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SOLAR POWER SATELLITE RESEARCH, DEVELOPMENT,
AND DEMONSTRATION PROGRAM ACT OF 1978

MONDAY, AUGUST 14, 1978

U.S. SENATE,
SUBCOMMITTEE ON ENERGY RESEARCH AND DEVELOPMENT,

OF THE COMMITTEE ON ENERGY AND NATURAL RESOURCES,
TV asking ton, D .0 .

The subcommittee met, pursuant to notice, at 10 a.m., in room 3110,
Dirksen Office Building, Hon. John Melcher, presiding.
Present: Senators Abourezk, Haskell, and Melchor.
Also present: Pete Smith, professional staff member.

STATEMENT OF HON. JAMES ABOUREZK, A U.S. SENATOR FROM
THE STATE OF SOUTH DAKOTA

Senator ABOUREZK. The hearing will come to order, please. Senator
Sparkman, good morning to you. I am opening the hearings on behalf
of Senator Melcher, who is scheduled to Chair. I would like to, with
the permission of the chairman of the Foreign Relations Committee,
read my 5- or 6-minute opening statement.
With respect to the S. 2860, the Solar Power Satellite Research De-

velopment and Demonstration Program Act of 1978, I would like to
say that I have long been a supporter of solar energy, and have spon-
sored a great deal of legislation to encourage its use. Nonetheless the
harnessing of Sun for the solar power satellite seems to me to be a
singularly ill-advised and wasteful approach. Solar-power satellites
would be enormously expensive and the money that would be spent
on their development would be much more efficiently spent by devel-
oping smaller scale, more diversified solar approaches, with total pro-
gram costs estimated at $1.5 trillion by the turn of the century.
I fear that this bill will only serve to further concentrate economic

and consequently political power in the hands of a few corporate
giants, while freezing out the innovative smaller business who could,
with much less public money, provide this country with a truly solar
economy. Moreover, solar-power satellites present enormous environ-
mental hazards in the form of microwave radiation, a subject we are
only beginning to understand. There are also very serious military
questions which we simply do not have the institutions to deal. Frankly,
I feel that this bill will set the stage for a boondoggle of unprecedented
proportions. It will be of benefit only to the aerospace industry.
This bill calls for research, development, and demonstration. There

is already underway a joint Department of Energy and NASA con-
cept evaluation study to be completed by 1980. This study, which has

(1)
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been allocated $15.6 million will address the economic, environmental,
and social possibilities and problems of the solar-power satellite.
To move beyond this study to development and demonstration is to

commit us to a massive undertaking before we have even determined
that the concept is worth pursuing. Even if Congress did want to
develop solar energy in this ill-advised manner, it would make hardly
any sense to proceed in this fashion. This kind of wasteful, uninformed
Government spending, largely at the behest of industry, is hardly con-
sistent with the mood of the taxpayer, or with the fiscal needs of this
country.
Presumably proponents of S. 2860 assume that there is already

enough information to move development and demonstration. Studies
have been cited showing that the ultimate cost per kilowatt-hour will
be no more than those for power generated by nuclear plants. The same
studies are based, however, are based on such contradictory and specu-
lative assumptions that we can hardly use them as a basis for a commit-
ment as large as this bill contemplates. To give but one example, the
capital cost of the receiving antennas were estimated at 17 percent by
project proponent, Peter Glaser, 42 percent by the Johnson Space
Center, and 8 percent by the Marshall Space Center. We also do not
know about the effects of microwaves, which have been shown to cause
central nervous system problems, cataracts, and genetic changes and
possibly may be carcinogenic and involved in sudden infant death.
The ongoing Department of Energy-NASA study addresses such cost
and environmental problems as these. I see no reason to proceed until
we have the answers that study will provide.
Even it it does turn out that there is some potential here, I think

there is more to fear if the solar power satellite succeeeds than if it
fails.
The promoters of the solar-power satellite formed a group called

Sunsat to push the idea. Sunsat's major members are General Elec-
tric, MacDonald Douglas, Grumman, Boeing, RCA, Westinghouse,
Lockheed, and Martin Marietta, plus various engineering firms and
public utilities. If we go ahead and spend hundreds of millions, or
even trillions of dollars in this project, we'll be creating a massive
energy complex controlled by these industrial giants. One thing this
country does not need is the further concentration of our energy
resources in the hands of a few large companies. If solar satellites
succeed, they will provide one-fifth or more of our total energy needs,
and by their nature would be owned and operated by a very small num-
ber of companies. Massive government regulation would be necessary
to protect the consumer.

Moreover, as the system is being developed, it will freeze out respon-
sible solar development. Proponents argue that this bill only com-
mits $25 million, and that less than $200 million will be spent over the
next 5 years.
Boeing, however, is proposing a minimum of $3 billion over the next

5 years, as the amount needed to proceed to development by the turn
of the century. Whatever the amount I think we should be guided by
the familiar aphorism; that is, Washington projects have only two
stages; too early to tell and too late to do anything about it.
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The appropriations for this project, as they vow year after year, it,

will be harder and harder to forsake the previous, accumulated expen-

ditures. Even if we find that the project is no longer as practical as it

seems, the cost projections now state the full research and develop-

ment will cost $40 to $80 billion; with each satellite it would cost $25

million.
These estimates are from the aerospace industry, which is notorious

for underestimating costs. Nonetheless, even at these optimistic projec-

tions, costs per kilowatt-hour are expected to only compare to nuclear

costs. But when cost overruns are included, we may well be struck with

an enormous investment in an uneconomical project, a Vietnam of the

sky.
At the same time, when future administrations present their solar

budget, they no doubt will include amounts for solar power satellite

development. Even using the projected costs of industry, we are talk-

ing about $2 to $4 billion per year for the next 20 to 25 years for

research and development alone, plus an additional $2 trillion or more

for enough satellites to supply perhaps 20 or 30 percent of our energy

needs. These amounts dwarf what we spend on other forms of solar

energy, and, I fear, will continue to do exactly that.
With these billions, we could truly create a solar society. At a cost

of $8,000 per household, for one-third of the projected total cost of the

solar power satellites, we could equip every home in the country with a

comprehensive solar system. Simply by developing small hydroelectric

sites at existing dams we could develop the energy potential of five $25

billion solar satellites, and we could do it for a fraction of the cost.

We could provide billions for research on photovoltaic cells—an area

which has seen impressive gains in the last few years. We could build

thousands of windmills—modern machines producing many kilowatts

each at competitive rates today, with the promise of even lower costs

in the future.
The point is that for the most part solar energy can be used now. All

that is needed is the incentive to use it. Where research and develop-

ment is needed, money could be provided for a variety of approaches,

so that if one direction fails, another can be tried without causing a

disaster for the country.
The future solar society could, according the Council on Environ-

mental Quality, rely on the Sun for 25 percent of its energy by 2000 and

50 percent by 2020, but only if we make a commitment now. The future

solar society could be one in which the provision of energy was decen-

tralized and based on innovative, competitive entrepreneurship. If we

pursue the solar power satellite path, however, the future solar society

would depend on massive industries and a single technology. If some-

thing were to happen to that industry or technology, we would face the

same kind of energy crisis we face today with our reliance on fossil

fuels—uncontrollable inflation, international political problems, et

cetera. To give one example, the solar satellite would be very vulner-

able to attack. Would we defend this precious and vital resource, which

would be providing 20 percent or more of our energy? Would the satel-

lite be perceived as a weapon, since it easily could be used for military

purposes? If so; how would that affect our military posture? Would
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we be required by international politics to abandon the satellites, or
share their control with a potential enemy worried about their military
uses?
For years, we have been seeking a technological fix to our energy

problems—a massive and miraculous solution requiring no real sacri-
fice. Unfortunately, massive technological fixes are usually fixes in the
street sense—expensive addictions that prevent us from seeing the real
solutions to our problems. The solar power satellite would be just such
a fix, and I strongly urge that this bill be defeated.
Now, Mr. Chairman, I will defer the rest of my. statement so that

we might hear from you this morning, and we would be pleased to hear
your testimony now.
[The texts of S. 2860 and H. R. 12505 follow:]
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95TH CONGRESS
2D SESSION S. 2860

IN THE SENATE OF THE UNITED STATES

APRIL 7 (legislative day, FEBRUARY 6), 1978

Mr. liELcHER introduced the following bill; which was read twice and referred
to the Committee on Energy and Natural Resources

A BILL
To provide for a research, development, and demonstration pro-

gram to determine the feasibility of collecting in space solar

energy to be transmitted to Earth and to generate electricity

for domestic purposes.

1 Be it enacted by the Senate and House of 1?epresentay

2 tives of the United States of America in Congress assembled)

3 That this Act may be cited as the "Solar Power Satellite Rof

4 search, Development, and Demonstration Program Act p4

5 - 1978",

6 FINDINGS AND POLICY

7 SEC. 2. (a) The Congress finds that-

8 (1) the United States is faced with an unparalleled

9 increase in the consumption as well as the cost of energy;

II-0
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2

1 (2) the current imbalance between domestic supply

2 and domestic demand for fuels and energy is likely to

3 persist;
t.

4 (3) dependence on nonrenewable energy resources

5 cannot continue indefinitely at the -current rate f of

6 consumption;

7 (4) it is in the interest of the United States to

8 expedite the long-term development of renewable and

9 nonpolluting energy resources such as the Sun;

10 (5) to date, this Nation's effort in research, devel-

11 opment, and demonstration activities relating to the

12 utilization of solar energy has focused on ground-based

13 equipment;

14 (6) many studies indicate that a satellite-based

15 energy system would be a vastly superior method of

16 utilizing solar energy, but such a system has not been

17, adequately investigated;

18 (7) the average citizen is being adversely affected,

19 both economically and ecologically, by the depletion of

20 fossil fuels;

21 (8) with the increasing dependence of the United

22 States on foreign energy supplies, a solar power satellite

23 system would enable the United States to rely to a

24 lesser extent on foreign countries to satisfy our essential

25 energy needs, and would help eliminate a balance-of-
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1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

• 16

17

18

19 satellites.

20 ESTABLISHMENT OF PROGRAM

21 SEC. 3. (a) There is established a Solar Power Satellite

22 Research, Development, and Demonstration Program (here-

23 inafter referred to as the "Program") to carry out the policy

24 expressed in section 2 (b) .

3

payments deficit and the threat that suoh a deficit

imposes;

(9) the construction of a solar power satellite sys-

tem would provide economic stimulation in the form

of jobs throughout all the States of this Nation; and

(10) the technology and the trained technical

community to support a solar power satellite research,

development, and demonstration program are available,

and the Space Shuttle and other relevant technology

already under development provide a substantial impetus

to accomplish such a program.

(b) The Congress declares that it is the policy of the

United States—

• (1 ) to pursue a vigorous research and development

program on solar power satellites as a major source of

energy to satisfy our national energy needs, and

(2) to provide for the development and demonstra-

tion of practicable means to employ solar power
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1 '(b) There is' established within the Department of

2 Energy an office to manage the Program.

3 (c) Funding requests for the Program shall be specific-

4 'ally identified.

5 INITIAL RESEARCH AND DEVELOPMENT

6 SEC. 4. (a) The Secretary of Energy (hereinafter re-

7 ferred to as the "Secretary") and the Administrator of the

8 National Aeronautics and Space Administration (hereinafter

9 referred to as the "Administrator") shall initiate the Pro-

10 gram by carrying out research and development for the

11 purpose of resolving the major technical problems regarding

12 the viability of the solar power satellite concept.

13 (b) In connection with or as part of such research and

14 development, the Secretary and the Administrator shall-

15 ( 1 ) carry out systems definition studies, space

16 related technology, health, safety, and environmental •

17 studies, socioeconomic studies, and a comparative evalu-

18 ation of the solar power satellite concept and the terres-

19 trial alternatives to such concept to provide a basis for

20 research, development, and demonstration planning and

21 phasing; and

22 (2) perform or cause to be performed comparative

23 technology assessments of a solar power satellite concept

24 and terrestrial alternatives to such concept, including-

25 (A) photovoltaic concepts,
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5

1 (B) solar thermal (Closed Brayton Cycle,

2 thermionic conversion, cascaded system) concepts,

and

4 (C) nuclear (Closed Brayton Cycle and

5 thermionie conversion) concepts.

6 CONDUCT OF THE PROGRAM

7 SEC. 5. To implement and carry out the Program,-

8 (1) the Secretary shall-

9 (A) contract with the Administrator to con-

10 duct and coordinate all space-related research, de-

11 velopment, and demonstration projects and activi-

12 ties which are necessary or appropriate under the

13 Program.

14 (B) coordinate with appropriate power dis-

15 tribution agencies in evaluating the ground portion

16 of the Program, and provide a report on the Pro-

17 gram's potential impact on the power network, and

18 (C) take such other actions as may be neces-

19 sary or appropriate for the effective conduct and ad-

20 ministration of the Program; and

21 (2) the Administrator shall-

22 (A) carry out the space-related research, de-

23velopment, and demonstration projects and activi-

24 ties provided for in the contract or contracts entered

25 into pursuant to paragraph (1) (A),.
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6

1 (B) utilize to the maximum extent possible the

existing technology, facilities, and expertise of the

3 National Aeronautics and Space Administration,

4 and

5 (0) coordinate with the Secretary and the

6 power distribution agencies the application of space

7 and energy technology developed under the Pro-

8 gram.

9 COMPREHENSIVE PLANNING AND PROGRAMING

10 Sm. 6. The Secretary, after consultation with the Ad

11 ministrator, shall transmit to the Congress on or before Sep-

12 tember 30, 1978, a comprehensive plan for the Program

13 and for continuing research on a solar power satellite, which

14 plan shall be designed (consistently with the provisions and

15 requirements of this Act) —

16 (1) to provide for the conduct of definitive studies

17 and ground-based research leading to a solar power

18 satellite total system definition and the placing of a

19 demonstration satellite unit or units into orbit to deter-

20 mine the economic viability of collecting and transmit-

21 ting solar energy for commercial purposes; and

22 (2) to identify (A) the basic elements of the Pro-

23 gram, (B) the Program schedule, (C) a series of deci-

24 sion points within the Program at each of which the

25 Program may be evaluated to determine its feasibility,
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7

1 and (D) the funding required to carry out each major

2 element of the Program in each fiscal year of the Pro-

3 gram.

4

5

6

7

8

APPROPRIATIONS

SEC. 7. There is authorized to be appropriated, to carry

out this Act, the sum of $25,000,000 for the fiscal year

ending September 30, 1979, and such sums as may here-

after be authorized by law for subsequent fiscal years.
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95TH CONGRESS LT 13 it el le Ale2D SESSION
IA. 4110V0

IN THE SENATE OF THE UNITED STATES

JUNE 23 (legislative day, MAY 17), 1978

Read twice and referred to the Committee on Energy and natural Resources

AN ACT
To provide for a research, development, ana demmtration pro-

gram to determine the feasibility of collecting in space solar

energy to be transmitted to Earth and to generate electricity

for domestic purposes.

1 Be it enacted by the Senate and House of Representa-

2 tives of the United States of America in Congress assembled,

3 That this Act may be cited as the "Solar Power Satellite Re-

4 search, Development, and Demonstration Program Act of

5 1978".

6 FINDINGS AND POLICY

7 SEC. 2. (a) The Congress finds that-

8 (1) the United States is faced with an unparalleled

9 increase in the consumption as well as the cost of energy;

II
API
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2

1 (2) the current imbalance between domestic supply

2 and domestic demand for fuels and energy is likely to

3 persist;

4 (3) dependence on nonrenewable energy resources

5 cannot continue indefinitely at the current rates of

6 consumption;

7 (4) it is in the interest of the United States to

8 expedite the long-term development of renewable and

9 nonpolluting energy resources such as the Sun;

10 (5) to date, this Nation's effort in research, devel-

11 opment, and demonstration activities relating to the

12 utilization of solar energy has focused on ground-based

13 equipment;

14 (6) many studies indicate that a satellite-based

15 energy system would be a vastly superior method of

16 utilizing solar energy, but such a system has not been

17 adequately investigated;

18 (7) the average citizen is being adversely affected,

19 both economically and ecologically, by the depletion of

20 fossil fuels;

21 (8) with the increasing dependence of the United

22 States on foreign energy supplies, a solar power satellite

.23 system would enable the United States to rely to a

24 lesser extent on foreign countries to satisfy our essential

25 energy needs, and would help eliminate a balance-of-

35-994 0 - 79 - 2
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1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

3

payments deficit and the threat that such a deficit

imposes;

(9) the construction of a solar power satellite sys-

tem would provide economic stimulation in the form

of jobs throughout all the States of this Nation; and

(10) the technology and the trained technical com-

munity to support a solar power satellite research, de-

velopment, and demonstration program are available,

and the Space Shuttle and other relevant technology

already under development provide a substantial impetus

to accomplish such a program.

(b) The Congress declares that it is the policy of the

United States—

(1) to pursue a vigorous research and development

program on solar power satellites as a major source of

energy to satisfy our national energy needs, and

(2) to provide for the development and demon-

stration of practicable means to employ solar power

satellites.

20 ESTABLISHMENT OF PROGRAM

21 SEC. 3. (a) There is established a Solar Power Satellite

22 Research, Development, and Demonstration Program (here-

23 inafter referred to as the "Program") to carry out the policy

24 expressed in section 2 (b) .

ire
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•

4

1 (b) There is established within the Department of

2 Energy an office to manage the Program.

3 (c) Funding requests for the Program shall be specifi-

4 cally identified.

5 INITIAL ESEARCH AND DEVELOPMENT

6 SEb. 4. (a) The Secretary of Energy (hereinafter re-

7 (erred to as the "Secretary") and the Administrator of the

8 National Aeronautics and Space Administration (hereinafter

9 referred to as the "Administrator") shall initiate the Pro-

10 gram by carrying out research and development for the

11 purpose of resolving the major technical problems regarding

12 the viability of the solar power satellite concept.

13 (b) In connection with or as part of such research and

14 development, the Secretary and the Administrator shall-

15 (1) carry out systems definition studies, space-

16 related technology, heath, safety, and environmental

17 - studies, socioeconomic studies, and a comparative evalu-

18 ation of the solar power satellite concept and the terres-

19 trial alternatives to such concept to provide a basis for

20 research, development, and demonstration planning and

21 phasing; and

22 (2) perform or cause to be performed comparative

23 technology assessments of a solar power satellite concept

24 and terrestrial alternatives to such concept, including,

25 but not limited to—
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5

1 (A) photovoltaic concepts, and

2 (B) solar thermal (Closed Brayton Cycle,

3 thermionic conversion, cascaded system) concepts.

4 CONDUCT OF THE PROGRAM

5 SEC. 5. To implement and carry out the Program-

6 (1) the Secretary shall-

7 (A) contract with the Administrator to con-

8 duct and coordinate all space-related research, de-

velopment, and demonstration projects and activi-

10 ties which are necessary or appropriate under the

11 Program.

12 (B) coordinate with appropriate power dis-

13 tribution agencies in evaluating the ground portion

14 of the Program, and provide a report on the Pro-

15 gram's potential impact on the power network, and

16 (C) take such other actions as may be neces-

17 sary or appropriate for the effective conduct and ad-

18 ministration of the Program; and

19 (2) the Administrator shall-

20 (A) carry out the space-related research, de-

21 velopment, and demonstration projects and activi-

22 ties provided for in the contract or contracts entered

23 into pursuant to paragraph (1) (A) .

24 (B) utilize to the maximum extent possible the
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oft

6

1 existing technology, facilities, and expertise of the

2 National Aeronautics and Space Administration,

3 (C) utilize to the maximum extent possible the

4 technology and resources of the universities and

5 private sector, and

6 (D) coordinate with the Secretary and the

7 power distribution agencies the application of

8 space and energy technology developed under the

9 Program.

10 COMPREHENSIVE PLANNING AND PROGRAMING

11 SEC. 6. The Secretary, after consultation with the Ad-

12 ministrator, shall transmit to the Congress on or before

13 January 3, 1979, a comprehensive plan for the Program

14 and for continuing research on a solar power satellite, which

15 plan shall be designed (consistently with the provisions

16 and requirements of this Act) —

17 (1) •to provide for the conduct of definitive studies

18 and ground-based research leading to a solar power

19 satellite total system definition and the placing of a

20 demonstration satellite unit or units into orbit to deter-

21 mine the economic viability of collecting and transmit-

22 ting solar energy for commercial purposes; and

23 (2) to identify (A) the basic elements of the Pro-

24 gram, (B) the Program schedule, (C) a series of deci-

25 sion points within the Program to evaluate the major



18

7

1 technological achievements and uncertainties and justify

2 further program commitments (including the decision

3 point for commitment to construction of a demonstration

4 satellite), and (D) the funding required to carry out

5 each major element of the Program.

6 APPROPRIATIONS

7 SEC. 7. (a) There is authorized to be appropriated, to

8 carry out this Act, the sum of $25,000,000 for the fiscal year

9 ending September 30, 1979, and such sums as may here-

io after be authorized by law for subsequent fiscal years.

11 (b) Notwithstanding any other provision of this Act,

12 no authorization to make payment or to enter into contracts

13 under this Act shall be effective except to such extent or in

14 such amounts as are provided in advance in appropriation

15 Acts.

Passed the House of Representatives June 22, 1978.

Attest: EDMUND L. RENSHAW, JR.,

Clerk.
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STATEMENT OF HON. JOHN SPARKMAN, A U.S. SENATOR FROM THE
STATE OF ALABAMA

Senator SPARKMAN. Thank you, very much. I am supposed to be at
another committee meeting with Secretary Vance at the Foreign Rela-
tions Committee, but I have a very brief statement that I should be
glad to make at this time.
I'm pleased today to testify in behalf of S..2860, the Solar Power

• Satellite Research Development, and Demonstration Program Act of
1978, before my colleagues on the Subcommittee on Energy and Re-
search Development.
We have a well recognized responsibility in our country to investi-

gate alternative sources of energy for the future. I believe that the
collection of solar energy in space provides us with the promising goal
of harnessing an energy source which is clean, renewable, and cost
efficient. We must investigate fully such a promising source of energy.

Since 1976, preliminary study has been conducted by the Depart-
ment of Energy and the National Aeronautics and Space Administra-
tion, to investigate the concept of solar powered satellite systems.
S. 2860 is the next logical step toward reaching our goals. This legisla-
tion authorizes the Department of Energy and NASA to spend $25
million to conduct jointly research for the purpose of resolving tech-
nical problems to prove the viability of this energy system.
The Secretary of Energy, with NASA's assistance, would submit

the comprehensive program to weigh the economic feasibility as well
as the environmental safety of the solar-powered satellite concept.
They would set a series of decision points at which time, the advisa-
bility of continuing the program could be evaluated, and the Congress
would have an opportunity to review this finding before deciding to
continue funding, in each fiscal year.
As you know, we imported $45 billion worth of foreign oil last

year. We simply must begin to move away from such foreign energy
dependence. The Sun is a promising solution to our energy problems,
and S. 2860 is a promising means toward that beginning.
I just think that it is too good a source, too much of a plentiful

source of energy for us to investigate the various possibilities for using
that energy. That is all I have to say.
Senator MELCHER [presiding]. Thank you very much, Mr. Chair-

man. Your remarks are very brief, and to the point. I very much
appreciate them. And we know of your long service here, and your
efforts to set the Senate as well as the whole body here in Washington
in a mood to get on with an energy program that is not only practical
now but is practical in the decades to come. Thank you very much.
Senator SPARKMAN. Let me say, I should like to stay and hear my

colleague testify, but supposedly they are waiting for me to get to the
Foreign Relations Committee. I apologize to her for not being able
to stay.

Senator MELCHER. Senator Allen, the committee would be delighted
to hear from you and to have you here.
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STATEMENT OF HON. MARYON ALLEN, A U.S. SENATOR FROM THE
STATE OF ALABAMA

Senator ALLEN. I am delighted to be here, Mr. Chairman.
Senator MELCHER. Please proceed.
Senator ALLEN. I join with some of my colleagues in cosponsoring

the legislation for possible answers to our country's long-range energy
problems. The Solar Power Satellite Research, Development, and
Demonstration Program Act of 1978 is just such a measure. Recog-
nized by the House of Representatives, this bill makes a national com-
mitment to the scientific and technical concept that many of us have
been seeking for a very long time, a way to tap the inexhaustible
energy of the Sun for earthbound energy needs. Yet, Mr. Chairman,
while the commitment is made, our country is not locked into a multi-
million dollar development program until and unless the Congress,
the industrial and scientific communities, and the public are convinced
of the results of the research that further investigation would prove
beneficial.
The decision points feature of S. 2860. is a valuable and unique

demonstration of our awareness of the public's finite monetary re-
sources. In short, in order to go ahead the Government, industry, and
the scientific community will have to prove to all that a go-ahead will
pay off, and will be cost effective.
Passage of S. 2860 puts all on notice that it is time to upgrade our

consideration of solar-power satellites in a thorough going, scientific
investigation. It is necessary that we start now with the legislation to
think about the future energy security of our country and the future
energy needs of our grandchildren and their children.
S. 2860 will make that commitment. Since I realize that there are

many others to testify, I have made my statement very short. Mr.
Chairman, I would like to introduce my colleague from Alabama,
Congressman Ronnie Flippo.
Senator MELCHER. Thank you very much, Senator, we appreciate

your being here this morning.
Congressman Flippo.

STATEMENT OF HON. RONNIE G. FLIPPO, A U.S. REPRESENTATIVE
FROM THE STATE OF ALABAMA

Mr. FLIPPO. Thank you, Mr. Chairman. Mr. Chairman, I want
to thank you for providing me with this opportunity to testify before
this distinguished subcommittee. I have a great deal of respect and
admiration for the leadership that you and other members of the
subcommittee have demonstrated over the past few years, in helping
our Nation cope with the energy problem. Thus, I am pleased with
the interest that you have shown in the solar power satellite concept,
and I congratulate you on holding these hearings on this important
piece of legislation.
Mr. Chairman, the SPS concept has been under consideration for a

number of years. It has been the subject of detailed analysis by indus-
try, by academic institutions, and Federal agencies. The House.Com-
mittee on Science and Technology has demonstrated continued interest

ot
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in this concept for a number of years. The House Subcommittees on
Space, Science Applications and Energy, have held hearings on this
subject at least four times on separate occasions in May 1973, Sep-
tember 1974, February 1976, and again this year.
These hearings and related research have documented the viability

and the potential of the SPS program. Despite all of the evidence in
support of this program, it has been treated in the past with benign
neglect by responsible agencies. They say that the SPS program is
needed and that it shows great promise, but they request little or no
funding for it, which in turn stifles its development.
At the present time the Department of Energy and NASA are con-

ducting a joint, 3-year SPS study. Their overall objective is to develop
an understanding of the technical requirements, the economic prac-
ticability, and the social and environmental acceptability of the SPS
concept. They hope their findings will be sufficient to reach a pre-
liminary program continuation decision in 1979, and a final decision
in 1980 to either continue the program or phase it out.
The DOE—NASA program is a good start. However, the program

only entails an expenditure of $15.6 million over the 3-year period.
These funds will provide for paper studies only which -will focus on
systems definition, environmental issues, and economic considerations.
These are issues that have been under study for the past few years.
Testimony presented during hearings in the House have confirmed

that the technical, environmental, economic, and other related issues
cannot be resolved without an adequate technology verification pro-
gram. Studies to date have not identified any barriers with respect
to technical feasibility. Although solar powered satellites represent
a large engineering endeavor, I've been assured by a number of
respected scientists 'and engineers that there are no scientific break-
through required to fully develop a solar power satellite.

Senate bill 2860 will complement and strengthen the current DOE—
NASA program. This bill would provide for a research, development,
and demonstration program to determine the feasibility of collect-
ing in space solar energy to be transmitted to Earth, and used to
provide electricity for domestic purposes.
Senate bill 2860 will complement the existing program by providing

for the necessary technological verification program. It would
strengthen the existing program by bridging the gap between paper
studies and hardware verification.
Sometime in 1980, DOE and NASA will be making a decision

to Continue or stop the SPS program. Congress in turn will have to
confirm or reverse this decision. This responsibility suggests that
Congress would be prudent to begin now to thoroughly examine the
technical, economic, and the environmental issues and to generate the
experimental data necessary to make a sound go- or no-go decision
on the SPS program.
The Solar Power Satellite Research, Development, and Demonstra-

tion Program Act is designed to provide the information necessary to
fully evaluate the SPS concept. The bill would firmly establish :In SPS
program within DOE to identify the basic elements .of the SPS pro-
gram, a program schedule, decision points, and funding requirements
for each program element.
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The program structure of this bill, and the information that it
would provide is necessary if we are to make a rational and informed
decision about the viability and the practicability of the SPS
concept.
This Nation must embark on a national energy strategy which will

result in the development of a nondepletable source of energy. It is
beyond question that our Nation and the world must develop sources
of energy other than depletable fossil fuels. We must explore alterna-
tives beyond the short-term measures of energy conservation. We
should seek an energy alternative which will provide long-range
solutions to the energy supply problem. The characteristics of long-
run alternatives would include domestic availability, abundance, en-
vironmental acceptability, and a competitive price.
For these answers to our energy questions, we should look to the

source of our energy in our universe; we must look to the Sun. We
have tapped that energy resource which is stored in the fossil fuels.
We know there's abundant energy in the universe that streams past
our planet from that giant, existing fusion reactor, the Sun.
Solar power satellites offer us a means to capture energy from

this vast resource. Solar power satellite would be bathed in sunlight
99 percent of the time, receiving 4 to 11 times the solar energy avail-
able in areas of the surface of the Earth. These powerplants in space
would collect the Sun's energy while they orbit the Earth, beam the
energy back to the ground, and provide baseload electrical power from
ground receivers.
The SPS concept holds great promise as a viable, longrun energy

source. Yet when placed in the context of other longrun, nondepleta-
ble
' 

baseload energy options, solar power energy research is being
shortchanged. Fusion research receives congressional support on more
than $400 million per year. Nuclear fission receives more than $1 bil-
lion per year, while solar power satellites receive less than $5 million
per year. We need to pursue all the energy options, and each option
should be given a balanced examination commensurate with its
potential.
In the final analysis, it is clear that an increase of $25 million for

solar power satellite in fiscal year 1979 is a prudent, first step toward
developing a more balanced emphasis on solar-powered satellites, as a
nondepletable, energy alternative. SPS offers the potential to help
meet the vast energy needs of the United States and the world. This
Nation must take the necessary steps to determine the environmental
soundness and the economic feasibility of the SPS concept, if we are
to fully utilize the great energy resources of the Sun.
Mr. Chairman, I'm sure the committee. is fully aware of what the

Senate bill 2860 does. I would like to direct a few remarks to what
the bill (Ines not do. and want to clearly state that the bill does not com-
mit this Nation or the Congress to commercial-sized satellites.
In the course of the House hearings a number of criticisms were

leveled against the bill. For the most part the objections to the bill
were valid and legitimate, representing some of the same questions in
my mind when I first explored this concept. These objections and
criticisms were very much in the mind when the list of witnesses was
developed for the House hearings on the SPS
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In view of the testimony presented in these hearings, the content of
House report 95-1120, and the considerable publicity provided by the
bill, I believe the objections have been laid to rest. In case they have
not, I would like to review for this committee the major criticisms
of the SPS concept.
The criticism of the SPS bill on the basis of cost have been most

perplexing. To say that the SPS program will cost trillions of dollars
is unfounded, unfair, misleading, and downright ludicrous. To say
that the legislation under consideration here today will authorize a
multibillion dollar space program is untrue and irresponsible.
Senate bill 2860 does not provide for, or authorize, a multibillion

dollar space program. The bill does not commit this Nation or the
Congress to commercial-size satellites. Senate bill 2860 does authorize
$25 million to initiate a technology verification program to move
beyond paper studies. These funds will enable DOE to determine
whether or not the concept is economically and fiscally sound.
Senate bill 2860 directs DOE in consultation with NASA to develop

a comprehensive plan for the SPS program to determine whether or
not this country can apply the knowledge and hardware we have devel-
oped and paid for through the space program to solve the Nation's
energy problems.
This plan will identify the basic elements of the SPS program, a

program schedule, and a series of decision points within the program
to evaluate its progress and efficacy. At each decision point Congress
will have the opportunity to evaluate the program and determine if
further funding is justified.
The program is well organized and designed to develop the informa-

tion necessary to allow Congress to make an intelligent and informed
decision about the feasibility of the SPS concept. At each decision
point the Congress will have the opportunity to continue or stop the
program on the basis of fact not conjecture.
The $25 million provided for in this bill appears to me to represent

a prudent investment in the future of our country. There are no known
technical barriers to the design, development, and operation of the
costs for future terrestrial power generating methods. Risk analysis
solar-power satellite. Economic studies show that projected capital
generating costs of the SPS are within the competitive range of the
provides economic justification for proceeding now with the program
provided for in 5.2860.
The Boeing Co. has developed cost estimates of a complete SPS pro-

gram under a contract awarded by NASA. The Boeing estimate of $84
billion includes not only research, development, and demonstration
costs, but also includes the cost of placing the first full size-10,000
megawatt—operational satellite in orbit.
This estimate covers the cost of constructing or developing all the

elements necessary for the construction of the solar power satellites at
the rate of one per year including heavy lift launch vehicles, an orbital
construction base, solar cell production facilities, ground stations, et
cetera. It should also be noted that the SPS is generally viewed as an
incrementally funded program taking approximately 15 years to fully
implement.
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Initially the Space Shuttle would serve as the developmental vehicle.
Commitment to the development of a heavy lift launch vehicle need
not take place until about 8 years before SPS placement takes place.
Development of the heavy lift vehicle is not necessary for the technical
verification phase.
For some, the $80 billion price tag attached to the SPS program

appears exorbitant and sufficient reason to stop the program now in
its infancy. Those who follow this line of reasoning are surely unfam-
iliar with the capital needs of the enregy industry and the projected
costs of any of the proposed long-run energy alternatives. The United
States will be required to invest large amounts of capital over the next
two decades to meet the demand for energy. Virtually every estimate
of the capital investment needs of the energy industries is measured in
multibillion dollar figures. Consider, for example, the cost of fully
exploiting the nuclear option. The estimated costs of new enrichment
facilities, uranium mines, nuclear waste storage, breeder technology
and facilities, and nuclear plant decommissioning are astronomical.
The cost of exploiting our reserves of coal is also unsettling.
On the contrary, Mr. Chairman, the members of the House Subcom-

mittee on Energy and Space programs made every possible effort to
identify and assess the environmental issues. Distinguished scientists
from academic institutions and private research laboratories and Fed-
eral agencies were invited to participate on hearings on this bill held
this year. •

These learned scientists clearly identified all the environmental
issues associated with the SPS concept for the members of the subcom-
mittee, provided information on the status of ongoing research efforts
to analyze and solve these environmental questions, and outlined
research programs, that would seek to resolve these environmental
issues by a combination of analysis, systems studies, and experiments
on Earth and in space.
For those who want to know more about the committee approach,

I would recommend a careful reading of the committee report on
H.R. 12505. In addition to thoroughly reviewing the environmental
issues, the report contains an innovative and, I believe, unique ap-
proach to addressing the environmental concerns. The report recom-
mends the establishment within the overall SPS program, a mechanism
that will allow for independent review and consultation on the en-
vironmental, biological, and ecological issues. This independent review
mechanism would isolate the environmental judgments from the pro-
gram management and from the program proponents. In short, we
recognize the environmental issues and are willing to work to ad-
dress these issues in an objective and open manner.
Based on current available data, adverse environmental effects are

not anticipated because of the relatively low level of transmitted
microwave energy being considered. The SPS can be designed to
operate effectively and efficiently within the existing microwave ex-
posure standards in this country and elsewhere. However, all possible
effects of microwave transmission must be reevaluated in the context
of the SPS design to resolve outstandinp: environmental questions.

Additional research is necessary. This is the purpose of the SPS
legislation. If effects are discovered the SPS system design can prob-
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ably be modified to alleviate the effects. If the appropriate design
changes cannot be made, then we will have to pursue other energy
alternatives.
The environmental research initiative provided for in Senate bill

2860, will supplement and complement existing research efforts to
assess the biological effects of nonionizing electromagnetic radiation.
At the present tune the Federal Government is spending approx-
imately $9.3 million on this form of research. These funds are dis-
tributed among nine departments or agencies with three agencies—
HUD, DOD, and EPA—accounting for 94.3 percent of the research
funds.
The research and development of the SPS will require an increase

in the efforts to resolve the questions surrounding microwave radiation.
More than likely the SPS research program will double the expendi-
tures on microwave radiation research next year. The SPS legislation
may be the driving force in solving the mysteries of microwave
radiation.
Mr. Chairman, critics also contend that the exhaust from numerous

launches of a heavy lift, freight vehicle will pollute the upper at-
mosphere. Exhaust products on the launch vehicle for commercial
satellites are anticipated to be water vapor created by burning hy-
drogen and oxygen. Again, we need 'additional experimental data. A
technical verification program would provide the necessary data to
fully resolve the concerns of our critics.
Testimony presented during the House hearings by Dr. Gordon,

the dean of natural sciences at Rice University confirmed that ex-
periments conducted to date have not indicated that microwave trans-
missions would disrupt communications systems. I believe DOE has
conducted further tests that tend to confirm the findings of Dr. Gor-
don. Further testing is n&essary.
Mr. Chairman, it's been said that this Nation would be better off

too if we rely on small applications of solar power to satisfy our de-
mand for energy in the future. Consumer level energy systems such
as solar cells on rooftops or windmills in backyards can help some
individuals; but in our high powered, highly interdependent society,
we need a permanent and complete solution that will turn the engines
of society. We need an energy source that will place a cap on energy
costs. The solar power satellite offers that.
Mr. Chairman, I believe, and the House obviously believes that

the time has come for congress and this Nation to move forward
with development of a long-run solution to the energy problem. We
think that the SPS concept is a good concept, and that Congress
should move toward a go or no go decision point that we can have
an energy system that will place a can on energy costs and that will
do something about the rising utility bills.
Thank you, Mr. Chairman.
Senator MELCHER. Thank you, ConEressman Flippo. Were there

many amendments to the bill as it passed the House ?
Mr. FLIPPO. Mr. Chairman, the Obey amendments were fairly tech-

nical in nature. One of the amendments changed the date for the DOE—
NASA report to the Congress from January to the next January..
The original bill had a September reporting date. But for the most
part they were only technical amendments.
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Senator MELCHER. Is there an amendment to section 6(2) (c) regard-
ing a decision point on the commitment to a demonstration satellite?
Mr. FLIPPO. Mr. Chairman, I don't believe there were any changes.

I believe your staff has a copy of the amendments. The only decision
point—we asked DOE-NASA to report back to the Congress in Sep-
tember 1978. The bill was introduced in January. We needed to change
that date and we moved that date forward to January 1979, so that
DOE and NASA would have adequate opportunity to research it, and
to present how they intend to get us to a (Yo or no go decision point.
Senator MELCHER. The House intended that there would be a review

by Congress prior to any actual development, or demonstration of the
satellite.
Mr. FLIPPO. That is exactly right, it was the intent that there be

many decision points at which Congress could say we should go for-
ward or not go forward, based upon objective information and facts.
Senator MELciiim. This authorizes $25 million for the next fiscal

year. Is there any background in the House's discussion on how much
would go to NASA and how much to the Department of Energy?
Mr. FLIPPO. There were no identifications of allocations.
Senator MELCHER. Did the House contemplate that the authoriza-

tion was for the Department of Energy, but that the Department
of Energy would in effect funnel it into NASA, as was needed?
Mr. FLIPPO. That was the anticipation. I believe, and DOE-NASA

officials can comment on this. It was expected that DOE would deal
with the environmental issues and NASA would deal with some of the
other technological verification programs. That they would work
together, they would have a joint role in preparing the program plan.

Senator MELCHER. Thank you.
Senator Haskell.

STATEMENT OF HON. FLOYD K. HASKELL, A U.S. SENATOR FROM
THE STATE OF COLORADO

Senator HASKELL. Thank you, Mr. Chairman, I have a statement
that I would like to have put in the record, if I may.

Senator MELCHER. Without objection it will be made part of the
record at this point.
[The prepared statement of Senator Haskell follows:]

STATEMENT OF HON. FLOYD K. HASKELL. A U.S. SENATOR FROM THE STATE OF
COLORADO

I am very pleased that the subcommitee has taken this opportunity to hold
hearings on S. 2860, "The Solar Power Satellite Research, Development and
Demonstration Act." I have been a strong supporter of Solar Energy, and am
very proud that the Solar Energy Research Institute is located in my state.
I firmly believe that solar energy can and should play a major role in our
energy future. It may be that solar power satellites will be part of that future,
but, I am convinced, before we proceed to commit ourselves to the develop-
ment and demonstration of this approach, we need to answer some very crucial
questions about the economics, ecological effects, and military problems of
solar power satellites. A study is already underway at the the Department of
Energy and NASA to provide us with answers to these questions. Until that
study is completed in early 1980, I believe that enactment of a bill including
'development and demonstration would be premature.

One of the greatest advantages of solar power is that it provides employment
to a wide variety of occupations through businesses of all sizes throughout
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the country. There are a great number of different solar approaches, and if one
fails, another can take its place. This pattern of competitive and varied business
activity has always been the basis for our country's most innovative and
creative enterprise. I fear, however, that the construction of solar power
satellites would have the opposite effects, for the satellites, by their nature,
would be built and controlled by industrial giants using high technology, capital
intensive approaches. Massive government regulation would be needed to assure
that the potential for monopolistic practices inherent in using energy from the
satellites did not take unfair advantage of the consumer.
I also fear that the cost of constructing the satellites would seriously

deplete both government and private capital resources available for solar
technology on the ground. Future administrations would probably include the
research and development costs of the project in their solar budgets. Since
industry estimates done by the Jet Propulsion Laboratory indicate that annual
appropriations for research and development for the satellites will be $2-4
billion per year, there may be even less enthusiasm than there is now for
making a full commitment to all the other promising solar technologies already
available or currently being developed. Since each satellite is estimated to cost
$25 billion and proponents hope for eventual deployment of 40 to 80 units, the
total cost of developing the satellite is an estimated $1 to 2 trillion dollars.
Using figures developed by the Office of Technology Assessment for the cost of
fitting solar systems on residential homes, we could supply every house in the
country with a 65 percent solar system for roughly one-third of the cost (OTA,
Application of Solar Technology to Today's Energy Needs). Similarly, the
Corps of Engineers has estimated that simply by installing generators at
existing small dams around the country, we would supply the energy equiv-
alent over five solar satellites.
There are but two examples of available solar technologies that only require

government and private commitment to provide substantial amounts of energy.
Other technologies, such as photovoltaics, are already proven but require fur-
ther development to become economical. When such promising avenues are
open, it seems to me that we should pursue solar power satellites only if we
are very certain of their practicality and desirability.
Solar power satellites also raise serious ecological and military questions.Microwaves have been implicated in genetic and central nervous systemchanges and in cataracts, and may cause cancer and sudden infant death.Microwaves can also seriously disrupt communications.
The Soviet Union already has the ability to sabotage satellites, and surelythese satellites, which I have been told could be as large as Manhattan, wouldbe vulnerable to blackmail of this sort. We would either have to arrange forthe defense of the satellites, or risk considerable loss of electrical energy duringa potential Military conflict. This, of course, would substantially add to thecost of the project.
Finally, at projected costs, the satellites would provide power at competitiverates, but cost projections for such projects have been notoriously subject tooverruns. We could, therefore, end up making substantial investments in anuneconomical system, but we would not know just how uneconomical it wasuntil we had already committed too much to simply scrap the idea.Given the seriousness of these questions, it seems to me that we should bevery certain that we want solar satellites as a major component of our energyfuture. The potential here for making an enormously costly and dangerouserror is simply too large not to wait until a thorough proof of concept studyis completed.

SOLAR SATELLITE QUESTIONS

41 How vulnerable to attack would a solar satellite be? How would they bedefended? Are the costs of defense included in the $25 billion per satellitefigure?
Currently there is approximately $16 million being spent over a three yearperiod ending in 1980 to specifically determine the feasibility of solar satellites.What are the paramenters of this study? Ha; this program worked out thebugs and indicated the feasibility of the project?How much do we know about the effects of beaming massive quantities ofmicrowaves from space back to earth? Shouldn't we know exactly what theseeffects are before throwing millions and possibly. billions of dollars down ablack hole?
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Senator HASKELL. Congressman Flippo, we certainly appreciate
very much your coming here. I have only one question. It is my under-
standing that both DOE and NASA are already making a feasibility
study to answer some of the questions that you've raised. If that is the
case, what does this bill do that the feasibility study wouldn't do.
Mr. FLIPPO. Senator, that is a very good question. The main thing

that it would do, it would move us into a technology verification phase.
The status of DOE—NASA activities were confined primarily to paper
studies to the introduction of this bill.
I understand that since the introduction of the bill, NASA and DOE

moved forward, in first of all establishing in DOE a department whose
function it would be to direct the activities of the solar-power satellite.
I think they have moved forward in the technology verification of
communications interaction, and perhaps there would be some in
other areas.
But this would certainly put Congress—would express the intent of

Congress—that we intend to look at all energy alternatives commensu-
rate with their potential, to get the answers if they are show stoppers
associated with solar-power satellites, such as some of the environ-
mental areas. And we must have answers to those, and we cannot base
a program based on paper studies or surveys in current literature,
alone.
We must prove the foundation or the assumptions on which these

paper studies have been based, and that is what this bill intends to do.
To do the types of technology verification that are necessary to sub-
stantiate what we think is true in the paper studies. Essentially what
the bill does is get us in the position of making a decision as to whether
or not we should commit this Nation to a national program.
It is not the intent of the legislation to commit this country to a,

commercial size program, but to secure the information so that Con-
gress can decide whether or not we can go forward with a solar satellite
program.
Senator HASKELL. Thank you, Congressman, very much indeed. I

guess what I should really do is when the Department comes up, is quiz
them pretty carefully on where they are, and what they intend to do.
Thank you, sir, very much.
Mr. Flippo. Thank you, Senator.
Senator MELCHER. Congressman, I have a short statement, and I

would like you to listen to it to see whether we are thinking on the same
track. The concern of Congress must be to examine all options to as-
sure the availability of future energy supplies, and that is the thrust of
the approach we've taken.
Our Nation has already developed several base technologies which

will enable us to explore this energy resource. The technology for put-
ting solar power satellites into space was paid for through the develop-
ment of our space program. What we now must determine are the eco-
nomic and environmental effects of developing the solar power satel-
lite system. We need to know if the theory is feasible, sound, and safe,
Our bill would initiate research for the purpose of resolving techni-

cal problems; to prove the viability of the solar power satellite system.
Whether it will be advisable or cost effective to continue this program
would be made in a series of decision points. The movement to reach

•
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each new stage would be evaluated at the completion of each prior
stage.
This bill does not contemplate early results, but we do have the

desire to find out if this vast source of energy is at all feasible. I see
this as a potential, baseload energy source over the very long run, per-
Imps not in my lifetime, but a possibility in the lifetime of our children
and grandchildren.
What we could pass to our future is a source of clean, baseload energy

at stable costs, long after our current major fossil fuels are either gone
or are used to sustain our petrochemical industry.
I want to bring to the committee's attention the SPS factsheet which

the staff is making available to you which I received on my bill from
Consumer Action Now. It reflects a great number of misunderstand-
ings. I will submit it for the record at this point.
[The factsheet follows:]

SOLAR POWER SATELLITES
Present Status
The Department of Energy and the National Aeronautics and Space Admin-

inistration are conducting a joint three-year Solar Power Satellite study. Their
overall objective is to develop an understanding of the technical requirements,
economic practicability, and social and environmental acceptability of the solar
power satellite concept. This understanding is to be sufficient to enable a pre-
liminary program continuation decision to be made in calendar year 1979 and a
final decision to be made in 1980 to either continue with the program or phase it
out.

The Problem
The DOE/NASA program is a good start. However, it allows for only $15.6

million over a three-year period. These funds are being used solely for paper
studies while precluding any ground or space testing. To examine the questions
of envronmental acceptability of the microwave beam, as well as the economics of
a solar power satellite system, a hardware verification phase is needed.

Proposed Solution
Passage of S. 2860 which would provide for a research, development and demon-

stration program to determine the feasibility of collecting in space solar energy
to be transmitted to earth and used to generate electricity for domestic purposes.

Rationale
S. 2860 would initiate a verification phase for solar power satellites. It would

accelerate the movement from merely paper studies toward hardware verifi-
cation. The foundation for a "go-no go" decision for study continuation in 1980
could be better made on the basis of firmer data made available through
examination of the technical, economic and environmental issues. Much of this
data could be gathered from hardware component testing done on the ground.
This is specifically where the $25 million requested in S. 2860 would be applied
in F.Y. 1979. At a future date, to be determined by these preceding results, a
next logical step would be space component testing using the space shuttle.
If these results prove fruitful, the project would culminate in a pilot plant
demonstration in earth orbit. S. 2860 also establishes a solar power satellite
project office at DOE to identify the basic elements of the solar power satellite
program, a program schedule, decision points, and funding requirements for
each program element.
When placed in the context of other post-1995 non-depletable, baseload energy

options, solar power satellite studies are being short-changed. Fusion research
receives more than $400 million per year; nuclear fission receives more than a
billion dollars per year; while solar power satellites receive less than $5 million

Per year. Each energy option should be given balanced examination commen-
surate with its potential. Hence, an increase of $25 million for solar power
satellites in F.Y. 1979 is in line with the emphasis placed on the other non-
depletable energy alternatives.

Additionally, the House passed the solar satellite bill, H.R. 12505, on June 22
by a vote of 267 to 90.

35-994 0 — 79 — 3
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Senator MELCHER. The companion bill which you introduced, Con-
gressman Flippo, was introduced here in the Senate on April 7.
There are no chancres from the way the bill stood at that time in the
House. I am advised that almost a decade ago, a farsighted Dr. Peter
Glaser suggested a large scale conversion of solar energy using a satel-
lite solar power station directed in geosynchronous orbit.
Dr. Glaser saw the great potential of this power source and under-

stood the need this Nation would soon have, the need we are now fac-
ing to find new sources of energy. I am especially pleased that Dr.
Glaser is here with us today to show with the subcommittee his latest
thoughts on solar-power satellites. It's a fascinating concept, large an-
tennaes covering several square miles would be -assembled in space,
and directed toward the Sun, so that they would continuously absorb
the Sun's energy.

This energy is converted to microwaves, which penetrate our at-
mosphere under even the worst weather conditions, by receiving these
microwaves with large land based antennaes and converting them to
electricity. The solar-power satellite provides a continuous source of
electrical power from the Sun.
Other energy sources have inherent disadvantages; nuclear plants

produce nuclear wastes, mining and burning coal has its environmental
drawbacks, natural gas when transported as LNG is sometimes ex-
tremely dangerous to handle. One of our goals in developing new en-
ergy sources must be to minimize these problems. Initial studies by
Dr. Glaser and others in the industry indicate solar power satellites
are technically feasible.

Objections to the concept are not usually based on technical feasi-
bility but on economic and environmental concerns. DOE and NASA
and several industries have been studying these problems. S. 2860
would provide the funding and the program authority to determine
the advantages and disadvantages of solar-power satellites so that the
concept can be given priority relative to other energy sources.
I state and I draw your attention to it, Congressman Flippo, to

give the proper priority concerning this program relative to other en-
ergy sources is a big job before us, deciding how much we can afford
to do on various research and development programs. We have some
very short-term programs underway which should give us consider-
able energy sources, including conservation, which is just saving on
energy.

Conservation is something that we have still not begun to take
hold of in this country. We are involved with solar, in terms of
heating and cooling rooms and buildings, and are very close, I be-
lieve, to a level of development and production, commercially, that
will give us a great deal of aid in the energy problem. We are quite
close to some coal development that is better from an environmental
standpoint, which is our principal hangup as I see it right now, with
using an increased amount of coal for energy.

%P.
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We also have, perhaps a little farther off, a method of converting
coal into gas, or using wood chips as a part of our energy resources.
I would think that perhaps gasahol has a place in the next few years
in our energy uses, and perhaps mid-range is MHD, for converting
coal into electricity without environmental hazards.
We also have to look at the longer range and I would put solar

satellites in the longer range category. Congressman Flippo I notice
you said something about 15 years. I tend to look at it as perhaps
being farther off than that. Perhaps you can elaborate on the time
span.
Mr. FLIPPO. Mr. Chairman, I think that we have to consider that

when President John Kennedy said we would put a man on the Moon,
I'm sure he didn't know exactly how we would put a man on the Moon,
but once he defined objective then the brilliant minds that existed in
this country came together to work on the program and accomplished
that ambitious objective.
Another example, I suppose, is the Polaris submarine. The sub-

marine was completed far ahead of schedule once the objective was
clearly defined. I think that once we get the answers to the environ-
mental questions and the economic questions that are associated with
the solar power satellite, and the Congress and the people are able
to arrive at some consensus as to the feasibility of what we want to
accomplish, I believe the great resources of this country and the
world can be brought to bear on it.
An estimated time for completing the SPS program is very hard

to pin down, but based on our past experiences with programs of this
magnitude I believe that we could accomplish our objective swiftly.
Senator MELCHER. Thank you very much, Congressman Flippo.

You have introduced a bill in the House on January 30 of this year,
and steered it through the hearing process and onto the floor for
a vote on June 22. The vote was 267 to 96, and I think you've done a
rather outstanding job in steering the bill quickly through the House.
Mr. FLIPPO. Thank you, Mr. Chairman, I deeply appreciate your

kind remarks, and I appreciate the hearing you have given the bill.
Thank you very much.
Senator MELCHER. Thank you very much. Now, the bill in the

- House has really had overwhelming support, but that is not to say
that it was unopposed. Congressman Ottinger lead the opposition,
and I specifically invited him to come here today to state his position,
the position of the opponents in the House, but for a late plane ar-
rival, Mr. Ottinger would be with us this morning, right at this
point.
Our next witness is the Department of Energy, Dr. John M. Deutch,

Director, Office of Energy Research. Dr. Deutch, welcome back to the
committee. The last time I think we talked to you we were trying to
figure out how to get rid of the nuclear waste question.
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STATEMENT OF DR. SOHN M. DEUTCH, DIRECTOR, OFFICE OF EN-
ERGY RESEARCH, DEPARTMENT OF ENERGY; ACCOMPANIED BY
DR. JAMES J. KRAMER AND DR. FRED KOOMANOFF

Dr. DEUTCH. That's correct, Mr. Chairman.
Senator MELCHER. I think we're still grappling with it. We appre-

ciate your testimony on this bill this morning.
Dr. DEUTCH. Mr. Chairman, with your permission I would like to

submit my prepared testimony for the record, and just comment in a
very few minutes on the highlights of that testimony.
Senator MELCHER. That would be very agreeable with us.
Dr. DEurcri. I am accompanied this morning by Dr. Kramer from

NASA on my right, sir, and Dr. Fred Koomanoff, who is the director
of the satellite power systems project office which has recently been
established in the Office of Energy Research in the Department of
Energy.
The testimony that I am presenting today encompasses the point of

the Department and the administration on this proposed bill, and is
identical to the testimony presented by Under Secretary of Energy,
Dale Meyers, in front of the House several months ago.
What I would like to do is describe to you what the present admin-

istration program is for the satellite power system, and how we are
organized to pursue this new technological concept. Finally, I would
like to summarize our views on the legislation pending before you.
At the present time, we are entering the second year of a 3-year pro-

gram to evaluate the satellite power system. That program runs to a
total of $15.6 million with expenditures in fiscal year 1978 of $4.5
million, in fiscal year 1979 of $4.6 million and in fiscal 1980 of $3.4 mil-
lion. In fiscal year 1976 the Department of Energy was designated as
the lead agency for this systems concept evaluation.
We have established in my office a project office for the space power

satellite. Dr. Koomanoff, who is here with me, is the very able director
of that office. Our view in the Department is that the space power
satellite represents a considerable set of technical hurdles which must
be overcome before it becomes a remotely practicable system.
It is evidently a vastly expensive enterprise to undertake. I believe

our SPS concept development and evaluation program plan is avail-
able to the committee

' 
if not, we should ask that a copy of our existing

program plans be inserted in the record.
Senator MELCHER. I don't know if we want it in the record, but we

will surely keep it on file.
Dr. DEUTCH. At the present time I believe that the solar power

satellite is at the stage of development which we call concept evalua-
tion. There are a variety of major considerations that must be studied
before we proceed to technical development.
The fact that the program

' 
in our view, is in the category of con-

cept evaluation as opposed to technical development, explains its
placement in my office. I would like to touch on three of the areas that
we believe are most important to evaluate before proceeding with this
concept through technical development.
First is the environmental effects of large-scale space power satel-

lites. You have already heard, Mr. Chairman, of the possible inter-
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ference of microwaves on communications, and the possible health

and safety effects of the long-term exposure of microwaves on the

surface of the Earth.
We also believe that there are considerable institutional considera-

tions that must be examined before we proceed to beam down from

synchronous, or near synchronous orbit, energy to be used by a specific

region or part of the Nation.
Finally, there is a series of comparative studies that must be under-

taken about the contribution that a space power satellite system could
make to our energy future, relative to other alternatives. The Depart-

ment is presently pursuing that.
Accordingly, our present posture is that the space power satellite

is a concept that is to be evaluated, but which we are not yet pre-
pared to proceed to systems development. Since the ultimate sponsor

of this space power satellite system would be the Department of
Energy, with its charter to work toward assuring cheap and useful
energy for the country in future years, we are the program managers
and we provide funding to NASA for systems evaluation.
In our view, the proper position for the space power satellite pro-

gram is in concept evaluation. We do not favor at the present time
technical development of the program we think that is premature.
Accordingly, the administration does not favor S. 2860 primarily
because it calls for systems development and for the provisions for
the space launches and demonstration.
In summary, the Department is serious in an attempt to evaluate

this .system from an environmental point of view and a cost point
of view and an effectiveness point of view. We think it is a concept
requiring evaluation and we are not prepared to proceed toward
technical development at this time.
Thank you very much, Mr. Chairman, I will do the best I can to

answer any questions that you may have for me at this time.
[The prepared statement of Dr. Deutch follows:]

STATEMENT OF DR. JOHN M. DEUTCH, DIRECTOR, OFFICE OF ENERGY RESEARCH.
DEPARTMENT OF ENERGY

Dear Chairman and Members of the Subcommittee, I appreciate the oppor-

tunity to testify before your subcommittee on our solar power satellite pro-
gram and to discuss Senate Bill S-2860, "The Solar Power Satellite Research.

Development and Demonstration Program Act of 1978."
In February 1978, the Department of Energy and the National Aeronautics

Space Administration published a "Satellite Power System Concept, Develop-
ment and Evaluation Program Plan." This program plan delineates a 3-year
research and assessment program to evaluate the technical feasibility, economic.
viability, environmental and social acceptability of an SPS concept.
The program plan, jointly prepared by DOE and NASA with a planned ex-

penditure of $15.6 million is designed to obtain the initial information which
will enable us to make recommendations on developing this energy option in
the future.

SPS ORGANIZATION

In March 1978, an SPS Project Office was established under my supervision in
the Office of Energy Research with a full-time Director. We have an excellent
organization with which to conduct the assessments and related research. The Sys-
tems Definition activities are under the direction of NASA's Office of Aeronautics
and Space Technology, Energy Division, with assistance from the Marshall Space
Flight Center and the Johnson Space Center in determining technically attrac-
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tive SPS concepts and defining a baseline or reference system concept. The Envi-
ronmental Assessment area is being managed by the Assistant Secretary for
Environment of DOE, assisted by Argonne National Labs, the Environmental
Protection Agency (EPA), the Institute of Telecommunications Sciences ( ITS)
of the Department of Commerce as well as other DOE laboratories including
Lawrence Berkeley Laboratory, Los Alamos Scientific Laboratory, and Pacific
Northwest Laboratory. Major universities and contractors are also assisting in
this area. The Societal Assessment area is under the Director of the SPS Project
Office, which considers the international, institutional, resources, and public
acceptance aspects of the SPS concept. Assisting in this area are Planning Re-
search Corporation, other private firms and the university community. Compara-
tive Assessment activity, by which we intend to compare the SPS concept to other
alternative energy sources such as nuclear, fossil and terrestrial solar, is under
the direction of the Office of Energy Research and is being assisted by ANL. I am
pleased to report that, approximately 10 months into our a-year assessment effort,
we feel that we have and are making excellent progress in assessing this concept.

PROGRAM STATUS

By October we expect to meet the milestones delineated in our program plan
of having a preliminary environmental assessment based upon a reference system
definition concept developed by NASA, and to have proposed a program for
ground-based exploratory research which may be required in the post-1980 time
period. NASA's systems definition activities have to date produced a reference
SPS system concept with which we can compare other technology alternatives.
This reference system becomes more important as our cost and environmental
analyses continue. The basic advances in technology such as improved systems
for converting sunlight to electricity, solid state systems for generating and trans-
mitting radio frequency (RF) energy as well as the possibility of new energy
exchangers and laser transmission systems are additional technology options that
must be seriously considered prior to any commitment to hardware development
or demonstration. Both NASA and DOE consider it premature to start hardware
development based upon the reference concept.
In the field of environmental assessment, a major study of the impact of micro-

wave radiation on the health and safety of the public and workers is now well
underway within the Environmental Protection Agency. Preliminary results of
these assessments will be forthcoming in FY 1979. In a similar fashion, the radio
frequency interference potential of microwaves on communications and naviga-
tion systems as well as computers are being studied in detail by the Institute for,
Telecommunication Science. We are concurrently studying means by which these
problems can be eliminated or mitigated. This, however, takes time and must be
carefully considered prior to making any hardware decisions.
An example of the kind of potential interference problem I am discussing is the

interference caused by high powered airways surveillance radars and military
radars on television reception in adjacent areas. The contribution of the SPS to
the emerging problem of global electromagnetic smog must be assessed.
Based upon our present knowledge and understanding of the SPS systems con-

cept, we feel that it is premature to proceed with any orbital demonstration or
SPS hardware systems development. We, therefore, recommend against the Sen-
ate Bill #2860 being considered by your subcommittee.
I will be glad to answer questions at this time.

Senator MELCHER. First of all, Dr. Deutch, how much money would
you be spending in fiscal 1979 on the program that you have started?
Dr. DE17TCH. In fiscal 1979, I believe the request in front of Coif-.

gress is for $4.6 million, sir: $3.3 million of those dollars would be
spent by the Department of Energy, and $1.3 would be spent by NASA
on systems definition.

Senator MELcHER. And only on systems definition?
Dr. DEUTCH. Correct, sir. Mr. Chairman, I might add that at the

present time, while we have a reference system from which we do
our environmental evaluations of the solar power satellite, we do not
yet have a precise definition of a system in an engineering sense.

V.
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Senator MELCHER. You have already gone through NASA's sys-

tems definition activities?
Dr. DEUTCH. We are collaborating with NASA, and NASA is

actually undertaking a systems definition with an expenditure of $1.3

million in fiscal 1979.
Mr. Chairman, it might be useful to add that in fiscal 1980 our

plan calls for expenditures of $3.4 million and it is my judgment

that that sum should be somewhat increased in order to hasten the

evaluation of some of the environmental and institutional considera-

tions that are of concern.
So I believe that our fiscal 1980 budget will, if I have anything

to do with it, come in at slightly a higher amount than was pro-

gramed for fiscal 1980. But I anticipate, of course, the reaction of the

President's budget office.
Senator MELCIIER. Yes, that was set a year from this October.
Dr. DEUTCH. Yes.
Senator MELCHER. Please explain the technical development in a

little more detail to me regarding this program.
Dr. DEUTCH. Let me try and do it in my own words. If my colleagues

would like to add, please permit them to do so. When one has de-

cided that there is a systems concept that deserves development, it

becomes necessary to develop all the different subsystems and com-

ponents which are required for the overall system for instance, such
things as the collectors, the antennae on the ground and the trans-
mitting antennae to beam the microwave power down. A whole series
of requirements concerning components of the system would have to

be developed and tested.
Of course in addition to that there would have to be the work done

on the entire space transportation system, in parallel to assure that
one could bring the SPS up into space-

Senator HASKELL. Excuse me, Mr. Chairman. Are you now describ-
ing what the bill would provide in the development of the actual satel-
lite, or are you describing something that will have to go on after
your evaluation is made?
Dr. DEUTCH. Senator Haskell, I apologize I believe the bill only

calls for planning of those activities. I was 
apologize,

to respond to the
chairman's question, which I thought had to do with technical de-
velopment as opposed to concept evaluation.
The bill only calls for, I believe, the planning objective.
Senator HASKELL. Thank you.
Senator MELCHER. Now,one of the first answers you have to have,

and indeed it is practical to have this answer first before we spend too
much money, is the environmental assessment. As I understand the
major concern is the impact of microwave radiation on the health and
safety of people. An assessment by the Environmental Protection
Agency is already underway.
I'm a bit mystified here. Congressman Flippo said that the micro-

wave activity would be within acceptable ranges of what we are ex-
periencing now. Is that just wishful thinking on his part?
Dr. DEUTCH. I believe that there are many who believe that the

operating characteristics of a possible space-powered satellite would
fall under environmentally permissible or health-permissible stand-

,
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ards. I believe it is fair to say, and I can be corrected on this if I'm
wrong, that the EPA has not yet issued definitive microwave ex-
posure standards, and that the process of developing such standards,
particularly when one has a potential of the kind of magnitude that
we're talking about with the space-powered satellite, is a very, very
complex matter, especially for the long-term, long-dose exposure of
the public.
Now, we would not be doing our job at the Department of Energy if,

when we evaluated energy technology, we didn't look at the environ-
mental consequences. We have to worry about the effects on a hierarchy
of life forums including fruit flies, bees, bats, and 'other experimental
organisms to get information on the health effects for exposure to low-
level, long-term, microwave radiation.
We feel that for this type of environmental evaluation we may re-

quire additional funding for our fiscal 1980 program.
Senator MELCHER. If EPA comes up with a definitive range that

that is safe, I suppose that based on that, we have to now determine,
in terms of microwave exposure for all the various species and all
levels of life. What the potential microwave radiation would be from
the—from such a system.
Dr. DEUTCH. Yes, sir, that certainly is a first step.
Senator MELCHER. How is that accomplished? Are paper studies

sufficient, or will technical work need to be done in laboratories?
Dr. DEUTCH. Sir, we certainly don't work just on paper. I should

like to emphasize that our program does contain, and will contain
increasingly in the future, laboratory tests •and direct experimental
work. You cannot do these things entirely on paper. When I say con-
cept evaluation, I don't mean only paper studies, and I do not mean
absence of experimental work. Technical development, on the other
hand, is the development of an orderly program with schedules and
milestones to develop the subsystems and components required to
actually put system into operation.
Senator MELCHER. Under existing law, we don't have any of these

checkpoints that we've been discussing here this morning. Since there
is such great apprehension, do you see the need to assure the public
that indeed there are checkpoints, and if there are going to be such
checkpoints, I suppose we could do it either through the Congress
acting, or the Chief Executive issuing an Executive order.
It seems, one way or the other, that the public has some apprehen-

sion about the overall effects of the space satellite, so what would be
your recommendation of assuring them of those check points?
Dr. DEUTCH. Mr. Chairman, we have, as I mentioned earlier, pro-

duced a 3-year concept, development, and evaluation program, and
we should be updating that annually, so that at each stage of the
game we will have a document that would reflect the program under
which we are operating, and those points in the future where we anti-
cipate getting results bearing on such questions as the effects of
microwave exposure.
So the answer to your question, I believe, is that the place where we

intend to communicate those milestones will be provided in the plan
that accompanies this program in our Department.

Sen6tor MELCHER. Which would be in June 1980.
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41,

Dr. DEUTCH. The last one was published in February 1978, and I
would anticipate that we would want to issue another one in approxi-
mately February 1979, which would be reflective of the action in the
fiscal 1980 budget.
Senator MELCHER. I want to ask you directly, if you ought to have

a checkpoint? There are only two possibilities that I see; a definitive
checkpoint, meaning a decision made either by the Executive or by
Congress, which would be reassuring to the public that there is such
a thing in place.
I could see only an Executive order so outlining, or an act of Con-

gress, yet you have said you don't want a bill. Are you thinking of an
Executive order, or do you think neither one is necessary?
Dr. DEUTCH. I'm not sure that I quite understand the difference in

your mind, sir, between a bill and a checkpoint. I believe that we have
to proceed through this course of concept evaluation until we are much
firmer about the kind of system we have in mind, its relative cost effec-
tiveness and its possible environmental consequences.
Senator MELCHER. Well, perhaps then by your reports, you are

giving Congress a chance to say yes or no each time.
Dr. DEUTCH. That is correct, Mr. Chairman.
Senator MELCHER. And in each budget—I see, that is not a formal

checkpoint, as I think the supporters of the bill have envisioned, but
it is indeed a checkpoint. Senator Haskell.

Senator HASKELL. Dr. Deutch, so that I get this clear in my mind, I
think I understand what you mean by conceptual evaluation. If you
put this in other spheres, it would be a bench scale versus the pilot
plant scale, I assume, is generally what you are talking about. You are
talking about laboratory work. Can you tell me what the bill does that
you feel you are not yet ready to get into?
Dr. DEUTCH. Let me try and answer that, Senator. The bill, I think,

has three features in it which we feel are premature. First, the sum
of money is greater than we think is called for at the present time.
Second, the bill calls for some Earth-based hardware development
which would bear on the components for the technology development
which we believe is not required at the present time.
Senator HASKELL. Which you consider premature.
Dr. DEUTCH. Premature, that is correct. And finally the bill man-

dates planning activities which would be premature. So it's a com-
bination of the sum of money involved in fiscal 1979, and the implica-
tions that we are in a position to proceed expeditiously with technical
development, that we do not favor.
Senator HASKELL. The bill, in other words, would require the de-

velopment of hardware, or at least not just the development of the
hardware, but you're not ready to get to that point until you've taken
these other steps, am I correct?
Mr. DEUTCH. That is our view, sir.
Senator HASKELL. It is my general school of thought that you ought

to try everything, but obviously you shouldn't be premature, and
there are a few things to be evaluated. Microwave has been one. It is
my understanding that if the system went forward, fully forward,
and it would be something like 40 to 80 units, by that I mean satellite
units, with their concommitant Earth controls that would be
developed.
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And, of course, the total cost that I have is between $1 and $2
trillion. That is going full blown. Assuming that occurred, what pro-
portion of the Nation's electricity might be satisfied by that program?
Dr. DEUTCH. Just one moment, let me do a brief calculation.
Senator HASKELL. All right.
Dr. DEUTCH. Let me see if I can give you some measure.
Senator HASKELL. Just a ballpark.
Dr. DEUTCH. Yes, I believe we are talking 60 satellites at roughly

5 gigawatts electric each which would be a total of 300 gigawatts of
electricity. Now, to put that in perspective, we anticipate, with all the
uncertainty that I know you are familiar with, having approximately
300 gigawatts of nuclear power installed by the year 2000.
So the numbers that you quoted would suggest that the amount of

solar based electricity, 300 gigawatts would be equal to in the year
2030 what the nuclear power generation in the country is planned to
be, or anticipated to be by the year 2000.
Senator HASKELL. And retranslate it into what the proportion of

electricity is calculated to be generated by nuclear power. If you have
that figure then we could arrive at the proportion that is meant to be
generated by this particular device.
Dr. DEUTCH. Let me take a wild guess.
Senator HASKELL. Will you?
Dr. DEUTCH. I'll give a wild guess, and I would say that that 300

gigawatt number for nuclear power in the year 2000 is one-third of
the electrical generation capacity.
Senator HASKELL. Then assuming your ballpark figure is accurate,

and it's got to be ballpark, obviously, we do know that satellites are
subject to extinction by hostile hands, we do know that satellites can
be—I don't know how you shoot them flown, but we do know that they
can be eliminated. So I presume that if we have 60 satellites, and one-
third of our national electricity was dependent on those satellites, I sup-
pose one of your problems, your conceptual problems, is how do you
defend those satellites.
Dr. DEUTCH. Senator, it's a problem common to all the space assets

in the United States. We do have to worry about vulnerability.
Senator HASKELL. So that is something you would want to think out

very carefully before you went into the next step of planning for devel-
opment of hardware.
Dr. DEUTCH. We are paying some attention to this question.
Senator HASKELL. Now there's another aspect of this thing that

bothers me somewhat. The proponents of the bill are asking for $25
million, and unfortunately, admittedly under the Federal scheme of
things, that's not a tremendous amount of money.
But I wonder if this doesn't get us further down the road to a com-

mitment. I think I interpret you as saying, you can correct me if I'm
wrong, that the bill gets you further down the road toward commit-
ment to this system than you feel is prudent at the present time.
Would that be an accurate reflection of your review?
Dr. DEUTCH. That is exactly correct.
Senator HASKELL. And another thing. I assume that you have to take

into consideration, the Office of Technology Assessment. For example,
it is estimated, and these figures, I think, should be supplied for the

4
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record from the original source, that for one-third of the ultimate esti-
mated cost of the SPS program, we could supply every house in the
Nation with a solar system. We have to take the ultimate cost of going
this way versus the ultimate cost of going on an individual basis, which
would have obvious advantages and the proponents of the bill would
say obvious disadvantages, but we have to take that into consideration
that we only have so much money to put into the solar effort.
And we have to take into account those relative costs of doing it in

different ways. Am I correct in that?
Dr. DEUTCH. Absolutely, Senator.
Senator HASKELL. I assume it is one of the things you would be con-

sidering in your conceptual evaluation.
Dr. DEUTCH. That is absolutely correct, Senator.
Senator HASKELL. Well, I must say that I share your viewpoint. We

don't want to get committed or semicommitted to something of this
magnitude before we think it out very carefully. I guess that is not
a question, I guess that is a conclusion.
Dr. DEUTCH. Senator, I think that we are recognize that we are em-

barked on a serious system development program for solar power
satellites. The expenditure will rapidly rise from $25 million per year
to $1 billion or so just to do the systems development.
So you are quite right, and I think the administration does not yet

see itself embarking on such a technology development program.
Senator HASKELL. Now the figures that are available to me, and I

don't know how accurate they are,is that one satellite might cost $25
billion. Whether that's a ballpark figure, I don't know if anybody is
around who can say that's either right or wrong as a ballpark figure.
Dr. DEUTCH. I was going to ask my friend, Mr. Boileau, if that was

accurate or not. I would guess the first satellite might cost that much.
Senator HASKELL. When you finish your conceptual evaluation

which you are embarked on which includes laboratory work, will the
department then be in a position to present both to the Congress and
to the American people an analysis of this program, and a recom-
mendation?
Dr. DEITTCH. We certainly hope so. That is the purpose of the con-

cept evaluation program that is underway. First, we would have to
conclude that the environmental effects do not preclude proceeding,
and then we would have to determine that the technology itself has
a cost benefit relative to other inexhaustible energy programs which
we are undertaking.
Senator HASKELL. And you would have to, it seems to me, address

yourselves at least to the defense capabilities.
Dr. DEUTCH. The satellite vulnerability question would be some-

thing that would be certainly widely discussed.
Senator HASKELL. Thank you, Dr. Deut3h, I have no further ques-

tions, Mr. Chairman.
Senator MELcHER. Dr. Deutch, you are contemplating in fiscal year

1979 that expenditure of about $4.6 million.
Dr. DEUTCH. Correct, sir.
Senator MEricnEn. If that were the case, what would you suspect

would be needed in fiscal year 1980?
Mr. DEUTCH. Mr. Chairman, the present 3-year program calls for

$3.4 million. As I indicated to you, sir, it is my judgment, and I believe
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the judgment of our Department, that that would be. too low an ex-penditure to continue a timely evaluation of the environmental and
institutional aspects of this technology.

Accordingly, it is my suggestion that the SPS budget for fiscal
1980 be somewhat higher than the $3.4 million now planned. I prefernot to give you a specific number because clearly it is a number that
has no merit other than as my own budget.
However, it will be substantially less than the $25 million requestedin the bill pending before you for fiscal 1979.
Senator MELCHER. Well, we ponder when we get -answers like that,

since we seem to live on the same Earth, in the same country, in the
same government. But I do understand the restraints that are placed
on agencies before the budget is approved. And it doesn't give us much
to go on at this particular time.
Senator HASKELL. Mr. Chairman, if I could interrupt, let me ask

this question. Would it be fair to ask to submit your idea, Dr. Deutch,
of what you would need, in whatever year that was. Now, I don't
want to get you in hot water with the whole administration, but I
must say I share the chairman's view.
Dr. DEUTCH. Mr. Chairman, I'm always ready to take risks. I'm

looking for about $8 million in fiscal year 1980.
Senator HASKELL. Thank you.
Dr. DEUTCH. That may not happen, so don't come back to me on it.
Senator MELCHER. Well, we have had a habit of authorizing round

figures that are never appropriated, and we seem to be overcoming
that because we are witnessing pretty close adherence in the Senate,
last year and this year, to an appropriation process.
We have to balance it out with the House, but at least as far as the

Senate is concerned, the appropriation process for energy is not too
far off of what is authorized, and I think that is much wiser myself.
I don't think there is anything very sacred about the $25 million

figure in the bill at all, and I personally did not expect that the De-
partment, even if the bill were enacted, would be an authorization or
an 'appropriation -any more than around $15 million. And of course I
find out in checking it that is about what you intend to spend for
next year.
I do have a question that is a little bit technical. In the SPS con-

cept, development and evaluation program plan, dated this year on
page 26, under microwave power transmission, there's a third item,
that is microwave beam interaction and ionosphere and magneto-
sphere of chemical ion emissions.
How do you do anything about that? Unless you are going to put

something up there in space, how can you evaluate 'anything of that
nature without actually doing it?
Dr. KOOMANOFF. First we can go from the ground up, rather than

from the space down. For example, we just ran an experiment using
a receiving 'antennae and a transmitter that we have down in Puerto
Rico, the large radio astronomy dish. What we did was use a high-
frequency narrow beam radio -transmitter to shoot up into the ion-
osphere, approximately 110 kilometers UM
We simulated the power at the center of the SPS beam to see if we

would get what the ionospheric physicists predicted, namely, thermal

4



(Ir

41

runaway. At these altitudes, the ambient temperature is about 230
degrees.
We expected, based on the physical model, to go up to over 2,000

degrees. We found out that this did not occur in this first experiment,
and that it only ran up to 300 or 400 degrees. These results are en-
couraging, but we're going to be carrying on more experiments. This
is an example of the field experimentation now underway as part of
the DOE—NASA SPS assessment effort.
Senator MELCHER. I understand that, and it fits into what were

earlier question marks in my mind concerning whether this was just
paper, or goes beyond that. The experiments that you are describing
are rather notable experiments and of great substance that would
continue during the next 2 years. Have you contemplated those costs?
Dr. DEUTCH. Yes, Mr. Chairman.
Senator MELCHER. In your figures?
Dr. DEUTCH. Yes, sir.
Senator MELCHER. Now, Dr. Kramer, does NASA expect funding

for SPS directly in the future?
Dr. KRAMER. Directly without passing through DOE?
Senator MELCIIER. Yes, without passing through DOE.
Dr. KRAMER. We don't have any expectation of that in the near term

at all.
Senator MELCHER. Do you think it's better to work with the same

system?
Dr. KRAMER. Yes, sir.
Senator MELCHER. What is NASA's view of the development of a

heavy lift vehicle? Is one needed?
Dr. KRAMER. Well, Mr. Chairman, if we were to be in a position

where we were expecting a very substantial fraction of the U.S. energy,
electrical energy to be derived from SPS-type systems, then the sheer
economics would indicate that it would be much better to develop a
heavy lift vehicle for transporting subsystems and the parts into
orbit. Rather than using the existing shuttle capability.

Senator MELCHER. When will you decide that that is needed?
Dr. KRAMER. I think we are some years away from a decision like

that now.
Senator MELCHER. It is much too early to make a decision of what

is going to be needed. Can you carry on enough experimentation to
arrive at an answer with the one that is relative, to assure feasibility
or nonfeasibility before we „go into this?
Dr. KRAMER. Yes, it's part of our advance space technology program

to do studies on various forms of vehicles which would follow up a
Shuttle sometime in the future. Perhaps around the year 2000, perhaps
in the early 1990's. We examine configurations, we do a certain amount
of very advanced technology work, to make such configurations feasi-
ble, in the time they would be required.
We don't look at them totally in support of the SPS system at all,

but for a variety of potential uses of very large space vehicles. And
that kind of work goes on at a fairly low level, pretty much independent
of this SPS issue. What we are discussing today.
Senator MELCHER. It is ongoing work in any event.
Dr. KRAMER. Correct.
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Senator MELCHER. If I understood Congressman Flippo correctly, I
think he said the vehicle would use hydrogen or oxygen as a fuel. Is
that correct?
Dr. KRAMER. Well, hydrogen and oxygen is the most energetic era

of chemical propellants, aside from the possible use of chlorine which
has a very special hazard associated with it. And it's never been used
for space boosters.
Hydrogen-oxygen is the technology on which the Saturn vehicle

operated very successfully for the Apollo program. It would take some-
thing awfully good to depart from hydrogen-oxygen as a propellant
combination.
Senator MELCHER. Perhaps you are not prepaid to answer this.

Well, you ought to be able to answer. You didn't view the Saturn as
causing any problem.
Dr. KRAMER. No; the only—with the use rate of Saturn there is no

problem with offsetting the balance, the atmosphere. If we were to
have a very heavy schedule of launches, and we were to introduce
very sizable amounts of water vapor into parts of the atmosphere
which normally—where there normally are none, then you might con-
sider that we have a problem.
Senator MELCHER. I see; and that is part of your ongoing work, too.
Dr. KRAMAR. Yes, we looked at that, too.
Senator MELCHER. Is there any reluctance, either at NASA or the

Department of Energy, to pursue the straightforward course in seek-
ing this basic document? In other words, we are told by the opponents
of the bill that this is all a pipe dream anyway, and I guess I don't
want you to answer, Dr. Kramer, because they would say it is almost
a perpetual bailout of NASA.
So I guess I will direct my question just to Dr. Deutch, speaking

for the Department of Energy. I assume that since you are engaged
in it, you feel that it is essential that we pursue a course in determin-
ing if this is feasible, and practical, and cost effective, and safe.
Dr. DEurcH. That is correct, Mr. Chairman; that's the way the

Department feels; that's the way I feel personally. Let me say that I
have not seen an absolutely, unassailable analysis which said that the
solar power satellite is of necessity cost ineffective, or of necessity
environmentally hazardous, or of necessity unsafe.
And until we are able to provide an analysis on one or the other

side of these issues, we should continue these evaluation programs.
Senator MELCHER. You think you would probably have some sort

of an answer, by June 1980?
Dr. DIIIJTCH. Mr. Chairman, I don't believe that. That is an im-

pression I would like to repair.
We will be updating our concept evaluation plan in a 3-year cycle.

Any answers we develop will depend on our environmental study, our
communication interference study, the communication mitigation
studies, other atmospheric evaluations, and the cost sampling analysis.
So we are not at the present moment prepared to testify to you re-

garding the time certain by which we think the process of evaluation
will be completed. I regret that is the case, but this is a very complex
and large technology.
Senator MELCHER. I understand.
Senator HASKELL. Mr. Chairman, I assume, Dr. Dentch, that you

.4



43

hope that if all goes well you will have an answer by that time,

and your goal, I assume, is to make some kind of an assessment.

Dr. DEUTCH. Senator, of course our goal is to make some kmd of

assessment. We have to be candid about expressing the certainties

that we will make.
Senator HASKELL. Sure.
Senator MELCIIER. The diagram here on page 3 lists June 1980 for a

final program recommendation, so that is really the goal, is it not?

Dr. DEUTCH. I'm not sure what expectation has been left in your

mind as a result of that document, Mr. Chairman, but we do expect

by Juno 1980 we will be able to define for you how we intend to

proceed.
Senator MELCHER. By that I'm going to interpret this circle here

of final program recommendations to mean the recommendations of

the status after 3 years.
Dr. DEUTCH. That is exactly right.
Senator MELCHER. Which may or may not be final at all in terms

of giving us definitive answers.
Dr. DEUTCH. That is exactly right, Senator.
Senator MELCHER. Thank you very much.
Senator HASKELL. May I just add one more question, Mr. Chairman?
Senator MELCHER. Yes.
Senator HASKELL. For my own curiosity, how do you go about test-

ing the problem of the microwave and environmental effects? What do
you do?
Dr. DEUTCH. The environmental effects?
Senator HASKELL. Yes.
Dr. DEUTCH. We have a two-thrust program. Dr. Koomanoff may

wish to elaborate on this. One of them is to examine the influence of
microwaves on organisms, cells, bees, bats, and ultimately primates.
That's one thrust of the program.

It's a lengthy process; it has to be done right; it has to be done
carefully. It's a lengthy process because one has to follow several gen-
erations of these species until one is in a position to extrapolate prop-
erly to humans.
Second, we have a program which is aimed at ecological effects. In

that program we try to develop model ecological systems and expose
them to microwave radiation to see what it does to the chemistry of a
soil, the balances of the plants, and so on.

Senator HASKELL. Thank you, sir, and thank you, Mr. Chairman.
Senator MELCHER. Dr. Deutch, Senator Durkin would like to send

some questions to you and ask you to report specific answers to those
questions. Is that agreeable.?
Dr. DEUTCH. Absolutely, Mr. Chairman, I would be delighted to.
Senator MELCHER. Thank you all very much. Next we will hear from

Mr. Garry DeLoss, a Washington representative of the Environment
Policy Center. Mr. DeLoss, we are pleased to have you here and to have
your testimony, and I wonder if you would accommodate us by sum-
marizing it.

STATEMENT OF GARRY DeLOSS, WASHINGTON REPRESENTATIVE,

ENVIRONMENTAL POLICY CENTER, WASHINGTON, D.C.

Mr. DELoss. Thank you, Mr. Chairman, I will try to race through
this, kind of bounce around as fast as I can. To begin with, the Environ-
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mental Policy Center opposes this bill to finance research and develop-
ment of the solar power satellite. But we support greater Federal
spending on development of land based and decentralized solar energy
systems.
One of our major concerns is that money diverted into the solar

power satellite program is money that then cannot be used to develop
land based solar energy systems. And this bill actually, even though
it only begins at the $25 million authorization, envisions at least $270
million over the next 5 years going into this development program.
Last week I participated in a review of the solar.energy budget at

the Department of Energy, a 2-day program that was hosted by the
Department, and I think that it was the consensus of the various
panels who reviewed that budget that we need to increase dramatically
the spending for the land based solar energy program.
I did not detect any sign of enthusiasm for a solar power satellite

program among any of the participants in that review process. I, in my
testimony, have tried to break down the discussion into three sections;
technical feasibility, economic feasibility, and political feasibility.
Now, in the area of technical feasibility, I really don't want to contest
technical feasibility today. I would like to just reference a couple of
the matters of scale that are involved here because they are a little
mind boggling.
Development of the SPS, as I'm sure you've heard, is going to re-

quire the development of a totally new subsystem such as a heavy lift
launch vehicle, and these HLLV's as they are known, would be launched
at the rate of one to five launches a day. To put up a single SPS might
require 50 to 500 of these launches.
Now, if dozens of SPS's are built, as is the plan these launches

would continue for decades. Indeed, the eventual replacement of the
wornout SPS's, and they have a 30-year predicted life span, seems to
me to require such launches into the indefinite future. We're talking
about something that is thousands of times the scale of the Apollo
program.
After the raw materials, manufacturing equipment, and the workers

are transported to orbit, they have to manufacture the solar powered
satellites in an extremely efficient manner. According to a report by the
Jet Propulsion Laboratory, "man must develop the capability to be
as productive in space as on an automated automobile assembly line,
in terms of kilograms of finished products per man-hour worked, in
order for the SPS costs to be competitive."
Now, I think that the technical feasibility at this stage of the game,

the claims are very optimistic
' 

but as I said, I don't want to contest
those claims today because I think it's more interesting to concede
technical feasibility for the sake of argument and then to go on and
look at the claims that have been made about the economics of these
systems, and then go on beyond that to look at some of the political
barriers to the development of the SPS.
Now, there are a number of studies floating around that purport to

show that solar power satellites would be cost effective 25 and 50 years
from now in competition with Earth based energy sources, including
Earth based solar energy sources.
I think that all of these studies, at least all of those that I have come

across, and I've looked at several of them, are seriously flawed, and I
will go through some of what I detect as flaws in those studies very
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briefly. To begin with, these studies are supposedly objective, but I
think that they are inherently colored by a conflict of interest.
They all seem to be done by corporations, or NASA space flight cen-

ters or consulting firms, or academicians who have a very obvious
vested interest in encouraging a massive Government commitment to
the SPS. •
Now, this leads to cost estimates that are mere self-fulfilling prophe-

sies, or what one critic, Dr. John Cummings of the Electric Power Re-
search Institute calls "legislating all the answers." And Richard
Caputo, who directed a 2-year Jet Propulsion Laboratory study of the
SPS, I think it's really a study of the SPS studies, recognized the same
pattern of behavior and characterizes the cost estimates he examined as
based on "assumptions of success" rather than a real data base.
The SPS proponents appear to begin by calculating the cost goal

which the total SPS system must meet to compete with other energy
sources and then allocate that cost goal among the various subsystems
of the SPS. Hence they tend to reach similar conclusions about the
total cost of the SPS based on widely varying estimates about the cost
of the subsystems.
And I notice that Senator Abourezk in his statement pointed out this

extreme variation among the estimates about the respective costs of the
various subsystems. And I think there is a clear reason why that hap-
pens. It's the way they devise their cost estimates, starting from a
predetermined goal and working backward.
Another major criticism of these so-called cost effectiveness stud-

ies
' 

several criticisms, can be grouped under what I have described
as diseconomies of scale. There's been a failure to acknowledge the
disadvantages inherent to a technology that is so large in scale, and
so expensive to develop to a state of commercial readiness, that pro-
jected electricity costs do not fall to acceptable lows unless hundreds
of billions of dollars are invested in the construction of dozens of
the satellites.
What we really have are diseconomies of scale masquerading as

economies of scale. Now, one of these diseconomies that has been
commented on is that solar power satellite, which is going to supply
the power equivalent of four or five large nuclear-powered generating
plants, is going to require some kind of a backup power system here
on Earth.

There's been mention of this problem, but there's been very little
work done on it that I can detect. And according to Dr. Cummings,
a utility receiving electricity from an SPS would require a reserve
standby capacity equal to or greater than the SPS power of 5 giga-
watts. Even the pooling of reserve power from several utilities may
be inadequate. The largest power pool in the company is 50 gigawatts.

That's the largest one. The other ones are much smaller and the
loss of 1 gigawatt, in that power pool, much less 5 gigawatts, "would
cause havoc," according to Dr. Cummings. Paradoxically, the cost
of backup power for the SPS could be reduced by lowering the size
of the SPS, but the cost of an SPS goes up as the size is reduced.
This causes Dr. Cummings to view the process very skeptically, in

his words it "is a long, long, long, a very long way off."
Now, another diseconomy of scale is this large commitment of

about $60 million of Government funds that is suggested for the

35-994 0 - 79 - 4
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development of the SPS to a commercial scale so that the question
of economic feasibility can be answered definitively.
Now, this investment first is much, much greater than the proposed

development cost of competing energy sources. For example, the cost
of developing photovoltaic cells for land-based uses to a 10-megawatt
scale commercial powerplant by 1985 will be from $0.2 to $0.4 billion.
In other words, the SPS would require 150 to 300 times as much
money just to test its economic feasibility.
Now, we have a very great concern about this kind of diversion of

funds into developing a single technology because obviously this is
the kind of large scale that ultimately can be financed only by pre-
empting funds that could have been used to develop other energy
technologies. So we're very concerned that money not be diverted into
the SPS program and away from what we consider superior solar
energy technologies.
There are some other diseconomies of scale involved here that I will

mention very briefly. I notice in one of these studies that the rate of
cpnstruction of these satellites is critical in the cost calculations. So
what that means is that the construction costs would go up drastically
on a per unit basis if the rate of construction didn't follow the con-
struction plan.
We've already seen how in the years 1974 through 1976, the elec-

tricity demand in this country stagnated and electric powerplant con-
struction, therefore stagnated. It seems to me that we can envision fu-
ture experiences like that and I don't think that we want to commit
ourselves to the construction of a rnultihundred billion dollar solar
power satellite program if we know or knew that any interruption in
the rate of construction is going to raise the cost drastically.
Another big problem that is related is that when electric power de-

mand, or the rate of growth of demand, changes, the utilities end up
with excess capacity. Now, that is really idle investment and somebody
has to pay for it, either the ratepayer or the utility company share-
holders have to bear this burden.
It seems to me that even a group of utilities jointly buying an SPS

would still risk a mismatch between consumer demand and the delivery
of power from the SPS which would be ordered years in advance of
the critical need. And finally, a diseconomy of scale which I would like
to touch on is that probably the Government is the only entity in this
country that could afford the investment that it takes to build a system
of solar power satellites, and to absorb the risk that is entailed in that
investment.
And so what we're really talking about is something like a TVA

in the sky, and I think that's why the investor-owned utilities have
been somewhat skeptical of this concept.
Now, I would like to hit what I think is the other great flaw of

these cost studies.
That is that they don't consider the lowest cost alternative to the

SPS. Typically, what they've done is they've avoided entirely cOn-
sidering an alternative investment scenario that would take the $60
billion of Federal research and development funds that are proposed,
or the hundreds of billions of dollars that are proposed for the satellite
construction itself, and put the same money into a program of improv-
ing energy efficiency in this society.
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And we've seen here in a series of hearings before congressional com-
mittees, including this committee, over the past few years, since the
oil embargo, many experts have come in and described the fantastic
energy conservation potential in this country if we did devise that kind
of investment program.
These investments are just as important as investments in conven-

tional energy production. They effectively produce energy by saving
energy because that Btu of energy that is saved now becomes available
to do productive work. And so the energy inefficiency that we have in
our own society, in our energy use, means that we have what amounts
to a reserve of 'conservation energy" that is waiting to be produced.
And we should be directing more investment into the "production" of
that energy.
A recent report to the Joint Economic Committee suggests that cost

effective investments could reduce our energy use by 40 percent, so in
effect we should be "mining" and "drilling" this reserve of conservation
energy through investments that improve the efficiency of our homes,
office buildings, factories, and transportation systems, just as diligently
as we seek new discoveries of oil and gas, or new technological marvels
such as the SPS.
One expert on energy conservation in just existing buildings testi-

fied 2 years ago that "cost effective conservation techniques which are
commonly available today" could cut energy use in buildings "equal to
the yearly input of about 600, 1,000-megawatt generating plants. In
other words, if one 1,000 megawatt plant came out every 2 weeks,
starting today, it would take until the year 2000 for the capacity of
these new plants to equal the savings which could be achieved in exist-
ing buildings using readily available, economically viable conservation
techniques."
And I believe that witness was Carl Stein, who was with an architec-

tural firm in New York City.
In short, the cheapest powerplant is the one that is never built, but

these studies are not really considering that option. And the other way
they distort their cost comparison is that when they compare the solar
powered satellite with land based, solar energy alternatives, they set
up a strawman, because they compare it with the highest cost, land
based solar energy system, and that is the centralized electric generat-
ing plant, using solar energy.
This creates a distortion in favor of the SPS by raising the cost of

the land-based solar energy alternative. Even the most objective of the
SPS studies, a report by JPL, compared the SPS with what the re-
port's director has described as "the worst solar terrestrial options"
centralized solar energy powerplants at sites remote from their mar-
kets. The JPL study also distorted its results by omitting from its cal-
culation the $60 billion of Government investment needed to develop
the SPS to a commercial scale.
And in spite of this rigging of the rules of the game, the JPL study

concluded that the SPS would cost more than a land-based, centralized,
solar energy powerplant, using a solar thermal process, and fossil fuel
backup systems, and about the same as a centralized, photovoltaic,
solar energy system with a fossil fuel backup system
Yet, if the SPS costs were compared with decentralized solar energy

systems, using photovoltaic cells, the SPS would look even worse. De-
centralized solar energy systems would be lower in cost than the cen-
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tralized solar energy system used in the JPL study because transmis-
sion costs can be eliminated land acquisition costs can be reduced by
using airspaces over roof tops, and parking lots, and waste heat can be
put to work near the generating site.
Now, objections by SPS proponents that electricity storage costs are

an insurmountable barrier to lowering the cost of land-based solar
energy, whether centralized or decentralized, have to be taken with a
grain of salt. For the people who suggest that major reductions in the
cost of electricity storage are not likely are the same people who are
extremely optimistic that costs for the various subsystems of the SPS
will fall drastically.
Moreover

' 
the present low level of Government spending on re-

search and development of electricity storage may increase soon. A
review of the Department of Energy Solar budget that I mentioned
produced recommendations last week that the R. & D. budgets for elec-
tricity storage systems, for use with decentralized solar energy systems,
be increased greatly in fiscal year 1980 and succeeding years. Prac-
tically nothing has been done in this area today. Most of the electricity
storage R. & D. that has been done by DOE as is related to working
with conventional central electric powerplants.
Now, I would like to finish by looking at some political feasibility

questions here. Previously I think a new technology or a new energy
source really only had to pass two basic tests.
One, whether it was technically feasible, and two, if it's technically

feasible, would it also be economically feasible on a commercial scale.
But in recent years, we've seen that as our society becomes more
crowded and as competing uses of finite resources sharpen, there's more
and more a factor of what I call public acceptance or political feasi-
bility, and any big new commitment of resources in this society to any
major new technology or energy source, is going to have to pass this
test of public acceptance or public feasibility.
I think even the proponents of the SPS acknowledge this, and

they've already begun their public relations campaign to soothe con-
cerns about the possibilities of microwave effects on health, microwave
interference with radio frequencies, destruction of the upper atmos-
phere by launch vehicle exhausts and microwave beams and other
impacts.
The critics of the bill being considered here today are told that the

money in this bill is needed to develop technology to test these possible
environmental impacts. The fact is that this $2'70 million program is
not needed to verify two of the biggest barriers to the political feasi-
bility of the SPS.

First, the public enthusiasm for solar energy is based on an interest
in decentralized or dispersed solar energy systems, not highly central-
ized systems such as the SPS, which must be owned by giant utility
companies or the Federal Government. Solar energy enthusiasts are
looking forward to development of solar energy systems scaled for use
by individivals, neighborhoods, and communities. The majority of
the thousands of public witnesses who appeared at DOE's series of 11
public hearings on Federal solar energy policy this summer expressed
a preference for development of decentralized solar energy systems,
and many of those specifically objected to the SPS concept.
Also delegates representing 50 States and the District- of Columbia

at the National Solar Congress here in Washington on August 4
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through 6, expressed similar views in the policy program which they

ratified. Thus public support for Government promotion on solar en-
ergy is, in part, a vote for increased consumer control of the supply of
energy and should not be construed by members of this committee to

include support for the SPS.
Indeed, I expect that resistance to the SPS will grow as consumers

become aware that the large-scale commitment required to make the
SPS work would effectively foreclose consumer and public utility com-
mission influence over electricity rates and construction decisions..
I don't think that consumers who are already revolting against

utility rate policies and are already clamoring at the doors of the State
public utility commissions are likely to take kindly to the SPS pro-
posal when it finally penetrates down to that level. .
Another political barrier to the SPS that can be discerned without

waiting for the technology development proposed in this bill is the
problem of siting the new launch facilities, and dozens of receiving
antennae required for the SPS. The new launch facility would pre-
empt a large area due to the need to launch and land several very noisy,
heavy lift launch vehicles per day over a period of many years, per-
haps into the indefinite future.
An HLLV being launched would be much louder than the less power-

ful Saturn rocket, and by land they would be much louder than the
SST. And we all know how many objections the SST's landings raised.
One report has suggested that the sonic overpressures produced by
space freighter reentry indicate that the final 200 kilometers of the
path should be over open ocean. That was from an article written by
an executive at Boeing.
Now, this means that the MAW launchsite must be in a coastal zone;

presumably, where the climate is warm year around. Areas that meet
these requirements just happen to be attractive for meeting other uses,
both onshore and offshore. And population density in such areas is
already high and getting higher.
I find it difficult to believe that even Cape Canaveral could be used as

the HLLV launchsite. And if you don't use Cape Canaveral, I don't
know where you would go with it. Orlando, Fla., and the Disneyworld
amusement park are just a few miles from Cape Canaveral, and nearby
population is growing rapidly.
Siting of the receiving antennas also appears to confront a very high

political barrier. The siting of new electric powerplants, whether nu-
clear or fossil fuel plants, has been a controversial issue for years. Pro-
posed Federal legislation to accelerate siting decisions is not progress-
ing rapidly. Even if it is passed, siting controversies can only grow due
to the shrinking number of potential powerplant sites, and the com-
peting uses of those sites.

Also, the siting of high-voltage powerlines is emerging as a major
new area of political controversy. Some very politically conservative
rural residents of upstate New York and northern Minnesota have re-
sorted to unfamiliar acts of civil disobedience to resist the siting of
these unwanted powerlines.

sure that many people here recall seeing films of these demon-
strations on the network news, and one of my colleagues is helping to
f91..in a national coalition of groups which are resisting these powerline
siting decisions.
Another example of siting problems is the legislation enacted by
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several States to prohibit the siting of nuclear waste disposal projects
within their borders.
Also, the Navy has failed repeatedly to sell the public on proposed

sites for Project Sanguine, which entails burying a grid of highly
charged electric cables for low frequency communication with sub-
merged submarines. And with regard to Project Sanguine I would like
to add a little aside here.
When I was speaking to a few Members of the House of Representa-

tives when this bill was progressing through the House, I happened to
contact the office of Congressman Obey from northern Wisconsin and
I learned that the Congressman got elected to Congress by running
against a 30-year incumbent who supported the siting of Project
Sanguine in his district.
And Congressman Obey opposed this siting and that's the issue that

won the election for him. So I just wondered if we're going to have
100 more of these sites in this country, how many Congressmen and
Senators would want to advocate the siting of maybe three or four of
those antennas in his or her own district.
The SPS proponents are aware of the same problem. A NASA

study could find only 69 potential landsites. I'm sure that's a very
optimistic number. And some people have suggested that ocean sites
could be used, although I am not aware of any calculations on the cost
of such structures. As I understand it, that would require the building
of a big, artificial reef covering an area of several square miles.
And I think it would probably be very expensive. Moreover, offshore

sites do not avoid the problem of conflicting uses. Perhaps Boeing or
the Arthur D. Little Co. should study the current controversy over a
proposal to site nuclear powerplants off the coast of New Jersey. As I
said, these coastal zones, both offshore and onshore

' 
are very busy

areas, and I ,don't think siting problems are going to be easily solved
in those areas, either onshore or offshore.
Inded, it is likely to get worse. If the U.S. standard for microwave

exposure is tightened to the East European standard, the area pre-
empted by receiving antennas would triple from 300 square kilometers
to 900 square kilometers. And I think your siting problems will more
than triple.
I would like to close on a slightly more positive note by identifying

a few areas where I agree with the proponents of this legislation.
First, I agree that there should be a transition to the use of solar

energy in place of the environmentally disruptive and nonrenewable
fossile fuels and uranium. Second, I agreed that the Government should
commit billions of dollars to developing solar energy technologies to a
commercial stage, including a bigger effort to lower the cost of photo-
voltaic cells.
Finally, I agree that the Government should fund studies of the

health effects of microwave radiation. However, in spite of these areas
of agreement, I don't believe that further Government funding of
research on the SPS concept can be justified.
If the current Government study of the SPS is adjusted to make its

cost comparisons more realistic, and to adequately account for political
barriers to the SPS, I am confident that it will recommend no further
work on the SPS.
Thank you.
[The prepared statement of Mr. DeLoss follows :]
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Mr. Chairperson:

Thank you for the opportunity to comment on the "Solar Power Satellite

Research, Development and Demonstration Program Act of 1978."

As you know, the solar power satellite (SPS) concept has been promoted

for several years by someof the witnesses present today. Previously they

have persuaded the Congress to fund a three year, $15.6 million study of the

SPS concept by the Department of Energy (DOE) and the National Aeronautics and

Space Administration (NASA). Although that study is only half completed, the

SPS proponents are now asking for an escalation of the federal commitment to

"technical verification" work that they predict will cost $270 million over

the next five years, beginning with the $25 million in this bill.

The Environmental Policy Center opposes the SPS concept and this bill's

commitment of funds to SPS technology development because we believe that (1)

even if the SPS could be shown to be technically feasible, it will never be

economically and politically feasible, and, (2) the money which this bill

would allocate to SPS technology development instead should be allocated to

land-based, decentralized solar energy technologies.
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FEASIBILITY QUESTIONS

In appraising the prospects for any new energy source, the first question

is whether it is technically feasibile, or whether proponents of the proposed

technology have failed to discern some insurmountable technical barrier. Even

if technical feasibility can be demonstrated, a new energy source must pass a

second test, economic feasibility. That is, it must supply energy to consumers

at a price which is similar to or lower than the price of alternative sources

of energy. In the past, positive answers to the questions of technical and

economic feasibility might have been sufficient to assure the development of

a new energy source. But today our society is more crowded, competition for the

use of finite resources such as minerals, air, water, and land has increased,

and the social and environmental impacts of a new technology are major factors

In determining whether it will be developed on a large scale. Hence, in a

democratic society, a proposed energy producing technology such as the SPS

must be acceptable to the public, or politically feasible, as well as technically

and economically feasible.

TECHNICAL FEASIBILITY

The SPS concept envisions perhaps 100 or more giant satellites, each with

50 square miles of surface area covered by photovoltaic cells, stationed 22,000

miles from earth in a "geosynchronous" orbit that makes them appear to be sta-

tionary over a given spot on the earth's surface. The photovoltaic cells

would collect solar energy 24 hours a day and convert it to electrical energy.

The electrical energy would then be converted to a beam of microwave energy

aimed at a receiving antenna several square miles in area on the earth's

surface, where the microwave energy would be converted back to electrical

energy and transmitted over high voltage power lines to the population centers

where it is used.

•
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For economic reasons, it is impractical to prefabricate an SPS on earth

and then launch it into orbit. Instead, densely packed raw materials must be

launched into orbit and the SPS constructed in orbit by hundreds of workers.

Because existing launch vehicles such as the Saturn rocket and the Space Shuttle

are not big enough to propel the raw materials for an SPS into orbit economically,

a new "heavy-lift launch vehicle" (HLLV) must be developed. According to SPS

proponents, the HLLV would be a single stage, completely reusable vehicle

capable of carrying into orbit several times the payload of the Space Shuttle.

It would be three to five times more powerful than the Saturn rocket and there-

fore require construction of a new launching site. Construction of a single

SPS would require 50 to 500 flights of the HLLV at the rate of one to five

launches per day. If the dozens of SPS's needed to achieve claimed economies

of scale are to be built, the launches would continue at this rate for decades.

Indeed, eventual replacement of worn out SPS's (a 30 year life is predicted)

would require such launches into the indefinite future. The HLLV would transport

people, manufacturing equipment, and raw materials into low earth orbit, where

highly automated factories operated by a few hundred workers would convert raw

materials such as sheet metal rolls into an SPS. According to a report by the

Jet Propulsion Laboratory (JPL), "Man must develop the capability to be as

productive in space as on an automated automobile assembly line in terms of

kg of finished products per man-hour worked in order for the SPS costs to be

competitive". After an SPS is constructed in low earth orbit, the SPS and

maintenance personnel must be transported to geosynchronous orbit with chemical

or ion propulsion systems.
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SPS proponents are quick to claim that no scientific breakthroughs are

required to accomplish the technical wonders described above. Indeed, given

unlimited mineral resources, money, and public acceptance, the proposed construction

of dozens of solar power satellites might be technically feasible. But the fact is

that no energy technology will be given such unlimited commitment of resources merely

because it is technically feasible. The SPS must be economically and politically

feasibile, as well as technically feasibile, or it will never be built.

ECONOMIC FEASIBILITY 

Several studies have purported to calculate the cost of producing dozens of

solar power satellites over a period of many years beginning near the end of this

century and then compare that cost with projected costs for other possible sources

of electricity. All of these studies of the economic feasibility of the SPS are

flawed in major respects.

Suspect Objectivity of Studies of SPS Costs 

First, the supposedly objective cost estimates for the SPS are being made

by corporations, NASA apace flight centers, consulting firms, and academicians

who have a vested interest in encouraging a massive government commitment to the

SPS. This leads to cost estimates that are mere self-fulfilling prophecies, or

what one critic, Dr. John Cummings of the Electric Power Research Institute (EPRI),

calls "legislating all the answers."1 Richard Caputo, who directed a two-year

Jet Propulsion Laboratory (JPL) study of the SPS, recognized the same pattern of

behavior and characterizes the cost estimates he examined as based on "assumptions

of success" rather than a real data base.2 The SPS proponents appear to begin by

calculating the cost goal which the total SPS system must meet to compete with

other energy sources and then allocate that cost goal among the various subsystems

of the SPS. Hence, they tend to reach similar conclusions about the total cost

of the SPS based on widely varying estimates about the costs of the subsystems.
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One example of the wishful economic thinking of SPS proponents is that they

assume that any advances made in the technology of photovoltaic cells for land-

based conversion of solar energy to electricity will be transferable to photo-

voltaic cells used in the SPS. The fact is that the cells used in the SPS

must be thinner and lighter weight than cells used on earth, due to the need to

hold down the cost of launching billions of the cells into orbit. Also, the cells

for the SPS must be resistant to damage by micrometeorites, charged particles, and

ultraviolet rays. Efficiency and cost reduction improvements in cells developed

for land-based uses, therefore, will not necessarily be transferable to the

specialized cells needed for the SPS.

Diseconomies of Scale 

A second flaw in the studies of the economic feasibility of the SPS is

the failure to acknowledge the disadvantages inherent to a technology that is so

large in scale and expensive to develop to a state of commercial readiness that

projected electricity costs do not fall to acceptable levels unless hundreds of

billions of dollars are invested in the construction of dozens of the satellites.

What we have here are several diseconomies of scale masquerading as economies of

scale.

One diseconomy of scale is that the SPS will require enormous back-up power

to fill the gap in the event that the power supply from one of the satellites is

interrupted without notice. According to EPRI's Dr. John Cummings, a utility

receiving electricity from an SPS would require a reserve of standby power capacity

equal to or greater than the SPS power of five gigawatts (GW). Even the pooling of

reserve power among several utilities may be inadequate. The largest power pool

in the country today is 50 GW and the loss of one GW in that powerpool, much less

five GW, "would cause havoc."3 Paradoxically, the cost of backup power for the

SPS could be reduced by lowering the size of each SPS, but the cost of an SPS

goes up as its size is reduced. This problem and others have led Cummings to view
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the prospects for the SPS very skeptically. In his words, it "is a long, long,

long---a very long---way of f."4

A second diseconomy of scale is the large minimum commitment of 60 billion

dollars of government funds required to develop the SPS to a commercial scale so

that the question of economic feasibility can be answered definitively.5 This

proposed taxpayer investment in the development of a new energy technology is

much greater than the investment required to develop competing energy technologies

to a commercial scale. The cost of developing photovoltaic cells for land-based

uses to a 10 MW scale commercial demonstration powerplant by 1985, for example,

will be from 0.2 to 0.4 billion dollars.
6 

In other words, the SPS would require

from 150 to 300 times more RD & D dollars just to test its economic feasibility.

Even the breeder reactor's proposed development cost of about ten billion dollars

is dwarfed by the SPS proposal.

The diseconomy of scale inherent to such a large development cost is that

it can be financed only by preempting funds that could have been used to develop

other energy technologies. In effect, the extremely large development cost

requires a commitment in favor of the SPS technology versus competing energy

technologies even before the economic feasibility of the SPS is demonstrated.

The economic risk of committing funds to SPS development is intensified by

delaying the development of alternatives which would have to fill the gap if the

SPS proved to be uneconomic.

A third diseconomy of scale of the SPS is that projected costs depend on

maintaining a specified rate of construction of new satellites. In other words,

if future electricity demand growth leveled off unexpectedly for a few years, as

it did from 1974 to 1976, and consequently the rate of SPS construction was slowed,

costs per unit would rise sharply.
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A related diseconomy of scale of large powerplants such as the SPS is that it

is difficult to match the addition of new powerplant capacity to growth in consumer

demand. Unexpected variations in demand growth, such as those of recent years, lead

to excess capacity, or idle investment. Either ratepayers or utility company share-

holders must bear the burden of supporting the excess capacity. If a utility company

already finds it difficult to match new powerplant construction with demand growth

in today's circumstances, the problem can only be intensified by investing in the

construction of an SPS, which would equal the power generating capacity of several

nuclear powerplants. Even a group of utility companies jointly buying an SPS would

still risk a mismatch in timing between consumer demand and delivery of power from

the SPS, which would be ordered years in advance of predicted need.

A fifth diseconomy of scale of the SPS is that due to the high cost and high

risk of relying on the SPS, the federal government is likely to be the only entity

with the resources and hence ability to absorb risk needed to finance the SPS.

Utility companies would be relegated to the role of distributors of SPS power

rather than producers. Perhaps the prospect of government ownership of the SPS

explains the healthy skepticism toward the SPS displayed by the Electric Power

Research Institute, which is funded by investor-owned utilities.

A sixth diseconomy of scale of a large, centralized power supply system such as

the SPS is its vulnerability to intentional disruption. A hostile government with

access to modern technology could destroy a system of SPS's in orbit, Certainly with

missile warheads and perhaps with earth-based weapons such as laser beams. Saboteurs

could attack the receiving antennae, which would have almost indefensible perimeters

of many miles, or the high voltage transmission lines. Widely dispersed, stall

scale power systems are more easily defended and easier to repair when damaged.



58

Omission of Lowest Cost Alternatives 

The most obvious flaw in the existing studies is their failure to adequately

consider the lowest cost alternatives to the SPS, which are, first, efficiency

improvements that will reduce our need for new energy supplies, including new

electric generating capacity, and second, land-based, decentralized solar energy

technologies.

Energy Conservation Alternative 

Typically, the studies of SPS economics deal with the role of improvements

in our efficiency of energy use by discussing low growth and high growth energy

demand projections. The problem is that even their low growth demand projections

are too high because they don't reflect the realistic possibility that we will use

energy much more efficiently two or three decades from now, especially if resources

are committed to energy conservation on the scale proposed for SPS development. No

report on SPS economics that the Environmental Policy Center has reviewed includes

speculations on how much energy could be saved if the hundreds of billions of

dollars proposed for SPS development,anddeployment were instead spent on improving

our energy efficiency. Yet energy that is saved by an efficiency improvement is

just as important to society as a unit of energy that is produced from a new

energy source. The opportunity for energy conservation investments that effectively

"produce" energy is great because we have developed very inefficient ways of using

energy. That inefficiency means that we have within our borders a tremendous "reserve"

of "conservation energy" waiting to be "produced" through investments in energy

conservation. A recent report to the Joint Economic Committee suggests that cost-

effective investments could reduce our energy use by 40 percent. We should be

"mining" and "drilling" this reserve of conservation energy through investments

that improve the efficiency of our homes, office buildings, factories, and

transportation systems, just as diligently as we seek new discoveries of oil and

, gas, or new technological marvels such as the SPS.
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One expert on energy conservation improvements in existing buildings

testified before this committee two years ago that "cost-effective conservation

techniques which are commonly available today" could cut energy use in buildings

"equal to the yearly output of about six hundred 1000 megawatt generating plants.

In other words, if one 1000 megawatt plant came on line every two weeks starting

today, it would take until the year 2000 for the capacity of these new plants to

equal the savings which can be achieved in existing buildings using readily available,

economically viable conservation techniques."7

In short, the cheapest powerplant is the one that is never built. Alternative

investments in efficiency improvements would permit existing powerplants to serve

more electricity users. By failing to consider such an alternative investment

scenario, the SPS cost estimateshave purposefully avoided the lowest cost competitor

to the SPS. SPS proponents know that even if, for the sake of argument, the very

optimistic cost projections for the SPS are accepted without waiting for years of

"technology verification," alternative investments in energy conservation still

can be shown to effectively produce energy at a lower cost. No new research and

development, or "technology verification," is needed to verify the economic feasi-

bility of energy conservation investments and their enormous potential as a source

of new energy. The economics of energy conservation are not speculative; they

are will understood.

Decentralized Solar Energy Systems Alternative 

Another omission from cost comparisons with the SPS has been land-based,

decentralized solar energy systems. The SPS proponents prefer to set up the straw

man of a centralized solar energy powerplant alternative and then knock it down by

claiming high costs for electricity storage , land acquisition, and transmission

lines up to 2,000 miles long from solar powerplants concentrated in the Southwestern

states. Even the most objective of the SPS studies, the report by JPL, compared

the SPS with what the report's director has described as the "worst solar terrestial

•
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8
options", centralized solar energy powerplants at sites remote from their markets.

The JPL study also distorted its results by omitting from its calculations of SPS

costs the 60 billion dollars of government investment needed to develop the SPS to

a commercial scale. In spite of this rigging of the rules of the game, the JPL

study concluded that the SPS would cost more than a land-based, centralized solar

energy powerplant using a solar thermal process and fossil fuel backup system and

about the same as a centralized photovoltaic solar energy system with a fossil

fuel backup system.9

If the SPS costs were compared with decentralized solar electric systems

using photovoltaic cells, the SPS would look even worse. Decentralized solar

energy systems would be lower cost than the centralized solar energy systems used in

the JPL study because transmission costs can be eliminated, land acquisition costs

can be reduced by using air spaces over rooftops and parking lots, and waste heat

can be put to work near the generating site.

Objections by SPS proponents that electricity storage costs are an insurmountable

barrier to lowering the cost of land-based solar energy, whether centralized or

decentralized systems, have to be taken with a grain of salt. The people who

suggest that major reductions in the cost of electricity storage are not likely

are the same people who are extremely optimistic that costs for various subsystems

of the SPS will fall drastically. Moreover, the presently low level of government

spending on research and development of electricity storage may be increased soon.

I participated in a two day review of the DOE solar energy budget last week, and one

of the recommendations of the budget reviewers was that the R & D budget for

electricity storage systems for use with decentralized solar energy systems be

increased greatly in fiscal year 1980 and succeeding years.
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POLITICAL FEASIBILITY 

One diseconomy of scale of the SPS that even its pro
ponents acknowledge is

that it requires such a large commitment of resource
s and entails so many environ-

mental and social impacts that public acceptance, or
 political feasibility, will

be a critical factor in determining whether the SPS 
is built. They have already

begun their public relations campaign to sooth conce
rns about the possibilities

of microwave effects on health, microwave interferen
ce with radio frequencies,

disruption of the upper atmosphere by launch vehicle
 exhausts and microwave beams,

andotherimpacts. Indeed, critics of the bill bei
ng considered here today are told

that the money in this bill is needed to devel
op technology to test possible

environmental impacts.

Public Preference for Decentralized Solar Energy 
Systems 

The Environmental Policy Center believes that 
a 270 million dollar, five-year

technology development program is not needed to 
verify two of the biggest barriers to

the political feasibility of the SPS. First, the public won't buy it. Public

enthusiasm for solar energy is based on an intere
st in decentralized, or dispersed,

solar energy systems, pot highly centralized syst
ems such as the SPS, which

must be owned by giant utility companies or the federal gove
rnment. Solar

energy enthusiasts are looking forward to developmen
t of solar energy systems

scaled for use by individuals, neighborhoods, and 
communities. The majority of

the thousands of public witnesses who appeared
 at DOE's series of 11 public hearings

on federal solar energy policy this summer exp
ressed a preference for development

of decentralized solar energy systems and many 
of them specifically objected to

the SPS concept. Delegates representing 50 states and the District
 of Columbia

at the National Solar Congress here in Washing
ton on August4 to 6 expressed

similar views in the policy program which they 
ratified. Thus public support for

government promotion of solar energy is, in pa
rt, a vote for increased consumer

control of the supply of energy and should not be
 construed by members of this

-
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committee to include support for the SPS. Indeed, resistance to the SPS will

grow as consumers become aware that the large scale commitment required to make

the SPS work would effectively foreclose consumer and public utility commission

influence over electricity rates and construction decisions.

Siting Problems 

Another political barrier to the SPS that can be discerned without waiting for

the technology development proposed in this bill is the problem of siting the new

launch facilities and dozens of receiving antennae required for the SPS. The new

launch facility would preempt a large area due to the need to launch and land

several very noisy HLLV's per day over a period of many years, perhaps into the

indefinite future. An HLLV being launched would be much louder than the less

powerful Saturn rocket and an HLLV landing would be much louder than the SST.

One report has suggested that the "sonic overpressures produced by space-freighter

re-entry indicate that the final 200 km of the path should be over open ocean."1°

Now, this means that the HLLV launch site must be in the coastal zone, presumably

where the climate is warm year round. Areas that meet these requirements are

attractive for many other uses, both onshore and offshore, and population density

in such areas is high and getting higher. I find it difficult to believe that

even Cape Canaveral could be used as the HLLV launch site. Orlando, Florida and

the Disneyworld amusement park are just a few miles away and the nearby population

is growing rapidly.

Siting of the receiving antennae also appears to confront a very high political

barrier. The siting of new electric powerplants, whether nuclear or fossil fuel

plants, has been a controversial issue for years. Proposed federal legislation to

accelerate siting decisions is not progressing rapidly. Even if it is passed, siting

controversies can only grow due to the shrinking number of potential powerplant

sites and the competing uses of those sites. Siting of high voltage powerlines is

emerging as a major new area of political controversy. Politically conservative
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rural residents of upstate New York and northern Minnesota have resorted to

unfamiliar acts of civil disobedience to resist the siting of unwanted powerlines.

One of my colleagues is helping form a national coalition of groups which want broader

citizen representation in power line siting decisions.

Another example of siting problems is the legislation enacted by several states

to prohibit the siting of nuclear waste disposal projects within their borders. Also,

the Navy has failed repeatedly to sell the public on proposed sites for Project San-

guine, which entails burying a grid of highly charged electric cables for low frequency

communication with submerged submarines.

SPS proponents are aware of the siting problem. A NASA study could find only

69 potential land sites and some people have suggested that ocean sites could be used,

although I am not aware of any calculations of the cost of such structures. Moreover,

offshore sites do not avoid the problem of conflicting uses. Perhaps Boeing or the

Arthur D. Little company should study the current controversy over a proposal to site

nuclear powerplants off the coast of New Jersey. Offshore siting is not the solution.

Probably, there is no solution to the siting problem. Indeed, it is likely to get

worse. If the U.S. standard for microwave exposure is tightened to the East European
9 11

standard, the area preempted by receiving antennae will triple from 300 km to 900 km-

I would like to close on a more positive note by identifying some areas where I

agree with the proponents of this legislation. First, I agree that there should be a

transition to the use of solar energy in place of the environmentally disruptive and

nonrenewable fossil fuels and uranium. Second, I agree that the government should

commit billions of dollars to developing solar energy technologies to a commercial

stage, including a bigger effort to lower the cost of photovoltaic cells. Finally, I agree

that the government should fund studies of the health effects of microwave radiation.

However, in spite of these areas of agreement, I don't believe that further government
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funding of research on the SPS concept can be justified. If the already funded

government study of the SPS is adjusted to make its cost comparisons more realistic

and to adequately account for political barriers to the SPS, I am confident that

it will recommend no further work in the SPS.

Thank you.
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Senator MELCHER. Garry, this $270 million, now
 whose figure is

that ?
Mr. DELoss. It comes from a table in a report 

accompanying the

House bill, and I'm not sure where they got it. I'm su
re there were

plenty of people willing to offer prosepective authori
zation schedules

for the next 5 fiscal years, but it's in that report.

Senator MELCHER. How many years is that?

Mr. DELoss. It goes through the next ,5 fiscal years.

Senator MELCHER. They are projecting $270 million for 5 
years?

Mr. DELoss. Right.
Senator MELCHER. Well, of course, that's way ahead of 

me, and

ahead of this committee. I don't think we would be pr
epared to ear-

mark that much funding for this project at this time. It 
has been

stressed by Congressman Flippo and others that there are 
checkpoints

in the proposed bill. Do you think these checkpoints are necess
ary'?

Mr. DELoss. Well, the checkpoints are only important if you 
believe

that we've already started down the road, along those che
ckpoints.

Now, I think that the existing study which is approximately 
one-half

completed, will possibly, if it is altered a little bit in some of the 
ways

I've suggested, come up with a negative answer. And the first ch
eck-

point is the end of that study. That's the checkpoint I'm interested 
in.

I think that when we get to the end of that study, we should have an

answer that says that this is not a good idea to continue to try to 
put

money into the SPS development.
Senator MELCHER. Did you envision a checkpoint being an adminis-

trative checkpoint?
Mr. DELoss. The checkpoint would be that if the study comes to a

negative conclusion, it would be very difficult for the advocates of the

SPS to come before the Congress, and get authorizations to fund re-

search and development work in the SPS.
Senator MELCHER. What if it's a positive finding?
Mr. DELoss. Well, then we'll still fight it, and I think for the rea-

sons I've enumerated, for the reasons that I've enumerated here in my

testimony today, and some more, that the chances for success of the

SPS is very slight.
Personally, I suspect that if there's any additional funding for

the SPS, that it might go on for a few years and then die out, and
perhaps somewhere in the offices of NASA they are expecting that
too. But they're hoping that if the economy rebounds, and the public
feels like it's got a little more money to spend, they might be able
to revive the manned flight to Mars again.
Senator MELCHER. You were comfortable, though, with an admin-

istration checkpoint?
Mr. DELoss. Well, I think that's the next obvious checkpoint. I'm

not comfortable with anything that is proposed in the bill being con-
sidered here today. Except that they do talk about funding addi-
tional studies of the health effects of the microwave radiation. But
that doesn't justify for me the rest of the $270 million program.
I think we could talk about separate legislation to deal with that.
Senator MELCHER. My question is whether or not you want a legis-

lative checkpoint.
Mr. DELoss. Well, this bill envisions annual authorizations, so I

suppose you could say there are annual checkpoints in the bill
already.
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Senator MELCHER. Were you aware there was $4.6 million in the
proposal by the Department of Energy prior to the introduction of
this bill on January 3?
Mr. DELoss. Oh, 

yes, 
we complained then that the money being

spent to study the SPS concept is approximately double the money
that was being spent in grants to small inventors and entrepreneurs
in the area of what is termed appropriate technology goals.
And I think that that is a misplaced sense of priorities, and the

fact that we're spending $5 or $6 million this year on studying the
SPS and only spending about $3 million in grants to these very
innovative people is a mistake.

Senator MELCHER. That is a nice round comparison. I don't know
what you're going to do about getting more money into appropriate
technology, that is more successful than what we had, but I would
certainly welcome your active and visible support.
Mr. DELoss. I'll do that.
Senator MELCHER. We just had a little scuffle with that a couple

of days ago, you remember, on the money for appropriate tech-
nology in weatherization. And I did not see you people beating the
drums for it, were you?
Mr. DELoss. At that time I was preoccupied with another problem.
Senator MELCHER. Probably with this.
Mr. DELoss. I share your enthusiasm for appropriate technology,

I assure you.
Senator MELCHER. I think you are right. Until we know something

about this, the Government is the only one that can assume the risk to
make these experiments to find out where there are harmful effects
from the points we were discussing with Dr. Deutch earlier, concern-
ing the microwave potential hazards.
Mr. DELoss. I think that's a very important area to public support

of SPS, and we can see that things like Paul Brodeur's book, "The
Zapping of America," which is a very popular book, they are inform-
ing the public much more about the possible hazards from microwave
radiation. And I'm sure we'll find a lot of public support for legislation
aimed very narrowly at studying that problem, as opposed to this
legislation.
Senator MELCHER. We have adopted an amendment which I offered

in this committee to the fiscal year 1979 DOE authorization act
that would prohibit the siting of a nuclear waste disposal in States
where there was no nuclear energy unless the Governor approved
it. I believe that is probably constitutional, and I hope it stays in thebill. It is an example of how a State such as mine, Montana, withquite a bit of coal and no real interest in nuclear energy, protects itselffrom what may or may not be. I consider it a hazard, and I guess
probably others would disagree with me, but one of the hazards that Iseem to consider exists. We also have some problem getting coal-firedgenerating plants built now. As you know, coal is our big resource inMontana.
If we are going to have a development of that coal for the purposesof generating electricity right now or in the next few years anyway,that's going to be the steam generating facility. Isn't the Environ-mental Policy Center also opposing that?
Mr. DELoss. I couldn't tell you for sure because we have 10 lobbyiststhere, and I don't work in the coal mining area but we are very
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active on issues involving coal mining, and we were very active on

the passage of the legislation regarding strip mining, which I'm sure

you are aware.
Senator MELCHER. Yes I know the passage of the strip mining act

set the stage for possible development of western coal.
Mr. DELoss. But we do support the use of coal as a transitional fuel.

Until we develop a society based more on solar imergy technologies.

Senator MELCHER. Well, I only mentioned it because here we are

resisting nuclear because of the waste disposal problems, and many

people are opposing coal strip three and four because of the air quality

deterioration.
We are not really getting into the field of more development of

power generating capacity, very quickly that is. I cannot disagree

with you on your assessments of, or conclusion that we need more
money in solar here on Earth, in more conventional methods.
The point concerning this bill is its passage or nonpassage, and this

committee's oversight responsibility of the Department of Energy.

Regarding this field of SPS, we need to have some answers, do we not?

We cannot just simply say scuttle it, without having the answers. Or is

there a quantitative point on that?
Mr. DELoss. What I tried to suggest in my statement, is that there

are some answers that we can get that will probably be crucial answers
in terms of deciding whether to go or not go forward with the SPS
that don't require the so-called technology verifications that would be

funded in this bill.
For example, if they haven't yet attempted a cost comparison be-

tween the SPS and an alternative investment program in energy con-
servation, we don't need to do technical R. & D. to answer that ques-
tion. We could accept the cost estimates that are already proposed for

the SPS, just for the sake of argument. We could still beat the SPS
by looking at the potential for investment in energy conservation.
Those investments do not require research and development to verify

their economics. Those investments are very well understood already.
Senator MELCHER. Well, I think we're getting semantic on what is

research and development, and what is feasibility, and what is not.

But you wouldn't object to what Dr. Deutch described, and Dr. Koo-
manoff described on their experimentation, which is pretty hefty
experimentation, to determine whether or not there is danger from
microwaves.
Mr. DELoss. We don't object to the existing study, in fact, as I said,

I think if the study is changed somewhat, and we've already met with
Dr. Koomanoff and some of his colleagues to discuss this, that the
results of this study would probably be negative.
Senator MELCHER. You do want to find out though, do you not?
Mr. DELoss. We want to find out to the extent of the existing study,

and I'm sure, and I'm fairly optimistic that the answer at that point
would be negative.
Senator MELCHER. For instance, you pose the question: Who wants

antenna sites in their own State? That doesn't mean much unless you
say there is a danger from the antenna sites. Isn't that correct?
Mr. DELoss. Well, there's at least a perceived danger, and that could

be as important as a real danger. We're talking about a public that is
not confident in the calculated degree of risk for nuclear powerplants,
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that the Government and the nuclear power industry claim. We're
talking about a public that is not confident that nuclear waste proposal
sites can really be contained. You're talking about a public that is
sensitized by things like the chemical waste disposal problem that is
popping up literally in people's backyards in Niagara, N.Y.

It's very hard to convince the public to accept a technology that has
a potential for danger, at least, and there are much less dangerous
alternatives that are available. But they can perceive those alterna-
tives, they know they exist.
Senator MELCHER. First of all I assume that you approve of what Dr.

Deutch and Dr. Koomanoff are dong now, and what they propose to
do next year, for about $8 million. Part of that answer, or a major
question to begin with, is the danger of microwaves involved here.
You would want us to get those answers, would you not?
Mr. DELoss. I'm all in favor of completing the ongoing study, that

is correct.
Senator MELCHER. What if we don't have any answers by then,

would you want us to quit?
Mr. DELoss. Well, I think as I said, if you look realistically at the

alternatives for the SPS, and if you go back, and alter some of the
cost studies that have been done today, to take into account the alter-
native of energy conservation investments and decentralized solar en-
ergy systems instead of centralized solar energy systems, I think we
can get our negative answers very soon. I don't expect a positive
answer, I don't think it's possible.
Senator MELCHER. I assume that you agree, up to a point, you want

the answers on whether it is feasible, cost effective. That's the first thing
you talk about, and which you are pretty sure is negative. The second
point is, regardless if it is cost effective, whether there are dangers
from microwaves.
Mr. DELoss. I would like to see the existing study completed with

some alterations, and that is all I could support. I can't support this
bill.

Senator MELCHER. I do not think the bill does much more than the
Department and NASA are doing, except to give it a little more
definition within the Department of Energy, and although the amount
of $25 million is obviously more than we contemplate on spending per
year, as you well know, authorization figures are adjusted whenever
we think there is a need.
Probably, a greater benefit to the bill could be measured only in

whether there is the congressional check point. The Environmental
Policy Center has sponsored, since I've been here, several congression-
ally mandated check points.
I tend to think that they are right and don't want to overburden

the Congress and make unnecessary check points, but I think that
on a technology of this type, a congressional check point is absolutely
necessary for me to feel comfortable with it.
Perhaps when we get through we will find the Environmental Pol-

icy Center even advocating that. Thank you very much.
Mr. DELoss. Thank you, Senator.
Senator MELCHER. Mr. Boileau, president of Boeing Aerospace Co.

Mr. Hedrick from Grumman and Mr. Nansen, please proceed.
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STATEMENT OF OLIVER C. BOILEAU, PRESIDENT, BOEING AERO-

SPACE CO., SEATTLE, WASH., ACCOMPANIED BY IRA GRANT

HEDRICK, SENIOR VICE PRESIDENT, GRUMMAN AEROSPACE

CORP., BETHPAGE, N.Y.; AND RALPH NANSEN, BOEING SPACE

BASED SOLAR POWER SYSTEMS MANAGER

Mr. BOILEAU. My name is Oliver C. Boileau, and I am president of
the Boeing Aerospace Co. I would like to thank you for this opportun-
ity to speak in support of Senate bill 2860, the Solar Power Satellite
Research, Development, Demonstration Act of 1978. With me is Ralph
Nansen, Boeing's space-based solar power systems manager.
In addition to my statement I have a supplement, which I wish to

place in the record.
Senator MELCHER. It will be made a part of the record. Is this the

supplement here?
Mr. BOILEAU. Yes, sir.
Senator MELCHER. It will be made a part of the record immediately

following your statement.
Mr. BOILEAU. I have a lot to say in a relatively brief time. I will

describe what we've done and where we are in the development of the
solar power satellite concept. I will attempt to show you why we need
this legislation, and I will outline for your consideration a technical
verification plan designed to meet the legislation's mandates.
Simply put, we envision the creation of a series of huge satellites

which would intercept the Sun's rays in deep space, transforming them
into electricity which would be beamed to Earth in the form of micro-
waves. Large ground antennas would reconvert this beam, in essence
radio waves, to electricity which would be fed to homes and factories
through utility power grids.
Simply put, yes. But not simple to accomplish. These satellites may

measure in size anywhere from 8 square miles to even an astounding
34, depending on the desired power output. They would be constructed
in space by orbiting crews numbering in the hundreds. A new trans-
portation system eventually would be needed, and here on Earth, a
new industry would be created.
Quite a mouthful. Sort of like trying to swallow an elephant. But

engineers at Boeing, and elsewhere, think it can be done. The elephant
will have to be chopped into little bites, and a lot of it will be tough
to chew. But it's possible. Costly, but possible.
Why would anyone want to do it? Let's examine the need. I will not

dwell upon the fact that we are in an energy crisis. Nor will I question
the need for conservation, or for the further exploitation of our vast
coal resources. Conservation can, and probably must, ease us through
today's difficulties.
But the energy crisis will become increasingly serious as long as

we are chained to a dependence on fossil fuels. For the midterm, say,
through the year 2000, a mix of many sources will help us meet our
needs. These may include coal, oil, natural gas, nuclear, ground solar,
and wind.
It is on our long-term survival that we must place the emphasis.

We must find new, nondepletable, basis-load energy sources if we are
to guarantee continued energy growth. I see only three potential can-
didates; breeder reactor, fusion, and space solar power.

•
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None should be ignored. And, obviously, I have my favorite candi-
date. This was not always the case. When. Peter Glaser first proposed
the idea in 1968, I had, to put it politely, serious doubts. So did the
engineers to whom I gave the assignment. But the more they attempted
to punch holes in the concept, the more it became apparent that there
were no insurmountable technological stumbling blocks.
Perhaps, the turning point to us was the realization that we were

examining an energy program rather than a space program. It still
was a mighty big elephant, but it wasn't a white elephant. There were
220 million people out there with very real energy needs.
We went to work. Slowly at first, but as the data accrued, the tempo

increased. A future space transportation systems study firmed up the
foundation. Conceptual studies for heavy-lift launch vehicles, space
freighters, if you will, followed, as did investigations into the creation
of large space structures and ion propulsion devices.
For most of the last 2 years, we've been refining our data under

contract to NASA's Johnson Space Center. We carefully have weighed
system reqirements against existing technologies and have found, on
paper, at least, that solar power satellites appear to be technologically,
environmentally, and economically promising.
But, I repeat, this is what it says on paper. The time has come to

take the first careful, cautious steps from the drawing board. We've
done the studying, amassed enough' words and numbers. What is
needed is proof, of concept, of environmental acceptability, of eco-
nomic viability.
Or, more bluntly, can we do it? Can we live with it? Can we afford

it? g. 2860 will lead us toward answers to these questions. The $25
million it authorizes will take us from paper studies to material and
subsystem testing. We suggest that these funds be spent on develop-
ment and hardware testing in 10 specific areas. They are:
Solar cells : Two and one-half million dollars should be spent

developing low cost, high performance, light weight solar cells. Cost
reduction through automated production should he invesigated.
Advanced cell types such as thin film gallium arsenide cells should
be further developed. Techniques aimed at refurbishing radiation
damaged cells should 'be investigated.

Solar cells are proven providers of spacecraft power ; they must be
developed to the point when they can produce reasonably priced elec-
tricity for consumers here on Earth.
Thermal engines and thermal systems: Another $2.5 million should

be invested in development of materials needed for controlling tem-
peratures on either thermal engine or photovoltaic satellites and. for
a time at least, for the development of materials for engines for ther-
mal engine satellites. Our studies tend to show that photovol4-aic satel-
lites have certain advantages over the thermal engine approach.
However, we feel that developmental work in both areas should pro-

ceed until a firm decision can be made between the two.
Microwave power transmission system: The Department of Energy

and NASA are investigating the biological effects of microwaves and
the development of standards and specifications for microwave expo-
sure. We recommend that $6 million be, spent to determine what effect
solar power generated microwaves will have on our ionosphere.

•
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Research and technology development in the areas of microwave
power amplification and phase control also would be pursued. This
work is necessary to begin a meaningful assessment of the environ-
mental aspects of the satellite's power transmission system, both on
living things and on our communications systems.
It will provide the foundation for broader terrestrial environmental

studies into the effects of the beams on migrating birds, plant growth,
land use under the receiving antennas, and the like. No environmental

peril has been uncovered in our preliminary studies. However, this is

an area of vital importance and must be investigated thoroughly be-

fore we embark on a satellite demonstration phase.
Space structures: A relatively modest $750,000 is recommended

here. This will augment already existing space structures technology

efforts in the specific areas of thin gage structural elements and join-

ing and fastening techniques. Rigidity of deployable structure would

be investigated; the advantages of ultrasonic welding versus mechani-

cal fastening would be weighed.
Materials: We believe that $1.5 million should be spent to define and

better understand the properties of materials proposed for construction

and long-term exposure in space. For instance, we should subject com-

posite materials suggested for satellite construction to the rigors of
simulated space in large vacuum chambers.
Flight control system: Another $750,000 should be invested in the

development of means to control large flexible systems in space. This
would include the development of algorithms and software to provide
stability when control frequencies and structural frequencies overlap,
and the fine pointing of large structures using multiple actuators.

Construction systems: Three million dollars should be spent for
technology development and analysis of semiautomated construction
equipment needed for a satellite space construction base. Structure
fabricators, solar cell deployers, men and equipment transporters, con-
trols and displays are but a few of the needs.

Transportation systems: Much work must be done in this field. The
space shuttle will be the backbone of the solar power satellite verifica-
tion program, but, further down the line, new frenerations of space

transportation craft will' be needed. Booster engines for large space
freighters capable of economically carrying large payloads into low
Earth orbit should be developed.
Large and efficient electric thrusters for inter-orbit transfer vehicles

should be designed. We recommend that $4.5 million be spent in pre-
liminary work in this area.
Power distribution and controls: We see the need for $1.5 million

here. High priority items include development of lightweight, long
life, power processors and their interfaces with thermal control sys-
tems, and the development of high voltage switch gear.
Space environment factors: Two million dollars should be invested

in augmenting research now primarily applicable to smaller space-
craft, and an investigation of space plasma effects on much larger area
systems.

These proposals spread the legislation's $25 million thinly over an
extremely broad area of technologies.
However, we see this as an adequate first year initiative which gets

•
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us off the drawing boards and into hardware development. A 5- to 7-
year verification phase would follow.
And, while this $25 million is a relatively inexpensive investment for

a program with such vast potential let's not kid ourselves or the public.
It's just a small down payment. The 5- to 7-year verification phase
would cover the total ground and space testing of solar power satellite
elements and would include at least three logical decision points:
Ground testing of components, flight testing using individual shuttle

sortie flights, and scaled systems tests of a 250-kilowatt to 1 megawatt
power unit in low Earth orbit. These would allow engineering and cost
verification and would remove the majority of program risks. If addi-
tional tests are needed prior to full scale implementation, an inter-
mediate sized unit capable of delivery of significant electrical power
from geosynchronous orbit into our ground based electrical grid could
be developed.
When, and if, we reach this stage, we'll have passed through a long

series of decision gates. At each step, technologic environmental, and
economic considerations will have been weighed. Interrelationship will
be the key.
This asks for little that is not already in the Department of Energy's

solar power satellite long-range plan. All it does is fit into a matrix the
steps which will lead to the answers to those important questions:
Can we do it? Can we live with it? Can we afford it? Hopefully the

answer will be yes to all three. If not, let's find out. And I'll be the
first to say, enough, let's get on to something else. But let's give it a
chance.
While we are looking for alternate energy sources, our Nation is

importing billions of barrels of foreign oil. Is sending billions of
American dollars overseas. Is burning up our own dwindling reserves,
in effect borrowing from our future.
I am not asking you for millions of dollars for some esoteric scien-

tific pursuit in space. Nor am I asking for a blank check, we can get
to the Moon, so why can't we solve cur problems on Earth crash pro-
gram. I'm not even asking for favorite-candidate status.
All I'm calling for is balanced funding commensurate with that

given other energy program candidates. To date, space solar power
has been short changed, receiving less than $5 million a year. This
simply is not in line with expenditures on just about any other en-
ergy option. Nor is it enough to get on with the job.
Our studies show that the solar power satellite concept is extremely

promising. But, as I've said before, promises won't light cur lamps or
power our machinery. We need hard facts, facts upon which we can
base a rational energy development plan.
We've gone as far as paper studies can carry us. We need to get

on to hardware verification. It is up to the Congress and the adminis-
tration to decide whether we move forward, or spin our wheels until
we run out of gas. Thank you, Mr. Chairman.
Senator MELCHER. Mr. Hedrick, can you add to that?
Mr. HEDRICK. Mr. Chairman, I have prepared testimony and es-

sentially I strongly support the approval of the bill of S. 2860. And
I felt that if I could submit this for the record, I would like to take
a minute or two for a comment, if I might.
Senator MELCHER. Your prepared statement will be made a part

of the record.
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STATEMENT OF IRA GRANT HEDRICK, SENIOR VICE PRESIDENT,

GRUMMAN AEROSPACE CORP., BETHPAGE, N.Y.

Mr. HEDRICK. The prepared statement covers the Grumman's com-

pany general interest in energy problems, as well as the solar power

satellite. But I would like to first just say that I believe our Nation's

searcth for a base load, inexhaustible, energy source deserves the sense

of urgency that I feel is lacking. And I say this even though I feel sure

that. we will not realize any appreciable energy from such a source

until after the year 2000.
We in the United States are concerned and confused about our future

energy supplies, and on the nature of the supplies, how they might

affect such things as our future economy, military security, and our

environment. I feel sure the American people would rally in support

of an effort to solve our energy concerns.
Certainly a bold, positive move by the United States to develop an

inexhaustible energy resource would improve our international image.

But, we just haven't done our homework that is needed to make an intel-

ligent choice between what are probably our only real options, that is

fission, fast breeder reactors, fusion, and solar power satellites. It is

the work needed to make the most critical choices that I say deserves

this sense of urgency.
And second, I would like to point out that there are two basic ways

to approaching this concept, that is the negative and the positive. The

negative approach amplifies the difficulties, real or imagined, to a level

where it can be rationalized, that the concept should be rejected out of

hand without benefit of any constructive effort.
The positive approach considers all suggested difficulties and sepa-

rates out and rejects the imaginary ones, and then seeks by creative

thinking to find acceptable solutions for the real difficult. Since we

have so few real options for the long-term energy needs, and none of

them are quick and easy to achieve, I believe we should approach the

solar-power satellite in a positive mode, as set forth in bill S. 2860.

Thank you, sir.
[The prepared statements of Mr. Boileau and Mr. Hedrick follow:]
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My name is Oliver C. Boileau and I am president of The Boeing Aerospace Company. Thank you

for this opportunity to speak in support of Senate Bill Twenty-eight Sixty, the Solar Power Satellite

Research, Development and Demonstration Act of 1978.

With me is Ralph Nansen, Boeing's space-based solar power systems manager. In addition to my

statement, I have a supplement which I wish to place in the record.

I have a lot to say in a relatively brief time. I will describe what we've done and where we are in the

development of the solar power satellite concept. I will attempt to show you why we need this

legislation. And I will outline for your consideration a technical verification plan designed to meet

the legislation's mandates.

Simply put, we envision the creation of a series of huge satellites which would intercept the Sun's

rays in deep space, transforming them into electricity which would be beamed to Earth in the form

of microwaves. Large ground antennas would reconvert this beam—in essence radio waves—to elec-

tricity which would be fed to homes and factories through utility power grids.

Simply put, yes. But not simple to accomplish. These satellites may measure in size anywhere from

eight square miles to even an astounding 34—depending on the desired power output. They would

be constructed in space by orbiting crews numbering in the hundreds. A new transportation system

eventually would be needed, and here on Earth, a new industry would be created.

Quite a mouthful. Sort of like trying to swallow an elephant. But engineers at Boeing and else-

where think it can be done. The elephant will have to be chopped into little bites, and a lot of it

will be tough to chew. But it's possible. Costly, but possible.

Why would anyone want to do it? Let's examine the need.

I will not dwell upon the fact that we are in an energy crisis. Nor will I question the need for con-

servation or for the further exploitation of our vast coal resources.

Conservation can—and probably must—ease us through today's difficulties.

But the energy crisis will become increasingly serious as long as we are chained to a dependence on

fossil fuels. For the mid-term—say, through the year 2000—a mix of many sources will help us

meet our needs. These may include coal, oil, natural gas, nuclear, ground solar and wind.

1
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It is on our long-term survival that we must place the emphasis. We must find new, non-depletable,

base-load energy sources if we are to guarantee continued energy growth. I see only three potential

candidates: Breeder reactor, fusion and space solar power.

None should be ignored. And, obviously, I have my favorite candidate.

This was not always the case. When Peter Glaser first proposed the idea in 1968, I had—to put it

politely—serious doubts. So did the engineers to whom I gave the assignment. But the more they

attempted to punch holes in the concept, the more it became apparent that there were no insur-

mountable technological stumbling blocks. Perhaps, the turning point to us was the realization that

we were examining an energy program rather than a space program. It still was a mighty big ele-

phant, but it wasn't a white elephant—there were 220 million people out there with very real energy

needs.

We went to work. Slowly at first, but as the data accrued, the tempo increased.

A future space transportation systems study firmed up the foundation. Conceptual studies for

heavy lift launch vehicles—space freighters, if you will—followed, as did investigations into the crea-

tion of large space structures and ion propulsion devices.

For most of the last two years, we've been refining our data under contract to NASA's Johnson

Space Center. We carefully have weighed system requirements against existing technologies and

have found—on paper, at least—that solar power satellites appear to be technologically, environmen-

tally and economically promising.

But, I repeat, this is what it says on paper. The.time has come to take the first careful, cautious

steps from the drawing board. We've done the studying, amassed enough words and numbers. What

-is needed is proof—of concept, of environmental acceptability, of economic viability.

Or, more bluntly, can we do it? Can we live with it? Can we afford it?

S. Twenty-eight Sixty will lead us toward answers to these questions. The 25 million dollars it

authorizes will take us from paper studies to material and subsystem testing. We suggest that these

funds be spent on development and hardware testing in 10 specific areas. They are:

2
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Solar Cells

Two-and-a-half million dollars should be spent developing low-cost, high-performance light-

weight solar cells. Cost reduction through automated production should be investigated.

Advanced cell types such as thin-film gallium arsenide cells should be further developed. Tech-

niques aimed at refurbishing radiation-damaged cells should be investigated. Solar cells are

proven providers of spacecraft power; they must be developed to the point where they can

produce reasonably priced electricity for consumers here on Earth.

Thermal Engines and Thermal Systems

Another 2.5 million dollars should be invested in development of materials needed for control-

ling temperatures on either thermal engine or photovoltaic satellites and, for a time at least, for

the development of materials for engines for thermal engine satellites. Our studies tend to

show that photovoltaic satellites have certain advantages over the thermal engine approach.

However, we feel that developmental work in both areas should proceed until a firm decision

can be made between the two.

Microwave Power Transmission System

The Department of Energy and NASA are investigating the biological effects of microwaves

and the development of standards and specifications for microwave exposure. We recommend

that 6....,m4IJILDn dollars be spent to determine what effect solar-power-generated microwaves will

have on our ionosphere. Research and technology development in the areas of microwave

power amplification and phase control also would be pursued. This work is necessary to begin

a meaningful assessment of the environmental aspects of the satellite's power transmission sys-

tern, both on living things and on our communications systems. it will provide the foundation

for broader terrestrial environmental studies into the effects of the beams on migrating birds,

plant growth, land use under the receiving antennas, and the like. No environmental peril has

been uncovered in our preliminary studies. However, this is an area of vital importance and

must be investigated thoroughly before we embark on a satellite demonstration phase.

Space Structures

A relatively modest 750,000 dollars is recommended here. This will augment already existing

space structures technology efforts in the specific areas of thin-gage structural elements and

joining and fastening techniques. Rigidity of deployable structures would be investigated; the

advantages of ultrasonic welding versus mechanical fastening would be weighed.
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Materials

We believe that 1.5 million dollars should be spent to define and better understand the proper-
ties of materials proposed for construction and long-term exposure in space. For instance, we
should subject composite materials suggested for satellite construction to the rigors of simu-
lated space in large vacuum chambers.

Flight Control System

Another 750,000 dollars should be invested in the development of means to control large flex-
ible systems in space. This would include the development of algorithms and software to pro-
vide stability when control frequencies and structural frequencies overlap, and the fine point-
ing of large structures using multiple actuators.

Construction Systems

Three million dollars should be spent for technology development and analysis of semi-
automated construction equipment needed for a satellite space construction base. Structure
fabricators, solar cell deployers, men and equipment transporters, controls and displays are but
a few of the needs.

Transportation Systems

Much work must be done in this field. The Space Shuttle will be the backbone of the solar
power satellite verification program but, further down the line, new generations of space
transportation craft will be needed. Booster engines for large space freighters capable of eco-
nomically carrying large payloads into low Earth orbit should be developed. Large and effi-
cient electric thrusters for inter-orbit transfer vehicles should be designed. We recommend that
4.5 million dollars be spent in preliminary work in this area.

Power Distribution and Controls

We see the need for 1.5 million dollars here. High priority items include development of light-
weight, long-life power processors and their interfaces with thermal control systems, and the
development of high-voltage switch gear.

Space Environment Factors

Two million dollars should be invested in augmenting research now primarily applicable to
smaller spacecraft, and in investigation of space plasma effects on much larger area systems.
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These proposals spread the legislation's 25 million dollars thinly over an extremely broad area

of technologies. However, we see this as an adequate first year initiative which gets us off the

drawing boards and into hardware development. A five- to seven-year verification phase would

follow.

And, while this 25 million dollars is a relatively inexpensive investment for a program with

such vast potential, let's not kid ourselves or the public. It's just a small down payment. The

five- to seven-year verification phase would cover the total ground and space testing of solar

power satellite elements and would include at least three logical decision points: Ground-

testing of components, flight-testing using individual Shuttle sortie flights, and scaled systems

tests of a 250 kilowatt to 1 megawatt power unit in low Earth orbit. These would allow engi-

neering and cost verification and would remove the majority of program risks. If additional

tests are needed prior to full-scale implementation, an intermediate sized unit capable of deli-

very of significant electrical power from geosyrichronous orbit into our ground-based electrical

grid could be developed.

When—and if—we reach this stage, we'll have passed through a long series of decision gates. At each

step, technologic, environmental and economic considerations will have been weighed. Interrela-

tionship will be the key.

This asks for little that is not already in the Department of Energy's solar power satellite long-range

plan. All it does is fit into a matrix the steps which will lead to the answers to those important

questions:

Can we do it? Can we live with it? Can we afford it?

Hopefully, the answer will be "Yes" to all three. If not, let's find out. And I'll be the first to say:

"Enough, let's get on to something else."

But let's give it a chance.

While we are looking for alternate energy sources, our nation is importing billions of barrels of for-

eign oil. Is sending billions of American dollars overseas. Is burning up our own dwindling reserves,

in effect borrowing from our future.
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I am not asking you for millions of dollars for some esoteric scientific pursuit in space. Nor am I

asking for a blank-check we-can-get-to-the-moon-so-why-can't-we-solve-our-problems-on- Earth crash

program.

I'm not even asking for favorite candidate status.

All I'm calling for is balanced funding commensurate with that given other energy program candi-

dates. To date, space solar power has been short-changed, receiving less than five million dollars a

year. This simply is not in line with expenditures on just about any other energy option. Nor is it

enough to get on with the job.

Our studies show that the solar power satellite cOncept is extremely promising. But, as I've said
before, promises won't light our lamps or power our machinery. We need hard facts, facts upon

which we can base a rational energy development plan.

We've gone as far as paper studies can carry us. We need to get on to hardware verification. It is up

to the Congress and the Administration to decide whether we move forward .

... or spin our wheels until we run out of gas.

6
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SOLAR POWER SATELLITES

Introduction

Solar Power Satellites (SPS) offer a possible solution to our ever increasing energy problem. They
utilize a nondepletable energy source and in addition provide a means of reversing the current
unfavorable balance of payments while providing U.S. jobs. The National Aeronautics and Space
Administration (NASA) and Department of Energy (DOE) have sponsored system studies per-
formed by The Boeing Company and others which have indicated the technical feasibility of the
SPS concept. It is now time to advance to a technology verification phase in order to confirm the
study results and provide the data base for SPS power availability in the 1990's.

Boeing has developed an orderly three-step, five-to seven-year plan for SPS economic and technical
verification. This plan begins with relatively low cost ground based laboratory studies, progresses to
space testing of components, and culminates with a technical verification power unit in Earth
orbit. Space verification testing will utilize the space shuttle. Economic and environmental studies
will be conducted in parallel with the hardware testing to assure compliance with these important
constraints. This plan and the associated costs are summarized here together with a brief SPS
system description and an outline of economic considerations as they relate to the overall energy
problem and an SPS solution.

Energy Economics

The United States paid approximately $200 billion in 1977 for energy and of this amount, $45
billion went overseas to purchase oil. A percentage breakdown of the total energy budget is pre-
sented in Figure 1. The outcome of this huge overseas expenditure resulted in a severe impact on
our national balance of payments.

845EINEAR
PAID OVERSEAS (1977)
(ANC) INCREASING)

Figure 1. United States 1977 Energy Budget

BALANCE OF
PAYMENTS
DEFICIT
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The price of energy is constantly increasing, partly due to growing fuel scarcity and partly due to

the actions of the inarnational oil cartel. Energy is fundamental in the production of almost every

product we use. For example, food production is dependent upon tractors and fertilizers, which

both require energy. When the price of energy increases, it follows that the price of food will

increase. Manufactured goods require energy for the factories that produce them. When the price

of energy increases, so must the price of the goods, with the result that increasing energy cost drives

national inflation. President Carter stated in November 1977 that, "The revelations about Octo-

ber's $2.4 billion balance of trade deficit are quite disturbing. We imported $3.7 billion worth of

oil each month. This means that we have, if we don't import oil, about a $15 billion trade surplus

per year. We have to cut down on the excessive importation of oil from overseas if we ever hope to

get our trade balanced." The February 1978 trade balance was even worse, reaching a record $4.1

billion. It is obvious from these facts that the United States must develop a domestically controlled

non-depletable energy supply if it is to stabilize and control its economy.

Figure 2 shows the historical price for three primary fossil fuels: natural gas, crude oil, and bitu-

minous coal. Inflation is not included in this fuel price trend. The impact on a related commodity

(electricity) is shown on the right. Costs of investment, operation and maintenance, etc., are shown

as constant, but the increasing cost of fuel directly impacts the retail U.S. electric price as shown.

Of course this simple chart cannot show the feedback effect as increasing energy cost raises the cost

for new equipment in the electrical power plants.
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Figure 2. Symptoms of the Problem
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It is clear that the energy trends shown in Figure 2 must be reversed if the United States is to cure

the current balance of payments problem, stop energy induced inflation and provide the number of

new jobs required to maintain a healthy economy. Table 1 lists the objectives of a long term energy

solution. The primary objective of this solution is the reestablishment of a sound national economy.

The table also presents the required characteristics of the solution.

4.

Table I. An "Energy Solution"

Objectives of a" Solution"
• REESTABLISH FAVORABLE BALANCE OF PAYMENTS

• PUT A "CAP" ON ENERGY-INDUCED INFLATION

• ALLOW CONTINUED ECONOMIC EXPANSION

Desirable Characteristics of a "Solution"

• MUST BE NONDEPLETABLE

• USE U.S. RESOURCES AND U.S. LABOR

• ADEQUATE ENERGY SOURCE

• MINIMAL ENVIRONMENTAL IMPACT

• ACCEPTABLE DEVELOPMENT AND UNIT COSTS

• TIMELY

Optional Energy Sources

A number of potential energy options to depletable oil based fuels are available. The "solutions"

currently being studied are listed in Table 2. Only three of the "solutions" meet the criteria listed

in the table. Two of these are nuclear options and the third is space solar. Breeder reactors are

considered by many to be environmentally unacceptable, while the fusion reactors have yet to be

shown technically feasible even though hundreds of millions of dollars have been expended in

demonstration attempts.

3
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Table 2. Potential Energy "Solutions"

NON- NON-

ALTERNATIVE INTERMITTENT DEPLETABLE NON-REGIONAL ,

COAL  

WIND  V

OCEAN THERMAL V 

GROUND SOLAR  V

BREEDER REACTORS  V 7 

FUSION REACTORS V V 

SPACE SOLAR V V VV V 1

POSSIBLE
"SOLUTIONS

At this time, space solar power appears to be one of the most acceptable long range energy solutions

from both a technical and environmental point of view. Studies have shown space solar power to be

technically feasible with proven base technology and, even though all environmental issues are not

resolved, current data indicate the system will be environmentally acceptable.

Based on the positive results obtained in SPS studies, it is time to proceed with an aggressive SPS

technical verification program. To date, funding for the SPS program has been extremely limited

(about $5 million/yr) when compared to the nuclear alternatives ($1 billion/yr). This lack of

funding has prevented accumulation of the needed test data base and makes it impossible to accu-

rately compare SPS to the nuclear systems. If an intelligent decision is to be made between existing

alternative energy solutions, SPS research must be funded adequately through the technical verifica-

tion phase.

SPS System Concept

The total SPS system concept includes provisions for transportation, satellite construction and

operation, and power transmission, reception and distribution. The transportation system to be

utilized during the technology verification phase will be the space shuttle. If the SPS system is

shown to be economically and technically acceptable, heavy lift vehicles will be developed for the

operational phase.

4
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Figure 3 illustrates the principal of solar power satellites. The satellites would be located in geosyn-

chronous orbit some 22,000 miles above the Earth. In this orbit they remain in one position over

the equator and provide direct line-of-sight transmission olenergy by radio beam to receivers on the

Earth. In this orbit the satellites are almost constantly illuminated (over 99% of the time). The

source of this energy is solar rays converted to electricity by an array of solar cells. The satellites

are rather large, with areas of approximately 35 square miles. Their output is, however, propor-

tionate to the size in that approximately 10 million kilowatts of power are provided by each. The

power output is equivalent to about ten nuclear power plants. The satellite shown is equipped with

two transmitters and serves two Earth receiving sites (5 million kilowatts per site). Satellite sizes

down to approximately 2.5 million kilowatts per receiver appear economically practical. The

constancy of output of the ground receivers, without the effects of night and weather, provides

baseload electrical power.

Solar Power Satellite

FUELED CV THE SUN'S RAYS,

Earth Receiver

PROVIDER OF ELECTRICITY' FOR A MILLION HOMES

OF THow;;ANDS OF SVALL INDUSTRIAL PLANTS

Figure 3. The Solar Power Satellite Concept
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The development of an operational SPS system is a large engineering job but no major technological
breakthrough is required. Most of the key hardware elements exist and are available to be scaled-up
and tailored for the new SPS application. Mass production of these improved, scaled-up elements
should reduce unit costs and conform to projected SPS economics. There are many examples of
currently available SPS technology elements. Solar cell use on satellites has been routine for nearly
20 years, microwave transmission by radar and television has been in use for over 40 years, light-
weight structures for aircraft and spacecraft are an accomplished fact as are high voltage switching
gear and terrestrial power transmission facilities. The fact that SPS base technology, as demon-
strated by the above examples, is available does not imply that SPS will not have to meet major
technology challenges. However, the availability of SPS base technology does show that the pri-
mary elements necessary for development are either in hand or at least well within reach.

SPS Study Results

As stated earlier, Boeing has been conducting studies on SPS and related systems for the past six
years. These studies are listed in Table 3. The most significant results of a recent study are shown
in Table 4. The study also documented the critical technology questions that must be verified by
hardware testing. By concentrating on a maximum confidence system design, the study results
showed SPS to be achievable by the year 2000 and to be economically attractive. After completion
of the technology verification effort outlined in the next section, and assuming success, full scale
development could begin and would provide a mainstream energy system of great potential.

Table 3. Boeing SPS related Study Areas

Contracts IR and D

Solar Power Satellite System Definition Solar Cell Development
Heavy Lift Vehicle Definition Launch Facility Analysis
Heavy Lift Launch Vehicle Definition Large Structures Analysis
Launch Vehicle Environmental Effects Propellants
Shuttle Derivatives Avionics
Tech. Req. For Earth to Geo. Trans. System Flight Control
Future Space Transportation System Analysis Antenna Development

Materials Evaluation
Logistic Analysis
Power Distribution and Control

6
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Table 4. Synopsis of Study Results

Power Transmission
— Basic Feasibility Confirmed
— Detailed Microwave Link Error Analysis Con-

firmed Attainability of Adequate Efficiency
Energy Conversion
— Silicon Photovoltaic Best Overall Choice
— Potassium Rankine Backup Choice
Space Transportation Operations
— Low Cost Due To Traffic Level, Not New
Technology

— Payload Volume is Launch Vehicle Design Driver
SPS System Costs
— Power Cost 4 to 5 cent/kWh; Competitive with

Fossil Sources by Year 2000
— System Design Flexibility Key To Cost

Confidence

Technology Advancement and Verification Program

The objective of the Technology Advancement and Verification Program is to advance required

technology and provide data to confirm hardware concepts used in SPS system studies and to

further verify system economics. The test data will then be available for use in making future SPS

go, no-go program decisions and comparing alternative energy systems to allow informed decisions

as to future energy sources.

The technology program is divided into three phases including the: (1) Ground-Base Phase,

(2) Flight Test, and (3) Technical Verification Power Unit. Establishment of firm designs, perform-

ance levels, cost expectations, development requirements, and environmental acceptability, depends

on the achievable characteristics of several critical technologies. Although overall success of SPS

development is possible over a range of performance of these technologies, establishment of specific

attainable performance levels is important to establishment of designs and system specifications.

Accordingly, technology verification presently can be regarded as a key schedule constraint for

potential availability of SPS-derived energy. Because of this importance of technology verification,

detailed recommendations have been developed.

7



89

Funding for each phase has been estimated separately since the Phase 2 (flight test) and Phase 3

(power unit) will not be initiated until positive economic and technical results are obtained during

the Phase I ground testing. Estimates of required funding for the ground tests are presented in

Table 5. As may be seen, first year funding is $25 million. Since the Flight Test program can not

be fully defined until some results are obtained from ground testing, the costs are less well defined

but are estimated in the flight test section. The funding levels for both test phases are limited to

hardware development and testing.

Table 5. SPS Five Year Ground-Based Technology Development Plan*

TECHNOLOGY AREA

o SOLAR CELLS
o THERMAL ENGINES & THERMAL SYSTEMS
o MICROWAVE POWER TRANSMISSION SYSTEM
o SPACE STRUCTURES
o MATERIALS
o FLIGHT CONTROL SYSTEMS
o CONSTRUCTION SYSTEMS
o TRANSPORTATION SYSTEMS
o POWER DISTRIBUTION AND CONTROLS
o SPACE ENVIRONMENTAL FACTORS

TOTALS

• Does not include any required space tasting
Funding in millions of dollars

2
YEARS
3 4 5

TOTAL

2.5 3.6 3.85 3.7 2.6 16.25
2.5 3.5 3.75 3.5 2.5 15.75
6.0 7.5 8.75 8.5 6.5 37.25
0.75 2.0 2.2 2.0 1.8 8.75
1.5 2.0 2.5 2.0 2.0 10.0
0.75 0.8 1.0 0.9 0.8 4.25
3.0 4.0 4.5 5.5 5.5 22.5
4.5 7.5 8.75 7.5 7.5 35.75
1.5 2.0 2.5 3.5 2.5 12.0
2.0 2.6 2.45 2.2 2.0 1125

25.0 35.50 40.25 39.3 33.7 173.75

Environmental and socio-economic issues will also be very important selection criteria in any

comparative evaluation of optional energy systems and a need exists for additional data to fully

evaluate these parameters. This is especially true of environmental effects in the area of microwave

transmission. As a result, a research approach was developed to study terrestrial ecological effects

of microwaves. A summary of this approach is presented in a separate section together with a pro-

gram schedule and estimated funding level.

Ground-Based (Non-Flight) Technology Verifications

General areas selected for testing include solar cells, materials, structures, thermal engines and

systems, power distribution controls, microwave power transmission systems, flight control systems,

space transportation, space construction operations, and space environmental effects.

8
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Solar Cells

If sufficiently low costs can be achieved, solar cells are preferred for energy conversion. Recom-

mended solar blanket technology efforts include automated cell production by conventional and

novel means, automated blanket assembly, development of prototype blanket element designs,

radiation effects investigations and solar cell annealing, high voltage array operation, and advanced

solar blanket (e.g., gallium arsenide) development.

These technology developments will confirm solar cell and blanket design parameters, performance

and production methods and increase confidence in costs, providing a sufficient knowledge base to

allow preparation of solar blanket hardware design specifications appropriate fo an SPS program.

Recommended funding in the first year is $2.5 million with aggregate over a five year program of

$16 million.

Thermal Engines and Thermal Systems

Until near-term low cost production of photovoltaic solar blankets is assured, it is prudent to carry

a backup technology program for the thermal engine energy conversion option. Recommended

efforts include engine design studies and critical component testing, automated space welding/

brazing techniques, solar concentrator model testing, meteoroid penetration testing, zero-g heat

transfer investigations, and lightweight generator technology development. Most of these technol-

ogy areas are applicable to SPS design and development even if thermal engine SPS's are never

built.

These activities will establish design parameters, subsystem performance, and provide a sufficient

knowledge base to allow preparation of thermal engine and other design specifications appropriate

to an SPS program. Recommended funding in the first year is $2.5 million and the aggregate over

five years is $16 million. Given early success in the photovoltaics effort, the thermal engine tech-

nology effort could be reduced in scope.

Microwave Power Transmission System

The power transmission system is at the heart of the SPS system. Its performance and operating

characteristics are critical to establishment of the overall system design parameters as well as cost

estimates.. The design of the power transmitter requires integration of interacting structural, elec-

trical, RF, thermal control, and flight control parameters. Although there is considerable design

flexibility in the RF system in terms of altering design parameters to adapt to component/subsys-

tem performance levels, successful operation of a design, once the parameters are set, is dependent

on achieving specified component/subsystem performances. Therefore, technology verification in

this area is particularly important.

9
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a

Specific items include development of laboratory prototype RF amplifier tubes, phase control

circuitry, and antenna subarray hardware, leading to a prototype integrated subarray, supplemented

by ionosphere heating tests, radio frequency interference testing and design standards development,

exploratory development of high efficiency, high temperature solid state amplifiers, and develop-

ment of receiving antenna elements. The recommended verification program will provide the

knowledge base for subsystem/component specifications and for selecting system design parameters.

Recommended funding in the first year is $6 million dollars; the aggregate over five years is $37

million.

Space Structures

Fabrication and tests of representative structural elements and joining devices should be conducted

to establish confidence in prediction methods for structural strength and dynamics for these thin

gage lightweight structural elements. Tests and analyses are also needed to improve predictions of

structural thermal response and precision in the operating environment. Achievement of very small

structural responses to thermal fluctuations can greatly simplify SPS design, especially in the power

transmitter. Recommended funding in the first year is $0.75 million; the aggregate over five years

is $8.75 million.

Materials

Materials testing and development are recommended in the areas of plastics and composites, life and

properties in the space environment, bonding and fastening techniques for space construction,

moderate-to-high temperatures composites, thermal control and other coatings, and special-purpose

alloy development.

These technology items are required for selection of materials, setting of allowable stresses and

other design conditions, and detailing of space assembly processes, appropriate to achievement of
SPS designs suitable for 30 to 100 years operating life. Recommended funding in the first year is
$1.5 million and the aggregate over five years is $10 million.

Flight Control Systems

A development effort on theory, algorithms, and software is needed to add confidence to the

techniques appropriate to control the large, flexible SPS spacecraft. A small effort on sensors is
also appropriate. Recommended funding in the first year is $0.75 million, with an aggregate of
$4.25 million over the five-year period.

10
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Construction Systems

Construction of SPS's will involve the operation of a final assembly factory 
in space. Critical tech-

nologies include automated fabrication of space structures, closed life-support
 systems, means of

in situ structure integrity verification, docking and berthing of large space syst
ems, development of

construction operator accommodations and provisions, and construction base on
board logistics

systems. These activities will provide technology verification support development
 of construction

bases and their equipment inventory. Recommended first-year funding is $3 million and th
e five-

year aggregate is $22.5 million.

Transportation Systems

Achieving projected low costs for space transportation is important to economic at
tractiveness of

SPS power. Studies have verified, to the extent possible by study, these low costs.
 Key technology

verification needs include zero-g propellant transfer, a new booster engine, high-power 
electric pro-

pulsion, fully reusable (e.g., water-cooled) launch vehicle heat shields, oxygen/hydrogen-fuel
ed auxil-

iary propulsion, and on-orbit servicing of vehicles. (The recommended work on the 
last item

involves design studies for checkout, maintenance, and hardware changeout equipment
 and tech-

niques.) The booster engine will be the schedule limiter for the advanced launch vehicl
e system.

Upper stages can use the space shuttle main engine. The recommended technology e
ffort will

support the initiation of development of the low-cost transportation system. Recommende
d first-

year funding is $4.5 million with a five-year total of $36.5 million.

Power Distribution and Controls

Electrical systems technology items include fast switchgear and components for RF amp
lifier arc

suppression, high efficiency lightweight power processors (about 15% of the SPS onboard powe
r

requires processing), conductors, high-temperature semiconductors, high-power slip rings an
d light-

weight electric power storage. These activities are needed to select and establish electrical powe
r

distributions and processing design parameters and to permit preparation of design specification
s.

Recommended funding in the first year is $1.5 million, the aggregate over five years is $
12 million.

Space Environment

A modest study and analysis effort to improve knowledge and predictability of space environment

effects is needed. Included are meteoroid, plasma and fields, and energetic radiation. Recom-

mended first-year funding is $2 million for a five-year total of $11 million.

11
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Flight Test Technology Verification

The recommended flight program is presented below and is illustrated in Figure 4. It includes an

interferometer spacecraft experiment, shuttle sortie flights, followed by a 250 kW to 1 MW techno-

logy verification power unit constructed and tended in low Earth orbit by the space shuttle. Costs

for this program are less well defined; estimated totals are $50 million to $100 million for the inter-

ferometer spacecraft, $675 million for shuttle sorties, and $2.1 billion for the power unit including

design, development, launches, construction, and the complete experiment program.

Fabrication Tests

Objective—Demonstrate in the space environment all critical fabrication processes to be used in

the space construction of SPS's:

Specific Tests—

• Structure (beam) fabricators

• Mechanical fastening

• Fusion welding and brazing

• Ultrasonic welding of composites

• Bonding

Implementation—Shuttle sortie flights.

Environment

Objective—Improve definition of space environmental factors important to SPS construction,

operation, and life.

Specific Tests—

• Metals, plastics, and composites outgassing and properties changes under representative SPS

conditions.

Implementation—Shuttle sorties and geosynchronous long duration exposure facility (LDEF). The

latter could be placed at geosynchronous orbit by an Inertial Upper Stage (IUS) and samples later

retrieved by a manned geosynchronous sortie when the latter capability is developed.

12

35-994 0 - 79 - 7



94

S-BAND TRANSPONDER
AT EACH BOOM TIP

SPACECRAFT & IUS PACKAGED IN SHUTTLE

/
SOLAR ARRAY

SUBSYSTEMS

EXTENSIBLE BOOMS

DEPLOYMENT SEQUENCE

ON ORBIT WITH BOOMS DEPLOYED450 M

Figure 4. Interferometer Spacecraft Concept
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• Space plasma and radiation environments—emphasis on better definition of low to moderate

energy radiation environments and plasma effects.

Implementation—Measurements aboard suitable spacecraft. Existing programs such as the Space

Charging Test at High Altitude and the International Sun/Earth Explorer programs can provide

much of the needed information.

• RF/microwave propagation—Signal-power-level simulation of power transmitter beam steering

and phase control over actual geosynchronous range.

Implementation—Shuttle/IUS-launched geosynchronous microwave interferometer spacecraft. The

spacecraft concept is shown in Figure 4. RF transponders on the boom tips would simulate the

large aperture of the power transmitter. The transponders would be synchronized and phase con-

trolled by methods being tested for power transmitter application. Ground measurements of the

interference patterns produced by the interferometer transponders would determine the perfor-

mance of the phase control techniques.

SPS Power Generation and Power Transmission

Objective—Demonstrate critical technology applications and operation in the space environment.

Specific Test—

• Power generation—operate large solar arrays at moderate to high voltage.

• Power transmission—operate prototype klystron modules in space conditions. Test open and

closed envelope tubes. Measure and assess RF arcing problems in evacuated waveguides under

various temperature and outgassing conditions.

• Electric propulsion—test high power (approximately 100 kW) thrusters. Measure thruster plasma/
solar array interactions.

• Space-based solar cell annealing tests.

Implementation—

Initial—Shuttle sortie flights.

Culmination: 250 kW to 1 MW power unit in low Earth orbit.

(Thermal environment tests may require operation of up to nine 70 kW klystron modules requiring

about 500 kWe) Array voltage switchable up to 3,000 volts. "Test bench" configuration to allow

conduct of various power generation, power transmission and propulsion tests.

14
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Annealing tests could be preceded by electric-propelled power unit sortie into lower van Allen belts
with return to 450-500 km orbit for tests.

4
The Technical Verification Power Unit test program will primarily be automated with support by
periodic shuttle sortie flights.

The total ground and flight program is summarized in Figure 5.
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Microwave Environmental Study Approach

Funds have not been included for terrestrial environmental studies within the first year's $25 mil-

lion. Additional funds should be made available. Environmental questions on microwave transmis-

sion are some of the more important considerations that must be addressed during development of a

Solar Power Satellite (SPS) system. Possible environmental effects extend from satellite operation

to atmospheric transmission and terrestrial ecological interactions. Significant SPS environmental

effects are not anticipated because of the relatively low microwave energy levels being considered;

however, all possible effects, both good or bad, must be reevaluated in the context of the SPS

design to resolve outstanding environmental questions. Information on terrestrial environmental

effects of microwaves is extremely limited. A summary is presented here outlining an approach to

obtaining required terrestrial environmental data. This approach includes a facility concept for use

in conducting pertinent research together with estimates of costs and schedule. First year funding is

estimated at $4 million.

Experimental Approach

Limited data are available on biological effects of microwaves at the intensities and frequency

required for a total SPS ecological assessment. Further research is required to expand the data

base and obtain information in a form that is adaptable for inclusion in an SPS environmental

impact report. Most of the available data obtained from past studies are fragmented since they were

obtained under widely varying experimental conditions with diverse types of dosimetry. Also, the

studies were usually of short duration measured in hours or days and did not evaluate long-term

exposures of weeks or months.

The approach recommended here is believed to be the most direct and economical method of

providing the information needed for the SPS program. This approach involves a total environ-

mental simulation to determine first, if any problems actually exist when diverse groups of organ-

isms are exposed to the relatively low level microwave fields produced by the SPS system. The

simulation will be cotittucted on a large enough scale and for a long enough time period to deter-

mine if measurable effects occur under actual field conditions. The investigation will allow for the

study of individual organisms as well as heterogeneous groups of organisms to determine group

interactions. If, under actual field conditions isolated effects are observed, then laboratory studies

can be initiated to determine the cause. The experimental objective of this approach is to deter-

mine if any significant environmental effects occur, whether benificial or harmful, under conditions

expected at an SPS rectenna site.

Two basic types of simulations are required to implement the approach just outlined. The first

(Type I) simulation will be a study of microwave exposure levels expected on the ground both in

and around the rectenna site. This study should provide all of the required plant data and at least

95 percent of the data required for animal exposures. The test will be conducted at a frequency

of 2.45 GHz and an exposure level of 1 mW/cm2. One milliwatt per square centimeter is selected

because it is at least an order of magnitude above the calculated ground exposure level under the

rectenna, or at the exclusion fence line or at the "1st side lobe Peak".
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The Type II simulation will be conducted at the same frequency as Type I but at a microwave beam

intensity of 23 mW/cm2. This simulation will be designed for studies of flying insects and birds.

Nesting bird studies will be conducted under the Type I conditions. Type II exposure times will be

relatively short in duration since bird flight through the six-mile diameter beam will be on the order

of minutes. Longer exposure periods may be required for specific insect studies.

Simulation Facility

A simulation facility will be required to implement the outlined research program. Figure 6 illus-

trates one such facility with which the research objectives can be achieved. The facility shown

is designed for Type I simulations but can be readily modified to accomodate Type II-work. Micro-

wave exposure is provided by microwave oven magnetrons strung on poles over an experimental

field. Other types of microwave sources may be used; however, the illustrated concept appears to

be a reliable and relatively inexpensive method of conducting the investigation and will be used

here at the 1 mW/cm2 exposure level as a baseline for discussion. The important point to be

illustrated in Figure 6 is not so much the particular microwave generation technique as it is the

integrated approach to the research.

Figure 6 Microwave Environmental Simulation Facility
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System Concept: The Type I simulation concept is one of a large outdoor area with agricultural

provisions and corrals for animals. The area is "flooded" by a fairly uniform incident electromag-

netic "field" (the term in this case means "region of influence"). The electromagnetic field is

obtained from a multiplicity of microwave power sources (magnetrons) which derive their power

from a high voltage distribution system. The microwave sources, (or tubes) are supported overhead

by a lattice of wires which also supports the high voltage distribution system. Engergy from each

microwave oven magnetrons is directed by a horn which "focusses" the energy in a roughly ver-

tically downward direction.

It is proposed to provide an environment of 1 mW per sq. cm at a frequency of 2.45 GHz. To

accomplish this, each microwave source (or magnetron) will irradiate an area ten meters on a

side, from a height which is somewhat optional —say four meters. By the nature of the configura-

tion, the actual exposure area to be covered by the facility is very flexible with cost being roughly

proportional to the experimental area. The size can be determined by the biological considerations

Of the experiment. The concept provides "incoherent" illumination of the area with overlap or

fringing of the energy from each magnetron as it reaches the ground. The net effect will be to

provide an average level of intensity of 1mW/cm2 with slight variations as one moves across the

field. DC high voltage power and AC filament power for the magentrons are supplied from a power

building located at the side of the facility. Distribution is by wire along with support lattice, which

itself is supported by wood telephone poles around the perimeter.

Experimental Method

A reasonable start toward answering the SPS environmental questions can be made by construc-

ting a four acre Type I exposure facility. Because of the flexibility of the approach just described,

this facility can be expanded in size at any time if required. Initial experiments can be conducted at

1 mW/cm2 at a frequency of 2.45 GHz on both plants and animals. An additional Type II facility,

based on the wind tunnel concept for flight experiments, can also be constructed at the same time.

The latter exposures will be at 23 mW/cm2.

Careful controls must be maintained during all microwave exposure experiments. These controls

would be conducted for both plants and animals in a four acre unexposed field adjacent to the

exposure facility. A bird flight tunnel, without exposure equipment, would also be required to con-

trol this portion of the experiment. Additional controls, such as infrared exposure facilities to

simulate microwave heating, would initially not be required during simulation since the experi-

mental question being asked is, "do changes occur." If changes are observed, the causes would be

determined in later experiments, if deemed necessary.
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The time period for which the exposure experiments should be cond
ucted is a complex question.

The appropriate experimental time period will vary widely dependi
ng on the organisms being

studied. Ideally, each experimental organism would be studied over
 several generations. This is

not a problem where microorganisms, many insects and some pla
nts are concerned. However, the

criteria of "several generations" may be impractical for many h
igher plants and animals. It is

suggested that a three year field simulation will be adequate to answer
 most of the questions

required to complete an SPS environmental impact report.

Program Approach

The objectives of this program can best be met by a team of experts
 assembled from universities,

government and industry. This team can supply the expertise required t
o design and conduct a

research effort of this complexity. In addition, a diverse team of this 
composition will be able to

interpret the wide range of data generated and will provide credibilit
y to the results.

The program can be conducted in five phases. These phases include:

Phase I - Experimental Design and Baseline Data

Experts in various biological fields will design experiments that then will
 be integrated into a total

test matrix to maximize data from the research facility. For example,
 honey bee experiments

would be integrated with those being conducted with flowering plants. Limi
ted baseline laboratory

work would be conducted to assure adequate field measurements and contro
l. Additional personnel

such as soils experts would also be included on the research team.

Phase II - Facility Design and Construction

This phase would be conducted in parallel with Phase I. A site would be selected th
at is represen-

tative of an SPS rectenna site and preferable on government land to reduce the p
rogram costs. The

facility would be designed, constructed and checked out during this phase.

Phase III - Field Simulation

The simulation tests would be conducted under the supervision of the resea
rch team, data collected

and upon completion, a report prepared.

Phase IV - Laboratory Confirmation

This phase may or may not be required. If effects are observed during Phase III that re
quire clar-

ification before an environmental impact report can be prepared, the studies would be cond
ucted

during this phase.
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Phase V - Environmental Impact Report

Data obtained during the test program will be incorporated with other pertinent 
environmental

information to complete the report.

Program Schedule

Regardless of the amount of time devoted to this type of research program it is imp
ossible to

answer all questions. There is always another "what if". It is believed that adequate 
time has been

allowed to obtain sufficient data to determine if major terrestrial environmental ob
stacles are

present in the SPS program. The six and one half year program schedule is presented
 in Figure 7.

TASKS YEARS

1 2 3 4 5 6 7

PHASE I
Experimental Design
Baseline Control Data r

PHASE II
Facility Design
Facility Construction

NixFacility Check-out

PHASE III
Simulation Study and Controls
Reports mi m mom

PHASE IV
Laboratory Confirmation
Reports mi

PHASE V
Preliminary Assessments 11.111 IM 101

Environmental Impact Report

Figure 7. Program Schedule

Program Costs

Microwave exposure facility costs estimates are presented in Table 6. These costs are considered

good planning numbers. Table 6 also contains estimates of the total program costs. Since the

experiments are not yet fully defined nor the facility site selected, accurate estimates are difficult.

If the critical environmental questions are to be answered for SPS, contract dollars of the magnitude

presented in the table will be required. The terrestrial microwave environmental study is separate

from the hardware Technology Verification Program and will require additional funding not

included in Table 5.
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Table 6. Program Cost Estimates

ITEM ESTIMATED 9 X 1000

PHASE I
Experimental Design 500
Baseline Control Data 2,000

PHASE II
Facility Design 250
Facility Construction 1,500
Facility Check-out 250

PHASE III
Simulation Study 9,000
Reports 500

PHASE IV
Laboratory Confirmation 1,000
Reports 100

PHASE V
Preliminary Assessments 400
Environmental Impact Report 1,000

Sub-Total 916,500K

Contingency 2,000

TOTAL 918,500K

Solar Power Satellite Program Conclusions

The SPS concept was proposed approximately ten years ago. Boeing has been actively engaged in

SPS studies for the last six years. System studies performed by various government agencies and

industries have shown SPS to be both technically feasible and potentially economical. Based on

these studies, Boeing has developed a SPS program plan that can lead to a fully operational SPS

by the mid 1990's. This plan, summarized in Figure 8, has the required key features for assessment,

design, development and construction and includes appropriate decision points for program

advancement.

The plan begins with an Environmental and Social Assessment task that will be conducted con-

currently with a ground based Technology Advancement task. The concurrent phasing is impor-

tant since each of these tasks may provide input to the other. While much of the assessment of

environmental effects of the microwave power transmission system will depend on analyses and

tests conducted expressly for that purpose, certain aspects of SPS technology advancement will

also influence this assessment. Examples of these aspects are: (1) the determination of phase

control precision capability, which influences the amounts of scattered microwave energy, both

relating to biological effects of low level energy and radio frequency interference effects, and

(2) achievable spectral purity and associated noise and harmonic suppression.
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The plan also includes a Shuttle-Based Flight Demonstration program that will start near the com-

pletion of the Environmental and Social Assessment phase and extend into the Design and Develop-

mental phase. The major flight projects involve space flight experiments and demonstrations con-

ducted using the space shuttle to confirm and verify technology for SPS. Since these projects are

basically of a confirmatory nature, it is presumed that their results may be fed into the SPS develop-

ment activity as late as two years after the preliminary design is established. This approach will

accelerate the overall SPS program while assuring an acceptable level of technical risk.

The previous SPS studies have shown that the required base technology is available today. It is

now time to start an active technology advancement program and to initiate system verification

and environmental testing at significantly increased funding levels. The data resulting from these

tests will be used for further economic confirmation of the SPS system. After testing has answered

many of the technical, environmental and economic questions, a decision point will be reached.

The point will be the determination of whether or not to move into a developmental phase of a

full scale SPS, thus allowing for delivery of usable electrical power to the United States in the

1990's.

•
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Mr. Chairman and Members of the Committee:

My name is Grant Hedrick and I am a Senior Vice President

for Technology Development of the Grumman Aerospace Corporation.

I am pleased to have the opportunity to speak in support of

Bill S-2860 for the exploration of a Solar Power Satellite

concept (Figure 1). We at Grumman have been working with

A. D. Little, NASA, Boeing and others since the early 1970's

on the development of this concept for supplying power from

space, and we are encouraged by the progress that has been made

during these years.

Our nation's energy resources are not limitless. Our

President has already expressed concern regarding the degree of

dependence on Mid-East oil. We are not alone in this regard.

Japan and the NATO countries are equally dependent. Moreover,

there is serious concern regarding our mutual ability to

guarantee the security of the sea lanes to these resources in

the event of an unexpected crisis. The very existence of such

vast amounts of Mid-East oil reserves and our continued

dependence on this supply is a temptation to any aggressor and

a liability to our national security. In order to meet the

continued demand for greater amounts of power, we need not

only to manage our resources carefully and eliminate waste

using modern conservation techniques, but also we need to
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develop alternate energy sources to replace our dwindling

supply of domestic liquid fossil fuels.

We at Grumman have been applying aerospace technology to

programs in support of these principles for several years.

We have performed energy conservation studies for the Federal

Government, schools and commercial industries that will produce

annual savings of 65 million gallons of fuel oil. We are

currently producing and marketing solar collectors for hot

water heating systems for homes (Figure 2) and industrial use

(Figure 3). We have designed, developed and sold, to a limited

market, several windmill designs in the 25' diameter, 20KW

power range (Figures 4 and 5). We have proposed to design,

build and operate a modern waste disposal plant that will

produce useful steam energy for industry in the greater

Louisville area. We have recently completed the initial

preliminary design studies of this plant (Figure 6) under

contract to Jefferson County, Kentucky, and are awaiting a

go-ahead for detailed design and construction.

We are teamed with the Ebasco Company to design and develop

the Tokamak Fusion Test Reactor (Figure 7) for the Princeton Plasma

Physics Laboratory. This Tokamak is scheduled for completion in
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the early 1980's and could become the first device to produce

substantial quantities of fusion energy by burning deuterium-

tritium fuel.

The energy programs we are engaged in are at different stages

of their development. The solar collectors, windmills, waste

disposal plants and energy conservation services are available on

the market today. Our programs on nuclear fusion and Solar Power

Satellite are in the exploratory stage and may not reach a

commercial stage for some time to come. Nevertheless, we believe

that continued systems studies, technology demonstrations and

detailed program planning are essential to making the best decisions

for our country's long range energy supply. Senate Bill, S-2860,

which we are discussing today takes a positive approach toward

solving the problems associated with the Solar Power Satellite

concept that must be overcome in order to design an economically

attractive electric energy system.

I am aware that there is serious concern in some quarters

regarding potential adverse environmental effects of the SPS

system such as atmospheric contamination or the effects of micro-

wave exposure on communication and on growing things as well as

humans. Much work has been done in these fields and additional

studies should be performed to quantify these effects so that

we may understand their true impact. Program costs have also

been a matter of some concern. As is the case in most large

scale high technology development programs, the ultimate program
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cost cannot be clearly determined at early stages of the concept.

We believe that this points up the importance of proceeding in a

step-wise fashion according to a well defined program plan to

develop the proper confidence before proceeding to a large scale

demonstration program.

The House Bill recently adopted and the Bill before us today

provide these assurances and at the same time provide the support

for a more vigorous overall exploratory program.

Several key issues should be resolved in the next few years.

The development of solar energy conversion techniques should be

aggressively pursued in order to improve efficiency and reduce

costs. Methods of fabrication and assembly of large space

structures (Figure 8) should be developed, tested on the ground

where feasible and plans made for in-flight verification. The

transmission of microwave power (Figure 9) and its interface

with the ground electrical grid require a more detailed under-

standing. Materials research is required to continue development

of new lightweight high strength materials capable of withstanding

long duration exposure in geosynchronous orbit. Additional

studies should be undertaken to better understand the environmental

impact of Solar Satellite Systems on the atmosphere, human health

and valued natural resources. Development program planning,

shuttle payload definition and operational prototype system

studies should be continued. In short, an aggressive effort is

required on a broad technological front to provide insight for

our future decisions.



109

Many of the near term objectives can be achieved 
with a

ground based program, and will strengthen the bas
e from which

predictions of the SPS system performance can be 
estimated. These

early program activities will provide the foundat
ion for downstream

shuttle sortie missions and later, an end-to-end 
demonstration in

space assuming experimental results at each inter
mediate milestone

continue to be encouraging.

We recognize that good work is now underway by 
DOE and NASA

in performing some SPS studies and examining so
me of the environ-

mental issues. We believe that this work should be continued

vigorously and that the additional vital technolo
gy effort should

be included in the program plan.

We are impressed that the SPS Program offers a un
ique

opportunity for international cooperation durin
g early development

stages as well as during actual deployment. Individuals in

Japanese government and industry have shown a keen interest in

the development of a Solar Power Satellite System.

I visited Japan in the spring of this year at the 
invitation

of the Keidanren (Federation of Economic Organizati
ons). The

Keidanren is an association of major Japanese com
panies that plays

and active role in determining Japanese world trade po
licy.

These people met with us for two days to discuss in
 considerable

detail the status of the technologies and overall c
oncept development

of the SPS. They clearly indicated their interest in exploring

Japanese participation in SPS evaluation. As a measure of their

85-,04 0 - - 8
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interest they have applied for membership in the Sunsat Council,

a non-profit U.S. organization organized to foster SPS development

through educational programs.

I had the opportunity to visit a Japanese industrial plant

engaged in solar cell production. Their efforts aimed at increasing

production rate at low cost showed considerable promise and reflected

Japanese interest in developing alternate energy sources.

I believe that the SPS development program plan as called

for in the Senate Bill would aid in defining tasks that could be

undertaken by foreign countries in a manner similar to the nuclear

fusion cooperative efforts now underway between the DOE and its

foreign counterparts.

In summary, we believe that S-2860 will maintain program

momentum by providing a focus for the supporting technology develop-

ment, providing more vigorous funding and developing an overall

program plan against which progress can be measured and more refined

cost estimates can be determined. We join with the distinguished

sponsors of the Bill and other supporters in urging its approval.







Fig. 3 Solar Collector, Industrial
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Senator MELCHER. Thank you, Mr. Hedrick. I want to briefly say
that the breakdown of the specific funds for different parts of the
puzzle is very helpful. We have a little problem with solar cells get-
ting adequate funding. We have $106.8 million in the Senate author-
ization bill for fiscal 1979 and in the National Energy Act, still not
completed in conference, is $98 million over 3 years in addition to the
$106.8 million for solar cell work during the coming year.
Some of these other items, of course, have a like treatment in the

authorization act already passed, and would assume, for instance, that
for materials for power distribution controls, part of the necessary
funding is already there, and perhaps all of the funding would be
there. So, we are not really starting from scratch on the breakdown
that you recommend, Mr. Boileau, but it is very helpful to have the
breakdown.
Mr. BOILEAU. May I make a comment on that? I'm aware of the solar

cell research. I would suggest that the administration in their pro-
gram add the unique features that make solar cells useful for this type
of power concept. We're talking about lightweight, very thin solar
cells.
Dr. Deutch said earlier that we are still trying to pick between sin-

gle crystal silicon and gallium arsenide features.
Senator MELCHER. This, of course, is one of the concepts that the

Department of Energy is studying,. and one of the concepts that we
want them to look at, speakinc, for this committee.
Mr. BOILEAU. I might add that any production mechanism that

would come up with low-cost solar cells would benefit whatever solar
cell application we have on Earth also.
Senator MELCHER. Absolutely. If you find out some basic scientific

fact that contributes to our broader knowledge of everything, then I'm
sure that some of the same work will benefit other work. Some of this
work would benefit other work.
Conversely, other work would benefit solar satellite. Mr. Boileau

and Mr. Hedrick, your emphasis on let's find out, let's answer these
questions, is shared by me, and I know from speaking to Ralph Nan-
sen that it is shared by him. I happened to have had the pleasure of
sitting next to Mr. Nansen at a space meeting, what did we call that,
the Washington Space Club.
I thank you all very much. appreciate your being here today, and

we appreciate your concise and very much to the point testimony. Dr.
Peter E. Glaser, vice president of Arthur D. Little. Inc. of Cambridge,
Mass., and president of Sunsat Energy Council of Washington, D.C.

STATEMENT OF DR. PETER E. GLASER, VICE PRESIDENT, ARTHUR
D. LITTLE, INC., CAMBRIDGE, MASS., AND PRESIDENT, SUNSAT
ENERGY COUNCIL, WASHINGTON, D.C.

Dr. GLASER. Mr. Chairman, thank you very much for inviting meto testify. I am greatly honored to present testimony at the hearingsof the Senate Subcommittee on Energy R. & D. in support of the billthat is before you. I would like to request that my formal testimonybe included in the record. I will just briefly comment on some of theissues that I see before us.
Senator MELCHER. Your entire testimony will be made part of therecord.
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Dr. GLASER. I had the pleasure of testifying before Senate com-

mittees in October 1973 and January 1976, and to outline the concept

of solar power satellites. I urged at that time that the development of

this major option of power generation in space for use on Earth

receive serious consideration as a matter of national interest.
In the intervening years, considerable work has been carried out,

first under NASA, and subsequently under joint DOE and NASA
program management. This work dealt with technical and economic
feasibility as well as environmental and societal issues. The results of
these studies have confirmed the cedibility of solar power satellites
as an option that could provide power on a global scale.
Mr. Chairman, that is essentially the objective that I believe we

should bear in mind when discussing the development of solar power
satellites. I have listened with great interest to the testimony presented
this morning, and find that many of the questions that have been
raised should be considered and deserve very thoughtful answers. I
would like to address myself to a few of the issues that have been
raised, and try to deal with them in the time available.

First, if we look at the allocated funds for S PS and compare these
funds with other solar energy programs, we see a significant discrep-
ancy. I believe I do not have to stand either before this committee
or the public and explain my active support for solar energy appli-
cations over the last 25 years, since my record speaks for itself.
I urge that when funds are allocated along the lines of the testi-

mony presented today, that these do not come out of the solar energy
budget, but rather that they come out of the budget for the develop-
ment of central power generation methods.
The solar power satellite is not a near-term possibility. And yet its

magnitude and its potential represents the kind of challenge which
in this year, in this month, the 10th anniversary of my first presenta-
tion of the SPS concept, appears now to be within our capabilities
to meet.

As far as the SPS operational life, I believe 30 years was men-
tioned. This is just the beginning of the life of a solar-power satellite.
As we found out on the Moon, the rocks up there are billions of years
old. Thus we do not have to concern ourselves with replacing our
satellites after 30 years in the benign environment of synchronous
orbit. We expect the SPS to have infinitely long life, with appropriate
maintenance.
We must acknowledge that during the past 10 years, only a limited

amount of work has been carried out on the SPS. Thus, it is easy to
find that this hasn't been done, and to point out flaws in the work
that has been carried out. I have been very conscious of these flaws,
and that is why I support this bill, because it will provide us with the
opportunity to start to go into more depth where we know detailed
investigations are warranted.
We have to understand the benefits of solar-power satellites, and how

they can fit into utility systems. Limited work along these lines has
already been carried out. I am pleased that several utilities are sup-
porting the development of the SPS.
We also need to understand how other nations can benefit from

this particular solar energy conversion concept. I believe there is an
excellent opportunity for solar energy to be the prime energy source
in the 21st century. Therefore, it is not appropriate to advocate only
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the distributed or only the centralized solar energy conversion methods
but rather the best combination of the conversion methods we now
have or will in the future be developed. We must acknowledge, when
discussing economics, of solar energy conversion for baseload power
generation with the SPS, fusion power or fast breeders, that the cost
of displacing fossil fuels in terms of primary quads of energy lies
within narrow limits.
It does not matter whether we displace our fuels with nuclear power

or with solar power on Earth or in space, the cost will run into the
hundreds of billions of dollars to generate comparable amounts of
baseload power. We have, of course, to continue with our energy con-
servation efforts. I expect that these will continue and accelerate.
We require that energy storage methods be developed for terrestial

solar energy conversion. The work being carried out on the SPS
indicates that we do not need a large amount of energy storage to
meet utility-load management requirements. Reports to that effect
have been prepared, one by Arthur D. Little, and others are underway.
As far as the international aspect is concerned, the SPS is not just

of interest to the United States. Speaking as the president of the
Sunsat Energy Council I am pleased that the council has members
from Japan, including an organization representing major Japanese
corporations. In addition, we have participants from Europe and
people who are interested in the SPS from all walks of life, industry,
labor, and government.
The public interest in the SPS is high, as indicated by TV and radio

broadcasts, newspaper articles, scientific and technical papers, and
inclusion in books, not only in this country, but in Europe, Japan,
and even in Russia. The technical community is interested in the solar
power satellite. For example, later this month there will be a major
meeting on energy conversion in San Diego arranged by the profes-
sional engineering societies where two sessions are devoted to discus-
sions of the SPS technology.
The European Space Agency is discussing the SPS at a meeting

next month in Holland. The Royal Aeronautical Society is devoting
attention to the SPS in the meeting, to be held in London in December,
and the SPS will be discussed at the International Solar Energy
Society meeting in Denver this month.
I suggest that the SPS is not just of interest to industry, but also

to labor. In this month's issue of the Machinist, published by the
International Association of Machinists, strong support for solar
power satellites is expressed. I believe that we are on the verge of. a
new evolution, an evolution which can take us into space in ways
which we have dreamed about for many years. Not only space explora-
tion for national prestige, but space for commercial use.
We certainly do not expect to have all the answers to SPS develop-

ment in a short time, however, unless we take the trouble to try and
obtain these answers, we may miss a unique opportunity. Although
space will be there forever, our resolve may lie fallow, and at a time
when we may wish to utilize our space capabilities they may not be
available to us in the full measure that they are today.
I believe that going ahead with the type of program outlined in

this bill represents a reasoable approach and one which would address
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the economic and environmental issues which are being raised. If the
technical development is successful, it should then be possible to make
deliberate decisions regarding the next steps.
Thank you, Mr. Chairman.
[The prepared statement of Dr. Glaser follows:]
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I. INTRODUCTION

I am greatly honored to be invited to present testimony at the
Hearings of the Senate Subcommittee on Energy R&D of the Com-
mittee on Energy and Natural Resources in support of the Bill on the
"Solar Power Satellite Research, Development, and Demonstration Act
of 1978." In my testimony before the Senate Committee on Aeronautical
and Space Sciences in October 1973 and again in January 1976, I
outlined the concept of solar power satellites and urged that the devel-
opment of this major option for power generation on Earth receive
serious consideration as a matter of national interest. In the intervening
years, considerable work has been carried out, first under NASA, and
subsequently under joint DOE and NASA program management. This
work dealt with technical and economic feasibility, as well as environ-
mental and societal issues. The results of these studies have confirmed
the credibility of solar power satellites as an option that could provide
power on a global scale. They have also suggested that this energy
source has great promise of being cost-competitive, resource conserving,
compatible with the environment, and of benefit to society. The objec-
tives of the Senate Bill S.2860 — both to pursue a vigorous research and
development program aimed at confirming the potential of solar power
satellites as a major source of energy to satisfy our national needs, and
also to provide for the development and demonstration of practical
means to deploy solar power satellites — are firmly based on the signifi-
cant technological advances which we have witnessed since the lunar
landing demonstrated man's capacity to explore space.

Our national space program is unquestionably the most successful
major effort, fully meeting its announced goals, which the United States
has undertaken in the past 20 years. We must acknowledge that the spur
to our first entry into space 20 years ago was the successful launching of
Sputnik, which was seen at that time as a test of different ideologies.
Today, our space program is primarily applications-oriented, and com-
mercial motivation is beginning to compete with the view of space
activities as a matter of national prestige. Soon, the space shuttle will
make it possible to embark on activities, including those with an indus-
trial profit motive, in orbit around the Earth on a scale and frequency
which promise to make commercial uses of space possible in this cen-
tury. As a result, concepts such as advanced communication satellites,
the processing of materials in space, and solar power satellites are taking
on a new reality.

Arthur D Little Inc
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The space program has moved off the television screen and out of

the public view into government, academic, and industrial offices, labo-

ratories, and test and production facilities. This is an appropriate

change at the present stage of space technology development. Today, a

successful space launch — and even activities of man in space, whether

carried out by the United States or the Soviet Union — barely make the

back pages of our daily newspaper. What this means is that accom-

plishments in space are being viewed by the public as commonplace.

The glamour of being an astronaut may soon be replaced by work

requirements akin to those of airline operations, which safely and

quickly deliver passengers and cargo to their desired destinations. The

space shuttle will carry people who do not have to undergo the rigorous

training or medical screening of astronauts, but who are selected for

their ability to perform the important and largely routine functions

which are essential in crossing the threshold into commercial uses of

space.

This reality of space as a frontier for industry is significant to the

development of solar power satellites. The transition from space as an

arena for projects with strong overtones of national prestige, to a setting

for projects with a commercial motivation will take time. This transition

also implies that the project management would move from control

solely by government to the involvement of the private sector, as has

already occurred in the area of communication satellites. It should also

be conducive to international participation, leading toward cooperation

between nations on space projects of mutual benefit.

In my view, federal government support, which is crucial during the

early development, demonstration, and operational period, should be

planned to phase into a commercial venture which also would involve

ownership by industry and the public. Thus, I see Senate Bill S.2860 not

as a commitment to finance an operational solar power satellite system,

but rather as an evaluation of whether to proceed with its development

and demonstration, and if so, how best to accomplish this purpose.

Although technical feasibility of the SPS is being increasingly accepted,

the program and plans outlined in S.2860 are necessary to provide the

basis for rational decision making regarding what next steps, if any,

should be taken to implement the SPS.

Solar power satellite development, which not so long ago was con-

sidered as esoteric preoccupation of space buffs, is gaining much wider

recognition and support. It is notable that most of the technically

competent people who have seriously studied the SPS concept have seen

its merits, even if initially they considered it unreasonably ambitious.
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Moreover, most of the criticism stems from opposition to centralized
power: We should not postpone the SPS on this ideological issue unless
we are also ready to give up development of other centralized power
generation technologies, including nuclear fission and fusion, fossil fuel
plants, ocean thermal power among others.

The public and particularly the younger generation, senses that
here is an option which, if successful, would significantly help meet the
energy challenges that will be faced by society as the shrinkage of our
resources becomes more acute. Despite opposing claims, the public does
not perceive the solar power satellite development program as a sandbox
for aging space technologists to play in, or as a near-term panacea for
the ailing aerospace industry, but rather an opportunity to serve both
this and succeeding generations. We will not serve them well if timidity
hampers us in our search for new solutions.

Since Sputnik and Vanguard, we have achieved a partial conquest
of space. The question was once raised: to what end? There was a point
not long ago when our answers were vague and unresponsive to needs
that were felt by the earthbound man or woman on the street. But now
we can say that the largely uncharted course on which we embarked
with our space program has begun to intersect with our need for
energy — a need that is at the same time economic, societal, and
fundamentally related to the national goals and international
tranquility.

In brief, it is back on Earth where our ultimate vision of solar power
satellite benefits should now be fixed. The electricity it could supply will
be, of course, identical to that generated by other baseload power
plants. The only fundamental difference is that the SPS will tap the
sun's energy in space instead of diminishing subterranean reserves of
petroleum, natural gas, or coal. We find it difficult, I think, to make the
linkage in our mind's eye between terrestrial power stations and orbiting
solar collectors. Yet, the technology for constructing the latter is at least
as well established as several terrestrial power generation methods now
under development. There is growing consensus that: The SPS is tech-
nically feasible; the basic research and experimental phases are now
past, and there remains what is essentially a challenging engineering
task which is well within present capabilities. The time has arrived
when we can say with confidence that the question of whether to supply
SPS generated power is no longer one of space technology but of energy
technology and its attendant relevant issues — with utilization of space
as the means rather than the end.
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II. THE SPS CONCEPT AND ITS POTENTIAL BENEFITS

When the SPS concept was first proposed in 1968,(' its technical

feasibility seemed highly questionable. Its objective of developing an

approach for the large-scale generation of power in space to be beamed

back to the Earth was considered irrelevant. Since then, we have be-

come conscious of the limits to growth and the limits of available

nonrenewable terrestrial energy resources. Our lack of control over im-

ported liquid petroleum resources has demonstrated how unrealistic was

the confidence of the industrialized countries that energy supplies

would always be available in the required amounts to feed their growing

energy economies.

We now know that the energy problem has no short-term and

simple solutions, and we are seeking to define the options open to us. As

we investigate these options it is becoming clear that no one energy

source will, by itself, meet all future demands, that the quest for new

sources of nonrenewable fuels can only extend the day of their ultimate

exhaustion, and that the uncertainties inherent in achieving the poten-

tial of known energy conversion methods are considerable.

As a result of more realistic appraisals of the various energy re-

sources and conversion options, emphasis is being placed on the devel-

opment of renewable energy sources. Among these, solar energy is the

most widely distributed and has a seemingly unlimited potential to

meet future requirements if cost-effective applications can be devel-

oped. The degree to which these applications will be successful will

depend to a large extent on the economic feasibility of solar energy

technological advances and their competitive position compared to

those of other energy options.

As solar energy technologies and their benefits and limits are better

defined, solar energy conversion in space for use on Earth is being

increasingly recognized as a major power generation option. In com-

parison to a terrestrial central solar power station, there are significant

advantages to converting solar energy in geosynchronous orbit (22,300

miles above the Earth), where solar energy is available 24 hours a day

during most of the year and a satellite is stationary with respect to a

desired location on Earth. In this orbit, the SPS will be illuminated by

the Sun more than 99% of the time, receiving from 4 to 11 times the solar

energy available in areas on Earth with copious sunshine.
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Furthermore, dedication of the large areas required for converting
the solar energy — on the order of tens of square miles — and assem-
bling the lightweight structures and large numbers of conversion de-
vices, such as solar cells, are much more feasible in the vast emptiness of
space at orbital altitude and under its conditions of zero gravity and the
absence of rain, snow and wind than on Earth.

In the SPS, the electricity produced by this solar energy conversion
will be fed to microwave generators forming part of a planar, phased-
array transmitting antenna. The antenna is designed to precisely direct
a microwave beam of very low power density to one or more receiving
antennas. At the receiving antenna, the microwave energy will be safely
and efficiently reconverted to electricity and transmitted to users. A
large number of SPS's can be stationed in geosynchronous orbit, each
beaming power to receiving antennas placed at the desired locations on
Earth. Each SPS in orbit could produce from 2.5 to 10 million kilowatts
at its receiving site on Earth.

At first, the SPS concept was considered "pie in the sky," but a
series of system studies(2.8.46,7) confirmed that there are no known
technical barriers to the design, deployment, and operation of the SPS.
Economic studies show that projected capital and SPS electric power
generation costs are within the competitive range of the costs of future
terrestrial power generation methods, and risk analyses provide eco-
nomic justification for proceeding with the initial phases of an SPS
development program.(8)

Since the inception of the United States Space Program in 1958,
one of its major objectives has been the development of technology that
would effectively use space to contribute to the improvement of life on
Earth. As already demonstrated by the existing network of commu-
nications and Earth-observation satellites, space technology and associ-
ated activities have so matured that we have already achieved this
objective to some degree and thus demonstrated that expanding activi-
ties in space could be increasingly beneficial to all people on Earth.

Although the SPS is a huge undertaking by any contemporary
standard, the past ten years' investigation of the concept in the United
States as well as in other countrieslu indicates that its development
would have far-reaching benefits. There is an increasing consensus that
the SPS has the potential to provide an economically competitive and
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environmentally and socially acceptable option for continuous power
generation on a scale substantial enough to meet a significant portion of
future global energy demands.

If the SPS were implemented on a significant scale, a variety of
additional benefits could arise because of its particular characteristics
as an energy source. For example, the SPS is obviously an enterprise
which would stimulate the development of the nation's capabilities in
high technology. As has been noted by Dr. Frank Press(") : "The social
returns from investment in high technology can be extraordinarily great.
Over the past years, high technology industries have grown almost three
times as fast, increased their productivity twice as fast, expanded their
employment nine times as fast, and at the same time raised their prices
only one-sixth as much as low-technology industries." The SPS is espe-
cially remarkable, however, in that its need for high technology is
complemented by a need for mass production of very large numbers of
repetitive elements (solar cells, microwave power amplifiers, dipole
rectifiers, etc.) so that it can provide an important stimulus to employ-
ment at the level of skills required for operation of a production line or in
the construction industries as well as at the professional engineering
level.

The SPS can also be of very great benefit to the U.S. balance of
payments, making our nation again an energy exporter rather than an
energy importer. The export trade created by the SPS might involve the
sale or lease of power stations in orbit, sale of services such as launch,
construction and maintenance for SPS's, or export of microwave power
to receiving antennas (perhaps locally built) in other countries.
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III. CURRENT SPS DEVELOPMENT STATUS

The increasing confidence in the SPS concept is the result of De-
partment of Energy and NASA sponsored system definition studies, and
economic and environmental evaluations by more than 30 U.S. indus-
trial organizations, academic institutions, and government agencies.'")
The major technological and economic uncertainties and constraints are
being assessed and the steps that will have to be taken to further
develop the SPS concept are being identified.

The progress that has been made in defining key issues is high-
lighted in the following paragraphs:

• Solar energy conversion based on the use of solar cells has
been identified as a preferred approach. For example,
single-crystal silicon solar cells with a thickness of 0.002
inch and an efficiency of 14%, have been produced in a pilot
production line. The continued progress is quite dramatic:
only three years ago the production of thin silicon solar cells
with acceptable efficiencies was considered to be a very
unlikely development. Production processes for thin film
gallium arsenide solar cells have been identified.

• Microwave power rectification was shown to be feasible
when in tests in 1975 at Goldstone, California, microwaves
were directly converted to electricity with an efficiency of
83%. Prior to that demonstration, some authorities had
considered it unlikely that microwave conversion effi-
ciencies at the receiving antenna would be higher than
20%.

• Results of space transportation system studies indicate
that transportation costs to geosynchronous orbit could be
reduced from present levels to $40 per pound when large
and reusable space transportation vehicles are developed.
The development of such transportation vehicles, although
a major step in terms of annual launch capacity, would be
based on the experience gained in space shuttle flights and
represents a relatively modest extrapolation of booster
technology. Much of the expected reduction in cost arises
simply from economics of scale which are predictable with
frequent, routine launches.

7
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•

• The continuous fabrication of large lightweight structures
has been demonstrated with an automated beam-making
machine. This capability, combined with increasing so-
phistication in the design of tele-operators and methods of
assembly of large structures in space, indicates that solu-
tions to the assembly of SPS structures in orbit are
forthcoming.

• Recent experiments at Arecibo, Puerto Rico have indicated
that exposure of the ionosphere to microwave beams does
not result in heating effects which would interfere with
communications.

• The microwave transmission system can be designed so
that microwave exposure of the public at the perimeter of
the receiving antenna site will be 100 times less than the
present United States standard for continuous exposure to
microwaves, and will meet guidelines for microwave expo-
sure adopted by the Eastern European countries.

• Convergence of cost projections indicates SPS capital costs
ranging from $1600 to $3500 per kW, leading to electricity
costs (based on a 30-year lifetime and a 15% return on
investment) ranging from 3 cents per kWh to an upper
bound of 12 cents per kWh, with a nominal cost of 6 cents
per kWh. These costs are within the competitive range of
costs of future terrestrial power generation methods.

• Risk analyses have provided an economic justification for
proceeding with the next phases of an SPS development
program to obtain the information on which future deci-
sions can be based.

• The successful development and commercialization of the
SPS will require neither technological breakthroughs nor a
search for new scientific principles. Instead, the challenges
are primarily in the development of known technology and
the application of engineering know-how and mass produc-
tion experience.
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The scope and direction of the next steps in the SPS development
program should be such as to provide more detailed information on the
following:

• Solar Energy Conversion Technology,

• Microwave Generation, Transmission, and Rectification,

• Advances in Key Technology Areas,

• Space Transportation Systems,

• Fabrication and Assembly of Large Structures in Space,

• Interface of the SPS with Utility Systems,

• Economic Competitiveness,

• Environmental Constraints, and

• Institutional and International Issues.

9

Arthur D Little Inc

•



135

IV. THE NEXT STEPS IN SPS DEVELOPMENT

Although most of the components which are to be produced for the
SPS can be presently demonstrated on a laboratory scale, it will be
crucial to develop them further, to adapt them for mass production, to
test their functions, assemble them into subsystems, and demonstrate
their functions both on Earth and in space.

The SPS Concept Development and Evaluation Program Plan for

the conduct of studies to August 1980, issued in February 1978 by the

Department of Energy and NASA,'") is primarily concerned with sys-

tem definition and studies of economic, international and institutional

issues and comparative assessments of the SPS with terrestrial energy

systems, with only a minor fraction for technology development or

testing.

S.2860 recognizes the need to supplement the existing SPS devel-

opment program. To advance the understanding and the credibility of

the SPS concept, it will be necessary to perform key terrestrial tests to

support ongoing systems studies, to define SPS development and oper-

ational issues, and to initiate supporting space experiments that will

provide crucial information on which to base decisions concerning the

implementation of required technology.

S.2860 will be supportive of the objectives of a near-term SPS

development program, which are:

(1) To identify and assess issues that could constrain success-
ful SPS development; and

(2) To seek ways to resolve these issues by a combination of
analyses, system studies and experiments on Earth and in
space.

The critical issues that need to be resolved in the SPS development

program can be grouped according to the following priorities:

(1) Issues that could prevent successful development:

• Interactions of the microwave beam with the
ionosphere;

• Effects of launch vehicle emissions on the upper
atmosphere;
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• Microwave beam biological effects;

• Radio frequency interference; and

• International agreements, e.g., frequency assignment,
allocation of synchronous orbit positions, limitations on
power generation levels in satellites.

(2) Issues that must be settled to proceed with SPS system
design:

• Microwave transmission parameters, e.g., frequency,
beam intensity and distribution;

• Microwave exposure standards;

• Space vehicle emissions;

• Space radiation exposure standards; and

• Construction and assembly sites in Earth orbits.

(3) Issues that affect implementation of SPS:

• Large-scale low-cost space transportation;

• Orbital construction and assembly;

• Launch sites;

• Receiving antenna sites;

• Interfaces with utility power production and
distribution;

• Risks and uncertainties of achieving operational goals;

• Level and timing of capital investments; and

• Cost of SPS-supplied power.

These issues are closely interrelated and must be addressed in a
system context. However, studies alone without experimental data can-
not resolve these issues. Orbital tests will be required for which the
space shuttle will be invaluable as a launch vehicle and to support test
programs including:

(1) Exposing materials such as solar cells, electronic com-
ponents, coatings, and structures to the space environment
in geosynchronous orbit for long periods of time and then
recovering them to obtain data on their suitability for SPS
applications;
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(2) Building structural elements with automated fabrication

equipment, forming a structure with these elements, devel-

oping methods to install solar cell arrays and other com-

ponents, and testing the characteristics of subsystems; and

(3) Testing microwave generation and beam transmission and

SPS station-keeping techniques and functions.

A flight test program with the space shuttle will provide opportu-

nities for SPS-related experiments to be performed by other nations

which may wish to participate in the SPS development program. Such

an involvement will set the stage for international cooperation which

will be essential to the success of the SPS development program and

subsequent commercialization.
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V. IMPLEMENTATION OF THE SPS DEVELOPMENT PROGRAM

The SPS development program can be divided into three over-
lapping phases.

PHASE 1: Concept Feasibility Studies — The objective of these
studies which started in 1972, is to establish the overall feasibility of the
SPS concept through system definition studies and environmental and
socio-economic evaluations so that development program directions can
be defined. These studies are based on existing and projected informa-
tion and will be concluded by 1980.

PHASE 2: Technology Advancement — Significant advancement
of the technology for the SPS will require laboratory investigations,
terrestrial testing, limited space experiments, and continuing in-depth
evaluation of environmental effects, economic factors, and institutional
arrangements to reduce program risks and uncertainties and to define
future SPS development program directions. This program should be
started as soon as possible within the context of S.2860 and should
extend over a five-year period.

PHASE 3: Demonstration Projects — Demonstratons of the func-
tions of critical elements and operational readiness of the SPS will
require space projects to be carried out on an appropriate scale and with
increasing space capabilities to provide information necessary for a
decision to proceed with a full-scale implementation of the SPS.

The SPS Concept Development and Evaluation Program Plan of
the Department of Energy and NASA, with a budget allocation of $15.6
million until 1980, is primarily concerned with Phase 1 feasibilities
studies. I recommend that the budget for Phase 2: Technology Ad-
vancement within the framework of S.2860 be established for a five-year
SPS development program on a scale appropriate to this major option
for baseload power generation, with the funds allocated as shown in
Table 1 to address the critical issues.

On an annualized basis, the projected funding levels would be only
about 10% of the present annual funding for each of the advanced
nuclear energy options. At this funding level, it should be possible to
achieve the necessary momentum for an effort which is of increasing
national interest and to reach the stage where decisions to proceed with
Phase 3 of the SPS development and demonstration program could be

13
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TABLE 1

PROPOSED FIVE-YEAR SPS DEVELOPMENT PROGRAM BUDGET

Technology Development

($ In Millions)

120

System Studies 20

Space Technology 30

Terrestrial Experiments 20

Space Experiments 50

Environmental Effects 55

Analytical Studies 12

Terrestrial Experiments 18

Space Experiments 25

Economic Factors 10

Industrial Arrangements 15

200

made. The SPS development program funding should not diminish the

funds allocated to other solar technologies but rather should be an
added budget line item.

There is a broader context in which the implementation of the
program envisaged by S.2860 can be viewed. Achievement of the SPS
development program goals will lead to the intensive utilization of the
space shuttle, the performance of Spacelab experiments, demonstration
of the capability to construct large space structures, and the generation
of significant power levels to support future space activities.

The SPS development program will focus development efforts on
space processing, fabrication, assembly and maintenance; human
habitations in orbit; space transportation efficiency, and the possible
uses of extraterrestrial resources, thus setting the stage for achievements
which may transcend anything that heretofore has been accomplished

by the human species.
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Vi. SHORT-TERM BENEFITS OF THE SPS
DEVELOPMENT PROGRAM

Although studies to date have indicated that the SPS may indeed
be one of the most promising options for generating electrical power
which could be available in the post-1990 period, it would be premature
to propose today a national commitment to actual deployment and
operation of the system on a scale commensurate with energy needs. All
that is needed now is a limited development program, as discussed
above, aimed at resolving those outstanding issues which will determine
the eventual priority to be given the SPS in the overall national energy
plan.

In addition to providing the information needed for timely deci-
sions, this program could contribute significantly to the achievement of
much more immediate policy goals. Even in its early phases, a serious
study of the SPS would be a most dramatic energy initiative. Unlike
other energy R&D efforts, the SPS development program would capital-
ize on the international prestige generated by very successful U.S. space
programs, especially Apollo. Although the scale of the SPS challenges
the imagination, few will doubt the technical capability of this nation to
deploy such systems in orbit. Like Apollo, the SPS is a major tech-
nological enterprise which can fire the spirits of men everywhere, engage
international participation and cooperation, and, if it is successful,
provide a powerful stimulus to economic growth, here and abroad. It is
not a panacea, but it does offer a combination of desirable character-
istics unmatched by any other proposed energy source.

Because of these factors, a development program of the type envi-
sioned in S.2860 could yield these short-term benefits:

(i) Slowing oil price inflation.

By giving notice to oil supplying nations that a viable and
significant alternative to dependence on oil was under
investigation, the SPS development program could lead to
some restraint in continued escalation of the world oil
price. It should be noted that the cost to this nation of
imported oil is such that deferment of an annual increase
of only 0.1% (or about a penny per barrel) would pay for
the program proposed here.
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(ii) Changing public perceptions of the future.

Because of its dramatic character and profound implica-
tions, the SPS development program can help engender
positive attitudes towards the future in a way that could
not be expected from, say, a commitment to coal gasifica-
tion. In particular, it could modify the common opinion
that nothing much is being done about the energy crisis.
Moreover, a prerequisite for deployment of the SPS is
development of a truly economical capability for transpor-
tation to orbit and for large-scale construction in space:
the possibility therefore arises of other forms of space in-
dustrialization and, eventually, of human settlement off
Earth. The consequences for the future of man may in-
clude the indefinite postponement of limits imposed by
terrestrial resource exhaustion. Even in its early stages,
the SPS program may thus help dispel the current gloom
and restore the classic American confidence in the future.
Like Apollo, the SPS can serve the social purpose of "get-
ting this country moving again"; but, unlike Apollo, the
program can be justified in quite pragmatic terms.

It is difficult to quantify these types of benefit, but it is clear that

they may be sufficient to justify the level of funding I have proposed for

the next several years, even without regard to the longer-term promise of

the SPS. However, these benefits can accrue only if the SPS program is

credible: it must be funded at a sufficient level to demonstrate con-

vincingly that this is a serious program. Present expenditures, approx-
imating one percent of the total DOE solar energy budget, or of the
budgets for other advanced energy sources, cannot be expected to

achieve these goals.
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VII. THE SUNSAT ENERGY COUNCIL

The recognition of the significance of the SPS development pro-
gram has led to the formation of the Sunsat Energy Council, a nonprofit
organization, which endeavors to bring together representatives of aca-
demic institutions, industry, labor and public interest groups to achieve
the following objectives:

• Foster the development of the SPS for the purpose of pro-
viding an inexhaustible energy source for the public
benefit;

• Encourage cooperation and research and development of
the SPS technology among federal government agencies
concerned with the problems associated with the devel-
opment and use of the SPS, develop solutions for such
problems, and provide such solutions and related informa-
tion to the appropriate agencies of the federal government
for the benefit of the public;

• Foster communication among the public, environmental
organizations, industry, government agencies, and all other
groups interested in the development of the SPS; and

• Foster international cooperation, education, and commu-
nication in the development of the SPS and regulation of
the SPS for the public benefit.

The Sunsat Energy Council concludes that:

• There is increasing confidence in the technical feasibility,
economic promise and environmental acceptability of the
SPS.

• The SPS is one of the major power generation options
which could meet global energy demands in the 21st
century.

• Implementation of the SPS in conjunction with terrestrial
solar energy conversion and other promising energy tech-
nologies could lead to the elimination of energy-related
concerns after the turn of the century.
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• The SPS represents a major and significant step towards

extending peaceful human activities beyond the confines of
the Earth's surface.

• S.2860 would permit the SPS to be developed on a scale
large and significant enough so that it can be ready to meet

the challenges that will have to be faced during the inevi-

table transition to renewable sources of energy.

• S.2860 provides the opportunity to make the best use of

past investments in space capabilities so that the soil and

rock brought back from the Moon will be not only a symbol

of the capabilities of man but a demonstration of the poten-

tial for changing the course of human evolution.
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DR. PETER E. GLASER, Vice President,
Engineering Sciences, Arthur D. Little, Inc.

Dr. Peter E. Glaser heads Arthur D. Little's activities in the field of
solar energy. He is the inventor of the solar power satellite and was
awarded a patent for his concept in 1973. Dr. Glaser serves as
president of the Sunsat Energy Council, a non-profit organization of
scientists, industrialists and public interest groups formed to en-
courage the development of solar power satellites. He is past presi-
dent of the International Solar Energy Society and is currently
serving as Editor-in-Chief of the Society's journal. Dr. Glaser has

published and spoken widely on the potential of solar energy to
meet future energy demands.

Since joining the staff of Arthur D. Little, Inc., in 1955, he has
directed numerous advanced engineering development projects in
thermodynamics, space and lunar science instrumentation, and the
utilization of solar energy. These projects have involved research on

methods of generating high temperatures, including the construc-
tion of solar and arc imaging furnaces; thermal insulation systems;

and properties of postulated lunar surface materials. Dr. Glaser was

responsible for the development of scientific experiments for the

Apollo lunar landing missions, including measurements of the heat

flow from the lunar surface, lunar gravity and the earth-moon

distance. He also directed Arthur D. Little's international multi-
client program to develop a solar climate control industry. He
currently is directing projects on the feasibility of solar power satel-
lites, solar climate control systems for buildings, photovoltaic con-
version and integrated systems for rural electrification.

Dr. Glaser received his undergraduate training in mechanical engi-

neering at Leeds College of Technology, and Charles University,

Prague. He obtained his M.S. and Ph.D. degrees in mechanical

engineering from Columbia University in 1955.

Dr. Glaser served on Committees of the National Academy of

Sciences, and is a member of the American Association for the
Advancement of Science, the New York Academy of Sciences, the
American Institute of Aeronautics and Astronautics, American
Society of Mechanical Engineers, the American Society of Automo-
tive Engineers, American Ordnance Association and Sigma Xi. In
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1974, Columbia University awarded Dr. Glaser the Carl F. Kayan
medal for his contributions in the field of engineering. He has over
one hundred publications, books and patents in the fields of solar
energy applications, solar power satellites, thermal insulation, ther-
mal properties measurements, thermal imaging techniques, lunar
surface characteristics, extraterrestrial resource utilization, and
technology transfer.
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Senator MELCHER. Thank you, Dr. Glaser.
Dr. Glaser, you are the first witness who has mentioned this morning

the international aspect of solar power satellites. What work is 
going

on in other countries, and what nature is it?
Dr. GLASER. Work that I am familiar with has been going on, for

example, in Germany, where reports have already been published in

1974 and 1975.
I have recently visited Europe, and I know that in Germany sev-

eral industrial organizations are very interested in the SPS because

they believe that as far as Europe is concerned, they do not have the

options that we have for solar energy conversion because they do

not have sunny locations as we do in Arizona. Furthermore, there
iis great interest n the SPS in Japan. The Japanese industry recog-

nizes that their options to secure energy sources are very limited. The

land availability for receiving antennas in Japan is restricted, but

there is a possibility that solar power satellites with receiving anten-

nas offshore could have a dual purpose to provide power and for aqua-

culture, which would have a major impact not only on the Japanese

energy supply situation, but also on food production.
I have had discussions on the SPS with representatives from India,

and was told that the Prime Minister expresseed an interest in solar

power satellites. In the May 1 article in the Christian Science Monitor
an Indian scientist was quoted that India is greatly interested in solar
power satellites because it will enable them to provide the power that
they will desperately need to meet the needs of their growing popula-
tion and industry.
In addition to the industrialized nations of the West, there is work

in progress in Russia. I have met with several of the Russian repre-
sentatives at various conferences and found that they are well
acquainted with our work. Again the Christian Science Monitor quoted
in the January issue that the designer of the Soyuz spacecraft has
expressed an interest in the SPS.
The United States has a major opportunity to lead in this effort and

to recapture the spirit of accomplishment which the world applauded
as a result of our efforts in space during the Apollo program.
But this time our objective is not just to land a few men to explore

the Moon, but to be pragmatic and to undertake industrial activities
in space, which already are beginning to grow in importance as the
space shuttle is readied for flight.
Senator MELCHER. None of the countries are at a stage yet to ex-

change ideas, or results, I take it.
Dr. GLASER. I am not aware of it. It may well be that as their work

will progress, some of the results will be reported, for example at a
conference organized by the European Space Agency, to be held in
Holland on September 11 through 13.
Senator MELCHER. When is that?
Dr. GLASER. The Conference starts on September 11. I plan to attend

and several papers on the SPS will be presented.
Senator MELCHER. Have the Russians freely engaged in prompt

publication of their findings in energy matters?
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Dr. GLASER. I really couldn't comment since I don't follow the Rus-
sian literature, but I would think people in the Department of Energy
would know that.
Senator MELCHER. Are you aware that a few years ago, perhaps 2 or

3 years ago, we arranged with the Russians an exchange of informa-
tion regarding MHD technology, which has been beneficial, I think,
for the United States, and perhaps we can return any information re-
garding the value of the information we have gained from their work.
They even used one of our magnets, I understand. It was airlifted

to Russia a few months ago. So some of our experimentation was
done with MHD.
Dr. GLASER. I hope, Mr. Chairman, that the results from the Soviet

Soyuz experiments will be available to us because the men working in
space are carrying out experiments that will shed more light on the
kind of activities which we will have to carry out as we prepare to de-
velop the solar power satellite.
Senator MELCHER. I found it extremely helpful to get your assess-

ment on how long the satellite would last. Now, when you say reason-
able maintenance or prudent maintenance, what are you speaking
about? That's a little bit mystifying to me.
Dr. GLASER. First let me again say that the 30 years that was quoted

is strictly a number that is used for economic analyses because a dis-
count rate carried beyond this period doesn't make sense. As far as
maintenance is concerned, we need several types.
One is to supply material, and equipment, which may wear out.

We recognize that some of this has to be done periodically. Second, we
have to supply propellants for station keeping, for example, argon,
which would be used to keep the solar power satellite fixed in relation
to the Sun, and transmitting the antenna in relation to the Earth.

Several studies are already considering the type of maintenance
procedure that we would have to use.
Senator MELCHER. It doesn't make a great deal of difference then

in estimating cost effectiveness of this source of energy, if it is feasible.
Dr. GLASER. Maintenance requirements have been taken into account

in establishing SPS operational costs. Ongoing system studies include
considerations of maintenance, and of course, assembly. But much
more work ought to be carried out to define these costs more precisely.
Commenting on the receiving antenna locations, we are undertaking

now a study which builds on a previous study which NASA has car-
ried out. We have identified at least 100 potential antenna sites. Ari-
zona and South Dakota already have expressed their interest in
having receiving antennas located in their State. For example, the
State of South Dakota, under the sponsorship of the Governor, or-
ganized a symposium on solar power satellites in June 1974 and at that
time arranged for us to review potential sites in South Dakota.
Senator MELCHER. The Governor should talk to Senator Abourezk.
Dr. GLASER. I guess the Governor may not have informed the Sena-

tor about that. Mr. Chairman, I might say that the SPS program tends
to invite some sensationalism. I hope that as we carefully study the
various aspects of the SPS development program, the facts will be
better defined and not subject to widely differing interpretation.

A
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Senator MELCHER. Do you think we'll need another international
space treaty to assign rights to synchronous orbit?
Dr. GLASER. Mr. Chairman, I was privileged to be asked to attend

a conference organized by the American Bar Association, in Montreal
in 1975, at which time the 1967 space treaty was being considered by a,
panel including NASA and Soviet representatives. During the dis-
cussion I asked a very specific question: If we construct a solar power
satellite, would that fall under the 1967 space treaty? The answer by
the Soviet representative was yes, it would. This is a significant answer
indicating that the existing legal framework will apply.

Senator MELCHER. Under that treaty, isn't the available synchronous
orbit somewhat limited?
Dr. GLASER. The 1967 space treaty provides the legal basis for obtain-

ing synchronous orbit positions. The United Nations Committee on
the Peaceful Uses of Outer Space is the body responsible for orbit posi-
tion allocatious.
We have a large amount of territory up there, which will allow us

to orbit all of the satellites that we would conceivably place in opera-
tion. Once an SPS is in orbit, it is very likely that we could combine
the functions of several satellites with the SPS, thus reducing the
number of required orbit positions.
Senator MELCHER. Under the treaty, if you have something in syn-

chronous orbit at the present time, is that a right of ownership?
Dr. GLASER. The treaty respects rights of ownership. Furthermore,

the President of the United States, in a pronouncement release on June
24, has made it clear that any object in space will be considered to
have the same rights of ownership as any object on the surface of the
Earth.
Thus, a solar power satellite, just as a ship at sea, or a, powerplant

on Earth will be vulnerable but protected by national and interna-
tional legal rights.
Senator MELCHER. The same vulnerability as a U-2 or a Pan Amer-

ican 747.
Dr. GLASER. It would be the same. Any interference with commercial

installations would have significant consequences.
Senator MELCHER. By vulnerability, do you mean the results are

vulnerable, and the results would be applicable in a similar way?
Mr. GLASER. Right. I believe that the solar power satellite must be

considered an object which can be destroyed, but there are very few
objects nowadays in this world which could not be destroyed. It would
be much harder, of course, to take hostile actions in synchronous orbit,
because only a few nations possess that capability.
My hope and expectation is that solar power satellites would be

utilized internationally, on a global basis, with many nations enjoying
their benefits. If this is the case, then why should nations destroy each
others satellites?
Furthermore, I would like to comment on who would own solar

power satellites. The most unlikely owner would be the Boeing Co., or
Con Edison in New York. I do not foresee ownership by any one large
company or utility, but rather as is the case with communications satel-
lites, there would be joint ownership between governments, industry,
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and the public. In Comsat Intelsat we already have an 'analogy to such
institutional ownership. The ownership issue by the way, is to be
studied in the program being undertaken now in the DOE.
Senator MELCHER. That is one of the studies.
Dr. GLASER. Yes.
Senator MELCHER. Thank you very much, Dr. Glaser, you have been

very helpful to us.
Dr. GLASER. Thank you, Mr. Chairman.
Senator MELCHER. That concludes our hearing.
[Whereupon, at 1 p.m., the hearing was adjourned.]
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ADDITIONAL STATEMENTS AND COMMUNICATIONS SUBMI1 IED FOR THE
RECORD

STATEMENT OF HON. GAYLORD NELSON, A U.S. SENATOR FROM THE STATE OF
WISCONSIN

Over the last several years, the Senate Small Business Committee, which I
chair, has actively promoted the development of solar energy. Our hearings have
shown that solar energy can provide a substantial percentage of our nation's
energy needs in a clean and economical manner. Ironically, however, it seems
to us that one of the greatest threats to the development of solar energy is the
solar energy system envisioned in S. 2860, the Solar Power Satellite Research,
Development and Demonstration Act of 1978. This bill commits the United
States to the development of solar power satellites even though we have not
even completed initial concept evaluation studies. If we ultimately develop solar
power satellites, we may well find ourselves stuck with an enormously expen-
sive and uneconomical source of energy which has cost us too much money to
abandon. We may also find ourselves facing serious and widespread health
hazards from microwave radiation, since the satellites use microwaves to trans-
mit energy from space. Most disturbingly, we may find ourselves having to
defend the satellites from military attack, something to which they could be
very vulnerable, adding to the already fantastic costs. Even if we can solve
these problems, however, successful solar power satellites will still
pose tremendous problems to society, for they would concentrate the control
of a substantial percentage of the nation's energy needs in the hands of a few
industrial giants. Massive government regulation would be required. At the
same time, expenditures for developing the solar power satellite would have
dwarfed and probably severely restricted funds for solar development on a
more human scale—funds for incentives for installing solar devices in homes
and businesses, funds for building windmills and installing generators at small
hydroelectric sites, funds for developing photovoltaic cells for industry, funds
for all the diverse and innovative solar approaches we already know require
nothing more than our commitment. We would have denied funds for these proj-
ects in order to pursue a massive single-mode energy path whose failure could
lead to a crisis many times more severe than the energy crisis we face today.
Other witnesses will address the environmental, military and cost problems

raised by this bill. Suffice it to say here that at this point we know that micro-
wave pollution is a very serious matter, having been implicated in genetic
changes, changes in the central nervous system, and cataracts, and possibly
causing cancer or sudden infant death. We also know that the industry's own
cost estimates for this program are $40-80 billion dollars for the next two or
three decades for research and development alone, with eventual costs totalling
one and one-half trillion dollars for a system providing 20-30 percent of the
nation's energy. At these costs, the energy delivered would be competitive,
but the aerospace industry has a notorious record for understating costs. A
brief look at the costs projections reveals enormous differences in assump-
tions—the estimated repayment time varies from 3 to 46 years, for instance.
Finally, no one has seriously addressed the question of whether we would need
to defend the satellites. Soviet technology has already advanced to a point
where the satellites would be seriously threatened. To avoid energy blackmail,
we would need a reliable defense system, the costs of which would surely be
enormous. These and other questions need to be answered before we commit
ourselves to development and demonstration, as this bill does. There is such
a study already underway at the Department of Energy and NASA, due to be
completed in 1980. At the very least, we should await the completion of that
study.
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Even if satisfactory answers to these questions can be provided, however, we
still question the advisability of this program.
Using the industry's own estimates, research and development of solar power

satellites will itself cost $2-4 billion per year over the next two or three dec-
ades, to be followed by well over one trillion dollars to deploy the satellites,
each of which would be as big as Manhattan. Future administrations, no doubt,
would include these expenditures in their solar energy budgets. Money for smaller
scale solar developments would consequently be much less available. This would
represent, we believe, a tragic confusion of priorities.
The Council on Environmental Quality has concluded that with a serious com-

mitment by the year 2000—around the time we would be ready to send up the
satellites—we could supply 25 percent of our energy needs through conventional
solar power, and by 2020—when the satellites would be in use 50 percent. Much
of this energy would be electrcity—the same energy provided by the satellites.
Since the nation will consume well under half its energy in the form of elec-
tricity at that time, it is clear that the solar power satellites would have to
preclude other forms of solar energy, such as hydroelectric power, windmills,
photovoltaic cells, biomass conversion, and other promising developments.
If we used the money committed to the solar power satellites for providing

incentives for solar development, we believe we could achieve the CEQ's goals.
For instance, by installing hydroelectric generators at existing small dam sites
around the country, we could create as much power as that generated by over
$125 billion worth of solar satellites. While the cost of such installations cannot
be predicted, it seems very doubtful that they would even be a fraction of the
solar power satellite cost. Money spent on solar satellites could be used to build
windmills—in Europe, there are already windmills producing many kilowatts
of electricity at costs much below current energy prices for other kinds of
electrical generation. For one-third the cost of the satellite program, we could
install comprehensive solar systems on every house in the country, without the
homeowner paying a cent.

All these solar developments could lead to a solar society in which a large
variety of approaches was implemented by a competitive, diverse industry. Fail-
ure of one segment or approach would not be a societal disaster. By contrast, the
solar power satellite approach would be a militarily and economically vulnerable
system controlled by a few giant companies—and representing mind-boggling
prior investments. Problems with this system would be of crisis proportions.
Given these choices—and realistically, we must see them as choices—it seems
obvious that what we should be doing is making a serious commitment to
human scale solar technology now.
I therefore urge that this bill should not be considered until this concept has

been thoroughly evaluated by the DOE—NASA study.

STATEMENT OF CHARLES Domm, PRESIDENT, KINGDOMM IMPROVEMENTS, INC.,
BALTIMORE, MD.

Mr. Chairman, it is an honor to appear before your committee to discuss op-
portunities for our nation's growth and well-being. Decisions and policies con-
sidered from this meeting will undoubtedly be wise and improve the welfare of
this generation and all future generations of Americans and others.
Allow me to present but just a few thoughts to this honorable panel regarding

my position as -a trainer and developer. I help train disadvantaged persons in
marketable job skills especially for the home improvements industry. I am par-
ticularly favored towards aiding those persons most frequent to our welfare
roles, those of the poorest educational achievement in our major cities, and
those who foster little hope for a positive future. This training is both time _
consuming and costly, but it is also able to be productive for the recruited
trainee, the trainer, and eventually for the society-at-large. Such programs for
personal and collective development are analogous to the establishment of a
"Solar Power Satellite Program" where the future wellbeing of our nation in
particular and all nations eventually must be considered in long term packages
rather than with expectations of immediate cost-effective returns.
I am speaking here of survival-planning for the human species where we. as

intelligent and foreseeing creatures, make adequate plans for sustaining life and
the quality of life that we are accustomed to living. It is clear to many contrac-
tors and developers that much of our national planning in terms of energy and
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natural resources has been less than adequate from many years ago. In recent
years, however, there has been an increasing trend in Washington towards
developing long term and life-sustaining policies, regulations, and general guide-
lines. This effort is saluted, but now is the time to emphasize that we need
even greater foresight and effort than ever before.
As a developer of both human and ground resources, I see the proposed Senate

Bill 2860 as another opportunity to help build a stronger nation and world. First
in terms of training people for the ground level construction of "energy col-
lectors" placed strategically throughout the country to best meet urban energy
demands. Second, I see these "trained workers" as continuing in our labor force
in both domestic and global residential and commercial markets for solar energy.
The builders of the ground stations would gain an education regarding energy,
supply and demand, space technologies, and a true spirit of teamwork. Plus,
a new national pride is most likely to be experienced similar but better to what
was felt during the Apollo missions and the landing on the moon.
This Bill proposed by Senator Melcher ( S. 2860), is what we need to bring

a greater unity amongst American people. We need to close the existing gaps
in attitudes regarding "elitist technologies" and "down home strugglin' ". We
need programs and a national impetus for bringing all Americans into a recog-
nized new life—a life of long term hope and promise. Space, energy, and tech-
nology are not elements of existence to be feared by any of us. These are elements
to be understood and made useful for all of us. The great gap existing between
knowledges held by our leaders and knowledges held by our masses or unem-
ployed, uneducated, and unskilled—can be effectively bridged in a relatively
short space of time through careful staging of programs geared towards Space
systems and Space/Earth systems. There are many methods for progress, and
some are much better than others. In this case, I see the opportunity for
research and development that combines long term energy planning, long term
job training, long term economic productivity, long term growth of American
Spirit and pride, and long term satisfaction through developing a unified effort
of a non-military nature.
I urge this committee to consider these areas of human development along

with the considerations for the overall development of solar power satellite pro-
grams. And, I will deeply appreciate the committee's transmission of these
concerns to the appropriate legislative and executive bodies.
As is usual for me in helping others to plan for long terms, I hope each

of you have a nice eternity. Thank you.
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TESTIMONY IN SUPPORT OF THE SOLAR POWER SATELLITE
RESEARCH, DEVELOPMENT, AND DEMONSTRATION PROGRAM ACT
OF 1978 - DR. BRUCE FRIEDMAN, CHAIRMAN, DISTRICT FIVE

ENERGY COMMITTEE OF B I NAI B'RITH

The District Five Energy Committee of B'nai B'rith sincerely

appreciates this opportunity to testify in support of the Solar Power

Satellite Research, Development, and Demonstration Program Act of 1978.

District Five comprises the Washington, DC area, Maryland, Virginia,

North Carolina, South Carolina, Georgia, and Florida.

In addition to testimony directly pertinent to this power satellite

legislation, it has been deemed appropriate to make some general remarks

pertinent to the entire energy problem in this nation and indeed

relevant to other problems which this nation faces. The motivation for

these general remarks arose as a result of comments made by some

Congressional staff people in the course of conversations dealing with

the power satellite bill.

The author was told that there are people involved in the development

of solar heating for homes who are apparently opposed to this power

satellite legislation because it would divert funding from their field

of endeavour: Along the same lines, the view was expressed that

perhaps work on power satellites should not be expanded beyond the

current meagre level because the federal research and development budget

for all solar energy work is approaching an upper limit and consequently

power satellite development would proceed at an accelerated pace at the

expense of sacrificing other solar energy projects. These remarks are

based on certain unstated assumptions.
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One assumption is that the work to be performed under the power

satellite program has nothing to do with earth-based solar energy

applications. This is certainly not the case. The research and develop-

ment program which is necessary to attain eventually a successful,

economical power satellite system is of such a broad-based nature that

it can be used to improve the performance of all other solar energy

systems. Consider, for example, the situation with respect to photovoltaic

solar cells. A power satellite system based on the use of such cells

could very well utilize hundreds of square miles of such cells. For

maximum economy, these cells would have to be as efficient as possible

with respect to energy conversion in order to reduce the size of the

satellites and also be capable of being manufactured with a minimum of

expense. Certainly, these characteristics are also highly desired by

the homeowner and industrialist who would like to help run their home

and factory complex using solar cell arrays on their land and buildings.

True, there are differences between the survival characteristics of solar

cells for space use as opposed to those for use down here on the earth

but the knowledge gap could be readily closed by appropriate additions

to the federal solar cell technology research and development budget.

Another example of the commonality between the requirements for

space-based solar energy and earth-based solar energy arises from the

possibility of interposing between the solar energy stream itself and

the energy conversion devices such as solar cells or Brayton cycle steam

engines, some auxiliary apparatus and/or materials to increase the

collection efficiency and/or energy conversion efficiency of the

2
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overall system. One might want to utilize mirrors and lenses to

concentrate the incoming radiation and make it more intense. These sort

of concentrators could be used down here on earth for both solar heating

panels and solar cells. There are materials that could be placed in

front of solar cells which materials could modify the spectral intensity

distribution of the incoming solar radiation so as to put more of the

radiation into that spectral region wherein the solar cells could most

efficiently transform the radiation into electricity. These materials,

too, could be used both on the ground and in space.

Another example of how results from the power satellite program

would aid in the further development of earth-based systems is in the

area of tracking and attitude control. Devices derived from this

aspect of the program would certainly be of benefit in those ground

applications where the sun has to be tracked more or less continuously

to obtain the maximum amount of solar radiation.

It is thus readily concluded that most of the research and development

to be undertaken under the power satellite bill will be of great

utility in terms of contributing to the enhancement of ground based solar

energy systems. However, in no way could the current inadequate power

satellite studies in addition to the other current Department of Energy

solar energy programs lead to a timely assessment as to the viability of

a power satellite system to be used to augment the energy posture of the

nation.

3
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I.

Now, consider that other statement that the proposed power

satellite program could essentially only be implemented to the detriment

of other solar energy projects. This remark apparently stems from a

feeling that the overall federal budget must be balanced so that the

growth of this budget is essentially severely limited. Why must the

federal budget be balanced? The popular thinking is that this exercises

a significant restraint on the rate of growth of inflation while,

of course, increasing unemployment. Is this true? Popular thinking is

apparently quite shakey in this area. Some economists who have studied

this assumption have come to the conclusion that cutting federal

government spending by an amount that would have a truly significant

effect on inflation would produce such terrible unemployment that it

could well lead to the political suicide of the elected officials

involved. It is quite possibly true that many Senators, Representatives,

and Congressional staff people are aware of this analysis. However,

because of the feeling that "politics is the art of the possible," and

that one should go along with the popular wilZ few political figures are

willing to go counter to the beliefs of the public.

B'nai B'rith, after long and serious consideration, has come to the

conclusion that this "either or" way of thinking is self-defeating and

is courting eventual long term disaster for the nation. New investments

of many billions of dollars over many years should be invested in order

to bring to fruition all of the viable energy options. The economic

well being of the nation and the quality of life of the individual

is very dependent upon a dependable supply of energy which supply should

4
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continue to grow over the years so as to assure a plentiful supply of

goods and services equitably distributed among the citizens of the

nation. A plentiful energy supply will fight both inflation and

unemployment. Thus continuous new investments for research, development,

and deployment of all of the viable new energy sources, which investment

avoids the dangerous possibility of putting all of our energy eggs into

one basket, will yield results quite different from the popular misconception

about federal government spending. If the nation does not follow this

course of investment, the result may eventually be, among other possible

spectres, a severely energy deficient society wherein a minority power

elite hoards energy for its own use and pleasure while doling out a

bare minimum to the majority of the populace which populace would

essentially be surviving at a subsistence level.

B'nai B'rith feels that the only limitation on the sum total of

investments to be devoted to energy development, and to other productive

areas, should be the availability of trained personnel and of resources

and equipment, and of the rate at which new trained people and resources

and equipment can be generated and put into the economic system. By

this criterion, much more can be accomplished in the area of energy

research, development, and deployment by the federal government than is

now being done. B'nai Writh hopes that as time goes by, more people in

the political arena will take this more expansive viewpoint concerning

investment to safeguard the future of the nation.

5
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In case anyone is worried about the nation devoting too many engineers

and scientists to the energy area to the detriment of other important

fields of endeavour, it is instructive to consider an analogous situation

from the not-so-distant past of the nation. When President Kennedy

announced his decision that the United States would send men to the

moon, some critics expressed the very same fears about a shortage of

engineers and scientists for other, nonspace projects. This shortage

never materialized. In fact, upon the completion of Project Apollo,

many of the people employed by it could not obtain other meaningful

positions compatible with their background and training. Careers and

even lives were destroyed. What a waste!

Some people, it should be noted, when they think of energy think

only in terms of energy conservation. By itself, energy conservation

can add nothing new to our energy supplies but merely postpones the day

when our present depletable energy sources are consumed. Energy

conservation does buy time in which to develop new energy sources

among which one possibility is the power satellite system.

B'nai B'rith is not yet prepared to advocate the "full speed ahead"

construction of a system of solar power satellites. Because of the

present lack of knowledge and experience in this area, it would be both

premature and irresponsible for B'nai B'rith to take such a position at

this time. It is for this very reason that B'nai B'rith whole-

heartedly supports the Solar Power Satellite Research, Development,

and Demonstration Program Act of 1978 so that the gaps in science,

technology, and engineering can be eliminated in a more expeditious

6
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manner than with the present totally inadequate funding. Further,

B'nai B'rith feels that if the proposed power satellite program can

usefully absorb such funds, the amount of money allocated to this

program for the first year should be greater than twenty five million

dollars and that the funding in following years for this work should

be commensurably higher. The sooner the nation has the requisite data

to make a decision as to the viability of power satellite as an energy

option, the sooner the nation can undertake more sensible planning for

its long term energy development.

B'nai B'rith wants to make it clear that it does not regard any

particular energy source, including power satellites, as a panacea. In

any event, even an aggressive program based on a positive decision to

go ahead with the construction of a power satellite system as a result

of the expeditious completion of the power satellite bill program under

discussion in this testimony here could not lead to any significant

contribution to the energy posture of the nation until after 1995.

B'nai B'rith feels that the nation should never rely completely on just

one energy source. This means that even if a commercial power satellite

system is put into operation, nuclear fusion and ground-based solar

energy should, among other energy sources, be playing major roles in

the long term energy posture of the nation.

7
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It is now appropriate to consider the nature of the work that B'nai

B'rith expects to see performed under the proposed legislation. The

Final Report of the ERDA Task Group on Satellite Power Stations published

in November 1976 presented seven options with comments as to the

pros and cons for each approach of which the selection of an option was

intended to get some work started (aside from the first option which

required no work whatsoever) on power satellites. (It was, by the way,

this report which noted that the power satellite concept was the only

solar electric approach to energy production that appears to yield the

possibility of generating a significant amount of base-load power

without suffering from major drawbacks with regard to geography.)

The third and fourth options were recommended to the Administrator

of ERDA. The third option required funding of twelve million dollars

over a three-year period. This option would have had quite modest

consequences for the total ERDA solar energy budget while it would have

increased the data base with regard to environmental factors (including

those criteria to be used as a basis for system definition studies),

institutional and training factors, the siting of receiving antennae and

the technical and economic feasibility of the overall system. Option

three had the drawbacks of not producing more knowledge in the areas of

alternate thin-film arrangements, microwave radiation transmission,

assembly techniques and methodology, and space transportation, although

it would have been of some aid in determining the economic viability of

the system and the energy payback to be expected from it and the material

resources required for its construction and maintenance. The fourth

8
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option would have had a slightly greater impact on the ERDA solar

budget since it involved the allocation of nineteen million dollars over

a three-year period. As in option three, the data base would have

been increased in the areas of environmental, institutional and training

factors and receiving antennae siting. It would have increased the

feeling that no major technical or economic problems would block power

satellite development and possibly allow a high risk initiation of

advancement in technology. It was felt that a possible objection to

this plan was that it would raise funding early before the feasibility

of the program was determined. B'nai B'rith would not have objected

to a high funding level.

The most ambitious option presented by the task group was the

sixth one which would have involved the allocation of thirty-four

million dollars within a timespan of three years. This option would have

been in accord with the Draft Plan of the NASA Office of Energy Programs

and would have increased systems-definition and microwave transmission

studies. Again, it was noted that some critics might have objected to

this option because it would increase funding early before program

feasibility was established. Option six is the plan that B'nai B'rith

would have wanted to have implemented immediately after the issuance of

the task group report. However, even this option might have been

deficient in the areas of studying transportation (earth to orbit and

orbit to orbit), receiving antenna siting, productivity of people in

space, planning for phased experiments, economics of the power satellite

system and institutional and international factors and implications.

9

•



163

•

The currently underway joint NASA/DOE Solar Power Satellite

Concept Development and Evaluation Plan which was started in fiscal

year 1977 and will terminate in fiscal year 1980 calls for the

expenditure of about sixteen million dollars over a four-year period.

This averages out to four million dollars per year which is the same

average which is obtained from option three of the ERDA task group

report. The current project suffers from all of the drawbacks mentioned

in the ERDA report with regard to option three. Even from the point

of view of strictly theoretical studies, this plan is grossly inadequate.

Space related technology studies were funded only for the first year of

this plan. Certain possibilities and modes of implementing a power

satellite system have apparently been rejected prematurely under the

ongoing plan. For example, consider the prospect of constructing a power

satellite system utilizing largely nonterrestrial materials such as

might be obtained from the moon or the asteroids with the aim of reducing

construction costs and of reducing the enormous launch rate required from

earth bases if only terrestrial materials and components are utilized.

At this time, no one could truly say yes or no to the validity of this

proposal. No amount of strictly theoretical studies can yield a sound

determination as to this concept being the way to go although many more

theoretical studies into all respects of a power satellite system are

certainly warranted and should be undertaken. But above and beyond

theoretical studies, many experiments both on earth and in space must

be performed, hardware for space and earth must be constructed and put

into operation, and actual entire complex orbital test facilities

10
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implemented and utilized to gain data and operational experience before

many questions can even be properly phrased and meaningful decisions

can be made. Suppose that all of this is done within the next five

years as could be reasonably expected under the proposed legislation.

(Five years seems to be a reasonable period of time within which to

undertake each a research, development and demonstration program

because after all, assuming that the results of the program, including

environmental considerations, are such that it is decided to proceed

with the construction of a full scale commercial power satellite system,

in order to get the first satellite on line by 1995 would probably mean

the project would have to start by about 1985.) At this point, five

years from now, it would be much more realistic to make decisions about

various aspects of the construction of the commercial system than can

be done presently. It should be pointed out that the decision making

processes, including those involving the nonterrestrial materials

utilization route, could very well be accelerated if the proposed

program under discussion here is undertaken as part of a generalized

space industrialization implementation program which space industrialization

is firmly supported by B'nai B'rith.

This power satellite bill is urgently necessary and desirable

because so many questions must be expeditiously answered and so many

factors understood and mastered. B'nai B'rith recommends that this program

include the deployment of at least two orbital solar power satellite

test facilities utilizing a maximum of modular construction so as to

assure the most flexibility in a thorough investigation of the factors

involved in the construction and operation of a power satellite system.

11
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These orbital facilities should also be capable of having their orbits

altered as required.

Consider some of the factors and questions that have to be addressed.

Should all of the satellites of the system be maintained in geosynchronous

orbit or should other types of orbits be considered? What are the

environmental consequences involved with transmission of many microwave

beams from space to the surface of the earth? Are there alternatives to

microwaves for the transmission of satellite energy to the earth which

would be more efficacious and have less environmental impact? What is

the best way of converting solar energy in space into electricity on a

power satellite? Possibilities include photovoltaic systems, thermal

electric schemes utilizing Brayton cycle engines, and dielectric

conversion systems. What sort of impact could be expected upon the

environment from a high rate of launching of heavy lift launch vehicles?

What kind of protection can be provided for a power satellite system in

the event of attack by a hostile nation? What kind of deterioration

can be expected by many years of exposure to the space environment and

what is to be done to maintain a system against this contingency? How

are such very large space structures to be constructed in an efficient

manner? For example, what proportion of the work is to be undertaken

in low earth orbit as opposed to being done in geosynchronous orbit?

This, in turn, is a function of whether or not and how much the nonterrestrial

materials approach fits into the picture. How is satellite solar power

to be integrated in with other sources of electrical energy for the nation?

12
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How is waste heat on board a power satellite to be managed? What sort

of stabilization and orientation systems are required for these orbital

power plants? How much of the orbital construction operations must be

performed directly by space suited people and how much by automated

and remote control equipment? These questions and the many myriads of

others can be answered satisfactorily and in a timely manner only by

this proposed legislation. It is definitely in the national interest

to ascertain as soon as possible whether or not solar power satellites

would be a viable and valuable addition to the energy sources of the

nation.

Consequently, the District Five Energy Committee of B'nai B'rith

fully supports the passage and vigorous implementation of the Solar

Power Satellite Research, Development, and Demonstration Program Act

of 1978.

13
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ABSTRACT OF TESTIMONY IN SUPPORT OF THE SOLAR POWER

SATELLITE RESEARCH, DEVELOPMENT, AND DEMONSTRATION PROGRAM

ACT OF 1978 - DR. BRUCE FRIEDMAN, CHAIRMAN,

DISTRICT FIVE ENERGY COMMITTEE OF B'NAI B'RITH

The United States of America faces the possibility

of suffering from a severe energy shortage at sometime

in the future. This means that new energy sources

must be expeditiously developed. The solar power

satellite is a promising energy source concept.

Current work on the concept is totally inadequate as

to yield a timely determination as to the viability

of this concept as a major contribution to the

energy posture of the nation. The proposed legislation

will allow such a timely decision to be made.

Consequently, the District Five Energy Committee of

B inai Writh fully supports the passage and vigorous

implementation of the Solar Power Satellite Research,

Development and Demonstration Program Act of 1978.
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My name is Myron Burr. I am a mechanical engineering

student at the University of California, Berkeley. I

recently had the outstanding experience of working with

the National Aeronautics and Space Administration's

Ames Research Center as a research assistant on the

SOLARES Project. The SOLARES concept proposes a system

of reflectors orbiting the earth to provide continuous

and slightly concentrated sunlight to be collected and

converted to electricity or to be used directly as a

heat source for various uses. Through this project,I

was introduced to the related SolarPower Satellite (SPS)

idea and learned a great deal about its potential capa-

bilities and how it compares with other systems. I am

returning to school this fall and, therefore, am no

longer employed by Ames Research Center. Consequently,

my testimony is not of an individual who has any finan-

cial gains or rewards at interest. My testimony is

solely that of a concerned private citizen who has a

little knowledge in the field.

Most of us realize now that there are no simple

solutions to the energy problem. We realize that many

different technologies will have to provide us with

solutions and that we must take a broad-based approach

towards examining each alternative. We must also start

to develop our nondepleteable resources so that we can

conserve as much as possible the remainlng nonrenewable

resources for non-energy needs.
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One of our most promising nondepleteable options

is that of solar energy, because of the relative ease

in harnessing it and its widely distributed nature. If

cost-effective applications can be developed solar ener-

gy can provide the needed resource on an unlimited basis.

It has been determined, though, by technology assessments

of solar energy and its potential for our future energy

needs, that without strong government support and incen-

tives, the tapping of solar energy and its cost-effective

usage on a widespread basis has very little chance.

We see, therefore, that if we wish to contribute to

the solution to the energy problem by exploiting this

nondepleteable resource,f_passage of legislation suchas

S. 2860isnecessary:-. •

The passage of this bill at this time is needed for

other reasons, also. Dr. Jerry Grey, Administrator of

Public Policy for the American Institute of Aeronautics

and Astronautics, in testimony before the House Subcommit-

tee on Advanced Energy Technologies on H.R. 10601 (April

12, 1978), provided an excellent statement of these rea-

sons. These reasons will be summarized as follows:

The Department of Energy is scheduled to define a

"baseline" SPS system before the end of this year. This

definition should be postponed until it can be based on

an extensive "technology verification program" which

would include not just one SPS concept, but many. This

would enable comparison studies to be made and a mixture
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of the best components of each concept would determine

a preferred concept. This also would avoid premature

decisions on a preferred concept that might not produce

the system with the best potential. Only when this

technology verification program is complete and extensive

comparison studies have been made between the various

concepts should a prudent attempt be made to define a

"baseline" system or preferred concept. The bill's

provision for "ground-based research leading to a solar

power satellite total system definition" indicates that

there is a provision for this type of program.

Recognizing this bill's provisions for the thorough

investigation of the SPS idea and its possible beneficial

impact on the future energy situation, I wholeheartedly- -

favor it. An SPS concept would also have the potential

to reduce the huge trade deficit caused by the large

disparities in our import and export of energy. Addition-

ally, a re-escalation of the aerospace program brought

about by the SPS would, as it has in the past, bring

about many technological advancements that would benefit

mankind. It is for these reasons that I strongly encour-

age the Committee to work to obtain passage for this bill

within the Committee and within the Senate, and thereby,

take a strong leadership role towards solving the energy

problem for this Nation and possibly for this World.

Thank you.
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As
 s
ho
wn
 
in
 
th
e 
fi
gu
re
, 
fo
r 

a 
gi
ve
n 

re
fl
ec
to
r 
ra
di
us
, 
th
e 
(o
ve
rl
y 

ro
bu

st
) 
st
ru
ct
ur
e 
de
ma
nd
s

ve
ry
 
la
rg
e 

av
er
ag
e 

ar
ea
l 

de
ns
it
ie
s 
a
 f
or
 l

ow
 o

rb
it
 o
pe
ra
ti
on
, 
de
cr
ea
si
ng
 
to
 
mu
ch
 
lo
we
r 

va
lu

es
 f
or

al
ti
tu
de
s 

wh
er
e 
th
e 

me
ch
an
ic
al
 
pe
rt
ur
ba
ti
on
s 

ar
e 
sm
al
le
r.
 

As
 a
ls
o 
s
e
e
n
,
 f
or
 a

 
gi
ve
n 

al
ti
tu
de
, 
th
e

ma
ss
 d

en
si
ty
 
in
cr
ea
se
s 

wi
th
 
mi
rr
or
 a
re

a,
 a
s 

co
nt
en
de
d 

ea
rl
ie
r.
 

In
 
ge
ne
ra
l 

th
en
, 
th
e 

de
si
re
 t

o
re
du
ce
 t
he
 n

um
be
r 
o
f
 m
ir
ro
rs
 
in
 o
rb

it
, 
fo
r 

a 
gi
ve
n 

gr
ou
nd
 s

it
e 

in
so
la
ti
on
 
an
d 

he
nc
e 

ne
ce
ss
ar
y 

co
ll
ec
-

ti
ve
 r

ef
le
ct
or
 a
re

a,
 m
us
t 

be
 
pa
id
 f

or
 
by
 a

 
co

rr
es

po
nd

in
g 

in
cr
ea
se
 i

n 
to
ta
l 

mi
rr
or
 
ma
ss
 
in
 o

rb
it
 (
c
o
s
t
)

as
 
on

e 
in
cr
ea
se
s 

th
e 

in
di
vi
du
al
 
mi
rr
or
 a

re
a.

Fo
r 

il
lu

st
ra

ti
ve

 
nu
me
ri
ca
l 

pu
rp
os
es
 t

hr
ou

gh
ou

t 
th

is
 
re
po
rt
, 
it
 w
il
l 

be
 u

se
fu

l 
to
 d

is
cu
ss
 a

"b
en

ch
ma

rk
 c

as
e"
. 

We
 c
ho

os
e 

th
is
 t

o 
co
rr
es
po
nd
 
to
 a
 
re
fl
ec
to
r 

al
ti
tu
de
 
h 
=
 4
14
6 

km
, 
co

rr
es

po
nd

in
g

to
 a

n 
or
bi
ta
l 

pe
ri

od
 
P o
 

3
 h
rs
, 
an
d 

a 
re
fl
ec
to
r 

ra
di
us
 a

 
= 
50
0 
m.
 
Th
e 
fi
gu
re
 t

he
n 

sh
ow
s

a
 =
 1
0
 g
m/
re
.

So
la
r 

Sa
il
in
g 

As
 w

as
 d

is
cu
ss
ed
 
in
 
th
e 

in
it
ia
l 

SO
LA
RE
S 
as
se
ss
me
nt
, 
th
e 

lo
w 

ar
ea
l 

de
ns
it
y 
of
 t
he
 r

ef
le
ct
or
s

no
t 
on
ly
 
mi
ni
mi
ze
s 
th
e 

pa
yl

oa
d 

ma
ss
 w

hi
ch
 
mu
st
 b

e 
tr
an
sp
or
te
d 

to
 o
rb
it
, 

pe
r 

un
it
 r
ad

ia
nt

 e
ne
rg
y

pr
ov
id
ed
 
to
 
th
e 
wo
rl
d-
wi
de
 
ne
tw
or
k 

of
 c
on
ve
rs
io
n 

si
te
s 

an
d 

he
nc
e 

pe
r 
th
e 
su
bs
eq
ue
nt
 e
le

ct
ri

ca
l 

bu
sb
ar

en
er
gy
 d

ev
el
op
ed
, 
bu
t 
it
 a
ls

o 
se
rv
es
 
to
 
re
du
ce
 s
ub
se
qu
en
t 
sp
ac
e 
co
st
s 

an
d 

al
lo
w 

ad
di

ti
on
al

fl
ex
ib
il
it
y.
 
Fo
r 
th

es
e 
de
ns
it
ie
s 

it
 i
s 
fo
un
d 

th
at
 m
ir
ro
rs
 d

ep
lo
ye
d,
 o
r 
co
ns
tr
uc
te
d 

in
 
or
bi
t 
fr
om

mo
du
la
r 

un
it
s,
 h
av
e 
so

la
r 

ra
di
at
io
n 
fo
rc
es
 a

pp
ro
xi
ma
te
ly
 t

en
 
ti
me
s 

th
at
 o
f 
dr

ag
 
fo
r 

al
ti
tu
de
s 

ab
ov
e

8
0
0
 k
m.
 
Th
us
, 
th
e 
mi
rr
or
 c

an
 
be
 s
ol
ar
 s
ai
le
d 
fr
om
 
th
is
 l

ow
 
Ea
rt
h 

or
bi
t 
(
L
E
O
)
 t
o 

th
e 

de
si
re
d 

op
er

at
io

n
or

bi
t 
wi
th
ou
t 
th
e 

ne
ed
 
of
 t
he
 d
ev
el
op
me
nt
 o
f 

an
 
or
bi
ta
l 

tr
an
sf
er
 
ve
hi
cl
e 

an
d 

th
e 
su
bs

eq
ue

nt
 f
ue
l

co
st
s.
 
Fu
rt
he
rm
or
e,
 f
le
xi
bi
li
ty
 i

n 
mo
di
fy
in
g 

or
bi
ts
 
is
 
al
lo
we
d,
 e
it
he
r 

to
 
br
in
g 

a 
mi
rr
or
 t

o 
a

lo
we

r 
re
pa
ir
 a
nd
 
ma
in
te
na
nc
e 
fa
ci
li
ty
 o

r 
to
 r

ai
se
 t

he
 o
rb
it
, 
as

 w
il
l 

be
 d

is
cu
ss
ed
 
la
te
r,
 t
o 

in
cr
ea
se

th
e 

po
we

r 
ou
tp
ut
 o
f 
SO
LA
RE
S 
to
 
ke
ep
 
pa
ce
 w

it
h 

wo
rl
d 

en
er
gy
 d
em
an
d.
 
Ag
ai
n,
 t
hi
s 

op
ti
on
 
is
 
pa
rt
ic
ul
ar
ly

co
ns
is
te
nt
 w

it
h 

th
e 
sm
al
le
r 

mi
rr
or
 s
ch
em
e 
si
nc
e 

th
e 

ra
th
er
 l

on
g 

or
bi
ta
l 

tr
an
sf
er
 t

im
e 
(
c
a
.
 3

4 
da
ys

to
 s

ai
l 

fr
om
 8
0
0
 k

m 
to
 2
00
0 
km
) 
is
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le
ra
bl
e 

wh
en

 
co

mp
ar

ed
 
wi
th
 
th
e 

mu
ch
 
lo
ng
er
 t
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e 
(p
er
ha
ps
 
15

ye
ar
s)
 n
ee
de
d 

to
 a

ss
em
bl
e 
th
e 
co

mp
le

te
 a
rr

ay
. 

It
 i

s 
re
co
gn
iz
ed
, 
of
 c
ou
rs
e,
 t
ha

t 
th

e 
ra
di
at
io
n

pr
es
su
re
 w

il
l 

mo
di
fy
 
th
e 

op
er
at
io
na
l 

or
bi
ts
 
wi
th
 
ti
me
; 
ho

we
ve

r,
 t
he
 
po
ss
ib
il
it
y 
of
 d
ed
ic
at
in
g 

pa
rt

of
 e
ac
h 
or

bi
t,

 w
he
n 

no
t 
ov

er
 s

er
vi
ce
ab
le
 g
ro
un
d 
si
te
s,
 t
o 

or
bi
ta
l 

co
rr

ec
ti

on
 
ex
is
ts
. 

Al
te
rn
at
el
y,

th
e 

al
lo
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d 

ac
cu
mu
la

ti
on

 
of
 o
rb
it
al
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ro
r 

ca
n 

be
 c
or
re
ct
ed
 
by
 
ro
ut
in
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y 

re
mo
vi
ng
 
a 

sm
al
l 

fr
ac
ti
on

o
f
 t
he
 m
ir
ro
rs
 f
ro
m 

gr
ou
nd
 
in

so
la

ti
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se
rv
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e 
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d 

de
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ti
ng
 t

he
ir
 e

nt
ir
e 
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bi
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 t

o 
so
la
r 
sa
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in
g

ba
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to
 t
he
 d
es
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ed
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bi
t.
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Of
 e
qu
al
 
im
po
rt
an
ce
 t

o 
th
e 
de
ve
lo
pm
en
t 
of

 a
n 

an
al

yt
ic

 m
od

el
 
o
f
 t
he

 M
ar
k 

I 
mi
rr
or
 f

or
 
th
e 
ac

cu
ra

te
an
d 

qu
an

ti
ta

ti
ve

 a
ss

es
sm

en
t 
o
f
 S
OL

AR
ES

, 
ha

s 
be
en
 
th
e 
de
ve
lo
pm
en
t 
of

 t
he

 m
od

el
 
to
 d

et
er

mi
ne

 t
he

 s
ol
ar

in
so
la
ti
on
 a

s 
a 
fu

nc
ti

on
 o
f
 t
im
e 
fo

r 
a 
te
rr
es
tr
ia
l 

si
te
 a
t 

gi
ve

n 
lo
ng
it
ud
e 

an
d 

la
ti
tu
de
 a
nd
 
a 

mi
rr
or

o
f
 g
iv

en
 
or
bi
ta
l 

in
cl
in
at
io
n,
 a
lt

it
ud

e,
 a
nd
 
ar

ea
, 
as

 
se

en
 
pr

ev
io

us
ly
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Th
e 

po
si
ti
on
 
of

 t
he
 s
un
 
re

la
ti

ve
to
 t
he
 m
ir
ro
r 
fo
r 

th
e 

pa
rt
ic
ul
ar
 t
im

e 
is

 a
ss

es
se

d 
an
d 

us
ed
 
to
 a
cc
ou
nt
 f
or

 e
cl

ip
si

ng
, 
th

e 
de

te
rm

in
at

io
n

of
 t
he
 m

ir
ro
r 

no
rm
al
 
wh

ic
h 

mu
st
 b
is
ec
t 
th
e 
an

gl
e 
26
 d
ef

in
ed

 
by
 t
he
 s
ol
ar
 
in

ci
de

nc
e 

to
 
th
e 

mi
rr
or
 a

nd
 
th
e

cu
rr
en
t 
gr
ou
nd
 
si

te
 l
oc

at
io

n,
 t
he
 r

es
ul
ti
ng
 e

ff
ec
ti
ve
 m
ir
ro
r 
ar

ea
, 
th

e 
at

mo
sp

he
ri

c 
at

te
nu

at
io

n
di

sc
us

se
d 

an
d 

th
e 
ge

om
et

ri
c 
si

ze
 o
f 
th
e 
re
fl
ec
te
d 

im
ag
e 

wh
ic

h 
is

 
el

li
pt

ic
al

 
fo

r 
al

l 
ca
se
s 

wh
er

e 
th

e
mi
rr
or
 i

s 
no

t 
at
 t
he
 z
en

it
h.

 
A 
su
m 

is
 m

ad
e 
ov
er
 a

ll
 
su
ch
 
im
pu
ts
 f
ro
m 

th
e 
mi
rr
or
s 

wi
th
in

 
th
e 

UV
C.

Th
e 
de
ta
il
ed
 
an
al
yt
ic
 m

od
el

 
de
te
rm
in
es
 t
he
 t

ot
al

 
ar

ea
 
ov

er
 s
it

e 
an
d 
th
e 

to
ta

l 
mi
rr
or
 a

re
a 

in
or
bi
t 

by
 d
ir
ec
t 
ca

lc
ul

at
io

n 
fo
r 

a 
pa
rt
ic
ul
ar
 a

lt
it

ud
e 

h 
th

e 
to

ta
l 

co
ll
ec
ti
ve
 m
ir

ro
r 

ar
ea

 
AT

wh
ic

h 
mu
st
 b

e 
di

st
ri

bu
te

d 
wo
rl
d-
wi
de
 ,
 a
s 

is
 s

ho
wn
 
in

 
th

e 
fi
gu
re
, 
wh

ic
h 

is
 
re

qu
ir

ed
 
to
 
pr

ov
id

e 
co

nt
in

uo
us

,
1 

kW
ir
e 

av
er
ag
e 

ra
di
an
t 
en
er
gy
 t

o 
th
e 
re

ci
pi

en
t 
gr
ou
nd
 s

it
es
. 

(S
pe

ci
al

 
mi
rr
or
 
us
ag
e,
 f
or
 e
xa
mp
le

ex
te

ns
io

n 
of

 d
ay

li
gh

t 
ho
ur
s 

or
 i

nt
er

mi
tt

en
t 
in
so
la
ti
on
 f

or
 a

 
gi
ve
n 

si
te

 w
ou
ld
, 

in
 
ge
ne
ra
l,
 r
eq

ui
re

 l
es
s

th
an
 
AT
 s

in
ce
 m
ir
ro
r 
"b

un
ch

in
g"

 w
ou
ld
 
be
 p

os
si

bl
e.

) 
Al

so
 s

ho
wn

 
is

 
th

e 
a
 f
or

 a
 
mi
rr
or
 o
f 

ra
di
us
 a

 =
 5
00

 m
.

Th
e 

pr
od
uc
t 
OA
T 
= 
M
,
 i
s 
th

e 
to
ta
l 

ma
ss
 o
f 
th
e 
sp

ac
e 

or
bi
ti
ng
 
mi
rr
or
 s

ys
te

m.
 

In
te
re
st
in
gl
y,
 i
t 

ha
s 

a
mi

ni
mu

m 
ne

ar
 o
ur
 b

en
ch
ma
rk
 c

as
e 
of

 h
 =
 4
14
6 

km
. 

He
re

 A
T 
=
 6
3,

00
0 
km

',
 a
 =
 1
0
 g
m/
m
2,
 a
nd
 
M 
= 
6.
35
 x

 1
0
'
 

Oc
kg
. 

Th
e 

in
di
vi
du
al
 
mi
rr
or
 a
re

a 
o
f
 7
(0

.5
)2

km
2 
=
 0
.7

85
 k

m'
, 
wo
ul
d 

di
ct

at
e 

th
e 

to
ta
l 

nu
mb
er
 o

f 
mi
rr
or
s 

in
or

bi
t 
to

 b
e 
80
,0
00
.

Th
is

 
nu
mb
er
 o
f 
"s
pa
ce
 o
bj

ec
ts

" 
wo
ul
d 
ap
pe
ar
, 
at
 f
ir
st
 g
la
nc
e,
 e
xc

ee
di

ng
ly

 
un
re
al
is
ti
c.
 
Ho

we
ve

r,
ce

rt
ai

n 
po

in
ts

 s
ho

ul
d 

be
 m
ad
e.
 
Fi
rs
t,
 n
o 

ph
ys
ic
al
 
co
ns
tr
ai
nt
s,
 s
uc
h 

as
 
th

e 
av
ai
la
bi
li
ty
 o

f 
or
bi
ta
l

sp
ac
e 

or
 t

he
 a
bi

li
ty

 t
o 

tr
ac

k 
an
d 

co
nt

ro
l 

su
ch
 a

 
nu

mb
er

, 
ha

ve
 s

ur
fa
ce
d 

wh
ic

h 
wo
ul
d 

pr
ec
lu
de
 t

hi
s

nu
mb
er
. 

Se
co
nd
, 
th
e 
nu
mb
er
 c
an

 
be
 r

ed
uc

ed
 
by
 t

he
 e
xp

ed
ie

nt
 o
f 

in
cr
ea
si
ng
 
th

e 
in

di
vi

du
al

 
mi
rr
or
 s
iz
e

(
A
T 
mu
st
 r
em
ai
n 
fi
xe
d 

ho
we

ve
r 
fo

r 
a 

gi
ve

n 
in

so
la

ti
on

),
 b
ut
 a
t 
th
e 

ad
de
d 

ex
pe
ns
e 

as
so

ci
at

ed
 
wi
th

i
n
&
e
a
s
e
d
 a
 a

s 
se
en
 
pr

ev
io

us
ly

. 
Si
nc
e,
 a
s 

wi
ll
 
be

 s
e
e
n
,
 t
he
 c
ur
re
nt
 p

re
di
ct
ed
 
bu
sb
ar
 e

ne
rg
y 
co
st
s 
ar
e

lo
w 
co

mp
ar

ed
 
wi
th
 c

ur
re
nt
 a
lt

er
na

ti
ve

s,
 t
hi
s 

ap
pe

ar
s 

re
as

on
ab

le
. 

Ho
we
ve
r,
 i
t 

is
 
pr
em
at
ur
e 

to
 s

pe
cu

la
te

ho
w 
fa
r 

th
is
 m
ay

 
be

 c
ar
ri
ed
 
un
ti
l 

mo
re
 s
op

hi
st

ic
at

ed
 
mi
rr
or
 d
es
ig
ns
 a

re
 d
ev

el
op

ed
. 

Fi
na
ll
y,
 a
 
pr
op
er

pe
rs
pe
ct
iv
e 

on
 
th

is
 m

ir
ro
r 
ar
ea
, 
or

 i
nd

ee
d 

th
e 

to
ta

l 
ar

ea
 
re

qu
ir

ed
 
by
 
SO

LA
RE

S 
sh

ou
ld

 
be

 m
ai
nt
ai
ne
d

re
la

ti
ve

 t
o 
th

e 
ta
sk
 a
t 

ha
nd
. 

As
 
wi

ll
 
be
 s
ee

n,
 t
hi

s 
sy

st
em

 
wo
ul
d 

su
pp
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ORBITING MIRRORS FOR TERRESTRIAL ENERGY SUPPLY

K. W. Billman* and W. P. Gilbreath*

NASA-Ames Research Center, Moffett Field, Calif.
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S. W. Bowent

Palo Alto, Calif.

ABSTRACT

A system of orbiting reflectors, SOLARES, has been studied as a possible
means of reducing the diurnal variation and enhancing the average intensity
of sunlight with a space system of minimum mass and complexity. The key im-
pact that such a system, providing continuous and slightly concentrated in-
solation, makes on the economic viability of solar farming and other solar
applications is demonstrated. New developments in solar sailing are incor-
porated to reduce space costs, namely mirror mass and transportation. The
system is compatible with incremental implementation and continual expansion
to meet the World's power needs. Key technology, environmental, and economicissues and payoffs are identified. SOLARES appears to be economically supe-rior to other advanced, and even competitive with conventional, .energy sys-
tems and could be scaled to completely abate our fossil fuel usage for power
generation. Development of the terrestrial solar conversion technique, op-
timized for this new artificial source of solar radiation, yet remains.

INTRODUCTION

The seemingly insatiable need of the world community for energy has
recently prompted the examination of many alternate sources to substitute forour increasingly expensive and limited supply of fossil fuel. Use of one ofthese alternatives, the environmentally desirable, renewable resource - solarenergy - for electric power generation has been retarded by the economics ofsolar farming in comparison with fossil and nuclear alternatives (ref. 1).Small inherent solar energy density, diurnal intensity variation, cloud andother obscuration, and positional variation of the source require the "solarfarm" to possess a large area, capital intensive optomechanical collection orconversion array and energy storage system, schematically illustrated inFig. 1. Furthermore, this expensive system is underutilized, frequentlyoperating for no more than 6 h/d without and 12 h/d with storage.

*Research Scientist.

!I-Consulting Aerospace Engineer.
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These factors have conspired to keep the cost of solar-derived electrical
energy at approximately five times that of fossil-derived for the past ninety
years, even though fossil fuel costs have increased more than fiftyfold dur-
ing this period.

This paper reports the highlights of an earlier assessment (ref. 2) and
subsequent investigations by the authors into a space orbiting mirror system,
SOLARES, designed to obviate many of the above problems by providing continu-
ous and slightly concentrated reflected solar energy to selected terrestrial
TOTar conversion sites. Such additional insolation, chosen arbitrarily as
I =--• 1 kW/m2, is significantly higher than the best time-averaged value for
the United States of 0.25 kW/m2 and about equal to the peak, noontime intens-
ity. Consequently, for a given solar farm output electrical power, an approx-
imate reduction of (1 + 0.25)/(0.25) = 5 in area, and hence area-related costs
(collectors, photovoltaic converters, land, maintenance, etc.) is obtained.
Additionally costly energy storage (typically one-half of the solar farm capi-
tal investment) can be nearly eliminated. Finally, the system can be nearly
continuously utilized. Thus, provided the cost of the space component of
SOLARES is low enough, substantial reductions (ca. 5 to 10) from conventional
solar farm capital investment and resultant electrical energy cost may be
realized.

Indeed the initial assessment of this concept (ref. 2) did show that
space costs could be low enough, and with the assumption of modest develop-
ment of mass-produced, 15% efficient cadmium sulfide photovoltaic flat plate
array -grout-Id conversion in the time frame of SOLARES implementation, busbar
electrical energy costs of 10-20 mills/kWh Tesulted. As seen in Fig. 2, this
not only was an improvement on the costs predicted for other advanced systems
(ref. 3), but is competitive as well with conventional fossil and nuclear
costs. Our more exact examination of the SOLARES concept during recent
months has not changed this assessment, at least for reasonable orbital alti-
tude. This report will discuss the technical feasibility and the possible
environmental and economic impact of such a synergistic space-terrestrial
energy production concept.

Space mirrors have been considered by many authors (refs. 3-7). Geosta-
tionary orbits have frequently been faulted (ref. 8) on the basis of scale:
both the focused image size (0 = fa = ha, where f is the effective mirror
focal length, a = 9.3 mrad is the subtense angle of the Sun, and h is the
image distance, that is, the altitude of the mirror above the Earth) and the
mirror area which, to provide an I in the ground spot, must exceed the image
area to make up for atmospheric transmission losses and geometric spreading.
Thus, the seemingly desirable arrangement of a geostationary mirror (h =
35,800 km) remaining fixed above a single site appears nonviable at this time
since it produces insolation over an area in excess of 87,000 km2 and requires
a mirror area of about 200,000 km2 to provide I! As will be seen later, the
capital investment associated with such a system would be exceedingly large
(greater than $4.5 x 1012), and it would produce a concentration of energy, as
well as an amount, far in excess of what can be used at this time. Unfortu-
nately, the use of a multi-mirror focusing system at GEO to produce a smaller
ground spot does not solve this dilema. One finds that even larger mirror

2
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areas are necessary, thereby increasing the capital investment in the space
system. Smaller ground costs are attained; however, the power output is cor-
respondingly reduced and hence, overall the economics are further acerbated.

To achieve a more practical spot size, reduce the total reflection area,
and serve a number of world-wide ground stations, we have considered a system
of lower orbit mirrors, schematically illustrated in Fig. 3, which collect-
ively constitutes an Archimedian (focusing) array; individual free-flyer mirr-
ors are continuously pointed to project their solar images on a common ground
spot above which they are located at that time. Various orbits (polar, other
inclined, and equatorial), altitudes and mirror spacings have been examined
to determine in particular the requisite total mirror area necessary to pro-
vide continuous insolation 10 and, in general, to ascertain the scaling laws
for mirror area, ground spot size, number of ground sites serviceable, result-
ant power generated (with assumed conversion efficiency) and requisite capi-
tal costs and ultimate energy costs. As will be seen, the collective mirror
areas necessary are large, but this is entirely consistent with a system which
can sizably augment and possibly replace the present electrical generating
capacity of the World. It is also consistent with the emerging technology
of the large area, low mass density structures possible in the weightlessness
of space. Finally, because of their high performance factor of kilowatts of
electricity produced per kilogram of mass transported to orbit, and their low
materials content and resultant cost, it will be seen that the space mirrors
do indeed represent a reasonably small fraction of the total SOLARES capital
investment.

It should be noted here that the space aspects of SOLARES, wiz, mirrors,
orbits, transportation, etc., have received our foremost attention in this
study. Now that the feasibility and economic viability of this has been es-
tablished, attention must be given to exploring the methods of ground conver-
sion which are most optimal to this new source of solar irradiation. Continu-
ity and concentration will undoubtedly add new dimensions and allow exciting
new possibilities to this task, in addition to the economic advantages cited
above. Hopefully, such possibilities will occur to those who are experts in
solar farming, and other uses of solar energy.

REFLECTORS

The space mirror configuration required to reflect solar energy to the
ground may take many forms, ranging from a single large figured mirror to
many smaller mirrors which may or may not be physically linked. For many
reasons, it appears that individually pointed, free-flyer, planar mirrors of
area 1 - 10 km2 are preferred. As was shown schematically in Fig. 3, a con-
tinuous array of such reflectors would orbit over the selected site, each mir-
ror controlled in such a manner to continuously direct its reflected image of
the sun onto the site. In general, each mirror will be in a "tumbling" mode,
i.e., rotating about its diameter, as it orbits around the Earth. As will be
seen, slight accelerations will suffice during the "over site" operation0
period (the time for the reflector to move from 30

0
at one horizon to 30 at

the opposite horizon) to modify this free rotation angular velocity so that
the reflected image of the Sun remains fixed on the site.
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There are many factors which have led to this choice of a free-flyer foc-

using mirror array: easier mechanical fabrication of smaller, planar mirrors,

lower unit area costs through volume production, easier deployment and packag-

ing, simpler control characteristics and mirror figure maintenance, reduced

areal density (since this is found to increase with mirror size), reduced in-

solation variation, and expanded orbit choices. Of course, certain disadvant-

ages of the large number of mirrors also should be mentioned: restriction to

less efficient, non-concentrating, flat plate terrestrial collector/converters

(since beams arrive from many sources simultaneously); the need to avoid poss-

ible mirror collisions because of intersecting orbits; the need to track and

control many objects; and possible added "glint" (spurious reflection) at

other, non-conversion site global locations. These problems do not appear

insurmountable.

Figure 4 illustrates one of the aforementioned advantages of using small-

er mirrors: the reduction of intensity temporal fluctuation at the solar
farm. The remaining fluctuation would be further reduced as the instantaneous
over-site number is again increased, while maintaining constant cumulative
area. Note the inclusion of ambient sunlight in these plots, providing the
increase between hours 6 to 12.

Another example of the advantage of the smaller mirror approach is the
reduction of the torques which must be applied to the reflector structure as
it passes over the site (since the mirror orbits about the Earth's center and
not the site). For a given orbital altitude h, the angular velocity variation
d(t), and requisite acceleration s(t) is prescribed (ref. 2); a typical case
is shown in Fig. 5. From such curves, and the choice of a particular mirror
configuration, i.e., moments of inertia Ix, Iy, and Iz, the requisite torques,
mechanical power, etc. may be determined. Clearly these quantities there-
fore scale with Ii-aAR1 where a is the average areal mass density, A is mir-
ror area, and Ri the characteristic radialdimension along the i'th rotation-
al axis. As will be seen later, structural integrity requires a to be an in-
creasing function of Ri (other authors have argued, incorrectly we believe,
that it is a decreasing function) and hence Ii, and the torques and required
mechanical power increase nonlinearly (ca. as A2-5 to A3) with mirror area.
Thus there is a severe penalty for increasing mirror area; an increase from
1 km2 to 15 km2 area, say, would increase the torques by a factor of 870 to
3,340. More elegant mirror designs may reduce this; our point here is to
show that present design, with A-1 km2, leads to reasonable a-10 gm/m2 for
which peak momentum wheel torque powers of only tens of kilowatts are requir-
ed. These are easily obtainable from on-board solar cell arrays. Note also
from Fig. 5 that the symmetry of (5 about a = 0 indicates that the average
acceleration is zero, and the use of momentum transfer flywheels should suf-
fice for control needs, including the necessary reorientation between ground
sites if the latter are judiciously chosen.

Current Structural Reflector Design 

At this time we are in the early stages of assessing the possibilities
in the realm of large area, low density structures for space usage. However,
to realistically assess the feasibility of SOLARES, both on technical and
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economic grounds, it has been necessary to design a mirror structure which, in
principal, can work. Such a design is shown schematically in Fig. 6. The
reflector is a polymeric film of 2.5 um thickness with 0.1 um aluminum evapor-
ated onto each face; overall reflector areal density is 3.55 x 10-3 kg/m2.
The film is tensioned onto a supportive structure, consisting of an outer
torus, radial spokes and azimuthal stringers. Such tensioning is necessary
to maintain the reflector planarity, or "figure" despite the perturbing radi-
ation pressure, gravitational gradient, and angular acceleration forces act-
ing on it. The rim torus must have sufficient buckling strength to provide
this tension. The central mast and guy wire system is required to prevent out-
of-plane buckling. The principle demand placed upon the mast structure is to
withstand buckling under the requisite torques which must be used for mirror
pointing and tracking. The current design postulates centrally located momen-
tum wheels to provide these torques; near term examination will be made of
rim-located ablative thrusters which may reduce the mirror masses derived be-
low. We have assumed the mast and torus to be thin shells of aluminum matrix
carbon fiber composites (pc = 2.2 gm/cm3 density and Young's modulus of E =
2.7 x 1011 nt/m2). Substantial reduction in mast mass will accrue from the
use of a stiffened open-weave composite structure, as shown in the figure in-
sert, and other improvements such as tapering the mast, as suggested by
Hedgepeth (ref. 9), however, such improvements have not been included in this
report. We are thus presenting results for a reflector structure which, by
careful mechanical design, will indeed function for the SOLARES needs but
which is a "Mark I" device upon which further improvements are possible.

It will be impossible to detail here the mathematical model developed
for Mark I which determines the overall average areal density a as a function
of service altitude, h, the radius, a, of the reflector, and other parameters
such as densities of materials comprising the subelements and the allowable
stresses. Suffice it to say that the first consideration is the evaluation
of the requisite tension, as a function of altitude, for the polymeric film
in order to maintain a flatness or figure which will allow a distorted, in-
creased ground spot area of no more than 5% above that which would be obtain-
ed with a perfectly flat mirror. It is found that the film stress required
never exceeds 2% of the yield stress. The torus cross sectional radius and
thickness to give this stress is derived from the in-plane buckling of the
torus ring together with the thin wall local buckling formulas (ref. 10).
The mast wall thickness is then determined essentially from the moments re-
quired for pointing. An iterative numerical analysis results in the Mark I
structure required for various altitudes.

As shown in Fig. 7, for a given reflector radius, the (overly robust)
structure demands very large average areal densities a for low orbit operation,
decreasing to much lower values for altitudes where the mechanical perturba-
tions are smaller. As also seen, for a given altitude, the mass density in-
creases with mirror area, as contended earlier. In general then, the desire
to reduce the number of mirrors in orbit, for a given ground site insolation
and hence necessary collective reflector area, must be paid for by a corre-
sponding increase in total mirror mass in orbit (cost) as one increases the
individual mirror area.

For illustrative numerical purposes throughout this report, it will be
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useful to discuss a "benchmark case". We choose this to correspond to a re-
flector altitude h = 4146 km, corresponding to an orbital period P, = 3 hrs,
and a reflector radius a = 500 m. Figure 7 then shows o = 10 gm/m2.

Solar Sailing 

As was discussed in the initial SOLARES assessment (ref. 2), the low
areal density of the reflectors not only minimizes the payload mass which
must be transported to orbit, per unit radiant energy provided to the world-
wide network of conversion sites and hence per the subsequent electrical bus-
bar energy developed, but it also serves to reduce subsequent space costs and
allow additional flexibility. For these densities it is found that mirrors
deployed, or constructed in orbit from modular units, have solar radiation
forces approximately ten times that of drag for altitudes above 800 km. Thus,
the mirror can be solar sailed from this low Earth orbit (LEO) to the desired
operation orbit without the need of the development of an orbital transfer
vehicle and the subsequent fuel costs. Furthermore, flexibility in modifying
orbits is allowed, either to bring a mirror to a lower repair and maintenance
facility or to raise the orbit, as will be discussed later, to increase the
power output of SOLARES to keep pace with world energy demand. Again, this
option is particularly consistent with the smaller mirror scheme since the
rather long orbital transfer time (ca. 34 days to sail from 800 km to 2000 km)
is tolerable when, compared with the much longer time (perhaps 15 years) need-
ed to assemble the complete array. It is recognized, of course, that the rad-
iation pressure will modify the operational orbits with time; however, the
possibility of dedicating part of each orbit, when not over serviceable ground
sites, to orbital correction exists. Alternately, the allowed accumulation
of orbital error can be corrected by routinely removing a small fraction of
the mirrors from ground insolation service and dedicating their entire orbits
to solar sailing back into the desired orbit.

ORBIT CONSIDERATIONS

A variety of orbit options are available for placement of the reflectors.The choice depends on a number of factors, including investment available,ground site location, ground conversion technique, insolation levels required,need for continuous insolation, energy output desired and the degree of in-
ternational cooperation. Additionally, mirror design features, such as ac-ceptable torque rates, thermal control, material lifetime, ballistic coeffic-ient, station keeping sophistication, configuration and maintenance require-ments will place further limits on the final orbit choice.

Historically, our earlier studies (ref. 1) placed much emphasis upon t8eexamination of SOLARES scaling laws for various orbital inclinations (i = 0 ,eouatorial; i = 90, polar; and i2=45', moderately inclined), altitudes (es-pecially 1 ,000 h 14,000 km and the geostationary case for i = 00, h = 35,800101), and retrograde and sun synchronous cases. The considerations were espe-cially helpful (1) to point out special features which may be useful to mirroruse during the period of buildup of a full mirror array, (2) to minimizing thenumber of large mirrors necessary for servicing a given ground site, and (3)to estimate the upper limit of ground sites serviceable around the world.
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However, with the introduction of the useful concept of the focusing array, a
roughly uniform distribution of smaller mirrors, many of these earlier consid-
erations are of lesser importance. They serve mostly to provide general guid-
ance and extremums against which the current computer calculations can be
checked. For a detailed discussion of these orbit considerations, the reader
is referred to (ref. 2) and (ref. 11).

Typical of the more general orbit examined presently is that shown in
Fig. 8 which illustrates the 24 hr ground trace of a single reflector with
i = 45

0
and h = 4146 km (P0 = 3 hr). Here is also shown a typical useful

viewing circle (UVC), i.e., the intersection of a right circular cone of 60°
relative to the zenith of a ground site with a sphere of radius Re + h. A
mirror track within the UVC indicates the period during which the mirror sup-
plies useful ground insolation; as can be seen, for this particular orbit and
ground site, three very useful, and a fourth less so, passes per day are made
for the particular orbit shown. Additional mirrors, placed into similar or-
bits, but with orbital planes displaced in longitude, interleave the trace
shown to essentially make an instantaneous "glittering" array over the site
as discussed earlier. It should be noted that other, non-intersecting view-
ing circles can be placed world-wide to simultaneously collect radiation from
the mirrors over these locations. The optimized set of such sites has yet to
be determined.

INSOLATION PROFILES

Of equal importance to the development of an analytic model of the Mark
I mirror for the accurate and quantitative assessment of SOLARES, has been the
development of the model to determine the solar insolation as a function of
time for a terrestrial site at given longitude and latitude and a mirror of
given orbital inclination, altitude, and area. The position of the sun rela-
tive to the mirror for the particular sideral time is assessed and used to
account for eclipsing, the determination of the mirror normal which must bi-
sect the angle 26 defined by the solar incidence to the mirror and the cur-
rent ground site location, the resulting effective mirror area (A cos 6), the
atmospheric attenuation (as discussed below), and the geometric size of the
reflected image which is elliptical for all cases where the mirror is not at
the zenith. A sum is made over all such inputs from the mirrors within the
UVC.

The initial choice of the mirror spacing and individual mirror size, and
hence the total collective mirror area Am (km2) needed in the UVC for a desir-
ed, time averaged site center insolation 10 (kW/m2), with an ambient (normal)
solar insolation of IAv (kW/m2) for the site, can be estimated from an em-
pirically derived formula

10 = 'Av + 2165 Am/h1'894 (1)

where the orbital altitude h is expressed in km and a nominal IAv (good solar
site) value for the U.S. is 0.255 kW/m2. This scaling law was derived, un-
like the aforementioned analytical model, with the simplifying assumptions of



217

•

unity mirror reflectivity, uneclipsed mirrors, zenith mirror passes, and co-
planar mirror, site, and sun. It does correctly account for atmospheric ab-
sorption, however, using the transmission expression (ref. 12)

= 0.1283 + 0.7548 exp(-0.3866 / sine) (2)

where 8 is the source (mirror) elevation angle above the horizon. All angu-
lar and distance factors are also correctly included. As can be appreciated,
Eq. (1) sets a lower limit for Am. The detailed analytic model, of necessity
more cumbersome to use, determines the total area over site and the total mir-
ror area in orbit by direct caculation for a particular altitude h. From
such calculations, the altitude scaling implied by Eq. (1) together with an
analytic calculation of the ratio of the fraction of mirrors within the UVC
allows an accurate estimation of the total collective mirror area AT which
must be distributed worldwide, as shown in Fig. 9, to provide continuous,
1 kW/m2 average radiant energy to the recipient ground sites. (Special mir-
ror usage, for example extension of daylight hours or intermittent insolation
for a given site would, in general, require less than AT since mirror "bunch-
ing" would be possible.) Also shown is the a for a mirror of radius a = 500
m. The product GAT = M, is the total mass of the space orbiting mirror sys-
tem. Interestingly, it has a minimum near our benchmark case of h = 4146 km.
Here AT = 63,000 km2,. a = 10 gm/m2, and M = 6.35 x 108 kg. The individual
mirror area of 7(0.5)2km2 = 0.785 km2, would dictate the total number of mir-
rors in orbit to be 80,000.

This number of "space objects" would appear, at first glance, exceeding-
ly unrealistic. However, certain points should be made. First, no physical
constraints, such as the availability of orbital space or the ability to track
and control such a number, have surfaced which would preclude this number.
Second, the number can be reduced by the expedient of increasing the individ-
ual mirror size (AT must remain fixed however for a given insolation), but at
the added expense associated with increased a (see Fig. 7). Since, as will
be seen, the current predicted busbar energy costs are low compared with cur-
rent alternatives, this appears reasonable. However, it is premature to spec-
ulate how far this may be carried until more sophisticated mirror designs are
developed. Finally, a proper perspective on this mirror area, or indeed the
total area required by SOLARES should be maintained relative to the task at
hand. As will be seen, this system would supply an amount of electrical ener-
gy in excess of that currently used worldwide. It can be viewed therefore as
an equivalent to the extensive worldwide system of hydro, nuclear and fossil
plants estimated to be of value in excess of 1012 dollars. As such we should
indeed be surprised if SOLARES were smaller than calculated!

Illustrative Profiles 

To illustrate the results typically obtained from the analytic model of
SOLARES, Fig. 10 shows the temporal radiant intensity on a site located at
.29°N latitude, 118°W longitude for our benchmark orbital case. The 24 hr pe-
riod shown is for 1 July; it is seen that a rather continuous insolation is
attained with the inclusion of ambient sunlight. Figure 11, for 7 December,
shows the effect of winter mirror eclipsing around local midnight. For this
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site some buffering conversion system would be required if continuous electri-
cal output were desired.

The site chosen, Guadalupe Island, located west of Baja, California, isinteresting in that Gemini photographs have shown that the gentle upwelling
of warm air from the island, produced by solar insolation, serves to generallykeep the area above the island free of clouds even though the surrounding
ocean is covered. Thus, a controlled release of sensible heat to the ambientfrom the site may allow the use of many sites, particularly near water, whichwould seemingly be unusable because of normal cloud obscuration.

Figure 12 illustrates the calculated spatial intensity profile; a circleof diameter ha = 38.6 km (24 mi.) is seen to contain a large fraction of the
energy. Figure 13 shows this daily accumulated energy as a function of radialdistance from the insolation "footprint" center; approximately 70% is withinha. The central region would receive approximately 39 Q = 4.1 x 1019 Joules/yr for 10 = I kW/m2 and lAy = 0.2 kW/m2. If the entire radiant input were con-verted to electrical energy with a conversion efficiency of 15%, this singlesite would produce an average power Pe = 196 GWe which is to be compared withthe current U. S. usage of ca. 250 GWe. Five such sites, located around theworld, appear possible for this orbital benchmark case; the total power wouldexceed current world usage, which is estimated to be 1012 We.

GROUND CONVERSION

As mentioned earlier, the determination of the optimal solar conversiontechniques for SOLARES has not yet been made. Since the apparent cost, to bediscussed later under economics, of the presently assumed conversion methodis one-half of the entire system cost, it is clear that such optimization isof utmost importance.

Certain properties of SOLARES must be kept in mind when considering con-version techniques. Foremost, of course, is insolation continuity which willobviate the need for energy storage to a large degree and, of equal signifi-cance, reduce the collection array necessary to provide the same output power.The ramifications here can be significant. Thus, although the busbar energycosts predicted for a photovoltaic solar farm, using the "1985 ERDA Goal"$500/peak kW cells, would be ca. 84 mills/kWh, the same costing procedure (ref.13) when applied to near term mass produced CdS cells, and incorporatingSOLARES insolation would predict ca. 13 mills/kWh. Similarly, the shallowsolar pond energy conversion system (ref. 14) is predicted to give, in thenear term (5 yr), 56 mills/kWh without, and ca. 13 mills/kWh with SOLARES.Similar cost reductions should obtain for systems associated with space heat-ing, industrial process heat, agricultural solar uses such as pumping of waterand grain drying, and desalination of water. The single effect still, pro-ducing distilled water at significantly reduced rates, could have a profoundeffect on Third-World economics.

A second SOLARES possibility is solar concentration. In the studies re-ported here, we have chosen a nominal reflected insolation value of 1 kW/m2.By adding more mirrors this could be increased, however. Aside from environ-mental constraints (to be discussed) the economic advantages of operatingsolar farms at insolation values of more than one solar constant have yet to
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be explored. Of concern here, of course, are the microweather changes which

may result if waste heat is indiscriminately, locally released to the atmos-

phere. Certainly winds would result, and although in moderation they could

serve useful functions such as providing windmill-derived pumping for fl
uid

circulation in the solar farm or helping disperse clouds, careful modell
ing

will be necessary to assess the efficacy of higher insolation values provided

by SOLARES.

A third SOLARES consideration is the eclipsing of the mirrors, which is

most significant for very low orbits. Although this is somewhat reduced by

having a large number of mirrors at various angles above the site at any giv-

en time, some insolation eclipse loss will result if the smaller spot size or-

bits are chosen. Because of this, it may be desirable to initiate SOLARES

with systems which do contain short term buffering or storage, such as solar

ponds or chemical fuel production, such as hydrogen or ammonia.

At higher orbits, this eclipsing problem is greatly reduced; however,

the spot size (ha) is larger. If this insolation is completely used for di-

rect conversion to electrical power, the input to the grid could be very

large when compared with current facilities. Thus, the use of highly redund-

ant electric generating and transmission architecture would appear necessary

to avoid widespread outages in case of partial system failure or downtime.

Surrounding this core photovoltaic, or possible Rankine cycle generating

plant, would likely be solar stills which would use the reject heat to desali-

nate water to serve as feedstock for hydrogen, and possibly ammonia product-

ion. Such storable fuels could be produced during low electrical demand pe-

riods, allowing for the first time the use of a solar farm as a true base-

line system. Further heat dispersal, hot water pumped by the windmills pro-

vided by the controlled, omnidirectional winds designed into the system,

would be to a surrounding high yield food crop and bio-feedstock farm. Final-

ly, in the outer reaches of the insolation provided by SOLARES, would be a

moderate climate industrial and urban community, making full use of this low-

er level solar radiation as well as the reject heat from electrical generat-

ion. Of course, such a "solar total farm" is an old concept (ref. 1). How-

ever, it will likely assume new forms and certainly new economics with the

incorporation of SOLARES.

Another characteristic of SOLARES which must be considered is the fract-

ion of time which the mirrors spend over the oceans and non-industrial nations.

For the latter, it would appear that the possible reduction in desalination

cost, as well as the production of fixed nitrogen, such as ammonia, for fer-

tilizer, and the pumping of water would be especially significant. Again,
much remains to be done in evolving these new techniques. For the ocean
sites, either islands or artificial platforms, the production of these com-
modities and subsequent shipment by super-tanker needs investigation. Possi-
ble enhancement of ocean thermal energy conversion (ref. 15) may also accrue
with SOLARES if reasonable elevation of surface water temperatures can improve
the Rankine cycle efficiency.

In summary, the new opportunities which would be afforded by the orbit-

ing mirror system, will likely allow exciting new concepts in solar conver-

sion techniques. Much work now remains to be done in this area.
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ECONOMICS

Although precise costing of SOLARES is clearly impossible without an in-
depth study and the analysis of certain technological issues, preliminary es-
timates can be made which are useful to testing the viability of the concept
and identifying the cost drivers. System cost is comprised of space (mater-
ials, construction, and transportation) and ground (collection, conversion
and conditioning) capital investments, R&D and operations and maintenance
elements. In the discussion that follows, it is assumed that the system is
operational in the 1990 time frame and can thus employ the expected normal
growth in technology over the next ten years to enhance the effectiveness of
the system.

Presently there are large uncertainties in the manufacturing costs of
the mirrors and especially how these costs will scale with the particular
unit mirror area chosen. Some components will depend upon area, such as the
polymeric reflector substrate (aluminized 2.5 um mylar presently costs
$0.40/m2), others may depend upon mass, and yet others, such as on-board com-
puters, will probably be fixed cost items. Pending further analysis, we have
chosen a mirror cost (reflector, support structure, controls and construction)
to be $250/kg. For comparison, typical large scale aircraft, with complexity
probably exceeding that of the reflectors, and with a much smaller volume
production of several hundred units, cost $125/kg - $175/kg. This cost of
$250/kg, together with a predicted for the Mark I mirror, as was shown in Fig.
7, determines the "space material cost" for various operational altitudes.
Transportation is another capital item for space. While transport costs with
the current Shuttle will be about $1000/kg to reach deployment altitude, it
is anticipated that a second generation vehicle would lower this to $300/kg.
In fact, since transport costs with a heavy lift launch vehicle (HLLV) could
achieve $20/kg in the time frame of importance to us (ref. 3), it is estimat-
ed that, with more moderate development, a vehicle tailored for the present
mission should provide transport at $166/kg. The sum of these space costs
per kg of reflector in orbit can be coupled with total mirror mass M as was
shown in Fig. 9.

The second major element of SOLARES costing is that of the ground con-
version system. Conventional solar energy systems require $1500-$2000 of
capital investment per output kWe. However, as argued earlier, and discussed
in detail in (ref. 2), a nearly four-fold reduction is expected with SOLARES.
Using a costing analysis similar to DeMeo (ref. 13) which properly accounts
for area related and installed power related costs, together with predictive
costs for mass produced, large area CdS photovoltaic arrays (ref. 13) and the
(reasonable) assumption of attainment of 15% conversion efficiency by 1985,
the solar farm capital investment, CI, can be evaluated from

CI = ($30/m
2
) AG + ($70/kWe) P (3)

where AG is the installed ground site area and P the system power output. The
total capital investment is thus found from the number of usable sites for a
given orbital inclination and altitude, the effective usable conversion area
(..ha) per site, and the power output as determined from insolation profiles as
shown in Fig. 13, averaged for the year, including e plant duty factor of 1,
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here and the assumed solar cell efficiency of 0.15.

The sum of the space and ground conversion capital investments per in-
stalled kWe are shown in Fig. 14 as a function of orbit altitude. It is clear-
ly seen that for reasonable orbit altitudes, significant reduction over nor-
mal solar farms is attained, and in fact for the benchmark case Cl/P = $506/
kWe, which is competitive with current fossil and nuclear plants. Indeed the
space costs of SOLARES have not led to excessive total system costs!

Design, development, test and evaluation costs are estimated, for both
the space and ground phases, to be about $16 billion, roughly equally divided
between the transportation system, a maintenance and construction facility in
space, and the ground system. These costs, when amortized over the expected
system power output for 30 years, contribute less than 1 mill/kWh.

Using the standard algorithm for relating the CI to its contribution to
busbar energy cost (ref. 2), with assumed rate of return of 15% and system
lifetime of 30 yr, this energy cost is evaluated. To this must be added oper-
ations and maintenance; a value of 4 mills/kWh appears reasonably consistent
with standard solar farm estimates and that made for the space solar power
system (ref. 3).

The resultant variation of busbar energy cost with altitude is shown in
Fig. 15; again this is competitive with current alternatives (15-25 mills/
kWhe). For the baseline case, the energy cost is 13 mills/kWhe).

The Benchmark Case 

It is useful to collect the various values which appeared throughout the
text for the benchmark case; this is seen in Table I. A few comments are in
order. This configuration is for a full-operation, world electrical energy
supply (ca. 1012 We) system,. As will be discussed later, initial system
startup would be on a smaller scale, using lower orbital altitude, and thus
less mirror area, and probably a single conversion site. This would lead to
substantially lower initial capital investment while yet providing some rev-
enues. (A single site providing 20 GWe average power should return ca.
$3.56/yr.) As more mirrors and sites are added, and the altitude raised, the
benchmark case would be approached while revenues accrue and as electrical
needs demand.

ENVIRONMENTAL AND SOCIAL IMPACT

As with any technological system of the magnitude of SOLARES, capable of
generating a large fraction of the world's energy needs, a critical assess-
ment of its environmental and social impact must be made. We have begun this
task and report here only on the identification of some crucial areas, as
listed in Fig. 16; others will undoubtedly be discovered.

Clearly one positive impact of SOLARES will be to allow conservation of
non-renewable fossil fuels which are currently used for electric power gener-
ation. In addition, if the system is large enough, such power may also be
used for other applications, such as transportation, for which fossil fuels
are now the only economical option. Additional conservation would occur if
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the reject heat of the solar farm were used for such purposes as water de-
salination, industrial process heat, crop drying, space heating, etc. . Sig-
nificantly, in addition to fossil fuel conservation, SOLARES would also remove
the chemical pollution due to the mining, transporting, and burning of these
fuels. Similar problems exist with nuclear alternatives.

The positive social impact of SOLARES will depend heavily upon its ulti-
mate range of applicability (multiple use) and degree of implementation. If
economically viable, the agrarian uses will provide important essential social
benefits (food and water) to the developing nations while other mirrors simul-
taneously.supply electricity to the industrial countries. Substantial invest-
ments in resources: manpower, land, energy, materials, and money will be
necessary for a system of SOLARES' magnitude.

A system such as the baseline case which would be capable of supplying
ca. 1012 We or four times the current U. S. electric power usage, would re-
quire a $5006 capital investment. For fifteen year implementation, the
annual investment of $336 would be large. However, it does not appear excess-
ively large when one considers the current estimates of $256 - $306 yearly 
necessary to expand our conventional power system to meet demand in the U. S.
alone.

It should be appreciated that the investment by the U. S. in such a sys-
tem would ultimately allow our nation to regain its position of an energy ex-
porter to the World rather than ever increasing dependency on foreign energy
import.

Possible negative environmental impacts have been seen in Fig. 16: care-
ful assessment of their importance has not yet been possible. The release of
waste heat from the radiant energy to electricity conversion process to the
atmosphere must be minimized to avoid high velocity cool air flow into the
surroundings. The design of a total energy usage conversion system, as dis-
cussed earlier, will hopefully do this. Light glint (global) and scattering
(near conversion sites) may be especially serious problems for astronomers.
Photochemical effects produced by the added sunlight of SOLARES in the atmo-
sphere and other "spheres" do not appear negative at this time. Land usage
also does not appear extreme. In fact, because of its properties, SOLARES
demands approximately five times less land per unit of electrical energy pro-
duced than a conventional solar farm or the SPS (microwave system). It com-
pares favorably with conventional power plants (-,25 km2/GW) because its waste
heat removal needs are similar. Finally, there will be possible pollutant
(noise and chemical) concerns with the launch system necessary to place the
mirrors in space. On the positive side, however, the development of this
superior launch system may open new possibilities for space usage such as
easier establishment of space astronomical facilities.

CONCLUSIONS

In this report we have briefly outlined the concept of the orbiting mir-
ror system and examined the important technical, environmental, and economic
questions and payoffs. Clearly the commitment of the nation, or the World
community, to such a means toward ultimate energy self-reliance would be a
major undertaking. As such, we should comment on two aspects of the system

13
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which bear upon (1) its general world acceptance and (2) its ability to be
tested on a small scale prior to full implementation.

The first is illustrated by Fig. 17, which illustrates some of the many
uses to which SOLARES could be put. Most importantly, these could be simul-
taneous applications wherein those mirrors over industrial nations could be
producing electrical power while those over agrarian nations could be provid-
ing energy for such needs as desalination and pumping of water, etc., again
with the economics attendant to continuous and concentrated insolation. In-
deed, some such uses may prove economically unattractive when further analysis
is made. But it does indicate a flexibility of applicability possessed by no
other advanced system and one of more general attractiveness to the World com-
munity than the exclusive production of electrical power.

The second important aspect of SOLARES is the capability of incremental
implementation. This allows, as shown in Fig. 18, crucial and definitive
proof-of-concept testing on one or more small mirrors, compatible with
Shuttle launch, and in an early time frame of 1982 based upon our technology
readiness (not budget cycle) estimates. Such tests will clearly lead to the
ultimate mirror design, control, etc., and reduce the risks on capital invest-
ment and other areas associated with the space component of SOLARES. Further-
more, as has been more completely discussed in our initial assessment (ref. 2),
as the mirror system is gradually built up, most likely over a fifteen year
interval, intermediate usage ranging from low insolation applications (light-
ing, etc.) to higher intensity single ground converter site electrical gener-
ation can also evolve. Finally, as energy demands increase, the system can
also increase with altitude raising and additional mirror addition to meet
the foreseeable energy needs of the world.

In conclusion, SOLARES appears to offer significant improvement to the
possible large-scale generation of electricity from the environmentally de-
sirable and renewable resource, solar energy. Technology requirements appear
achievable in the near term and costs, spread over a fifteen year implement-
ation period, appear reasonable especially when compared with conventional
necessary system expansion costs and those of the imported fuel to service
these plants. The system affords the possibility of small-scale testing with
a Shuttle launched single mirror, and of incremental buildup,by increasing
altitude and adding mirrors, to keep pace with increasing world energy needs.
Its positive environmental impact - reducing our expenditures of nonrenewable
fossil fuels and the inherent pollution attendant to their mining, transport-
ation, and burning -seems' to outweigh possible negative effects. Multiple,
simultaneous alternate uses appear desirable and possible. Extensive, in-
depth engineering design and optimization must now proceed to confirm the
economic viability of the concept. Of especial importance is the evolution
of solar conversion techniques most suitable to this new source of continuous
solar radiation.

14
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FIGURE CAPTIONS

Fig. 1 Impact of SOLARES on the economics of solar energy production.

Fig. 2 Electrical energy busbar costs (1976 dollars).

Fig. 3 Schematic of SOLARES focusing mirror array.

Fig. 4 Reduction in intensity variation at the ground site by replacing a
single large mirror of area A in the viewing cone with six smaller mirrors
of the same cumulative area.

Fig. 5 Typical angular velocity (S), acceleration (d), and product (cci.) for
orbiting mirror as a function of angle of mirror (0) above the ground site
horizon or, equivalently, the time (t). These curves are for a h=2500 km
orbit.

Fig. 6 Schematic of Mark I planar mirror.

Fig. 7 Mirror average surface density variation with orbit altitude and
mirror radius.

Fig. 8 Ground track for a typical, single mirror for a 24 hr. period. Mir-
ror altitude is 4146 km and inclination is 450. The UVC for a site at 29°N
latitude and 1180W longitude is shown.

Fig. 9 Altitude variation of mirror areal density and total mirror system
area and mass required to give 1 kWr/m2.

Fig. 10 Central spot radiant intensity for July 1 on the benchmark site.

17.



227

Fig. 11 Central spot radiant intensity for December 7.

Fig. 12 Typical plot of the spatial distribution of energy accumulated on
ground site.

Fig. 13 Normalized radial energy distribution on ground site.

Fig. 14 Total capital investment for SOLARES system (space plus terrestrial)
as a function of orbital altitude.

Fig. 15 Busbar energy cost as a function of mirror altitude.

Fig. 16 Environmental Impact of SOLARES.

Fig. 17 Simultaneous, multiple use of SOLARES.

Fig. 18 Incremental implementation approach for SOLARES.
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As the Solar Power Satellite (SPS) concept represents one of the more

promising long-range energy alternatives, I am pleased to have this oppor-

tunity to present some of the conclusions which we at ECON, Inc. have

reached after studying various aspects of the economic feasibility of SPS

systems during the last four years. We have been under contract both to

NASA centers and to aerospace companies to conduct analyses of the potential

economic feasibility of SPS, comparative cost analyses of different

configurations, as well as studying other issues such as the international

political implications of SPS systems.

As a result of these studies, we believe that:

41 evidence to date indicates a potential economic viability of the SPS

approach of such a magnitude that it supports a program of research*,

• the objective of this research at this point should be to provide

information for future decision-making (in particular, hardware development

and testing should be directed at "buying" information to direct the program;

the value of the information gained from each test should exceed its cost,

with those tests being conducted first which offer the greatest reduction

in uncertainty about the technical and economic viability of the concept),

e the vigorous pursuit of alternative energy technologies (both SPS

and others) provides present benefits by reducing the optimal  OPEC prices

for oil now and until such alternatives become available** and further by

providing an economic disincentive for another embargo.

**
"The Effect of Energy R&D on Optimal OPEC Petroleum Prices", ECON, Inc.,
Internal Working Paper, July 1978.

"Space-Based Solar Power Conversion and Delivery Systems Study, Second
Interim Report, Vol. III, Economic Analysis of Space-Based Solar Power
Systems," ECON, Inc., Princeton, NJ, Report No. 76-145-2, June 30, 1976.

e@
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I wish to review three basic issues concerning the formulation of, and

justification for energy development programs and discuss SPS in relation

to these issues: 1) the uncertainty of long-range alternatives, 2) United

States balance of payments, and 3) energy and technology export. In

discussing these issues I will provide support for the previously stated

conclusions.

The Issue of Uncertainty in the Consideration of Long-Range Alternatives.

To the best of my knowledge, never before has a project of the economic

and technological scale of the full SPS program (if it were implemented)

been considered twenty to thirty years prior to commercial implementation,

which is the time frame currently being discussed for SPS. Clearly, if we

could know the future, a decision could be made now as to which energy

technologies would be implemented at each point in time, indefinitely.

Instead we are presented with a number of alternative technologies in

various states of development with respect to technical and economic

feasibility, with different dates of likely implementation, offering

different forms of energy end-products.

We continue to utilize fossile fuels because, in spite of the recent

substantial increases in fossil fuel prices, they remain cheap--for the

moment--relative to the available alternatives, especially when the cost

of converting the energy infrastructure upon which our economy is based

is considered. However, it is clear for a number of reasons that the

consumption of fossil fuels cannot continue beyond a limited time horizon.

It is instructive to consider the time frame in which decisions will have

to be made conerning the introduction of new technologies (presumably

based on "inexhaustible" energy sources) to replace fossil fuel technologies.
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For the present (that is, in the short term between today and the

mid-1980's), it is desirable to reduce the balance of payments problem

created by significant levels of oil imports, to reduce the external costs

(such as pollution) associated with fossil fuel energy technologies, to

prolong the period of utilization of existing energy supplies through

conservation, and, importantly, to buy information about potential long-

range energy alternatives.

It is crucial to note that even during this short-term period, an

approach of "keeping all of one's options open" with respect to future

energy technologies is not economically efficient. A fairly cursory

analysis would reveal that the cost of pursuing all of the available

candidate energy systems would soon represent an intolerable burden

upon the economy. It is necessary to pursue the most promising candidates

only to the extent that (and only so long as) improving information

(through design and testing) about the technical and economic characteris-

tics of the system justifies it.

ECON, Inc. analyses of the SPS program as well as the fusion energy

research program have detailed an approach by which a research and develop-

ment program is constructed as a series of tests which represent decision

points in the program either to proceed with the program as designed, based

on the results of the test, or to modify the program or to terminate it.

This decision analysis approach allows the calculation of the expected

economic value (and the uncertainty associated with that estimate) of any

program at any point in time as a function of the information (or "state of

knowledge") available at that point, and, of course, a comparison with
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equivalent analyses of competing programs is possible at each point along

the way.

On the basis of this form of analysis under varying assumptions about

the price of power from competing energy systems in the long-range time

frame, the SPS concept has been found to have a sufficiently high potential

viability that a research program is merited on the order of that proposed

in the bill under consideration (S 2860) for the next fiscal year.

In the mid-term period (from the mid-1980's to the year 2000), in

addition to furthering conservation efforts, it will probably be necessary

to implement improved fossil fuel technologies (such as coal liquefaction or

gassification) on more or less stopgap basis. Furthermore, it is during

this time period that energy systems for the long-term will be developed

and selected and the necessary infrastructures created, based on such

decisions as centralized vs. decentralized electrical energy generation.

In the long-run (beyond the year 2000), the "solutions" which have been

developed will be implemented as appropriate. It is useful to keep this

time frame for decision-making in mind to focus attention on the task at

hand which is that of buying information for decisions which will be made

as appropriate in the future. It is not necessary (nor is it possible) now

to design in complete detail an SPS system to be employed twenty to thirty

years from now. Indeed, it is extremely unlikely that any system designed

now would ever fly. However, sufficient information already exists to begin

a constructive program of design, testing and evaluation to reduce uncertainty

about the SPS system.

Ea
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United States Balance of Payments. The existence of long-term

alternatives creates present expectations which feed back into present

decision-making. In the case of OPEC oil pricing, when an alternative

becomes available it will limit or reduce the price that OPEC can charge

for its oil. If OPEC planners act in an economically rational manner

(that is, act to maximize the net present value of their reserves), then

a credible energy research and development program which serves to shorten

the period of time until alternatives to oil exist will bring about a

reduction in the price of oil -in order to sell a larger quantity while

the value is still relatively high. Hence, a well-d2signed research

program directed at future alternatives can supply a downward pressure at

the present on the price of oil.

Now, of course, this does not provide a guarantee against future oil

price increases (above the rate of inflation)--particularly, politically-

motivated price increases--or even another embargo; however, a vigorous

energy research and development program provides a calculable, and

substantial, economic disincentive against a (real) price rise or an

embargo by OPEC.

Energy and Technology Export. As the United States considers a

long-range energy research program, it should bear in mind that (after

agriculture) advanced technology products such as military hardware,

aircraft, nuclear technology, and high technology electronics have been

responsibile perennially for the majority of our export revenues. In

fact, it can be argued that only by continuing to make technological

advancements can the United States maintain a balanced economic position
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with respect to other industrialized nations which have, for one reason or

another, lower production costs. The SPS concept is perhaps unique among

long-range energy alternatives in offering the U.S. the potential of

becoming an energy exporter, thus reversing the current situation. It is

unlikely that any other nation could enter as rapidly as the United States

into the implementation of SPS systems, should they prove economically

desirable; hence, the United States might be without competition for a

substantial period of time. This cannot be said of any of the other

long-term energy alternatives currently being considered, for indeed there

would be intense competition among advanced industrial countries as well

as developing countries to gain market shares of whatever energy technolo-

gies become commercially competive. This consideration of SPS's potential

ability to help maintain the United States' technological advantage and

even move the United States in the long-term into the position of being

an energy exporter is one which should be weighed as the shape of the

United States energy research policy is developed.
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Statement of George B. Merrick

President - Space Systems Group

Rockwell International Corporation

August 1978

Mr. Chairman, I welcome this opportunity to express the views of

Rockwell International Corporation in support of S. 2549, the Solar Power

Satellite Research, Development, and Demonstration Program bill. We believe

that this bill will provide the timely technical thrust necessary to support

the SPS concept, which has the potential for satisfying a substantial part

of the world's electrical energy needs.

In the Space Industrialization hearings held on September 29, 1977, by

Congressman Don Fuqua's Space Science and Applications Subcommittee, Rockwel
l

International outlined an approach to gain the full potential of practic
al

space applications based on the availability of the Space Shuttle. This

approach envisioned the achievement of sufficient technical, econ
omic, and

other relevant information on alternative, major, clean, renewabl
e energy

sources by 1990 to make a national decision on whether to commit to 
full-scale

production and operations of a space solar power system. Additional views

were expressed by Rockwell in Congressman Teague's Future Space P
rograms

nearing on January 24, 1978. This paper builds upon the results of these

hearings. It reviews briefly the issues associated with SPS and then propos
es

a plan for its cost-effective technical verification.

I would like to comment at the outset that the space solar po
wer studies

and technology developments that Rockwell International Corpo
ration and other

organizations have performed thus far lead me to the conclusi
on that the

basic thrust of the current DOE-sponsored program should 
be expanded and the

pace of research increased significantly. On the other hand, I believe that

a national commitment to full-scale development at this time 
is premature.

-1-
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SUMMARY OF THE ROCKWELL POSITION

The Rockwell position on Solar Power Satellite development may be

summarized in three key points:

V First, we believe that desirable technology advancement related to

solar power development and utilization is best accomplished by

focusing on programs with specific objectives and definable technical

requirements rather than proceeding sporadically on disconnected

technology developments. In this respect, the currently postulated

SPS concept should be the key system "driver" leading to focused

technical progress and experimental results.

Second, solar power satellite research and development provides a

program goal-oriented challenge that will bring about significant

technology advances, which will also offer benefits to other proposed

terrestrial and space system developments of value to the nation.

V Third, as a result of the preceding logic, we are led to the strong

conclusion that the most effective and productive commitment that can

be made now is to proceed with a well-conceived and properly funded

SPS technology verification program that can explore and resolve the

key developmental issues involved in the solar power system concept.

KEY ISSUES

I believe it is essential at this point in SPS system concept definition

to mount a determined experimental attack upon identified critical technical

and environmental issues that could impact timely development of the solar

power system. These key issues can be grouped in three major categories:

1. Effects of the SPS system on earth's environment and life forms.

2. Effects of the natural environment on SPS system development and

operation.

3. State-of-the-art advancement in critical component development.

- 2 -
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The SPS system can affect the environment through interaction of the

microwave beam with the ionosphere, microwave system radio frequency inter-

ference, microwave radiation on life forms and the ecology, and launch vehicle

emissions into upper atmosphere.

The natural environment can affect the health of space construction

personnel through radiation, high-voltage power conversion and power

amplification equipment performance through the effects of space plasma,

and materials lifetime through interaction with the space environment.

A key issue involves technical items associated with the development of

advanced state-of-the-art SPS components, such as solar cell blankets,

microwave conversion devices and antennae, high-voltage switchgear, and

power converters, plus the full spectrum of construction techniques required

to support large-scale space structure fabrication.

The microwave power transmission system is clearly the most critical

subsystem from the standpoint of basic technical feasibility. State-of-the-art

advances are required in dc-to-RF and RF-to-dc conversion, phase control,

RFI suppression, and thermal control. Klvstrons

70,000 watts and power distribution systems with

must be developed to operate for 30 years in the

Intensive early development efforts are required

and distribution components. The achievement of

pilot-plant production of solar cells, blankets,

also mandates an early R&D effort in view of the

involved.

with power levels up to

capacities up to 40,000 volts

geosynchronous environment.

for these power amplification

low-cost, high-volume

and flight-rated solar arrays

four to five year lead times

Each of these environmental and technical issues I have outlined requires

early concentrated experimental research efforts to quantify the probable

effects and provide a logical technical basis for deriving mitigation

techniques and accomplishing successful component design and development. The

exploratory research plan under consideration by the Department of Energy (DOE)

for initial FY 1980 funding is a necessary first step in this direction;

however, it does not go far enough. Proposed ground testing is limited to

microwave phenomena only, with emphasis on environmental effects. The

- 3 -
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research plan limits key component development to low-power, non-prototype

levels only and puts off the definition and initiation of critical early

ground and space-related technology verification development and testing.

A more comprehensive research and development program effort with an

FY 1979 start, as proposed in Senator Melcher's Solar Power Satellite Research,

Development, and Demonstration Program bill, is in our judgment, best suited

to the task of resolving the key SPS technical issues that I have outlined

here.

RECOMMENDED SPS VERIFICATION PROGRAM

Our approach to an SPS research and development plan covering a ten-year

period from 1980 to 1990 is shown on the planning scenario overview (Chart 1).

The first five years (1980 to 1985) include the exploratory research effort

contemplated by DOE, as well as an intensive component and subsystem

development effort for microwave power transmission, power conversion and

distribution, and definition of large structure construction techniques. The

DOE exploratory research plan segment is contained within the dashed lines and

provides the "seed bed" for prototype microwave power transmission component

and subsystem development.

Microwave Environmental Accessment 

The current SPS design concepts have limited the maximum microwave beam

intensity to less than 23 mW/cm2 at the center of the beam and 1 mW/cm2 outside

the rectenna fence line. The maximum limit is less than a fourth of the

incident solar energy at the earth's surface. The minimum is a tenth of the

current United States microwave standard. Despite these low levels of energy,

it is necessary to conduct tests to assess potential long-term effects of

continuous microwave radiation on man and the total terrestrial ecological

system.

Microwave testing also will determine beam interactions with the ionosphere

that could induce interference with terrestrial airborne and spaceborne

communications. These tests can be conducted with use of facilities located

at Arecibo or Plattsville. The maximum beam intensity level previously

mentioned is expected to be sufficiently low to avoid significant interactions.

- 4 -
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Chart 1. Proposed Rockwell Approach

ABB automated beam builder MPTS microwave power transmission

System

COMPT component
MW microwave

decision
PC/PD power conversion/power

EMI electromagnetic interference distribution

CEO geosynchronous earth orbit PM power module

GRD ground RFI radio frequency interference

LDEF long duration exposure SCATHA satellite to evaluate space-

facility craft charging phenomena

LO-G low gravity VLDEF very long duration exposure

facility

LSS large space structure
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Incidental and spurious emissions, at frequencies outside the SPS power
transmission band, which fall outside of the rectenna area, also may produce
undesirable radio frequency interference on some electronic systems throughout
the hemisphere. Results of these emission tests will result in mitigation

techniques that will either reduce the levels at the SPS or identify effective

filtering techniques for the affected systems.

Component Technology Advancement 

Developmental support for SPS power conversion technology consists of

DOE solar cell production research and NASA solar array development and high-

voltage/plasma research. Inasmuch as gallium arsenide (GaAs) solar cells are

currently baselined in the SPS system concept, a concentrated program for GaAs

solar cell development needs to be pursued. Power distribution development

requires more effort in the 20 to 40 kV high-voltage components such as

switchgear and dc-to-dc converters, as well as rotary joints. High-voltage/

plasma interactions need to be evaluated by use of Shuttle sorties to

establish low earth orbit power system thresholds.

The development of large space structures technology is essentially a

NASA-supported effort at present, with emphasis on generic development with

broad application. SPS requirements reflect the ultimate mission application

and should be reflected back into basic technology development to enhance

commonality and applicability to those large SPS test articles projected for

the second half of the decade.

Ground and Space Testing

Commitment to large-scale SPS development ground and space test activity

is anticipated about 1985 on the basis of exploratory research and key compo-

nent development results and progress. At that time, the emphasis will shift

confidently to large structures orbital testing in both low earth and

geosynchronous orbits. Low earth orbit tests will involve demonstrations of

microwave power transmission at power levels in the range of 500 kW to 2 MW.

The test article would then be boosted by electric propulsion to geosynchronous

altitude for space-to-ground and ground-to-space tests. A major emphasis will

be on maximizing ground hardware. An example of how this would be accomplished

- 6 -
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is shown on Chart 2. In order to demonstrate antenna beam pointing and phase

control performance accuracies, a phase-array antenna element up to 1 km in

length must be tested. Testing this array in a geosynchronous orbit-to-ground

mode would result in excessive costs. A viable cost-effective alternative is

to build the transmitting array on the ground and transmit the beam to a small

beam-mapping satellite at geosynchronous orbit, functioning in effect as an

inverted microwave test range.

GEOSAT

I KM LINEAR ARRAY
GROUND RADIATION
TEST FACILITY

FREE-FLYER
BEAM MAPPER

PILOT
BEAM

OBJECTIVES 
• TEST PERFORMANCE OF RETROELECTRONICS
USING FINAL APERTURE

• DETERMINE MANUFACTURING TOLERANCES
FOR RETROELECTRONICS

• DETERMINE ATMOSPHERE EFFECTS
• TEST EFFECT OF TRANSIENTS
• POWER DENSITY PROFILE MEASUREMENTS

GRTF CHARACTERISTICS 
• GROUND ANTENNA INSTALLATION

VI KM EAST-WEST LINE SOURCE SIZE
VONE PWR MODULE WIDE - RADIATES 50 KW
VLOCATION - S.E. USA
VPROTO MODULAR MPTS ELEMENTS/PHASE CONTROL

• GEOSAT
VINTEGRATED GEOSYNC ORBITAL TEST SYSTEM
VGEOSAT ELEMENTS
• PROTO 500W PILOT BEAM
• BEAM MAPPER SUB-SATELLITE
• MODULAR GaAs SOLAR ARRAYS - 100 KW
• SCALED POWER CONVERSION - POWER
DISTRIBUTION SUBSYSTEMS
• EOTV PROPULSION SYSTEM FOR
ORBITAL TRANSFER & RETURN

•MPTS COMPONENT TEST SUBSYSTEM

Chart 2. Inverted Microwave Transmission Test
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Pilot-Plant Demonstration 

The technology verification phase of SPS research and development can be

completed by 1990 to support a confident commitment at that time to proceed
with the pilot-plant demonstration phase.

The pilot-plant demonstration phase reflects, in general, a modular

"precursor" demonstration philosophy as the most cost-effective approach to

a large-scale, commercial-type, pilot-plant, end-to-end performance demonstra-

tion. Use of Shuttle-derived low-cost launch vehicles with low earth orbit

assembly and dedicated electric propulsion orbital transfer to geosynchronous

is baselined.

The pilot-plant demonstration platform configuration, while driven

principally by SPS prototype design parameters, will also provide the nation,

before the year 2000, with a long-life, multi-megawatt-level power station in

geosynchronous orbit, which could be categorized as a National Geostationary

Space Facility with capability and modular provisions for communication/

navigation antenna farms and extended manned earth observation capabilities

on a self-sustaining basis. The benefits provided by these multi-mission

services would considerably improve the cost-effectiveness of the SPS

pilot-plant concept.

IMPACTS OF COMMITMENT LEVELS ON PROGRAM SCHEDULE AND COST

In attempting to derive a realistic SPS research and development program

with appropriate decision milestones, we evaluated three basic commitment

levels.

The first level is that represented by the DOE exploratory research plan,

which is limited to microwave effects analysis and does not include component

technology advancement, space-related technology, or Shuttle experimentation.

The second level is an expanded comprehensive technology verification

program, beginning in FY 1979 with an intensive component development effort

and culminating in the late 1980's with major low-cost proof-of-feasibility

space testing. This testing will provide verification results that will

support a confident commitment by 1990 to pilot-plant demonstration activity.

-8-
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The third level would encompass all phases (research, verification, and

pilot-plant demonstration) in one large-scale continuous developmental effort

leading to full-scale SPS demonstration by the year 2000.

With respect to cost and schedule implications of these commitment levels:

I A program limited to the proposed DOE exploratory research plan would

cost about $100 million over a five-year span, but would slip both

technology verification and pilot-plant demonstration phases by about

five years.

I A commitment to a comprehensive ten-year technology verification

program of interactive ground and space testing, with cumulative

funding of about $3 billion, would support a well-planned SPS develop-

ment scenario and assure a pilot-plant demonstration before the year

2000. Cumulative funding for the first five years would be on the

order of several hundred million dollars. The large-scale orbital

testing programmed for the second five years would require an

investment of a few billion dollars; however, this commitment would

not have to be made until 1985 and would hinge on successful prior

development activity and results of microwave environmental testing.

I A decision now for a full pilot-plant demonstration commitment would

accelerate the schedule if an early start on a space construction base

also were made. However, an early definition of a large space

construction base gambles on the precise knowledge of what the pilot-

plant configuration and construction technique would be. This level

of commitment would involve tens of billions of dollars from 1990

through 2000.

As a result of our evaluation of commitment alternatives, Rockwell

International recommends that a comprehensive SPS technology verification

program of balanced ground- and space-related technology advancement be the

basis for an SPS research and development commitment at this time. Limiting

the program to microwave effects analysis impacts the schedule too severely

and diminishes program thrust. Committing now to a major pilot-plant

demonstration phase that would not occur until the year 2000 is neither

necessary nor desirable.

-9-
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APPLICABILITY OF SPS VERIFICATION PHASE OUTPUT TO OTHER SYSTEMS AND PROGRAMS

The technical benefits of the proposed SPS technology verification
program will have effects reaching far beyond SPS applications. The microwave
environmental tests will provide the understanding currently lacking in
microwave interactions with life forms, ecology, and other systems. This will
result in improved microwave standards and techniques for mitigating the
interactions. High-efficiency and low-cost solar cell blanket manufacturing
techniques also will have application to terrestrial solar photovoltaic
systems. Potential solid-state microwave dc-to-RF converter breakthroughs
may result in high-efficiency, high-power transistors for radar, microwave
oven, and radio transmitter and receiver applications. Overall benefits to
the space program will include large structures technology and low-cost power
sources for space operations.

In conclusion, Mr. Chairman, the Solar Power Satellite Research,
Development, and Demonstration Program bill now under consideration by your
subcommittee is a realistic approach for supporting the technology development
that will bring about significant benefits. The need for a clean, inexhaustible
cost-competitive energy source is one of the most critical problems facing
the United States today and will be for many years ahead. Solar power
satellites have the potential of providing a long-term solution to this
problem. Their promise is sufficiently great for this nation to plot a bolder
course and invest the relatively modest funding required to demonstrate that
the concept is practical and the payoff is real.

- 10 -
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BIOGRAPHY OF GEORGE B. MERRICK, PRESIDENT, SPACE SYSTEMS GROUP

George Merrick is president of Rockwell International's Space Systems
Group. He is responsible for three business segments: Shuttle Orbiter
Division, Satellite Systems Division, and Space Transportation System Inte-
gration and Operations Division.

Joining the Space Division in 1966, Mr. Merrick served as director,
Apollo System Engineering , and chief Apollo program engineer, and subsequently
as vice president for the cislunar and lunar scientific missions, the Skylab
spacecraft, and the Apollo-Soyuz Test Project, representing a total of
thirteen million miles in space, including over 20,000 in-space man-hours.
In 1974 he was appointed vice president and program manager of the Space
Shuttle Orbiter Project.

As president, Merrick directs the Space Systems Group's efforts in the
design, development, and operations of major space program systems. At the
Space Systems Group numerous contractual studies and independent research and
development programs are contributing to aerospace technology and to the
nation's increasing inventory of space benefits. His technical management
and executive leadership have been of major significance in the nation's
space program achievements.

Since joining Rockwell in 1949, Merrick has held key engineering posts
on projects which included the X-15, America's experimental spacecraft which
was the first winged vehicle to carry pilots into space altitudes; the F-100
supersonic fighter, the first aircraft to maintain a velocity faster than the
speed of sound at level flight; and the XB-70, a triplesonic speed delta
winged experimental bomber. On the company's aircraft programs, Merrick was
responsible for analysis and evaluation of stability augmentation and automatic
flight control systems. He later became chief of Operations and Systems
Analysis for advanced military weapon systems. He was also a program manager
for the company's advanced manned strategic aircraft projects which led to the
development of the B-1 bomber. Additionally, he served as assistant to the
corporate director of Systems Engineering.

Merrick is a recipient of the NASA Public Service Award, one of the
space agency's highest honors for a person outside government, and two
Certificates of Appreciation for Apollo program contributions. He was
born in St. Paul, Minnesota, and was graduated from the University of
Minnesota with a B.S. degree in aeronautical engineering.
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THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC.,
Washington, D.C., September 1, 1978.

Senator HENRY M. JACKSON,
Washington, D.C.
DEAR SENATOR JACKSON: The Energy Committee of The Institute of Electrical

and Electronics Engineers (IEEE) is committed to a study of the proposed
Satellite Solar Power System ( SSPS). Although our study is not complete it
appears to us to be premature to enter a "Solar Power Satellite Research, Devel-
opment, and Demonstration Program" as contemplated in Senate Bill 2860.
Many fundamental questions in the areas of technical feasibility, economic

viability, and environmental and social acceptability of the SSPS concept need
to be addressed before the United States commits major resources to the SSPS. A
program plan, jointly prepared by DOE and NASA, designed to obtain the initial
information needed to make recommendations on developing the SSPS, is in place
in DOE, NASA, and the Institute of Telecommunications Sciences. This effort,
which will be complete in 1980, will provide the basis for a rational plan to
move forward with the SSPS.
The IEEE Energy Committee therefore recommends against Senate Bill 2860,

and urges the Senate Subcommittee on Energy Research and Development to find
against the bill.
The IEEE Energy Committee is continuing its consideration of the Satellite

Solar Power System. We will be pleased to make the results of our study avail-
able to the Congress and the Department of Energy as soon as they are complete.

Sincerely,
HILTON U. BROWN, III,

Chairman, IEEE Energy Committee.

THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS, INC.,
Washington, D.C.

THE IEEE AND ENERGY

The Institute of Electrical and Electronics Engineers, founded in 1884, is the
world's largest technical, professional, engineering society. One hundred and
fifty thousand of our mebers reside in the United States. The purposes of the
Institute, as defined in its Constitution, are scientific, educational, and profes-
sional. Within the IEEE structure are a number of professional units involving
specific disciplines in electrical and electronic engineering such as Power,
Nuclear and Computer Sciences. Magnetics, Antennas, and Industrial Applica-
tions, among others. These IEEE societies have in their ranks the foremost
experts in the disciplines they represent.
As part of its continuing effort to provide technological advice in many of

these disciplines, a special committee was formed in 1975, charged with solely
looking into 'natters involving energy. The members of the IEEE Energy com-
mittee are experts in their fields and represent the Institute's broad spectrum
of scientific and engineering talent.
The Committee has taken positions in such matters as Fussion, Solar Energy,

and Energy Conservation, and is continuously reviewing the current status of
U.S. programs involving energy with the objective of providing their comment
whenever appropriate. The positions of the committee are available to the Con-
gress or any other public body.

R/E DEv. INC.,
Billings, Mont., August 2, 1978.

Hon. JOHN D. MELCHER,
U.S. Senator, Subcommittee on Energy Research and Development,
U.S. Senate, TVashington, D.C.
DEAR SIRS: This is prepared and submitted on behalf of Montana's small

community of versatile and surprisingly capable scientists and engineers. It
relates to Hon. John D. Melcher's Solar Satellite Bill S-2860.

It is not the purpose of this letter to, at this early stage, pass opinions as to
feasibility of the proposed Solar Satellite other than to suggest that it appears
not unfeasible. Rather, if an attempt can be made, steps recommended here can
naterially maximize chances of final success.
Even tho at times Montana parties have trouble with partially mundane

things like welds on major space-related weaponry applications, its not im-
)ossible that knowfledge may have emigrated to Montana as to how to make
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such exotic weaponry stand up and do very surprising tricks. Further, its not

difficult to extrapolate a bit so as to render advantageous scientific and R & D

methodology from these sources of very considerable value to a Solar Satellite

program.
The primary point made here is that a small, carefully selected group in

Montana can provide effective, direct over-all guidance and management during

the several phases of the proposed Solar satellite study program particularly

starting with the early formative steps. Value of such overall guidance should

be considerable to all parties concerned.
Writers proposal, specifically, is that the Montana group, via this firm, R/E

Dev Inc, be accorded under contract overall system responsibility for the Solar

Satellite study program, starting at the very beginning. It would desirably be

set up to continue on into manufacturing and deployment when and as justified

by study results, upon decisions to proceed. A viable example exists in the

system guidance provided, starting about 1949, in the successful Navy Bu Ord

missile program (Terrier, Tabs, Triton etc) by the Applied Physics Laboratory

of Johns Hopkins University.
Items related to this thesis are as listed below. (also see appended summary)

a. Montana likely would build but very little of the hardware and thus has no

such axes to grind. Accordingly, full objectivity of such a management effort,

based on almost fully neutral ground, is greatly enhanced.
b. Montana's •present energy potential is considerable and its utilization is

being hotly debated on many sides, including quite numerous and vocal response

from the 'con' parties. Also there is obvious a great need, illustrated by tenacious

activity of the 'pro' parties. Accordingly there is singular motivation here to

constructively assist in practical utilization of major renewable energy sources.

c. Being considerably more conscious of the grass roots areas from which the

dollars in final analysis must grow and being unused to ten figure fundings,

Montana parties can be expected to scrutinize costs carefully indeed. This course

can be of inestimable value since excessive costs can founder programs and have

foundered important major programs in very recent years. The recent advent of

certain initiatives in the tax field have triply accentuated importance of reduced

over-all expenditure; civilian participation in rigorous cost analysis and reduc-

tion should enhance public acceptance.
d. Demonstrated capability for such systems management is readily available

in Montana.
e. The independent nature of the proposed system coverage should keep all

parties involved "honest" to maximum extent. This is an important point.

Materials provided previously are utilized to substantiate the statements above

and are discussed more fully in the summary enclosed.
Further material desired will be gladly provided and questions raised will be

fully considered.
Very truly yours,

MELVIN P. ESPY, P. E., President.

Attachment.

SUMMARY OF DATA RELATIVE TO SOLAR SATELLITE STUDY PROGRAM—REFERENCES
(DATE USED FOR IDENTIFICATION)

May 24, 1978. ltr, R/V Dev Inc to (Montana Delegation)
May 25, 1978 ltr, R/E Dev Inc to (Montana Delegation)
June 22, 1978 ltr, R/E Dev Inc to U.S. Dept of Energy, attn Dale Erickson,

Dep. Regional Rep., Denver Colo.
June 20, 1977 Leaflet "The Engineering Generalist: His Function and Func-

tioning in Really Difficult Trouble Shooting" by R/E Dev Inc.
December 3, 1973 Leaflet "System Engineering and Development Engineering

Can Provide Vital Help in the Energy Crises." By R/E Dev Inc
July 14, 1977 Proposal "Developing a Practical Method to Achieve a Major

Reduction of the Sonic Boom: An Aggressive and Highly Creative Program in
Experimental Engineering" by R/E Dev Inc.
February 1978 "Space: Industry's New Frontier", in Nations Business
All references except those of July 14. 1977 and February 1978 are largely

appropos to this proposal and related methodology and it is suggested that they
be perused. Following are certain highlights.
"Properly handled, there is an excellent chance that Solar Satellites could be

practical. Improperly handled, the concept could go the way of the B1 bomber
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at Rockwell International and the Supersonic Transport (SST) program at
Boeing, both of which (are considered to have) priced and over-complicated
themselves out of the market" (Ref 5/24/78). In the last two, very considerable
sums of money were expended and presumably wasted.
Lets refer to the system team which the writer proposes as the Montana

Team. It would number not more than say, four to six full time technical per-
sons, one or two non-technical parties, several part time technical parties. Mem-
bers would be drawn, most likely, from the Montana Universities, private engi-
neering firms and particularly the MERDI group at Montana Tech.

While a useful fund of applicable technical information is available here, the
primary function of the proposed Montana Team would be in the area of advanced
methodology on concept development and refinement, atid later on the several
stages of Research and Development. During the concept stages, broad based
system engineering (backed by development engineering) would be employed to
gradually configure the most likely combination (s) of system blocks or links.
This would draw in and utilize all useful technical inputs and proposals from
the numerous well qualified specialists with particular interests and knowledge
in the field. Where system blocks can be fairly well visualized by all concerned
parties these would receive only limited further detailed attention from the Mon-
tana Team. A portion of the team instead would direct close attention, in develop-
ment engineering fashion, to the questionable and quite difficult blocks of the
emerging system, looking for individual breakthroughs that would permit simpli-
fying the overall system while maintaining, or improving over-all system
function.

Expressed otherwise, it would be a continual technical tailoring of the system
blocks and overall system, paying very close attention to the tough points, aim-
ing toward a final system configuration having the optimum mix of performance,
simplicity, dependability and cost.
The term 'broad based system engineering' is used to imply and include

starting from the 'people involved' base and taking into account all 'people
affected' factors along the way and at the feed-out or conclusion. (Writer was
among the very first to emphasize the important people factor, starting in 1957.
Failure to take this into account has been the reason why many engineering
programs have run into trouble in environmental and related matters.)
Then, when a system has been configured, whether it is an early or more fully

developed concept, it is defined by the requirements for each block or link along
with overall requirements and performance capability. These include the 'people
factors' as just noted.
Top rated development capability is a prerequisite to reaching the very best

in overall system concepts. See particularly the comments on this point at top
of page 3 of the 12/3/73 reference.

Writer can state honestly, though immodestly, that he has had a somewhat
unique background in successfully guiding operations as just described with rela-
tively small resources. This is a portion of his basis for stating that a Montana
Team can provide valuable system guidance easily and quite effectively. There is
a marked difference between trying massively and failing as compared to working
methodically and efficiently, at maximum creative level, to achieve a satisfactory
result.

Note that, contrary to practice and belief of most technical people. none of the
Montana Team would be super-specialist in particular portions of, for instance,
high alti hide solar or space operations but would be selected for particular and
mature technical management capabilities, coupled with good all-around techni-
cal knowledge in the general work area. Composite capability of the team would
cover ability to

a. Draw in and utilize technical inputs from numerous highly informed sources.
b. With assistance from those specialist sources, select the most desirable

components and approaches, tailoring the composite into a system configuration
with the optimum desirable overall capabilities and characteristics.
A bit of information regarding the writer vis a vis leading Aerospace firms may

be in order. Writer has indeed a healthy respect for these firms, most particu-
larly for the one firm that is far and away the practical leader in commercial,
defense and (in large part) aero-space fields. Regarding that particular firm.
writer went there in 1957 as the first qualified system engineer in the Pacific
Northwest and, in his small way, made some useful contributions to that com-
panies fairly rapid and marked transition to a system oriented firm.
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System engineering is defined somewhat differently by almost every engineer in
the field. It has been the writer's pleasure to become uniquely experienced in the
concept development phase of system engineering, in circumstances that ruled
out ( to the writer's relief) the meaningless verbose portion of it and permitted
major individual creative activity. However activity in that field has covered the
systems course, up to and including field deployment of major systems.
In the above and other fields, writer has been in the forsight of aero pioneering

since the early years of WWII (1941, 1942). The initial opportunity then was in
Personally developing high performance, high capacity closed loop servo systems.
(didn't even have a proper name for the beasts then) These worked routinely
at hydraulic pressures of 10.000 P.S.I., even up to 30,000 P.S.I., and performance
in some respects remains unmatched even today. A number of other pioneering,
or first-time-ever, items are noted in the 7/14/77 reference.
One essential ability resulting from the above background is that of readily

identifying the most effective way of approaching very difficult problems or as-
signments. While the 7/14/77 references identifies what should be the most prom-
ising approach to one really difficult phenomenon (Sonic Boom), an entirely dif-
ferent approach would be selected for a creative, pioneering program like the
Proposed Solar Satellite.

Writer will be pleased to lead a Montana team in playing a useful part in the
Solar Satellite study program.
In conclusion, writer wishes to make this statement:
Cost essentially becomes the major factor in establishing feasibility, assuming

that an acceptable conceptual model will have minimized possible hazards to the
public, of any nature.

Participation by a Montana team as described here should maximize accuracy
of study results and chances of final success at acceptable costs.

R/E DEV., INC.,
Billings, Mont., August 14; 1978.

Hon. JOHN D. MELCHER,
U.S. Senator, Subcommittee on Energy Research and Development,
U.S. Senate, Washington, D.C.
DEAR SIRS: This writer wishes to provide a considerably greater assurance of

success or feasibility, of the proposed Solar Satellite program, than expressed in
his referenced letter of 8/2/78 to the subcommittee.
In summary, it is his feeling that whatever feasibility is judged otherwise to

exist can be reinforced by a ratio of at least three to one or five to one.
The above is arrived at in view of methods and facility described in the 8/2/78

letter, including its attachments, and references, principally through:
a. Enhanced ability to arrive at the simplest and most fool proof of compre-

hensive concepts.
b. Illustrated assurance that ways can be found around or over very difficult

technical or deployment road blocks encountered.
c. The above have an indeed significant effect in reducing cost and keeping it

within prescribed limits.
d. Thus, costs, being reduced and known, become the prime criteria for final

decision.
The Montana Team proposed would, in accomplishing the above improvements.

objectively facilitate inputs and contributions from all qualified sources. This
can be and would be handled relatively simply and by proven down-to-earth
methods that can be readily understood and appreciated by those involved. Wher-
ever complex management methodology is forced into play, it would be resolved
to an understandable level.
The above should add significantly to assurance of final success.

Very truly yours,
MELVIN P. Espy, P. E., President.



t


		Superintendent of Documents
	2024-03-21T22:01:50-0400
	Government Publishing Office, Washington, DC 20401
	Government Publishing Office
	Government Publishing Office attests that this document has not been altered since it was disseminated by Government Publishing Office




