ensure
the coordinated implementation of the National Plan
for Energy RD&D, three kinds of actions are being
taken:

e Obtaining input to Volume II of this Plan from
other agencies involved in energy RD&D. In as-
sembling Volume II of the Plan (which describes
in detail implementation plans for the total Fed-
eral energy RD&D effort) each year, ERDA inter-
acts with the various primary agencies involved in
energy RD&D. Specifically, other agencies review
relevant sections of Volume II; examine the inte-
grated program for omissions and overlaps; and
provide feedback to ERDA on the results of their
reviews.

* Entering into formal agreements with other Fed-
eral agencies. Some of the formal agreements that
have been reached in the past year or will be im-
plemented in the near future are of particular
importance:

—A memorandum of understanding (MOU) be-
tween ERDA and the National Aeronautics and
Space Administration (NASA) to perform basic
and applied research at selected NASA centers
in specified disciplines and technologies (e.g.,
photovoltaic systems, gas turbine technologies,
fuel cell technology, hydrogen technology, wind-
energy systems).

—An MOU between ERDA and the National
Bureau of Standards (NBS) to cooperate in
identifying and evaluating specific programs re-
lated to measurements and standards in fossil

energy, environment and safety, solar energy,
geothermal, advanced energy systems, national
security, conservation, and other RD&D pro--
grams. Under a separate agreement, NBS will
conduct an independent evaluation for ERDA
of energy-related inventions to provide informa-
tion on promising ideas that have been ex-
amined for their technical . feasibility and
worthiness for consideration for further support.

—An imminent agreement between ERDA and
the Small Business Administration (SBA) to
ensure small business concerns are provided a
reasonable opportunity to participate fairly and
equitably in Federal grants, contracts, pur-
chases, and other actlvmes related to energy
RD&D.*

—Agreements between ERDA and the Depart-
ment of Defense (DOD) to perform RD&D and
support ERDA progress in areas such as solar
heating and cooling, solar electric, ocean ther-
mal, bioconversion, geothermal, and synfuel
evaluation. A joint ERDA/DOD effort is
planned to identify additional areas in which
joint efforts will be mutually beneficial. A gen-
eral MOU between ERDA and DOD is being
prepared.

—Four impending MOUs between the Nuclear
Regulatory Commission (NRC) and ERDA to
provide for coordination between the two agen-
cies on the Safeguards Program operational pol-
icy, contingency plans, and international re-
sponsibilities; Safeguards RD&D and testing
activities; Emergency Preparedness response
resources; and the sharmg of nuclear matenals
information.

—An imminent MOU between the Department of
Housing and Urban Development (HUD) and
ERDA to coordinate activities pertaining to
energy-related housing and urban programs.

—An MOU between the Water Resources Council
(WRC) and ERDA to assess water resource re-
quirements and water supply availability for
energy technologies that are the subject of Fed-
eral RD&D efforts. The agreement calls for the
establishment of a water-for-cnergy basé pro-
gram at the WRC, part1c1patlon in" ERDA’s
environmental and water resource assessments,
and exchange of data between ERDA and the
WRC. Initial involvement will emphasize pro-
grams in synthetic fuels, geothermal energy, and
coal -conversion demonstration plants.

* ERDA is also supporting a symposium in Washington,

D.C., on March 24-25, 1976, under the auspices of the
American Association of Small Research Companies, en-
titled “Opportunities at ERDA for Small R&D Com-
panies.”
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* Participating in the Federal Energy Management
Program (FEMP). The Federal Government itself is
a significant energy consumer, representing over 2
percent of total national energy consumption. The
Federal Government is also the largest single pur-
chaser of energy in the Nation, thus providing a
significant opportunity for direct savings and lead-
ership in energy conservation.

The Federal Energy Management Program was
established in 1973 to achieve major reductions in
Federal department and agency energy consump-
tion. In 1974 and 1975, annual energy savings of
approximately 25 percent were achieved, primarily
through curtailment measures such as adjusting
thermostats and lighting in Federal facilities and
eliminating wasteful practices in the operation of
ships, planes, and automobiles.

This program has now been extended for 10
years to reduce energy use in the Federal Govern-
ment through adoption of cost-effective technologi-
cal improvements in Federal facilities. It is also
expected to have the “spin-off” benefit of demon-
strating life-cycle cost-effectiveness of conservation
technologies not now in the marketplace. Devel-
oped under the policy guidance of the Energy
Resources Council (ERC),* the program will be
undertaken by:

—FEA, which is responsible for management
leadership

—ERDA, which oversees the technological as-
pects of the program

—GSA, which is charged with ensuring appropri-
ate program implementation.

Strengthening the Private Interface

Decisions on energy RD&D programs will affect
the life of every citizen and every institution in the
country. Thus, all citizens should have the oppor-
tunity to influence those decisions. However, there
are many “publics” who have interests—often con-
flicting interests—in energy RD&D. Other difficulties
include the technical nature of the subject of energy;
the long lead times involved in planning; the com-
plexity of the energy-field participations and mission;
and the proprietary nature of some of the informa-
tion.

Ensuring that public opinion is represented in
energy RD&D planning and obtaining support for
implementation of its results require a two-way dia-
logue between informed citizens and receptive deci-
sion-makers. Government decision-makers must pro-
vide the public with timely and complete information,

* Subsequent to this action, the Energy Policy and Con-
servation Act (P.L. 94-163) mandated a 10-year conserva-
tion program for buildings owned or leased by the Federal
Government. A part of the FEMP program will address
this requirement.

including background materials on the problems,
needs, and concerns of energy RD&D programs and
planning; possible solutions to the problems; and
possible effects (social, environmental, economic,
technological) of the programs, problems, and solu-
tions. The informed citizens must be provided with
and take advantage of various communications
forums, including those listed in Table IV-1. Among
the most important of these avenues of communica-
tion are:

Adyvisory committee. ERDA has a number of ad-
visory groups made up of individuals who repre-
sent a broad spectrum of technical expertise and
citizen interest. The General Advisory Committee
maintains a broad overview of ERDA’s programs;
seven other advisory committees deal with spe-
cialized areas: Advisory Committee on Geothermal
Energy, General Technical Advisory Panel (Fossil),

Table IV-1 Forums for Interaction

Primary Forum for

Interests Affected Soliciting Review and Comments
The general public, ® Advisory Committees
industry, state and e Consumer representation
regional energy plan
representatives, special e Public hearings and
interest groups, and the meetings
academic community * Meetings with ERDA

officials

* Federal Register requests
for comment

e Publications and speeches

¢ Environmental impact
statement

The Congress e [egislative hearings on

ERDA-related programs and
budgets

* General Accounting Office
reviews and other special
study requests

¢ Formal review of the
National Plan for Energy
RD&D by OTA and CEQ*

Other Federal agencies e Joint planning activities

throughout the year

* Review of the Plan prior to
publication and response to
a formal ERDA request for
programmatic
information**

* Environmental impact
statement

* As stated in the enabling ERDA legislation, the Council
on Environmental Quality (CEQ) is required to undertake
an ongoing assessment of the adequacy of attention to
environmental protection and energy conservation in the
energy RD&D program. The Office of Technology Assess-
ment (OTA) has also been requested by Congress to under-
take a review of the annual report.

“* See ERDA 76-1, Volume 2—Program Implementation, for
other agency details on specific programs.
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Historical Advisory -Committee, Senior Utility
Steering Committee, High Energy Physics Advisory
Panel, Lignite Advisory Committee, and Atomic
.. Energy Labor-Management Advisory Committee.
Meetings of these groups are announced in ad-
vance and are open to the public.

* Public hearings and meetings. ERDA holds and

participates in many public hearings, meetings,

and conferences. For example, ERDA has initiated-

a series of regional public meetings to solicit com-
ments on the National Plan for Energy RD&D in
general and on the implementation of the Plan
for the regions in which the meetings are held in
particular. From these, important relationships
are developed with concerned interest groups and
state and regional policy makers. As a result of one
of the early public meetings, ERDA will be sup-
plied with a continuous flow of information and
viewpoints from 16 southern states on the National
Plan for Energy RD&D.

Primary responsibility for conducting these meet-

ings is being assigned to the regional ERDA or-.

ganization, with the aim of establishing these of-
fices as accessible contact centers. Public meetings
will continue after the publication of the Plan to
discuss its contents and its impact on the Nation
from a regional and local perspective. Meetings
have already been held in Atlanta and Seattle,
. and are being planned for Denver, Chicago, San
- - Francisco, and Boston.
Environmental impact statements. Programs to-ap-
prise the public and organized interest groups of
the estimated environmental characteristics of al-
ternative prospective energy systems and to pro-
vide open channels for responding to specific
public-concerns in the decision process are avail-
able. This communication is basically implemented
.through publication of environmental impact state-
ments and through their associated public hearings.
Environmental RD&D activities are- directed
through a sequential process, tailored for.each
. energy alternative. At milestones in this process,

where actions may be proposed that would signifi-.

cantly affect the quality of the environment, en-
vironmental impact statements are prepared. En-
vironmental . impact statements may be generic
(program) or site-specific (project) in nature, de-
pending on the state of technology development
and nearness. to demonstration. They explore
sociological, aesthetic, and other public concerns
and provide a basis for public review and discus-
sions to ensure public input to the energy develop-
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and economic climate are paramount in a demo-

--cratic society. Comprehensive consumer represen-

tation plans are being developed by all major
Federal agencies to provide specific channels for
consumer participation ‘in major Federal-agency
policy and program decisions. This effort is in re-
sponse to the President’s call for an examination of
present and new procedures by which all consumers
can receive an equal opportunity . of being heard.
Preliminary consumer representation plans have
been published* and, after comments have been re-
ceived in writing and at a series of public meet-
ings, will be made final in 1976. '

ERDA'’s Consumer Representation Plan is being
designed to ensure ERDA takes into consideration
the effects of its programs on a multitude of con-
sumers. Participation of energy consumers and
producers in the decision-making of the agency is
both necessary and desirable. ERDA’s job is to
assist private industry in the development of new
or improved technologies that can be made com-
mercially attractive. This implies the technologies
must meet the requirements of the private
marketplace in terms of needs, institutional com-
patibility, economics, and the requirements of the
general welfare (i.e., environmental and social ac-
ceptability). Neither ERDA nor the Federal Gov-
ernment as a whole controls the marketplace or
the Nation’s environmental and social standards;
in the final analysis, it is the consumer who does,

. through buying practlces and the polltlcal process.

For the consumer to participate in this decision-

making process, he must know:

—What decisions are planned, when they will be
made, and who will make them

—The technical, economic, environmental, and
institutional facts and assumptions available to
the decision-maker

—The alternatives. under cons1deratlon by the
decision-maker

~—The analytical tools, methods, and rcsults that
are being used to ass1st in’ the decision-making
process.

An informed pubhc can mﬂuence the Federal de-

cision-making process if it can-bring to light new

or additional facts or assumptions, raise workable

new or different alternatives, and provide new or

additional analytical results. The ERDA Consumer

Representatlon Plan is designed to ensure this flow

of opinion and information.
- Although these communication forums are gen-

erally available to all citizens and all ‘institutions,
specific avenues are being explored and important
policy initiatives are being taken to establish specific
interaction with industry and universities.

ment process. v
* Consumer representation plans. Interaction with

the public at large can be the most difficult

dialogue to establish but can also be the most re-

. warding as the Public’s concern for human health, * Federal Register, Volume 40, No. 229, November 26,
safety, the environment, style and quality of life, 1975. ’



IMPLEMENTING THE PLAN

75

Table V-2

Nlustrative Jointly Funded Programs With Industry *

Percent of Total Esti-
mated Cost Contributed

Program Area industry Participant by Industry
A. Fossil
1. High-BTU Gasification
a. Bi-Gas Pilot Plant American Gas Association 32
b. Steam-lron Pilot Plant American Gas Association 33
2. Gas and Oil Extraction
a. Miellar Polymer Flooding Oil companies 65
b. Thermal Recovery and Soivent Oil companies 52
B. Conservation
1. Electric Energy Systems
a. Battery Energy Storage Test Facility Utility companies 54
b. Forced Cooling Test Electric Power Research Institute (and a 76
manufacturer of underground
electrical equipment)
2. End-Use Conservation
Stirling Engine-100 H.P. Automobile manufacturing company 50
C. Fission
Clinch River Breeder Reactor Utility companies (and some reactor 14
manufacturers)
D. Geothermal
Thermal Loop Experiment with Hot Brines Utility company 50

¢ See Table I11-6 for the estimated total cost-sharing with non-Federal organizations.

Interaction with Industry

The ERDA mission is unique. Unlike other gov-
ernment agencies involved in RD&D, ERDA’s mis-
sion is to research and develop new technologies and
to assist the private sector in penetrating the market
with their new technologies. To this end, ERDA pro-
grams are designed to involve industry at the earliest
possible point in the RD&D process.

The traditional route of technology research and
development is from basic and applied research
laboratories and individual inventors through engi-
neering facilities to the producers of goods and serv-
ices for use by all consuming levels. It is obvious
that industry, both large and small, is crucial to this
process as the developer, producer, and marketer.
Thus, the Federal Government/industry interface is
as broad as industry itself.

Various forums are used to communicate with
American industry. (See Table IV-1.) In addition,
as shown in Table 1V-2, ERDA is seeking jointly
funded or jointly planned programs with industry
and industrial organizations* to establish working
relationships at the earliest possible developmental
stage of new energy technologies.

* For example, a memorandum of understanding is immi-
nent between the Electric Power Research Institute and
ERDA to jointly review program plans, coordinate future
activities, identify projects appropriate for coordinated
parallel or sequential contracting, and identify efforts ap-
propriate for joint funding.

ERDA, along with other government agencies,
is also conducting a study to determine how the exist-
ing patent and licensing policy can be applied most
effectively to enhance the private sector’s incentive
to engage in energy RD&D. Public meetings have
been held at which much helpful criticism has been
received from various industry representatives and
public interest groups. An interim report was recently
submitted to Congress, and it is ERIDA’s intention to
complete the patent policy study and to deliver a
final report to Congress in 1976.

The financial community has a critical role in
the market penetration of new energy technologies
since it is from this sector that much of the funds for
RD&D investments will come. Without the financial
backing of the banking and investment institutions,
very few new energy technologies will come into gen-
eral use. But before making the necessary loans, the
financial community must be assured of the technical
success of the energy option, its ability to capture a
large enough share of the market to become profit-
able, and a government regulatory climate that will
not impede or prevent market penetration of the tech-
nology. It is, therefore, imperative that ERDA main-
tain close liaison with the financial community to
communicate the status of the energy RD&D pro-
grams and of government attitudes and, in turn, to
understand the concerns and attitudes of the inves-
tors. During this year, ERDA will initiate such a rela-
tionship.
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No summary of efforts to strengthen the relation-
ships with industry would be complete without men-
tion of the government’s commitment to small busi-
ness. Specifically, all government energy RD&D
program managers aggressively seek out small busi-
ness participation, and small companies are made
aware of the existing project opportunities. In addi-
tion, an ERDA task force has been established to
coordinate and monitor small business participation,
and a cooperative agreement with the Small Business
Administration is being readied for signature. Like-
wise, individual inventors will be assured full evalua-
tion of their energy-related projects through a joint
program of ERDA and the National Bureau of
Standards.

Liaison with industry is also being furthered
through the use of technology utilization representa-
tives located in eight of the National Laboratories
throughout the country. These representatives serve
as local and regional points of contact with private
industry on the availability of technologies, partic-
ularly those evolving from energy programs but hav-
ing nonenergy applications.

Finally, the Office of Industry, State and Local
Relations (ISL) advises ERDA programmatic and
“corporate” management on better ways to obtain
and use industrial views in the ERDA decision-mak-
ing process. To this end, the ISL staff is in frequent
communication with all segments of industry, with
ERDA energy RD&D program offices, and with state
and local governments. Since representatives of these
groups frequently share common interests in energy
resource development implications, this centralized
organizational unit represents the interest of these
groups in planning and policy formulation. Also,
ERDA recently established an Office of Commercial-
ization that is responsible for:

* Continuing the analyses and initiating program im-
plementation efforts related to the synthetic fuels
commercial demonstration program

* Identifying major constraints to commercialization
of other selected energy technologies and analyzing
the effectiveness of various incentives (such as in
the Nonnuclear Act) in overcoming these con-
straints

* Examining mechanisms for speeding the introduc-
tion, in the near-term, of available energy technol-
ogies into the marketplace.

Interaction with Universities*

The Nation’s academic community represents
an important resource needed for the conduct of sup-
porting research and technology development across
the spectrum of energy RD&D, as well as a major

* All nonprofit institutions of higher learning and educa-
tional nonprofit organization that are operationally
affiliated or integrated with such institutions.

contributor to the development of adequate man-
power resources.

During FY 1975, contracts approximating $135
million** were signed with universities. ERDA ex-
pects this figure to climb to about $140 million**
during FY 1976 and $170 million** in FY 1977.

ERDA is building on this base to establish a
broad and effective partnership with universities in
conducting research, training and developing skilled
manpower, ensuring local concerns are incorporated
in the National Plan, and strengthening the traditional
role of universities in research and teaching. To this
end, ERDA is in the process of developing a univer-
sity program. The specific policy considerations for
the effort are:

e Universities and colleges throughout the country
will be encouraged to participate in the Nation’s
energy research programs to the maximum extent
of their capabilities and interest.

¢ University activities supported by ERDA will be
relevant to ERDA’s mission and compatible with
the interest, strengths, and activities of the univer-
sity.

» ERDA will encourage participation in supported
research by young faculty members and by stu-
dents, as well as senior investigators, in ways that
enhance and strengthen the universities’ traditional
educational and research mission.

* Team research of both an interdisciplinary and a
multi-disciplinary nature on the part of faculty and
students will be encouraged on appropriate sci-
entific and technical related subjects, and on the
broader social assessment of energy development
and utilization.

° ERDA recognizes and will provide support to the
extent practicable to the universities’ primary edu-
cational role of training professional manpower to
meet current and long-range energy needs.

¢« ERDA will encourage the submission from univer-
sity investigators of unsolicited research proposals
that are consistent with the specific mission and
objectives of the program.

* Cooperative efforts among the universities, industry,
and ERDA’s National Laboratories and Energy
Research Centers will be encouraged.

An ERDA University Conference was held in
early November 1975 to acquaint universities with
ERDA’s programs and plans and to encourage open
dialogue and feedback. Followup meetings are con-
templated, as is the establishment of a University Ad-
visory Committee to provide input on matters related
to the ERDA /university interface.

** Excludes funds (e.g., about $750 million for operating
expenses in FY 1976) paid to universities and university
consortia that operate ERDA facilities.
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Expanding Interaction with State and
Local Governments

State and local governments and regional groups
are well aware of the Nation’s energy problems and
have major responsibility for finding their solutions.
Their perceptions of the problems, the candidate so-
- lutions, and the possible local and regional impacts
must become an integral part of the planning process
for the energy RD&D program.

State and local governments can contribute sig-
nificantly to energy RD&D projects by providing the
general public with the information necessary to ob-
tain sociopolitical consensus on energy matters and
by encouraging the conservation ethic not only for
energy but also for other natural resources. They fre-
quently have the tools—taxation and siting authority
—to ameliorate some of the inequities brought about
by new technologies. These government units can
make significant contribution in other ways as well;
for example, 38,000 units of local government utilize
enormous numbers of buildings, vehicles, and equip-
ment and are among the largest energy consumers in
the Nation. They can take the lead in implementing
technology improvement and conservation methods.
In addition, numerous municipalities are producers as
well as consumers of electrical power, thus they have
an immediate and direct interest in the execution and
eventual implementation of RD&D projects.

Among the roles these organizations have are:

» Identifying the environmental, social, and eco-
nomic impacts of energy projects within their geo-
graphical jurisdictions

» Developing and promulgating, when appropriate,
revised local standards, taxing policy, and other
incentives (such as construction and land-use plan-
ning) that facilitate and encourage energy conser-
vation, the use of new fuel sources, and the expan-
sion of the supply of existing sources

¢ Defining questions, problems, and alternative solu-
tions with respect to resource extraction, transpor-
tation, and distribution

* Helping provide information and data to assist the
public in arriving at an informed sociopolitical con-
sensus on energy matters |

o Participating in national energy RD&D planning

¢ Conserving energy in providing services and in
operating government facilities within their juris-
diction.

Technical assistance is being provided to many
state governments through the technology utilization
program mentioned earlier. Technical representatives
located in eight of ERDA’s National Laboratories at-
tempt to match state needs with technology available
at the laboratories. The National Laboratories are
working on regional assessment studies that will pre-
dict and evaluate the socioeconomic, environmental,

and social impacts of energy resource developments.
State governments are actively cooperating in these
studies.

A regional studies program is being conducted
to predict and evaluate the socioeconomic, human
health, environmental, and institutional impacts re-
lated to the development of all on-line and prospec-
tive energy sources. Six ERDA laboratories are coor-
dinating this program on a regional basis and have
direct contact with state governments. This program
provides not only information to ERDA on potential
environmental issues but also feedback to the states
for use in energy policy decision-making.

The states are already actively engaged in exam-
ining energy RD&D and broader energy matters. For
example, under the National Governors’ Conference,
five subcommittees have been formed to deal with
national coal policy. These subcommittees and their
chairmen are: Surface Mine Reclamation, Governor
Arch Moore (West Virginia); Water Requirements for
Coal, Governor Richard Kneip (South Dakota); Coal
Gasification/Liquefaction, Governor Dan Walker
(Illinois); Coal Transportation Problems, Governor
Julian Carroll (Kentucky); and Boom/Ghost Towns
and Financial Problems, Governor Richard Lamm
(Colorado). This work is being coordinated with the
newly created Intergovernmental Coordinating Com-
mittee formed under the auspices of the Energy Re-
sources Council. This committee will serve as a cen-
ter for interaction among Federal, state, and local
government officials in developing national energy
policy, and is already working on synthetic fuels
policy and coal policy. Specifically, the new commit-
tee will facilitate Federal interagency coordination
for national energy programs. It will also provide a
vehicle wherein state and local governments and
their regional and national associations can be in-
formed and consulted as policy plans are developed
to ensure adopted policies will have the flexibility to
fit various geographical situations.

Beyond participating in energy RD&D policy
formulation and technical information activities,
states and localities are carrying out specific energy
RD&D projects. For example, the states of Texas
and Louisiana are studying the characteristics and
development potential of .geothermal energy along
the Gulf Coast. The City of Albuquerque, New
Mexico, is involved in research on a pilot plant for
thermoradiation of sewage sludge, while the City of
Hobbs, New Mexico, is working on a community-
wide energy management plan in cooperation with
the University of Oklahoma.

The strengthening of Federal ties to regions,
states, and localities is essential to the achievement
of national energy RD&D goals. To this end, ERDA
is actively building new relationships with regional
bodies and with state energy offices. Workshops cov-
ering specific technology areas are now being
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planned. Information packets are being distributed
regularly to all 50 states to keep state officials ap-
prised of national energy RD&D policy and pro-
grams. Several technology transfer programs that
would bring the Federal Government and the state
together in a variety of cooperative activities are now
under consideration. This increasing interchange will
clearly result in greater input to and consensus on
‘the National Plan for Energy RD&D.

Establishing the Regional Interface

The domestic energy problem and its solution
are national, regional, and local in nature. The prob-
lem extends beyond traditional RD&D efforts and
includes, as an essential ingredient, the market pene-
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tration of near-term technologies. Success or failure
in meeting the Nation’s energy needs will depend as
much on the ability to resolve complex economic,
social, political, and ecological issues at the regional
and local levels as on the technical quality of the
specific energy RD&D programs. The Federal Gov-
ernment must therefore be sensitive to local and
regional needs. It must also reach public and private
groups at these levels to provide information to them,;
‘to develop effective, productive communication links
with regional, state, local, university, financial, and
industrial representatives; and to receive feedback
from them on the problems, progress, public accept-
ability, and overall effectiveness of ERDA’s pro-
grams and the National Plan for Energy RD&D. To
assist in achieving ERDA’s overall energy mission
and in carrying out its specific assigned energy pro-
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gram responsibilities, an enhanced regional capability

may be desirable. '

ERDA is a nationwide organization (see Figure
IV-1) created by the Energy Reorganization Act of
1974 from a combination of Federal energy RD&D
units formerly residing with the Atomic Energy Com-
mission, Department of the Interior, National Science
Foundation, and the Environmental Protection
Agency. These diverse elements brought with them
considerable headquarters and field resources and a
variety of management practices.

ERDA is composed of a headquarters facility
consisting of approximately 3,000 people, and a
nationwide field organization consisting of approxi-
mately 95,000, of which more than 90,000 are op-
erating contractor employees. This field organization
consists of:

» 55 laboratories and production facilities, with the
major operating contractors including universities,
university consortia, nonprofit organizations, and
private industry. These facilities, most of which
emanated from the former AEC or the DOI’s
Bureau of Mines, include 8 major multiprogram
laboratories, 5 Energy Research Centers, 6 engi-
neering laboratories, 7 specialized physical re-
search laboratories, and 13 specialized biomedical
research laboratories. There are also 9 nuclear
material processing plants and 7 weapons produc-
tion and testing facilities engaged in carrying out
ERDA’s important national security responsibil-
ities

¢ 8 government-staffed field Operations Offices—
from the former AEC. These Operations Offices
are responsible primarily for contract administra-
tion, management, and review. This includes
responsibility for administering the operating con-
tracts for the government-owned, contractor-
operated (GOCO) facilities in their region. Some
Operations Offices also have direct operational

responsibilities and, in a few cases, fulfill program
management and execution functions.

The diversity of this interface and ERDA’s role
to assist the private sector in introducing new tech-
nologies to the marketplace, among other things,
necessitated a management assessment of field re-
source utilization.
As a first step in this assessment, ERDA estab-
lished an ad hoc group of experienced R&D man-
agers from industry, academia, and the ERDA field
structure to conduct a Field and Laboratory Utiliza-
tion Study.* Based in part on the study group’s rec-
ommendations and on other management considera-
tions, ERDA is studying possible organizational and
management actions, including:
¢ Delegating project execution authority to the field,
on a case by case basis

* Assigning specific mission responsibilities to se-
lected laboratories and Operations Offices

* Developing a coordinated approach to marshal
the various technical resources in each region to
help ERDA attain its energy research, develop-
ment and demonstration objectives

Several task forces are now under way and will
be reporting their findings and recommendations to
ERDA management. These task forces must con-
sider both the benefits and the consequences of such
actions. In addition, alternative approaches, staffing
and other resource implications, and possible dis-
ruptions during a transition period must be defined
and evaluated. ERDA is taking initial actions, where
they appear appropriate, to increase field responsi-
bilities, but the scope and timing of these and possi-
ble future changes require and will receive careful
review,

* The results of this independent study are contained in
ERDA-100, Report of the Field and Laboratory Ultiliza-
tion Study Group, December 1975.






Chapter V—Implementing The Plan:
ERDA Planning System

Under the Energy Reorganization Act of 1974*,
the Federal Nonnuclear Energy Research and De-
velopment Act**, and several other statutes, ERDA
is assigned planning responsibilities that extend be-
yond those necessary to formulate the programs that
the agency conducts directly. One of ERDA’s major
responsibilities is to update its National Plan for
Energy RD&D annually. Recognizing that its plan-
ning responsibilities have impact on other Federal
agencies, industry, and the public, ERDA believes
it is important to document the Planning, Program-
ming, Budgeting, and Review (PPBR) system it is
developing to discharge its statutory mandates.

The overall objective of ERDA’s PPBR system
is to provide an integrated and disciplined approach
to analyzing the Nation’s future energy technology
needs; formulating the Federal role in addressing
those needs; designing targeted programs to conduct
ERDA’s portion of the Plan; allocating resources
consistent with the Plan and program design; and
ensuring that ERDA’s programs are effectively man-
aged. Accordingly, the PPBR system will address
major issues such as:

e What new energy technologies should be pursued
nationally to meet energy goals?

e To what extent will the private sector develop im-
portant technologies without Federal assistance?

o If Federal assistance is involved, what is the role
of RD&D in comparison to regulatory, fiscal, or
institutional solutions?

¢ If Federal RD&D is involved, what specific pro-
gram goals are appropriate, who should manage
the program, and at what cost?

o If ERDA is responsible for RD&D, what is the
most cost-effective program plan and related
budget?

* Sections 2(b), 103(1), and 103(4), among others, of Public
Law 93-438.

** Sections 4(b), and 4(c), and 6(a), among others, of Public
Law 93-577.

PPBR System Structure

The general features of ERDA’s PPBR system
are illustrated in Figure V-1. The system comprises
analytical, planning, resource allocation, program
implementation, and program evaluation activities.
The analytical activities provide support for the plan-
ning activities, which focus on normative, strategic,
and program planning. Strategic and program plan-
ning in turn help guide the resource allocation and
program implementation activities. Program evalua-
tion activities serve to check actual progress against
planned progress and provide a basis for updating
and changing planning goals.

Environmental planning is a key part of the
ERDA PPBR system; environmental issues (includ-
ing occupational and human health, safety and wel-
fare, and ecology) are thoroughly considered and
weighed throughout the analysis and decision-making
process. Accordingly, environmental planning is
being embodied in a formal structure within the
PPBR to ensure that appropriate environmental
RD&D priorities are maintained and that ERDA re-
sources are allocated to produce environmentally ac-
ceptable energy technology options.

Planning Activities

PPBR activities focus on three types of plan-
ning—normative, strategic, and program—aimed at
determining what ought to be done, how it can be
done most effectively, and what will be done. En-
vironmental planning is an integral component of
these three major planning phases. Accordingly, this
section discusses each of the planning phases and
then describes ERDA’s environmental planning pro-
cess as it relates to normative, strategic, and program
planning.

Normative Planning

Normative planning identifies preferred solutions
to the national energy problem; that is, what ought to
be done. The identified solutions are based on a num-
ber of analytic inputs and policy assumptions. As a
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Figure V—1- General Features of PPBR System

first step, reference projections that indicate the
future state of the energy system based on existing
trends must be established. These projections serve
primarily to define future problems and indicate the
need for action.

Second, normative analysis involves the devel-
opment of alternative cases and the use of models
that replicate the dynamic behavior of the energy
system. A series of -cases that span -the range of
future likely conditions is developed by assigning
reasonable values to changes in parameters such as
resource availability, technological developments, ab-
solute and relative costs of various fuels and technol-
ogies, environmental standards, status of control tech-
nologies, population distribution and makeup, GNP
and its components, capital availability, industrial
process, labor productivity and life styles. These
cases developed will suggest alternative directions for
the evolution of current energy system through time
and define objectives toward which new strategic
approaches and policy development could be oriented.

Examination and comparison of the cases can
provide insights into policies, technologies, or other
factors that are important regardless of the Nation’s
future direction. Normative analysis also identifies
problems common to potential futures, defines com-
mon needs, and indicates the probable market size
and likely timing range for new technologies. The
reasonableness of these cases can be tested and the
impact compared of any inhibiting constraints (e.g.,

resource, manpower, and financial requirements, reg-
ulatory processes, national interests and security,
legal restrictions, institutional barriers, prevailing
sociopolitical moods).

Once consequences of alternative cases have
been assessed, choices can be made and action di-
rected toward the ends that such choices dictate.

-Thus, normative planning is not directed towards

prediction, but rather towards goal-setting.

Strategic Planning

Strategic planning defines how the goals out-
lined in the normative planning phase can be
achieved most effectively. At the strategic level of
planning, both the specific energy system options and
the constraints to their market penetration must be
analyzed in much greater detail than they were in
the normative phase.

The keystone of strategic analysis is the replica-
tion of the private sector decision-making process to
determine appropriate private and public sector roles.
To the maximum extent possible, the analysis is
based on a quantitative assessment of benefits, costs,
and risks. Furthermore, the analysis must employ
decision criteria and roles appropriate for the market
sector in which the energy system option w1ll be
introduced.

The fundamental logxc that underlies strategic
planning is illustrated in Figure V-2. The private
sector is the key instrument for achieving market
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penetration of new energy technologies. Government
RD&D involvement will be restricted to those energy
technologies for which (1) private returns are too low
or market barriers too high to induce private sector
activity, and (2) public returns are sufficiently high
to justify a government role.

If the private rate-of-return and other figures-
of-merit for an energy system option do not meet
requirements, the venture will not be considered for
private funding. If the venture does meet the require-
ments and it seems likely that the private sector will
fund the venture, then the government will perform
only its legislated regulatory functions.

If factors that preclude sponsorship of the ven-
ture in the private sector are identified (e.g., high
risk, high exposure, market fragmentation), it will be
necessary to determine if the public rate-of-return is

sufficiently high to justify government involvement.
If the public rate-of-return is judged to be high, it
must then be determined what type of government
involvement is appropriate. The Federal Government
can use various incentives {e.g., guaranteed loans,
capital grants, price supports, research and develop-
ment funding) to induce the private sector to inno-
vate or to accelerate the rate of introduction of new
products in the marketplace. The most effective
incentive(s) can be determined by repeating the
private sector decision analysis and determining
which incentives result in the venture meeting the
private sector’s investment criteria. Those incentives
most likely to induce private sector participation at
the least cost to the government can then serve to
define the primary government role.

Outputs of the strategic planning process in-
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clude a listing of -energy .system: options ranked ac-
cording to their relative. importance within- the
ERDA program, and a definition of ERDA activities
and resource levels required to assist the private sec-
tor .in the market penetration phase of the various
energy systems. These outputs provide the basis for
long-term (e.g., five-year) resource allocation among
the various strategic alternatives.

Program Planning

" Program planning describes the detailed means
by which the ERDA program defined in the strategic
planning bhase will be implemented. Decisions are
made concerning what “will” be done by ERDA to
satisfy the national “oughts” specified in the norma-
tive planning phase through the “hows” described in
the strategic planning phase. The key outputs of this
phase are technology program plans (e.g., fossil, geo-
thermal) that set forth in detail what will be accom-
plished; these plans serve as a key input to the re-
source allocation, program 1mplementauon and
program evaluatron actrvmes ' :

Enwronmental Planmng-

‘ERDA recognizes the need to ensure that en-
vironmental planning and performance are reviewed
at the highest levels of decision-making. Environmen-
tal and health goals are addressed at each decision
point (i.e., concept, research, pilot plant, demonstra-
tion) and related to the technological and' economic
goals for energy production alternatives. In this way,
energy RD&D alternatives are designed to have mini-
mal environmental impacts and energy development
decisions can be approached with full cognizance of
their environmental implications.

- The environmental planning process results in
" several major outputs: an Environmental Develop-
ment Plan, a Balanced Program Plan, and an As-
sessment of Environmental Impacts. The keystone
of the process is the Environmental Development
Plan (EDP), which is prepared to accompany the
program plan for each major technology thrust. The
program plan and the EDP for a given:technology

guide the research that ERDA must coordinate to: -
ensure that the technology is environmentally accept-.

able. The purpose of the EDP is to ensure consid-
eration of (1) the health, environmental, safety, and
control technology requirements that must be met for

the technology. to. become acceptable, and (2) the - -
social and institutional implications of the technology. -

These issues are often neglected until the technology
is well advanced, leading to costly delays at a time
when the technology may seem most promising.

The EDP documents the planning, budgetm‘g,v
management, and review processes for the environ- .

mental aspects of each energy. technology, and also;

« Assesses the current status of understandmg w1t_h :

respect to environmental and institutional prob-
lems =

* Identifies major problem areas and toplcs reqmr-
ing research .

* Designates significant milestones A

¢ Specifies requirements for performance monltonng
and supporting research, : : ’

Definition of the EDP requires close interaction
between those responsible for developing the energy
technologies and those responsible for ensuring their
environmental acceptability. This close coordination
will provide the necessary visibility to ensure that all
components are compatible.

The Balanced Program Plan (BPP)* is, in effect,
the program plan for ERDA’s environmental re-
search. Environmental research must normally be
conducted along disciplinary (as opposed to energy
technology) lines. Using the information collected in
the EDPs, the BPP defines the disciplinary research
that must be. performed to meet the needs of all -
energy technology development.

. -The remaining component of the environmental
planning process is the Assessment of Environmental
Impact, which culminates in the preparation of en-
vironmental impact ‘statements -at major decision
points in a technologys development.  This process:
provides the primary means for identifying and docu-
menting the environmental, technological, economic,
and other factors considered in. decision-making. As -
public communication is an essential part of -this
process, activities are structured to inform the public
and organized interest.groups of estimated impacts-
and to provide open channels for ERDA to respond
to specific publrc concerns in the decision process :

Resource AIIocatlon Actmtles

Resource allocation activities are based on:

¢ Federal role and ob]ectlves deﬁned through stra-
tegic planning

 Relative program priorities. and long-term resource
requirements based on strategic planning and an
estimate of future budget constraints S e

» Status of the current program (e.g.,. study phase, .
pilot operations, demonstration plant) including.
the work to be done, as described through program
planning and the degree of private-sector cost-
sharing being achieved

* Size and relative priorities of the Federal budget
as determined by the President and Congress based
on total budget constraints and competing-demands
for Federal funds. ,

On the basis of this mformatlon trade—oﬁs.
aimed at allocating ERDA resources. to the most im-
portant activities can be clearly defined.

* ERDA-116, Balanced Program Plan Analysis of Biomed-
ical and Environmental Research.
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Program Implementation Activities

Program implementation activities focus on the
development of an operating plan that delineates the
specific activities to be accomplished within approved
budgets. Through program implementation, ERDA
management:

* Approves program execution, including annual op-
erating plans for specific programs

» Establishes the controls that govern implementa-
tion by the operating elements

e Establishes the milestones or other means for
management review considered essential to control
the program

* Prescribes the framework for timely reporting
against these milestones.

Program Evaluation Activities

The overall PPBR process is dynamic and adap-
tive. Managerial action is initiated in response to
specific problems, defined as an identified difference
between an existing situation and a desired situation
(e.g., perceived actual progress versus scheduled
progress on an RD&D program).

The program evaluation process produces ex-
ception reports that identify differences between the
desired conditions specified in the operating plan and
the current actual conditions. Actions to eliminate or
reduce serious differences are then defined. The pro-
gram evaluation process is conducted monthly.

Annually, a summary review is conducted to
evaluate program progress vis-a-vis program objec-
tives and approved milestones specified in the opera-
tion plan. In addition, in-depth evaluation of selected
key programs are conducted each year, with all major
programs receiving an in-depth review every three to
four years. Program evaluation feeds back to program
design and resource allocation decisions.

PPBR System Outputs

The PPBR system generates seven key docu-
ments, the first of which is the National Plan for
Energy RD&D. The Plan documents the normative
planning work performed by ERDA. For example,
Chapter Il summarizes the goals and priorities that
help define what ought to be done if the energy prob-
lem is to be resolved through technology develop-
ment, and Chapter VI describes some of the initial
analytical work undertaken to support normative
planning.

The ERDA Budget is the other important com-
prehensive document. The budget presents near-term
priorities and the annual allocation of resources.

The five remaining documents are developed
for each technology program:
¢ Program Strategy. This document explores the

need for a Federal role and the effectiveness of
RD&D and other programmatic solutions. A pro-

gram strategy for the market penetration of energy
systems options is presented, and the major goals
and milestones for programs necessary to imple-
ment that strategy are established.

e Program Plan. The program plan charts the de-
tailed course of the program over a period of sev-
eral years, including major programmatic decisions
(e.g., should a demonstration phase be under-
taken?).

The plan specifies elements such as manage-
ment structure and roles of other agencies, and
definies the most cost-effective Federal program
for achieving the agreed-upon objectives.

¢ Environmental Development Plan (EDP). A com-
panion document to the program plan, the EDP
outlines the program of environmental research
that must parallel technology development, and
details a program for resolving those issues in a
time period consistent with the rate of technology
RD&D.

¢ Program Approval Document. The PAD is a pri-
marily internal ERDA document that functions as
an operation plan. A one-year slice of the program
plan, the PAD’s purpose is to provide a baseline
for monitoring program operations during a given
fiscal year. The PAD also contains some summary
program plan material to provide a context for
fiscal year operations. :

° Environmental Impact Statement (EIS). Within
the structure of the National Environmental Policy
Act, ERDA intends to use the FIS as a major
input to decision processes. Where required, an
EIS describing major program decisions is pre-
pared. The EIS contains a summary of the infor-
mation developed by the EDP and addresses en-
vironmental and other issues raised in the EDP. In
tihs way, environmental issues are identified at the
beginning of an appropriate program phase and
systematically addressed throughout the planning
process.

A variety of analyses link the National Plan and
the individual program planning documents. Eco-
nomic considerations, for example, help establish the
relative costs and benefits of technological change.
Net energy analyses, energy system studies, and
energy-environmental trade-off studies help distin-
guish the relative priorities of discrete technologies
within a class of technologies. The status of ERDA’s
ongoing efforts in the areas is discussed in Chapter
V1 of this report.

ERDA believes that its overall planning process
will benefit from comment and consultation by others.
To facilitate this interchange, the key steps in
ERDA'’s planning must be understood. Accordingly,
ERDA intends to publish descriptions of its PPBR
system as they become available.
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Chapter VI—Factors Influencing the
Evolution of the Plan

The National Energy RD&D Plan must be
responsive to continuous changes in the world, both
with regard to energy and non-energy events and
policies. For example, changes in private investment
and technology development, in oil and gas reserves,
in energy demand levels, in economic conditions, in
environmental considerations, and in life styles
affect the basis on which the Plan is drawn.

In arriving at this revision of the Plan, ERDA
has examined a number of factors, falling into three
principal areas:

¢ An assessment of the basis on which the earlier
version of the Plan was predicated, including:
domestic and world energy resources; and energy,
economic, environmental, legislative, and other
developments.

* An assessment of the comments and criticisms of
ERDA-48 by: industry; the general public; re-
gional, state, and local interests; other Federal
agencies; and Congress. These useful comments
have materially influenced the Plan. '

* An assessment of recent energy system analysis
studies aimed at: understanding the relationships
between energy, economic growth, and environ-
mental impact as a result of the introduction of
new energy technologies and other energy policy
initiatives; calculating the net energy aspects of
energy technologies; and supporting market pene-
tration initiatives through specific market studies.
Although most of these studies have not yet been
completed, it appears that they will be extremely
useful in: - selecting the most promising from
among the large number of individual energy tech-
nologies being proposed; and materially assisting
in clarifying the degree of Federal participation,
if any, required to develop and introduce new
technologies. They do not yet suggest the need for
a sharp revision in the basic goals and strategies
of this Plan.

Subsequent sections of this chapter review each
of the above assessments, and describe their implica-
tions for this Plan. In future Plan revisions, ERDA

will continue to make and report on similar assess-
ments.

International and Domestic Events

The fundamental strategy of this Plan is to
broaden the domestic energy resource base through
the introduction of new energy technologies in the
private sector. This strategy is based on the obser-
vations that worldwide supplies of oil and gas are
finite, that domestic production of oil and gas has
entered a stable or declining phase, and that other
domestic energy resources are available in significant
quantities. Events of the past six months, which are
reviewed below, support this appraisal. Moreover,
clarification of U.S. energy policy by the President
and Congress, although very important for the near
term, does not alter the fundamental problem of im-
balance in the Nation’s use of energy resources.

Geographical Concentration of World Energy
Resources and Reserves

Although world energy fossil fuel reserves are
very large, their geographical concentration is an
important consideration in assessing availability.
Petroleum and natural gas reserves are largely con-
centrated in the Eastern Hemisphere, with over half
of the world’s total in the Middle East and North
Africa, and most of the remainder in the Soviet
Union. The U.S. has the next largest reserves of oil
and gas. But in spite of the large Canadian and
Venezuelan producing industries, the oil and gas
reserves of the Western Hemisphere represent only
13 percent of the world total.

Reserves are essentially the proven inventory
that producers must have on hand to continue op-
erations. Based on world rates of production in
1974, the total reserves of petroleum would last for
another 35 years and the world coal reserves would
last for about 175 years. Of course, these global
averages are deceiving because not all producers
have equal call on the existing stock, and, further,
demand can be expected to increase in the future.
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The level of reserves is not static and it is gen-
erally expected that additional resources will be
located and moved into the reserve category in the
established producing areas. Resource estimates
(usually several times as large as the reserve esti-
mates) include extrapolations not only of additions
in existing proven areas, but speculations about
potential new discoveries elsewhere. In the Middle
East, some estimates suggest that the presently pub-
lished petroleum reserves may ultimately be at least
twice as large. The U.S. Geological Survey estimates
that ultimately there may be from two to four times
the current demonstrated U.S. reserves of liquid
fuels. Even more speculative, but of great current
interest, is the growing potential of offshore pro-
duction of oil and gas, particularly in the U.S., the
North Sea, and the Canadian offshore (including
the Arctic). :

Unless properly interpreted, however, data on
resource estimates can be misleading. These re-
sources are not ensured sources of supply, since in
many cases, technological advances are required to
locate, develop, and use them in economically and
environmentally acceptable ways. Appendix A pro-
vides a more detailed discussion of the world energy
resource picture, including data on the geographical
concentration of reserves and on the magnitude of
total reserves and resources.

It seems reasonable to conclude that the geo-
_graphical distribution of fossil energy resources will
not be radically different from the distribution of
today’s reserves. In this regard, the U.S. has about
8 percent of the world’s recoverable oil and gas re-
serves and about 35 percent of the recoverable coal
reserves. Discovery of new reserves can stretch the
world’s finite fossile resources, and that is desirable;
but, new discoveries are unlikely to result in changes
in the location of new reserves. To the extent that a
nation wishes to draw on domestic energy resources,
the long-term problem remains.

Continuing Worldwide Dependence
on Oil and Gas

In spite of rising costs, the worldwide trend
toward greater dependence on oil and gas has con-
tinued since the original National Plan. This trend is
expected to continue unless affirmative action is taken
to increase the use of coal and develop alternative
SOurces.

Developed countries, other than the centrally
planned (Communist) economies, and the less de-
veloped countries rely on gas and oil, particularly
imported oil, for three-fourths of their energy needs.
Reliance on coal is minimal in the less developed re-
gions, except in a few countries such as India and
Korea. The centrally planned economies, however,
rely on coal for over half of their total energy supply
and on oil and gas for most of the remainder.

In many countries, there are few alternatives to
imported oil. The prospects for coal are not encour-
aging in some countries since incentives and advan-
tages will continue to favor rapid development of oil
and gas until new energy sources are available. The
less developed countries would benefit greatly from
new technologies to use solar and other renewable
resources. Developed countries can undoubtedly be
of assistance in transferring and applying such tech-

. nologies.

Thus, the inertia of an infrastructure devoted to
oil and gas, the difficulty of converting to other re-
source bases, and the absence of alternative domestic
energy resources in some countries (e.g., Japan) will
all contribute to a continuing or increased worldwide
dependence on oil and gas. Short-term variations in
petroleum supplies should not obscure the fact that
in the long run a finite resource will, in the absence
of action to the contrary, be subjected to increasing
demand.

Continuing U.S. Dependence on Qil and Gas

The problem of continued heavy reliance on the
least abundant resources remains. The current reli-
ance on oil and gas in the U.S. is reflected in recent
statistics on energy consumption. As shown in Table
VI-1, these two sources accounted for approximately
75 percent of total consumption in 1974. Based on
early estimates, these fuels accounted for about the
same percentage of total consumption in 1975.

Dependence on imported oil has not decreased
significantly even though U.S. oil demand has re-
mained well below the level of just two years ago.
The decline in energy demand in the U.S. has been
about 2 percent in each of the last two years, while
the level of imported petroleum has also fallen slightly
and is not greatly below the level of 1973. In spite of
increased OPEC prices, the import dependence on
OPEC countries in general and the Arab countries
in particular has grown during the past year. Imports
now account for about 37 percent of total oil con-
sumption, with OPEC countries accounting for about
two-thirds of all imports.

The normal economic expectations that higher
prices would bring forth marginal supply and add
diversity among export sources have not materialized,
at least in the short term. Recent increases in domes-
tic drilling and exploration activity should, however,
lead to new fields and additional production in the
future.

Import dependence on OPEC production is not
likely to decline in the near term. Western Hemi-
sphere sources have not proven reliable offsets to
Middle East and other Eastern Hemisphere produc-
tion. Canadian crude oil exports to the U.S. are
scheduled to be cut by one-third in 1976 as compared
to 1975, and to be phased out entirely in 1981.
Venezuela, which had long been regarded as a favor-
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Table VI-1 U.S. Gross Consumption of Energy (1015 BTU)*

1974 Estimated for 1975

Utility " Total Total

Household and Trans- Electricity Energy Percentage Energy Percentage

Energy Source Commercial Industrial portation Generation Misc. Inputs of Total Inputs of Total
Coal 0.314 4.406 0.002 8.520 — 13.241 18.29%, 13.394 18.8%
Natural Gas (Dry) 7.518 10.018 0.685 3.512 — 21.733 29.89% 20.173 28.4%
Petroleum ™ * 6.061 5.907 17.720 3.480 0.246 33.414 45.8% 32.701 46.0%
Hydropower — 0.037 — 3.253 — 3.290 4.5% 3.158 4.4%
Nuclear Power —_ —_ — 1.202 — 1.202 1.6, 1.652 2.3%
TOTAL 13.893 20.368 18.407 19.967 0.246 72.880 100.0% 71.078 100.0%

Source: U.S. Bureau of Mines

* Data may not add to total because of independent rounding.
** Including natural gas liquids and refinery gases.

able source of oil supplies for the U.S., plans to hold
its long-term production to about 2 million barrels
per day although its current daily producing capacity
is in excess of 3 million barrels. Other Western
Hemisphere sources have little export potential and
the U.S. expects no sizable additions to domestic
production until North Slope oil starts to flow in
1977. Consequently, U.S. dependence on the Middie
East and other Eastern Hemisphere sources may in-
crease even more in the near term.

In the near term, it is physically possible for
foreign sources to supply our needs. Spare producing
capacity in OPEC countries was recently estimated
at 10 million barrels per day. OPEC production had
fallen from a quarterly peak of 32 million barrels per
day prior to the Arab oil embargo to a low of 26 mil-
lion barrels per day in the spring of 1975. Higher
levels of production and exports in the third quarter,
prior to the October 1 increase in OPEC prices, were
followed by sharp cutbacks after the 10 percent in-
crease took effect. At the same time, with economic
recovery under way in the major importing countries,
it is likely that energy demand will increase and the
decline in OPEC production will be halted.

As economic and energy growth resumes in the
U.S., there is a danger of slipping back into the same
pattern of meeting incremental supply needs with im-
ported oil. The current upturn of economic activity
in the face of declining domestic oil and gas produc-
tion will probably lead to higher imports initially.
Domestic crude oil production was at a rate of 8.4
million barrels per day in 1975—more than a 10
percent decline from the level prior to the embargo
in 1972. Domestic production of natural gas peaked
in 1973 at 22.6 trillion cubic feet; in 1975, produc-
tion was around 20 trillion cubic feet.

National determination to conserve in energy
use, to develop new sources of energy supply, and to
shift demand from oil and gas to more abundant
energy forms will be tested as economic growth re-

sumes. A measure of this difficulty is available from
the recent experience during the recession, when the
decline in total energy use was comparable to the
decline in economic activity. It appears that in addi-
tion to a general slowdown in economic growth, con-
servation also contributed to the decline in energy
use. FEA has estimated that, in 1975, 3 million bar-
rels of oil per day less were consumed as compared
to historic expected projections of demand, and that
conservation efforts accounted for a substantial por-
tion of the reduction. Yet the proportion of imported
oil changed very little.

The short-term reliance on oil and gas is com-
pounded by the obstacles to using those resources
which could be expended relatively quickly—coal and
nuclear power. Technical, environmental, and institu-
tional factors come together to inhibit increased util-
ization of these resources. The prospect of increased
reliance on imported energy to meet domestic energy
needs argues strongly for technology developments in
general, and for near-term conservation and fuel sub-
stitution initiative in particular. In addition, it is im-
portant that the efforts of individual nations be co-
ordinated through mutually reinforcing international
cooperative programs, as discussed in Chapter 1V.

New Assessments of Domestic Resources

The U.S. has both the domestic resources and
the technical capability to provide alternatives to oil
and gas. Periodic assessments have indicated the ex-
tent of these resources. Resource assessments in the
U.S. are much more thorough and soundly based
than in most of the rest of the world. The frequency
of resource surveys, formalized documentation proce-
dures, and the use of high-technology exploration
equipment all enhance the reliability of the resource
estimates.

Nonetheless, new assessments are made periodi-
cally and significant changes in estimates of the
resource base do appear. As a result of new assess-
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. Table VI-2 Recoverable Energy Resources of the United States
(In Thermal Equivalents)
Data in Data from Recent Officlal Reports
ERDA-48 Demonstrated Additional
Resource Units Report Reserves Resources Total Source and Explanation
Coal Quads 12,000 4,900 16,500 21,400 ERDA-48 excluded hypothetical resources
and those in areas likely to be closed to
mining
Natural Gas Quads 775% 244 706 950 Estimates based on ‘“Mean Values'' of USGS
: range of undiscovered resources
Petroleum** Quads 800* 246 704 950 Estimates based on ‘‘Mean Values” of USGS
range of undiscovered resources
Shale Qil Quads 1,200 727 473 1,200 Western and Alaskan shales yielding 25-100
gal/ton
Uranium*** Quads 1,800 900 900 1,800 Utilized in LWRs
Geothermal Quads 400 102 3,332 3,434 Recoverable heat with present or near-term

technology

* ERDA-48 data based on the USGS “High Probability” estimates but excluding resources that may be produced through tech-

niques to enhance recovery rates.
** Crude oil and natural gas liquids.

**¢ The use of uranium in breeder reactors could expand the resource base to about 130,000 quads.

Note: See discussions in text and bibliography for detailed references.

ments reported since ERDA-48, the estimated do-
mestic resource base has risen significantly for coal
and more thorough appraisals have been made of
geothermal and other resources. These new assess-
" ments are primarily the result of different interpeta-
tions of previously presented data and, in the case of
coal, of major additions to the more speculative re-
sources. Nonetheless, they tend to confirm the belief
that the U.S. has significant domestic energy re-
sources that could be used to reduce dependence on
oil and gas. Table VI-2 shows the new estimates as
compared to those in ERDA-48.

In a new U.S. Geological Survey study,* the
total coal resource base was increased 25 percent
from 3.2 trillion short tons to nearly 4.0 trillion short
tons. The bulk of the increase was in hypothetical
resources (587 billion tons), while identified resources
were increased by 11 percent (171 biltion tons). Coal
resources currently considered recoverable account
for less than one-third of the nearly 4 trillion tons,
reflecting quantities in seams too thin to be mined
economically and providing for a recovery rate of
50 percent. Hypothetical resources and those in areas
likely to be closed to mining operations were not in-
cluded in the ERDA-48 analysis.

Since the U.S. Geological Survey had completed
a new study** of oil and natural gas resources prior

* USGS Bulletin 1413 (Averitt), “Coal Resources of the
United States, January 1, 1974,” Washington, GPO,
1975.

*i USGS Bulletin 725 (Miller et al.), “Geological Estimates
of Undiscovered Recoverable Oil and Gas Resources in
the United States,” 1975.

to the preparation of ERDA-48, it was possible to
use these new USGS estimates in that analysis. A fol-
low-on study planned for completion in mid-1976 will
reappraise oil and gas estimates in light of the recent
changes in price-cost relationships that were not taken
into account in the 1975 study. These important
price effects could change the outlook in several ways:
(1) some resources formerly uneconomic to recover
may now be recovered, (2) the percentage rates of
recovery may improve, and (3) reserves may be pro-
duced at a more rapid rate.

The rate at which the existing and newly estab-
lished reserves of oil and gas will be produced is the
most crucial short-term variable. If producers’ prices
are high and expectations for further price increases
are lessened, there could be a strong incentive to de-
plete reserves much more quickly than previously
estimated. However, unless the basic resource esti-
mates are in error, the result may be simply to ease
the short- and mid-term problems and aggravate the
problem in the long term. Expanding the application
of enhanced oil and gas recovery techniques is a key
program initiative for achieving the goals of the Na-
tional Plan for Energy RD&D. These aspects of this
initiative were discussed in greater detail in Chapter
IIl.

An extensive evaluation of uranium resources
is now under way that will be based on detailed na-
tionwide geological, geophysical, and geochemical
studies and surveys. The evaluation will take several
years to complete, but information will be made avail-
able as it accumulates. A preliminary report pub-
lished in January 1976 indicated a 50 percent in-
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crease over earlier estimates, but the ERDA-48
analysis had been based on the later estimates, which
were then unpublished.

A new assessment of geothermal resources was
recently completed by the USGS in cooperation with
ERDA.* For each identified geothermal system, the
parameters used in calculating volumes, heat content,
and recoverabilities are listed. The preliminary esti-
mates disregard costs, and they will be revised as
more data and better methods of evaluation become
available. The geothermal potential that will even-
tually be realized is dependent upon the development
of new technologies for exploiting the various systems
in economic and environmentally acceptable ways.
Estimates of the total potential would vary with the
combination of resource systems employed and with
variations in the technologies to be used and the rate
of exploitation within each of the four major cate-
gories. For example, the estimates for hot dry rock
and magma are based on assumptions of relatively
low heat extraction and conversion efficiencies.
Higher efficiency assumptions would increase these
several times. The estimated resources are shown in
Table VI-3, on a heat equivalent basis.

In the long term, thorium resources could also
be important, but they do not seem likely to represent
a significant alternative energy source in the near
term. Thorium is a relatively abundant element (6
parts per million in the earth’s crust vs. 2 parts per
million for uranium), and resources are more than
adequate to meet any foreseeable needs. No new esti-
mates of thorium have been prepared in recent years.

Other Events and Developments

There are many legislative and environmental
developments which potentially will affect the Na-
tional Plan and program implementation. Recent
legislative initiatives address automotive, consumer,
and industrial conservation; the development of fuel
supplies from lands subject to federally controlled
mineral rights; strategic storage of petroleum fuels;
changes in the pricing structure for oil; and Federal
encouragement of new technologies. Environmental
initiatives, particularly at the state and local level,
must be taken into account in fostering the develop-
ment of nuclear power and the extraction of fossil
fuels.

The Energy Policy and Conservation Act,**
recently signed and passed into law, has major impli-
cations for the Plan. This is especially true in the con-
servation area, as discussed in Chapter III. In gen-
eral, the Act stresses conservation and the use of
coal—policies which are entirely consistent with the
Plan.

* USGS Circular 726 (White and Williams), “Assessment
of Geothermal Resources of the United States—1975,”
1975.

** Public Law 94-163

Table VI-3 Geothermal Resources—Estimated Recover-
able Heat with Present or Near-Term Technology
(In Quads)

Resource Type Known inferred Total

Hydrothermai Convection
Vapor Dominated (*>150 degrees C) 2 2 4
Liquid Dominated
High Temp. (>150 degrees C) 20 110 130
Low Temp. (90-150 degrees C) 80 250 330

Geopressured

Electrical Utilization 100 230 330

Methane Production 500 1,500 2,000

Hot Dry Rock 80 240 320

Magma 80 240 320
Total 862 2,572 3,434

NOTE: Does not include (1) normal gradients of heat in the
earth, or (2) hydrothermal convection systems less than
90 degrees C.

Source: Definition Report: Geothermal Energy Research, Develop-
ment and Demonstration Program (ERDA-86), October
1975, pp. 1-7.

The legislation also establishes a framework for
the gradual, but complete, removal of oil price con-
trols. This partial resolution of uncertainties concern-
ing price should allow the private sector to plan more
meaningfully for additional domestic energy produc-
tion. The exploration for and development of not
only petroleum but all competing energy sources can
proceed more smoothly, including the enhanced oil
and gas recovery and synfuel initiatives discussed
earlier.

Other developments have more effect on broad
aspects of energy policy. These developments are
important, nonetheless, to the extent that they in-
fluence the choice of new energy technology options
at some future time period. Expanded oil and gas
supplies from areas where the mineral rights are con-
trolled by the Federal Government and the proposed
deregulation of natural gas are examples.

Environmental developments are critical to the
evolving Plan. Several current environmental initia-
tives are generic in nature (e.g., nondegradation legis-
lation, state implementation plans for meeting na-
tional ambient air quality standards), with potential
effects on all energy implementation plans. Other
initiatives are program-specific (e.g., water rights for
use in coal slurry pipelines, statewide moratoria on
new nuclear power plants).

The implications of these developments on the
Plan relate primarily to the need to identify the major
environmental and other issues in the context of spe-
cific programs, and to incorporate the resolution of
these technical and non-technical issues into tech-
nology development plans. This implies a strong re-
quirement for inter-agency cooperation (discussed in
Chapter 1V) as environmental standards and techni-
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cal RD&D programs are modified to meet changing
requirements. S

Asséssment of the Plan by Others

The importance of the review of the National
Plan by others is expressed in Congressional require-
ments. In 1975 Congress requested the Office of Tech-
nology Assessment to conduct a formal review of the
National Plan.* Also, The Non-Nuclear Energy Re-
search and Development Act directs the Council on
Environmental Quality to undertake an ongoing as-
sessment of the adequacy of attention to environ-
mental protection and energy conservation in the
energy R&D programs. In conducting this assessment
CEQ is to hold annual public hearings, which in
1975 focused on a number of aspects of the National
Plan.** In addition, the external review of the Plan
includes the solicitation of comments from state and
regional energy representatives, public and special in-
terest groups, industry, the general public, and other
government agencies. This section summarizes the
‘most important comments and discusses how they in-
fluenced the Plan. Other government agencies pro-
vided initial input to the first National Plan in the
area of program implementation. (Summaries of their
energy RD&D programs were contained in Volume 2
of ERDA-48.) In the eurrent Plan, other agency
input and review to Volume 1 (The Plan) and Volume
2 (Program Implementation) were solicited.

Review by OTA and Public Hearings
Held by CEQ

The OTA review and CEQ hearings on the
National Plan for Energy RD&D produced the most
comprehensive and wide ranging comments on the
Plan. In general, the review and comments were most
useful in highlighting those areas where the Plan
could be made more responsive to the energy prob-
lems facing the country. The comments can be
grouped according to three primary issues:
¢ The basis for planning and program execution and

the resulting priorities should be reexamined. Criti-
cisms included: excessive reliance on a hardware-
oriented approach; inadequate emphasis on con-
servation; too little attention to nontechnical
impacts resulting from technology development;
too little focus on near-term energy problems; im-
balance between energy supply and demand
RD&D; overemphasis on high technology, capital-
intensive energy supply alternatives such as elec-
trification; inadequate emphasis on solar energy;
* United States Congress, Office of Technology Assess-

ment, An Analysis of the ERDA Plan and Program,
October 1975.

** Council on Environmental Quality, Summary Report on
1975 Public Hearings: Environmental Effects and Energy
Conservation Aspects of the Nonnuclear Energy RD&D
Programs, January 1976.

inadequate emphasis on commercialization; lack :

- of established goals for the basic research pro-
gram; lack of importance given to environmental
control and protection; and management policies
that appear inadequate to achieve goals.

» The degree of cooperation and coordination with
others should be increased. Criticisms included:
insufficient provision for coordination and coopera-
tion with international concerns, Federal agencies,
state and local governments, and the general pub-
lic in energy planning and policy making,.

* The analysis supporting the Plan should be more
comprehensive. Shortcomings were noted in: eco-
nomic and socioeconomic analysis; cost/benefit
analysis; resource assessment; foreign policy op-
tions; physical, environmental, institutional, and
social constraint analysis; and net energy analysis.

The current Plan reflects the OTA comments
and criticisms, and comments expressed to CEQ at its
hearings, particularly in the sections dealing with
near-term initiatives; the conservation program prior-
ity; major environmental issues; increased coordina-
tion with others; analysis of energy and- economic
relationships, including constraint and net energy
analysis; and the role of basic research. However,

- many of the issues raised are complex, and have not

been resolved in this document. ERDA will continue
to incorporate these comments in future revisions of
the Plan. .

Other comments obtained from the OTA review
and the CEQ public hearings indicated that the Fed-
eral mission, as expressed in the goals of the Plan,
was too narrow. A related issue was the need for an
expanded national energy RD&D program reflecting
circumstances following the Arab oil embargo. A
significantly higher budget was suggested to accom-
modate the adoption of a broader mission and the_
urgent need for energy solutions. These issues were
underscored in the OTA review: :

ERDA’s Plan in many instances acknowledges the

need for such a broad perspective and program,

In fact, the problems are not so much within the

Plan itseif—which is a serious and praiseworthy

initial effort—but in the lack of a broad commit-

ment and coordination when the Plan, Program

and Budget are considered together.***

Chapter III summarized the ERDA portion of
the national energy RD&D budget and program im-
plementation. The funding levels in this program im-
plementation plan reflect the Administration and
Congressional assessments of the current energy situ-
ation subject to the effective utilization of manpower,
facility, and budget resources.

Certain issues highlighted in the OTA review
and CEQ hearings (e.g., the desirability of greater

*** United States Congress, Office of Technology Assess-
ment, An Analysis of the ERDA Plan and Program,
October 1975, p. 4.
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energy independence as an energy policy goal) re-
quire broad public policy discussion since they affect
large segments of U.S. society. Decisions on these
issues cannot be made singularly by government
agencies or by narrow segments of society. The Plan
can, however, help focus on these issues by providing
supporting analysis and forums for discussion. For
example, preliminary conclusions regarding the im-
pact of energy policy on other sectors of the economy
are presented later in this chapter in a separate dis-
cussion on energy systems analysis studies.

ERDA Regional Public Review

The public review of the Plan provided im-
portant insights into specific regional energy issues.
In the two public meetings that were held,* regional
concerns were expressed about the future potential
of various energy sources. These comments reflected
the uniqueness of regional environments and were
tied to local perceptions of the nature and importance
of problems associated with development of energy
alternatives.

The other main issues addressed by the partici-
pants in the public metings were:

* The goals of the Plan should be more realistic and
should consider such regional constraints as re-
sources, capital, and manpower.

o The degree of coordination between the Federal
Government and state, local, and regional concerns
should be improved to ensure successful and ac-
ceptable energy policies and programs.

o Criteria for ranking technology priorities should
consider the impact of technology development on
economic, environmental, social, and political sys-
tems. The budget should reflect these priorities.

» The nuclear alternative should be assessed more
carefully in terms of environment, health, and
safety.

* Government incentives should be available to en-
sure commercialization of new technologies.

* Conflicts of water use between energy and non-
energy uses should be resolved.

¢ In view of finite resources, an ever-increasing rate
of energy growth should not be encouraged.

¢ Economic and net energy analyses should be used
in assessing alternative energy sources and tech-
nologies.

¢ The importance of short-term energy planning
should be emphasized. Conservation and other
alternatives such as solar, geothermal, biomass
conversion, and hydrogen should receive higher
priorities.

Another form of public review was provided by
* The first meeting was held in Atlanta (October 1975)

and the second in Seattle (December 1975). The Bibli-
ography lists the publications for these meetings.

interaction between industrial representatilves, trade
associations, state energy offices, public interest
groups, and Federal program planners. These groups
were asked (by letter from ERDA**) to provide their
views on energy RD&D. As a result of this solicita-
tion and the regional review process, ERDA program
managers and their staffs met with représentatives
from industry, public interest groups, and state and
regional energy groups.

The comments elicited from the public review
process have been carefully examined and evaluated.
These comments have helped shape the current Na-
tional Plan, most notably in the areas of program
priorities (e.g., the new emphasis on conservation)
and coordinating activities with state, regional, and
local groups (e.g., the emphasis on establishing a na-
tional energy organizational infrastructure). In addi-
tion, energy analysis conducted at the state and re-
gional level will be useful in focusing the energy
systems analysis efforts which influence the Plan.

Energy Systems Analysis Studies

Subsequent to the development of ERDA-48,
several studies were undertaken to address issues
raised by the Plan and related comments. For exam-
ple, it was clear that more analysis of economic
effects, and energy-environmental trade-offs was re-
quired. Similarly, ERDA believed that the cumula-
tive impact of technology change in the utility indus-
try deserved more study, as did the situation posed
by other countries that sustained a high' economic
growth with relatively low energy consumption.

These studies are nearing completion, will be
published for external review and comment, and are
expected to provide important insights for future
planning. At this point, the study results are prelimi-
nary, but appear consistent with the Plan. Specifically:
* The new emphasis on conservation and the reli-

ance on technological solutions to achieving
energy goals are reinforced by results obtained
from a study of the relationship between energy
and economic growth. '

¢ The choice of energy RD&D technologies is rein-
forced by a study which indicates that, of the tech-
nologies investigated to date, all are supportable
on the basis of a net energy analysis.

¢ The difficulty of quickly changing the Nation’s
consumption patterns to show improved energy-
economic efficiency is highlighted in a study of
foreign energy consumption patterns.

* Finally, the importance of emphasizing the coal
and light water reactor nuclear initiatives, dis-
cussed earlier in Chapters II and III, is highlighted
in a market study of the electric utility industry.

** Via letters from the Assistant Administrator for Plan-
ning and Analysis to representatives of these groups in
March and July 1975,
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In addition to the four study areas above, the
conceptualization of energy, economic, and environ-
mental trade-off analysis and the analysis of eco-
nomic constraints to energy growth are being investi-
gated.

The study of energy systems is dynamic. As
more is learned about the role of energy in society,
both the problems being addressed and the tools and
techniques of analysis are subject to change. This
section presents selected preliminary results and con-
clusions from ongoing energy systems studies.

The purpose of the analysis, highlights of
emerging conclusions, and references to existing and
planned detailed reports are presented for the energy
studies.

Each study is summarized in the balance of this
section. The conclusions and results are based on a
series of independent analyses. The supporting
studies are only indirectly related to each other,
primarily through the common input assumptions
related to possible energy futures (i.e., the ERDA-48
scenarios). New and continuing studies are, however,
a key ingredient of the ERDA planning system, as
discussed previously in Chapter V.

Relationship Between Energy and
Economic Growth

The effects of alternative future energy scenarios
on the U.S. economic system must be better under-
stood. This need is underscored by concerns over the
impact of rising energy prices on overall economic
growth, energy demand, inflation, and employment.
Other areas of interest include the impact of new
technology introduction on the economic system and
on the cost of providing energy. »
The relationship between energy and economic
growth are complex but must be addressed to ensure
the compatibility of energy policy goals with other
societal goals. Accordingly, the main purposes of
analysis efforts in this area are to:
¢ Develop methods for measuring the interrelation-
ships between energy production and consumption
and economic growth. The interrelationships in-
clude those among: energy demands, prices, and
income; energy supplies, prices, and domestic eco-
nomic output; and energy RD&D impacts, infla-
tion, labor requirements, and capital requirements.

* Provide information on the economic impacts of
energy technology introduction. Impacts such as
changes in material, labor and capital require-
ments, aggregate GNP and its distribution to con-
sumption, investment, and foreign trade are impor-
tant to permit evaluation of alternative energy
policies.

¢ Differentiate between the energy-economic effects
of energy RD&D policies and those of other pol-
icies. For example, it is important to provide infor-
mation on the effects associated with policies

aimed at increasing energy supplies (such as
through expenditures on new technologies) as
compared.to those associated with policies aimed
at curtailing demand (such as demand reductions
through price increases).

New technologies designed to exploit the Na-
tion’s abundant domestic resource base are expected
to be available at different times and in varying quan-
tities over the next two decades. Contributions to
energy supplies are expected from oil shale, coal
liquefaction and gasification, geothermal energy, and
solar electric and direct solar applications. To the
extent that these technologies can compete with exist-
ing energy sources, including imports, they can re-
duce the Nation’s dependence on foreign energy sup-
plies. Therefore, one strategy for meeting the Nation’s
energy policy goals relies on increased domestic sup-
plies. Another strategy involves reductions in energy
consumption.

Four models were utilized to describe the inter-
reactions existing between factors of energy supply
and demand and economic activity. These models,
discussed at the end of this section, were used to test
alternative supply and demand policies against a base
or reference case. This case assumed the continuance
of present economic and energy practices and condi-
tions; the only exception was the assumed decontrol
of oil and gas prices.* The alternative policies were
evaluated in terms of their effects on economic growth
and on the achievement of prespecified import tar-
gets. These policies were based on the following:

* A supply policy was based on the introduction of
the new technologies mentioned above. The esti-
mates of the maximum energy flows that could be
expected from the new technologies were based on
the technical calculations (scenarios) contained in
ERDA-48. Import target levels were set as a de-
clining percentage of total domestic energy use.

* A demand policy was based on rising energy prices
(via taxes and tariffs only). Demand measures
(rising energy prices) were used to eliminate any
supply/demand gap still remaining-after the intro-
duction of new technologies. The procedure used
was to increase the prices of energy supplies grad-

* During the conduct of these evaluations, ERDA and FEA
collaborated closely on the energy projections generated
by FEA through its Project Independence Evaluation Sys-
tem (PIES) model. ERDA believes that the FEA modeling
efforts provide a very logical and detailed approach to
evaluating economic interactions for the 1975-1985 time
frames. Thus, ERDA has chosen not to duplicate these
efforts, preferring instead to work with FEA to produce
a mutually agreed upon set of projections for the next
decade. Conversely, ERDA has taken the lead role for
examining the energy-economic interactions for the 1985~
2000 time frame, with FEA providing advice and review.
The evaluations in this section cover only the 1985-2000
period and were closely calibrated to thé FEA results for
1985 to provide the initial point of departure.
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ually (which resulted in lower demands) until the
specified import target levels were reached. The
1985 import target level was 10 percent of total
energy consumption and the 2000 target level was
5 percent.

The preliminary results obtained to date relative
to the base case have some important implications
for research and development activities and for the
implementation of new technology in the market place:

¢ The introduction of new energy-producing tech-
nology has a significant positive effect on the level
of GNP and on the economic well-being of the
country. The discounted value of future GNP re-
stored by adding to supplies (through technology
introduction), instead of increasing prices to reduce
demand, is several-fold larger than the discounted
value of accumulated expenditures on RD&D.

¢ Higher prices (30 percent above those otherwise
expected in 2000) could be required to achieve the
specified energy demand reductions, and this ap-
pears to be an undesirable cost to the Nation. Im-
plementation of more efficient energy using and
producing devices would be the preferable way to
achieve the import reduction. The price increases
needed to achieve a suflicient demand reduction are
half as large when new supply technology is avail-
able as when it is not available. Energy demands
are rather inelastic, with a 10 percent increase in
price required to produce a 2.5 percent demand re-
duction in 1985 and a 4.5 percent demand reduc-
tion in 2000.

¢ Increases in the inflation rate occur as a result of
energy price changes. In addition to the introduc-
tion of new technology, high taxes and tariffs (over
150 percent on oil and 20 percent on gas) are re-
quired to achieve the specified lower demands; this
leads to a long-term increase in the general infla-
tion rate of about 0.3 percentage point.

e The effects of higher prices and new technology
result in a slowing of the rate of increase in the
output of the domestic economy. The rate of in-
crease in real GNP declines, resulting in a small
drop in the level of real GNP (about 2 percent
lower in 1990 and 3 percent lower in 2000).

¢ Changes in labor requirements result in an increase
in unemployment. A lower real GNP produces a
lower demand for labor inputs to the economy.
The restructuring of the economy to reduce energy
use offsets this somewhat through increased de-
mands for labor as a substitute for energy inputs.
The overall result is a long-term increase in the
unemployment rate (for both policy alternatives)
of from one-half to one percentage point higher
than for the base case.

¢ New technologies are only marginally competitive
with existing technology in the short-run but com-

pete successfully by the end of the century. New
technologies (primarily oil shale, geothermal, and
direct solar) may account for 16 percent of total
energy in 2000 as compared to only 4 percent in
1985.

¢ There is an improvement in energy-economic effi-
ciency (as measured by the energy/GNP ratio).
Preliminary results indicate a 2 to 3 percentage
point improvement for each 10 percent change in
energy prices.

The set of analytical tools applied to these prob-
lems represents an advancement in the state-of-the-
art for models of this type. It is the first time a macro-
economic growth model has been linked to an inter-
industry sectoral model* and subsequently linked to
an energy technology oriented resource allocation
model. ** These efforts are being jointly pursued
through contracts with ERDA.*** It also represents
the first time that changes in energy technologies and
patterns were introduced into the economic models
to determine the new configuration of economic
activity and indicators. The relationship among the
separate models is expressed in the logic diagram
shown in Figure VI-1. Each of the four models have
been previously examined and critiqued. Certain ad-
justments have been made to develop compatible
definitions of parameters. The initial results of this
ongoing study are to be published by Brookhaven
National Laboratory and Data Resources, Incorpo-
rated, and will be disseminated for review and com-
ment at approximately the same time that this Plan
is published.

These efforts are an integral part of the plan-
ning, program, and budget review process now being
structured within ERDA. The treatment of other
areas of energy-economic analysis—sectoral elastici-
ties, regional considerations, and the sensitivities of
individual technologies—has yet to be worked out.
Other policy variations (e.g., non-price induced con-
servation) will be investigated. Additional results and
studies will be forthcoming as they are completed.

Net Energy Analysis: The Energy Required to
Produce, Distribute, and Conserve Energy

Net energy analysis is the term commonly used
to signify the energy expenditures required to pro-

* For additional details see “U.S. Energy Policy and
Economic Growth, 1975-2000,” Edward A. Hudson
and Dale W. Jorgenson, The Bell Journal of Economics
and Management Science, Volume 5, Number 2, Au-
tumn 1974, pp. 461-514.

** For additional details see “A Methodology of Technical
Analysis with Application to Energy Assessment,” K. C.
Hoffman, ASME Paper 75-WA/TS-8, American Society
of Mechanical Engineers, New York, 1975.

***% With Data Resources, Incorporated (macroeconomic
and inter-industry sectoral models) and Brookhaven
National Laboratory (input-output and resource alloca-
tion models).
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Figure V-1 Integration of Economic Growth, Industry Interaction and Energy Systems Models

duce and distribute energy in various forms or to re-
duce energy consumption in a particular demand
process. It is the difference between energy output
and the sum of direct and indirect energy inputs. Net
energy is a subset of the broader area of energy
analysis which seeks to identify and interpret the
energy flows in society—both direct and indirect—
which are required for- the production and distribu-
tion of various goods and services. Net energy analysis
is an aid to program planning, as it supplements exist-
ing economic and technical analysis and provides ad-
ditional information for evaluating technical pro-
grams and project priorities.
Net energy analysis of individual technology
options is important for several reasons:
¢ To determine how much energy must be invested
to develop, construct, and operate new technol-
ogies
¢ To supplement economic studies aimed at evaluat-
ing the energy resource base and analyzing the
cost of new technologies
* To provide a better understanding of the relation-
ships of energy-producing sectors of the economy
to each other, to other economic sectors, and to the
environment

¢ To identify significant indirect economic benefits
from careful energy management, such as preser-
vation of the environment and conservation of
energy resources for future generations.

Net energy analysis is still in an early stage of
development and lacks a well-established set of rules
and conventions. Substantive questions arise as to:

* Which energy expenditures or resource commit-
ments should be included in the analysis, and what
system of measurement should be used

¢ How energy of different forms (and with different
economic values) or energy of like form expended
at different times should be aggregated

¢ Whether a single quantitative value (and if so,
which one) can adequately express the significant
results of the analysis.

Even if there were no uncertainty in the magni-
tudes of the various energy inputs, very large appar-
ent discrepancies in reported total energy inputs per
unit of net output would still result from different
responses to the above questions. These questions
can be answered only after additional studies in net
energy analysis have been conducted.
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Recognizing these difficulties, ERDA used two
studies* to prepare conclusions on the net energy of
seven basic technologies for producing electricity and
nine technologies for producing non-electrical
energy. Based on the results to date, the conclusions
are as follows:

¢ With the exception of very low-grade energy re-
sources, no technologies appear to be “losers”
from a net energy standpoint. These low-grade de-
posits have not been included in the assessment of
the resource base presented earlier.

* Most technologies return from 4 to 10 times the
external energy (i.e., the direct plus indirect energy
inputs) expended for energy production.** That is,
the external energy inputs amount to 10-25 per-
cent of the energy output. However, for some con-
ventional fuel supply systems the external energy
required is less than 5 percent, while for com-
binations of processes (e.g., oil from shale used to
produce electricity) the requirement can be 40 per-
cent or higher.

¢ Nuclear electric power returns about 4 times the
external energy required. A detailed study of the
nuclear option is summarized in Appendix B.

* Net energy analysis is a supplement to, not a re-
placement for, other more widely used tools of
analysis. Considering the current state-of-the-art,
ranking of technologies on the basis of net energy
calculations is not as instructive as performing the
analysis on specific technologies. The use of ques-
tionable assumptions and the lack of comprehen-
sive data preclude extensive reliance on the com-
parison of results.

Other major technologies will be analyzed and
reported on during the year. In addition, future
efforts will consider energy demand options and com-
plete supply-to-demand pathways, including the
transformation process efficiencies at each step along
the pathways.

Foreign Energy Consumption Patterns

Guidance for domestic energy policy will also
come from experiences of other nations. Most in-
structive will be those countries which have achieved
a high standard of living with lower rates of per
capita energy consumption than those in the U.S.
Most notably, several European countries (e.g.,

*Two studies have dealt with a wide range of energy
technologies: “Transition,” sponsored by the State of
Oregon, Office of Energy Research and Planning, Office
of the Governor, 1975; and “A Study to Develop Energy
Estimates of Merit for Selected Fuel Technologies,”
Development Sciences, Inc., September 1975. Originally
sponsored by the Department of the Interior, this latter
study was subsequently included in ERDA’s program.
Several other studies are referenced in the Bibliography.

** See Appendix B for a further discussion of the terms
used in net energy analysis.

Sweden, Denmark, Switzerland, West Germany) have

these characteristics.

Studies on foreign energy use and economic
growth are needed to:

* Evaluate the level and mix of energy consumption
within different sectors and gain understanding of
the basic relationship between foreign energy con-
sumption and economic growth

* Identify opportunities for conservation which are
applicable to the U.S., and evaluate the extent to
which life style changes may be required to
achieve lower per capita energy consumption rates

* Form a basis for determining both efficient and
wasteful energy consumption practices in the U.S.

Sweden was selected for the first study*** be-
cause it has a similar economic performance to the

U.S., as measured by per capita gross national prod-

uct (GNP) and per capita income, and a significantly

lower per capita energy consumption rate.

The results of this study plus research by others
indicate that major structural changes and efficiency
improvements would be required to promote a sig-
nificant transfer of Swedish energy consumption pat-
terns to the U.S. The major differences are in:

« Makeup of the Economy and Industrial Efficiency:
Sweden imports a significant quantity of energy-
intensive products (e.g., refined petroleum and
agricultural goods), which the U.S. produces in-
ternally, The aluminum and petrochemical in-
dustries, two important energy-intensive U.S. in-
dustries, constitute a smaller proportion of the
Swedish industrial mix. On the other hand, Sweden
produces significantly higher quantities of paper
and pulp than the U.S. and exports large quantities
of metal, machinery and transportation equipment.
In addition, the energy efficiency of many indus-
trial processes appears to be higher in Sweden than
in the U.S.

* Transportation Efficiency: The Swedish auto-
mobile fleet, for example, averages over 60 percent
better fuel mileage than the U.S. counterpart. Sim-
ilarly, the Swedish people make greater use of
mass transportation.

» Housing Patterns and Efficiency: Swedish homes
are much better insulated than in the U.S., resulting
in greater efficiency of energy use. Also, little or
no air conditioning is required in Sweden. More-
over, one out of five houses in Sweden is heated
by hot water distributed from fossil electric power
plants; in the U.S., this heat is discharged into the
environment and lost.

* Geography and Demography: Urban density is ap-
preciably higher in Sweden and production centers
are closer to markets.

**% A, Doernberg, “Comparative Analysis of Energy Use
in Sweden and the United States,” Brookhaven National
Laboratory, September 1975.
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Some changes are under way in the U.S. that
promise improvements in per capita energy consump-
tion along the lines suggested by the Swedish experi-
ence. For example, efficiency improvements in the
U.S. transportation fleet will be forthcoming as a
result of the recently signed Energy Policy and Con-
servation Act. Specifically, auto manufacturers are
required to bring their fleet average up to 20 miles
per gallon (mpg) by 1980 and 27.5 mpg by 198S.
For comparison, the U.S. average of all autos was
13.5 mpg in 1972 while the Swedish average was in
the low 20’s. In addition to auto efficiency, the Act
also provides impetus to future improvements in in-
dustrial energy efficiency.

On the other side, however, it is possible that
energy consumption patterns in Sweden have not
stabilized. The amount of energy used to support and
produce economic activity, as measured by the
energy/GNP ratio, has increased in Sweden durmg
the last ten years. The U.S., which uses more energy
per unit of GNP, has expenenced a flatter trend over
the same period. Thus, over time and under favor-
able supply conditions, Swedish patterns in energy
use may approach present U.S. patterns. The current
emphasis of Swedish energy policy, however, appears
to be toward even greater efficiency improvements
and slower growth rates in the future. In addition,
the gap between the American and the Swedish
standard of living may be different than indicated by
the per capita GNP figures, due to the interpretation
given GNP as a measure of economic wealth.

Another study* prepared for FEA reinforces the
conclusion that structural changes and efficiency im-
provements in the U.S. economy would be required
to obtain the lower energy consumption patterns
achieved by some foreign countries. Differences in
per capita energy consumption between West Ger-
many and the U.S. are greatest in the household and
commercial sector, and the transportation sector.
For example, significantly smaller houses, negligible
use of air conditioning, point-of-use hot water heat-
ing, and other differences result in lower per capita
consumption in the West Germany household sector
(i.e., about 48 percent of the U.S. level in 1972).

In the automotive sector, per capita energy use
per passenger-mile and per capita miles driven are
both around 50 percent of the U.S. levels. These
factors account for a large portion of the lower per
capita consumption in the transportation sector (i.e.,
about 27 percent of the U.S. level in 1972).

Lower energy consumption in the West Ger-
many and Sweden transportation sectors must, to
some extent, reflect the high retail price of fuel. In
West Germany, for example, the average retail price

* Richard L. Goen and Ronald K. White, “Comparison of
Energy Consumption Between West Germany and the
United States,” Stanford Research Institute, June 1975.

of gasoline was more than twice that in the U.S. in

. 1973.

. Additional studies of other countries are
planned for the future. These efforts will be under-
taken in cooperation with the selected foreign coun-
tries and with the International Energy Agency.

Energy Market Analysis

Analysis of the marketplace is hecessary to un-
derstand how new technologies can have a reasonable
chance of competing with other, more established
techinologies. Successful competition has two main
comporients that are investigated by market analysis:
first, the economics associated with energy recovery,
transformation, -and distribution; and, second, the
timing of market introduction and the degree of mar-
ket diffusion. These studies are patterned after pri-
vate sector practices, supplemented when necessary
by other supporting national and regional analyses.

The Electric Utility Study, started in the sum-
mer of 1975 by ERDA, is an example of a speciﬁc
market study currently under way. This study is the
first of several that seek to assess the Plan’s overall
RD&D objectives, goals, and program priorities from
the viewpoint of the industry most directly affected
by implementation of new energy technology.

A four-step approach is used in the utility study.
First, a range of electric growth futures is established
on a regional basis. Provision is made for both high
and low total growth rates in electric energy demand.
Second, the technical options available to utilities are
documented, along with estimates of time schedules
and economics. Third, the likely market penetration
and resulting benefits of each technology are assessed
through an analysis of economic attractiveness from
the industry’s perspective. This assessment may be
repeated for several energy policy scenarios. Fourth,
the applicable government RD&D programs are eval-
uated in light of the market study results to deter-
mine whether the program priorities and goals are
appropriate.

Tentative. findings in the first stage of the
study—based primarily on comparisons of technol-
ogy economics and environmental characteristics— -
suggest that:
 Conventional coal plants with scrubbers and light

water reactors will continue to provide the bulk of
base generated power for the rest of the century;
gas turbines will provide some power during peak
periods.

* The existing and newer technologles will have to
compete against these technologies—although few
can now be said to offer clear-cut economic ad-
vantages (even considering the large uncertainties
in cost projections) over coal and nuclear alterna-
tives.

 Three aspects of new technologies make them at-
tractive to pursue: first, the potential for improved
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economics—even small improvements in technol-
ogy economics can make a large difference when
viewed from a national perspective (in light of
very large projected markets under all likely
growth scenarios); second, the capability of new
technologies to meet future, potentially more
stringent environmental standards; and third, the
ability of some new technologies to shift genera-
tion away from oil and gas.

* The RD&D on new technologies now being pur-
sued by the Nation provides more competitors in
each area than are likely to be developed by
vendors or implemented by utilities.

* One objective of the study will be to lay out an
RD&D strategy that provides sufficient technology
alternatives in critical areas, but that minimizes
investments beyond basic research stages in the
less crucial areas. This strategy should provide
sufficient alternatives to meet potential future con-
straints such as the possibility of a nuclear mora-
torium, major restrictions on western coal mining,
or severe constrictions on current environmental
standards. In so doing, the strategy should also
provide for treating substanial cost uncertainties.

The report on the first stage-—indicating prelim-
inary conclusions—will be published in spring 1976;
the final report a year later.

The results of the utility study are generally ap-
plicable to other energy technology areas as well.
They serve to reinforce the commitment to assess all
aspects of technology and the barriers to market
penetration, as highlighted in this National Plan. In
addition, while an adequate set of options must be
available to meet unique market needs, priorities
within program areas should be established, with
emphasis on those options with the highest chance of
achieving market success.

Energy, Economic, and Environmental Trade-Offs

The economic and environmental impacts asso-
ciated with the national energy system and the inter-
relationships among economic and environmental
factors need to be considered jointly. The addition of
new energy and supporting systems will cause
changes in these impacts, based largely on the mix of
technologies that constitute the energy system in
future years.

The purposes of the analysis of these trade-offs
are to:
¢ Subject alternative energy scenarios, such as those

contained in ERDA-48, to further testing and
evaluation.

o Establish a frame of reference for understanding
choices among environmental values, energy use,
and economic growth subject to conditions of
uncertainty.

¢ Provide information for public discussion on the

relative magnitude and interdependence of the im-
pacts associated with energy futures.

* Provide information to program managers and
energy planners responsible for developing tech-
nological options to achieve energy goals. The em-
phasis here should be on providing information
(such as a set of trade-off curves) that depicts the
available options; the sensitivity of options to
changes in technology mix, demand levels, and
other variables; and the extent to which RD&D
can provide solutions to energy, economic, and
environmental issues.

The trade-off analysis undertaken by ERDA so
far incorporates five factors associated with energy
activity: total annual energy costs, including amor-
tized investment, fuel, and operating costs; resources
consumed; domestic and imported crude oil require-
ments; environmental effects; and capital require-
ments. The analysis is based on various combinations
of technologies which could be utilized to satisfy the
end-use demands specified in the ERDA-48 scenar-
ios for 2000.

Defining appropriate quantitative measures for
the four non-environmental factors above is fairly
straightforward even though there are uncertainties
in the values. Developing information needed to
measure environmental impact is significantly more
difficult for several reasons: the multiple types and
quantities of environmental damage resulting from
particular technologies, the spatial patterns of re-
leases in conjunction with variable natural dilution
effects, and the uncertainty concerning the level and
costs of specific environmental residuals.

Environmental information with the required
degree of precision is not currently available. In addi-
tion, damage functions defining the costs to the public
of various levels of the pollutants resulting from the
full range of different technologies are not available.
For this reason, the analysis works with total costs
of delivered energy only, rather than with total public
cost (with the latter incorporating the external effects
of different levels of emissions, as discussed in Chap-
ter II). The results of the trade-off analysis presented
here highlight the energy and economic factors.

The first step in the analysis was to determine
the lowest possible value for each of the factors
given various technology options. In each case, that
combination of energy supplies was chosen (subject
to the implementation constraints associated with an
assumed scenario) which minimized each factor in
succession. This analysis is based on meeting a fixed
set of end-use demands through variations in fuel
substitutions from a given set of energy technologies.

Table VI-4 shows the results of this minimiza-
tion step. The various technologies used to satisfy end-
use demands produced significant variations in the
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values of some factors and fewer variations in other
factors. For example, annual cost has a maximum
value of 30 percent above its minimum value while
capital requirements exhibit a 100 percent variation
and resources consumed only a 15 percent variation.

In the trade-off analysis cases completed so far,
total annual costs were minimized subject to con-
straints on other factors. This process can best be
illustrated by considering, for example, the trade-off
between the desire to achieve minimum annual costs
subject to limits on the amount of resources used.
This relationship is illustrated in Figure VI-2. The
trade-off presented is typical of those completed to
date, with each relationship containing a range of
values where small reductions in the constraint cause
slight cost increases and further tightening of the
constraint causes a more significant cost rise.

The trade-off curves plus the underlying analy-
sis point up several important conclusions:
¢ In carrying out its overall mission, ERDA views its

job as one of trying to shift the trade-off curve to
the left through technology advances. One example
is the achievement of a more desirable (lower)
level of resource consumption for lower cost with-
out sacrificing the high standard of living.

* The interrelationships among environmental
quality, energy costs, and public costs need to be
examined in much greater detail. There are many
subjective views on what constitutes an adequate
level of environmental quality, what additional en-
vironmental improvements should be sought, and
what the total public cost will be at various levels
of energy production and environmental protec-

0 115 1175 120 1225 125 1275 130

RESOURCE USE, BTU x 1015

BASIS: ERDA-48 SCENARIOS. THE SHAPE OF THE
CURVE REFLECTS THE SUBSTITUTION OF
OFF-PEAK ELECTRICITY FOR OIL IN VARIOUS
END-USE SECTORS. ELECTRICITY GENERATED
OFF-PEAK IS LESS COSTLY THAN OIL BUT
CAUSES HIGHER TOTAL RESOURCE
CONSUMPTION.

Figure VI-2 Relationship Between Resource
Use and Total Annual Cost

tion. Much more information needs to be de-
veloped on environmental/energy/economic inter-
actions, and trade-off curves may be a useful
approach for this purpose.

Trade-off studies with a more narrow focus are
equally important in the context of individual tech-
nology programs. Within each program, numerous
technical options influence the amount of energy pro-
duced or conserved, the associated costs, and the
amount of environmental impact. Trade-off studies
will be useful in narrowing the list of options to be
pursued in the energy RD&D program.

Capital, Manpower, and Industrial Constraints
to Energy Growth

The most critical impact of technology intro-
duction on energy and supporting industries will be
on certain economic resources (e.g., capital, labor,
material, and equipment) associated with facility con-
struction and operation. Constraint analysis ad-
dresses the physical constraints associated with these
resources and how these resources might influence
and be influenced by energy growth and the introduc-
tion of new technology. Both technical and nontech-
nical barriers to technology introduction are impor-
tant in this analysis. A constraint analysis is being
conducted to:
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+ Identify future changes in economic resource con-
sumption patterns likely to arise from changes in
the energy system, especially those likely to require
changes in industry infrastructure

¢ Identify potentially severe disruptions, such as
markedly increased needs for skilled craftsmen, to
sectors of the economic system

¢ Provide for a systematic way of analyzing resource
requirements (e.g., steel, labor, and money) from
energy and non-energy sectors of the economy.

The current effort examines the capital, man-
power, material, equipment, and construction re-
quirements associated with the alternate supply and
demand policies discussed previously in the energy/
economic growth section. The required resource
levels were obtained from a model developed by the
Bechtel Corporation.*

The constraint analysis effort is just beginning.
Based on the initial calculations, it appears that:

* The ratio of energy capital investment to total busi-
ness investment (historically between 25 and 30
percent) would remain relatively constant over a
broad range of near-term (to 1985) energy futures.
In one scenario examined, heavy investments in
synthetic fuel facilities were offset by declining
transportation investments (e.g., tankers) for im-
ported oil and gas.

* A tight labor market will continue for certain con-
struction trades—namely, pipefitters, welders,
boilermakers, and electricians. However, overall
manpower demands by energy industries should
not have severe effects on the total manpower
market.

* M. Carasso, J. M. Gallagher, K. J. Sharma, J. R. Gayle,
R. Barany, “The Energy Supply Planning Model,” Bech-
tel Corporation, San Francisco, California, August 1975,
Volumes I and II.

* The current ability of industry to modify existing
manufacturing and other production facilities to
reflect the requirements associated with new energy
technologies is not clear and must be more thor-
oughly investigated. For example, new technology
places large demands on special products such as
heavy steel plates, but this appears to require rela-
tively small additional capital investments in the
energy sector.

The results of this constraint analysis will high-
light areas where more detailed and narrowly focused
studies are appropriate; for example, studies that ad-
dress specific industries, products, or skills. Planned
ERDA efforts include the development of an overall
manpower data base for energy-related activities and
sources, and the analysis of manpower requirements
for future energy technologies. These efforts will be
coordinated with other Federal agencies having on-
going programs in manpower-related areas.

Need for Continuing Studies

The results of all of these continuing studies
and analyses simultaneously provide a perspective for
planning, an opportunity to test or to make concrete
some of the underlying assumptions of the Plan, and
a means for extending the understanding of the at-
tributes of different approaches and outcomes through
time to deal with the energy problem. Missing in-
formation and uncertainties highlight the need to
acquire the specific data or to define the specific rela-
tionships. Studies throughout the Federal structure, in
uniyversities, in the private sector, and in other coun-
tries all contribute to this process. As with all
analyses, these approaches need external discussion
and the discipline of the peer review process. The
desired end results are greater knowledge and a guide
to effective future action.






Chapter Vli—Future Evolution of the Plan

The National Plan for Energy RD&D is de-
signed to provide the framework for carrying out
governmental policy in the development of conser-
vation and energy supply technologies. ERDA-48
set forth the fundamentals of the Plan, including a
diagnosis of the national energy problem, the five
major national goals related to energy, and the
energy technology goals. Further, the Plan presented
a strategy for achieving these goals, along with
broad program objectives. Finally, the Plan included
the judgmental priorities for developing the major
sources of energy.

In ERDA-76-1, the Plan has been expanded in
scope and in depth of coverage. The basic goals and
strategy have been refined somewhat, but remain
essentially intact. ERDA-76-1 emphasizes the opera-
tional aspects of implementing the Plan, particularly
in the areas of market penetration of new technolo-
gies, Federal interaction with other institutions of
the national economy, and an overall approach to
detailed analyses and planning of Federal RD&D
programs,

But no one document can cover all the areas
that make up the complex energy RD&D spectrum,;
not even in the aggregate can the two documents
(ERDA-48 and ERDA-76-1) claim completeness.
Thus, future planning efforts will build on these
efforts, adding new information as it becomes avail-
able and gradually incorporating more of the ele-
ments that must be considered in creating a unified
Plan. Although it is too early to state with certainty
what will be included in future reports, three activi-
ties are essential to ERDA’s own planning and will
likely be included in the next Plan update: (1) de-
veloping energy RD&D costs and benefits; (2)
establishing priorities for component programs; and
(3) analyzing energy RD&D activities in the pri-
vate sector.

Developing Energy RD&D Costs
and Benefits

The major energy technologies have not been
subjected to a detailed review of costs and benefits,
although cost-benefit studies of some options have
been done. Such assessments are complicated by the

fact that alternative technologies cannot easily be
compared with each other, since each tends to inter-
act simultaneously with many others. The ERDA-48
scenarios exemplify this problem. However, tools
for overcoming these complexities—tools such as
venture analysis, economic impact analysis trade-off
studies, net energy analysis, and constraint studies—
are becoming available. It is ERDA’s goal to apply
these tools during 1976 to achieve a more systematic
approach to quantification of the costs and benefits
of selected energy technologies, and to report the
results of this work in the next Plan.

Establishing Priorities for
Component Programs

The Program Planning, Budgeting, and Review
(PPBR) system discussed in Chapter V is being de-
signed to increase the relevance and effectiveness of
ERDA’s programs. One of the key results of this
process is the ability to establish more definitive
priorities for energy system technology options. Cur-
rently, only the major categories of energy conser-
vation and supply technologies have been ranked.
Future efforts will focus on ranking, in order of
priority, component programs aimed at the same or
similar markets. For example, the electric utility
study currently in progress and summarized in Chap-
ter VI is aimed at ranking technologies that compete
for the electric utility market; future analysis will
analyze other market sectors. For example, there are
a number of technological approaches to producing
low-Btu gas from coal; these and other technologies
need to be evaluated further to identify their relative
merits for the gas utility sector. However, because
of the multiple uncertainties existing in many of the
program areas, a comprehensive ranking cannot be
achieved within the next year. ERDA is initiating
the task and will pursue the assessments as rapidly
as possible. It is ERDA’s goal in 1976 to take the
first step—more definitive analysis of component
programs in a number of key areas aimed at the
same or similar markets.

The results of this analysis also will enable
ERDA to specify more accurately the objectives of
each component program and of the overall tech-
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nologies. These refined objectives will be more spe-
cific with respect to achieving control of environ-
mental releases, costs of energy production, and im-
proving reliability and efficiency. These assessments
will apply to all energy RD&D projects, whether
they are being developed primarily in the private
sector, in ERDA, or in other government agencies;
consequently, they should help in deciding the extent
and timing of private and/or public assistance neces-
sary for the development of energy technologies.
Nevertheless, the market will ultimately determine the
attractiveness of implementing any one technology.

Analyzing Energy RD&D Activities
in the Private Sector

Private sector RD&D activities are critical to
the development and the ultimate market penetra-
tion of energy technologies. However, because gov-
ernment may need to reinforce and assist these pri-
vate activities, those who design government policies
and programs must understand where the private
sector is using its own RD&D funds.

This objective necessitates an ongoing analysis
of private sector energy RD&D activities. The results
of this analysis, coupled with federally derived in-
formation, will be a factor in planning the optimal

allocation of resources required to finance the proj-
ects and programs that will meet national energy
RD&D goals and objectives.

Present data collection and analysis methods
need to be supplemented to provide more meaningful
analysis of the private sector RD&D effort in energy.

.An appropriate framework will be designed for col-

lecting additional data. Among the important elements
of the framework are the problems the effort ad-
dresses; the goals of the research effort; its relation-
ship to the broader plan and to other research efforts
under way; broad project characteristics and descrip-
tions; funding and cost estimates; time period over
which success is sought; and plans for future efforts.

ERDA will initiate a dialogue with and solicit
the voluntary cooperation of industry and industrial
organizations to develop factual information that
will provide ERDA with needed insights, yet protect
sensitive or proprietary information of private com-
panies. ERDA welcomes private sector views on
appropriate mechanisms for collecting this informa-
tion.

It is ERDA’s goal to initiate in 1976 a more
intensive effort to acquire knowledge of private sec-
tor RD&D efforts in energy; to apply the knowledge
to Federal RD&D planning; and to provide am
interim report in the Plan issued next year.



Appendix A
Perspective on World Resources

Following the events of October 1973, the
world energy crisis was viewed as a problem of im-
mediate shortage. Attention soon shifted, however,
first to the issues of pricing and other terms of avail-
ability, and then to the broader issues of interna-
tional economic relations and world monetary prob-
lems. Although these issues have not yet been
resolved, energy problems are beginning to be
viewed from a longer term perspective. Triggered by
less specific events, the oil crisis is also being inter-
preted as symptomatic of changes long in the mak-

ing. Attention is finally being redirected to the more
fundamental issues posed by a growing world popu-
lation demanding ever-increasing amounts of energy.

One element of the energy problem is the geo-
graphical location of energy resources and their
availability for development and worldwide distri-
bution. The importance of regional availability to
the consuming countries was made manifest by the
assertion of control over energy operations by pro-
ducing and exporting countries. Table A-1 sum-
marizes the present situation with respect to world

Table A-1 Estimated Recoverable Reserves of Coal, Petroleum,* and Natural Gas

Percent
Percent (In Quads) Percent of Total
of Total Natural Total of Total Total Coal, Coal, Oil
Reglon Coal Coal Petroleum Gas Oil & Gas Oil & Gas Oit & Gas & Gas
United States 4,900 34.3% 246 244 490 7.6% 5,390 25.9%
Other North America 142 1.0% 71 80 151 2.3% 293 1.49%
South America 50 0.39%, 157 65 222 3.49, 272 1.39%,
Subtotal, Western
Hemisphere 5,092 35.6% 474 389 863 13.3% 5,955 28.6%
Middle East 35 0.2% 2,343 700 3,043 46.8% 3,078 14.89%,
North Africa neg. 0.0% 227 260 487 7.5% 487 2.49%
Middle Africa 69 0.59% 169 65 234 3.6% 303 1.5%
South Africa 292 2.0% neg. neg. neg. 0.0% 292 1.4%
Western Europe 1,374 9.6% 150 210 360 5.5% 1,734 8.3%
Eastern Europe 1,073 7.5% 17 20 37 0.6% 1,110 5.3%
U.S.S.R, 3,325 23.3% 480 580 1,060 16.3% 4,385 21.1%
China 2,222 15.69% 145 25 170 2.6% 2,392 11.5%
South & East Asia 351 259, 110 75 185 2.99%, 536 2.6%
Oceania 460 3.2% 13 45 58 0.9%, 518 2.5%
Subtotal, Eastern
Hemisphere 9,201 64.4%, 3,654 1,980 5,634 86.7% 14,835 71.49%,
World Total 14,293 100.0%, 4,128 2,369 6,497 100.09%, 20,790 100.09,
Percentage of Total 68.7% 19.99%, 11.49% 100.09%,

¢ Includes natural gas liquids when data were available.
Tabular data derived from the following sources:

(1) All data for the United States are from the U.S. Geological Survey.

{2) World Energy Conference, 1974,

(3) '"Changes Restructuring World Oil,”” The Oil and Gas Journal, December 30, 1974.
(4) “Productive Capacity Grows as World Demand Falters,” World OQil, August 15, 1975.

Note:

Data generally include measured and indicated reserves as of January 1, 1975, although

in some regions data are not suffi-

ciently well defined to assure the intended comparability. Coal data are reported in energy units. Where other reserve .data were
not reported in energy units, conversion from physical units was based on standard conversion factors per barrel of oil or cubic

foot of gas.
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recoverable energy reserves of conventional fossil
fuels by type and by geographical location. These
data refer to known or already discovered quanti-
ties that can be economically recovered with exist-
ing technology.

The outstanding feature of world fossil fuel
reserves is their pattern of geographical concentra-
tion. For example, petroleum and natural gas re-
serves are largely concentrated in the Eastern
Hemisphere, with over half of the world’s total in
the Middle East and North Africa, and most of the
remainder in the Soviet Union. The U.S. has the
next largest reserves of oil and gas. However, despite
the large Canadian and Venezuelan producing indus-
tries, the oil and gas reserves of the Western Hemi-
sphere represent only 13 percent of the world total.

Energy Consumption Patterns

The most important aspects of the world energy
situation are (1) the dependence of most of the
world on petroleum, and (2) the concentration of
both oil and other fossil fuel resources in relatively
few countries. Developed countries, other than the
centrally planned (Communist) economies, rely on
oil and gas for three-fourths of their needs. The
same is true of the less developed countries, but with
their limited access to natural gas, oil alone accounts
for over 60 percent of their total commercial energy
supplies.

Coal is still a principal energy source in the
centrally planned economies, where it supplies about
one-half of the total energy consumed. At the same
time, the use of oil and gas has been increasing
rapidly, rising from about one-fourth of total energy
use in Communist countries in the early 1960’s to
almost one-half of the total currently.

In spite of rising costs, the worldwide trend
toward greater dependence on oil and gas is likely
to continue unless affirmative action is taken to in-
crease the use of coal and development of alterna-
tive sources. The prospects for coal are not encour-
aging in many countries since the incentives and
advantages continue to favor rapid development of
oil and gas resources. Many other countries without
coal or other fuel resources have no tenable alterna-
tive to imported oil due to their limited capability
to develop other sources or the new technologies
needed to use renewable resources such as solar
energy.

Problems of Trade and Distribution

World consumption patterns reflect the geo-
graphical location of energy resources and the sys-
tem of trade or distribution that has served to link
consuming and producing areas. The highly inte-
grated and efficient global systems of transport,
processing, and distribution of petroleum that devel-

oped after World War II were, in many ways, more
remarkable than the development and expansion of
the oil-producing operations. If this distribution sys-
tem were to break down or become a less effective
means of linking producers and consumers, global
problems of balancing supply and demand would
appear as segmented regional problems, with per-
sistent shortages in some areas and surpluses in
other—especially producmg—-—areas

This was apparent in the situation in 1975,
when widespread oil surpluses were a result of
higher costs to countries with payment difficulties
and the world-wide slowdown in economic growth.
The rapid introduction of supplies from new pro-
ducing areas, such as the Alaskan North Slope and
the British and Norwegian sectors of the North
Sea—each scheduled to deliver about 2 million
barrels daily by 1980—could reinforce and extend
the surplus situation. While such a surplus situation
is likely to be of limited duration, it may lead to
improper interpretations of basic energy supply
prospects for the longer term. All of the underlying
difficulties and elements for future crises will remain
unless there are continuing efforts to reduce the
heavy dependence upon relatively scarce world
petroleum resources.

As Dr. V. E. McKelvey, Director of the U.S.
Geological Survey, recently pointed out, one of the
wide-ranging effects of the oil crisis:

. has been to convey an appreciation of the fact
that a steadily expanding petroleum supply is not
something to be taken for granted. . . . Whatever
else it may have done, the Organization of Petro-
leum Exporting Countries’ action served as a
timely reminder that even the fabulously produc-
tive fields of the Middle East are exhaustible, and
that plans must be made for an orderly transition
to other sources of energy as the inevitable process
of depletion makes oil progressively more scarce
and costly. The timing and course of the transition
depend heavily upon the relative availability of
the various energy sources, including petroleum.
(McKelvey, 1975, p. 27)

Obligations of the Industrial Countries

While the majority of the less developed coun-
tries of the world must import the bulk of their
energy (mainly oil), the industrialized countries of
Western Europe, the U.S., and Japan account for
about 75 percent of the total intercontinental trade
(imports) of petroleum. If oil and natural gas re-
serves are to be extended through either conserva-
tion in use or the development of alternative sources,
this extension must be effected in the highly devel-
oped industrialized countries. In the U.S. and to a
lesser extent in Europe, coal is available as an alter-
native fuel. Neither Japan nor most of the less in-
dustrialized world has this alternative.

The prospects for imported coal becoming a
practical alternative to oil seem very unlikely for
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countries lacking their own domestic coal sources.
Aside from the problems inherent in the geographical
location of the surplus reserves, extraordinary diffi-
culties are involved in moving and using coal in most
of the resource-deficient countries. While Japan im-
ports a sizable quantity of coal, it is mainly for spe-
cial use in the steel industry and not as a basic
general-use fuel.

Most energy-deficient countries have found no
readily available alternative to continued imports of
oil, and no alternative is likely unless initiatives are
taken through vigorous R&D programs in the most
technologically advanced countries. Successful de-
velopment of alternatives could ease the world
energy situation in several ways:

¢ First, if conservation and new technologies were
vigorously applied in the industrial countries, the
total world demand on the reserves of the Middle
East and other export areas could be decreased
significantly.

* Second, technologies developed in the industrial
countries, especially those using renewable re-
sources such as solar energy, wind, and water
power, might be adapted for use elsewhere.

e Third, some of the lower quality energy sources
still undeveloped, such as oil shale and tar sands,
might be exploited with the assistance of those
countries that are technological leaders.

¢ Finally, improved methods of exploration and de-
velopment of conventional fossil fuel resources
could expand the world’s reserves and improve
distribution.

It is possible that extensive resources of the
conventional fuels can be found outside of the estab-
lished producing areas. Estimates of undiscovered
recoverable resources indicate that the ultimate pro-
duction of oil, gas, and coal will be far beyond that
implied in the estimates of reserves in Table A-1.

Estimates of World Resources

Reserves are essentially the proven inventory
that producers must have on hand to continue op-
erations. Therefore, the most surprising characteris-
tic of existing world resetves is not how small but
how large they are. Based on world rates of produc-
tion in 1974, the total reserves of petroleum would
last for another 35 years and the world coal reserves
shown in Table A-1 would last for about 175 years.
Yet, these global averages are deceiving because not
all producers have equal call on the existing stock,
and, further, demand can be expected to increase
in the future.

It is generally expected, however, that addi-
tional resources will be located and moved into the
reserve category in the established producing areas.

For example, in the Middle East where the potential
producing areas are generally well defined, some
estimates suggest that the presently published petro-
leum reserves of some 400 billion barrels may ulti-
mately be at least twice as large (“Middle East Oil
Reserves,” 1975, pp. 369-371). The U.S. Geologi-
cal Survey estimates that in addition to the 45 billion
barrels of U.S. proven reserves of liquid fuels there
may be some 30 billion barrels of inferred reserves
and another 60 to 150 billion barrels of undiscov-
ered resources. Similarly, estimates of the undiscov-
ered South American potential are about double the
current reserves.

There is great current interest in the growing
potential of offshore production of oil and gas. The
U.S. Geological Survey estimates that U.S. offshore
recoverable oil resources yet to be discovered may
range from 10 to 50 billion barrels.* In the North
Sea, where published oil reserves are generally
shown to be 20 to 25 billion barrels, ultimate re-
coverable resources are being placed at 45 to 78
billion barrels (Turner, 1975, p. 158). Estimates of
ultimate recoverable oil resources for the Canadian
offshore, including the Arctic, are many times their
current reserve estimate. There is also considerable
interest in developing the offshore resources in other
parts of the world.

Total resources of coal are much more easily
authenticated than oil or gas resources. The total
world coal resources have been estimated at more
than seven times the world reserves. Table A-2 sum-
marizes some of the available resource estimates and
compares them to reserve estimates. In a compre-
hensive survey of world energy resources (World
Energy Conference, 1974), world coal resources
were estimated at 12 trillion short tons, perhaps
one-half of which would be recoverable. Others
(Averitt, 1975) have indicated that the world total,
including “hypothetical resources,” could exceed 16
trillion tons, with some 4 trillion tons located in the
U.S. Coal resources occur mainly in areas above 30
degrees N. latitude, with more than one-half of the
total in the Soviet Union and China. North America,
Europe, and Australia account for most of the
remainder.

As Table A-2 indicates, total resources of each
mineral fuel are estimated to be a multiple of (usu-
ally several times) the volume of reserves. This is
to be expected since resource estimates include ex-
trapolations of amounts in existing proven areas and
speculations about other potential discoveries. Un-
less properly interpreted, however, data on resource
estimates can be misleading. For example, not only
is the existence of these resources uncertain but, in
many cases, great advances in technologies are re-
quired before the resources can be located, devel-

* Included in the 60 to 150 billion barrels of undiscovered
recoverable resources noted above.
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oped, and used in environmentally acceptable ways.  technology be committed to the more challenging
It is vitally important that these technologies be  tasks of finding ways for efficient and economic use
developed in a timely fashion and that science and  of renewable and essentially inexhaustible resources.

Table A-2 World Reserves and Resources of Mineral Fuels

Total

. Recoverable
Resource : : Units* Reserves Resources** Sources
Coal 109 tons 665 6,000-8,000 (1X2)
Crude Oil 109 bbls. 700 . 1,300-1,880 (3)(4)(5)(6)
Natural Gas : 1012 cu. ft, ) 2,300 . 3,000-6,000 (3)(4)(8)
Oil Shale 109 bbls. 500 1,125-16,000 (1X7)
Bitumen Rocks 109 bbls. 350 1,000-2,500 (1)(8)
Uranium (U30g) 103 tons - 3,500 5,000-6,500 1)(9)
Thorium (ThOy) ‘ 102 tons 400 2,500-3,450. (1)(9)

" Note: Comparisons between and among the resource categories on a common-unit basis such as quads are not advisable because of
the widely varying methods of estimating and reporting data and the fundamental differences as to the technical feasibility of
axploiting and using the several mineral fuels.

¢ Conventional U.S. units
** Including reserves
(1) World Energy Conference, Survey of World Energy Resources, 1974.
(2) Averitt, U.S.G.S. Bulletin 1412,
(3) “Changes Restructuring World Oil,”” The Oil and Gas Journal, December 30, 1974.
(4) “Productive Capacity Grows as World Demand Falters,” World Oil, August 15, 1975.
(5) Lawrence and Farrar, 1975, p. 63. '
(6) Linden, iInstitute of Gas Technology, 1975.
(7) Culbertson and Pitman, U.S.G.S. Professional Paper 820.
(8) McKelvey, “World Energy Reserves and Resources,” Public Utllity Fortnightly, September 25, 1975.
(9) Energy Research and Development Administration estimates.




Appendix B
Net Energy Analysis of Nuclear
Power Production

The purpose of this appendix is to present the
first of a series of net energy analyses on the major
energy technologies being pursued by ERDA. Nu-
clear power has been the subject of much recent dis-
cussion and was chosen for the first study. The anal-
ysis addresses the amount of electricity generated by
a nuclear plant relative to the amount of external
energy required to construct, fuel, and operate the
plant.
This appendix briefly discusses the underlying
concepts of net energy analysis; presents the analysis
of electrical power from a light water nuclear reactor;
and reports the results of studies by the State of
Oregon, the Center for Advanced Computation of the
University of Illinois (Pilati and Richard), Develop-
ment Sciences, Inc., and the Institute for Energy
Analysis.*
The present analysis draws from these studies
and arrives at the same general conclusion—that a
nuclear power plant produces substantially more
energy than is required to construct, fuel, and operate
the plant. The major conclusions are:
¢ The direct and indirect external energy inputs are
about 26 percent of the energy output. This value
is within the range of values for electrical generat-
ing facilities fueled with conventional fossil fuels.

¢ Uranium enrichment, using the diffusion process,
accounts for about 91 percent of all direct energy
inputs and for 72 percent of all direct and indirect
energy inputs. Use of the gas centrifuge process
now being developed would significantly reduce
the energy required for enrichment. The construc-
tion and operation of the power plant account for
another 16 percent.

¢ The internal energy loss due to the thermodynamic
efficiency of a nuclear plant is about 68 percent.
This means that the nuclear fuel must generate
3,000 Btu of energy in order to produce 1,000
Btu of output as electricity.

» According to two 1975 studies (Development Sci-
ences, Inc., and Oregon), 6,000 to 7,000 Btu of

* See the bibliography for detailed references.

resource base must be available in order to have
the 3,000 Btu energy input to the reactor. This
additional resource base is necessary to allow for
uranium not recovered during mining or lost during
processing, and the fissionable uranium left in the
tails during the enrichment process. However, all
the 3,000 to 4,000 Btu of energy remaining are
not irrevocably lost or consumed; much of the
energy may be utilized in the future if the eco-
nomics of processing these resources become at-
tractive.

General Methodology

In net energy analysis, selection of the appro-
priate boundaries for the analysis is difficult.** A sim-
plified boundary categorization cuts the issue into
horizontal and vertical sets. The horizontal set en-
compasses the energy production (transformation)
processes from resource extraction to point of dis-
tribution. The boundary of this set can be extended
at the point of extraction to include the resource base
that was not recovered during extraction. At the
other end, the boundary can be extended to incorpo-
rate the local distribution of energy and the energy
losses in the end-use devices.

The vertical set centers around the direct energy
inputs, either electrical or thermal, externally *** re-

** In addition, the analysis may be either static or dynamic
with respect to the time-phased aspects of the energy
expenditures and outputs.

*** External energy is the energy required from sources out-
side the transformation process being investigated, For
electric power plants (the final production transformation
process in a sequence that starts with mining the fuel re-
source), the external energy required includes the energy
used to build, equip, and operate the plant, but does not
include the internal energy lost (as waste heat) in the con-
version of thermal energy to electrical energy. That is,
the energy content of the burned fuel is not counted as an
external energy input. The energy content of the fuel is
counted, however, in calculations on the amount of re-
source base required to provide a certain level of energy
in the desired form (in the example here, electrical
energy).
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Figure B-1 Conceptual Boundaries for Net Energy Analysis

quired to execute a step in the horizontal set. The
boundaries of the vertical set can be extended to in-
clude the indirect external emergy required for fa-
cility construction and the energy required to produce
materials directly employed in the processes. These
items include the energy used in producing equipment
and materials (e.g., steel, paper, sulfuric acid) that
are then used to build and operate an energy pro-
ducing plant, and the energy lost during process
stages (e.g., scrap fuel, thermal conversion, transmis-
sion). The vertical boundary can also be extended to
include the energy embodied in the labor, the eco-
system, and the organizational infrastructure that was
necessary to support the energy production process at
each stage. Figure B-1 shows the boundary possi-
bilities.

Multiple definitions of energy systems bound-
aries, combined with legitimate differences in assump-
tions and concerns about the addition of different
energy forms (with different preference values), cause
net energy results to vary. Several studies have at-
tempted to define a variety of ratios, net summations,
or other measures that are closely related to a par-
ticular question about energy efficiency. However, too
heavy reliance on a single number, or ratio, to define
the net energy of a particular technology misses the
most important point of net energy analysis—to pro-
vide information on technology options as a supple-

ment to other important economic and technical data
and analysis.

Specific Methodology for Nuclear Power

For the example case on nuclear power, the net
energy calculations include the first-order effects of
direct fuel inputs and the second-order effects of
energy losses and energy inputs into equipment and
materials. These are the external direct and indirect
energy inputs. The direct effects are calculated
through the use of process analysis, where the quan-
tities of energy used for each activity in the produc-
tion process are determined. In some instances, these
figures have been determined using an engineering
flow sheet of the process; in other cases, an estimate
is obtained by measuring the expenditures for energy
during a period of time and dividing by the average
price for energy during the same time period.

The indirect energy requirements are computed
through the use of a 357-sector Input-Output model*
that relates each fuel-producing and fuel-consuming
sector to each other one. The model can be manipu-
lated mathematically to account for energy require-
ments from the many sectors that contribute to the

*C. Bullard and R. Herendeen, Energy Costs of Goods
and Services, 1963 and 1967. Document 140, Center for
Advanced Computation, University of Illinois Urbana,
61801, March 1975.
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equipment and materials used in the nuclear fuel
process. This tool saves the effort that would be ex-
pended to conduct a process analysis for every pro-
duction sector of the economy.

The energy embodied in labor, ecosystems, and
organizational infrastructure is not included in this
example. Early results (see University of Oklahoma,
1975, Appendix B to Chapter 15) from an analysis
of the ecosystem energy inputs on another technology
tend to show that the ecosystem energy contribution
is of a lower magnitude than the other energy inputs.
Also, labor and infrastructure energy inputs are not
well documented.

The steps of the nuclear power production proc-
ess included in the case example are: mining, milling,
conversion, enrichment, fuel fabrication, power plant
construction and operation, fuel storage, waste stor-
age, and transportation for each stage of process.

The energy requirements for each of the nine
process stages are shown in Table B-1 in terms of
the three components of external energy inputs: di-
rect fuels, energy for construction, and energy for
materials. This disaggregated presentation serves two
purposes: (1) to permit the determination of the
quantitatively important items as compared to items
that are less significant and (2) to begin focusing at-
tention on those processes where efficiency improve-
ments can be made.

The energy content of the uranium left in the
ground relative to the amount recovered under pres-
ent extraction techniques is not included in this ex-
ample. Most uranium mining is open pit and almost
all of the uranium is captured in the mining process.
For deep mining, significant uranium resources would
remain in the ground, but it is not clear whether this
value should be added to the other values. This ura-
nium reseource has not been lost or used up and can
be recovered, at some higher cost, in the future. Fur-
ther discussion of this point is presented later in this
Appendix. In addition, the analysis does not consider
the net energy implications of electricity usage be-
yond the electric generating station. Thus, transmis-
sion losses and the efficiency of end-use devices are
not included. However, for the purpose of compar-
ing various fuels for supplying electricity these losses
would be identical, and therefore, would not affect
any conclusions based on these analyses. The
analysis also does not include plant decommissioning
requirements, but they are thought to be small. Also
not included is the residual energy still available in
the plant and fuel after 30 years of operation.

Detailed Calculations

The energy required for each step in the fuel cycle
(Table B-1) has been determined for a 30-year life,

Table B-1 Energy Requirements for a Large Nuclear Power Plant

1000 MWe Pressurized Water Reactor—No Recycle—0.20% Enrichment Tails Assay
30 Year Life—619% Average Capacity Factor—160,300,000 MWh Output (547 Trillion Btu)*

Electrical Inputs, In MWh

Thermal Inputs, In Millions Btu Total Inputs,

Process Quantity Direct Materials Construction Direct Materials Construction BB“tltllo""
Mining 3909 MTU 47,760 22,050 6,210 1,005,000 621,500 441,500 2,935
Milling 3909 MTU 67,430 16,140 2,780 1,310,000 621,500 121,200 3,037
Conversion 3909 MTU 39,830 16,620 620 4,826,000 426,000 29,000 5,334
Enrichment 3124 x 103 SWU 8,778,000 18,120 24,050 1,048,000 428,000 1,016,400 103,037
Fuel Fabrication 683 MTU 67,750 137,200 600 147,900 1,579,000 26,000 4,096
Power Plant

Construction and

Operation 30 years 0 256,500 205,000 378,000 8,179,000 9,583,000 23,401
Fuel Storage 683 MTU 7,280 2,430 3,880 4,560 64,300 174,300 240
Waste Storage 30 years 130 4,560 320 2,080 158,200 22,950 398
Transportation

—Natural 3909 MTU 0 410 0 31,900 24,470 0 61

—Fuel 693 MTU 0 1,546 0 120,300 92,290 0 230
Totals 9,008,000 475,600 243,460 8,874,000 12,195,000 11,414,000 142,769

*Electricity converted to thermal equivalent at 3413 Btu per kilowatt hour

Legend: MTU—Metric tons uranium

SWU—Separative work units (directly proportional to the energy required in the enrichment process)

*s*Electricity converted to thermal equivalent at average heat rate of 11,400 Btu per kilowatt hour

Note: The conversion of electrical to thermal units plus the addition of thermal inputs from different energy sources ignores the
quality aspect of preferred fuels. This is a serious shortcoming, as there is no single factor that is satisfactory for con-

verting different energy sources to an equivalent base.

Source: Institute for Energy Analysis with adjustments by ERDA.




A NATIONAL PLAN FOR ENERGY RD&D

114

Table B-2 The Energy Requirements for Light Water

Reactor Nuclear Fuel Cycle Elements
Equivalent
Thermal
Energy Percentage

Process (Trillion Btu) of Total
Mining 2935 2.1
Milling 3.037 2.1
Conversion 5.334 39
Enrichment 103.037 72.1
Fuel Fabrication 4.096 2.9
Power Plant Operation 23.401 16.4
Fuel Storage 0.398 0.3
Waste Storage 0.240 0.2
Transportation

—Natural U 0.061 0.1

—Fuel 0.230 0.2
Totals 143% 100*
* Rounded

1,000 Megawatt electric (MWe), pressurized water
plant utilizing conventional uranium ores and a 0.20
percent enrichment tails assay. It is assumed that the

spent fuel is not reprocessed to recover the unused -

uranium and plutonium. These energy requirements
include the direct and indirect inputs of both elec-
tricity and thermal energy. Indirect requirements
cover the energy content of the materials required
plus a prorata share of energy used to construct the
plants needed for the fuel cycle. Energy requirements
for third and higher orders of processes, obtained by
tracing the energy content of materials and equip-
ment back to the resource base, have been found to
be very small compared to these first- and second-
order energy inputs, and have therefore been ignored.
It is assumed that the plant generates electricity on
the following capacity schedule:
Five-month period prior to being declared
commercial—40 percent
2. First two years as a commercial plant—65
percent
3. Years 3 through 15—70 percent
4. Last 15 years—decreases 2 percentage points
per year from 68 percent in year 16 to 40 per-
cent in year 30.

The lifetime output of the plant while operating
according to the assumptions used here is 160,-
300,000 MWh, or 547 trillion Btu. The external
‘energy inputs required are 143 trillion Btu, or 26
percent of the output.

Table B-1 shows that the uranium enrichment
step is clearly the dominant energy consumer of all
the nuclear fuel cycle steps. It consumes 97 percent
of direct electrical inputs and accounts for 91 per-
cent of total electrical requirements. If all energy in-
puts are summed by converting electrical inputs to
thermal equivalents, the enrichment step is found to

require 72 percent of all energy inputs. This is shown
in Table B-2. Construction and operation of the
power plant account for 16 percent of emergy re-
quirements and all other steps combined account for
about 12 percent.

Conclusions

The nuclear option is clearly a net producer of
energy. The results of this analysis are for the case
where plutonium and spent uranium are stored rather
than recycled and with an average lifetime capacity
factor of 61 percent. The system as described re-
quires 262 units of input to provide 1,000 units of
output to the bus bar. Recycling spent fuel, improv-
ing plant utilization, and operating the enrichment
plant at a tails assay above the assumed 0.20 percent
would improve the energy efficiency. For example,
a capacity factor of 75 percent instead of 61 percent
reduces the energy input requirement by 5 percent.
An enrichment tails assay assumption of 0.30 percent
instead of the 0.20 percent used would lower energy
input requirements by 15 percent.

. The results of studies by others are similar to
those reported in this analysis and are summarized
in Table B-3. : A

The most promising area for improving the net
energy position of the light water reactor system is to
reduce the energy consumption of the enrichment
step. The data used for this exercise assume enrich-
ment by the current gaseous diffusion process. De-
velopment is well along on the centrifuge process,
which is expected to reduce the direct requirement
for electricity by a factor of ten. Other more ad-
vanced processes are in the conceptual stage. The
introduction of recycle would also reduce energy in-
put requirements since less enrichment would be re-
quired and smaller quantities of ore would need to
be mined.

-The net energy discussion above has focused on
the quantity of external energy that must be invested
in extracting, processing, and transporting fuels, and
building and operating the industrial complex used to

Table B-3 Comparison of Net Energy Results

Units of External Energy

Input Per 1,000

Investigator Units of Output
Development Sciences, Inc. 238
State of Oregon Study 194*
University of lllinois, Center for

Advanced Computation (Pilati

and Richard) - 210
Institute for Energy Analysis 248
ERDA-76-1 262

* Adjusted to comparable basis
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generate energy. Other analysis approaches are also
useful for understanding energy transformation proc-
esses. Two approaches, dynamic net energy analysis
and analysis of the resource base, are discussed be-
low.

Dynamic Analysis

A dynamic analysis of the direct and indirect ex-
ternal energy expenditures and the energy output of
nuclear power plants as a function of time has been
completed. This analysis indicates that:

* The external energy expenditures required to build,
fuel, and operate each plant are recouped early in
the second year of commercial operation.

e The net energy obtained from nuclear power from
1973 to 1985, under an assumed construction

schedule based on ERDA-48 scenarios, is strongly
positive.

External energy expenditures start about 5 years
prior to plant operation, when major construction
activities begin. The expenditures accelerate in the
third year prior to commercial operation due to
mining, milling, transport, and conversion of uranium
needed for the initial reactor fuel core. Uranium en-
richment and fuel fabrication expenditures occur dur-
ing the second year prior to commercial operation.
During the first year prior to commercial operation,
a slight positive flow of energy takes place as a result
of the electrical energy generated during pre-com-
mercial operation testing. This energy exceeds that
required to complete construction, operate the plant
for five months, and provide for mining, milling,
transport, and conversion of the uranium needed for
the first reload.
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Figure B-2 Dynamic Net Energy Analysis of Nuclear Power
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From the time of commercial operation onward,
the energy flow of the nuclear plant is strongly posi-
tive. Early in the second year of operation, all energy
investments have been repaid and four units of energy
are returned for each energy unit required to oper-
ate the plant and all associated fuel cycle steps.
Figure B-2 illustrates the net energy flows, as a
function of time, for a single 1,000 MWe plant. The
assumptions are the same as those contained in
earlier discussions in this appendix.

By the end of 1985, 185,000 megawatts of nu-
clear power could be in commercial operation (see
ERDA-48 scenarios). At the end of 1975, 52 nuclear
plants were in commercial operation with a com-
bined potential capacity of 37,000 megawatts. Thus,
over the next 10 years an average of 15 plants per
year (of 1000 MWe each) must be brought on line
in order to meet the 185,000 megawatt level.

The external energy required to build, fuel, and
operate these new additions to the Nation’s electric
system is substantial.* But the energy produced by
the plants, both during pre-commercial testing and

commercial operation, is much greater. Figure B-3

illustrates the net energy trend of the assumed nu-
clear electric system from 1973 to 1985. Each point
on the curve represents the difference between the
total nuclear system energy output (electrical) and
the total external energy inputs (electrical plus
thermal) for each year. The values for 1973, 1974,
and 1975 have been adjusted to reflect actual plant
operating experience. The capacity factor trend estab-
lished during this period is assued to continue for the
years 1976, 1977, and 1978. Thereafter, the calcula-
tions reflect the assumed capacity factor schedule
listed earlier in this appendix.

Resource Base Analysis

This analysis requires the use of broader bound-
aries to include, as energy expenditures, the loss or
non-use of uranium from point of extraction through
the remaining steps of the fuel cycle, and the thermo-
dynamic loss of useful energy in converting the
thermal energy to electricity. The amount of initial
resource required to provide a given quantity of
energy reflects the ultimate potential of that re-
. source to provide future energy needs based on
current technological use patterns. For uranium,
the longest non-use of resource occurs in the fission-
able material which remains in the depleted uranium
after the enrichment process. In addition, smaller
amounts of uranium are lost in each stage of fuel
cycle mining and other processing. Another major

* The energy expended for plants constructed prior to 1985
but not going into commercial operation until after 1985
is also included.
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loss of resource use occurs in the nuclear generating
plant where, like fossil electric plants, about one-
third of the thermal energy obtained from the ura-
nium is converted into electrical energy. Analyses
performed by Development Sciences, Inc. and the
State of Oregon indicate that from 6,000 to 7,000
Btu of energy resource input are required to pro-
duce 1,000 Btu of electricity.

The net energy of nuclear electric power by
this measure could be substantially improved if the
economics of the transformation processes were more
favorable, such as by extracting more of the fission-
able uranium during the enrichment process or by
the more efficient use of the exhausted energy from
the power plant (e.g., for process heat).
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RD&D Technology Programs

Breeder Reactors

The development, design, construction, and op-
eration of components and systems that use nuclear
fuels for producing power or process heat, in which
fissionable material is produced at a faster rate than
it is consumed. The program focuses on the develop-
ment of a liquid metal fast breeder reactor system,
and is also investigating the concepts of gas-cooled,
and light water breeder reactors.

Coal—Direct Utilization in Utility/Industry

The development, design, construction, and op-
eration of advanced components, systems, and proc-
esses involved in the combustion of various types of
coal; transfer of the heat produced to steam or other
working fluids for process or power use; and reduc-
tion or control of the generation of pollutants during
combustion. The program includes the development
of new combustion methods (e.g., fluidized-bed
combustion), design of more efficient boilers, and
use of additives during combustion. (Stack gas
cleaning technology is covered under Environmental
Control Technology.)

Conservation in Buildings and
Consumer Products

The development, design, construction, and
operation of buildings and consumer products that
minimize energy consumption. The technology in-
cludes types of insulation and fenestration and sys-
tems of control to minimize energy requirements,
as well as consumer products such as appliances,
televisions, and heating, cooling and ventilating sys-
tems that use less energy.

Electric Conversion Efficiency

The development, design, construction, and op-
eration of advanced devices for converting heat to
electricity. The program focuses on mechanical,
electrochemical, and thermodynamic devices (e.g.,
fuel cell, thermionic, thermoelectric, magnetohydro-
dynamic, and turbine systems) that employ working

fluids other than steam and combustion gas, fre-
quently in combination with conventional cycles.

Electric Power Transmission and Distribution

The development, design, construction, and op-
eration of systems to transport electrical energy
from the generation station to the eventual utiliza-
tion device. The technology includes extra-high-
voltage AC, DC, underground, and cyrogenic
systems, as well as system security and load manage-
ment.

Electric Transport

The development, design, construction, and op-
eration of transportation methods that use electrical
energy as the source of propulsion power. The tech-
nology includes electric automobiles, trucks, and rail
transport systems.

Energy Storage

, The development, design, construction, and op-
eration of advanced devices for storing energy until
needed. The technology includes devices such as
batteries, pumped storage for hydroelectric genera-
tion, flywheels, and compressed gas.

Fuels from Biomass

The development, design, construction, and op-
eration of systems and processes for the conversion
of biological materials to energy sources. The tech-
nology includes such processes as the conversion of
wood or other plants to alcohol, and the fermenta-
tion or decomposition of organic by-product ma-
terials to produce methane or other fuels.

Fusion

The development, design, construction, and op-
eration of systems and processes for combining or
fusing particles of the lighter elements into elements
of higher atomic weight as a means of producing
usable power. The program is currently investigating
several methods to induce fusion, including lasers
and magnetic confinement systems.
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Gaseous and Liquid Fuels from Coal

The development, design, construction, and op-
eration of components, systems, and processes that
will convert various types and ranks of coal to other
fuel forms. These forms include clean gases of
either high or low energy content; and oils and
other clean liquid fuels or solid fuels that have
higher heat content, less ash, and fewer impurities
than natural coal. Gaseous fuels production includes
both above-ground and in situ processes.

Geothermal

The development, design, construction, and op-
eration of systems and components to extract and
convert the heat energy contained in geological
formations to power. Geothermal resources include
hot rocks, dry or wet steam, hot brines with associ-
ated methane, and magma.

Hydrogen in Energy Systems

The development, design, construction, and op-
eration of systems, components, and processes for
producing, transporting, storing, and utilizing hydro-
gen as a substitute fuel. The technology focuses on
the development of non-electrolysis processes -for
generating the hydrogen product from non-fossil
sources and on methods for storing and transport-
ing it.

Industry Energy Efficiency

The development, design, construction, and op-
eration of industrial processes and equipment to
minimize the energy requirements of fabricating,
forming, converting, or producing industrial or agri-
cultural products.

Nuclear Converter Reactors

The design, construction, and operation of
components and systems which use nuclear fuels to
produce power or process heat and which consume
fissionable material at a faster rate than it is pro-
duced. The program focuses on the high temperature
gas cooled reactor (HTGR) and the continued de-
velopment and improvement of basic technologies
associated with light water reactors (LWR). (See also
Support to Nuclear Fuel Cycle.)

Oil and Gas Enhanced Recovery

The application of improved techniques, proc-
esses, and methods that permit extraction and re-
covery of additional amounts of oil or gas. These
applications include hydraulic fracturing methods,
the injection of solvents and heat to increase yield,
and other advanced methods to enhance recovery.

Oil Shale

The development, design, construction, and op-
eration of systems, components, and processes for
extracting hydrocarbon products from shale and
converting the product to liquid or gaseous fuels or
other chemical commodities. The program includes
the development of in situ methods for product
extraction.

Solar Electric

The development, design, construction, and op-
eration of systems to collect and transform the radi-
ant energy of sunlight into electrical power. The
technology includes the use of various collector
(e.g., mirror concentrators) and conversion systems
(e.g., photovoltaic devices) as well as solar-derived
energy (e.g., wind or ocean thermal gradients).

Solar Heating and Cooling

The development, design, construction, and op-
eration of systems that utilize and/or store the radi-
ant energy of sunlight to provide comfort control
and heated water for household, industrial, or agri-
cultural use.

Transportation Efficiency

The development, design, construction, and op-
eration of more efficient transport systems, The
technology focuses on ships, planes, trucks, autos,
trains, and. pipelines, as well as the power systems
involved.

Waste Heat Utilization

The development, design, construction, and op-
eration of systems that use the waste or rejected
heat incident to the production of electrical power
or industrial products. The technology focuses on
bottoming cycles as well as integrated total energy
systems employed in residential, commercial, and
industrial complexes.

Waste Materials to Energy

The development, design, construction, and op-
eration of systems and processes for converting the
energy contained in waste or refuse into power or
heat. The technology also includes processes for
recovering and recycling non-energy resources.

Broad Supporting Technologies
or Programs

Basic Energy Science

A broad-based program of scientific investiga-
tion into the fundamental nature of the universe to
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develop greater understanding of the nature and
behavior of matter. The program includes research
in the molecular, material, nuclear, and biological
sciences.

Biomedical and Environmental Research

The scientific investigation of the health and
environmental effects of radiation and other pol-
lutants on the environment and its inhabitants.
This program includes the study of ecological rela-
tionships and the development of systems and meth-
ods to measure the release of noxious or harmful
substances.

Information Dissemination

The preparation and widespread distribution
of the technical information and data developed
through the energy program to encourage broad
public knowledge, understanding, and application.

Manpower Development

The training and education of personnel to
ensure an adequate pool of trained and knowledge-
able manpower to design, construct, and operate
new facilities and systems resulting from the devel-
opment or commercialization of new energy tech-
nology.

Safety

The development, design, construction, and op-
eration of systems, components, and devices to pro-
tect the public and workers from the health hazards
associated with energy production and utilization.
The program focuses on the development of devices
and designs to prevent accidents or to mitigate the
consequences of potential accidents.

Systems Studies

The development and application of methods
and techniques for analyzing and assessing pro-
grams, activities, and projects to review and assess
efforts to date and to determine future courses and
directions. These studies include cost/benefit analy-
sis, environmental impact analysis, assessment of the
likelihood of technical success, forecasts of possible
futures resulting from specific actions, and guidance
for energy program planning and implementation,

Specific Supporting Technologies

Environmental Control Technology

The development, design, construction, and
demonstration of processes and systems to control
the amount and type of pollutants discharged into
the environment as a result of energy conversion,

extraction, or use. The technology includes such sys-
tems as scrubbers, filters, washers, and precipitators
to remove noxious gases or particulates from com-
bustion processes; methods to control or remove
radioactive gases or particulates from nuclear proc-
esses; converters to modify exhaust from automobile
engines; and cooling towers and other means to per-
mit the dissipation of waste heat with minimum ad-
verse environmental impact.

Exploration and Resource Assessment

The development and application of advanced
technologies to locate, identify, and assess the
amounts and types of energy resources or other
useful material in geological formations. The tech-
nologies include such methods as magnetic and
gravimetric measurement, seismic and acoustic scan-
ning, aerial and space photography, drilling, and
sample analysis, as well as the compilation, analysis,
and reporting of resource data.

Fossil Fuel Transportation

The development, design, construction, and op-
eration of advanced systems and components to
transport fossil fuels from point of origin to point
of use. The technology focuses on such systems as
unit trains, pipelines, and conveyor systems.

Mining and Beneficiation

The design, construction, and operation of sys-
tems and processes to extract useful resources from
geological formations, and the development of tech-
niques and methods to concentrate or upgrade ores
to a higher content of the desired material. The
technology includes both underground and surface
extraction techniques.

Nuclear Safeguards

The development, design, construction, and op-
eration of systems, methods, and devices to account
for and control nuclear materials, and to prevent
sabotage, theft, or other uses that could threaten
life or property.

Support to the Nuclear Fuel Cycle

The development, design, construction, and op-
eration of facilities, systems, components, and proc-
esses to recover fissionable material from the chemi-
cal processing of spent nuclear fuels from power
reactors, and to refabricate that material into fuels
for reinsertion into the reactor systems. The tech-
nology focuses on the management and control of
the radioactive waste produced incident to the recov-
ery of fissionable material, and is applied to light
water reactors, gas-cooled reactors, and breeder
reactor systems.
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Uranium Enrichment

The development, design, construction, and op-
eration of systems, processes, and components to
permit isotopic separation and enrichment of the
isotope U-235 in uranium for use as nuclear fuel.
The technology includes such processes as gaseous
diffusion, centrifugation, and advanced systems in-
volving lasers and aeronozzles.

Waste Management

The development, design, construction, and op-
eration of systems and components to permit the
safe management, transport, storage, and eventual
disposal of radioactive wastes in an environmentally
acceptable, nonhazardous manner, The technology
also includes the management of noxious wastes
resulting from the use of other energy resources.
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UNITED STATES
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
WASHINGTON, D.C. 20545

June 30, 1976

The President of the United States

The President of the Senate

The Speaker of the House of Representatives
Sirs:

Enclosed for your consideration is Volume 2 of "A National Plan for
Energy Research, Development and Demonstration: Creating Energy Choices
for the Future."

As we made clear in Volume 1, the plan summarizes ERDA's current views

on the energy technologies the nation will need to achieve longer-term
energy independence. In this regard, the private sector has primary
responsibility for the development and commercialization of new energy
technologies. Federal programs are being established to assist industry
in accelerating the market penetration of energy technologies with near-
term potential. Conservation (energy efficiency) technologies are also
the focus for increased attention, and are now ranked with several supply
technologies as being of the highest priority for national action.

The large increase in funding requested in the President's 1977 budget

(a 30% increase over 1976) places particular emphasis on accelerating
those programs directed at achieving greater long-term energy independence,
and on encouraging cost-sharing with private industry to avoid federal
funding of projects more appropriately the responsibility of the private
sector, and providing support for the commercial demonstration of synthetic
fuels production through the use of loan guarantees.

Volume 2, Program Implementation, identifies those actions that can be
taken to implement the plan described in Volume 1. The document contains
descriptions of the federal energy RD&D programs now underway, as well

as possible future efforts. It also provides greater depth of coverage
than the 1975 report, and includes financial data for Fiscal Years 1975,
1976, and 1977. Industry activities are included if they are supported
in part by federal funds.
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The description of actions proposed in Volume 2 represent the considered
judgment of Federal agency management as to which projects are reasonable
to pursue based on information now available. The actions selected,
including specific program objectives and strategies, will be reassessed
frequently based on the analysis of energy requirements and resources,
technological developments, economic situations, eventual commercial
attractiveness of options, and environmental and social conditionmns.
These criteria for program assessment will help eliminate programs that
have less promise, reveal new opportunities, and permit the efficient
allocation of resources for the pursuit of solutions to the Nation's
energy problem.

Respectfully yours,

/Q.\o-—/x CS{__....X & /

Robert C. Seamans, Jr.
Administrator
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PREFACE

Volume 2, Program Implementation, of Creating Energy Choices for the
Future, a proposed National Plan for Energy Research, Development and Demon-
stration, is a companion to Volume 1, The Plan (ERDA 76-1), and describes
programs now underway and supported by the federal government. It does not
include energy research and development (R&D) underway in industry or else-
where unless federal funds are involved. Together with Volume 1, it describes
technologies being investigated and activities underway and planned in federal
energy research, development (RD&D) programs. It presents ERDA’s views on
the courses of action that the federal government should take in assisting the private
sector in finding solutions to the national energy problem.

The primary responsibility for bringing into use new technologies for energy
conservation and expanding domestic energy production rests with the private
sector. The federal government’s responsibility is to assist the private sector in
the development and market penetration of new energy technologies by establishing
an appropriate policy environment for private sector action, sharing risks with the
private sector in some cases, and conducting a supporting RD&D program.

Overall, the federal energy RD&D program provides assistance to industry
in developing and using new or improved energy technologies when such innova-
tions are in the public interest but cannot be accomplished either in a timely
manner or at all by industry acting alone. Accordingly, it is the federal govern-
ment’s intent to minimize the public financial commitment and to press for the
highest possible levels of industry cooperation and involvement in all technologies.
This approach has been chosen in order to accelerate the development of new
technologies, to make maximum use of industry’s expertise and speed the process
of bringing technology into use.

The private sector has the primary responsibility for developing and bringing
into use the technology needed to fulfill our energy needs. Accordingly, we believe
that industry should play a significant part in the development of future plans and
programs. We are encouraging the participation of the private sector to help ensure
the economic viability of proposed RD&D efforts supported by the government.

Volume 1 of ERDA 48, the first Plan, noted that subsequent plans would
include “Deeper Analysis of Key Uncertainties.” Such uncertainties include; the
extent of fuel resources, technological feasibility of options, eventual commercial
attractiveness of options, degree of environmental and social impact, and future
energy requirements. Lack of precise information in these areas has led ERDA to
conclude that decisions made now must relate to the current level and content of
the RD&D efforts. They do not represent unvarying commitments for the future
conduct of either development or implementation actions. These later decisions
will be taken sequentially and they will be constantly reexamined. Thus, this
Program Implementation document does not commit the federal government to

v
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support specific large demonstrations, but identifies projects that may have potential
and warrant further consideration.

It should be understood that the wording of the descriptions in this document
when describing possible future events does not necessarily imply that a decision or
commitment has been made or will be made to follow the course of action described.
These plans and programs will be reevaluated often—particularly when it is time to
determine whether the proposed action has sufficient merit and priority to be
proposed to the President and the Congress for federal funding. The same general
kind of qualifications apply to the descriptions of objectives, strategies, federal role,
international cooperation, implementation and projected future milestones or events,

The document is divided into five parts:

Part 1 Energy Technology Programs

Part II  Supporting Technology Programs
Part III Energy-Related Supporting Activities
Part IV Special Analyses

Part V  Appendix

Parts 1, II, and III contain, in total, 76 program descriptions, hereafter re-
ferred to as “Building Blocks.” In addition to being a program description, each
Building Block corresponds to a line item in the ERDA budget. At the minimum,
each represents the energy research, development and demonstration activities of a
single federal agency; the majority, however, describe the activities of two or more
federal agencies.

Generally, each building block is structured to contain the following elements
as appropriate:

(1) a statement of the federal government’s assessment of desirable
objectives in the near-, mid-, and long-term,;

(2) alisting of the national energy technology goals which are supported;

(3) the strategy, or approach, chosen by the federal government to
achieve the objective(s);

(4) a justification for and the extent of federal participation and role,
and an indication of how and when industry is expected to assume
responsibility for the activity;

(5) adescription of international cooperation and collaboration;

(6) a summary of the program’s current technological status and the
y 2 g
problems requiring solution by scientific or engineering activity;

(7) a description of the current status and primary problems of a non-
technical, institutional nature (economic, socio-economic, legal,
policy-related, jurisdictional, industry-related, and regulatory) which
may be key factors affecting commercialization;

(8) a description of the status and primary problems related to the
environmental effects, both technical and nontechnical, and environ-
mental control processes and devices associated with each individual
technology program;

(9) program activities and major projects, when relevant, planned by
the individual federal agencies to implement the selected strategy
with schedules and/or milestone charts as appropriate;

(10) budget data (Authority and Outlays), when available, for each
federal agency for the fiscal years 1975, 1976 and 1977. (The
financial data presented in Volume 2 may vary slightly from that in
Volume 1 due to different levels of data aggregation and rounding
practices.)
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Partl

Part I Building Blocks describe federal program activities whose objectives
are oriented toward a single energy technology. The 62 Building Blocks contained
in Part I are grouped into nine major program areas, all but one introduced by
an executive summary. The nine major program areas are: Fossil Energy, Solar
Energy, Geothermal Energy, Conservation, Fusion Power, Nuclear Fuel Cycle R&D
and Safeguards, Fission Power, Environmenta! Control Technology, and Synthetic
Fuels Commercial Demonstration. The degree of integration of the federal agency
activities into the Building Block discussions varies from Building Block to Building
Block. The specific details of the degree of integration of the Building Blocks are
discussed in the related executive summaries.

Parts li through V

The Building Blocks in Parts IT and III describe programs whose objectives
are supportive in nature and often cut across several energy technologies. The eight
Building Blocks contained in Part IT are divided into two major program areas:
Environmental Research and Safety, and Basic Energy Sciences. The six activities
contained in Part III are not unique to energy RD&D but are necessary for achieve-
ment of its objectives.

Part IV consists of three tables. They contain cross-referencing data that will
allow the reader to examine the Building Blocks from the different perspectives of
the National Energy Technology Goals, Volume 1 Technologies, and Federal
Agency Involvement.

Part V, the Appendix, contains a glossary of acronyms and abbreviations.
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EXECUTIVE SUMMARY

PART |
ENERGY TECHNOLOGY PROGRAMS

Fossil Energy

Research, development, and demonstration activities are supported by the
federal government to assist industry in developing and bringing into use technolo-
gies to extend the recoverable base of domestic oil and natural gas resources, and
to make coal and oil shale more economically and environmentally attractive.

The coal program comprises several RD&D activities designed to assist industry
in developing second generation technologies to convert coal to more widely useful
and cleaner synthetic fuels; develop environmentally acceptable and economic
methods to burn coal; and find more efficient means to generate electric power from
coal resources.

Petroleum and natural gas programs are being conducted jointly with industry
to determine the optimum application of tertiary recovery and stimulation tech-
niques to the multiplicity of domestic resource reserves.

The unique aspects of in-situ resource recovery techniques are being explored
and developed for potential application in coal gasification and shale oil recovery
in another program receiving federal support.

Programs in resource appraisal and extraction technologies seek to determine
the extent and quality of domestic fossil fuel resource and improved methods for
mining that incorporate greater efficiency and safety and enhance environmental
integrity.

Solar Energy

Solar heating and cooling is comprised of those technologies that make use of
the radiant energy of the sun on a decentralized basis to provide space conditioning
and hot water for a variety of uses. The technologies are now at a sufficient level
of sophistication to allow for practical application, but have failed to achieve effec-
tive market penetration owing to a number of constraints, notably economic and
institutional. The federal effort is largely centered on demonstration programs in
cooperation with industry designed to show the applicability of solar heating and
cooling systems to a number of uses and in a number of environments. These include
residential and commercial space conditioning and hot water production, and agri-
cultural crop drying.

The longer-range goal of harnessing the sun’s radiation for centralized energy
production is being approached simultaneously in a variety of ways: solar thermal
collection, wind power, ocean thermal gradient, and fuels from biomass.

Several types of solar thermal collection techniques are being brought to the
pilot plant phase of development to test systems concepts and validate economic
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projections. These include a 5 MWe solar thermal test facility and the conceptual
design of a 10 MWe central receiver pilot plant, both to be completed in FY 1977.

A photovoltaic program aimed at systems definition and cost reduction of
photovoltaic cells represents another unique approach to the development of solar
energy technology for electric power production. A price of less than $2000 per
peak kilowatt (its present cost) for planar solar cells and the establishment of the
viability of the technology by 1982 are primary objectives of the ERDA program.

The wind power program will build and test successively larger wind-powered
electrical-generating machines to determine applications and economic feasibility.

Ocean thermal gradients offer potential for energy production in several forms.
The federal program for this technology currently emphasizes system studies, criteria
development for testing facilities, and component design and testing.

Agricultural and forest residues and marine biomass offer potential for clean
fuels and industrial chemicals. The federal program emphasizes the demonstration
of an economically feasible technology for the development of this energy source.

Geothermal Energy

Program efforts are intended to aid in the establishment of a geothermal indus-
try to encourage the commercial use of existing technologies to recover useful
energy from low-salinity hydrothermal resources. Federal support includes geo-
thermal resource exploration and assessment, the development and demonstration
of improved plant components, and a loan guaranty program.

Other program highlights consist of advanced technology development activi-
ties designed to improve means to recover energy from higher-salinity hydrothermal
resources, including verification of the use of binary cycles, demonstrating the feasi-
bility of removing useful energy from hot dry rock sources with circulating fluids,
and continuing research on concepts for economical extraction of energy from
geopressured zones.

Federal coordination is effected through a Geothermal Advisory Council. The
Council advises on the direction and relevance of the research, studies, educational
programs, land leasing policies, environmental standards development, and the
other federal agency activities that must be coordinated to bring about viable tech-
nical and industrial bases for geothermal energy development.

Conservation

Federal programs in this area attempt to assist industry in developing technol-
ogy to aid in reducing wasteful patterns of energy consumption and increasing
efficiency of equipment used in energy conversion, distribution and consumption.
The aim is to encourage more efficient patterns of energy use through the develop-
ment of new technologies and approaches that will have a major impact on energy
consumption in the future.

The RD&D Conservation efforts are supported by the following programs:
Electric Energy Systems, Energy Storage Systems, Industry Conservation, Buildings
Conservation, Transportation Energy Conservation, and Energy Conversion.

Representative ongoing activities include: testing of alternative energy-saving
building designs; development of building design standards; testing of devices to
reduce energy losses in existing structures; improvement in the energy efficiency of
processes (such as distillation) common to many industries; development and
testing of alternative transportation vehicle propulsion systems; testing of approach
to improve driver operation and maintenance practices; development of electrical
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system management techniques and components to meet future needs for efficient
and reliable operation and exploration of processes and components (e.g., storage
devices, heat recuperators, and combustion processes) fundamental to end-use
energy efficiency in a number of areas.

Fusion Power R&D

The Fusion program comprises two substantially different technological ap-
proaches to the production of usable energy from controlled thermonuclear reac-
tions: magnetic confinement, and inertial confirnment. FY 1977 funding (Budget
Authority) for the program has increased a substantial 57 percent over FY 1976
levels, most of which is required to sustain the technical directions already in
progress. Primary programmatic emphasis is shifting from basic physics research
towards more practical systems development. Such a transition inherently involves
costlier equipments -and facilities, and larger and more diverse technical staffs.

The magnetic confinement approach has recently achieved reactor-level tem-
peratures and a ten-fold increase in plasma confinement conditions in a magnetic
mirror device. A similar advance was achieved in a tokamak device. Current work
includes further testing of a superconducting magnet system for plasma confinement,
and completion and operation of a rotation target neutral beam source for plasma
heating.

Nuclear Fuel Cycle R&D and Safeguards

This effort consists of six major program activities: Uranium Resource Assess-
ment, Support of the Nuclear Fuel Cycle, Waste Management (Commercial), Nu-
clear Materials Security and Safeguards, Uranium Enrichment Process Development,
and Advanced Isotope Separation Technology. The program activities in this effort
are wide in scope. For example, activities are directed toward assessing the extent
of uranium resources, and assisting industry in overcoming technical and institutional
uncertainties in the areas of fuel reprocessing and recycle and waste management,
and developing and demonstrating efficient and effective safeguards systems for the
light water reactor and advanced fuel cycle systems.

Other activities are directed toward continuing the development of gaseous
diffusion technology for use in increasing production capacity at existing gaseous
diffusion plants, continuing the development of gas centrifuge technology to be
available for early use by an expanding domestic uranium enrichment industry.
Finally, there are activities to investigate and develop additional isotope separation
processes which have the potential for significantly reducing the cost of enriched
materials and enhancing the introduction of these technologies into the marketplace.

Fission Power

There are six major program areas: Liquid Metal Fast Breeder Reactors; Water
Cooled Breeder Reactors; Gas Cooled Reactors; Light Water Reactor Technology;
Supporting Activities; and Reactor Safety Facilities.

Near-term increases in the amount of energy produced from nuclear sources
may be possible through cooperation with industry to improve licensability, con-
structability, and operating availability of light water reactors, which are now being
marketed by industry and operated by the utilities.

Mid-term impact is possible on both energy supply and energy resources
through continued improvements in these reactors which make more efficient use
of available nuclear fuel. Long-term impact on energy resources will be realized
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with the successful commercial introduction of breeder reactors which have the
capability to increase energy available from the reactor by a factor of sixty. The
availability of breeder reactors can assure our nation clean and economic energy
for centuries.

Substantial involvement of the private sector is necessary to ensure that the
technologies which are being developed and improved are commercially viable. A
major federal involvement is necessary because of the long-term payoff inherent in
the program. Safety and environmental research activities are uppermost in the
development program due to public concern, although the safety record of fission
power is unequaled by any other industry.

PART Hi
SUPPORTING TECHNOLOGY PROGRAMS

Environmental Research and Safety

Environmental Research and Safety Programs conduct supporting research to
ensure that the energy-producing technologies developed are environmentally and
socially acceptable, and adequately consider the health and safety of the public and
of the workers involved in energy production. Efforts include: research required to
identify and characterizz hazards, determination of how they are transported into
the environment and their effect on man and the biota; assessment of energy-related
developments to ensure that adverse health, environmental, and societal impacts of
energy activities are minimized; ensuring consistent and adequate occupational
health and safety programs in energy RD&D; and assessing environmental control
technology for waste management, energy systems and materials transport, and for
disposal of contaminated surplus facilities.

Basic Energy Sciences

The Basic Energy Sciences’ activities include programs in Materials Sciences,
in Molecular, Mathematical and Geo-sciences and in Nuclear Sciences. The Mate-
rials Sciences program provides guidance and input to on-going applied materials
programs, a strengthened foundation for planning future materials development
programs, tentative solutions or models for unanticipated materials problems, and
new materials for future applications.

The Molecular, Mathematical, and Geo-sciences program contributes to im-
proved understanding and generates new concepts for a broad range of energy-
related processes.

The Nuclear Sciences program emphasizes continued development of a base of
nuclear data for neutron and charged particle interactions in energy regions im-
portant for fusion power reactors. It also supports the gathering of data to provide
estimates of heat production by radioactive decay for use in waste management and
reactor development programs, and the gathering of fundamental data on research
quantities of heavy elements.
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ENERGY-RELATED SUPPORTING ACTIVITIES

Broad-based supporting activities associated with each of the previously de-
scribed energy and supporting technology programs include: Information Services,
General Systems Studies, General Technology Transfers, and Manpower. These
activities have been formalized by the federal agencies to ensure that the energy
programs are integrated and implemented with maximum effectiveness. The goals
of these programs are to provide advice, support, and direction to the energy tech-
nology programs where appropriate, as well as provide the basis for the design
and implementation of the programs at the agency level.

FEDERAL ENERGY RD&D BUDGET
{$ MILLIONS)

FY 1975 FY 1976* FY 1977
Budget Budget Budget Budget Budget Budget
Authority ** Outlays i Avthority Ovutlays Authority Ouvtlays
Energy Technology Programs
Fossil 404.3 175.6 477.6 403.5 561.8 523.7
Solar 41.9 14.9 114.7 86.0 160.0 116.0
Geothermal 38.9 31.3 43.4 41.8 56.0 55.7
Conservation 40.6 22.2 80.3 62.6 121.2 929
Fusion 183.3 151.2 250.3 223.9 392.1 304.5
Nuclear Fuel Cycle R&D 124.0 126.3 187.3 176.1 371.6 305.8
and Safeguards
Fission 624.7 588.5 681.0 590.2 912.9 789.3
Environmental Control Technology 89.1 25.4 70.3 88.8 720 91.8
Supporting Technology Programs
Environmental Research 2748 193.7 318.6 301.5 3348 326.6
Basic Energy Sciences 274.6 219.8 304.2 249.5 327.8 292.0
Energy-Related Supporting 27.9 24.8 35.5 35.0 32.5 36.0

Activities (1)

(1) These were not included in the budget tables in Volume 1 of ERDA 76-1.

* Funds for FY 1976 Transition Quarter are not included.

** Hereafter referred to as BA.
*+* Hereafter referred to as BO.
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TECHNOLOGY PROGRAMS

INTRODUCTION

Fossil Energy
Solar Energy
Geothermal Energy
Conservation
Fusion Power R&D

This first Part of Volume 2 contains sixty-two energy technology building
blocks, grouped into nine major program areas as follows:

Nuclear Fuel Cycle R&D and Safeguards

Fission Power

Environmental Control Technology

Synthetic Fuels Commercial Demonstration

Department of Agriculture
Department of Commerce
Department of Defense
Department of Health,
Education and Welfare
Department of Housing and
Urban Development
Department of Interior
Department of Transportation
Energy Research and
Development Administration

These building blocks contain information on the energy RD&D activities of
sixteen federal agencies, namely:

Environmental Protection
Agency

Federal Energy Administration

General Services Administration

National Aeronautics and Space
Administration

National Science Foundation

Nuclear Regulatory Commission

Tennessee Valley Authority

United States Postal Service






FOSSIL ENERGY EXECUTIVE SUMMARY

The overall Fossil Energy RD&D objectives are
to develop technical options to enhance the availabil-
ity of fossil energy sources and to ensure the develop-
ment of national fossil energy resources on a tech-
nically sound, economically feasible, and environ-
mentally acceptable basis. These overall RD&D ob~
jectives are accomplished through the Fossil Energy
Coal, Petroleum and Natural Gas, In-Situ Technol-
ogy, Extraction Technology, and Resource Appraisal
Programs.

Near-term objectives for Fossil Energy RD&D
include: the stimulation of petroleum and natural gas
production; the improvement of processes for the
direct combustion of coal to be used for steam and
electric power generation and industrial process heat;
the development of improved processes for the con-
version of coals to liquid and gaseous fuels; the de-
velopment of in-situ processes for generating low Btu
gases from coal; the development of in-situ processes
for the production of shale oil; the improvement of
extraction technologies of coal and oil shale; and the
assessment of coal, petroleum, natural gas, oil shale
and water resources.

Mid-term objectives include: support for the
commercialization of mature technologies and the de-
velopment of advanced processes for the combustion
of high sulfur coals; the development of advanced
processes for the combustion of high sulfur coals; the
development of advanced electric power generation
systems directly utilizing coals; the demonstration
and transfer to industry of the technology for com-
mercial-scale production of low to intermediate Btu
gas from coal; continued improvement of extraction
technologies of coal and oil shale; and to extend re-
source assessment techniques to currently less-desir-
able and/or unproductive resource areas.

Long-term objectives include the development
and demonstration of advanced technologies for the
generation of electric power and process heat at in-
creased efficiency, and the development of in-situ
recovery techniques for fossil energy resources not
recoverable by currently available technologies.

The national Fossil Energy RD&D approach is
intended to ensure that advanced fossil technology
will be rapidly developed and eventually be commer-
cialized by the private sector. Thus, the program is
oriented more towards accelerating and stimulating

* activities in the industrial sector than to initiating

independent federal programs. Equally important
other factors that also must be considered when ori-
enting and stimulating new technologies include in-
puts from the consumer. Such inputs include: the
nature of the new product marketplace; any socio-
economic impact of the new industry; and the many
and various environmental regulations to be imple-
mented.

Fossil Energy RD&D strategy for accomplish-
ment of program objectives calls for the concurrent
development of technology options that hold promise
of long-term payoff. When sufficient technical infor-
mation is generated by the development programs,
selection among competing technologies will be made
to determine processes that should be demonstrated
for commercialization. Additionally, the strategy in-
cludes plans for data exchange between development
program elements to promote coordination of alter-
natives into an optimum system for extracting, trans-
portating, processing, and using domestic fossil fuels.

Fossil Energy RD&D strategy is implemented
by a logically phased approach to the programs. The
phase and ‘schedule progression of each program is
determined by the maturity of the technology em-
ploved. Exploratory efforts in the initial phase in-
clude basic research, feasibility and systems studies,
component development and bench/laboratory test-
ing. As positive initial phase results are obtained,
process development tests or technology readiness
efforts are started. Next, a pilot plant or a full sys-
tems testing phase is conducted. Demonstration
plants may then be constructed and tested when R&D
results, or industry-developed processes, so indicate.
The degree of industrial participation and coopera-
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tion will increase from a minimal level during the
initial phases to a complete government/industry

partnership during the demonstration phase.

In order to ensure an acceleration of activity in

FOSSIL ENERGY

the private sector, a primary focus in future Fossil
Energy program development will be to increase the
sensitivity and responsiveness to the needs of indus-

try.

Federal Energy RD&D Budget

($ Millions)
FY 1975 FY 1976* FY 1977
Building Block BA BO BA BO BA BO
Coal Liquefaction 94.7 35.2 89.9 92.9 73.9 79.5
High Btu Gasification 59.8 36.0 53.4 37.3 45.2 593
Low Btu Gasification 50.0 23.3 24.6 36.0 331 40.0
Advanced Power Systems 4.1 1.7 10.0 7.5 22.5 12.8
Direct Combustion 35.9 10.6 38.1 32.6 52.4 521
Advanced Research and
Supporting Technology 233 7.8 35.4 32.1 371 36.6
Demonstration Plants 13.0 1.9 51.9 23.2 107.2 80.9
Magnetohydrodynamics 143 4.0 29.6 18.4 37.6 27.4
Gas and QOil Extraction 26.4 8.7 41.5 32,9 35.2 30.5
Supporting Research 1.8 2.0 1.8 1.6 1.8 1.8
Qil Shale 3.8 4.0 14.0 10.1 23.4 14.4
In-Situ Coal Gasification 6.6 2.4 6.1 7.6 8.2 6.7
Supporting Research (In-Situ) 1.0 1.0 1.3 1.1 1.4 1.4
Extraction Technologies 52.2 20.1 61.8 52.3 65.6 63.3
Resource Appraisal 17.4 16.9 18.2 17.9 17.2 17.0
Total 404.3 175.6 477.6 403.5 561.8 523.7

* Does not include funds for FY 1976 Transition Quarter.
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Coal
LIQUEFACTION
Objectives Strategy
Near-Term: The liquid products derived from coal compete
(-1985) in two distinct markets: boiler fuels (low ash, low

e To develop second generation technologies as
candidates for commercialization, which will
convert domestic coal into boiler fuel, distillate
heating oil, gasoline, other light refined liquid
fuels and chemical feedstocks.

® To ensure technology transfer and improved
unit operations to support commercial liquefac-
tion operations based on existing first generation
technologies.

e To perform laboratory studies and process de-
velopment of third generation liquefaction proc-
esses.

Mid-Term:
(=2000)

* Beginning in 1985, to assist commercial-scale
implementation of second generation liquefac-
tion technologies which may be capable of pro-
viding 3.8 quads by the year 2000.

® To develop and demonstrate at near-commercial
scale, third-generation liquefaction technology
by 1990 and assist its commercial-scale imple-
mentation by 2000.

National Energy Technology Goals Supported

Primary
¢ Efficiently transform fuel resources into more
desirable forms.
Secondary

* Increase the efficiency and reliability of the proc-
esses used in the energy conversion and delivery
systems.

sulfur), and premium products (gasoline, distillate
heating oil, chemical feedstocks and other light re-
fined liquid fuels).

The strategy is to support a number of liquefac-
tion processes in parallel through the pilot plant
stage. This approach is based on a number of con-
siderations. The variety of coals to be processed
coupled with the requirements for a wide range of
fuels, will necessitate commercialization of a number
of liquefaction processes.

Programs are supported in four liquefaction
areas: solvent extraction, direct catalytic hydrogena-
tion, indirect synthesis, and pyrolysis. In addition to
the programs for development of individual liquefac-
tion processes, several problem areas common to
most liquefaction processes have become evident.
Timely programs have been initiated to solve these
problems. From this base, a series of efficient com-
binations to produce liquid fuel requirements will be
synthesized. It is highly unlikely that any single sec-
ond-generation process will be used exclusively. Two
or more single purpose processes may be selected
depending on the coal type, the products sought, and
the plant site selected. A broad program is being
planned involving production of sufficent quantities
of specification fuels to test their interchangeability
with existing petroleum-derived fuels.

Technical success or failure of the program can
be measured in terms of the degree to which econ-
omy, throughput, unit operations, and conversion
efficiency is improved when compared to state-of-the-
art processes.

Federal Role

Federal participation is intended to reduce or
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eliminate for industry financial and technical risks,
large capital requirements, and certain unrecoverable
costs associated with the program. Government fund-
ings of new processes through early development
(approximately 67 percent federal funding of larger
pilot plants projects, and approximately 50 percent
federal funding of demonstration plants), is one ap-
proach used to reduce the risks and costs of indus-
trial RD&D efforts. It also is intended to accelerate
progress in new technologies beyond normal com-
mercial capability and promote utilization of a variety
of coal types that constitute the national coal re-
source base.

international Cooperation

Three areas of significant cooperation currently
exist. Specifically, under the jointly funded Special
Foreign Currency Program, the Polish Government
will conduct coal liquefaction studies. Technical liai-
son is maintained with SASOL at the Sasolburg,
South Africa coal liquefaction plant. Finally, a lique-
faction data exchange program exists with the United
Kingdom.

Technological Status and Problems

Status:

¢ First generation technologies such as the Fischer-
Tropsch and Bergius processes offer a tech-
nically feasible basis for development of com-
mercial liquefaction processes. However, exces-
sive product costs, resulting from high capital
costs and low conversion efficiency, limits the
commercial viability of first generation technol-
ogies. Several second-generation pilot plants are
at various stages of development: (1) using
the pyrolysis process, a Char-oil Energy Devel-
opment (COED) pilot plant has completed op-
eration and the product is undergoing further
analysis; (2) using solvent extraction, a SRC
pilot plant is currently operating; and (3) the
design of the hydroliquefaction, H-Coal pilot
plant is currently in progress. Several process
demonstration units (PDU’s) are operational
and acquiring data on newer technologies.

Problems:

¢ State-of-the-art solids/liquids separation is not
currently economically feasible.

¢ There is a lack of reliable components for feed-
ing slurry streams to and from high pressure,
high temperature vessels.

* Long-term performance of liquefaction catalysts
has not been adequately demonstrated.

¢ Inadequate engineering basis exists for design
of heaters and multiphase heat exchange equip-
ment for coal slurry service.

Institutional Status and Problems

Status:
® Existing structure of federal, state and local
regulations; transportation facilites, rail, water
and pipeline; industry infrastructure; and social
legislation has been developed for a low-growth
industry producing 600 million tons of coal
per year (and no shale).

Problems:

* Problems will result from a needed doubling in
10 years of coal output and with the start of a
shale industry.

® Local population concentrations and amenities
will rarely be adequate to support the labor
requirements of operating mines and conversion
plants. There will be a major influx of skilled
and unskilled workers into remote areas creating
an instant need for roads, schools, housing, etc.

® Massive capital investment will be needed for
mines and conversion facilities. While energy
demand and the financial needs to meet it grows
exponentially, these new technologies require
much higher investments per unit of net energy
output; thus, sharply increasing capital needs.

Environmental Status and Problems

Status:
¢ Existing liquefaction pilot plants comply with
all applicable environmental regulations. In ad-
dition, environmental monitoring is conducted
at all pilot plants.

Problems:

e Full characterization will have to be made of
pollutant and safety problems for coal liquefac-
tion processes at all stages of development.

® Water resource requirements and priorities are
problems generic to coal conversion.

¢ Development of control technologies may be
required for any newly identified air and water
pollutants or potential health hazards.

* While similar to problems associated with oil
refining technologies, environmental control
problems for liquefaction processes are more



CoaL 7

severe because of combustion/disposal prob-
lems resulting from higher levels ‘of aromatic
compounds, and the occurrence of a wide va-
riety of trace elements in the process residues
with possible toxicity problems still to be de-
fined.

Program Implementation

The liquefaction program strategy is being im-
plemented by performing research and development
at multiple levels of effort including, laboratory ex-
ploratory research, process development units, and
pilot plants. In some cases scale-up is 'being over-
lapped to expedite the near-term construction of
pilot plants.

Estimations of the process economies of con-
ceptual commercial plants will be determined with
the outputs of operational data from the pilot plant
projects. The major activity in the near-term is in
process development units (PDU’s) and pilot plants,
with attendant process evaluations and lab/bench
work on third generation processes.

Highlights of projects which are op:erational or
will have progressed to the PDU or the pilot stage in
the near future include:

¢ Synthetic crude oil, capable of being refined to

specification fuels (transportation and residen-
tial) and boiler fuels, will be produced in a
600 T/D Ebullated Bed Direct Hydrogenation
H-Coal pilot plant scheduled for operation in
FY 1978 at Catlettsburg, Kentucky.

® Design will be completed and construction will
begin at the Pittsburgh Energy Research Center
in FY 1976 of a 10 T/D Fixed Bed Direct
Hydrogenation Synthoil PDU.

¢ In FY 1976, a Clean Coke PDU will operate
to convert high-sulfur coal to metallurgical
coke, chemical feedstocks, and liquid and gas-
eous fuels.

* An engineering test site will be operational in
Cresap, West Virginia in FY 1976 for testing
reliability of components and selected unit proc-
esses and operations.

For the near term, the primary effort will be di-
rected towards developing existing candidate second-
generation processes from the PDU level through the
pilot plant stage. Efforts will be directed toward de-
veloping comprehensive data to allow estimation of
environmental impacts. When decisions are made on
site selection for pilot plants, environmental impact
statements will be filed. Technical, economic and
environmental assessments will be made.

LIQUEFACTION
Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BA BO BA BO
ERDA
Operating Expenses 94.7 35.2 89.9 92.9 73.9 79.5
Plant and Capital Equipment (1)
Total 94.7 35.2 89.9 92.9 73.9 79.5

(1) Demonstration Projects are funded under the “Coal Demonstration Plants’ building block.

* Does not include funds for FY 1976 Transition Quarter.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
LIQUEFACTION

PROGRAM ACTIVITY

Fiscal year

1986-

1975

1976

1977|19781979[{1980({1981

1982

1983

1984

2
1985 000

BEYOND
2000

Ebullated Bed Direct
Hydrogenation PDU and
Pilot Plant (H-Coal):

600 Tons Per Day

1—Start PDU Operations
2—PDU Operations Complete
3—Start Operations of Pilot Plant

Fixed Bed PDU (Synthoil):
10 Tons Per Day

Solvent Refined Coal PDU and
Pilot Plant (SRC):

50 Tons Per Day Pilot Plant

(Ft. Lewis)

1—Start Operation of Pilot Plant
2—Start Modification of Pilot Plant
3—Start Modified Pilot Plant Operation

% Decision to Continue Operations

A

1= e

\V4

K

1
|
|
|
|
|
|
|
6 Tons Per Day PDU (Wilsonville) |... J'
1—Start PDU Operation |
2—PDU Operation Complete |
|
|
Clean Coke PDU and |
Pilot Plant: | 7 /CJ
0.5 And 240 Tons Per Day ke eeshd :I A}
| |
¥ Decision to Build Pilot Plant | *
|
1—PDU Operations Complete |
2—Pilot Plant Design Start |
|
1
CRESAP Test Center .V. .Jl ; JAN
1—Start Modification |
2—Start Operation :
|
i L
Key to symbols:
v Significant A Estimated <> Slippage = Continuing C :Construction R :Research start
: Vit
mlles.tc_)nes ) completion date activity start . S :Studies start
% Administrative of program : Date of se=e Completed D :Demonstration
decision point activity 1 information activity start T :Test start
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FOSSIL ENERGY
Coal |
HIGH BTU GASIFICATION

Objectives

Near-Term:
(-1985)

® To complete the development and demonstra-
tion of second generation coal gasification tech-
nologies necessary for the construction and op-
eration of commercial scale plants that can con-
vert economically all ranks of coal to substitute
natural gas; continue the economic as well as
technical evaluation of currently available proc-

esses (i.e., first-generation techniques) and as-

sess their applicability to the demands of U.S.
markets; ensure that advances in technology
achieved in the development of second-genera-
tion techniques are used to improve the opera-

_ tional performance of those first-generation
techniques now being considered for commer-
cial gasification facilities; initiate laboratory
studies and process development of third-gen-
eration gasification processes.

Mid-Term:
(-2000)

¢ To assist private industry in the commercial
scale utilization of second-generation coal gasi-
fication processes beginning about 1985 with
single product plants; continue the development
and demonstration of third-generation gasifica-
tion technologies at commercial scale by 1990;
and support private industry on the commercial
scale implementation of multiproduct facilities
by 2000. The support of these activities may be
capable of providing an energy production gain
of 6.8 quads per year by 2000, available in sub-
stitute natural gas.

National Energy Technology Goals Supported

Primary
¢ Efficiently transform fuel resources into more
desirable forms.

. Secondary

e Increase the efficiency and reliability of the
processes used in energy conversion and deliv-
ery systems.

The high Btu substitute natural gas generated by
the gasification of coal will be used by high priority
consumers of natural gas. Such use will extend the
period over which this high quality energy source
will be available to meet consumer demand.

Strategy

The strategy being utilized to achieve program
objectives is to proceed as rapidly as possible with
the continued concurrent development of a number
of second-generation coal gasification processes
through the process development unit and the pilot
plant stage with the implementation of the technology
generated in a demonstration plant stage or on a
commercial scale by mid 1980’s.

At the same time continued efforts will be made
to utilize all technological advances resulting from
this work to increase the range of applicability, op-
erational efficiency, and environmental compatibility
of first-generation, state-of-the-art processes that are
currently available for use. The implementations of
both generations of gasification technologies on a
demonstration/commercial scale will be supported
by data generated in a number of auxilliary studies.
As this work on first- and second-generation gasifica-
tion processes proceeds, further effort will be directed
toward the evaluation and continued development of
advanced third generation coal gasification tech-
niques, Although many of the gasification processes
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under development appear to be similar in concept
and objective, each is characterized by important
differences that warrant concurrent development to a
point that the relative merits of these differences can
be established.

Technical success or failure of the program can
be measured in terms of the degree to which eco-
nomics, throughput, reliability, and conversion cffi-
ciencies are improved when compared to current
state-of-the-art processes.

e Transfer and movement of solids between and
within multiple fludized beds.

® Equipment and component development.

Federal Role

Federal participation in this program helps to
reduce or alleviate the financial risks usually asso-
ciated with the development of new technologies. In
this program, the cost of development through the
process development unit stage is borne by the gov-
ernment. Pilot plant costs are shared on a one-third
industry (principally the American Gas Association),
two thirds government basis while the demonstration
plants are cost-shared on a fifty-fifty basis. Federal
participation will also serve to accelerate progress in
new technologies beyond normal commercial capa-
bility.

International Cooperation

A cooperative data exchange program exists
with the British Gas Corporation.

Cooperative fixed bed gasification studies at
Westfield, Scotland, were supported by combined
government/industry funding.

Technological Status and Problems

Status:

e There are state-of-the-art gasification processes
available. Second-generation technologies are
being developed in pilot plants under construc-
tion or in operation and third-generation proc-
esses are under investigation at the bench scale
level of development.

* A Request for Proposal (RFP) has been is-
sued to support a demonstration plant effort.

Problems:

® Improved heat removal during methanation.
® Methods of prolonging catalyst life.
® Pretreatment of agglomerating coals.

¢ FErosion and corrosion problems.

e The Synthane pilot plant will complete its
shakedown tests in late FY 1976 and begin
operation shortly thereafter.

® The Steam Iron pilot plant construction will be
completed during FY 1976 and operation and
engineering evaluations will then begin and go
through FY 1979.

* The Self-Agglomerating PDU construction will
be completed during FY 1976 and operation
will then begin and continue through the end
of FY 1978.

* Support programs for the development of mate-
rials of construction, commercial equipment and
auxiliary processes such as liquid phase meth-
anation are also being conducted to support
the High Btu Program.

* The Hydrane process, a third generation con-
cept, will be evaluated during FY 1976 and a
decision made on starting construction of the
PDU.

Institutional Status and Problems

Status:

e Existing structure of federal, state and local
regulations; transportation facilities, rail, water
and pipeline; industry infrastructure; and social
legislation has been developed for a low-growth
industry producing 600 million tons per year of
coal {(and no shale).

Problems:

® Problems will result from a needed doubling in
10 years of coal output and with the start of a
shale industry.

® Local population concentrations and amenities
will rarely be adequate to support the labor
requirements of operating mines and conversion
plants. There will be a major influx of skilled
and unskilled workers into remote areas creat-
ing an instant need for roads, schools, housing,
etc.

e Massive capital investment will be needed for
mines and conversion facilities. While energy
demand and the financial needs to meet it grows
exponentially these new technologies require
much higher investments per unit of net energy
output; thus, sharply increasing capital needs.
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Environmental Status and Problems

Status:

o The potential environmental impact of large
coal gasification facilities is being addressed for
both state-of-the-art and second-generation coal
gasification processes. Two environmental im-
pact statements have been filed in New Mexico
on plants that would employ state-of-the-art
processes. One of the major objectives of the
pilot plant program is the mitigation of potential
adverse environmental impacts. Existing gasifi-
cation pilot plants comply with all applicable en-
vironmental regulations. Environmental moni-
toring is conducted at all facilities.

Problems:

* Water resource requirements and priorities are
problems generic to coal conversion.

Potential pollutant and safety problems will
have to be characterized for both long-range and
short-range impacts.

Magnification of environmental problems due
. entirely to large size of commercial high Btu
coal gasification plants. Effects of current pilot
plants are insignificant. Commercial-sized plants,
however, will have appreciable effect on land-
use, resources, regional economics, wastes, etc.

Program Implementation

Emphasis has been placed on the concurrent
development of a number of advanced processes for
the gasification of coal. This work, being performed
in parallel, will reduce the time required to generate
data sufficient for a technical and economic evalua-
tion of competing processes. At the same time, the
representative problem areas associated with these
technologies will be investigated and the solutions
will be available for use in the demonstration plant
program or to improve current state-of-the-art proc-
esses.

At present the High Btu Gasification Program is
conducting the following pilot plants and process
development units:

® The HYGAS pilot plant is operational and un-
dergoing engineering evaluations. An adminis-
trative decision will be made in FY 1977 to
continue or stop its operation.
The Bi-Gas pilot plant will be completed in FY
1976 and is planned to be in operation through
FY 1980. The critical engineering evaluations
and mechanical reliability of the process are
planned to be completed by FY 1981.

The CO, Acceptor Pilot Plant is currently being
operated. The engineering evaluations will be-
gin in FY 1977 as a basis for an administrative
decision to continue or stop its operation.

HIGH BTU GASIFICATION

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA 8O BA BO BA BO
ERDA
Operating Expenses 59.8 36.0 53.4 37.3 45.1 59.3
Plant and Capital Equipment 0 0 0 0 0.1 0
Total 59.8 36.0 53.4 37.3 45.2 59.3

* Does not include funds for FY 1976 Transition Quarter.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
HIGH BTU GASIFICATION

PROGRAM ACTIVITY

Fiscal year

1986-{BEYOND

1975

1976

19771978]1979|1980]1981]1982[1983|1984

2000 | 2000
1985

Hygas, Pilot Plant

1—Operation Complete and Evaluation
Begins

% Decision to Continue Operations

Bi-Gas, Pilot Plant
1—Construction Complete

2—Qperation Complete and Engineering
Evaluation Begins

CO, Acceptor, Pilot Plant

1—Operation Complete and Engineering
Evaluation Begins

%k Decision to Continue Operation

Synthane, Pilot Plant

1—Construction Complete
2—O0peration Complete and Engineering
Evaluation Begins

% Decision to Continue Operation

Hydrane, PDU

% Decision to Build PDU

1—0Operation Begins
2—0Operation Complete and Engineer-
ing Evaluation Begins

Steam-lron, Pilot Plant

1—Construction Completed and
Operation Begins

2-—-QOperation Complete and
Engineering Evaluation Begins

Self-Agglomerating PDU

1—Construction Completed and
Operation Begins

2—Operation Complete and
Engineering Evaluation Begins

\WAAN

<]

o ————_—_—— - —————— e —_——————_—_—_—,—_,— e e —_—_— e,

Key to symbols:

v Significant A Estimated <> Slippage

milestones

T . completion date
% Administrative

of program 1 Date

of

decision point activity 1 information

= Continuing
activity

sess Completed
activity

C :Construction
start

D :Demonstration
start

R :Research start
S :Studies start

T :Test start
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
HIGH BTU GASIFICATION (Continued)
Fiscal-year
PROGRAM ACTIVITY 1986-3EYOND
1975] 1976 |1977[1978/1979[1980|1981|1982][1983|1984|1985
|
|
1
2
Liquid Phase Methanation eoedd AV V
3 JAN
t—Construction Completed and |
Operation Begins |
2—Operation Complete and |
Engineering Evaluation Begins :
I
|
Key to symbols:
v Significant AEstimated <> Slippage « Continuing C :Construction R :Research start
mules?t(?nes . completion date activity start . S :Studies start
%k Administrative of program : Date of essw Completed D :Demonstration
decision point activity 1 information activity start T :Test start
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FOSSIL ENERGY

Coal

LOW BTU GASIFICATION

Objectives

Near-Term:
(-1985)

¢ To provide the technologies required for the
construction of plants to demonstrate the con-
version of domestic coal resources to environ-
mentally acceptable low Btu gas for:
—Electric power generation including combined

cycle systems;

—Industrial and process heat applications; and
—Chemical feedstocks.

e To provide for the transfer of technology result-
ing from this program to commercial users of
existing gasification systems.

Mid-Term:
(-2000)

e To assist the commercial implementation of
second-generation technologies beginning about
1985-86 with single product plants. Develop,
make available, and demonstrate third-genera-
tion technologies by 1990 in participation with
private industry.

® To produce 1.8 quads of low Btu substitute gas
by 2000.

National Energy Technology Goals Supported

Primary

¢ Efficiently transform fuel resources into more
desirable forms.

Secondary

* Increase the efficiency and reliability of the
processes used in energy conversion and deliv-
ery systems.

® Transform consumption patterns to improve en-
ergy utilization.

Strategy

The strategy is to develop gasifier and hot gas
cleanup systems that operate at atmospheric and
elevated pressures to produce electric utility and in-
dustrial fuels, and chemical feedstocks. Since the
state of development of atmospheric pressure gasifi-
cation is more advanced than that of pressurized sys-
tems, the program pursues the atmospheric develop-
ment as a primary objective and at the same time
continues the development of pressurized systems.

Hot gas cleanup systems provide for high efficiency
operation of combined cycle plants, and enhance the
availability of such systems at the same time low Btu
gasification systems are developed. This will provide
industry with a source of a clean low Btu fuel suit-
able for use in gas turbines.

In order to compress the time required to de-
velop a suitable gasification system for demonstra-
tion, several promising concepts (i.e., fixed bed,
entrained bed, and molten salt) were selected for
concurrent development. The results of these devel-
opment projects will provide a basis for evaluating
and comparing the different concepts. These com-
parisons, along with economics and fuel supply fac-
tors prevailing at thet time of selection, will be used
to determine any process selected for the demonstra-
tion program.

Federal Role

Federal participation is intended to reduce risk
and capital requirements of industry where those
factors are of sufficient magnitude to preclude indus-
trial lead.

The current commercial low Btu gas processes
are not promising enough to guarantee the availabil-
ity of low Btu gas in the near-term. The federal gov-
ernment therefore, must supplement industry efforts
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in order to deliver improved technology in the appro-
priate time frame.

Federal participation involves total government
funding of new processes through early development,
approximately 67 percent federal funding of pilot
plant projects (100 ton per day units) and approxi-
mately 50 percent federal funding of demonstration
plants.

International Cooperation

A cooperative data exchange program exists
with the British Gas Corporation that encompasses
both low Btu gas and hot gas cleanup processes.

Technological Status and Problems

Status:
¢ Commercial gasification technologies exist. The
low Btu program efforts are directed toward the
development and improvement of fluid bed, en-
trained bed, combined cycle, molten salt and
fixed bed processes.

Problems:

e The processing and utilization of caking coals
which agglomerate in the gasifiers.

¢ Equipment does not exist to continuously feed
coal into a high pressure system.

e Sulfur removal and gas cleanup at high tem-
peratures.

e Materials development of critical components
for use at high temperature and pressure and
in a corrosive environment.

* Sizing and modification of equipment used in
the retrofit of existing boilers to low Btu gas.

Institutional Status and Problems

Status:

¢ Existing structure of federal, state and local
regulations; industry infrastructure; and social
legislation has been developed for a low-growth
industry producing 600 million tons per year of
coal (and no shale).

e Utility interest is currently shown by a jointly
funded, commercial size low Btu/combined
cycle plant for electrical generation.

Problems:
® Local population concentrations and amenities
will rarely be adequate to support the labor re-
quirements of operating mines and conversion
plants. There will be a major influx of skilled

and unskilled workers into remote areas creating
an instant need for roads, schools, housing, etc.

e Massive capital investment will be needed for
mines and conversion facilities. While energy de-
mand and the financial needs to meet it grows
exponentially these new technologies require
much higher investments per unit of net energy
output; thus, sharply increasing capital needs.

Environmental Status and Problems

Status:

e Although low Btu gasification promotes envi-
ronmentally acceptable use of coal, there are
environmental impacts associated with the proc-
essing of coal.

e Hot gas cleanup and other environmental con-
trol systems are being developed simultaneously
to mitigate these impacts.

Problems:

e Techniques for the control of trace elements
and fine particulate emissions from end usage
devices need to be developed.

e Land use, reclamation and water resource re-
quirements are problem areas generic to coal
conversion.

s Problems of scale will be encountered when in-
creasing size from small demonstrations to full-
scale commercial application.

Program Implementation

The Low Btu Program is being implemented
through the sequence of bench scale, PDU, pilot
plant, and demonstration plant phases.

The development of an atmospheric pressure
gasifier is being pursued in the entrained bed gasifica-
tion project. This five ton per hour unit will utilize
existing components and technology in all areas ex-
cept the gasification reactor. The project is currently
scheduled for operation in FY 1978.

The more sophisticated pressurized units being
developed in the program are:

e A three-stage fluid bed gasification one ton per
day PDU is currently operational and is being
evaluated to obtain process scale up data or
future processes.

e A two-stage fluid bed gasification 0.6 ton per
hour PDU on which construction has been com-
pleted will be operational during 1976 to evalu-
ate the use of dolomite as an internal sorbent
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for the removal of hydrogen sulfide and to ob- ment, and electric power generating equipment
tain scale up data for the design of larger units. is currently being evaluated.

e A proposal for the construction of a combined e A five ton per hour Molten Salt PDU is in the
cycle pilot plant which will use state-of-the-art design stage and scheduled for operation in FY
pressurized fixed bed gasifiers, cleanup equip- 1977.

LOW BTU GASIFICATION

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA B8O BA BO BA BO
ERDA
Operating Expenses 50.0 23.3 24.6 36.0 331 40.0
Plant and Capital Equipment 0 0 0 0 0 0
Total 50.0 23.3 24.6 36.0 33.1 40.0

* Does not include funds for FY 1976 Transition Quarter.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
LOW BTU GASIFICATION

PROGRAM ACTIVITY

Fiscal year

1986-|BEYOND

1975

976

1977[1978{1979|1980

1981[1982[1983|1984

1985

2000 { 2000

Fluid Bed Gasification Two Stage
Pressurized, PDU

1—Operation Complete and Engineer-
ing Evaluation Begins

% Go/No-Go to Larger Scale Plant

Fluid Bed Gasification Three-Stage
Pressurized PDU

1--Operation Complete

% Decision to Continue Operation

Entrained Bed Gasification
Atmospheric, PDU

1—Preliminary Design

2—-Start Fina! Design

3—Begin Construction

4—Begin Operation

5—Qperation Complete and Evaluation
Begins

Combined Cycle Pilot Plant

1—Design Starts
2—Design Complete

%k Decision to Proceed with Pilot Plant

Molten Salt PDU

1—Construction Complete
2—O0peration Complete

cendlh

oo i

V.

%

<]

b e e e - O —— ————

Key to symbols:

milestones
%k Administrative
decision point

completion date
of program
activity

WV sinificant A\ Eqtimated <> Slippage
]
)
1

Date of
information

- Continuing
activity

=ses Completed
activity

C :Construction
start

D :Demonstration
start

R :Research start
S :Studies start
T :Test start
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FOSSIL ENERGY

Coal

ADVANCED POWER SYSTEMS

Objectives

Near-Term:
(-1985)

e To establish a technology base that will support
development of advanced gas turbine systems
(open and/or closed cycle) for use with coal
and/or coal derived fuels to meet utility inter-
mediate and baseload power generation require-
ments.

Mid-Term:
(-2000)

® To develop and encourage commercial imple-
mentation of combined cycle power plants using
high temperature turbines fueled by coal-derived
low Btu gas.

® To develop closed cycle turbine systems with
improved economy using coal in an environ-
mentally acceptable manner.

¢ Advanced systems may be capable of substitut-
ing between 2 and 4 quads of coal for oil and
natural gas by the year 2000 in new plants.

National Energy Technology Goals Supported

Primary
¢ Increase the efficiency and reliability of the
processes used in energy conversion and delivery
systems.

Strategy .

The strategy for the open cycle gas turbine pro-
gram is to achieve technology readiness by develop-
ment of key components for incorporation into a
prototype advanced high temperature gas turbine.
Since the closed cycle and alkali metal vapor turbine
systems are less mature, the strategy is to proceed
with system definition and optimization trade-off

studies simultaneously with technology develop-
ment and testing. Industry participation and cost
sharing will be encouraged and are expected.

A manufacturing industry exists to produce full-
scale machinery. Little value would exist in the con-
struction of a subscale pilot plant, since the engineer-
ing experience gained on subscale turbine systems
would have to be repeated in the development of
full-scale equipment. Thus, once the cost and risk
are known and attractive, industry can proceed with
the demonstration of full-scale turbines. This applies
to both open and closed cycle gas turbines.

Federal Role

Federal participation will alleviate the financial
risk associated with development of new technolo-
gies. With government participation, accomplish-
ments in these new technologies can be expected
much earlier than solely with industry support. Cur-
rently, the federal role is 100 percent funding through
the PDU level, although there is some cost sharing.
Pilot plants are generally supported with 75% fed-
eral funds. Demonstration plants are supported on
a 50/50 basis.

By accelerating availability of these advanced
technologies, commercialization should be accom-
plished at a much earlier date. Industry participation
will increase as the technology advancement program
passes initial performance and cost milestones.

International Cooperation

At the technical level, considerable information
exchange exists between domestic and foreign turbine
manufacturers and development engineers.

Foreign firms manufacture American products
under license and export control, and domestic man-
ufacters to a lesser extent, use foreign licenses.
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Technological Status and Problems

Status:

The gas turbine program has as its foundation
over 35 years of aircraft propulsion and industrial
turbine development experience. An extensive tech-
nology base in manufacturing materials, design, test-
ing and operation exists with the following char-
acteristics.

¢ Technology based on clean fuels.

¢ Turbine inlet temperatures are currently limited
to 2000 degrees F.

® Modest temperature closed cycle systems are
operating with limited economic potential.

¢ Small scale alkali metal vapor turbines have
operated as part of the space program.

Problems:

¢ Efficient and economic hot gas cleanup systems
are not yet developed.

® Practical high temperature turbine cooling sys-
tems do not exist.

® Closed cycle system heat exchanger compo-
nents operating at high pressure and high tem-
perature from direct coal combustion are not
durable.

® Bearings, seals and auxiliaries of adequate dura-
biilty for these systems do not exist,

Institutional Status and Problems

Status:
® The advanced power systems being developed
will be ready for implementation in—at mini-
mum—>5 to 6 years. Regulations, economics,
and industrial actions must thus be considered
in that time frame.

Problems:

® Problems will result from a needed doubling
in ten years of coal output and with the start of
a shale industry.,

® Massive capital investment will be needed for
mines and conversion facilities. While energy
demand and the financial needs to meet it grows
exponentially these new technologies require
much higher investments per unit of net energy
output, thus, sharply increasing capital needs.

Environmental Status and Problems

Status:
" e New coal-fired facilities are limited to emis-

sions of 1.2 Ibs SO, and 0.7 lbs nitrogen oxides
per million Btu of fuel input.

Problems:
¢ The techniques for limiting pollutants to comply
with existing environmental regulations are not
known.

Program implementation

The Advanced Power System Program for meet-
ing the program goal of “Technology Readiness” fol-
lowed by commercial demonstration is being imple-
mented by advancing the technology of key compo-
nents for the open cycle and the closed cycle gas
turbine systems and the alkali metal vapor turbine
system.

The open cycle turbine program will be imple-

‘mented by advancing the technology of a 2600 degree

F multi-stage turbine subsystem to a “Technology
Ready” status. The Program is divided into three
phases as follows:

Phase I —Program and System Definition—This
phase will generate conceptual designs
and perform trade-off analyses of the
open cycle turbine system including the
gasifiers, gas turbines and steam bottom-
ing systems.

Phase II —Technology Test and Test Support Stud-
ies—1In this phase the individual compo-
nents and their support test equipment
will be fabricated and evaluated. Also,
the high temperature turbine system will
be defined.

Phase III—Technology Readiness Verification Tests
—In this phase the high temperature tur-
bine system will be tested.

Successful completion of these three phases will
provide Technology Readiness and from this devel-
opment stage, commercial demonstration is expected
to follow.

Implementation plans for the closed cycle tur-
bine and alkakli metal vapor turbine systems which
are considered to be not as advanced as the open
cycle system, are to proceed with system definition
and optimization studies concurrently with technol-
ogy development of key components such as the pri-
mary heat exchanger. Upon obtaining technological
data that demonstrates the economic and technologi-
cal attractiveness of these systems, subsequent devel-
opment phases may be undertaken.

Fluidized Bed Combustors would be used with
advanced closed cycle and alkali metal vapor turbine



20 A NATIONAL PLAN FOR ENERGY RD&D

systems as well as the conventional steam systems for
which they are currently being developed. The ad-
vanced turbine development program would benefit
the pressurized fluidized bed program by providing a
technology for more durable turbines imploying the
direct use of coal.

Combined cycle power systems utilizing ad-
vanced open cycle gas turbine systems combined with
conventional steam plants, have the potential of pro-
ducing electrical power in an environmentally accept-
able manner at higher generating efficiencies and
lower cost from coal derived fuels.

Consequently, with the open cycle gas turbine
combined with a gasifier and cleanup system to utilize
low Btu coal gas, a means is provided for utilizing
coals of all ranks, quality and sulfur content with

much lower pollution levels per unit power output.

Open cycle gas turbine engine emissions of concern
when utilizing low Btu coal gas are CO, NOy and
SO.. The open cycle turbine program includes de-
velopment of a low Btu combustor to ensure ade-
quaely low NOyx emissions. Remaining emission
problems from sulfur and particulates are addressed
in the low Btu gasification program elements.

The closed cycle gas turbine in combination
with a bottoming cycle can also produce power at a
cycle efficiency superior to existing, commercially-
available plants. However, these plants are a mid-
term to long-term development.

Other DOD and ARPA developments programs in
the area of ceramics are supplying into the ERDA
high-temperature materials programs. In addition, a
joint inter-agency program with NASA is presently
being formulated.

ADVANCED POWER SYSTEMS

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BA BO BA BO
ERDA
Operating Expenses 4.1 . 10.0 7.5 22,5 12.8
Plant and Capital Equipment 0 0 0 0 0 0
Total 4.1 10.0 7.5 22,5 12.8

* Does not include funds for FY 1976 Transition Quarter.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
ADVANCED POWER SYSTEMS
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FOSSIL ENERGY

Coal

DIRECT COMBUSTION

Objectives

Near-Term:
(—1985)

® To develop and demonstrate on a commercial
scale, the technology for heat and power gen-
eration using fluidized bed combustors fueled by
high-sulfur coals and coals of all ranks and
qualities in an environmentally acceptable and
economically attractive manner.

¢ To develop and demonstrate on a commercial
scale, coal-oil slurry firing as a retrofit technique
for existing industrial and utility oil fired com-
bustors.

¢ To improve the reliability and efficiency of pres-
ent boiler systems.

Mid-Term:
(-=2000)

¢ To encourage industry to implement fluidized
bed combustion processes for heat and power
generation on a nationwide scale.

* To increase options for environmentally accept-
able direct coal utilization at cost and efficien-
cies superior to present alternatives.

e By the year 2000, direct combustion systems
using coal can substitute between 6 and 8 quads
of oil and gas annually.

National Energy Technology Goals Supported

Primary

e Expand the domestic supply of economically
recoverable energy producing raw materials.

Secondary
¢ Increase the efficiency and reliability of the
processes used in energy conversion and deliv-
ery systems.

Strategy

The strategy is to initiate a series of projects
that will demonstrate fluidized bed combustion as an
economic, practical and environmentally acceptable
technique to use coal of all ranks, quality and sulfur
content. This permits coal to replace oil and gas fir-
ing of utility and major industrial heat and steam
plants. Coal-oil slurry and other combustion systems
will be developed in conjunction with utilities, indus-
trial and institutional users and equipment manufac-
turers. Reliability and efficiency data of present boiler
systems will be compiled and analyzed so that im-
provements can be quantitatively assessed and eval-
uated.

Federal Role

The federal government’s role is to develop and
demonstrate technologies and processes which are in
the public interest and in which private industry is
not investing due to the size of investment require-
ments, the extent of risk, or the length of the com-
mercialization process. Federal participation involves
total government funding of new processes through
early development; approximately two-thirds funding
of pilot plant projects; and about one-half funding of
demonstration plants.

international Cooperation

The United States is cooperating in the “Fluid-
ized Bed Combustion Test Facility Project” imple-
mented under an International Energy Agency (IEA)
agreement signed in November 1975. The participat-
ing nations (United States, United Kingdom, and the
Federal Republic of Germany) plan to jointly fund
the construction and operation of a pressurized
fluidized bed combustor to be located in the United
Kingdom. The IEA facility will be used to provide
scientific combustion research information on pres-



CoaL 23

surized fluidized bed combustion of world-wide coals

and

limestones with configuration appropriate for

commercial applications.

Technological Status and Problems

Status:

Preliminary cost studies based on data on SO
and NO, emissions from research combustors,
have shown that fluidized bed combustion with
the capture of SOy in the bed sorbent can be a
less expensive and more efficient cleanup sys-
tem than stack gas scrubbing.

Several bench sized fluidized bed combustors
are in operation. Experimental sorbent regen-
eration, pressurized combustion and combustion
gas cleanup devices have been built and oper-
ated.

A 30 MW atmospheric, fluidized boiler facility
has been fabricated and erected at Rivesville,
West Virginia, and is scheduled to be opera-
tional by mid-1976.

A 1 MW pressurized fluidized bed process de-
velopment unit is in operation to provide design,
materials and environmental data.

Coal-oil slurry firing has been tested several
times in the past 60 years. The main concern
today pertains to the preparation cost and the
handling of the post-combustion products,

Problems:

Reliability of coal feed, ash disposal and hot gas
cleanup must be demonstrated for industrial ac-
ceptance.

The data on erosion/corrosion rates of tubes
immersed in fluidized beds must be obtained to
support design of commercial equipment.
Sorbent regeneration systems for eliminating the
large quantities of limestone/dolomite required
for fluidized bed combustion must be developed.
Large size multi-bed fluidized bed combustion
unit operational stability data must be obtained.
Coal oil slurry preparation data and firing relia-
bility need to be established.

Institutional Status and Problems

Status:

Existing structure of federal, state and local reg-
ulations; transportation facilities, rail, water and
pipeline; industry infrastructure; and social legis-
lation has been developed for a relatively small,
low-growth industry.

As a new technology, feasibility will have to be
demonstrated prior to acceptance. Economic
feasibility will be difficult to evaluate due to un-
certainties of the final market price.

Problems:

Local population concentrations and amenities
will rarely be adequate to support the labor re-
quirements of operating mines and conversion
plants. There will be a major influx of skilled
workers into remote areas creating an instant
need for roads, schools, housing, etc.

Massive capital investment will be needed for
mines and conversion facilities. While energy
demand and the financial needs to meet it grows
exponentially these new technologies require
much higher investments per unit of net energy
output; thus sharply increasing capital needs.

Environmental Status and Problems

Status:

New coal fired facilities are limited to emissions
of 1.2 lbs SO, and 0.7 lbs nitrogen oxides per
million Btu fuel input.

Data from process development units indicate
that fluidized bed combustors can meet environ-
mental standards.

Carbon containing by-products (char and bene-
ficiation wastes) have been successfully burned
in fluidized bed combustors.

Modeling activities are under way to prédict
product and by-product distributions based
upon coal composition inputs.

Environment and safety design criteria have
been fully incorporated into hardware develop-
ment activities for coal feed and ash disposal
systems, hot gas cleanup systems, and materials
development programs for fluidized bed com-
bustion processes.

Problems:

Extensive, multiple and fragmented permit and
approval requirements for environment and
safety have significant schedule and cost im-
pacts.

Site selection procedures are not clearly defined.
However, some guidelines are emerging, which
will be supplemented to provide a comprehen-
sive plan.

Procedures are being developed for coordinated
actions of the legislative, regulatory and other
political, institutional and environmental groups



24 A NATIONAL PLAN FOR ENERGY RD&D

involved. However, the issues are broad and
complex, and considerable work is yet to be
done.

Program Implementation

Industrial host sites will be used for pilot dem-
onstration plants to facilitate and encourage indus-
trial participation in the design, fabrication, erection
and operation of fluidized bed combustion systems.
Industry program involvement will assist in solving
institutional and technological problems.

The atmospheric, fluidized bed boiler project has
underway the construction of a 30 MW boiler at the
Monongahela Power Company plant at Rivesville,
West Virginia. It is scheduled to be operational by
mid-1976. Testing will continue through 1978.

Operational data obtained from the 30 MW fa-
cility will be used in preparing the conceptual design
of a 200 MW unit. Concurrently, component devel-
opment, test and integration work will be conducted.

A study of the feasibility of plant conversion of
existing boilers and process heaters will be initiated
in FY 1977. A Program Opportunity Notice has been
issued to cover a variety of industrial/institutional
applications of fluidized bed boilers and steam and
process heaters for commercial applications. These
small sized fluidized bed development programs are
expected to begin in FY 1976. They will be initiated
by conceptual design studies and component testing.
In subsequent phases, fabrication of prototype equip-
ment and test program definition will be followed by
testing in the last phase. Multiple contracts are ex-
pected to be awarded since there are four fluidized
bed application categories: High pressure steam gen-
eration; low pressure boilers; industrial process heat-
ers and direct fired heaters. The timing for these in-
dividual projects will vary somewhat; however, the
program definition and concept design phase is ex-
pected to require approximately one year with com-
pletion by the end of FY 1977. The prototype fabri-
cation phase should require 2 to 3 years depending
on the specific application with the testing program
phase beginning about FY 1980 and continuing
throughout FY 1982. At that time, ERDA manage-
ment will determine whether continued development
work is warranted.

The pressurized, fluidized bed program includes
a | MW process development unit which is providing
performance, materials, durability and environmental
emissions data. The design, construction and testing

of a 13 MW combined cycle pressurized fluidized
bed pilot plant will be initiated in FY 1976 with a
study of comparative commercial systems and a pre-
liminary design of the pilot plant. This phase is ex-
pected to be completed in FY 1977. The next phase
is the detailed design of the pilot plant to be com-
pleted in early FY 1978. Phase III, construction of
the pilot plant, will occur in FY 1978 and FY 1979.
In Phase IV, operational testing will be performed in
FY 1980 and FY 1981. During the testing phase,
preliminary studies of demonstration plants may be
initiated so that the program can proceed to prompt
commercialization. Fossil Energy will also partici-
pate in a pressurized coal combustor research proj-
ect under the management of the International En-
ergy Agency (IEA). The IEA facility will be used to
provide scientific bed combustion research informa-
tion on pressurized fluidized bed combustion of
world-wide coals and limestones. The preliminary
design of a Component Test and Integration Unit
(CTIU) has been initiated. This facility will be used
in programs supporting the pressurized combined
cycle plant program.

Coal-oil slurry combustion will be investigated
as a retrofit to present oil or gas fired boilers to de-
termine the extent to which this technology can be
implemented to substitute coal in industrial and util-
ity combustors. Laboratory studies, other feasibility
studies, system analyses, etc., are underway to sup-
port the development programs for atmospheric and
pressurized bed boilers.

Another project funded by EPA pass through
funds to TVA (to be finished in FY 1976) will com-
pare the projected costs of both atmospheric and
pressurized fluidized bed power plants to the costs of
conventional coal fired steam power plants utilizing
flue gas desulfurization.

A concept study for Project MIUS (Modular
Integrated Utility System), a cooperative activity in-
volving seven federal agencies, has led to a specific
program to develop modular, decentralized, coal
fired electric power plants located within a commu-
nity which uses power plant waste heat for heating,
hot water, and air conditioning. MIUS is in the de-
tailed design phase and will proceed to construction
in FY 1977. Construction is expected to be com-
pleted in FY 1979, at which time testing will com-
mence. A two-year testing period is planned to be
completed in FY 1981. Operational data will then
be available that may lead to commercialization of
the coal fueled total energy system.
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DIRECT COMBUSTION
Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976+ FY 1977
Agency BA BO BA BO BA BO
ERDA
Operating Expenses 35.9 10.6 38.1 32.6 52.4 52.1
Plant and Capital Equipment 0 0 0 0 0 0
Total 35.9 10.6 38.1 32.6 52.4 52.1
* Does not include funds for FY 1976 Transition Quarter.
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
DIRECT COMBUSTION
Fiscal year
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FOSSIL ENERGY

Coal

ADVANCED RESEARCH AND SUPPORTING TECHNOLOGY

Objectives

Near-Term:
(—1985)

¢ To discover and develop the materials and com-
ponents that ensure reliable, efficient, and en-
vironmentally acceptable plants for coal con-
version and combustion.

e To discover technologies for improved direct
utilization of coal.

e To discover advanced processes for coal con-
version to synthetic fuels.

® To conduct systems analyses of processes and
technologies to aid in the formulation of plan-
ning and policy options.

® To increase the supply of personnel trained in
fossi! energy technologies from our Nation’s
university system.

Mid-Term:
(-2000)
® To lay the foundation for technologies leading
to improved and innovative advanced coal con-
version and combustion processes that could be
used by private industry .

National Energy Technology Goals Supported

Primary
e Perform basic and supporting research and tech-
nical services related to energy.

Secondary
* Protect and enhance the general health, safety,

welfare and environment related to energy.
Strategy

The strategy is to identify those areas where re-
search has the highest potential for technological im-

provements. The supporting technology will deal with
second-generation technology projects five to ten
years hence. The advanced research will deal with
problems of third-generation technologies.

Federal Role

The major new technologies in coal conversion
and utilization are characterized by relatively long
lead times and high research risks. Private industry
alone cannot meet the task. The federal role is three-
fold: (1) to conduct a complementary research pro-
gram in a time frame that satisfies national needs,
(2) to undertake the high risk, high potential payoff
programs that industry is unable or unwilling to sup-
port with corporate funds, and (3) to establish a
research climate in fossil energy that is conducive to
further action by private industry and universities.

Technological Status and Problems

Status:

» Existing materials, components, processes and
technologies are generally not applicable to
second- and third-generation development.

e Typical first operation problems are intensi-
fied by time, materials and operating parameters.

Problems:
¢ Costs of coal conversion processes are presently
too high.

Program Implementation

This activity serves as the central research point
for all elements of coal. Major subtechnology areas
include efforts on materials and components, process
development, fuel utilization and university relations
for coal, as well as shale, petroleum and gas.

Significant near term activities are underway to
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develop analytical techniques required for the meas-
urement of environment and safety related trace
contaminants. Additional data on coal chemistry and
the characterization of products and byproducts from
coal conversion processes are underway. Significant
research activities are underway for stack gas clean-
up studies to support expanded direct utilization of
coal and low Btu gas from coal.

A broad research program on materials and
components develops equipment which wiil function
in an efficient, reliable and environmentally accept-
able manner under the conditions required in a va-
riety of coal conversion and utilization processes.
These conditions include operation at high tempera-
tures and pressures and under hostile erosive and
corrosive conditions, Metailic alloys and ceramic ma-
terials will be tested for suitability. This research will
lead to more durable heat exchangers, reduce fireside
corrosion of boilers, and improved materials for con-
struction of boilers, conversion reactors, gas tur-
bines and magnetochydrodynamics (MHD) equip-
ment.

Improved processes will lead to the development
of new improved third-generation processes. This
general research is supported by efforts to improve
catalysts and analytic instrumentation as well as to
develop additional data in coal chemistry on chemical
reaction mechanisms, kinetics and coal structure.
Early efforts will concentrate on development of
novel halide catalysts, very rapid hydroliquefaction
of coal to aromatics, coproduction of coke and chem-
icals, and advanced processes for converting syn-
thetic gas to hydrogen and other chemicals.

The utilization of coal in pressurized bed boilers
will be improved by research in desulfurization effi-
ciency. The utilization of low Btu gas will be ex-
tended by research on efficient cleanup processes.

The university program will maintain a broad
involvement in basic and applied fossil fuels research,
primarily in the area of coal. A major function of this
research support is ensuring an adequate base of
technical manpower trained in fossil fuel science and
technology.

Systems Studies project will include the follow-
ing investigations;

Long Range Strategy:

This area will continue the development of Fos-
sil Energy strategies and rationale to enable a more
informed choice of a set of advanced technologies
for RD&D. Continuing and planned studies include:

e Development of program strategies and priori-

ties that reflect the future requirements of the
real-world market place. To accomplish this,
analyses of market requirements and applica-
tions potentials will be made, together with
analysis of technology readiness and risk assess-
ment.

¢ Benefit/cost analyses including assessments of:
the value of a federal RD&D program in tertiary
recovery in terms of increased potential supply
and production and decreased costs; products
derived from coals for future use in electric util-
ity, gas utility, and industrial applications; the
requirements and tradeoffs for coal handling,
blending and beneficiation.

* Analysis of the commercialization potential and
attendant problems for advanced fossil energy
technologies as well as the means to expedite
the transfer to these technologies to commercial
use.

Planning and Budget:

The objective of this area is to continue the
development of integrated fossil energy plans, pro-
grams and budgets within the strategic framework
established above. Other responsibilities include:

¢ Planning of fossil energy resource requirements.

¢ Independent budget review of fossil energy
projects and development of guidelines for pro-
gram objectives and milestones.

* Coordination of Energy Research Center and

National Laboratory activities with ERDA

Operations Offices.

Review and analysis:

This area will continue to a) independently re-
view and analyze selected fossil energy projects for
the purpose of assessing progress toward outlined
objectives, and b) evaluate and analyze process
technology, process design and process economics
as related to fossil energy research, development
and demonstration projects. Planned and continuing
activities include:

* Intensify process design and economic analyses
of fossil energy recovery and conversion tech-
nologies, including coal, oil shale, petroleum,
natural gas and heavy oils; identify new fossil
energy sources and technologies that warrant
process design and economic evaluation.

¢ Review, analyze and evaluate selected fossil
energy technologies and process designs; com-
pare competitive processes; and expand the
knowledge base for coal conversion technologies
through the analysis of foreign technologies.
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¢ Develop criteria for analyzing Fossil Energy
program goals and objectives; maintain con-
tinuing review of programs to ensure that ade-
quate progress is made; review specific fossil
energy projects to determine their technical
progress and performance; and assist in pre-
paring the overall ERDA Fossil Energy RD&D
program plan.

Environment and Safety:

Work in this area will continue those activities
necessary to develop environmental development
plans that assure information is available to char-
acterize process effluents, control emissions, assess
water availability, promote health and safety, con-
serve energy and natural resources, ensure sound
project siting decisions, and mitigate local impacts
associated with fossil energy technologies. Specific
efforts include:

* Compliance with National Environmental Policy
Act
—Development of methodology and planning
tools for assessing environmental impacts of
Fossil Energy projects and programs.

—~Completion of draft environmental impact
statements and environmental assessments
for specific Fossil Energy programs and
facilities.

—Initiation and performance of environmental

analysis on key Fossil Energy projects.

Compliance with Non-Nuclear Energy RD&D

Act

—Establish procedures for interfacing with
Water Resources Council.

—Prepare inventory of data needs and avail-
ability for water resources assessments.

—Initiate program of water resource assess-
ments for Fossil Energy technologies and
demonstration projects.

Strengthen cooperation with EPA and NIOSH

on environmental and occupational health as-

pects of Fossil Energy.

Preparation of environmental research strategy

for Fossil Energy.

Methods and approaches which will be utilized

in implementing the research strategy include the
following:

Sponsorship of industrial and university re-
search projects, including some parallel pro-
grams.

Shared funding with the contractors.

Coordination of federal research projects sup-
porting ERDA development programs.
Coordination of federal fossil energy-related
research, with the research performed by pri-
vate and non-profit organizations.

Evaluate trade-offs among the demands of envi-
ronment, water rights and local socio-economic
stability.

ADVANCED RESEARCH & SUPPORTING TECHNOLOGY

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA B8O BA BO
ERDA
Operating Expenses 23.3 7.8 35.4 321 37.1 36.6
Plant and Capital Equipment 0 0 0 0 0 0
Total 23.3 7.8 35.4 321 37.1 36.6

* Does not include funds for FY 1976 Transition Quarter.
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FOSSIL ENERGY

Coal

DEMONSTRATION PLANTS

Objectives

Near-Term:
(-1985)

o To validate the technical, economic, and en-
vironmental acceptability of second generation
coal procesess by designing, building, and op-
erating near-commercial scale modules.

® To accelerate the commercialization of demon-
strated technology by stimulating the building
of plants with industry funds.

¢ To accelerate the development of special equip-
ment.

Mid-Term:
(=2000)

¢ To demonstrate and support the transfer of
advanced technologies to the commercial sector.

National Energy Technology Goals Supported

Primary

¢ Efficiently transform fuel resources into more
desirable forms.

Secondary
¢ Increase the efficiency and reliability of the
processes used in energy conversion and de-
livery systems.

Strategy

The program is directed towards easing the
constraints to commercialization of coal conversion
technologies. These constraints include risk, low
conversion efficiency and very large capital require-
ments. Together, they tend to impede progress
towards the goal of placing less reliance on imports
in favor of increased use of domestic energy re-
sources.

The program would reduce the technical risks
associated with scale-up from pilot to commercial
plant by promoting acceptance by the commercial
sector through more precise definition of: (1) proc-
ess operability and reliability; (2) capital and op-
erating costs; and (3) environmental acceptability.

The program would share part of the capital
requirements for plant construction and operation
to provide leverage to the industrial partner in
meeting his funding requirement. While acknowl-
edging the higher financial risk, the program would
encourage the most efficient utilization of capital by
promoting earlier construction of full commercial
scale demonstration modules, thus avoiding the
irrecoverable investment associated with smaller
units.

The program would schedule demonstration
plants, and best allocation of resources, by con-
sidering not only the demands of the various energy
sectors, e.g., liquid boiler fuels versus fuel gas, but
also the state-of-the-art and availability of particu-
lar technologies for demonstration.

Federal Role

The Fossil Demonstration Plants program is
designed to promote early commercialization of
the national coal resource, ahead of the business-
as-usual schedule which would reflect strictly com-
mercial criteria. Federal funding is made necessary
by the demands of heavy capital investment coupled
with the high risks of new technology.

The federal program is based upon sharing
demonstration plant project costs 50/50 with an
industrial partner, who has responsibility for selec-
tion of the process, plant size, site and coal type,
subject to federal concurrence. Cost sharing is a
strong signal—a financial commitment—of industry’s
belief that a technology is at the threshold of com-
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mercial development. Cost sharing also provides
incentive for cost effectiveness in the conduct of
the contractor’s effort.

Federal project management includes design
approval, design and construction monitoring, and
the publication of project data.

Federal participation in each demonstration
plant project can be terminated at the completion
of any major interim mile-stone; e.g., commercial
plant concept design, demonstration plant construc-
tion design; and will terminate after a period of
plant operation; typically, 36 months.

Technological Status and Problems

Status:

¢ Several coal conversion processes have been
operated successfully at the pilot plant level.

Problems:

® The demonstration must be sized to reflect
considerations not only of financial risk, in-
vestment costs and plant operating flexibility,
but also the validity of economic and process
data resulting from plant operation which would
be required for successful design scale-up for
commercial operation.

Institutional Status and Problems

Status:
¢ Contracting policies have been improved by the
revision of of the proprietary rights/background
patent clause.

Problems:

e Capital resources required by demonstration
projects limit:

—the number of potential industrial partners;

—the size of the process demonstration module
that might be chosen from the standpoint
of economic efficiency, viz., a full commer-
cial scale module that produces benefits
sooner and which might also avoid the
irrecoverable investment associated with
small units.

e Cooperative federal/industrial participation in
the program demands mutual satisfaction of
government’s and industry’s economic criteria,
e.g., attitude toward risk, discount rates and
program benefits.

e Lead times for environmental and site approvals
are a significant uncertainly for would-be com-
mercial development of coal technologies.

¢ Selection of “correct” processes for demonstra-
tion requires judgment regarding their promise
of efficiency, flexibility, and applicability for
use of major U.S. coal feedstocks.

® Successful integration of federally-encouraged
energy resource development projects requires
sensitivity to the impacts of industrial develop-
ment in host communities:

—Laws, regulations, and public attitudes in
different states.

—Public sector cash flow problems.
—Changes in employment patterns.

—Boom-town psychology and attendant social
dislocations and land abuse.

Environmental Status and Problems

Status:

¢ Environmental monitoring is conducted at all
pilot plants, which comply with all applicable
environmental regulations. However, pilot plants
may not exhibit the full range of impacts which
could be associated with the operation of larger
scale demonstration plants.

e Selection of a process for demonstration gives
priority to processes which promise lower un-
controlled emission levels or emission levels that
can be controlled by conventional or lower-cost
methods. Environmental impact statements will
be prepared for all demonstration projects.

Problems:

The problems listed below incorporate the full
range of major problems with all processes, but are
not equally associated with each process:

¢ The combustion/disposal problems which may
result from a high level or aromatic compounds,
and the occurrence of a wide variety of toxic
trace elements in the process residues may be
environmental control problems associated with
liquefaction processes.

* The techniques for detecting and controlling
trace emissions and fine particulates are not
known or are costly.

* Considerations of water supply and quality
control in the Western states may limit the
choice of sites for demonstration plants.

¢ The nature and volume of large plant waste
products may require that new waste manage-
ment techniques be developed.
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Program Implementation

Program objectives will be achieved through
successful construction and operation of a number
of demonstration plants. Several coal demonstration
candidates have been chosen.

A contract has been awarded for design, con-
struction and operation of a plant to demonstrate
the conversion of coal to clean boiler fuel. Concep-
tual design of a commercial plant based upon the
contractor’s proposed hydrocarbonization process
has been completed, and a site selected in New
Athens, Illinois, for the demonstration plant. Detailed
construction design for the demonstration plant is
underway. The plant is to be designed to produce
5,000 barrels of liquid fuel and 21 million cubic
feet of high Btu pipeline quality gas daily from a
coal feed of about 3,000 tons.

A Request for Proposal (RFP) was issued in
September, 1975 for demonstrating the conversion
of pipeline quality gas from coal. Several processes

have been developed, which are of interest to both
pipeline and distribution companies. Awards to be
made in FY 1976 will provide a basis for several
alternate conceptual and plant designs.

A second RFP was issued in February, 1976
for a low Btu gas-from-coal demonstration plant.
Low Btu gasifiers can deliver a hot, clean gas to
produce central station electric power. In the near
term, this gas can be utilized in conventional steam
cycle generation; as the technology develops, it
promises to be an attractive source of energy for
the more efficient combined (gas/steam turbine)
cycle. Multiple awards to be made will provide a
basis for proceeding with several alternate con-
ceptual plant designs including the coupling of
the plant to a central station power operation.

Several conceptual designs of commercial plants
are underway in an effort to relate technical data
produced by the R&D program to other plant con-
figurations which might merit demonstration.

DEMONSTRATION PLANTS

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA BO
ERDA
Operating Expenses 0 1.3 31.9 14.2 53.0 50.6
Plant and Capital Equipment 13.0 0.6 20.0 9.0 54.2 30.3
Total 13.0 1.9 51.9 23.2 107.2 80.9

* Does not include funds for FY 1976 Transition Quarter,
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
DEMONSTRATION PLANTS

PROGRAM ACTIVITY

Fiscal year

1986-|BEYOND

1975

1977|1978]1979[1980

2000 | 2000

1981]1982[1983|1984|1985

Clean Boiler Fuel Plant

1—Site Selection Completed
2—Conceptual Design Completed
3—Site Acquisition Completed

% Decision to Proceed with Construction
4—Final Design Completed
High-BTU Pipeline Quality Gas
Plant
1—Conceptual Design Completed
2—Site Selection Completed

3—Site Acquisition Completed
4—Final Design Completed

Low-BTU Fuel Gas Plant

1—Site Selection Completed
2—Conceptual Design Completed
3—Final Design Completed

23 D
N :
| T
*

\VAYI\VAYA
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FOSSIL ENERGY

Coal

MAGNETOHYDRODYNAMICS

Objectives

Near-Term:
(-1985)

¢ To design and test magnetohydrodynamic
(MHD) components and subsystems, and to
integrate these into system tests to be conducted
in pilot scale Engineering Test Facilities (ETF)

Mid-Term:
(-2000)

¢ To develop and operate a commercial scale
demonstration MHD electric power plant,
fueled by coal, in an environmentally accept-
able manner.

¢ To continue development of the MHD tech-
nology to improve the performance, reliability
and benefits to expedite the commercialization
of MHD. This will ultimately reduce demand
for petroleum as commercial plants begin to
come on-line.

National Energy Technology Goals Supported

Primary
e Increase the efficiency and reliability of the
processes used in the energy conversion and
delivery systems.

Secondary
¢ Efficiently transform fuel resources into more
desirable forms.

Strategy

The MHD power system program emphasizes
the development of electrical, utility-sized power
generation systems, utilizing coal as the primary
fuel. When combined with bottoming steam systems,
MHD offers greater potential for significant im-

provements in overall power system thermal efficien-
cies than any other advanced power cycles. The
strategy of the program is to progress through three
phases, each focused on specific development re-
quirements for commercial demonstration. Phase
I will develop the technology required to design and
test individual components and effect their integra-
tion, culminating in the completion of a pilot scale
Engineering Test Facility (ETF). The second phase
will operate this facility and carry MHD into an
advanced engineering stage. An advanced ETF will
be required in Phase II. The third phase covers the
design, construction and operation of a commercial
scale demonstration plant,

During the overall development program, inter-
actions and data exchange with other elements of
fossil energy technologies are planned. For exam-
ple, coal devolatilization and slag properties data
will be obtained from the gasification efforts.

The development of the open cycle (as opposed
to the closed cycle) concept is being pursued as the
major effort of MHD because open cycle systems,
being at a higher level of development, offer greater
potential at an earlier date than closed cycle systems.
This emphasis will continue in the future, although
laboratory scale closed cycle work will be continued.

Federal Role

A high degree of federal participation is re-
quired initially in the MHD program to alleviate
financial risk associated with new technologies hav-
ing long development times. Federal participation
also accelerates the progress in new technologies
beyond normal commercial capability. During the
near-term early development phases, federal funding
will predominate. As encouraging results begin to
appear, industry participation is expected to increase,
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particularly in Phase III. There are currently no
jointly-funded government/industry efforts.

International Cooperation

The current US/USSR Cooperative Program in
MHD program generation involves both the ex-
change of technical information and joint projects,
and is structured to be of substantial benefit to both
countries. Materials developed by the U.S. will be
tested in the Soviet long-duration test facility, and
Soviet materials will be tested in coal combustion
environments in the U.S. A U.S. designed and con-
structed channel will be used for joint high field
generator experiments, and Soviet diagnostic equip-
ment will be utilizied in the United States. A cooper-
ative program with Poland is currently being
planned.

Technological Status and Problems

Status:

¢ Component development and testing programs
have begun, including construction of subsys-
tem test facilities.

e Preliminary design of an Engineering Test
Facility is beginning.

¢ Supporting science and technology efforts, sys-
tem and design analysis, and preliminary testing
are proceeding.

Problems:

e Necessary simultaneous performance and en-
durance of large generators, showing at least
15-20% conversion of thermal energy input
to the generator as electric power at turbine
efficiencies of greater than 60%, have yet to be
demonstrated.

e The technology for the design of high tempera-
ture corrosion/erosion resistant components
such as combustors, channels, boilers, and air
preheaters which are exposed to chemical and
erosive attack by molten slag, fly ash and alkali
salts must be developed.

e Design and construction capabilities must be
developed for superconducting magnets required
for commercial MHD power.

Institutional Status and Problems

Status:

s There are some existing regulations governing
utility operation applicable to MHD.

e Much of the existing structure of federal, state

and local regulations has been developed for
a low-growth industry. These regulations may
eventually require modification.

Problems:

* As a new technological construct, MHD will
have to demonstrate economic feasibility prior
to the generation of significant interest on the
part of industry.

¢ Demographic problems are likely to arise from
the influx of skilled and unskilled workers into
remote areas to support the labor—and facili-
ties—requirements of operating plants.

Environmental Status and Problems

Status:
® The basic process of MHD plant operation re-
sults in plant exhaust emissions that meet the
most stringent air quality standards for sulfur
oxides, particulates and oxides of nitrogen. Its
higher operating efficiency results in lower
thermal pollution levels.

Problem:
® Problems of conventional plants in water use
and in solid waste generation and disposal are
still present in MHD plants; but because of the
higher plant efficiency, are lower per unit of
electricity generated.

Program Implementation

The program for meeting the goal of com-
mercial scale MHD demonstration by the late 1980’s
progresses through three phases, each focused on
specific development requirements necessary for
commercial scale demonstration. The initial or cur-
rent phase will develop the technology required to
design, develop and test system components. This
preliminary engineering phase leads the way to
realistic subscale MHD experimental plant in which
the major milestone is the construction of a pilot
scale Engineering Test Facility.

During Phase II, continued design testing and
refinement is pursued to improve performance and
endurance to lay the groundwork for the design of a
commercial scale demonstration plant. An ad-
vanced alternate Engineering Test Facility may be
required in this phase.

Phase 11l commences with the design and com-
struction and ends with the operation of a commer-
cial scale demonstration plant.

Exploratory work is also proceeding on closed
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cycle systems, concentrating on heat exchanger and and current work is addressing basic physical issues
generator problems. However, closed cycle develop-  which must be resolved prior to closed cycle being
ment is not as advanced as the open cycle concept, considered as a potential alternative to open cycle.

MAGNETOHYDRODYNAMICS
Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA BO
ERDA
Operating Expenses 143 4.0 29.6 18.4 37.4 27.3
Plant and Capital Equipment 0 0 0 0 0.2 0.1
Total 14.3 4.0 29.6 18.4 37.6 27.4

* Does not include funds for FY 1976 Transition Quarter,
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
MAGNETOHYDRODYNAMICS

PROGRAM ACTIVITY

Fiscal year

1975

1976 [1977)1978|1979}1980|1981|1982|1983[1984(1985

2000

1986-|IBEYOND

2000

Performance Demonstration

* 15 to 20% Enthalpy Extraction at

60% Turbine Efficiency

¢ 100-Hour Continuous Generator
Operation at Low (10-15%) Ash

Carry-Over

* 100-Hour Continuous Generator
Operation at High {(100%) Ash

Carry-Qver

Component Development and

Integration Facility (CDIF)

Engineering Test Facility (ETF)

1—Design Start

Advanced ETF

1—Preliminary Design Start
2—Detailed Design Start

Demonstration Plant

1—Design Start
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FOSSIL ENERGY

Petroleum and Natural Gas

GAS AND OIL EXTRACTION

Objectives

Near-Term:
(-1985)

¢ To develop and demonstrate, in cooperation
with industry, enhanced recovery technologies
which may increase production flow rates by
500,000 barrels/day of oil (1.0 quad/year)
and three billion cubic feet/day of natural gas
(1.0 quad/year), and add two billion barrels
of oil and ten trillion cubic feet of natural gas
to domestic reserves.

National Energy Technology Goals Supported

. Primary

e Expand the domestic supply of economically
recoverable energy production raw materials.

Strategy

To achieve the objectives, a program has been
designed to increase production of oil and gas from
both onsore and offshore areas, including tar sands,
through advanced exploration and extraction tech-
niques. Program emphasis is on developing en-
hanced recovery techniques which could extend the
supply of domestically available resources by ap-
proximately 10 years, and on developing techniques
required in hostile (Arctic and Quter Continental
Shelf) environments.

The strategy is to encourage and support in-
dustry efforts to develop and demonstrate enhanced
oil and gas recovery technology to increase pro-
duction rates and yields from existing and future oil
and gas fields by:

¢ Cost-sharing demonstrations to accelerate im-
- plementation of newly developed technologies.

¢ Pursuing concurrent projects in fluid injection
and formation-fracturing techniques.

* Providing a means for documentation and dis-
semination of data on enhanced recovery tech-
niques.

e Maintaining an aggressive research program in
government and industry laboratories and aca-
demic institutions on enhanced oil and gas
recovery to provide a scientific basis for present
and future recovery methods.

When the cost-sharing program has proven an
enhanced recovery technique in a full-scale demon-
stration, industry is expected to utilize it and to
assume all costs associated with commercial de-
velopment. The government will build an open-file
national data base, using its research publications
for enhanced recovery as a mechanism to promote
sharing of test results among oil and natural gas
producers.

Because several different techniques are being
pursued, there are alternatives built into the basic
program. Should any one technique prove unsuc-
cessful, other techniques may be viable.

Federal Role

Since the development and application of en-
hanced oil and gas recovery technologies involve
high risk and long lead times, the government is
providing incentives for industry to accelerate de-
velopment; the primary responsibility for commer-
cialization however, lies with industry.

The present program provides industry incen-
tives through cost-sharing, and thus risk-sharing
R&D contracts with industry. Of eight existing
enhanced-oil-recovery (EOR) projects with a total
cost of $45.6 million, industry is supporting 64 per-
cent. In seven enhanced-gas-recovery (EGR) proj-
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ects with a total cost of $12.9 million, industry sup-
port is 62 percent. Negotiations are now in progress
for several additional EOR and EGR contract pro-
curements; the objective is for industry to support
at least 50 percent of the cost.

International Cooperation

The United States and the Soviet Union have
an Energy Agreement in several areas, one of which
is in oil exploration and production. As a result of
exchange visits by U.S. and U.S.S.R. oil experts,
areas of cooperation were identified by the U.S.
group in September 1975.

Technological Status and Problems

Status:

¢ Several different technological process for en-
hanced recovery are being investigated to deter-
mine feasibility of oil and gas production from
otherwise-marginal resources; these include
micellar-polymer, waterflooding, and carbon
dioxide injection processes.

¢ Thermal recovery of oil is being pursued, since
decreased viscosity resulting from the process
will result in improved flow characteristics.

® Hydraulic and explosive fracturing techniques
are being investigated to permit exposure of
additional resources for recovery and produc-
tion.

Problems:

¢ Reliability of fracturing techniques needs to be
improved. Fracture mechanisms, at present, are
not sufficiently understood to permit accurate
prediction of results.

¢ Additional information is required to avoid the
use of recovery fluids that are not compatible
with the local geologic formations. This in-
compatibility can lead to loss of permeability,
and reduced recovery.

Institutional Status and Problems

Status:

¢ Capital investment will be required for com-
mercial implementation of enhanced recovery
processes. At present, it is uncertain whether
those resources will be readily available.

¢ Conflicting regulations create difficulties in
unitizing fields for development and produc-
tion.

Problems:

¢ The uncertainties of the final market price for
oil produced by enhanced recovery methods
makes it difficult to evaluate economic feasi-
bility.

® Chemicals and equipment may be in short sup-
ply, and may not be available in the quantities
required to support some of the enhanced proc-
esses being investigated.

Environmental Status and Problems

Status:

e Further enhanced oil recovery is commencing
in oil wells that have gone through years of
primary and secondary production; conse-
quently the chemistry, geology, and engineer-
ing of each well used for enhanced recovery is
known.

Problems:
¢ The actual impact of field injection on deep
aquifiers and impacts on the prevailing geologi-
cal structure (subsidence, movements along
fault lines, etc.) are not entirely known.

® Acceptable methods of brine disposal and pre-
vention of damaging runoff or accidental dis-
charge into surface waters of oil-rich chemicals
associated with large-scale operations have not
been established.

¢ Environmental and occupational health impact
of OCS operations have not been fully assessed.
Environmental effects of formation fracturing
are not adequately known.

® Oil spills resulting from offshore drilling and
transportation.

Program Implementation

The strategy is implemented through a program
of development and field tests that are designed to
determine economic and technical feasibility. The
program is divided into three categories: 1) fluid
injection, which deals with oil recovery; 2) non-
nuclear fracturing, which deals with gas recovery;
and 3) drilling, exploration and offshore technology.
The fluid-injection-enhanced oil recovery program
consists of projects demonstrating micellar-polymer
flooding, carbon dioxide injection, improved water-
flooding, thermal recovery, in-situ tar sand recovery,
and solvent extraction techniques.

The milestone charts present a typical field test
program for each technique. Each technique is evalu-
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ated in from two to twelve tests, each of which is a
separate contract, but which will have similar mile-
stones. At the completion of each test, a decision
will be made to end or expand the project. Basic
tests are generally less than 100 acres in size and
an expansion may be several hundred acres. As the
results of expansion projects become available,
further evaluation will be made to allow decisions to
be made on increasing and/or continuing programs.

The first technique, micellar-polymer flooding,
consists of injecting a micellar fluid to aid in the
mixing of oil and water, followed by a polymer solu-
tion that forms a slug or mobility control bank in
front of the final drive water. Eight to twelve field
tests are planned for micellar-polymer flooding. Each
test is a multi-phased project consisting of site prepa-
ration, pre-flush, micellar-slug injection, polymer
injection, and water injection. The first test was ini-
tiated in FY 1975 and will run for approximately
three years.

With the carbon dioxide injection technique,
the resident oil swells and the viscosity is reduced by
the addition of the gas, making the oil more easily
displaced. The carbon dioxide injection technique is
being evaluated in two to six field tests. Each test
is a multi-phased project consisting of site prepara-
tion and either water injection with CO, or CO,
injection alone. The first test was initiated in FY
1976 and will run for approximately three years.

The improved waterflooding technique consists
of injecting fluids into the reservoir to lower the
interfacial tension between the oil and water to
yield more oil for a given amount of water injected.
The improved waterflooding program consists of
three to six field tests. Each test is a multi-phased
project consisting of site preparation, pre-flush,
polymer solution injection, and water injection. The
first test was initiated in FY 1975 and will run
approximately four years.

The thermal recovery technique uses in-situ
combustion to provide high temperature thermal
drive to enhance oil recovery. The tests of the two
thermal recovery techniques (oil and tar sands)
consists of site preparation, combustion initiation,
and support of combustion by air injection, either
with or without water injection. The first tests were
initiated in FY 1975 and will run approximately
three years.

The solvent extraction projects—SOLFRAC
and cyclic—consists of solvent injection followed by
waterflooding (SOLFRAC) or solvent flooding (cyc-

lic), production and data analysis. SOLFRAC is
used for recovering oil from shallow consolidated
sandstone formations. A SOLFRAC test was begun
in Eastern Kansas in FY 1975, utilizing explosive
fracturing and solvent displacement. As much solvent
is recovered and recycled as possible. Continuation
of the tests is planned at least through FY 1977.
Cyclic solvent stimulation is used in reservoirs with
a cyclic solvent method, which involves injecting
solvent into a well, allowing a soak period, and
producing back from the same well. This work will
continue at least through FY 1977.

Four non-nuclear fracturing techniques are
being tested for the enhanced recovery of natural
gas. With massive hydraulic fracturing, fluids are
injected into the well to overcome natural stresses
and cause the medium to fail, thus increasing the
formation permeability and increasing gas produc-
tion. This technique holds most promise for releas-
ing natural gas from massive but intractable forma-
tions in the Devonian Shale of the Appalachians and
in tight sandstones of the Rocky Mountain areas.
For the massive hydraulic fracturing technique, from
two to eight field tests are planned that will run for
approximately two years each. A typical massive
hydraulic fraturing test consists of site preparation,
formation fracturing and gas production.

With chemical explosive fracturing, liquid
chemical explosives are injected into natural or hy-
draulically induced fractures. The resulting exten-
sive fractures release the gas. Three to eight chemical
explosive fracturing tests will be initiated. The tests,
which began in FY 1973, typically consist of site
preparation, explosive injection, detonation and gas
production,

In the deviated well technique, wells are drilled
at an inclination such that they intersect natural frac-
tures, thus connecting the wellbore with a greater
volume of gas-bearing structures. Hydraulic frac-
turing may be applied by these wells to extend the
fracture. Two to seven deviated well tests are being
initiated. The first began in FY 1976 and is expected
to be completed by FY 1978. A typical test consists
of site preparation, fracture analysis, deviated drill-
ing, fracturing hydraulically or by chemical explo-
sives or both and production. '

The government will initially share the costs of
projects that involve technology for demonstrating
fluid injection and thermal methods to recover oil
as well as hydraulic and/or chemical explosive frac-
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turing of natural gas-containing formations. Other
than cost-sharing, the contractor must own, lease,
or option the demonstration site, and evaluate and
publish the results.

Preliminary analyses are underway to develop
the value of alternative federal RD&D programs
for encouraging enhanced oil recovery, and develop

enhanced oil supply and production curves for dif-
ferent technical and economic scenarios. These
studies will also estimate the number and types of
projects required to achieve ERDA’s objectives.
Based on the available information, the management
plan will then be developed for implementation at
the beginning of FY 1977.

GAS AND OIL EXTRACTION

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BA BO BA BO
ERDA
Operating Expenses 26.4 8.7 41.4 32.8 35.1 30.4
Plant and Capital Equipment 0 0 0.1 0.1 0.1 0.1
Total 26.4 8.7 41.5 329 35.2 30.5

* Does not include funds for FY 1976 Transition Quarter.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
GAS AND OIL EXTRACTION

PROGRAM ACTIVITY

Fiscal year

1986-

1975 1976

197711978[1979|1980

1981{1982|1983[1984]1985

2000

BEYOND
2000

Fluid Injection

Micellar-Polymer Flooding

1—Begin Typical Test
2—Inject Fluid

3—Begin Flooding

4—Begin Production Recovery
5—End Typical Test

Carbon Dioxide injection

1—Begin Typicatl Test
2—Inject Water

3—-Begin CO2 Injection
4—Begin Production Recovery
5—End Typical Test

Improved Water Flooding

1—Begin Typical Test
2—Inject Fluid

3—Begin Production Recovery
4—End Typical Test

Thermal Recovery (Qil)

1—Begin Typical Test
2—Inject Air

3—Thermal Stimulation
4—Begin Flooding

5—Begin Production Recovery
6—End Typical Tests

Solvent Extraction

1—Solvent Fiooding

2—Begin Production Recovery
3—Data Analysis

4—-End Typical Tests

Thermal Recovery (Tar Sands)

1—-End First Field Experiment

2—End Second and Third Field
Experiment

3—End Fourth Field Experiment

4—End Fifth Field Experiment

e

VA

Eaaa e
|
|
|
]
|
|
|
!
1

Key to symbols:

V Significant AEstimated O
1
1
1

il L
* :d es.tc?nes X completion date
ministrative of program

decision point activity

Slippage

Date of
information

= Continuing
activity

*=== Completed
activity

C :Construction R :Research start

start

S :Studies start

D :Demonstration

start T :Test start




42

A NaTIONAL PLAN FOR Energy RD&D

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

GAS AND OIL EXTRACTION
(Continued)

PROGRAM ACTIVITY

Fiscal year

1986-

1975] 1976 |1977{1978{1979|1980

1981[1982]1983[1984

2000
1985

BEYOND
2000

Non-Nuclear Fracturing

MY

Massive Hydraulic Fracturing ...S

DAY

-GN -
<
<

1—Begin Typical Test
2—Fracturing

3—Inject Fluid

4—Begin Production Recovery
5—End Typical Tests

Chemical Explosive Fracturing I

1—Begin Typical Test

2—Inject Fluid

3—Begin Explosive and Detonation
Phase

4—Begin Production Recovery

5—End Typical Test

Deviated Wells ne

1--Begin Typical Test
2—Complete Vertical Well
3—Begin Deviated Driliing
4—Begin Production Recovery
5—End Typical Test

Thermal Recovery (Tar Sands)} R

1—End First Field Experiment

2—End Second and Third Field
Expertment

3—End Fourth Field Experiment

4—End Fifth Field Experiment
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start
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start

R :Research start
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T :Test start

start
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FOSSIL ENERGY

Petroleum and Natural Gas

SUPPORTING RESEARCH

Objectives

Near-Term:
(-2000)

e To develop and maintain a fundamental re-
search technology in support of the gas and
oil extraction program.

Mid-Term:
(-1985)
e To maintain supportive research on utilization

of energy sources developed using new tech-
nologies resulting from oil and gas research.

National Energy Technology Goals Supported

Primary
e Perform basic and supporting research and tech-
nical services related to energy.

Secondary

e Increase the efficiency and reliability of the
processes used in the energy conversion and
delivery systems.

¢ Expand the domestic supply of economically
recoverable energy producing raw materials.

¢ Protect and enhance the general health, safety,
welfare, and environment related to energy.

Strategy

The government will sponsor basic and applied
research at various universities, national laboratories,
energy research centers and in industry.

Federal Role

The federal role is to increase the development
of enhanced recovery technologies and make them
available to industry through sponsorship of re-
search projects.

Resource appraisals on public and private lands
will also be conducted to provide basic data for the
development of national energy policies.

International Cooperation

USGS has a cooperative agreement wih Insti-
tute Francais du Petrole for studying petroleum
zones in major sedimentary basins of the world.
USGS assesses hydrocarbon resources of the Circum-
Pacific Region, a study sponsored by the American
Association of Petroleum Geologists, the United
Nations, and the Pacific Science Association.

Technological Status and Problems

Status:

® Studies are underway to match the chemicals
used in enhanced oil recovery projects to reser-
voir rock and fluid characteristics.

® Heavy petroleum solvent extraction product
analysis is in progress. New experimental ad-
sorption columns which should shorten anal-
ysis are operational,

Problems:

* Reliablc data obtained trom test of chemically
treated asphalt road surfaces are not available.
These data are needed to determine the ef-
fects of natural, physical, and chemical changes
to the road surface.

Program Implementation:

Energy Research and Development Administration

Gas and Oil Supporting Research in ERDA is
directed toward developing more efficient end use
of oil, gas and synthetic fuels. The research projects
are grouped into the two broad categories of Char-
acterization and Transportation.

Characterization:
Five research projects are currently directed
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toward the characterization of petroleum and syn-
thetic fossil fuels. Currently, three projects are di-
rectly concerned with the characterization of fuels.
One project is concerned with refining process tech-
nologies, and one project with the qualities of oil
and identification of oil to determine the origin of
oil spills. The bulk of the research is performed
under the direction of the Bartlesville Energy Re-
search Center. One characterization research project
is performed under the direction of the Laramie
ERC.

Transportation:

Research in the Transportation area is directed
towards efficiency in the use of transportation fuels.
This can be accomplished by increasing the effi-

ciency of auotmobile engines and by increasing the
life of materials such as asphalt, which are made
from petroleum. Four projects are currently in
progress, three under the direction of the Bartles-
ville ERC, and one being directed by the Laramie
ERC.

Materials properties for primary containers for
LNG will be defined during the period 1970-1984.
Electromagnetic and transport fluid properties as
well as an instrumentation and measurement system
for LNG will be developed during the near-term
with analogous efforts for SNG and hydrogen fol-
lowing during the mid-term. Other activities include
offshore atmospheric studies, tanker design and de-
sign of offshore structures and facilities.

SUPPORTING RESEARCH

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA BO
ERDA
Operating Expenses 1.8 2.0 1.8 1.6 1.8 1.8
Plant and Capital Equipment 0 0 0 0 0 0
Total 1.8 2.0 1.8 1.6 1.8 1.8

* Does not include funds for FY 1976 Transition Quarter,
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FOSSIL ENERGY

In-Situ Technology

OIL SHALE

Objectives

Near-Term:
(-1985)

e To provide the technological base to support
development of a commercial oil shale and gas
industry; and to support oil and gas produc-
tion research involving both true in-situ and
modified in-situ methods.

Mid-Term:
(-2000)

e To provide the technological base to expand
the oil shale industry; to support development
of technologies capable of improving total re-
source recovery and lowering environmental
impacts and water requirements.

National Energy Technology Goals Supported

Primary
¢ Expand the domestic supply of economically
recoverable energy producing raw materials.

Strategy

In order to develop a technology capable of
improving total resource recovery and lowering en-
vironmental impacts, in-situ extraction techniques
will be studied and developed. These techniques will
be developed to exploit leaner and/or deeper de-
posits, thus offering a means of utilizing those de-
posits which present technology cannot,

Early commercialization of in-situ technology
will require study, testing and evaluation of the
various processes. This necessitates an evolutionary
process beginning with laboratory research, pro-
ceeding through progressively larger field tests and
leading to commercijal-scale demonstrations. The
strategy is to stimulate large industrial projects by

first conducting well-instrumented, smaller-scale field
tests in cooperation with industry participants, then
proceeding up through adequate demonstration
levels to establish commercial feasibility.

Several different in-situ recovery techniques are
under investigation for application to various re-
source targets. This is done because no single in-situ
process is considered applicable to all major types
of oil shale deposits. Successful development of any
one of these techniques will materially expand the
recoverable resource relative to that available by
conventional mining and surface processing.

Successful exploitation of oil shales requires
technologies both for surface retorting and in-situ
processing. Surface retorting holds the best promise
for early commercial development and is, therefore,
important to our strategy of natural energy self-
sufficiency. Pilot plants have been built and operated
by industry to explore different oil shale retorting
concepts. At the same time, related mining and
materials-moving technologies have evolved through
practice and refinement in other commercial en-
deavors. Indeed, commercial interest in oil shale
potential has been actively expressed in the sale of
oil shale leases by the federal government in 1974.
The proposed synthetic fuels loan guaranty program
would provide protection for private industry
against the risks of building the first economically
viable demonstration plants.

Federal Role

The role of the government is to offset the high
risk, long lead time and potentially large imple-
mentation costs associated with the in-situ tech-
nology.

In implementing this program, the government:
¢ Encourages and supports innovative approaches
to in-situ shale oil production.
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Makes available federal lands for testing con-
cepts on the quality of the deposit, not its size.
Supports development of a viable prototype
technology.

Provides the data bank and ensures the tech-
nology transfer among industry participants.
Supports industry as necessary by making avail-
able the facilities and services of the national
laboratories and Energy Research Centers.

Technological Status and Problems

Status:

Modified in-situ technology has been advanced
by private industry through field pilot-size mod-
ules at a shallow depth in lean shale. A proto-
type commercial module is under test. Most
data thus far developed are proprietary.

Small-scale field tests on true in-situ fracturing
and shale oil production are currently under-
way by private industry and the government.
Horizontal hydraulic fractures have been
achieved at depths approaching 1,000 feet.
Sustained shale oil production has been dem-
onstrated at shallow depths using in-situ com-
bustion. Additionally the use of explosives to
augment hydraulic fracturing at medium depths
shows promise.

Prototype mathematical models for design and
control of in-situ fracturing retorting are being
tested.

A successful process for gasifying residual car-
bon in Green River, Wycming oil shale was
successfully tested under simulated in-situ con-
ditions giving essentially 100% conversion of
carbon to medium Btu gas. The process is
under test in a 0.5 ton facility to generate en-
gineering design data for a PDU.,

Limited field tests of in-situ gasification of
Eastern shales have been conducted by private
industry. Data developed in these tests are
proprietary.

Data were obtained on changes in subsurface
water quality from one limited in-situ com-
bustion experiment. Baseline water-quality data
are being obtained from several potential ex-
perimental sites.

Small-scale laboratory tests have been per-
formed on limited core samples from oil shale
deposits which indicate that the recovery of
alumina and soda ash is feasible.

Problems:

e Data from private industry projects are pro-

prietary and not currently available.

¢ Currently, the technology for true in-situ con-

trolled fracturing is nonexistent.

¢ Inadequate knowledge of Devonian shale geol-

ogy and shale characteristics inhibits the de-
velopment of these resources.

Institutional Status and Problems

Status:

® Accelerating costs in recent years have reduced

the relative economic attractiveness of surface
processing of oil shale. Industry, after bidding
vigorously for public oil shale lands in 1973,
has not moved forward to develop the tracts.
Some form of governmental incentive is clearly
required to stimulate industrial development.

Problems:

* Problems will result from a needed doubling in

ten years of coal output and with the start of
a shale industry,

Local population concentrations and amenities
will rarely be adequate to support the labor re-
quirements of operating mines and conversion
plants. There will be a major influx of skilled
and unskiled workers into remote areas cre-
ating an instant need for roads, schools, housing,
etc.

Massive capital investment will be needed for
mines and conversion facilities. While nergy
demand and the financial needs to meet it
grows exponentially, these new technologies
require much higher investments per unit of
net energy output; thus, sharply increasing cap-
ital needs,

Environmental Status and Problems

Status:

o First data on in-situ water-quality changes were

obtained from fluid-monitoring wells installed
as part of the Rock Springs, Wyoming com-
bustion test.

Studies are underway for controlling environ-
mental changes during in-situ processing. These
include in-situ fluid migration, changes in qual-
ity of subsurface waters effected by in-situ proc-
essing and trace elements potentially leachable
from in-situ processed shale.
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Problems:

s Modified in-situ processes will still require dis-
posal of up to half as much mined rock or
spent shale as conventional room-and-pillar
mining and aboveground processing.

e The effects of in-situ fluids and potentially
leachable trace elements on water supplies and
vegetation are not fully understood.

Program Implementation

The In-Situ Oil Shale program is organized
into tests directed at developing oil and gas produc-
tion methods. The greatest emphasis is placed on
oil production because it shows the greatest prob-
ability of payoff in the near-term. Most of the
project operations are carried out or directed by
the Laramie ERC, with support from the Sandia and
Los Alamos National Laboratories in the areas of
process instrumentation and fracture design. Law-
rence Livermore Laboratory provides support in
retorting and retort modeling.

Qil Production Field Tests are divided into two
categories: True In-Situ and Modified In-Situ. Mod-
ified In-Situ techniques, so labeled because a por-
tion of the shale is mined prior to fracturing, are of
two types: vertical and horizontal. The thickness
and grade of the shale deposit to be processed deter-
mines which type should be used. Vertical modified
in-situ retorting. appears to be the most advanced
and is receiving the most industrial interest. Work
in FY 1976 will be limited to awarding contracts
to begin preparation of field sites for in-situ tests,
with the number of contracts and particular tech-
nologies to be based on evaluation of proposals re-
ceived and funds available. Retorting should begin
in mid-FY 1977 and operations completed by FY
1980 with evaluations to follow. Tentative com-
mercial design and economic studies will also begin
during retorting operations.

The program for developing the True In-Situ
technique, which requires no mining, will be con-
tinued largely as an ERDA in-house program. It
will emphasize the evaluation of different methods
of fracturing and rubble-izing the oil shale bed using
small field test sites of 1 to 10 acres. Currently, a
true in-situ field test is being performed by the
Laramie ERC in Rock Springs, Wyoming. The re-
torting phase will be completed by the end of FY
1976, data evaluation will continue, and post-retort-
ing site evaluation will be conducted by coring and
instrumental techniques.

Three additional true in-situ sites are planned.

The first two sites will be prepared in FY 1976 and
retorting operations will begin in FY 1977. The
tests are expected to be at similar depths to the test
concluded in FY 1976, but featuring alternative
fracturing techniques for bed preparation. The third
test will be of a similar scale and bed preparation
method as that of the FY 1976 test, but at a con-
siderably greater depth. Site preparation will be ini-
ated in FY 1976. Data will be reported periodically
throughout testing. At the completion of the tests,
decisions will be made concerning commercial fea-
sibility or scaled-up experiments, and potential for
application to deeper shales.

Other in-situ oil production tests are planned.
The techniques to be used have not been determined
and will depend upon the proposals received from
industry. The tests will utilize shale with character-
istics different from that in current tests. By in-
creasing the number of shale types tested, industry
should gain confidence in the technologies de-
veloped.

Instrumentation and special diagnostic studies
in support of both true and modified in-situ field
testing will be provided by national laboratories and
the Laramie ERC. Particular attention is being given
to the effect of in-situ processing on water quality
and migration.

Gas Production Field Tests are developments
prompted by past research which demonstrated
that low to medium Btu gas may be obtained from
oil shale at low presure by proper selection of con-
trol parameters. Because an abundance of low-grade
eastern oil shales (a true, illite shale) exists near
highly populated areas, significant attention is being
given to the development of this resource.

A contract is anticipated to conduct pilot-scale
studies on eastern oil shale by the end of FY 1976.
[f these tests prove succesful, a demonstration scale
test is planned to begin in FY 1979.

Bench-scale testing of gasification of western
oil shale (actually a dolomitic marlstone) has been
on-going since FY 1975. An intermediate scale
(0.5 ton batch) gasification retort will be in oper-
ation in FY 1976 to verify models developed at
bench scale. The design of a large gasification test
facility with a 25 to 40 ton retort will be started in
FY 1976, but the decision on whether to begin
construction will not be made until late FY 1978.
Successful tests with this pilot-scale facility should
lead to field in-situ demonstration with western
shale by the early 1980’s.
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Industry cost-sharing will be sought for in-situ
oil shale field projects. The level of industry cost-
sharing is expected to be proportional to the status
of the particular technology proposed for further
development. If successful, the field projects will es-
tablish a technical base for commercial installation.

In the alumina and soda ash recovery from
the oil shale program of the Bureau of Mines, labo-
ratory experiments will be performed to confirm the

results of earlier research, and to provide the data
needed for the design of a mini-plant capable of
making approximately 25 pounds of alumina per
day.

Construction and operation of the mini-plant
by FY 1978 will provide technical and economic
data needed for the design and cost-evaluation of
the process development unit and the pilot plant to
be built in the early 1980’s.

OIL SHALE
Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA BO
ERDA
Operating Expenses 37 3.9 13.7 9.8 21.1 12.1
Plant and Capital Equipment 0.1 0.1 0.3 0.3 0.4 0.4
Total 3.8 4.0 14.0 10.1 21.5 12.5
DOI 0 0 0 0 1.9 1.9
Total 38 4.0 14.0 10.1 23.4 14.4

* Does not include funds for FY 1976 Transition Quarter.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
OIL SHALE
' Fiscal year 1986-JBEYOND
PROGRAM ACTIVITY 1986 mEYor
1975] 1976 [1977[1978]1979|1980}1981{1982]1983|1984]1985
Qil Production Field Tests ! *
I T 2 2
Modified In-Situ ot AVARRY AN
1—Begin Retorting

2—Decision to Continue, Expand, or
End

% Decision to Continue or End

True In-Situ
1-Begin Retorting
2—End Retorting
3—Decision to Continue, Expand or
End

® Decision to Continue or End
Gas Production Field Tests

Eastern Shale

1—Decision to Continue, Expand, or
End

%k Decision to Build Demonstration Plant

Large Gasification Test Facility

1—Begin Design

2—Decision to Build Facility

3—Begin Operation

4—Decision to Build Demonstration
Plant

Western Shale Field Test

1—Decision to Continue, Expand, or
End

V.

I

D %

Key to symbols:

v Slgmf:cam A Estimated 0 Slippage - Cor"nt_nnumg
milestones compietion date activity

% Administrative ¢ program ! Date of === Completed
decision point activity 1 information activity

C :Construction
start

S :Studies start

D :Demonstration
start

R :Research start

T :Test start
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DEPARTMENT OF INTERIOR, BUREAU OF MINES

ALUMINA AND SODA ASH RECOVERY
OIL SHALE

PROGRAM ACTIVITY

Fiscal year

1986-BEYOND

1975

1976

1977(1978|1979[1980|1981

1982

1983

1984

2000 ] 2000
1985

Alumina and Soda Ash Recovery

1—Obtain Large-Scale Samples for
Laboratory Use

2—0Obtain Tonnage Sample for
Miniplant Tests

3--Begin Miniplant Tests

4—Economic Evaluation on Which to
Base Decision for PDU

5—Construct PDU

\VARVAVAV/ AN

e —————

Key to symbols:

milestones
¥ Administrative
decision point

completion date
of program
activity

v Significant A Estimated <> Slippage
1
]
'

Date of
information

= Continuing
activity

ssse Completed
activity

start

start

C :Construction

D :Demonstration

R :Research start
S :Studies start

T :Test start
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FOSSIL ENERGY
In-Situ Technology

IN-SITU COAL GASIFICATION

Objectives

Near-Term;
(-1985)

e To develop and demonstrate a commercial
technology for converting coal in place into
low and medium Btu gas. To support the trans-
fer of this technology into the commercial in-
dustrial sector through cooperative programs
with industry. To explore advanced concepts
for producing a wider products range from a
variety of coal resources.

Mid-Term:
(-2000)

e To develop and demonstrate for industrial
utilization advanced concepts, increase resource
recovery, reduced water usage and reduced
dependency of the process on the nature of the
coal formation. To assist in technology trans-
fer to encourage an in-situ coal-conversion in-
dustry with a production potential of three to
four quads by 2000.

National Energy Technology Goals Supported

Primary

¢ Expand the domestic supply of economically
recoverable energy producing raw materials.

Secondary
¢ Efficiently transform fuel resources into more
desirable forms.
® Increase the efficiency and reliability of the
processes used in the energy conversion and
delivery systems.

Strategy

The nature of the particular coal resource char-

acteristics strongly influences the strategy being em-__
ployed to achieve the objectives(An estimated 85%
of the U.S. coal resources are presently not eco-
nomically recoverable by conventional mining; how-
ever, much of this coal can be converted in place
to other usable energy forms.)The program, in order
to produce fue! gas in this manner, addresses the
following three basic issues:

1) The coal resource and its surroundings vary
with location and can be prepared for processing
only to a limited extent; 2) the process must be re-
motely monitored and controlled and 3) the product/
market match is controlled by geography.

The strategy is to pursue process development
through field tests with the support of laboratory
and analytical studies directed towards understand-
ing the process behavior. The program will test a
number of process concepts in various geographic
areas. From these tests, supporting data and tech-
nology will be developed to make adequate process
control possible. '

Development begins with PDU-scale tests
which are single module tests. Scale-up to pilot level
will involve multiple modules. If larger plants in-
volve only adding more modules, further scale-up_
may not be required.(]ndustrial involvement through
cost-sharing will be sought in the pilot and subse-
quent phases. ‘This factor, combined with the re-
duced capital construction inherent in underground
coal processing, may permit more rapid deployment
of the processes in the commercial sector)

Systems studies are planned to optimize the --
process to the best product market. Both the pipe-
line quality gas and low/intermediate gas markets
currently exist,

The highest priority is being given to develop-
ing quantitative proof that the basic concept will
work as planned. This can usually be determined
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after executing PDU-scale tests of each concept
under development.

Federal Role

The federal government provides financial sup-
port to process development especially at the smaller
scales and provides R&D ideas and skills to for-
mulate and design field concepts. By fully funding
preliminary work and attracting industry to share
in pilot-scale work, the federal government expects
to develop processes to the degree that they will be
attractive to industry for commercialization.

The federal role is to facilitate acquisition of
land, surface, mineral, access and water rights and
to support the costs associated with long lead time
items, high program risks, and uncertain final com-
mercial endeavors.

Technological Status and Problems

Sratus:

The three major technological processes cur-
rently under development are: gasification by com-
bustion linking of vertical wells; gasification of an
underground packed bed produced by explosive
fracturing; and drilling deviated wells in the coal
seam with subsequent gasification.

* Except for the Linked Vertical Wells, these
processes are in the early PDU stage. LVW
is in the late stage of PDU.

* Good reliability of the processes has not yet
been proven; there is still uncertainty as to
the underground process and the range of
product quality that will result.

* The extent of applicability of these processes
to existing resources is not yet known. The
limits of usecfulness based on resource identi-
fication must be defined.

Problems:

¢ Directional drilling is costly, since accurate
monitoring and guidance control and instru-
mentation is not yet available.

¢ Water use and subsidence contro! is not yet
adequately understood.

* Good control has not been achieved over the
combustion process in the gasification zone.
This can cause leakage in the underground
process, and result in an inconsistent gas qual-
ity and production rate.

® Coal utilization efficiency and underground gas
containment adequate to justify commercializa-
tion have not been demonstrated.

* Reasonable maintenance of gas production rate
and quality in a given field with time is un-
certain,.

¢ In-situ steam/oxygen gasification has not yet
been proven feasible.

e The permeability caused by explosive fracture
for producing underground packed beds is dif-
ficult to predict.

Institutional Status and Problems

Status:

of Prior attempts to achieve UCG have met with
poor results, due to an inadequate understand-
ing of the technology and process requirements.
Nevertheless, prior experience has left a neg-
ative predisposition to the technology.

¢ Industrial firms that would be interested in pur-
suing the technology generally do not own
coal-bearing land. Conversely, coal owners are
generally not interested in pursuing the tech-
nology.

* There are considerable legal questions concern-
ing multiple ownership rights, and concerning
liability for such things as aquifier interruption.

Problems:

® At present, the product price would be high
compared to regulated gas prices. A pricing
policy for in-situ gas which adequately relates
the prices costs to the gas market does not
exist.

* Federal and state regulations have increased
the time and costs of acquiring field sites.

® The technical feasibility and economic practic-
ability of power generation with low-Btu gas
produced from UCG need to be established.

* The logistics of power generation with UCG,
low-Btu gas, power distribution, and market
demand need intensive study.

Environmental Status and Programs

Status:

Environmental assessments have been made on
all active field projects. These projects comply with
environmental regulations at the site. Additional en-
vironmental impacts are being studied through the
following work.

* Effects of local water quality are being ana-
lyzed.

® Trace element emissions in product gas will be
measured.
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o Subsidence modeling is being done to minimize
impact.

e Capture of organic water pollutants in the re-
maining coal is being studied.

Problems:

e No clear method exists to prevent aquifier dis-
ruption and water quality reduction,

¢ Surface subsidence in large-scale processing is
not yet predictable.

¢ Impact on water resources due to process siting
in arid regions is unknown.

Program Implementation

To implement the strategy, four process con-
cepts are being developed. PDU-scale tests are being
run in the field and are supported by laboratory and
analytical applied -research programs to verify and
improve the technical knowledge and to develop
data for preliminary economic estimates.

Since the coal is used in place, concepts to
utilize resources of specific characteristics will be
developed. The program encompasses three coal
thickness ranges for seams of low dip, and one cate-
gory with steep dip. The current projects, their ap-
plicability to coal deposits, and brief descriptions
are listed below.

Linked Vertical Wells are used in western sub-
bituminous coal with seams of medium thickness
(15 to 50 ft.). Gasification has been done with air
which produces low Btu fuel for gas utility or boiler
use. The work is being done by ERDA’s Laramie
Energy Research Center at a site near Hanna,
Wyoming. This process is in the final stage of de-
velopment. Vertical wells drilled from the surface
are linked by horizontal channels created in the
coal by a devolatilization step. This forms a module
that is gasified as the linking channels expand
through the steam. The first test gave steady pro-
duction of gas for about six months with an average
heating value of 126 Btu/SCF. A second field test
is underway to determine the process controllability
and percentage of gasified coal in the module. FY
1977 work will concentrate on a field program to
support the design of a scale-up of the process.

The Longwall Generator is used in Eastern
bituminous coal with thin seams (less than 15 ft.)

of low dip. Deviated wells are drilled from the sur-
face and curved to produce long boreholes lying in
rows within the coal seam. The coal between the
parallel boreholes is gasified using the natural per-
meability of the coal or along cracks produced by
hydraulic fracturing. The deviated wells are now
being drilled at a site near Princeton, West Virginia
by the Morgantown Energy Research Center. Drill-
ing and flow testing will be done in FY 1976 with
a possible first gasification in FY 1977.

The Packed Bed Process is used in thick west-
ern sub-bituminous coal seams (greater than 50
ft.). The coal is gasified by steam and oxygen to
make intermediate Btu gas which can be upgraded
to a synthetic natural gas by further surface proc-
essing. The ERDA Lawrence Livermore Laboratory
is testing this concept at a site near Gillette, Wy-
oming in the Powder River Basin. This concept
involves fracturing the coal bed with chemical ex-
plosives to produce an underground packed bed
reactor. The packed bed is consumed from the top
center down to the bottom sides in a forward gasi-
fication. A preliminary test of a two-shot fracture
and gasification is underway in a shallow coal seam.
A five-shot test will take place in FY 1977.

The Steeply Dipping Bed Process is applicable
to seams which tilt greater than 45 degrees from the
horizontal plane. The coal is generally not recover-
able by existing mining methods. The in-situ’ gasi-
fication of dipping seams has favorable drilling and
subsidence characteristics. Work on this project is
starting in FY 1976.

A successful pilot test of the Linked Vertical
Well concept could lead to demonstration scale work
in the early 1980’s. Operating demonstrations for
all of these first-generation projects is expected in
the mid-1980’s.

Industry is participating with in-house per-
formers in providing sites, evaluating process de-
signs, and in supporting research and field testing.
The dipping seam project will be carried out pri-
marily by industry. Financial participation will be
solicited in process scale-up to pilot and demon-
stration stages.

Environmental effects on the regions surround-
ing the field sites is being assessed and minimized,
especially those related to surface subsidence, water
usage, and possible aquifier disruption.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
IN-SITU COAL GASIFICATION

Fiscal year

1986-

PROGRAM ACTIVITY

1975

1976

197711978]|1979[1980

1981]1982|1983[1984

2000
1985

BEYOND
2000

Deviated Wells/Longwall
(Thin Seams)

PDU Tests beeek

)

Pilot Plant
% Decision to Start Construction
1-—-Final EIS

2—Decision to Continue, Expand,
or End

Steeply Dipping Bed

PDU Tests

t—Start Site Exploration
2--Site Verification

Pilot Plant
% Decision to Start Construction
1—Final EIS

2--Decision to Continue, Expand,
or End

Linked Vertical Well Concept
{Intermediate Thickness
Seams)

PDU Field Tests .

.

’_-____—_—T__

Pilot Plant
% Decision to Start Construction

1—Final EIS
2—Decision to Continue, Expand
or End

-| &

N

— 4

Pl

>

Key to symbols:

v Significant A Estimated <> Slippage
1
1
1

mnlesltc.mes . completion date
* Adrf\fnlstraFlve of program
decision point activity

Date of
information

== Continuing
activity

==e= Completed
activity

C :Construction
start

D :Demonstration
start

R :Research start

S :Studies start

T :Test start
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
IN SITU COAL GASIFICATION (Continued)

Fiscal year
PROGRAM ACTIVITY 1986-|BE YOND
1975f 1976 [1977]1978|1979]|1980|1981]|1982|1983|1984]1985
Packed Bed (Thick Seams) {
1
PDU Field Tests 2 JAN
: ! s \VZ } ?7
Pilot Plant : = ¥ A
%k Decision to Start Construction | *
|
1—Final EIS |
2—Decision to Continue, Expand |
or End [
|
|
1
Key to symbols:
Significant AE timated O Slippage - Continuing C :Construction R :Research start
milestones stima e, activity start .
T . completion date . S :Studies start
% Administrative  of program ! Date of =se= Completed D : Demonstration
decision point activity 1 information activity start T :Test start
IN-SITU COAL GASIFICATION
Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA 80 BA BO BA BO
ERDA
Operating Expenses 6.5 23 6.1 7.6 8.2 6.7
Piant and Capital Equipment 0.1 0.1 0 0 0 0
Total 6.6 2.4 6.1 7.6 8.2 6.7

* Does not include funds for FY 1976 Transition Quarter.
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FOSSIL ENERGY
In-Situ Technology

SUPPORTING RESEARCH

Objectives

Near-Term;
(-1985)

* To provide test support, general support, and
basic research necessary to develop and op-
timize processes and components for both
aboveground and in-situ oil shale projects.

Mid-Term:
(-2000)

® To lay the foundation for the development of
an innovative technology leading to improved
and advanced processes for shale oil recovery
by aboveground and in-situ methods.

National Energy Technology Goals Supported

Primary
e Perform basic and supporting rescarch and
technical services related to energy.

Strategy

The strategy is to conduct laboratory-scale re-
search on problems relevant to both in-situ and
aboveground oil shale processing, and to aid in
technology transfer. Supporting technology provides
developmental work on new and advanced in-situ
processes. The programs are based on the needs
of oil shale projects and therefore, the priorities and
level of effort are established by the Oil Shale pro-
gram.

Present strategy in aboveground processing
consists of making the Anvil Points facility available
for industry-sponsored projects, providing for trans-
fer of the technological results through an observer
program, and providing general consultation to in-
dustry.

Federal Role

The role of the government is to: (1) support
industry needs through the facilities and services of
the national laboratories, Energy Research Centers,
and other federally-owned facilities; (2) support
development of a viable prototype technology, in-
cluding product testing; and (3) develop the data
bank and transfer technology among industry par-
ticipants.

Technological Status and Problems

Status:

Considerable research has been or is being
performed at the pilot or semiworks scale by pri-
vate industry and the government. Specific work in-
cludes the following:

¢ Samples of oil shales and shale oil products
have been acquired and analyzed to determine
their characteristics and properties.

* An experimental investigation has been made
of a refining plan that involves hydrogenation
of separate fractions of in-situ shale oil.

Problems:

® Mechanical and thermal efficiency of above-
ground processes are inadequately understood.

e The technology for upgrading crude shale oil
to a pipeline-quality product has not been ade-
quately demonstrated.

* Oil shale characteristics of potential project lo-
cations are not adequately understood, thus
hindering in-situ project design.

* Pioneering research is required to provide a
basis for second-generation technologies.

Program Implementation

Oil shale supporting research is conducted by
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the Laramie ERC with additional work performed
by universities. Four primary task areas have been
identified to implement the strategy.

The first, Production of Clean Fuels, is con-
cerned with developing improved hydrogen proc-
essing and the associated techniques for producing
clean liquid gaseous fuels from crude shale oil and
its associated functions, especially those produced
by, but not limited to, in-situ retorting. FY 1976
work consists of catalytic-hydrogenation experiments
with in-situ shale oil to determine the most favor-
able conditions for hydrogenating the oil to liquid
hydrocarbons suitable for preparing liquid fuels in-
cluding gasoline, jet fuels, diesel fuels, and burner
fuels. Laboratory-scale refining studies are being
conducted to determine the applicability to shale
oil of modern refining techniques, including required
modifications for processing shale oils representative
of different retorting processes.

In the second task, ERDA personnel observe
surface retorting proceedings and tasks at the Anvil
Points, Colorado facility. This project, presently
being funded by private industry, will eventually
publish results to develop a new aboveground re-
torting process. The results, which will be dissemi-
nated in accordance with terms of the lease agree-

ment, will be based on independent government
analysis of the raw data.

The New Process Technology task is devoted
to new oil shale process technology and is investi-
gating techniques for increasing the solubility of
oil shale kerogen, and to develop the basis for eco-
nomic and technologic assessment of oxidative up-
grading of fossil fuels. The research on kerogen
solubilization may lead to a second-generation tech-
nology for aboveground processing that does not
require retorting. Oxidative upgrading of shale oil
may improve economics through reducing hydro-
genation requirements for removing sulfur and
nitrogen compounds.

The fourth task involves the characterization
of oil shale, to aid in site selection and to assist
process design, control, and evaluation. Oil shale
cores are taken for all on-going field projects and
analyzed. Approximately 20,000 samples per year
are characterized. This task area funds only those
cores taken for new site-selection purposes, with
other coring charged to specific in-situ field projects.
FY 1977 coring under this task is projected at 10
cores taken for new site-selection purposes, with
Wyoming and Utah. The cores are then analyzed
in the laboratory. The results aid in selecting sites
and processes for extracting shale oil or shale gas.

SUPPORTING RESEARCH

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA BO
ERDA
Operating Expenses 1.0 1.0 1.3 1.1 1.3 13
Plant and Capital Equipment 0 0 o 0 0.1 0.1
Total 1.0 1.0 1.3 1.1 14 1.4

* Does not include funds for FY 1976 Transition Quarter.
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Extraction Technologies

Objectives

Near-Term:
(~1985)

¢ To develop, test, and demonstrate new and im-
proved mining technologies for the economical
and environmentally acceptable extraction of
coal and oil shale.

Mid-Term:
(-2000)

¢ To continue to develop and extend these new
technologies.

National Energy Technology Goals Supported

Primary
» Expand the domestic supply of economically
recoverable energy producing new materials.

Strategy

The strategy of the coal program is to improve
techniques and equipment which have a high degree
of utilization. This requires broad based programs
with strong ties to the mining industry, both to
identify appropriate targets for R&D and to provide
a means of introducing and demonstrating newly
developed technologies. Emphasis will also be placed
on reducing the environmental consequences of coal
mining, reducing the amount of human labor re-
quired for each ton of coal mined, increasing the
recovery of the coal reserves now being mined, and
developing innovative methods to convert presently
unmineable resources into reserves to assure con-
tinued supplies of coal.

The strategy of the oil shale program com-
prises two principal thrusts: (1) fact finding through
engineering and proof of principle test to, a) assure
that government and industry planners have suffi-
ciently well founded information on which to base
decisions relating to the problems of mining oil

shale and related saline minerals, b) explore the
nature and severity of hazards to which the oil shale
community might be exposed, and c) develop en-
vironmentally acceptable methods of disposing of
the spent shale and mine waste; and (2) utilize the
results of these studies, together with previous ex-
perience, to develop and demonstrate mining meth-
ods and disposal procedures that are acceptable from
the standpoint of economics, environment, health
and safety, and resource recovery. Priority will be
given to those projects that (1) develop the facts
that government needs upon which to base decisions
relating to industry operations on federal land, (2)
investigate potential mining methods and waste man-
agement methods for the deep saline rich beds, and
(3) increase the percent recovery of the oil shale
resources.

Federal Role

Federal participation is required becauseof the
high costs and risks inherent in applying new tech-
nologies. Even with proven methods, mining is a
high-risk venture, and industry is reluctant to in-
crease their risk by experimenting on a large-scale
with unproven methods. Industry has been, and is
expected to continue to be, willing to participate
in cooperative, cost-sharing efforts with the govern-
ment. Federal participation also insures wider dis-
semination of the developed and demonstrated tech-
nology, accelerates progress beyond normal com-
mercial capability, promotes the use of resources
which would otherwise be sterilized and wasted,
and assures adequate attention to other aspects such
as the environment which impact society as a whole.

international Cooperation

The United States is a member of the Coal
Mining Technology Clearinghouse established re-
cently under the auspices of the International Energy
Agency. The membership in this group includes all
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of the major coal producing western nations. A
bilateral agreement also exists with the National
Coal Board of Great Britain. Reciprocal visits of
engineers have resulted in the identification of a
number of areas of collaboration in mining research.
In addition, mining research has been sponsored in
Poland and there have been reciprocal visits with
mining engineers from the U.S.S.R.

Technological Status and Problems

Status:

Coal:
¢ Current attempts to leapfrog the conventional
technological growth rate by accepting the risk
inherent in the development, testing, and dem-
onstration of promising innovative concepts.

Oil Shale:

¢ Several baseline studies are near completion.
They include technical and economic feasibility
studies concerning deep underground, inte-
grated open pit, and modified in-situ mining
methods.

¢ Field investigations are underway to determine
environmentally acceptable methods for dis-
posing of retorted oil shale waste.

® Core drilling at the proposed Bureau of Mines
demonstration mine site in the Piceance Creek
Basin, Colorado, is underway.

Problems:

Coal:

e New automated mining techniques are required
to increase productivity.

Oil Shale:

e The absence of an oil shale industry limits the
spent shale field investigations to one type of
waste (PARAHO).

¢ Lack of operating mines precludes the field
testing of new mining methods.

e Competition is strong for available service
facilities in the area, especially for drill rigs and
supporting services which are in short supply.

Institutional Status and Problems
Status:

Coal:
¢ Standards need to be evaluated by regulatory

agencies on the basis of technological merit, to
permit trial and acceptance by industry.

Oil Shale:

¢ Present inadequate geologic and hydrologic in-
formation on the oil shale deposits is hindering
development.

¢ Environmental considerations have delayed
somewhat the core drilling and threaten to de-
lay further work at the demonstration mine
site.

Problems:

Coal:

e Uncertainty as to the federal, state and local
constraints on mining and reclamation.

Oil Shale:

e Lack of capital availability for high risk opera-
tions.

Problems:

¢ Typical mining related environmental problems
exist which include subsidence, waste and spoil
disposal, mined land reclamation, ground and
surface water contamination, aquifier disrup-
tion, dust and noise.

s Environmental consideration may delay future
work at an oil shale demonstration site.

Program Implementation
Department of Interior

The Bureau of Mines of the Department of
Interior has work going on several underground coal
mining methods. In the High Speed Mine Develop-
ment program, demonstrations will be performed in
1976 for improved entry driving systems and shaft/
raise boring systems. Demonstrations are also
planned before 1980, involving panel (longwall and
shortwall) room and pillar; thick, thin with multiple
seam mining systems as well as in the area of surface
mining and reclamation using area and contour
mining. Work is also underway in improving coal
preparation, especially in waste coal recovery and
coal desulfurization systems.

In the oil shale program, the Bureau of Mines
baseline studies consist of technical and economic
feasibility investigations of the most promising min-
ing methods for the deep underground mining of oil
shale, for an integrated single pass open pit system,
and for various modified in-situ mining plans.
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The waste management projects to study the
stabilization, porosity, dust hazard, and other en-
vironmental concerns are being carried out through

in-house and field investigations. Expected near-term
benefits include the data necessary to design a waste
disposal site.

EXTRACTION TECHNOLOGIES

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA B8O BA BO BA BO
DOI 52.2 20.1 61.8 523 65.6 63.3
Total 52.2 20.1 61.8 52.3 65.6 63.3

* Does not include funds for FY 1976 Transition Quarter,
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DEPARTMENT OF INTERIOR, BUREAU OF MINES

COAL EXTRACTION PROGRAM
EXTRACTION TECHNOLOGIES

PROGRAM ACTIVITY

Fiscal year

1986-|BEYOND

1975] 1976

1977)1978(1979[1980

1981|1982[1983(1984

20001 2000
1985

High Speed Mine Development
(Entry Driving and Shaft Raise

Boring)

1—Demonstrate inseam Drilling and
Vertical Boring Machine

2—Demonstrate Advanced Tunnel
Boring Machine

3—Demonstrate Hybrid Method

Long Wall/Short Wall Mining
System (Shield Demonstration,
Automated Long Wall and Short

’<}___.

\VARVA

r—-————————-—-—-—l

eeet

Wall)

Systems

Room and Pillar Mining Systems TN

Thick, Thin, Multiple Seam Mining

4o

1—Demonstrate Thick Seam Mining
System

2—Complete Thin Seam Mining
System Demonstration

3—Complete Multiple Seam Mining
System Demonstration and Start
Second Generation Thick Steam
Development

Surface Mining and Reclamation

1—Demonstrate Area and Contour
Combined Mining/Reclamation
Systems

Coal Preparation

1—Start Design of Waste Coal
Recovery System

2--Finish Demonstration of Coal
Demonstration System

e

Administrative

Key to symbols:

V Significant AEstimated

milestones

Slippage = Continuing
completion date activity

L ; of program } Dateof *==+ Completed
decision point activity t information activity

C :Construction
start

D :Demonstration
start

R :Research start
S :Studies start

T :Test start
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DEPARTMENT OF INTERIOR, BUREAU OF MINES

OIL SHALE EXTRACTION PROGRAM
EXTRACTION TECHNOLOGIES

Fiscal
PROGRAM ACTIVITY Iscal year 1986 [BEVOND

1975] 1976 |1977[1978}1979|1980|1981|1982[1983|1984|1985

1
|
] |
Baseline Studies b o .Sﬂ /\

1—Completed Initial Mining Studies

Waste Management Demonstrations pa..

1—Start Surface Demo
2—Start Underground Demo

Slot Mine Demonstration .

|

|

|

|

1

I

]

)

|

[

|

1—Core Drill Test Holes 1
2—Drill 8 Shaft |
3—Sink 20’ Shaft {
4—Develop Mine |
5—1initiate Demonstration |
|

|

|

I

}

|

I

|

|

|

|

|

|

|

Modified In-Situ
Conventional

Baseline Demonstration
1—Initiate Demonstration

—

Eastern Shale Studies

Key to symbols:

v SiigI:;ftic():s:st A Estimated <> Slippage - Cotflt.itnUinQ C :Construction R :Research start
m o . completion date activity start S :Studies start
* Administrative of program : Date of s=2e Completed D :Demonstration
decision point 1 information activity start T :Test start

activity







RESOURCE APPRAISAL 65

FOSSIL ENERGY

Resource Appraisal

Objectives

Near-Term:
(~1985)

e To assess the coal, petroleum, natural gas, oil
shale and water resources of the United States
and to develop methods for the detection, evalu-
ation and recovery, in an environmentally ac-
ceptable manner, of existing and potential coal,
hydrocarbon and water resources.

Mid-Term:
(-2000)

e To extend the resource assessment, detection
and evaluation techniques to less desirable and/
or unproductive resource areas and to reassess
producing resources incorporating the ad-
vanced technologies and capabilities developed
in the near-term.

National Energy Technology Goals Supported

Primary
e Expand the domestic supply of economically
recoverable energy producing raw materials.

Secondary

o Efficiently transform fuel resources into more
desirable forms.

¢ Protect and enhance the general health, safety,
welfare, and environment related to energy.

¢ Perform basic and supporting research and
technical services related to energy.

Strategy

The strategy in coal resource assessment is to
(1) locate and measure deposits of coal to the level
of inferred reserves and to determine quantitatively
the physical and chemical characteristics of the coal,
(2) determine the effects of present mining activi-
ties, and in potential mining areas, on the environ-

ment as mandated by the National Environmental
Policy Act, (NEPA) and (3) study the potential of
long-term degradation in 8 to 10 major coal-bearing
basins that span a broad range of climatic, geo-
morphic, and geologic provinces.

The strategy in the petroleum and natural gas
resources assessment area is to accelerate and
refine a multidisciplinary analysis of the 102 produc-
tive or prospective petroleum provinces onshore and
offshore with priority on the offshore areas and to
provide updated information for estimates of un-
discovered recoverable oil and gas resources.

The strategy in the oil shale resources assess-
ment area is to undertake nontechnological studies
using the combined earth science disciplines to pro-
vide, (1) comprehensive assessment of the nation’s
oil shale resources, and (2) to identify areas most
suitable for in-situ retorting, conventional mining,
and surface processing with minimal environmental
impact.

The strategy in assessing the water needs asso-
ciated with exploiting coal is to, (1) determine
water needs and availability on a regional basis for
coal extraction, conversion, transportation, and con-
current reclamation, (2) develop a model of the
Madison Aquifer system to permit appraisal of its
water supply and (3) appraise water needs, avail-
ability, and water-quality problems of major coal
slurry systems to evaluate slurry-pipeline potential.

The strategy in assessing the water needs asso-
ciated with exploiting the nation’s oil shale is to,
(1) provide the data on the surface and groundwater
hydrology needed to predict the amount and quality
of groundwater present in the oil shale, its affect
on underground mining, open pit mining, and in-situ
oil extraction processes, (2) obtain basic hydro-
geologic data on aquifer properties and surface-
water/groundwater relations by core drilling and
aquifer testing, and develop predictive models of the
hydrologic system, and (3) obtain regional hydro-
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logic data in the three state oil shale region that
cannot be accomplished with the limited data col-
lected on the leases and individual mining properties.

Federal Role

Federal participation in these programs is es-
sential because of government requirements for in-
formation about the quantity and quality of the
resource and the environmental impact of its develop-
ment required for planning a national energy policy.
Resource assessment studies and investigations of
the environmental impact of resource developments
are, by their very nature, broadly based programs,
both topically and geographically. Federal funding
and management of such programs is required to
assure their continuity and comprehensiveness.

International Cooperation

A significant agreement between the U.S. Geo-
logical Survey and the International Energy Agency,
concerning world coal resources data exchange and
the development of internationally accepted coal
terminology, is progressing. Discussions are in prog-
ress with the Geological Institute and Central Mining
Institute of Poland for exchange of data and the
temporary exchange of scientific personnel. Tech-
nical cooperation in the area of environmental anal-
ysis is maintained with the Bundensanstalt fur Geo-
wissenschaften und Rohstoffe of the Federal Re-
public of Germany. Informal liaison continues with
the British National Coal Board.

The U.S. Geological Survey has entered into
a cooperative agreement with Institute Francais
du Petrole for the study, characterization and re-
source appraisal of petroleum zones in major sedi-
mentary basins of the world.

Technological Status and Problems
Status:

Coal:

e Resource assessment and environmental studies
are underway in low-sulphur coal districts in the
Central Appalachian basin and in Montana and
Wyoming.

® Geological mapping and resource assessment
of anthracite in Pennsylvania are more than 50
percent complete.

e Revised estimate of U.S. Coal resources (3,968
billion tons) was recently published as USGS
Bulletin 1412.

e Research is being conducted on geophysical
methods to rapidly determine depth of burial
and thickness of coal beds and their chemical
constituents.

e Field and laboratory studies on diagenetic
changes in coal and on the origin of sulfur in
coal are underway as an aid to predicting coal
quality.

Petroleum and Natural Gas:

e Preliminary estimates of undiscovered re-
coverable oil and gas resources in the United
States have been completed for onshore and
offshore areas.

¢ Preliminary estimates of the oil and gas re-
sources have been derived for five of the con-
tinental slope areas.

» Special studies to assess the resource potential
of significant, major sedimentary basins, such

as the North Slope of Alaska and the Appala-
chian basin, are underway.

Oil Shale:

* Approximately 70 percent of the surface geo-
logical mapping has been completed in the
Piceance basin, about 10 percent in the Uinta
Basin, and about 15 percent in the Washakie
Basin.

® Revised appraisal of the shale oil resource of
Piceance Creek basin has been completed.

Water for Coal:

Existing water supply monitoring networks in
the coal areas of the Rocky Mountain and Northern
Plains States have been intensified to supply specific
information for coal mining and conversion industry
needs.

* A plan of study for the Madison Limestone

Aquifer has been completed.

Water for Qil Shale:

¢ An extensive water monitoring network has been
established in the Piceance Creek basin of
Colorado.

Problems:

Water for Coal:
¢ Oil companies have not always been willing to
sell well log information for survey use.
Water for Oil Shale:

¢ Improvements in instrumentation for monitor-
ing water quality and quantity, sediment and
biological parameters is needed.
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Institutional Status and Problems

Status:

e Numerous federal, state and local regulations
exist relative to mineral rights, availability and
access.

Problems:

e Proprietary information from deep wells on
private lands and unavailability of adequate
information from older wells limit hydrocarbon
assessments.

e There is lack of resolution as to whether the
sodium-aluminum minerals contained in Rocky
Mountain oil shale are locatable or leaseable
in the interpretation of mining laws.

¢ Auvailability of water for an expanded oil shale
industry may require acquisition of water rights
from agricultural users.

Environmental Status and Problems

Status:

¢ Study and classification of land in and adjacent
to coal-producing areas in the Appalachian
basin is underway to determine their suitability
as sites for deposits of coal mine wastes,

¢ Evaluation of regional environmental impact
of large-scale surface mining being conducted
in eastern Powder River Basin, Black Mesa
area, Arizona, and the Four Corners areas, is
on-going.

* An evaluation of potential regional environ-
mental impact of large-scale surface mining,
processing, and conversion is underway in the
Piceance Basin of northwest Colorado.

Proble.ms:

® Long lead times are necessary to collect and
analyze geological and geophysical needs for
proposed lease sales in the hostile environments
of onshore and offshore Alaska because of
weather.

¢ Availability of lands for leasing is limited by
natural and man-made environmental con-
straints.

* Methods to cvaluate the reclamation potential
of arid or semiarid lands are poorly known.

¢ Waste materials are volumetrically larger than
the original oil shale.

¢ Disturbances of wide areas of surface land will
adversely effect flora, fauna and drainage.

Program Implementation
Department of Interior

To achieve the stated objectives for coal re-
source appraisal and analysis, the U.S. Geological
Survey maintains a coordinated research program,
which includes geology, geophysics, geochemistry,
and hydrology. This on-going program involves the
collection of basic data on coal quality and quantity,
geochemistry of minor and trace elements in coal,
nature of surficial materials, overburden and floor
rocks, ground water and surfacewaters, geochemistry -
of soil, vegetation and air, and sediment erosion and
mass movement. These data are then analyzed and
interpreted to prepare maps and reports that de-
scribe the nature and extent of coal resources, the
potential impact of coal mining on the environ-
ment, and the reclamation potential of mined lands.
This information also is used to help determine which
tracts of federally-owned coal land should be offered
for lease.

State governments, public and private universi-
ties, and industry participate in coal resource assess-
ment and environmental studies through federal
contracts and grants. Cooperative programs between
the U.S. Geological Survey and the geological surveys
in 16 of the 37 coal-bearing states currently are in
effect, and grants to additional state surveys are
planned. The state surveys collect coal samples and
data for analysis by the USGS, thus expediting the
preparation of state and regional coal resource as-
sessment reports. Research grants to universities
enable the federal government, through the USGS,
to tap a large reservoir of expertise, particularly for
topical studies of problems concerning the origin
of coal, the distribution of chemical elements in
coal and the reclamation of mined lands.

The U.S. Geological Survey implements its
petroleum and natural gas resource appraisal objec-
tives by proceeding through a sequence of resource
assessments and by exploration research and ex-
ploration technology.

Preliminary appraisals of well-known sediment-
ary basins and initial appraisal of lesser known
basins in 1975 provided baseline data for evaluating
the nation’s oil and gas resources.

These appraisals will continue through 1976
and beyond, and will focus on both onshore and
offshore areas. They will be supported by intensive
geological and geophysical data collection and anal-
ysis in less mature developed basins, particularly in
the marine environments.
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Geological analysis of sedimentary basins in-
cluding study of the environment of deposition of
source and reservoir rocks; sedimentary processes
involved in their deposition; the geometry, extent
and physical characteristics of the reservoir rocks
and related beds; the nature of sealing rocks; and the
types of traps—stratigraphic or structural—has be-
gun. During the study of basins, effort is being made
to develop geochemical equipment for the direct
detection of oil and gas reservoirs from surface or
very near surface accumulations of trace elements
of escaping hydrocarbons.

Seismic reflection recording equipment and
digital computers for data processing were acquired
in FY 1975 and FY 1976 as the first part of basic
and applied research on directing detecting of sub-
surface accumulations of oil and gas. These efforts
were supplemented by the use of geophysical service
companies.

Applied geological and geophysical research of
geologically-related environmental problems in off-
shore areas, which was accelerated in FY 1975.
The early identification of geological hazards in the
OCS leasing process and a determination of their
potential severity will help to guide the leasing pro-
gram and protect the marine environment.

The USGS will continue detailed geological
mapping the Piceance Creek basin, Colorado, and
the Uinta Basin, Utah. Mapping in the Piceance
Creek basin has been concentrated thus far on the
areas of oil shale outcrop. Mapping in the Uinta
Basin is being concentrated in areas of oil shale
outcrop and in the areas in which overburden and
structural data will be pertinent to resource and
environmental analysis.

Eleven holes in the Piceance Creek basin and
6 holes in the Uinta Basin will greatly enlarge in-
formation on resources of oil shale and on the asso-
ciated minerals. The central, deep part of the Pice-
ance Creek basin contains large quantities of sodium
and aluminum minerals which are a potential by-
product in production of shale oil. The specific dis-
tribution of these associated minerals, however, is
poorly known.

The U.S. Geological Survey is continuing de-
tailed studies on oil shales and their associated
minerals: (1) To complete knowledge of the dis-
tribution, quality, and quantity of oil shale and the
associated sodium-aluminum minerals, (2) to en-
able the Department of the Interior to evaluate po-
tential sites for new lease tracts, (3) to provide
information on thickness, grade, and distribution

of oil shales which is necessary for conventional
mining with surface retorting, open pit mining with
surface retortion, or in-situ mining and processing,
(4) to provide detailed information on the distri-
bution and quality of the associated sailing minerals,
which are potentially large sources for sodium and
aluminum, and (5) to facilitate decisions regarding
environmental controls that necessarily must be
based on a knowledge of the trace element dis-
tribution in the oil shales, the associated rocks, and
on the quality of the groundwater in these rocks.

Mapping and related studies, in cooperation
with other investigations leading to the assembly of
basic data maps on the bedrock geology, energy
resources, geomorphic features and processes, hy-
drology, geochemistry, vegetation, and land use of
the Piceance oil shale basin are underway. The
final effort will be to prepare interpretive and deriva-
tive maps and reports to assist in evaluating regional
environmental efforts of long-term large-scale, de-
velopment of oil shale.

The program will involve continued monitor-
ing in the Piceance Creek basin of Colorado with
the refinement of models to perrmit prediction of
aquifer responses.

Groundwater observation wells will be drilled
in the Uinta Basin, Utah, and hydraulically tested;
digital models of the groundwater systems will be
developed and calibrated.

Water quality models will be developed to aid
in managing the disposal of groundwater derived
from oil shale mining dewatering operations.

Work in FY 1977 will extend and intensify
basic hydrologic data collection activities in the
major coal resource areas of the nation with em-
phasis on the Colorado River Basin and mid-con-
tinent areas; water quantity and quality monitoring
sites will increase from a total of 955 in FY 1976
to approximately 975 in FY 1977.

Based on data collection in FY 1975 and 1976,
preliminary models of coal impacted aquifer systems
in the Northern Great Plains and at selected sites in
the Southwest will be completed in FY 1977.

The Madison Limestone program in FY 1976
will largely involve the development of a compre-
hensive plan of study along with some preliminary
geophysical tests and possibly the start of deep well
drilling; the program in FY 1977 will emphasize
installation and testing of groundwater observation
well into the deeper regional aquifers coal deposits.

The study of water supplies and impacts of coal
slurry-pipelines will continue in FY 1977.
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U.S. GEOLOGICAL SURVEY

COAL
RESOURCE APPRAISAL

PROGRAM ACTIVITY

Fiscal year

1986-|BEYOND

1975| 1976

1977{1978{1979|1980[198

1

1982

1983

2000 | 2000
1984{1985

Regional Coal Resource Investiga- Laa..

tions

Geophysical Methods of Resource haee«a

Investigation

1—Complete Basic Research

Rapid Geochemical Analysis

Methods

Environmental Impact Overview k..

Analysis

1—Process Studies
2—Weathering, Erosion, and
Sedimentation Studies

Reclamation Potential Model

Geochemical Baselines

Environ. Geochemistry of
Processing Wastes

Definition of Known Coal
Leasing Areas (KCLA'S)

Drilling Program on KCLA'S

Preparation of Resource Maps
and Reports for Federal Coal

Lands

Monitoring Coal Leases on
Federal Land

JAN

| ————r—— e, ——— e e e e e — - —

r----

S

Key to symbols:

v Significant AEstimated

il !
* m esrtc.)nes i completion date
Administrative of program

decision point activity

¢

Slippage

Date of
information

= Continuing
activity

=e==s Completed
activity

start

start

C :Construction R :Research start

S :Studies start

D :Demonstration

T :Test start
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U.S. GEOLOGICAL SURVEY

OIL AND GAS
RESOURCE APPRAISAL

Fiscal year 1986-|BEYOND

2000 | 2000

PROGRAM ACTIVITY

1975 1976 [1977[1978[1979]1980]1981]|1982[1983|1984{1985

JAY

Oil and Gas Resource Estimates, T
Onshore and Offshore

I I D i

>

Sub-Economic Resource Estimates
(Gas, Shale, Tar Sands, Heavy Oil,
Tight Gas Sands)

Geological Research:

Generation and Accumulation of R
Hydrocarbons

Enhanced Recovery

Geophysical Research, Direct - |
Detection
Environmental Investigations, b aeat

North Slope and Offshore

> D bbb D

Geological and Geophysical Surveys, paas
Offshore and Onshore Lease Sales

Key to symbols:

ignifi . B C inuin : i :
Sl_g'zlftlcant A Estimated <> Slippage = acotr_n'ty g C .Ctontstructnon R :Research start
milestones . ivi star
.. . completion date S :Studies start
% Administrative of program { Date of s=ws Completed D :Demonstration
decision point activity 1 information activity start T :Test start
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U.S. GEOLOGICAL SURVEY

OIL SHALE
RESOURCE APPRAISAL

Fiscal year
PROGRAM ACTIVITY 2000 | 2000
1975 1976 [1977]197811979|1980}1981]1982}1983|1984|1985
|
|
Oil Shale and Associated lﬁ VAN
Minerals; Colo., Utah, Wyo., and I
Other Parts of U.S. |
|
Core Drilling, Colo., and Utah . JI AN
Subsurface Stratigraphic . :
|
Mineralogic Studies o nu g o
|
Appraisal of Extraction H : /\
Technology to Guide Geologic I
Research Directions |
|
Land Classification — As to L ool d VAN
Existence of Oil Shale, Its Reten- :
tion, Extraction and Multiple Use I
- - | A
Evaluation — As to Mineral Worth, L...{d
Fair Market Value, and Commer- |
cial Use :
|
|
Key to symbols:
Significant A Estimated <> Slippage = Continuing C :Construction R :Research start
milestones . activity start
o X completion date . i
%k Administrative of program : Date of ===+ Completed D :Demonstration S :Studies start
decision point activity 1 information activity start T :Test start
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U.S. GEOLOGICAL SURVEY, WATER RESOURCES DIVISION

COAL HYDROLOGY PROGRAM
RESOURCE APPRAISAL

Fiscal year 1986-IBEYOND

2000 | 2000

PROGRAM ACTIVITY

19750 1976 |1977|1978]|1979]1980]1981]|1982{1983[1984}1985

Water Supply and Quality *

Appraisal of Water Supply Avail- b ane
ability on a Regional Basis

*kDecision to Continue Monitoring for Environ-
mental Impacts

Exploration for Deep New Ground-
water Supplies in Northern Great
Plains

*k Decision on Deep Drilling

Assessment of Water Needs and L seat
Availabilities for Coal Conversion

Pipeline Slurry Water Needs,
Availability and Water Quality

‘S — ——————-{——————u————.
+*
>

Key to symbols:

v Significant A Estimated <> Slippage == Continuing C :Construction R :Research start
1
1
]

i . activity start .
mxles'tc')nes ] completion date S :Studies start
X Adr_n!nlstrat.lve of program
decision point activity

Date of *=== Completed D :Demonstration
information activity start T :Test start
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U.S. GEOLOGICAL SURVEY, WATER RESOURCES DiVISION

OIL SHALE HYDROLOGY PROGRAM
RESOURCE APPRAISAL

Fiscal
PROGRAM ACTIVITY Isca” year

1986-|BEYOND

1975| 1976 |1977]1978|1979|1980(1981[1982[1983

1984

2000 | 2000
1985

-

Water Supply and Quality

\V4 Y
JAN

Collection of Basic Hydrogeologic }fe=seyde
Data

1—Preliminary Reports
2--Final Report

*
. . 7 | ¥
Impact of Mining on Quantity and }aaaq
Quality of Water

e e B

1—Preliminary Reports
2—Final Report

*Decision to Continue Environmental Monitoring

Key to symbols:

i . activit tart
milestones completion date M s

% Administrative of program

decision point activity information activity start

Significant A Estimated <> Slippage == Continuing C :Construction
: Date of s=== Completed D :Demonstration
[}

R :Research start
S :Studies start

T :Test start

RESOURCE APPRAISAL

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976+ FY 1977
Agency BA BO BA 80 BA BO
DOI 17.4 16.9 18.2 17.9 17.2 17.0
Total 17.4 16.9 18.2 17.9 17.2 17.0

* Does not include funds for FY 1976 Transition Quarter.







SOLAR ENERGY EXECUTIVE SUMMARY

Solar energy represents a huge and virtually
inexhaustible supply of energy that is widely avail-
able over the United States. It could supply as much
as 25 percent of the Nation’s future energy needs by
2020 if costs of collecting and using solar energy
can be reduced substantially. In support of the
national energy RD&D goals, the primary goal of
the Federal Solar Energy RD&D Program is to stimu-
late and work with industry to develop and introduce,
at an early date, economically competitive and envi-
ronmentally acceptable solar energy systems to meet
a significant fraction of the national energy require-
ments, commensurate with its potential.

The solar energy program* is organized into
four major areas: 1) Thermal Application, 2) Tech-
nology Support and Ultilization, 3) Solar Electric
Applications, and 4) Fuels from Biomass. The activi-
ties in each area are:

¢ Thermal Applications

—Solar Heating and Cooling of Buildings

—Agricultural and Industrial Process Heat

¢ Technology Support and Utilization

—Environmental and Resource Assessment

—Solar Energy Research Institute

—Information Dissemination and Commerciali-

zation

* A comprehensive description of the Solar Energy Pro-
gram is presented in Definition Report, National Solar En-
ergy Research, Development and Demonstration Program,
ERDA—49, available on written request from the ERDA
Technical Information Center, P.O. Box 62, Oak Ridge,
Tennessee 37830.
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¢ Solar Electric Applications
—Solar Thermal Energy
—Photovoltaic Energy
—Wind Energy
—Ocean Thermal Energy

¢ Fuels from Biomass
—Terrestrial and Marine Biomass
—Agricultural and Forestry Residue

The strategy in solar energy RD&D is to lower
cost and improve reliability to the point where
natural economic forces will achieve expeditious
commercialization. The role of industry, including
small business, is being emphasized to ensure that
results conform to market needs and constraints,
thus establishing the foundation for widespread com-
mercialization of solar energy systems.

In pursuing the above strategy, ERDA man-
ages the major part of the Federal Solar Energy
Research, Development and Demonstration program
and promotes coordination of its activities with those
of other federal agencies. In the National Solar
Energy RD&D Program, ERDA is the central co-
ordination agency with all activities such as federal,
state and local agencies, academic institutions, pri-
vate industries, societies and associations. ERDA
is the national focal point for any international co-
operative efforts on solar energy.

The specific details for each solar energy ac-
tivity are discussed in the individual building blocks
that follow.
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SOLAR ENERGY

Federal Energy RD&D Budget

($ Millions)
FY 1975 FY 1976* FY 1977

Building Block BA BO BA BO BA BO
Solar Heating & Cooling of Buildings 13.1 53 351 24.8 453 34.5
Agricultural & Industrial Process Heat 0.5 0.2 4.8 37 3.9 2.5
Environmental & Resource Assessments 0.7 0.5 1.0 0.9 1.5 1.3
Solar Energy Research Institute 0 0 2.2 1.6 1.5 1.0
Information Dissemination &

Commercialization 0.7 0.5 2.2 2.1 1.0 0.7
Solar Thermal Energy 13.2 37 19.3 15.6 43.4 292
Photovoltaic Energy 5.2 26 22.4 16.4 32.8 243
Wind Energy 5.7 1.0 15.1 111 17.1 12,5
Ocean Thermal Energy 1.9 1.0 8.1 6.0 9.2 7.0
Fuels from Biomass 0.9 0.1 4.5 3.8 4.3 3.0

Total 41.9 14.9 114.7 86.0 160.0 116.0

* Does not include funds for FY 1976 Transition Quarter,
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SOLAR ENERGY

Thermal Applications

SOLAR HEATING AND COOLING OF BUILDINGS

Objectives

The overall objectives of the federal activities
in solar heating and cooling of buildings is to en-
courage the development of an industrial and com-
mercial capability in economically viable and socially
acceptable systems, thus reducing the demand on
present fuel supplies through widespread residential
and commercial use*

Near-Term:
(-1985)

¢ To establish through a demonstration program
the overall performance of numerous types of
solar heating systems by the end of 1977, and
of combined heating and cooling systems by
the end of 1979, in a wide variety of new and
retrofitted buildings in all the climatic regions
of the United Statesgom ......

¢ To encourage the development of an industry
with the capability for product development,
production, distribution, installation and serv-
icing of solar heating, cooling and hot water
systems, which could develop and serve a
growing market.(This could lead to projected
savings of about (.2 quad/year of fuel con-
sumption by 1985.) <5~

¢ To develop ﬁé%technologies that will improve
component and system performance, reduce
costs, improve component durability and sys-
tem reliability, and lead to more cost-effective
systems for a broader range of applications.
Special emphasis will be placed on development
of retrofit systems and on new approaches to
solar cooling.

* This program is described in detail in National Program
For Solar Heating & Cooling (Residential & Commercial
Applications), ERDA-23A4, October 1975; available on
written request to the ERDA Technical Information Center,
P.O. Box 62, Oak Ridge, Tennessee 37830.

®* To encourage the private sector in its com-
mercialization efforts through initiation in calen-
dar year 1976 of a data bank and mechanisms
for collection and dissemination of information
on solar heating and cooling.

Mid-Term:
(-=2000)

¢ To develop innovative systems and components
involving high-payoff technologies where the
investment of necessary funds by the private
sector would involve high-risks. Provide re-
search and development support for special
critical problem areas arising from the national
solar heating and cooling effort, so that system
applications will become economically competi-
tive for a broader range of buildings and cli-
mates,

¢ To continue encouragement of commercializa-
tion stemming from the previous demonstration
program in conjunction with advances in sys-
tems capabilities and economics as a result of
mid-term research and development support.
This could result in fuel savings of about 2

quads/year by the year 2000.} - a\

Long-Term:
(Beyond 2000)

® To phase out federal research, development,
demonstration and commercialization activities,
as the existing solar heating and cooling indus-
try becomes capable of making a growing con-
tribution to the Nation’s needs.

National Energy Technology Goals Supported

Q
Primary

* Increase the use of essentially inexhaustible ~

domestic energy resources.

| e
TV e

Q-
2,

2y
R “~

b



78 A NATIONAL PLAN rOR ENERGY RD&D
. Secondary
% e Transform consumption patterns to improve

;.  energy use.
¢~ * Increase end-use efficiency.

Strategy

The fundamental strategy for the solar heating
and cooling program is to pursue concurrent efforts
in six major areas: -

* Residential Demonstrations ";7?:;—_1
* Commercial Demonstrations e
® Development in Support of Demonstrations

® Research and Advanced Systems Development
* Collection and Dissemination of Information

< - & Additional Policy Measures Required
Achieve Rapid and Widespread Utilization

~J
C(\"b

‘:}.‘("\ \ ‘J‘{\

to

Several cycles of residential and commercial
demonstrations will be initiated by the end of FY
1977 in the case of solar heating of water and
building space, and by the end of FY 1979 for
combined solar heating and cooling. The perform-
ance and operation of many of the systems installed
during the demonstrations in commercial and resi-
dential buildings will be monitored for a period
sufficient to determine their technical and opera-
tional characteristics. In addition, the processes of
design, integration, financing, obtaining of permits,
construction, marketing and consumer acceptance
will be studied and documented to identify the
problems encountered in bringing solar heating and
cooling into the marketplace. These results will
provide a basis for recommendations for changes
in existing procedures and legislation to ensure
that the widespread implementation of solar energy
in residential and commercial applications can be
accomplished effectively. These results and recom-
mendations will be included in documents and other
media that will be disseminated widely.

Each cycle will utilize systems and subsystems
of solar heating and cooling hardware that are avail-
able for delivery in sufficient quantities and with
satisfactory characteristics to meet the performance,
cost, reliability and schedule requirements of that
demonstration cycle. The purchasers of such hard-
ware will ensure that small business is afforded ample
opportunity to participate in such procurements.

To expedite early demonstrations and to pro-
vide additional early markets for a developing in-
dustry, a substantial number of units will be installed
on federal or federally administered properties,

primarily by the Department of Defense, but in-
cluding the General Services Administration, the
U.S. Postal Service, the Veterans Administration
and other agencies.

In close coordination with the demonstrations,
the federal program plan includes a development
effort that will support the upgrading of near-ready
technologies into systems and subsystems available
for use in later cycles of the federal demonstration
program or in the private sector.

The successful execution of the mid-term na-
tional objective of widespread adoption of this
technology requires that a vigorous research and
development program be supported by the private
sector, with some continuing support at the federal
level. The R&D program will develop a spectrum
of components, subsystems and systems to fill the
varying needs of (1) domestic or institutional hot
water service, (2) combined space and water heat-
ing, and (3) combined space heating/cooling and
water heating for the various climatic regions of the
United States. Whenever feasible, the R&D program
will support a parallel effort involving alternative
approaches. System studies combined with system
and component performance data will be used for
trade-off analyses and key decisions.

Federal Role

The federal role is to stimulate industry and
potential users of the equipment, and to encourage
the private sector through research, development
and demonstration programs that are intended to
lead to the early, widespread utilization of solar
energy systems.

Federal involvement is justified by the:

¢ Present uncertainties and financial risks inherent
in the commercialization of solar heating and
cooling systems. :

* Results of major studies projecting that wide-
spread use of solar energy applications may not
take place before the end of the century with-
out federal stimulus.

® Need for governmental action (including state
and local) to encourage use of solar energy
through appropriate legislation and to reduce
legal and institutional barriers.

The Federal Solar Energy Program for heating
and cooling of buildings is responsive to the follow-
ing public laws passed by the 93rd Congress:

¢ Solar Heating and Cooling Demonstration Act
of 1974, P.L. 93-409, September 3, 1974.



THERMAL APPLICATIONS 79

e Energy Reorganization Act of 1974, P.L. 93—
438, October 11, 1974.

e Solar Energy Research, Development, and
Demonstration Act of 1974, P.L. 93473,
October 26, 1974.

¢ Federal Nonnuclear Energy Research and De-
velopment Act of 1974, P.L. 93-577, Decem-
ber 31, 1974.

Private investment has been, and may continue
to be, limited because the high capital cost of solar
systems has thus far restricted market demand.
However, federal programs are not intended to be
a substitute for private investment, but are designed
to act as a catalyst to encourage greater utilization
of solar energy systems. Continued primary reliance
on the private sector is essential if we are to realize
the full potential of solar energy technology. This
has restricted development of a substantial industrial
base.

International Cooperation

The international cooperation in solar heating
and cooling of buildings is centered within the Inter-
national Energy Agency and the NATO Committee
on the Challenges of Modern Society (CCMS). In
support of the International Energy Agency, ERDA
has participated in the development of a proposed
working plan for international cooperation in solar
heating and cooling research and development. The
project areas within this cooperative program and
the lead countries are:

¢ Solar heating, cooling and hot water supply
systems—Denmark.

¢ Development of components—Japan.

e Thermal performance testing of solar collec-
tors—Federal Republic of Germany.

¢ Development of insolation instrumentation

package—United States.

¢ Insolation parameters from existing meterologi-
cal records-—Sweden.

The participating countries (Austria, Belgium,
Canada, Denmark, F.R. Germany, Ireland, Italy,
Japan, New Zealand, Norway, Spain, Sweden,
Switzerland, Turkey, United Kingdom, and the
United States) have assigned a liaison officer for
each of the five project areas. Phase 1 of the working
plan, now complete, provided for dissemination
among the participating countries of information re-
lating to the state-of-the-art within each country for

each of the project areas. The second Phase, now
underway, calls for detailed project plans to be de-
fined as part of an Implementation Agreement.

The objective of the CCMS Solar Energy
Pilot Study, initiated in November 1973, is the ex-
change of information on the solar heating and
cooling systems programs and projects of each par-
ticipating country to encourage the cost-effective
and practical application of solar energy to heating
and cooling in residential, commercial, industrial,
agricultural, and public hearings. A key element in
this information exchange is the preparation and
distribution of special reports, prepared in an agreed
format, on certain projects in the participating coun-
try. The United States is the pilot country, respon-
sible for direction and administration, with Denmark
and France as co-pilot countries. At present, eight
countries (Australia, Belgium, Canada, Denmark,
F. R. Germany, Israel, Italy, and the United States)
have signed a memorandum of understanding which
covers the guidelines for participation in this project.

Technological Status and Problems
Status:

¢ The basic principles of solar heating and cool-
ing are known and systems utilizing these basic
principles have been in use for a number of
years.

* Solar energy systems for heating and cooling
of buildings are generally expensive at the
present time and their durability has not been
widely demonstrated.

* Some components (e.g., collectors) are now
in limited production. These, as well as modi-
fied off-the-shelf items (e.g., absorption air
conditioners), are being utilized in complete
solar heating and cooling systems, both pri-
vately and under the federal program. Much
valuable information is being obtained for in-
creasing the cost-effectiveness of such applica-
tions.

¢ There are no solar cooling systems available
today that can operate effectively at tempera-
tures easily obtainable with flat plate collectors
presently available.

* Water and rocks are the thermal energy storage
materials used in most existing solar heating
and cooled buildings. The use of phase-change
materials has not been adequately developed.
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Problems: * Studies of the interaction between the utility
* The present cost effectiveness of solar heating industry and the future aggregate of solar
and cooling systems is relatively low; therefore, heated and cooled buildings have recently been
the needs associated with the development of mitiated.
improved systems include: Problems: -
1. lower cost designs for all major components, " ® Valid economic data for lenders, builders and
2. improved durability of all major compo- buyers are not currently available and must be
nents, developed.
3. low incremental cost (solar costs vs. con- ¢ Solutions to jurisdictional problems aris.ing out
ventional heating and cooling systems), < of the use Of_ sqlar energy for t.he heating and
4. improved retrofit designs, »_~~,_,/ ;oollmg ]Of bglldmgs are not available and must
. . . - ¢ developed.
. e esigns. AP . .
5. improved passive S?/St ms .d .1g s ® “Policies on sun-rights must be established.
* Improved collectors using optimized cover sys- %= nore extensive design and environmental data
tems, improved selective absorbers, concentra- | must be generated
tion, and honeycombs or evacuated spaces as ) e
barr’iers must ge developed to meet fhe high ~ e While the future role of utilities is likely to be-
temperature performance requirements for come a very significant factor in the widespread
. - . . adoption of solar heating and cooling systems,
cooling and industrial ‘heat processing. To | a mi'or assessment of t%lat role hasgnoyt been
achieve these higher performance requirements, ) . . .
. : : . made. Innovative techniques will be needed to
a greater understanding of optical interactions,

: . solve the problems of load management and
materials, and heat transfer, as they pertain to L d 4 Th bility of utilit
collectors, is needed, as well as additional peak demand. The possibiiity of utllity owner-

: ship as a means of overcoming acquisition costs
technological development. . .
. ) should be investigated.
¢ Aecsthetically pleasing collectors that can be

integrated easily into the architecture of build-
ings are needed.

Advanced concepts such as phase-change,
chemical storage, storage in underground aqui-
fers, long-term seasonal storage, and storage
integral with building structures should be ex-
plored, from measuring basic materials proper-
ties to the design and development of effective
heat exchangers and containers.

The potential of solar assisted heat pumps on
a regional basis should be evaluated and the
associated performance requirements should be
established for the low-temperature collectors
and heat pumps.

An effective method must be developed and
tested for the optimization of solar heating and
cooling systems to be retrofitted into existing
buildings.

Institutional Status and Problems

Status:
® Currently, the high initial cost of solar heating
and cooling systems overshadows potentially
lower life cycle costs, and consequently, life
cycle costing often is not considered by building
owners,

‘\\‘,‘{.\ /;u‘;({,../“(’

N

Environmental Status and Problems

Status:

e While solar heating and cooling systems are
believed to be relatively benign environmentally,
the total environmental impact of widespread
use of these systems has not been evaluated.

Problems: oy

* Some of the more efficient fluids proposed for
use in heat transfer, heat storage, or refrigera-
tion have various degrees of toxicity. The
potential for release of such toxic fluids from
residential or commercial systems, either by
accident or through normal maintenance, must
be reduced by utilizing materials, equipment,
and operational and maintenance procedures
which are essentially fail-safe, or by developing
efficient nontoxic fluids.

Program Implementation

To implement the demonstration program,
ERDA and HUD will solicit the participation of
suppliers of solar heating and cooling equipment.
Solar system integration firms, builders, and owners
and operators of buildings. The first of an annual
cycle of solicitations for demonstrations has been
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initiated to demonstrate heating applications by 1977
and heating and cooling by 1979. The information
obtained from the demonstration projects will be
provided in usable forms for widespread dissemina-
tion as well as to guide research and development
activities. Each additional cycle will bring improved
components and systems from the R&D activities
into the demonstration program.

R&D objectives are being implemented by fund-
ing a broad group of analyses, applied research,

technology and engineering development projects.,

This R&D is being conducted on collectors, storage,
cooling cycles, heat pumps, heat exchangers, con-
trols and complete systems. Innovative techniques,
such as concepts of passive systems, unique archi-
tectural design, and retrofit systems, are also being
studied. Supporting projects such as technical work-
shops are being funded. The R&D results will be
widely disseminated to accelerate the rate of tech-
nology transfer to the industrial and commercial
sectors.

The heating and cooling of buildings program
within ERDA is being closely coordinated with a
number of other Federal agencies: HUD for resi-
dential building demonstrations; NASA for testing
and evaluation; DOD for military installations; NBS
for standards and test procedures; GSA for Federal
buildings; NOAA for resource assessment; and FEA
for studies of the costs and benefits or providing in-
centives for rapid adoption of these technologies.
Additional details on the roles of these and other
Federal agencies in the solar heating and cooling
program may be found in ERDA 23A, Chapter 9.

1976-1977

Systems analysis and overall design of the Fed-

SOLAR HEATING AND

eral demonstration program are underway to ensure
that the projects undertaken will effectively stimulate
industry development.

Proposals have been and will be solicited for
installing heating systems in new and existing build-
ings at selected locations using state-of-the-art col-
lection systems. Supporting research and develop-
ment programs on components, materials, systems
and subsystems are also underway. The resulting
improved technology will be incorporated into the
later demonstration cycles.

1978

Emphasis will shift to demonstrating combined
solar heating and cooling systems. Demonstrations
will extend to new applications which R&D results
indicate may become cost-effective.

1979

A substantial number of residential and com-
mercial buildings equipped with solar heating and
cooling systems will have been demonstrated and
evaluated. A data base for design of solar heating
systems with predictable cost, performance, and
reliability will be available. The outputs of the R&D
program will be improved devices, processes and
concepts to make solar energy systems more com-
petitive with conventional systems.

1980-2000

The demonstration program results will be
monitored and appropriate actions taken to follow
through with respect to necessary incentives and
removal of barriers for widespread use and commer-
cialization of solar heating and cooling of buildings.

COOLING OF BUILDINGS

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA BO
ERDA
Operating Expenses 13.1 5.3 35.1 24.8 453 345
Plant and Capital Equipment 0 0 0 0 0 0
Total 13.1 53 35.1 24.8 453 34.5

* Does not include funds for FY 1976 Transition Quarter.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
SOLAR HEATING AND COOLING OF BUILDINGS

Fiscal yea
PROGRAM ACTIVITY scal year 1986-BEYOND

19751 1976 [1977[1978{1979[1980]1981[1982|1983|1984[1985

Heating and Cooling

[ ——

Development:

Improved Subsystem Development [es .« m AN
I

Advanced System Development e e b e

Demonstration:

|
i
i
} §'7 §:7 §:7
Residential Heating I L v AN
| vl A
Residential Heating & Cooling . ILD
| L VIl A
Commercial Heating e a o § o
| VY A
Commercial Heating & Cooling S f”
Demonstrations in Cooperation L s ';
with NSF, DOD, GSA i
i
1—Subsequent Cycles i
I
|
!
Key to symbols:
v Significant A Estimated <> Slippage «g= Continuing C :Construction R :Research start
: it
milestones . completion date activity start . S :Studies start
*k Administrative of program : Date of »=== Completed D :Demonstration
decision point activity 1 information activity start T :Test start
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SOLAR ENERGY

Thermal Applications

AGRICULTURAL AND INDUSTRIAL PROCESS HEAT

Objectives Mid-Term:
(-2000)
Agricultural: . . . .
¢ To help develop commercially viable, industrial
Near-Term: process steam and other drying/dehydration
(-1985) processes up to 350°F(By 2000, this program
e To develop and demonstrate a solar energy could make possible a solar energy contribution
technology for the drying of grains and crops of about 2.3 quads/year, or about 5 percent ot
and the heating of animal shelters and green- the energy needed for industrial process heat}n,\

house structures. The stimulation of commercial

development could substantially reduce U.S. Long-Term:
) . (Beyond 2000)
consumption of fossil fuels for these purposes.
By 1985, it is possible that solar energy could * To make available the technology for heat for
supply about 0.1 quad/year, or about 5 per- high-temperature industrial processes (greater
cent, of the demand for energy for agricultural than 350° F) for high-pressure steam, high-
purposes. )‘“ﬂ'\ temperature drying and chemical reactions{ By
2020, it is estimated that solar energy could
Mid-Term (-2000) and Long-Term: be supplying about 20 percent of the energy
(Beyond 2000) needed for industrial process heat. )
¢ To have industry take over and mass produce
standard systems for commercial use.\The pro- National Energy Technology Goals Supported
gram could make possible, by 2000, 0.7 quads _ o
or approximately 25 percent of the expected  7imary
agricultural demand, and by 2020, 50 percent ® Increase the use of essentially, inexhaustible )
of the expected demand for agricultural pur- domestic energy resources. l‘\\ _‘/{
poses.),_.o‘_'—' Secondary =
Industrial Process Heat: ® Transform consumption patterns to improve -,
energy utilization. o
Near-Term: "
(-1985) .-

Strategy

* To encourage the application of applying solar
state-of-the-art components and technology to
industrial processes to reduce U.S. consumption The strategy is to continue support of a range
of fossil fuels. To help develop commercially  of applications from small-scale field and laboratory
viable industrial process hot water and drying/ studies in grain drying, crop curing and heating of
dehydration systems(By 1985, solar energy sys- livestock and greenhouse structures through experi-
tems may supply about 0.1 quad/year or about  mental stages of system development. As economical
0.2 percent of the energy needed for industrial  systems are identified and USDA bulletins provide
process heat. widespread publicity, industry is encouraged to enter

Agricultural Program
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the field to manufacture the systems with federal
money to support demonstrations.

Independent review and evaluations will be con-
ducted to ensure that new energy conversion tech-
niques and applications are identified and result in
optimum efficiency and improved economics. This
approach is being used, for example, to combine
solar expertise with the agricultural experience of
USDA. Technology transfer is both an inherent and
a necessary aspect of this program.

Industrial Process Heat Program

The strategy is to support a series of tech-
nological programs ranging from system design and
analysis, through a pilot development experiment
and demonstration programs.

Technical success or failure is measured by: the
degree of cost-effectiveness of solar energy system
applications over conventional systems; the potential
impact on total energy requirements; and the stimulus
given to the competitive growth of industry in sup-
plying a significant amount of industrial process heat
through the use of solar energy.

Each cycle of design and analysis, experiment
and demonstration, will make use of increasingly
advanced technology. Demonstration efforts will be
aimed at developing advanced systems with improved
performance at lower costs and to effect technology
transfer and improve applications through user in-
volvement. When cost competitiveness between solar
systems and conventional energy source systems are
shown in the demonstrations, then the industry will
have the incentive to assume the lead role and com-
mercialize the field.

Federal Role

Federal participation will stimulate industry
acceptance by alleviating uncertainties and financial
risks associated with the introduction of solar energy
in agricultural and industrial process heat applica-
tions.

~ The federal role will diminish as success in
defined areas of agricultural and industrial process
heat applications creates intensified participation by
the private sector.

International Cooperation

Some aspects of the International Energy
Agency (IEA) cooperative programs described in
the Solar Heating & Cooling of Buildings Program,

also apply to the Agricultural and Industrial Process
Heat Programs.

Technological Status and Problems

Status:

¢ First-generation agricultural process systems
are in design or operation for grain drying,
crop drying, and heating of greenhouses and
animal shelters.

¢ Industrial process heat surveys to identify those
processes where solar energy can have a major
impact are now underway.

¢ Industrial process heat experiments are being
conducted on prototype shallow solar ponds
designed to generate water at 140°F (60°C)
at Grants, New Mexico, for uranium refinement
Operational data is being acquired to assess
performance and system economics.

e

® A University study is in process to determine

the potential of solar heating processes in the
textile industry.

o C’U?LI;(’ e

Problems: =~

e Cost-cffective solar systems suitable for agri-

cultural and industrial process heat applications

are not yet available.

¢ Agricultural systems must be designed for ease
of assembly, maintenance and use by farm
personnel, and in such a way that they are
useful on a year-round basis.

¢ Industrial systems must have low initial cost
and must be serviceable by plant maintenance
personnel on a periodic basis.

e Information and instruction manuals on the
erection and servicing of solar systems for agri-
cultural and industrial process heat must be
prepared and distributed.

Institutional Status and Problems

Status:

¢ USDA Information Bulletins are being made
available to the users periodically.

* Experiments and demonstrations at Agricultural
Research Service (ARS) and State Agricultural
Experiment Station (SAES) facilities are being
performed at various locations in the U.S.

® The potential market for industrial process heat
systems is being determined in current studies.
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Problems:

* A new industry must evolve to provide and sup-
port an adequate quantity of these systems to
significantly impact the National energy needs.

¢ Application of agricultural and industrial proc-
ess heat systems may hav a significant impact
on utility and rate structures, but the extent is
not known.

¢ There is no precedent by which to decide juris-
dictional responsibility of different trades for
the installation and operation of solar systems.

%'l\ Legislation concerning sun-rights may become
" necessary to protect large capital investments
"%{in solar arrays from becoming shadowed.

Environmental Status and Problems

Status:
¢ Solar energy systems in agricultural and indus-
trial processes have a relatively benign impact on
the environment.

Problems:

® As the use of conventional fuels becomes more
costly due to non-availability or environmental
control, industry may tend to migrate to regions
of high solar flux. Consequently, an increased
demand for arid land and scarce water resources
may occur, having a moderate to major en-
vironmental and social impact.

Program implementation

In the agricultural solar energy program, close
coordination will be maintained with the United
States Department of Agriculture (USDA) to as-
sure the maximum use of their expertise. A major
USDA-ERDA interagency agreement has been
reached covering a period of five years and support-
ing work in the following areas: Solar Grain Drying,
Solar Crop Drying, Solar Greenhouse Heating, Solar
Livestock Shelters, and, Solar Agricultural Food
Processing.

The economic viability for heating of animal
shelters, heating and cooling of greenhouses, food
dehydration, agricultural food processing and crop
curing will be investigated prior to 1980, followed
by commercialization during 1980-1985. The wide-
spread USDA Information Bulletin Service will be
used for rapid dissemination of information to the
users.

During the 1976 to 1979 period, demonstra-
tions cost-shared with agricultural co-ops and indus-
try are planned so that comparisons may be made

between solar systems and conventional installations
in full-scale operation.

The industrial process heat program is divided
by temperature into three major areas:

1. Under 212°F (under 100°C)

2. 212°F to 350°F (100°C to 176°C)

3. Above 350°F (above 176°C).

Experiments in the area under 212°F in low-
temperature liquid and vapor are ready for design
and test. Low-pressure steam and intermediate-
temperature vapor experiments falling in the 212°F
to 350°F range are expected to start within the
next two years, while experiments at 350°F, high-
pressure steam and high-temperature vapor are
expected by 1979. See the milestone charts.

Feasibility and economic viability of solar en-
ergy for producing industrial process heat at low-,
intermediate-, and high-temperatures could be de-
termined before 1985. Commercialization may begin
between 1980-1990. The industry will become in-
volved with experiments, at first supported by gov-
ernment funding and then by full-scale cooperative
demonstrations.

Major Milestones:

FY 1976
* Proposals for agricultural and industrial process
hot water, drying and dehydration were re-
ceived.
¢ Decisions will be made to construct experiments
based on these proposals.
® Preliminary designs for solar powered irriga-
tion will begin.

FY 1977-78

¢ Decisions will be made to construct experi-
mental, solar energy supplemented industrial
processes to study performance and economics.

The projects will be implemented as quickly as “;’b
the methodologies for economically viable ap- ===

plications can be supported by the developing
technology.

Early FY 1980’s
¢ Decisions will be made to construct full-scale
plants for demonstrating agricultural and in-
dustrial growth.

FY 1985-1990’s
¢ By 1985, demonstrations and displays of full-
scale agricultural and industrial process heat
plants may be completed. This could lead to
additional plants being constructed by private
industry during the late 1980’s and early 1990’s.
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AGRICULTURAL AND INDUSTRIAL PROCESS HEAT

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA BO
ERDA
Operating Expenses 0.7 0.5 1.0 0.9 1.5 1.3
Plant and Capital Equipment 0 0 0 0 0 0
Total 0.7 0.5 1.0 0.9 1.5 1.3

* Does not include funds for FY 1976 Transition Quarter.

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
AGRICULTURAL AND INDUSTRIAL PROCESS HEAT

Demonstration Cycles
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Lo-Temperature Vapor (212°F) SF
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1 2
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PROGRAM ACTIVITY ;ggg' B%gg'o
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SOLAR ENERGY

Technology éuppori and Utilization

ENVIRONMENTAL AND RESOURCE ASSESSMENT

Objectives

Near-Term:
(~1985)

® To collect and standardize existing solar re-
sources (insolation, wind and ocean thermal)
data.
— . . . .
~“¢ To coordinate collection, preservation and dis-
semination of data on a nationwide basis.

=
o=

® To perform environmental and technology as-
sessments of each solar energy technology.

To identify potential socio-environmental prob-
lems early in the technology R&D cycle.

Mid-Term (-2000) and Long-Term:
(Beyond 2000)

To continue the collection of solar resource
data where appropriate.

* To provide new capabilities for resource meas-
urement in response to new requirements.

To provide continuing support in the areas of
environmental and technology assessments.

National Energy Technology Goals Supported

Primary

® Increase the use of essentially inexhaustible do-
mestic energy resources.

Secondary
¢ Protect and enhance the general health, safety,
welfare and environment related to energy.
4 Inciease the efficiency and reliability of the
\ processes used in energy conversion and delivery
&th‘ep}s.

¢ Perform basic and supporting research and
technical services related to energy.

Strategy

To provide the required data on a standardizea

basis by implementation of a federal network of
insolation, wind and ocean thermal measuring sta-
tions. Alternative strategy would be to find civilian
societies and/or industry to collect the data. '
To assess the various types of impacts upon
society resulting from widespread implementation of
solar energy. To insure that adverse socio-environ-
mental impacts are mitigated and beneficial impacts
are exploited to the fullest extent possible. J

Federal Role

In some instances, substantial increase in basic
resource data is needed to support practical applica-
tion of the solar technologies, where the high cost

and low direct return on resource assessment efforts °
inhibit the production of these data by industry. In ,

this case a federal role may be effective in devel-’

pAntr

\

oping improved resource data. While extensive use }

will be made of existing monitoring stations, the
addition of new measurements to the current capa-
bility will be required, as well as a number of new

data gathering points. A central resource data ex- ;

change will be fostered through government/private
cooperation.

The Federal Government is required by law
to conduct environmental assessments for all major
actions which may produce significant environmental
impacts. This is a responsibility which cannot be

delegated to other institutions. -
/{._ -~
International Cooperation i
The International Energy Agency (IEA) pro-
gram includes worldwide cooperation on weather
data and information exchange on research projects

using standardized reporting formats. Existing solar

|
|

D>

-
.

RS

9

- \j:’,\/\,\k
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programs in other countries (i.e., France, Italy,
Israel, Scandinavia) are followed through liaisons
with technical program officials. Exchange of tech-
nical data is accomplished through the IEA and the
NATO CCMS program described in the heating and
cooling of buildings section.
o <l Jaa
Institutional Status and Problems

ta N
Status ~

¢ Currently negotiating an inter-agency agreement \
with whom to facilitate gathering of solar re-

source data. | . Ly
‘

Problems:

¢ Cooperation among various institutions will be
required to provide collection and storage and
to reduce and eliminate duplication of effort.
g
Sin

f -
-y

Program Implementation

Resource requirements and analyses for each
solar technology will be determined. Rehabilitation
of historic weather and insolation data will be co-
ordinated with NOAA to establish a basic solar data
base. The National Weather Service Insolation Net-
work will be improved to provide better nationwide
collection capabiilty. The present wind resource data

’6Uf = .,é/ ;444,7/{"';/ (

bank is inadequate for system strategy analysis, and
will be appropriately increased beginning with the
existing NOAA and DOD data. Acquisition of site-
specific wind data for design criteria and system per-
formance evaluation will be completed by 198!

Existing oceanographic data from NOAA, NSF,
DOD and others will be correlated by 1977, and a
data base for Ocean Thermal Energy Conversion
(OTEC) site selection and system application strat-
cgy analysis will be established. Acquisition of site-
oceanographic data for design criteria and system
performance evaluation of OTEC systems will be
completed by 1985.

Other federal agencies which support this pro-
gram include NOAA for weather data for the data
bank.

The broad™socio-environmental implications of

" a successful national solar program will be deter-

mined. A programmatic environmental plan will be
prepared to insure timely examination of each solar
technology as the technology becomes a probable
contender for commercialization. Technology assess-
ments will be performed as necessary to ensure an
orderly acceptance of viable solar technologies with
a minimum of social disruptions: socio-environ-
mental opportunities will be stressed and adverse
impacts will be mitigated.

——

ENVIRONMENTAL AND RESOURCE ASSESSMENT

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA BO -
ERDA
Operating Expenses 0.5 0.2 4.8 37 3.9 2.5
Plant and Capital Equipment 0 0 0 0 0 0]
Total 0.5 0.2 4.8 37 3.9 2.5

* Does not include funds for FY 1976 Transition Quarter.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
ENVIRONMENTAL AND RESOURCE ASSESSMENT

Fiscal year 1986-1BEYOND

2000 | 2000

PROGRAM ACTIVITY

1975 1976 [1977]1978}1979]1980{1981]1982[1983{1984]1985

Resource Assessment

VA \V4 : VARE\VAY

Isolation Data Resource

1—Biannual Revision of Data
Handbook

Wind Data Resource

2—Production of Model Results

Ocean Thermal Data Resource

3—Completion Model

Environmental/Technology
Assessments

4-—-Socio-environmental Assesments

5—Environmental Plan Completed

6—Biannual Update of Environ-
mental Statement

Key to symbols:

v Significant A Estimated O Slippage == Continuing C :Construction R :Research start
milestones . activit start
T . completion date v . S :Studies start
%k Administrative of program : Date of esss Completed D :Demonstration
decision point activity 1 information activity start T :Test start
o

S
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SOLAR ENERGY

Technology Support and Utilization

SOLAR ENERGY RESEARCH INSTITUTE (SERI)

Objectives
Near-Term:
(-1985)
Mid-Term (—2000) and Long-Term:
(Beyond 2000)

® To perform such analyses, research, develop-
ment, and related functions as may be deter-
mined necessary or appropriate in support of
the National Solar Energy Program.

National Energy Technology Goals Supported

Primary

® Increase the use of essentially inexhaustible
domestic energy resources.

Secondary

¢ Efficiently transform fuel resources into more
desirable forms.

¢ Transform consumption patterns to improve
energy utilization.

¢ Protect and enhance the general health, safety,
welfare, and environment related to energy.

e Perform basic and supporting research and
technical services related to energy.

Strategy

SERI will support the National Solar Energy
Program with analysis and assessment activities and
other specific activities to achieve the stated SERI
objectives and the National energy goals.

Federal Role

Establishment and operation of SERI is re-
quired by P.L. 93473,

International Cooperation

SERI will support, as required, international
collaboration and the collection and exchange of
information with respect to solar energy.

Technological Status and Problems

Status:

¢ SERI will be a Government owned contractor-
operated laboratory with programmatic direc-
tion from ERDA’s Division of Solar Energy.

Problems:

® SERUD’s relationships with existing organizations
and research facilities involved in the National
Solar Energy Program will need to be clearly
defined.

Environmental Status

* An integral part of the process of establishing
SERI will be an evaluation of the impact of
any proposed SERI facilities on the environ-
ment.

Program Implementation

Energy Research and Development Administration

ERDA’s planned implementation of SERI is
as follows:

¢ SERI solicitation was released in March 1976.

¢ SERI site and management will be selected by
January 1977.

* Construction of SERI facilities, if required, will



TECHNOLOGY SUPPORT AND UTILIZATION 91

begin in FY 1977 and be completed in FY
1980.

® The phased start-up of SERI operations will
begin during the first quarter of FY 1977,

with full operation following in the first quarter
of FY 1980.

Within the stated objectives of SERI, its roles
will include:

* Analysis and information
¢ Research (basic and applied)

¢ Other functions as defined.

SOLAR ENERGY RESEARCH INSTITUTE

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA BO
ERDA
Operating Expenses 0 0 2.2 1.6 1.5 1.0
Plant and Capital Equipment 0 0 0 0 ] 0
Total 0 0 2.2 1.6 1.5 1.0
* Does not include funds for FY 1976 Transition Quarter.
ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
SOLAR ENERGY RESEARCH INSTITUTE
Fiscal year 1986-|BEYOND
PROGRAM ACTIVITY 1986- 5 vON
1975} 1976 |1977[1978}1979|1980}1981[1982}1983|1984}1985

Establishment of Role, Mission
and Management Organization

1—Approval of Role, Mission and
Management Organization
for SERI

Management and Site Selection

2—Release of SERI Solicitation
3-—Select Management and Site

Operation of SERI

4—Begin Phased Start-Up,

k™ k-

Key to symbols:

v Significant AEstimated

mlles‘tc?nes . completion date
% Administrative of program

decision point activity

Slippage

Date of
information

¢

== Continuing
activity

C :Construction R :Research start
start

=e== Completed S :Studies start

activity

D :Demonstration

start T :Test start
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Technology Support and Utilization
Tedhstaspy Travelel
QNFORMATION DISSEMINATION\ AND COMMERCIALIZATION
N O ! "f .
~BpATe) MO‘S“ i SV 20O e
Objectives ~avenues (trade associations, manufactufers, profes-
Near-T sional publications, marketing organizations, media).
ear-Term: : : ; :
, g The program will provide analysis of mechanisms
Cé\p%%"‘( (-1985) (incentives and barrier removal) to accelerate the

To develop solar energy data in support of all
solar energy RD&D areas. To facilitate an effective
commercialization program for solar options in co-
ordination with technical program management.

Mid-Term: (-2000) and Long-Term:

(Beyond 2000) “~

To facilitate commercialization through con-
tinued dissemination of results from pilot plants and
demonstrations to users, manufacturers and systems
designers.

National Energy Technology Goals Supported
EOAPWY) ‘Ao £ —
Primary NP Ry (’(.'Q(,ILLL\,'CC(C e, )
o _Increase—the Use “of_essentially inexhaustible
demestic_energy-resources.
e

Secondary o QS Z-N\
™

¢ Increase the eﬁiciencyéand reliability of the
processes used in energy conversion and delivery
systems.

® Perform basic and supporting research and
technical services related to energy.

Strategy

The strategy is to effect the timely transfer of
RD&D results to researchers, users, and industry.
All information and transfer activities will focus on
the stimulation of solar technology programs toward
rapid commercialization. These information and
transfer activities will utilize commercial sector

(1 %3\77;(\

growth of a solar energy industry. Active incentive
programs will be considered in conjunction with
regional development efforts.

Federal Role
G A -

,?’L%\;.(, The federal role in information dissemination
\J is to transfer scientific and technological results to
user groups throughout the United States. Commer-
cialization for this program is the development of
information on solar technologies, socio-economic
impacts, legal and institutional analyses, and the
dissemination of information to accelerate solar in-
dustrial growth. The federal goal is to accelerate
solar usage and then to withdraw as the solar indus-
try becomes viable.

An additional federal role is to develop a more

.+ flexible patent policy for products growing out of

federally subsidized RD&D, in order to stimulate
industrial involvement.

International Cooperation

The International Energy Agency (IEA) pro-
gram includes worldwide cooperation on weather
data and information exchange on research projects
using standardized reporting formats. Existing solar
research programs in other countries (i.e. France,
Italy, Israel, Scandinavia) are followed through liai-
sons with technical program officials. Exchange of
technical data is accomplished through the IEA and
the NATO CCMS program described in the heating
and cooling of buildings section.
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Institutional Status and Problems

.
CL-—C‘J.{ 5&;{,4:\
Oé?m information dissemination program is un-
'erwayDStudies are being made on incentives,
institutional barriers and socio-economic factors.
Economic analysis is serving to identify critical
design-to-cost goals for technology programs.

Status:

Problem:

¢ Available information does not facilitate practi-
cal analysis of the solar technologies, their po-
tential, their cost, and development time frame.
Institutional barriers to speed implementation
exist in finance, construction, aesthetics, local
and state government codes, etc.| The demand
for answers must await facts from the technical
program before definite commercialization can
occur.

Program Implementation

A solar energy information data bank with a
computerized document referral system is being in-
tegrated into the ERDA Technical Information Cen-
ter in Oak Ridge. A special HUD solar heating and
cooling data bank is being established as a subsection
of the ERDA solar data bank to provide specific
newly generated information products and on heat-
ing and cooling applications to elements of the com-
mercial sector such as banks, builders, contractors,
insurance companies, and manufacturers. In addi-
tion, an engineering data base on solar energy RD&D

is being developed for wide dissemination to the tech-
nical and manufacturing community. :

Implementation of theanormation Dissemina-
tiox%echnology transfer program has already begun
through activities such as solar demonstrations, semi-
nars, workshops, document distribution, seed proj-
ects in cooperation with commercial interests (utili-
ties, manufacturers etc.).

The consumer nature of solar heating and cool-
ing technology implementation requires extensive
inter-agency liaisons and public feedback mechan-

&

S

ismsN The Inter-agency Panel on Terrestrial Applica-
tions of Solar Energy (IPTASE) established in 1975,
is now a vital tool for multi-agency liaison and coop-
eration. Establishment of a national solar energy ad-
visory group is underway, to be made up of distin-
guished professionals and consumer representatives,
reporting to ERDA’s Solar Division management.

Studies have been initiated to identify constraints
to solar energy applications and to develop effective
incentive programs (legal, economic, financial and
regulatory) to overcome these constraints and accel-
erate commercialization. A concerted small business
emphasis has been established as policy.

Economic studies and industry policies will re-
sult in the development of alternative policies and
federal roles which will be utilized as the corner-
stone of the commercialization program. Immediate
emphasis is on solar heating and cooling, agricultural
and industrial process heat, and wind energy systems,
as these are nearest to commercialization. Program
acceleration workshops/seminars are a current strat-
egy for implementation of other technologies.

INFORMATION DISSEMINATION AND COMMERCIALIZATION

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA 80
ERDA
Operating Expenses 0.7 2.2 2.1 1.0 0.7
Plant and Capital Equipment 0 0 0 0 0 0
Total 0.7 2.2 2.1 @ 0.7

* Does not include funds for FY 1976 Transitien Quarter.

=y

-
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SOLAR ENERGY

Solar Electric Applications

SOLAR THERMAL ENERGY

Objectives

Near-Term:
(-1985)

e To assist industry in developing a technology
which will allow for implementation by the
mid-1980’s of commercial solar thermal electric
generating plants, and total energy systems
which make use of both electric and thermal
output.

¢ To increase the efficiency and reliability of the
processes used in solar thermal electric energy
conversion and delivery systems.

* To demonstrate the technology for central re-
ceiver, distributed collector and other solar con-
cepts through operation of plants such as the
10 MW central receiver pilot plant now in de-
sign.

Mid-Term:
(-2000)

¢ To continue solar thermal conversion technol-
ogy advancement, further the economic viabil-
ity of advanced solar thermal systems, and stim-
ulate industry’s role in production and use of
the systems.

e To conduct additional demonstration of ad-
vanced solar thermal conversion technologies
where appropriate.

Long-Term:
(Beyond 2000)

¢ To support as necessary the continued develop-
ment of a viable commercial solar thermal in-
dustry by 2020 through stimulated commercial-
ization of the technology.

National Energy Technology Goals Supported
i

Primary /
. . . [
* Increase the use of essentially inexhaustible do- .
mestic energy resources. ¢
54
Secondary P

¢ Increase the efficiency and reliability of the -
processes used in energy conversion and deliv-

/
ery systems. /

Strategy

Early demonstration will be undertaken to en-
hance public and user familiarity with and accept-
ance of these systems. Industry, including public
utilities as well as manufacturers, will be involved in
the planning and implementation of the program
either by contract or by joint participation. This will
facilitate the spread of this technology and also in-
sure that the needs of industry are satisfied.

The federal government will expedite the de-
velopment and implementation of solar thermal sys-
tems by establishing, coordinating, and directing
R&D programs using scaled models, large-scale ex-
periments and pilot plants to improve performance-
to-cost ratios, reduce technical and economic risks,
and verify operating characteristics. The elements of
cost will be identified and cost reduction research
and development programs will be formulated. Alter-
native concepts with promise of lower costs will be
explored.

In essence the federal government’s action is:

e To assist industry to create and perfect the ele-
ments of so'ar thermal technology.

¢ To assist industry to synthesize and perfect
effective and efficient systems.

e In cooperation with industry, to demonstrate
these systems in a commercial environment.
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¢ To provide incentives and a conducive environ-
ment for the commercial development of the
technology.

Federal Role

Federal participation will help reduce the un-
certainties associated with this new technology. The
participation of the electric utility industry in sup-
port of solar electric plants will be encouraged.

international Cooperation f- f/:/, 4
VS T TR

Currently ERDA and the French Natiofial Cen-

ter of Scientific Research (CNRS) are cooperating °

in a planned test of a 1 MW capacity receiver at the

solar furnace at Odeillo, France. In November 1974, .
representatives of France, Italy, and Japan partici- °

pated in a seminar on large-scale solar test facilities
at Las Cruces, New Mexico. An interchange of visits
by technical and program personnel with the U.S.S.R.
was made in 1974 to promote cooperation in solar
thermal research, and a similar interchange with
Japan was completed in 1975. An additional ex-
change with the USSR is being planned for FY 1976.

Technological Status and Problems

Status:

7

¢ One heliostat with mirror surface 3.9 meters X
3.7 meters was tested at the Naval Weapons
Center, China Lake, California.

e Four different types of distributed collectors
were tested.
¢ Conceptual design of a 5 MW Solar Thermal
Test Facility has been completed and detailed
’ design and construction is being initiated.

e A site selection PON for a 10 MW Central
Receiver Pilot Plant will be issued in 1976.

A total energy test bed with 200 square meters
of parabolic collector surface is being operated
at Sandia Laboratories, Albuquerque, New
Mexico in conjunction with a 40 kW organic
rankine turbine-generator.

e Various combinations of reflective metals or
glass and a variety of plastic film are being
tested.

¢ Selective coatings resistant to high temperatures
have been tested.
Problems:
The technology for solar thermal conversion is

WA iae

at an early stage of development. The technical prob-
lems of both components and subsystems include:

® cost

e reliability

o lifetime?”

e energy storage

e standardsgy—

codes. —

Institutional Status and Problems

Status:

e The principles of solar thermal electric and total
energy systems have been favorably received by
utilities and other industries. One utility is study-
ing the potential interaction of a solar plant
within its system.

¢ Utilities and other industries are being informed
of land area requirements as well as technical
and cost data.

¢ The federal government is providing a forum

for information exchange with interested local,
regional and state energy authoritics.

Problems:

The following considerations may limit the utili-
zation of solar thermal electric systems:
¢ Large land area use
¢ Competing land use
¢ High capital cost .
. Aestheﬁics: ~ ﬁ._//{ LA (j‘i.f/’
The antﬁipated small size of solar thermal total
energy systems virtually eliminates land and aesthetic
considerations. Total energy systems will require

stand by assistance from utilities. The principal con-
sideration which may limit total energy systems are:

e ability of utilities to recover costs associated
with providing stand by capacity

¢ high capital cost
¢ high labor cost to operate a small plant.

Environmental Status and Problems

Status:

¢ French experience with a 1 MW solar furnace
has not produced any known environmental
effects.

* A recent environmental assessment for a 5 MW
solar test facility also did not identify any effect.
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* The potential effect of a large solar central elec-
tric power plant, on the environment is not
known.

* Solar electric and solar total energy systems do
not increase net heat to the environment.

¢ Solar electric and solar total energy systems will
reject waste heat locally as do other comparable
nuclear and fossil fueled systems.

Problems:

The principal environmental considerations for
large solar electric systems are:

¢ Effect of shielding of large land area
¢ Local heat rejection
¢ Aesthetics.

Program Implementation
Energy Research and Development Administration

The general plan for implementation of the
solar thermal program is to identify needs and appli-
cations; establish the potential market size; identify
the relevent technology to utilize for these applica-
tions; identify more promising technologies; design,
fabricate and test components and subsystems; de-
sign, fabricate, and test systems at a user’s site, with
user participation. In parallel with application-
focused efforts, the need for new test facilities will
be identified and test facilities will be constructed
and utilized to assist in component and subsystem
development.

Central Receiver

, Conceptual design of a test facility has been
“ s completed; detailed design and construction is
" ¢ being initiated.

e Three parallel contracts with industrial teams
were initiated in June 1975. Each team is to in-
vestigate design concepts for a 10MW, pilot
plant, and to design, fabricate and test proto-
type components. After completion of the con-
tracts in FY 1977 one preferred concept is to
be selected, and detailed design will be initiated.

e Selection of a site for the 10 MW, pilot plant

is being initiated. This also will involve an
-arrangement where the site owner participates
in virtually all phases of the project, including
operation.

¢ Decisions on pilot plants of advanced concepts

g\ are planned at approximately 2 year intervals,

%,

assuming resolution of technical problems. The
Brayton cycle is a candidate for the next pilot.

=
/.

¢ Experience with component tests and pilot
plants will form the basis for studies leading to
lower unit-cost demonstration plants of about
100 MW, capacity. These studies will be initi-
ated during the construction phase of the pilot
plant. Pilot plant operating experience will be
factored into the final design of a demonstration
plant. Substantial cost sharing by industry will
be solicited.

¢ Similarly the demonstration plant is to provide
the basis for an economical commercial plant.
It is anticipated that the Federal role will be

minimal.
(Y50} ¢ UW :,,j‘;,':ﬁ Ao ij:;"‘-
Total Energy e

¢ A test bed with 200 square meters of parabolic
collector area, and with a 40 kWe organic
rankine turbine generator, has been completed.

® Other collector concepts were solicited and con-
cepts with economic potential will be selected
for construction. The test bed will continually
be extended to add new concepts.

® A military applicatio:(\for a barracks complex '

s being studied for possible initiation in FY

% 1978,

e Additional federal, industrial, commercial, and
residential applications are being studied. A de-
cision to select one of these is planned in FY 79.

® A large total energy system of approximately 20
MW./200 MW, may be completed as early as
FY 1983.

VDA S o

Distributed Collector

¢ Collector experience obtained with the total
energy test bed is also applicable to central elec-
tric power plants utilizing distributed collectors.
The need for a separate facility for distributed
collector subsystem and system development
will be evaluated in FY 1977 and the facility, if
required, could be completed in FY 1980. Mod-
ification of the existing test bed to provide the
same data, will also be evaluated.

e Systems studies of distributed collector central
electric systems will be undertaken in FY
1977-78 utilizing cost data and concepts gen-
erated by on-going programs.tPreliminary de-
sign of a pilot plant with good economic poten-
tial is planned for FY 1979, If undertaken, con-
struction of the pilot plant may require about

3 years.}\t\
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* Demonstration plant studies are planned for
FY 1981 and will consider prior technical and
cost experience. This plant could be initiated as
early as FY 1983.

e Commercial plant studies are planned for FY
84 with selective specific concept scheduled for
FY 1986.

- - T

~

Hybrid Power Plants

! to a conventional power plant was studied in

\‘\ FY 1975.

\ ® More specific studies will be initiated in FY
1977 aimed at providing supplementary heat to

o Integrated solar-fossil-fuel hybrids and solar

\ thermal-photovoltaic hybrids will be studied. If .

¢ Potential application of solar thermal processes ™

;
K

‘.. possible, a pilot plant may be initiated as early _é\
~ as FY 1979 and a second in FY 1981. .~

——

"

—
——

e

Research and De;efapﬁgnt"

¢ To date emphasis has been on first generation
materials, components and subsystems.

e Advanced materials and processes with promise
of lower cost will be emphasized.

e New concepts will be investigated.

¢ Applications of solar energy to supplying ther-
mal energy and shaft horsepower will be identi-

existing fossil fueled units. This will make possi-
ble experimental installation in FY 1978. -~ fied.
M&/ Qﬁfzﬁ; L |
b SOLAR THERMAL ENERGY
Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA 80
ERDA
Operating Expenses 13.2 3.7 14.3 10.6 30.9 26.5
Plant and Capital Equipment 0 0 5.0 5.0 12.5 27
Total 13.2 37 19.3 15.6 43.4 29.2

* Does not include funds for FY 1976 Transition Quarter.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
SOLAR THERMAL CONVERSION

PROGRAM ACTIVITY

Fiscal ye

ar 1086-[sEYOND

1975

1976 [1977]1978[1979(1980]|1

2000 | 2000
981]1982|19831984}1985

Central Receiver Power Plant

c [ [o4 :;T

- — . ————

1—Facility & Pilot Plants * * * %2 A
2—Demonstrations & Commercial
Plants
ki %k v
Total Energy A : S VY . /\
|
1—Facility & Plants ]
Lk | ok * *
Distributed Collector | 5 < S A
[
1—Power Plant |
2—Facilities & Piiot Plants |  *
. | * *
Demo & Commercial Plants :* " * . o - : — /\
. Is . cv c ;l; ; ;
Hybrid | AN
|
1—Experiments & Pilot Plants |
|
|
i 1
Key to symbols:
v Significant A Estimated O Slippage == Continuing C :Construction R :Research start
mules‘tc-)nes ) completion date activity start S :Studies start
% Administrative of program : Date of a=e= Completed D :Demonstration
decision point activity i information activity start T :Test start
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SOLAR ENERGY

Solar Electric Applications

PHOTOVOLTAIC ENERGY

Objectives

Near-Term:
(-1985)

® To assist industry in the development of low-
cost Solar Photovoltaic Conversion (SPC) sys-
tems for future implementation by industry and
utilities.

¢ To test and demonstrate manufacturing proc-
esses.

¢ To encourage application of technologies which
could result in commercially generating savings
of 0.5 to 1.6 x 10° KW,h annually, or from
1 to 3 million barrels of petroleum per year.

¢ To continue to test and demonstrate the techni-
cal and economic viability of SPC systems as
appropriate.

Mid-Term:
(-2000)

¢ To continue development of second generation
solar photovoltaic conversion technologies as
appropriate.

¢ To encourage commercial implementation of
solar photovoltaic conversion systems that could
supply from 180 to 360 x 10° kW, h annually,
saving from 350 to 700 million barrels of petro-
leum per year.

Long-Term:
(Beyond 2000)

® To promote full maturation of the solar photo-
voltaic technology in the private sector,

* To make possible a solar photovoltaic capabil-
ity in the private sector that may approach 50
GW, peak by 2000 with a market price as low
as $100 to $300 per peak kilowatt.

National Energy Technology Goals Supported

Primary 0
* Increase the use of\\essentially inexhaustible do-

mestic energy resources.

Secondary ;‘v\ WQM W

* Increase -the> efficiency(and reliability of the

processes used in the energy conversion and de-
livery systems.

Strategy

The central element of the strategy in this pro-
gram is to lower the cost of collector arrays by a
factor of 50 to 100 from present levels. This will be
done through R&D on production of low-cost photo-
voltaic materials, large-area crystal growth, high vol-
ume sheet production, materials and techniques for
array encapsulation, improved cell and array designs,
and high-volume, cost-effective, automated assembly
techniques.

The experimental testing and demonstration of
SPC systems will be based on applications that prom-
ise early cost effectiveness, wide user acceptance and
significant market development by the private sector.

Emphasis is initially on the use of single-crystal
silicon because of the abundance of silicon and the
availability of proven techniques for production of
large single crystals. However, alternative techniques
and materials such as gallium arsenide and cadmium
sulfide, are also being developed.

Assuming the success of the above strategy the
following could occur: by FY 1983 pilot plants capa-
ble of producing in excess of 5 million m?/yr. of sili-
con sheet at a value-added cost of less than $18/m?;
the ‘establishment, by FY 1984, of plants capable of
producing about 2,000 metric tons of silicon mate-
rials at a market price of less than $10/kgm; and the
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establishment, by FY 1985, of plants capable of pro-
ducing in excess of 500 MW/year (peak) of encap-
sulated solar arry modules at a market price of less
than $500 per kW (peak).

Federal Role
— e POA -

The federal role is to encourage the advance-
ment of an industry capability for producing and dis-
tributing SPC systems, and where appropriate aid in
the development of new generations of solar photo-
voltaic conversion technologies that will result in sig-
nificant cost reductions.

ERDA, in conjunction with FEA, will study the

necessity for incentives to stimulate early, widespread
use of SPC systems.

International Cooperation

As a joint cooperative effort in establishing-com-
mon standards for the measurement and testing of
solar cells, Japan, as part of the U.S.-Japan Bilateral
Agreement, seems ready to pursue areas of mutual

interest in photovoltaics. 'H’\“i seevidd A ool oo
The U.S. is discussing with the World Bank ¥ /

its interest in sponsoring photovoltaic projects in
several developing countries to provide electricity for
educational TV systems in villages lacking conven-
tional electrical power supplies. Yl dae.,

Countries such as France, Germany, Canada
and Spain within the International Energy Agency
(IEA) have active interest in photovoltaic energy
conversion. Cooperative arrangements with these
countries are under discussion,

g/t( {t W-Jb/ d,l,-o.;.';, JA

Technological Status and Problems

Status:

¢ Silicon solar cell technology is well established
for limited use in terrestrial and space applica-
tions.

Problems:

e The present cost of materials and processing for
photovoltaic arrays are a factor of 50 to 100
too high to be competitive with conventional
systems for almost all but remote site applica-
tions.

s Performance standards, reliability, and test data
for optimal system design are lacking, and iden-
tification of possible applications and environ-
mental impacts is incomplete.

)
< QL(

® SPC systems performance suffers from seasonal,
geographical and climatic variations and the
diffuse nature of the energy source. Large col-
lection areas for arrays and some combination
of energy storage, power conditioning, and in-
terties with conventional energy systems are,
therefore, necessary.,

Institutional Status and Problems

Status:

* The identification and treatment of the institu-
tional problems in this area has just begun.

Problems:

® To substitute SPC systems for existing means of
electrical power generation, utilities, industry
and home owners will need to be convinced of
the technical and economic feasibility and relia-
bility of these systems.

¢ A systematic effort @y the private sectoao stim-
ulate and motivate these groups will be required
to assure the market penetration required to
meet the objectives of this program.

¢ Possible constraints to rapid system implemen-
tation include the availability of investment cap-
ital, manpower and material resources, and the
long-term assured markets needed to justify pri-
vate investment.

¢ Other problems include the ownership and pro-

J" D tection of sun-rights and the union jurisdictions

i
in the installation of solar cells on roofs.

Environmental Status and Problems

Status:
e The present silicon arrays present no apprecia-
ble environmental problems.

Problems:

o The principal environmental problems foreseen
for SPC systems are land requirements and the
possible ecological impacts and altered albedo
produced by the large arrays needed for required
power production. Some future systems may use
toxic materials which could be dangerous if re-
leased into the environment. Studies of these
possible environmental impacts are planned, as
are studies of the possible impacts of a major
new manufacturing industry.

* As the use of conventional fuels becomes more
costly due to non-availability or environmental
control, industry may tend to migrate to regions
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of high solar flux. Consequently, an increased
demand for arid land and scarce water resources
may occur, having a moderate to major environ-
mental and social impact.

Program Implementation

ERDA will coordinate activities among other
federal agencies such as NSF, DOD, and NASA, as
well as state and local governments in establishing
industry-wide solar cell performance and measure-
ments standards and studying the feasibility and char-
acteristics of alternative photovoltaic materials and
systems. DOD is evaluating advanced concepts in
solar cell arrays, and using SPC systems in remote
military applications. (“"Na’é/

Projects are(planned\to improve design effi-
ciency, reliability, lifetimes and energy payback times
of SPC systems through the following:

¢ Systems analysis and assessment

® Advanced research and technology
* Low-cost silicon solar array project
¢ Concentration subsystems

® Testing and standards -
Q Demonstration project§7 ﬂ/ﬁ)‘é Q:Zb,\?
The milestone chart lists these elements with
major event timing.

The structure and content of the SPC program
will be guided by the continuing mission analysis and
systems studies aimed at evaluating alternative appli-
cations and their major subsystems, identifying and
optimizing the most promising ones, and establishing
the pertinent cost and performance goals. Studies will
also be conducted to determine the environmental,
legal, societal and institutional impacts, and to un-
derstand how to remove constraints, if any, on public
and user acceptability.

The advanced research and technology element
is aimed at improving the overall SPC system per-
formance and utility through a variety of studies on
second generation materials and devices, including:
thin-film silicon, cadmium sulfide, copper sulfide,
gallium arsenide and other solar cells.

The principal programmatic emphasis will be

15 he

( will be)established to assess and monitor the progress

placed initially on the development of low-cost, reli-
able silicon arrays, primarily through contracts to in-
dustrial organizations for work on lower cost silicon
feed material, production of large array silicon sheets,
improved module encapsulants, and the automation
of solar array production facilities. These contracts
will help to stimulate the growth of an industrial base
that will supply components and systems for the pho-
tovoltaic market. “Set-Asides” are to be incorporated
where appropriate in the near future to enable small
business to compete. Work in this area may lead to
solar array production capability of 500 MW, per
year with a market price of $500/peak kW, by 1985.

A variety of concentrator technologies and sys-
tems will also be investigated with a view both to
reducing the overall cost of photovoltaic conversion
systems and to gaining the additional energy benefit
of the heated fluids used to cool the highly-illumi-
nated solar cells.

A series of federally sponsored tests, demon-
strations and applications of SPC systems will be
initiated by the mid-1980’s to establish the technical
and economic feasibility and reliability of these sys-
tems, thereby stimulating their public acceptance.

"0& A solar photovoltaic test and standard facility

of the SPC system development. Results from such
testing will be widely disseminated in the photovol-
taic community and serve as the basis for future in-
dustry-wide standards for the production of terres-
trial solar arrays and systems.

By late 1978, improvements expected for the
various development projects should begin to mat-
erialize. Since several approaches are being consid-
ered for each technological area, the more successful
projects will be expedited and less successful efforts
climinated.

For possible long-range implementation, the ap-
proach to providing terrestrial power using solar
power systems in earth orbit and transmitting the
energy to earth via microwaves is under evaluation.
NASA has carried out initial assessments and pre-
liminary systems studies. ERDA, with the support of
NASA, will study during FY 1976 and 1977 what

further steps, if any, should be carried out. "

— 0~
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
PHOTOVOLTAIC ENERGY

Fiscal year 1986-[BEYOND

2000 | 2000

PROGRAM ACTIVITY

1975| 1976 [1977[1978[1979[1980]1981{1982[1983]|1984[1985

Systems Analysis and Assessment  f..a

Advanced Research and Technol-
ogy — Novel Materials L aan

1—Ten Percent Efficiency
2—%100 - $300/kW Shown

Si Material for Cell Production L ...

1—Process Defined
2—Pilot Plant

Large Area Silicon Sheet Laee
Production

]

1—Continuous Growth Demonstrated
2—Large Area Growth Demonstrated
3—Pilot

Automated Array Assembly Task fpeosne

1—Process Defined
2—Pilot Plant

Test Facility L

4—Construction/Fabrication

Subsystem Studies and Evaluation | ...}

Demonstration Projects L.t ; ; :

1—-DOD Applications 90kW £

2—Residential Systems 75kW

3—Load Center Demonstrations
(Up to 4 MW)

AR R I "< I I R I R A

Key to symbols:
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S‘%Z'f“ca:t Estimated PRos activity ’ starts
milestones . .
. . completion date ) S :Studies start
% Administrative of program : Date of «=== Completed D :Demonstration
decision point 1 information activity start T :Test start
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PHOTOVOLTAIC ENERGY
Federal Enérgy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA 80 BA BO BA BO
ERDA :
Operating Expenses 5.2 2.6 21.6 16.0 28.2 220
Plant and Capital Equipment 0 0 0.8 0.4 4.6 23
Total 5.2 26 22.4 16.4 32.8 24.3

* Does not include funds for FY 1976 Transition Quarter.




104 A NATIONAL PLAN FOR ENERGY RD&D

SOLAR ENERGY

Solar Electric Applications

WIND ENERGY

Objectives

To advance through research, development,
tests and demonstrations, the technologies necessary
for implementation by the mid-1980’s of commercial
Wind Energy Conversion (WEC) systems.

Near-Term:
(-1985)

e It is estimated that a successful RD&D program
whose results would be implemented at a early
date by industry could be capable of supporting
commercial energy production of 2.5 to 5 X
10° kW.h per year, saving from 3 to 6 million
barrels of petroleum per year.

Mid-Term:
(-2000)

¢ Continued commercial implementation of the
WEC technology being developed could supply
from 120 to 210 X 10° kW.h of energy an-
nually, saving between 230 and 410 million
barrels of petroleum per year. The equivalent
power production capacity contributed by WEC
systems as normalized to an improved equiva-
lent load factor of 0.7, would be 20 to 35 GW..

Long-Term:
(Beyond 2000)

e By 2020, with continued commercial implemen-
tation of WEC technology, power capacity from
these systems could be further increased, de-
pending upon availability of suitable wind sites.

National Energy Technology Goals Supported

Primary

e Increase the use of essentially inexhaustible do-
mestic energy resources.

Strategy

The general strategy of the WEC program is to
advance the development of WEC technology and
performance, stimulate industrial efforts to lower the
production cost of WEC units through the use of pre-
fabrication and production techniques, and acceler-
ate, through demonstrations, the application and in-
tegration of reliable, economically viable wind energy
systems capable of rapid commercial implementation.
This will require the early involvement of potential
manufacturers and users to ensure the definition of
proper requirements and facilitate the application of
WEC systems. O-{gf S -eved,

Emphasis is initially being placed on developing
and testing systems to establish the feasibility of using
large unshrouded horizontal-axis wind turbines for
generating electricity at prices competitive with con-
ventional generating systems. Alternative WEC tech-
nologies also being developed include vertical-axis
rotors, ducted systems and vortex generators. Alter-
native energy applications of WEC systems are being
considered, and small-scale systems are also being
developed for farms and rural homes. With the ex-
ception of small-scale heating and irrigation systems,
most applications will likely utilize electricity as an
intermediate step, although in some cases uncondi-
tioned power may be used leading to lower system
costs.

Initial emphasis is on the development of sys-
tems for high wind zones with advancements leading
toward viable systems in the larger, more moderate
wind zones. Key decisions involve selecting the geo-
graphical regions for initial applications of WEC by
1976, and possible major farm demonstrations in the
early 1980’s.

Federal Role

The principal federal role is to assist the pri-



SoLAR ELECTRIC APPLICATIONS 105

vate sector in the development of improved WEC
technology, and thereby provide a stimulus for pri-
vate industry to produce such systems and for utili-
ties and others to use them in suitable applications.
This role is important because of the uncertainty in
market size and user acceptance until such time as
sufficient systems have proven their utility, reliability
and economic potential through sufficient experience.

International Cooperation

While there is considerable interest in many na-
tions on the use of wind energy, specific cooperative
agreements are not yet implemented. This interest is
due to the fact that the characteristics of wind energy
systems make them particularly applicable to situa-
tions of low energy demand per square mile as is the
case in many other nations, Cooperative efforts with
both developing and developed countries, particu-
larly in the field of “wind prospecting,” is anticipated.

Technological Status and Problems

Status:

¢ Small windmills have been produced for dec-
ades for both irrigation and electrical generation
and are still available commercially.

¢ Large wind turbine generators were constructed
in the 1930’s through the 1950’s in the U.S. and
Europe.

e A 125 foot diameter, 100 kW wind turbine, the
second largest ever constructed, has recently
commenced test operations at Sandusky, Ohio.

e The advances and tools developed in recent
years-in the helicopter industry are only now
being dpplied to this area.

¢ No fundamental unknowns exist; however, many
uncertainties remain in terms of designing for
long life, low capital cost.

e The intermittent nature of wind and the wide
geographical and seasonal variations in the
availability of wind energy necessitates either
inter-ties of wind energy systems with conven-
tional energy systems or energy storage capa-
bilities. The lack of understanding of the statis-
tical, temporal and spatial variations in the wind
as related to energy demand and storage re-
quirements leads to uncertainty in the capacity
redit applicable to wind systems.

¢ The projected high' capital costs of the initial
large-scale WEC prototypes (i.e., rated at 100
kW or more) need to be reduced by a factor of
two to four.

¢ Structural dynamics of large systems is consid-
ered the key development problem in wind
senergy.

¢ Estimates of the service life of large-scale WEC
units are uncertain because of insufficient data
on operational rotor dynamics.

¢ Capabilities are inadequate to accurately and
rapidly predict the wind characteristics of poten-
tial WEC sites and to estimate accurately the
power output of specific WEC designs located
at these sites.

* There is a lack of adequate system design data
for larger-scale systems (particularly multi-unit
systems).

¢ There is a lack of sufficient information avail-
able on user interface and operational require-
ments necessary for system optimization and
standardization and the determination of viable
applications.

¢ Small-scale systems are very costly, predomi-
nantly imported, and in very limited production;
cost reduction will require addressing all com-
ponents as well as seeking a solution through
unconventional system concepts.

Institutional Status and Problems

Status:

e There is little recent experience on wind sys-
tems other than on very small, home-sized sys-
tems.

* Research has recently begun on the broad front
addressing institutional issues.

Problems:

® Understanding of possible legal and regulatory
questions, such as “wind-rights,” is inadequate.

® Uncertainties in the availability of sufficient in-
vestment capital and experienced personnel may
limit the growth rate of WEC in the near- and
mid-terms. & § wd ool )

Public utilities will have limited confidence in
large-scale WECS systems due to lack of ex-
perience and the systems intermittent opera-
tional characteristics until sufficient testing is
accomplished.
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Environmental Status and Problems

Status:

e There is no recent experience on wind systems
other than at the small size.

Research studies have identified no ecological
problems and experiments have been initiated
to confirm this finding. 24/ .., <

¢

While wind energy is generally considered en
vironmentally benign, insufficient informatioO
exists on possible egvironmental effects of large
multi-unit _%) suth a5 possible radio and
feviSionl interference caused by large rotating
blades. vy G, o &,

There are also uncertainties about the public
acceptability of large numbers of WEC units,
particularly in the heavily populated areas, and
about the aesthetics of such units in locations
such as scenic shorelines or mountain tops.

Effects on birds and wildlife is not yet known.

Program Implementation

The wide range of wind energy system sizes and
the previous lack of a sustained WEC R&D program
has necessitated the adoption of a parallel implemen-
tation approach. This consists of the development,
test and demonstration of a series of WEC systems
of increasing sizes, performance, and power capa-
bilities, supported by a series of technoolgy research
and development projects and studies of institutional
constraints.

As part of the ERDA directed federal program,
NASA is managing the development of large high-
performance wind energy systems primarily intended
for generating electricity. Similar efforts are being
undertaken with the Department of Agriculture on
the development and test of systems for farm and
other agricultural applications. In coordination with
FEA, studies are aimed at the investigation and im-
plementation of an incentives program to stimulate

o

-
./:—

early WEC applications by utilities, farmers, home

. owners, and other potential users.
N

> ERDA and NASA have recently completed in-
stallation and begun tests of the first 100 kW system
and have completed the preliminary designs of a
Mod-1 MW scale system and follow-on 100 kW-
scale systems. These experimental 100 kW and MW
systems will be operationally tested in specific appli-
cations in 1977-79. Improved systems that incorpo-
rate advanced features resulting from the R&D and
advanced concepts projects are planned for develop-
ment and testing.

Methods of improving the performance-to-cost
ratios of the types of WEC systems described above
are being explored through projects addressing rotor
dynamics, aerodynamics, fabrication techniques and
systems economics and optimization.

Advanced systems designs using vertical axis
rotors, diffusers, or vortex concepts are being exam-
ined and may be incorporated into future systems
where appropriate.

With the assistance of the Department of Agri-
culture, projects are being examined that would de-
velop rural home and agricultural applications of
smaller-sized wind energy systems, including the use
of such systems for on-site fertilizer manufacture by
electrolyzing water to produce hydrogen, direct
space-heating, crop-drying, and irrigation.

7.The capability to rapidly locate and assess sites
with sufficiently high average wind velocities for
WEC are being developed through modeling, studies
of boundary-layer flow, wind-tunnel tests, and statis-
tical analyses. Studies of environmental effects, pub-
lic acceptance, and legal/institutional problems will
attempt to quantify these issues and determine their
possible impact on the viability of large-scale WEC
applications.

The cost-benefit of alternate incentives programs
will be investigated in coordination with FEA. Rec-
ommendations and decisions on incentives policies
would be implemented in the 1978-81 time period.

s
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WIND ENERGY

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA BO
ERDA
Operating Expenses 57 1.0 14.9 11.0 16.0 12.0
Plant and Capital Equipment 0 0 0.2 0.1 1.1 0.5
Total 57 1.0 15.1 11.1 17.1 12,5

* Does not include funds for FY 1976 Transition Quarter.

ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
WIND ENERGY

Fi | vea .
PROGRAM ACTIVITY oes year 2000 | 2000 -

1975] 1976 [1977]197811979]|1980[1981{1982[1983[1984}1985|
Preliminary Design |r
|
Systems Studies Ses ..}—.JA
. s |
Environmental and Institutional St m—
Research |
|
Wind Characterization Studies Saed .=
|
Component/Subsystem R VAN
Research |
|
s 1 JAN
Advanced Concepts .-...:7
Farm Program R N S .

1—100kW Scale Systems
2—MW Scale Systems

<] %
<]
>

Multi-Unit Demonstrations

1—10 MW Pilot Plant
2—100 MW Demaonstrations

Factory Facilities

1—100kW Scale
2—-MW Scale

-
/N
Experimental Units i.yL NN i
} * X
|
| %
I s
|
|
|
|
|
|
|
|
|
|
|
1
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Solar Electric Applications
<,
OCEAN THERMAL ENERGY e e
- ';,0 3
/ e
< W D e T
Objectives \Sfrafegy L LA sy '_.oi’- -
Near-Term: \WC“onﬁdence in the potentlal for extracting energy
(-1985) from ocean thermal gradients in commercially pro-

2 e To develop a technology for demonstrating the
Z}, technical and economic feasibility of commer-
“~  cial offshore power plants capable of economi-
% cally converting ocean thermal energy into sub-
2 . e -
<, stantial quantities of usable electrical energy
#. and/or other energy products such as hydrogen.

Mid-Term:
(=2000)
¢ To assist the private sector in the development
of technology which may lead to commercially
competitive off shore OTEC power plants(wnh
a total potential power capacity in the range of
10 to 25 GWQ’B*\

Long-Term:
(Beyond 2000)

e To assist the private sector so that with con-
tinued commercial implementation of OTEC
Technology, power capability from these sys-
tems could be further increased{to supply over
1500 x 10° kWh annually)y..

National Energy Technology Goals Supported

Primary
_» * Increase the use of essentially inexhaustible do-
i f " mestic energy resources.

7

Secondary
¢ Efficiently transform fuel resources into more
CC/ desirable forms.

0 Increase the efficiency and reliability of the
processes used in energy conversion and deliv-
ery systems.

ductive quantities has been strengthened by the re-
sults of two major OTEC engineering evaluations
completed in FY 75. These studies projected techni-
cal and economic feasibility and encouraged develop-
ment of the OTEC option. OTEC program imple-
mentation strategy employs overlapping elements,
which are represented graphically in the OTEC pro-
gram schedule and briefly described as follows:

e Subsystem Development—To develop and de-
sign the critical components needed for full-
scale OTEC utilization.

¢ Advanced Research & Technology (AR&T)—
To refine and improve the scope and effective-
ness of OTEC technology and, provide assist-
ance in market stimulation and aggregation to
establish the full potential of OTEC utilization.

¢ Engincering Test Facility—To test and evaluate
system hardware and power cycle systems.

¢ Offshore Pilot Plant—To provide in-situ eval-
vation and optimization of the OTEC power
cycle components and operating techniques.

¢ Demonstration Power Plant—To operate a full-
scale commercial OTEC facility that will pro-
vide technical and economic viability data to
the private sector and thus, provide commercial
operation experience and training. It is antici-
pated that industry will participate in this phase
to the extent of sharing a significant percentage
of the design, fabrication and operations costs.

During the period of technology development,
an effort will be made to define and resolve jurisdic-
tional, institutional and environmental problems
which might hinder effective market growth and ade-
quate technology performance. So that timely and
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successful transfer of OTEC activity to the private
sector can take place, industrial and utility organiza-
tions are being encouraged to participate in OTEC
program planning and in the development, optimiza-
tion and demonstration of OTEC systems. This par-
ticipation will include identification of markets for
OTEC electrical energy.

Federal Role V”L’«’ih'\ Qfg"wj\&

¢ Improve prospects for technological feasibility
and economic viability, reduce operational risks
and define energy utilization options, thus en-
couraging private capital investment in OTEC.

¢ Initiate an RD&D technology development pro-
gram that leads to a commercial-scale, offshore
OTEC demonstration power plant that will ver-
ify technical and economic viability.

International Cooperation s, é%@[ 7

The majority of appropriate OTEC sites are lo-
cated in tropical and subtropical oceans, thus afford-
ing the opportunity for cooperation with other coastal
nations. For example, Japan has proposed utilization
of OTEC technology on an atoll in Micronesia to
support mariculture and industrial operations, There
is also a resurgence of French interest in OTEC. U.S.
participation with the Association of Southeast Asian
Nations (ASEAN) countries in the fields of energy,
resources and the environment could be extended to
include OTEC power plants.

Technological Status and Problems
Status:

¢ Since d’Arsonval first published the concept of
ié" generating electricity from ocean thermal gradi-
-~ ents in 1881, one experimental OTEC plant
;v,-was constructed in 1928. Systems designs and
component studies have since expanded upon
the original concepts, and recent engineering
evaluations indicate that OTEC is technologi-
cally viable on a commercial scale, and that,
with engineering improvements and adaptations
of existing technologies, it will be commercially
/gﬁ\ viable.
Problems:
® There is a need to demonstrate cost-effective-
ness and high level performance of critical com-
ponents (such as heat exchangers, turbines, and
pumps) and of operating OTEC systems.
¢ There is a need to identify techniques to effec-
tively control biofouling and corrosion common

to equipment and hardware installed in and/or
exposed to ocean sea water.

e There is a need to continue to assess the poten- ?
tial contribution of OTEC to the mainland U.S.} »~

?

ing realistic contribution of OTEC to the main-

¢ There is a need to continue to refine the assess- Z
\) 7
land U.S. /

Institutional Status and Problems

Status:

e The law of the sea as it might apply to OTEC 4;
utilization is currently undefined.

A

»‘)\

Problems:

;

e There is a need to resolve international law of
the sea aspects of OTEC implementation.

¢ Other institutional problems such as security of
the plant, etc., are currently being identified.

Environmental Status and Problems

Status:

¢ There are possible environmental consequences
of redistributing large quantities of warm and

cold ocean water by OTEC power plants.
1L A,
Problems: 1// - “r
¢ There is a need to predict definitively the possi-
ble environmental impacts caused by large-
volume warm and cold water mixing on the
ocean, biota, and climate. There are indications
that the dispersion of the nutrients from the cold
water discharge could be beneficial in providing
a potential for open-ocean mariculture.

¢ There is a need to examine possible environ-
mental effects of techniques considered to in-
hibit biofouling and/or corrosion.

¢ There is a need to address possible consequences
of chemical/industrial processing operations,
and of the installation and operation of electri-
cal distribution systems.

® There is a need for an evaluation of possible
impacts of coastal zone facilities associated with
the operation of offshore OTEC power plants.

[ [115'(;{'41 if g u,q,w 7

Program Implementation M’ﬁ:j/'/ / Q%L”L&SQZ_{J
Information already obtained from OTEC
studies provides a basis for engineering development
of major OTEC components and system tests leading
to the design and fabrication of commercial-scale
power cycle systems. Initial tests and evaluation of
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components are being conducted at existing labora-
tories and facilities.

Large-scale testing requirements and objectives
are being defined that may lead to the design and
construction of an OTEC engineering test facility
onshore and supplemental offshore testing. Such tests
will enable the evalaution of critical power cycle com-
ponents and systems and resolve engineering porb-
lems.

The next major element of the OTEC program
will be to design, fabricate, deploy and test an off-
shore pilot plant capable of generating a net power
output in the 25-50 MW, range. Power cycle com-
ponents may be interchanged to identify the most
efficient and reliable component and system config-
uration as well as operation and maintenance tech-
niques.

With the achievement of the OTEC program
objectives, the offshore pilot plant will be expanded

into a full commercial-scale offshore demonstration
power plant with a net power output capability of
100-200 MW,. A demonstration power plant is pos-
sible by the mid-1980's.

OTEC commercialization is anticipated by FY
1990. By that time, industry and utilities would be
likely to provide capital for constructing commercial
OTEC systems to satisfy domestic and international
energy demands.

Other activities carried out in the area are
studies of the feasibility of utilizing ocean energy
from tides, waves and the gradient between differing
degrees of salinity, ERDA studies in the area of
waves and salinity gradients have been initiated and
a tidal energy study will be initiated in FY 1976. The
tidal energy study will be coordinated with related
studies under way under the direction of the U.S.
Army Corps of Engineers and will utilize information
provided by the Corps and the Federal Power Com-

mission.

OCEAN THERMAL ENERGY

Federal Energy RD&D Budget ($ Millions)
FY 1975 FY 1976* FY 1977
Agency BA BO BA B8O BA BO
ERDA
Operating Expenses 1.9 1.0 8.1 6.0 9.2 7.0
Plant and Capital Equipment 0 0 0 0 0 0
Total 1.9 1.0 8.1 6.0 9.2 7.0

* Does not include funds for FY 1976 Transition Quarter.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION
OCEAN THERMAL ENERGY

Fiscal
PROGRAM ACTIVITY \sca’ year 2000 | 2000

1975| 1976 }1977]1978{1979]1980|1981|1982]1983|1984|1985

*

Y

System Development ..y

1—Complete Concept Studies

2—Proceed with Commercial
Scale Components

3—Design, Fab, and Test
Components

*
N JAY

Engineering Test Facility .

4—Site Selection
5—Design Compiete
6—Construction Complete
7-Utilization

Offshore Pilot Plant .

8—Design
%k Approval for Construction

9—Commence Testing

10—Test Results Available "

e - S ¥

D 12
Demonstration Power Plant *
11—Complete Construction
12—0TEC Commercial Demon -
stration
Key to symbols:
Significant A Estimated O Slippage - Continuing C :Construction R :Research start
milestones . activit
S completion date Y start S :Studies start
% Administrative of program : Date of =2 Completed D :Demonstration
decision point . 4ivity 1 information activity start T :Test start
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SOLAR ENERGY

Fuels from Biomass

Objectives Secondary

e Efficiently transform fuel resources into morg, *:

desirable forms. -
DS

Near-Term
(-1985)

¢ To investigate and demonstrate the economic
and technical feasibility of utilizing agricultural
and forestry residues to produce terrestrial plant
biomass and converting these organic materials
to useful clean fuelsil’ his technology has the
potential for producing approximately 0.2 quads

per year by 1985.)%

Mid-Term:
(-2000)

e To investigate and demonstrate the economic
and technical feasibility of producing marine
biomass and converting organic materials to
clean fuels and industrial chemicals(These ap-
plications have the potential of producing ap-
proximately 2 to 5 quads per year of fuels and
industrial chemicals from both terrestrial and

" marine sources by 2000, with residues compris-

ing the major part of the feedstock.}
\

Long-Term:
(Beyond 2000)

To assist the private sector with the improve-
ment of biomass yields and conversion effi-
ciencies, and the technological basis for greater
commercialization of demonstratable technolo-
gies.&i‘he resulting potential for production
could range from 10 to 30 quads per year of
fuels and industrial chemical substitutes from

terrestrial and marine sources by 2020. >

National Energy Technology Goals Supported

—

/

e Increase the use of essentially inexhaustible do-
mestic energy resources, 9

A
R
.1' ".”

a.S

-

Primary

<

s

Strategy

Near-term emphasis will be placed on the utili-
zation of agricultural and forestry residues so as to
take advantage of existing biomass resources and
technology in resolving conversion technology prob-
lems as soon as possible. Exploratory, advanced and
applied research projects in biomass production and
conversion processes will be carried out in support of
the pilot and demonstration projects.

Depending on the results of the system studies,
some of which are currently underway, pilot plant
projects in agricultural residue collection and con-
version may be undertaken. These studies will address
trade-offs resulting from using land for food or fiber
production, recreational purposes, or for energy pro-
duction in addition to surveying pertinent economic,
technical, and environmental issues. Agricultural and
forest residue demonstration-scale projects will be in-
corporated as part of the terrestrial biomass produc-
tion and conversion RD&D element. Similarly, a se-
quence of system studies, pilot plants and demonstra-
tion projects in terrestrial and marine biomass
production and conversion to fuels, industrial chemi-
cals and food may be undertaken.

Depending on the results of the preceding
studies, decisions will be made to conduct large-scale
demonstration projects from the three major energy
farming system alternatives (field crops, wood crops
and marine biomass).

Federal Role

The emphasis of the Federal RD&D role will be
placed in those technology areas where a high-risk is

indicated which would preclude an active industrial
RD&D effort.
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Federal involvement in the Fuels from Biomass
program may be needed to establish land use and re-
source planning policies and to determine the desir-
ability of favorable interstate tariff schedules for bio-
mass feedstocks and products of biomass conversion.

Marine biomass production may call for new in-
ternational agreements for the use of open ocean
waters.

The development of environmental analyses and
impact statements must be assured so that potential
environmental effects are adequately assessed.

Technological Status and Problems

Status:

¢ Crop and forest management practices have
greatly improved food and fiber yields in the
past 50 years. The technologies required to de-
velop a capability for providing fuel from or-
ganic matter currently exist. Biological (fer-
mentation, enzymatic hydrolysis), thermochemi-
cal (pyrolysis, catalytic gasification) and direct
combustion processes have already been proven
technologically feasible.

Problems:

* Existing production and conversion efficiencies
must be improved if biomass alternatives are to
compete on a favorable economic basis with
conventional fuel sources.

¢ Large-scale biomass production within environ-
mentally acceptable bounds, increased acreage
yield of biomass, economical collection of agri-
cultural and forestry residues, and conversion
processes with improved energy efficiency need
to be developed, demonstrated, and proven to
be cost competitive.

Institutional Status and Problems

Status:
e Wide-spread usage of biomass for energy has
not been practiced in the past.

Problems:

e Present policies and practices do not favor ag-
gregation of land and water resources into eco-
nomically attractive energy farming units. Large
land aggregation and construction of conversion
facilities may require significant capital.

¢ QOcean-based biomass production facilities pose
additional legal, political and security problems
including disruption to navigation and protec-
tion in times of national emergency.

o I ’,1/{1[ 7 s ~ ‘,

Environmental Status and Problems

Status:
¢ The products of conversion processes, their pos-
sible uses, and the effects of their uses on the
environment are being carefully investigated and
evaluated. The use of animal and other wastes
in the processes will help to alleviate some of
the environmental problems derived from wastes.

Problems:

® Near-term problems have been identified in the
economic disposal of effluents from conversion
processes and in the unsanitary conditions aris-
ing from the storage of dairy farm, feedlot, agri-
cultural and forestry residues, as well as terres-
trial and marine biomass. Mid-to-long-term
problems will have to deal with controlling ero-
sion from large-scale agricultural and silvicul-
tural operations. Large-scale changes in land
use may have adverse ecological and socio-
economic effects. Effects of increased levels of
nutrients in marine conditions must also be
analyzed.

Program Implementation

Within the biomass production supportive R&D
element, a project in kelp production is being carried
out. Tasks now underway in the conversion technol-
ogy element include supportive R&D projects in the
areas of enzyme hydrolysis, biophotolysis, anaerobic
digestion, and small conversion systems for agricul-
tural residues; an experimental facility investigating
the Syncrude process is analyzing cellulose/synthesis
gas reactions.

Other government agencies involved in the
Fuels from Biomass program include the Depart-
ment of Defense (DOD), and the Department of
Agriculture (USDA).

The DOD is studying pre-pilot plant development
of cellulose-to-glucose conversion and evaluating the
endurance of ocean farm structures in open environ-
ments. USDA will support efforts in research for in-
creasing terrestrial crop yields for use in energy and
chemical feedstock production. ERDA will take the
lead in supporting and coordinating the other RD&D
efforts.

Agricultural Residue Projects

i The fuel from the agricultural and forest resi-
dues element will be guided by several systems

" studies to be performed in the period from FY 1975

through the FY 1976. At present, five systems studies

N

A
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[ are underway in the area of agricultural and forestry
residues and another is analyzing energy production
from dairy farm wastes. An experimental facility is
being operated in conjunction with a cattle feedlot,

- and a pilot project for field crop residues will be
strated in FY 77. :

¥ ¥ -
Terrestrial Biomass Production

and Conversion Project

Demonstration-scale field crop energy produc-
tion efforts, where needed, would be incorporated in
the terrestrial biomass element described below. De-
cisions on two animal residue energy conversion pilot
facilities will be made in FY 77.

The system study and pilot phase of the terres-
trial biomass production and conversion element

would be carried out over the period FY 1975 to
1984. At present, systems studies are being carried
out to analyze the Sucrose Crop Energy Plantation
and the Silvicultural Energy Plantation. The demon-
stration facilities are proposed to be built and oper-
ated between FY 1982 and FY 1989. Cost sharing
with industry is expected.

Marine Biomass Production
and Conversion Projects

The marine biomass production and conversion
element, as proposed will include a sequence of sys-
tems studies (FY 76-78), a pilot facility of 1,000
acres (FY 79-86), and a demonstration facility of
10,000 acres, commencing in FY 86.

FUELS FROM BIOMASS

Federal Energy RD&D Budget ($ Millions)
. FY 1975 FY 1976* FY 1977
Agency BA BO BA BO BA BO
ERDA
Operating Expenses 0.9 0.1 4.5 3.8 4.3 3.0
Plant and Capital Equipment 0 0 0 0 0 0
Total 0.9 0.1 4.5 3.8 43 3.0

* Does not include funds for FY 1976 Transition Quarter.
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ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION

FUELS FROM BIOMASS

>

PROGRAM ACTIVITY

Fiscal year

1986-

1975l

197711978|1979{1980

198141982[1983(1984

2000
1985

BEYOND
2000

Agricultural Residue Projects

FY 75)

*¥1—Which Residue Pilot Plant to
Implement

Crop & Forest Residue Pilot Plant

(Authorized FY 75)
Feedlot Pilot Plant

Dairy Farm Animal Waste Pilot
Plant

Terrestrial Biomass Production
& Conversion Projects

%k 2—Which Residue Terrestrial
Biomass Pilot Plant to
implement

Agriculture Pilot Plants

% 3—Which Residue Terrestrial
Demonstration Plant to Imple-
ment

Systems Studies (Authorized .

Feedlot Experimental Facility .

System Studies (Authorized FY75) }5..

0¥

o¥ g0 ¥ >

>

~

e __________..__._._._'qﬂ__.____

w

Key to symbols:

mlles.t<.)nes . completion date
%k Adr.n.lnlstraFlve of program
decision point activity

Date of

WV Ssianificant A\ Ectimated <> Slippage
]
I
1

information

- Continuing
activity

==e= Completed
activity

C :Construction
start

D :Demonstration
start

R :Research start
S :Studies start

T :Test start
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vironmental acceptability has been sufficently
demonstrated.

Advanced Technology Applications:

¢ Continue modeling studies and regional surveys
of geopressured resources.
Conduct flow tests of existing or new explora-
tory wells to determine reservoir characteristics.
Improve exploration and assessment methods,
and determine the magnitude and other char-
acteristics of hot dry rock resources.
Develop economically and environmentally ac-
ceptable methods for extracting energy from
hot dry rock resources.
In the mid-term, study the feasibility of the
extraction and utilization of useful energy from
normal gradient, non-associated radiogenic, and
other potential geothermal resources.
Initiate development of the required technology
if the results of feasibility studies are favorable.

Engineering Research and Development:
¢ Develop improved drilling technologies, es-
pecially for hard rocks and high temperatures.

* Develop improved geothermal-to-mechanical
energy conversion systems, such as helical screw
expanders and impulse turbines.

¢ Develop improved materials and designs for

heat-exchangers that are more efficient and less
subject to scaling and corrosion, for binary cycle
systems.

Develop geothermal well stimulation methods
and down-hole pumps.

Develop improved, environmentally acceptable
methods for extraction of useful minerals from
waste brines and for the disposal of the spent
brines.

Geothermal Resources Development Fund (Loan
Guaranty Program):

e Establish regulations.

¢ Request borrowing authority as the most ap-
propriate means for creating the Development
Fund.

Implementation of all the building blocks of the
Federal Geothermal Program will require planning,
coordination, and cooperation not only among fed-
eral agencies, but also with industry, state and local
governments, and the public. ERDA will play an
active role in providing the necessary two-way com-
munication channels. ERDA has also established an
Advisory Committee on Geothermal Energy, whose
membership includes representatives from the indus-
trial, financial, technological, and academic commu-
nities, and from the general public.

GEOTHERMAL ENERGY

Federal Energy RD&D Budget

($ Millions)
FY 1975 FY 1976* FY 1977
Building Block BA BO BA BO BA BO
Environmental Control &

Institutional Studies 0.5 1.2 3.9 2.5 4.8 4.8
Resource Exploration & Assessment 13.2 13.2 15.3 12.8 15.5 15.0
Hydrothermal Technology Applications 6.6 4.4 5.8 1.9 12.9 10.8
Demonstration Projects (V — - - — — —
Advanced Technology Applications 4.8 5.8 71 4.6 10.6 8.5
Engineering Research & Development 13.8 6.7 1.3 10.0 12.2 12.2
Geothermal Resources Development

Fund 0 0 0 0 0 4.4

Total 38.9 31.3 43.4 41.8 56.0 55.7

(V) Studies and projects leading to actual demonstration plants are not funded under this category.

* Does not include funds for FY 1976 Transition Quarter.
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A comprehensive Federal Energy Geothermal
Program* to develop geothermal resources as an
economically, environmentally, and socially accepta-
ble energy option has been defined as required by
the Geothermal Energy Research, Development, and
Demonstration Act of 1974 (Public Law 93-410).

Within the coordinated federal framework, in-
dividual agencies are defining and carrying out spe-
cified programs each within their respective pur-
views. Program information obtained from these
agencies, identified as to source, has been incor-
porated into the descriptions of the building blocks,
or major program elements that follow.

ERDA, as the lead agency in geothermal en-
ergy development, has formed the Interagency Geo-
thermal Advisory Council, as depicted in Figure 1.
It is a follow-on to the Geothermal Energy Coordi-
nation and Management Project, which was created
as an interim measure by PL 93—410. The Council,
chaired by ERDA and designed to provide policy
and overall coordination and management guidance
for the Federal Geothermal Program, is made up of
high-level representatives from each of the agencies
actively concerned with the Program.

To augment the efforts and coordination capa-
bility of the Council, three interagency panels have
been established to cover the areas of institutional
barriers, research and technology, and resources.
Other agencies, besides those on the Council, will
participate on these panels as appropriate. In addi-
tion, in order to exchange information and advice
with the nonfederal sector (which will play a major
role in the development of geothermal energy) an
Advisory Committee on Geothermal Energy has
been established.

* A comprehensive description of the Geothermal Energy
Program is presented in the Definition Report Geothermal
Energy Research, Development, and Demonstration Pro-
gram ERDA-86 October 1975, available on written re-
quest from the ERDA Technical Information Center, P.O.
Box 62, Oak Ridge, Tennessee 37830.
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The seven building blocks of the Federal Geo-
thermal Program are:

Environmental Control and Institutional
Studies

Resource Exploration and Assessment

Hydrothermal Technology Applications

Demonstration Projects

Advanced Technology Applications

Engineering Research and Development

Geothermal Resources Development Fund
(Loan Guaranty Program)

The material that follows presents a composite
overview of the Geothermal Program and describes
information that applies to the entire program. These
commonalities will not be repeated in the detailed
discussions of each building block.

Objectives

General;

e To provide the nation with an economically
and environmentally acceptable energy resource
option which could permit the timely exploita-
tion of our nation’s geothermal energy re-
sources, primarily by industry or municipal util-
ities. These resources exist in a variety of forms:
dry steam, hot water, geopressured water, hot
dry rock, thermal gradients in the earth’s crust,
and magma. The latest assessment of the na-
tion’s geothermal resources (USGS Circular
#726, 1975) estimates a total energy content
in the first 