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PREFACE

The idea that the solution to our energy problems is to be found in
an expanded role for small-scale, decentralized energy sources, particularly
solar energy, has gained considerable attention and increasing respectability
in recent years. One of the most articulate spokesman for this point of
view is Denis Hayes. Mr. Hayes, a Senior Researcher with Woridwatch Institute,
a private, non-profit research organization in Washington, has long been a
political activist on behalf of environmental causes. He was national coordinator
of Earth Day in 1970, and he also helped found and headed Environmental Action,

a public interest lobby. His recent book, Rays of Hope: The Transition to a

Post-Petroleum World (W.W. Norton and Co., 1977) is a forceful presentation of

the arguments for solar energy, and his activities in the solar energy movement
have included chairmanship of the board of directors of Solar Action, the spon-
soring organization of Sun Day, 1978.

At an evening seminar held at George Washington University on February 1,
1978, Mr. Hayes explained his perspective on the energy problem to an invited
audience of about 85 professionals and students in the energy policy field,
including staff members from Congressional committees and members' offices,
officials from the Department of Energy and other Executive Branch agencies,
representatives from non-government organizations based in Washington, and
students, research staff, and faculty from GWU. This paper is an edited
version of Mr. Hayes' presentation, as well as the hour-long question and
answer session that followed.

In his presentaticn, Mr. Hayes discussed the prospects for fossil and
nuclear energy, stressing the potential limitations on coal use due to the

problem of CO2 and the greenhouse effect, and highlighting the hazards of the




plutonium economy. He described the role conservation can play in dealing
with the energy problem, but declared that conservation alone is not enough.
There is still a need, he indicated, to replace declining energy sources with

some alternative. In-his view, the most promising alternative is solar energy, and

‘Mr. Hayes discussed the various ways in which it can be utilized.

The presentation concluded with a number of suggestions regarding federal actions
and policy initiatives that Mr. Hayes feels are needed to encourage solar energy
development. These ideas served as the focus for the question and answer session
which followed the presentation. Questions dealt with many issues, including
priorities in solar R&D, the role of the federal government vis a vis the private
sector, the timing of solar energy implementation, and the strategy and tactics
of the solar movement.

This seminar was part of a series sponsored under a grant from the U.S.
Department of Energy to the Graduate Program in Science, Technolagy, and Public
Policy. The purpose of the seminar series is to provide a neutral forum for energy
policy professionals from the Washington area to gather, participate in a discussion
on a topic of current interest, and talk informally with colleagues and counter-
parts from other agencies and organizations. Other energy policy seminars have
dealt with such topics as "The Roles of Industry, Universities and Government in

Energy R&D," and "Nuclear Waste Management: Policy and Politics."

Seminars on energy, as well as on other areas of science and technology
policy, are among the wide range of activities in which the Graduate Program in
Science, Technology, and Public Policy is engaged. Jointly sponsored by GWU's
School of Public and International Affairs and the Program of Policy Studies
in Science and Technology, the Graduate Program is one of the leading centers

in the world for teaching and research in its field. Its student body during

the past several years has averaged more than 50 active full and part-time



graduate students. Most students are enrolled in a flexible course of study
leading to an M.A. degree in Science, Technology, and Public Policy. Others
pursue Ph.D. degrees in academic disciplines, particularly political science,
while focusing their studies on some aspect of science and technology policy.

Graduate Program faculty and staff conduct research projects under spon-
sorship of a variety of federal égencies and private foundations. Current
research interests include, in addition to energy policy, domestic and inter-
national technology transfer, policy-making in the U.S. space program, tech-
nology assessment, administrative behavior in scientific and technological
agencies, and technical aspects of regulatory decision-making.

Information about the Energy Policy Seminar Series and about other
activities of the Graduate Program may be obtained from the Program's offices,
Library 714-West, 2130 H Street, N.W., George Washington University, Washington,
D.C. 20052. (Telephone: 202-676-7292.)

Albert H. Teich

Washington D.C.
July 1978




SEMINAR PRESENTATION

I have é two-year old daughter, and like the fathers of all two-year
"~ old daughters, I take extraordinary pride in her eve?y accomplishment. I
was exceedingly pleased when she mastered the alphabet before she turned
two, and waé waiting eagerly for the first time she would master that big
conceptual breakthrough of actually Tlinking those ietters together and
forming. a word. When we were driving down the street, not many weeks
ago, thé breakthrough came. We pulled up to a traffic light, and she
looked at a sign outside and read, "E-x-x-o0-n." Clearly shé had putlthe
concept together and related it to where we got gasoline. The fact that
thatiis the first COnceptuélllink in the mind of my daughter, this_gréat
breakthrough in her education, says something, I think, about the dégfée
to which pgtro]eum has penectrated our way of life.

We have built a'civilization that is in very large measure dependent
upon petroleum. The extent to which petroleum guides the various activities
in which we engage is often forgotten when we talk about energy analysis.
In such discussions we often just fa]k about the dollar costs, and
occasionally the envifonmenta] or health externalities, of delivering
BTUs of a given quality to perform a certain kind of task.  Yet, the real
impact of energy.choices is far greater. We can see this by 1ook1ng'at‘energy
in an historical context. The switch from wood and wind into coal ushered
in the industrial revolution. The Tater conversion from coaf to oil had a
dramatic impact upon transportation systems -- making jet‘flight available
and shrinking the globe, makﬁng automobiles possible and completely |

restructuring cities.



-2-

We are now facing the certain end of that petroleum era. There is
nobody down there making more 511, at least not at a rate that's going to
do us any Qood. You can play different games with petroleum numbers --
you can come'up with different assumpfions about what remains out there
“yet to be discovered that can be obtained with certain technologies at
certain prices, and come up with a fair]y broad range of estimates.
Similarly, there is a broad rahge of views as to what is going to happen
to global démand over the course of the hext couple of decades. Henee;
you find a range of estimates as to when global petroleum is likely to-
peak out. We assume in thinking‘of the peaking phenomenon thet we are
going to follow the same type of bell-shaped curve for the‘g1oba1 resource
that'we followed for the'Americen resource. The dates during which the |
peak is expected to occur range from seven or eight years in the future,
to.somewﬁere on the.order-of fourteen -or fifteen years. Conventione]
wisdom would probab]y'hbld about eleven years. 'I've talked with the
corporate planners for the major 0il companies and they seem to believe
that eleven years is a pretty good figure to work with in terms of
‘. p]anning. That means that anybody in the audience who bought a new 1978
Volvo -- and if you bought it because you believed their advertising --
is still going to be driving thet car ‘when global petroleum peaks.

Domestic petroleum, ieAthe lower 48.at least, peaked out in 1970. Even

with the new o0il from the Continental shelf and from Alaské, welwill almost
certainly never again reach the level of dumestic production that we had

in 1970. We are therefore going to be undergoing a transition of some

kind that may well equal in its side effects, as well as its direct

effects, those previous enefgy transitions that we were talking about. This
future transition will have a brofound]y important shaping influence upon the

structure -of the society that our children will inhabit.
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- If you look carefully at different energy sources, you can see some Qf
the characteristics that may come to permeate that future society. Some’
Aenérgy sources are necessarily centra]iéed, because of the engineering
.efficiencies poséib]e'wfth increased scale. Other énergy sources are
necessarily decentralized because of the diffuse nature of.the resource
that is being'tapped. Some energy sources are inherently dangerous, and
will be safely employed possibly only in a rather authoritarian society.
Other ehergy resources have 1itt1é potentia] for unsafe use, and as a
consequence might lead to a different set of perceptions abcut the things
that bring power to our lives. We could trace through a variety of other
kinds of characteristics a$ well. These factors are largely ignored in
policy debates over energy. We do not much think about those factors --
what we think about is the d011arléost of delivering BTUs to perform a
certain kind of task.

The Worldwatch iﬁstitute is supposed to sit back a little bit from
the battles that will be waged over the Carter budget --- from the battles
that_go on on a monthly, even daily basis, in this city, over bo]itics
and.policies -- and try to look at things jn a somewhat broader frame of
reference, looking_at their global jong—term impacts. Déihg that, let me
'sketch out a rough mode]}that may yield some insights into the energy
sources that are really available to the world in the long term. |

A Let us assume, optimistically, that global population will double one
more time and then level off. I think almost every dehographer would
considef‘that to be an 6ptimistic assumption. The curfent categories by
age grades.in the wof]d'and the 1ikely birth rates that will be associated
with them will mean more than a,doubling, almost certaih]y; unless Very

effective programs are initiated to slow the rate of population growth.
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Or else, more tragically, that:growth rate wi]] be droppéd by increases
.fin the death rate. Let uslaQSUme, optimistica]ly, that we can have an
~educational program.of sufficient scope andvihtensity that the birth rate
1s cut back and wor}d:populatioﬁ doubles only one more time. Let us
assume further thétienéfgy use around the world comes up to a per capita
level of about one-third of what we cufrent]y use in the United States.
Presumably, the energy resource, 1ike‘evéry other resource, will be
somewhat inequitably distributed -- some peop1e‘w111 use more than that
amount, some will use less. On the average, however, pedp1e will use
about one-tﬁird~of whét the average American uses today, Using that as
our model for energ& use -- admittedly a crude and unrealistic one -- let
us see what it means for different energy sources that-mfght be- available
to us in the long-term. |

First of all, of‘course, petroleum 1s'not‘going to . play much of a
role in that kind oan model.. It will bé exhausted, in terms of its
importance as a major fuel for the economies of the world, before
popuTétion reaches that level.

Coal is a substantial resource globally, and particularly in Ceftaih A
parts of the globe. Coal development is the cornerstone of the Carter
energy program. When the bresident announces his goal of trying to
avoid giving the Saudi Arabians mineral righté to Fort Knox, what he is
reél]y talking about doing is substituting American‘coal‘for their oil.
G]oba]ly, coa]tresources'are enormous. However, if you lcok at avai]abi]ity'
by country, you find that 55 percent of the known coal in the world lies
withih the Soviet Union; about 18 percent Ties within the United States;
and about 8.percent lies within China. That means that three countries
have about four-fifth§ of the wdrld's coal. Coal, un]iké¢oil, is difficult
to franspokt ahd it js unlikeiy to becdhe the internatidna] commodity that oil

has become. There are a Tot of prdb]ems with mining coal, whether on the surface
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or underground. We find increasingly in the cdal versus nuclear debate
that the nuclear people-are coming up with some fairly persuasive evidence
that coal is a rather dangerous ehergy resource, especially for those_
people who are involved in miﬁing it and in converting it into what we
think of as c]ean fuels. The conversion processes themselves are often
not very clean, in terms of the carcinogens that they broduce, In addition,
with regérd to coal combustion, there are a number of problems that |
current technologies are not doing a very good job of cleaning up. If,"
in fact, the Carter plan were to be successfully %mp]emented'éven wifh
the best avai]able po]]utioﬁ contrd] téchno]ogy'on.the facilities, we would
still have in ;his country a significant gross deterioration ih_air quality.
A lot of the problems with coa]lqan be ame]jorated with various
technological fixes. Better pollution control equipment can be developed;

there are ways of mining underground without causing as much of a hazard.

“to health; and, for many different types of coal, you can'strip it, and

within some limits reclaim the land so it at least has somé_productivity
(but generally not..its original productivity).

But with coal there is one absolutely intractable problem: you .
cannot get the_energy out without burning it, and you cannot burn it
without producing carbon dioxide. Talk of the greenhouse effect haé
beédme sufficien@ly'cbmmonp]aceqthat-I donft'think I haVe to belabor the
point. Atmospheric €0, has increased about 13'percent, we believe, since
the beginning of the industria] revolution. If the péstu]ated level of"

global demand -- the doub]ing of the population with one-third as much

energy per person as we currently use in America -- were to be met entirely

with coal, atmospheric CO, would increase at the rate of about four
percent a year. That»is a pretty impressive number. You rather rapidly

find CO, under thatISOrt of a model to simply overshadow all of the other
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atmospheric consequences of coal coﬁbustion -- the emission of particulates .
and otﬁerlgases. ‘

A recent reb‘rt by the Nat1on1 Afademy of Science has suggested
that we could run into some very severe long-term prob]ems with coal
combust1on as the total percentage of C02 in the earth's atmosphere

begihs'to rise. This is for all practica] purposes, within time frames

that we are interested in, an irreversible phenomenon. That ‘is to say,

. ence CO2 goes into the atmosphere, mést nf it is going to stay up there. .

You can pull some of it out with:vegetﬁtibh;:you can pull some of it out
in the ocean where it sinks down into the lower, colder levels and stays;
but most of it does not come out of the atmosphere very rapidly. What s
more, most of the poz that is'USQdéby vegetation goes right back into
the atmosphere as the vegetation falls and decays or is cut down and
burned.l Before you get to the Tevels that the National Academy‘qf_Sciences
was worried about, you get to other levels that may well proVe to be
pretty frightening. An article in the current.issué.of Nature magazine
suggests that if global €0, tevels simply double once, which with our
model would probably happen in about 20 years, it wou]dsalmost certainly
resu]t in the melting of the Western Antarctic ice f]be.l The impact of .
that melting on the world's oceans would be a rise in mean depth of

about fiVe meters. The implications of that possibf]ity are pretty
staggering. Of couEse, this is not something that would be considered

as gospel by everybody, but the person who wrote the article is certainly

one of the foremost authorities on meteorological conditions in the

Antarctic.. It is an opinion that has to be respected, and it is one
which is concerned with an irreversible phenomenoh. It is fr1ghten1ng,‘
there is no way around it. You cannot burn the coa1 without producing

the'COz.
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Another gnergy source that has Been_talked about as a jong—term
global prospect is nuclear power. Once again, as with coal, there are a
variety of problems that are associated with its use -- reactor safety
problems, nuclear waste disposal problems, énd other pfob]ehs that have
to do wifh any kind of highly centralized system that is probably going
to have to be situated in energy parks and hence will have consequences
for local meteorology. Potentié]]y, the cooling systems‘cou1d result,
for example, in some areas in coﬁtinuous'c1nud covér (as a Study by
Princeton éuggested would result from a proposed energy park in New
Jersey); “

Many of these nuclear brob]ems, once again, can bé somewhat ame]ioratéd
by technologies. There are things that you can do -- they are costly,
but you can do them -- to make plants safer against terrorists, against
earthquakes, against all sorts of forcés. ‘Ybu cén.ame]iorate the various
conditions somewhat. One problem, however, I think is abso]utély,
. intractable when you try to apply nuclear power to that global model that
‘we were discussing. If you were to meet that level of global energy
demand with nuclear power, it would first require the operation of 15,000
reactors as big as the biggest reactors now available in the world. If
you are going to keach that by the timg thevpopulatiqn.grOWS to the
predictéd.]evel, you aré going tq héve to start building a reactof’eyery.
week 6r two rather soon. By the end of the period, given replacement timeé}
you probably are going to have to be building four or five reactors a day to
maintain that']éveT..AThese are big 1100 mégawatt.reactors, and.those
reactors and the breeders that are going to be necessary to fuel them are

going to be producing enough plutonium every year to manufacture four
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million Hiroshima-sized bombs. That plutonium, of course, is not intended
to be used for bombs, but it is a commodity whose use will not necessarily
follow the intentiohs of current énergyvpianners.

In any chemicaf factory, there are losses that simpIy cannot be
accounted for. With different factories, the losses range'arqund a
half a percent, a third of a percent, two-thirds of a percent. Plutonium
reprocessing plants are basically chemical factoriés(énd there are going
to be losseﬁ. .If-you Took at the operation of the Americén réprocessing
system, you find that we haveASUfficienf1y large measures of uncertainty-

in it right now thatisomebody could already have stockpiled a fairly

formidable arsenal. Enough bomb-grade material is'missing to manufacture

about 750 atom bombs. That seems to me to be a rather alarming margin
of error. Any country_that is carefully operating its ownlreprocessing
facilities and is willing to operate within existing margins cif,_,ermr
can assemble its own arsenal without anyone ever being the‘wisér. Tﬁgre,
may well be.a.coupie of arsena]s,ardund thefwor]d right -now that no onie
can really talk about fﬁr certain. |

The problems with nuclear energy go beyond weapons prb]iferation.
among countries, fearful though that is as a global prospect. You also .
have to talk about aspects of the system other than simply the reprocessing .
facility, for ekample; transportation. Look at the .world trénsportatioﬁ
system foday; you find in every traﬁsportation system, for every ;ommodity,
what is referred td’ésleakage‘--_which is a polite term for theft. You
can‘look at oi],bat gold, ét é]most anything. Many of the worid's
airports.and many. of the wor]d's'ports have been infiltrated by.organiied
Erime. Other aspects of transbortation systemé have simi]&r vu]nérabilities to’
criminal elements and could have increased vu]nerabi]ities tb terrorist groups

that took it upon themselves to try to penetraté them at some point in the cycle.
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The leakage rate in general for the transportatlon system for most commodities
hovers somewhere around 1 percent -- 1 percent of 4 million H1rosh1ma sized |
bombs every year gets you rapidly into a pretty frightening‘circumstance.
Assume, however, thet plutonium -- or if you use a'thorjum breeder,
'uranium 233 -- is treated as-a very epecial material and we are willing -
tc go to some rather elaborate lengths tohmake the process secure. If
you move into a rather authoritarian regime, you can reduce the leakage
rate very substantia11y,-1 believe. You might reduce it to a tenth of
a percent or naybe a hundredth of a percent. A hundredth of a percent of
4 million H1rosh1ma sized bombs a: .year--400 bombs every year—1s still
not very reassuring, 1f one is worried about global stab111ty in the -
Tong run. That is a problem to which I do not see any technological
fix.
Far more promising, in my view, than either coal or nuclear power,
is the broad range of energy resources that are powered by relatively short
cycles of the sun; The fossil fuels, of course, are also powered by the |
un, but on a cycle that lasts a few hundred million years. . We are
talking here about using the sunlight éither directiy es it strikes the .
earth, or indirectlyAas it generates Winds, or as it evaporates water
and carries it up to.the mountains Where‘we can tap.it as nydropower
when jt flows back down, or in hio]ogica] sourCes'whichtcepture it‘through
photosynthesis and etore it in chemical bonds that can be-tapped and
used as an .energy source.‘The'bio1ogica1,systems have as an advantage
dver the fossil fuel syetems the fact that once the bioicgicai systems
are in equi]ibrium -- .that is to eay; once you aretburning as much each-
year as you are growing -- then there is no net contr1but1on of C02
to the atmosphere. You are producing C02, but the plants are taking

it out of the atmosphere Just as fast as you are putt1ngA1t in. Some
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of theseé benign renewéb]e resources can have substantial en?ironmenta]'
effects associated with fhem. But these effects should be far less _
significant than those associated with current conventional fuels.
Before we discuss them, however, it is cleér that what is needed 1h
this country is a massive investment in energy conservation. You can

look at different studies that make differeht assumptions about what

kinds of investments are p]ausibie, and about different leveTs of

anticipated future enefgy prices that we can expefience aé a soéiety ahd '
come up with different levels of investment. But I thihk,-at an absolute
base minimum figure, we should probably be investing somethihg on the

order of $250 billion, a quarter of a trillion do]]ars,_in increased

energy efficiency before we realistically should be makfng any investments -
in expanding energy use. As the oil supply continues to go down, we have

to replace it with something; as*facilities wear out we have to replace

~them with other facilities. But before we experience energy.growth,

econbmica]jy'it makes a lot more sense to put that money that would go

into energy growth into stretching a bit farther the energy that we

already Qse. For eXamp]e, if you buy a new refrigerator,lyou have an

option: you can buy a $400 refrfgerator, or you can buy a'$440,refnigerator.
The $440 refrigerator uses about 60% as much electricity as the $400

refrigerator, which means that if you have your previous geherating

_capacity,.40% of that electricity is now available to do something else --

to, if you will, fuel growth someplace else in the economy. The extra

$40 in terms of providing that much electricity simply cannot be matched
by any production technology we know of to produce electricity. If you

buy the $400 refrigerator, then somebody else is going to have to pay
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a great deal of money -- more than $40 -- to produce the electricity that
would be otherwise available. Efficient refrigerators make great sense,
but few peop1e:are.buying them.l Philco-Ford manufactured a very efficient
refrigerator which.cost a little more than $40,more, I think it was about $45,
and saved a lot of electricity, and that model went out of production.
somehow or other we have to make‘those purchasingAdecisidns different]y.
We have to get people to think not just in terms of initial cost. If we
cannot get them'to consider life cycle costs, at 1easf it would be good
to have their time framés extend over a couple of years, because many of
the energy-ﬁaving devices have payback perjods of a year aﬁd‘a half or
two years. At the extreme, of course, you can come up wffh examples
where you have payback periods on the order of five to six months. I
would hazard the guessvthat probably no more than five percent of the
people in this room who have hot water heaters that are_npt‘sd]ar
Hot water heaters have jaékets'of insulation arouhd_them; -If‘you put a
jacket of insulation around your electrical hot water heater, you héve a
payback period probably on the order of four to six months, dependiﬁg
upon how much hot water you use. Maybe some of you are venture capitalists
and you have a lot of places where you can get a 200% return»in a year,
but few of us do. I do not have any place e]se that I cén“ggt the kjnd of
~return on my money tﬁat'I can get with conservation. Tﬁat's,where we |
should be going as a society as we]]_as we as 1ndividuals.‘8ut getting there
from here is one awfully tough task. |

The reason fhat those,conservétion investments ndw,make‘sense:is that - .
energy‘is no 1onger‘¢heap, and we have a great deal of substitutabiiity.
within the Qarious factors of production in our economy. You can substitute,
within some limits, energy for ﬁateria]s, enefgy.for capita1, energy for
a bit of creativity in the way that we'arfange things, energy'for labor.

As energy becomes more expensive, it makes' increasing sense in terms of economic
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. optimization to begin substituting some of those other things for energy.
But to get people to do that, you have to make energy prices really reflect
what they should in the marketp]ace. That means that-you've got to start.moving
toward replacement costs, if you are in fact going to move into a new era in a
reaiistic fashion. You can do that by deregulating fuels -- but that .is
~going to be just about politica]iy impossible to do in America. ?ou’can
do it by taxing fuels up to the levels to which they would rise through
deregulation, and theh figuring odt a way to return that money back to
‘the-people who paid it so that they have about as much purchasing power
as they had before -- or more probably, a little bit less, if you aT]ow
for inflation. HoWever, the menu of possible thihgs that they can buy 15
going to be differently priced, and'as a consequence they are going to bé
buying less energy with that same amount.of purchasing power than they -
- would otherwise. They are going to be substitutiﬁg'thjngs different]y.i
: That's what the President trieq to achieve; it_doesn't Took like it's a
.salable position. Andther way to do it is by rationing -~ that looks
about as politically impractical. Another way is by regu]ation —- that
has some fairly substantial costs in terms 6f_bu11d1ng'an elaborate
‘bureaucracy, in terms of the inefficiencies that are going to be -involved,
and the randdm judgment which is 1nv01ved -- one-person'S‘ektravagence is
another persqn's neﬁessity and vice versa. You encounter some»father Big
prob]ems, but that at Teast looks like it could be done. |

~.You can come up with a law that. says Detroit cannot sell a car that does
not deliver a certain gaﬁo]ine mileage, or that you cannot build a,housé
'.un1ess it has-a certain level of fnsu]ation. That -seems to be the course
that we are taking. It becomes difficult to move that process out of
juét.the transportation and fesidentié] sectoks,and into thé commercial

and industrial sectors. If you talk about the different-levels of energy



~13-

use associated with 1itera]1y tens of thousands of differenf pieces of
machinery,. about which fhere is not much competence to be found in the
federal bureaucracy, it does not seém to.me to be very practical. ’

| I am afraid that what a couple of years ago I thought were my
brilliant ideas for dealing with this problem are things I am no longer

as confident can-be passed poiitically. One of the nice things though,
about living in a period of change, is that the things that ére impossible
Loday may be quite possible threc months hence. Once the Arabs institute

a new boycott, once we have the first major nuclear plant accident,

.once we»have'a coal strike that really begins to make itself feTt, not

just in the Midwest but across the country -- you can come up with your

own examples of what the next Sputnik, the next Pear] Harbor, will be --

America will spring once again to attention with regard to saving energy.
Conservation-1s not enough, however.. We have to replace our declfning

energy sources with something. We are almost certain]y'going to be

_having some energy growth beyond our current level, because we cannot

make conservation investments as fast as they should be.m;de to economically
optimize them. The question now is whether we will move increasingly
into.coa]vand nuclear power as our transitions -- since I've been trying

to make the casé that they do not hold much promise in the long-run --

or whether we will move into a combihation of solar in the Tong—run, and
intensive conservation measures immediately.

It does not seem fo me to make a great deal of sense tQ move into tech-
nologies that are necesséri]y highly centraliéed, if the transition that we
are talking about is.toward a series of sources that are‘hecessarj1y highly -
decentralized. The investments both in the facilities themselves and :

the infrastructures that surround them (the transmission and distribution
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systems, the transpbrtation systems) are so.enormous that we cannot afford to
make mistakes -- particularly if our society is as tight on capital ‘as it
appears to be at the moment. What I think we shou]d'be doing is biting
the bullet on conséfvation today and coming up with a set of policies
that will become politicaliy practical sometime soon for energy growth to

turn to the renewable options. Solar heating today in the United States --

space-heating and water-heating -- makes a good deal of economic sense,
~ provided you are doing your economic analysis at the margin. That is to

' say, you éannot talk about the cost to a person of going solar, or using a

gallon of heating 0il, but the costs to the society of going solar versus :
the costs to the society of producing one new gallon of heating oil.
Similarly, with e]e;tricity; the only places in America, if you are using
an average cost comparison against solar marginal cost, that solar Waterr
heating does not rea]ly make sense today are Washington;AOregon, and
Idaho. These states have the Bonneville power administration, with a lot
of huge dams that were built 30 or 40 years ago, providing ekceptiona]]y
cheap hydro-power; } think it is on the order of nine-tenths of a cent
now, and nothing can compete with that. But if you are competing at the
margin, if you think the Bonneville power administration does not have any
more hydroe]eétric capacity to deyelop, then you must talk ébout comparingA
solar heafing with the,Trojan-nuc]ear plant, or better yet against a new
nuclear plant that will be ordered today for de]ivery in 1984 or 1985v
(if, in fact nuclear power.speeds up its delivery time). Compared to

that, even in the Pécific Northwest where the c]imatexconditfons are not

enormously favorable, solar power once again makes sense.
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So far, when people have talked‘about renewable .energy resources
-they have majn]y gontented'thqméeﬁ;es with talking about residential
app]icationsifo; Hot water and space heating --'the.sdrts of things thaf
are obvious. If you goBfo a:p§$sive system for the bu]k‘of your energy
supply, you can, with a very small adjustment, ‘a trif]ing adjustment fn'
many circumstances, get back an enormous payback. 'Doug'KéIbaﬁ%b in
Princeton, New Jerséy, whom [ visited a cbuple of weeks ago;”hés a house
with a "Trombe" wall. It was expensive, comparatively speaking, as
an initial 1nvestment; it cost him $9000, which means he had to pay up
" front when he built his house about $1800 more than he would have had to
pay without it, and.his additional mortgage bills every month come out to
something on the order of about $60. Last year, during the coldest winter in
a very long time in New Jersey, Doug Kelbaugh's energy bi]}'for'heating
his house was $75.f0r the winter. That $75 plus the $60 per month for
the'increaséd mortgage is a much lower total bill than any other system
will produce. In Arkansas, houses were built, at no addftiona] cost
whatsoever, that were wé}]—insu]ated, had most of their'w1ndows on the
south, had overhangs thét protected the window from the summer sun,
etc. They found that they could reduce their space conditibhing energy .
demands by about 75% at no additional costs. You can go to;a housing
style that fs archjtectura]ly so extreme that some peopie'might not wént
it: Harold Hay's sky-therm house in Atascadero, Ca11forﬁia, cost him a
bit under $5000 to build and meets 100% of his space conditioning require-
ments. If you go to those kindé of system§ for fhe bulk of your eﬁerQy,
there is nothing that can compete with theﬁ at ﬁhe margih; and hence-
'that's what much of the discussion of renewable energy resources fs
focused on. But there are a variety of other resources we should be

looking at, that vast chain of things that we were talking about at the

.beginning.
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Wind power today is attractive. If you buy exisfing windmills from
exisfing distributors, your total cost per installed kilowatt of capacity
will, depending upon where you bought your windmill and who built it,
range somewhere between maybe $450 and $900 per installed péak kilowatt.
That is a pretty attractive energy source, especially when you consider
that thoée wind distributors have not really moved into masé‘production
A yet, and that they are using windmill designs that have not profited
very much from advances in aeronautical engineering over the'codrse of
the last 30—40 years. |

Look at small scale hydro-power. This country has 49,000 dams that
afe 25 feet or higher, 800 of which produce é]ectricity.-f the other
48,000 do not. .These dams are the smaller ones, and were built to serve
agricu]ture,.recreation purposes, or flood control; they have a.potential
installed capacity of about 54,000 megawatts. Different damsrwou1d,cust
different amounts of money to insfall some hydrocapaéity in, depending
on whether you are going to have to dig a channel around:jt; and have to
~do some construction as well as install the turbine. Bqt-sﬁbh installation
- will probably range between about $400 to a maximum of perhaps $1,000
per installed ki]owatt. Thaf is power that is available whenever you
want it. | |

4Bio1ogica1'energy sources hold similar prdmiée. I can go out today
and buy ethanol for something like -- depending on where in the country -
I get it -- 60-f0 90 cents per gallon. That is fairly cbmpetitive wiph
the average price of gasoline and it is very competitive Qith.the'pfice~
of gasoline on the mérgin. |
Photovotaic cells, on the otherlhand, are»expensiVe;:_But they show
promise of great cost reductions. They were deve]bped for the space program,

where cbst was not a constraint. Parenthetically, I shod]d,note that
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America's photovoltaic-powered satellites come down to earth now and’

then, and they do not cause giobal panic when they come down, as did
thevrecent'nuclear satellite the Russians lost over Canada.) Photo-

vo]ta1c cells cost about $600 000 a peak kilowatt in the edrly 1950's.

The cost began fa111ng rather rapld]y, by the end of the 195QC's they

were about $200,000 a peak k1lowatt Interestingly, a Ford Foundat1on panel
1ssued a report last year that has been very influential in the Carter adminé
listration in dealfnq with nuclear power issues and alternatives. It was a very
distinguished panel and several of its members have since accepted high positions
in the Carter Administration. Harold Brown, now the Secretary of Defense, |
and Joeeph,Nye, who is now directing non-pro]iferation,issueslat the(Sfate
Department were both members. The panel put together a report which
mentioned~pﬁetovoltaicvcells as one alternative to nuclear power, but paid

them scant attention saying they cost abgut $200,000 a peak kilowatt.

This shows more e1ear1y than anything ejse the sloppiness with which

| the scientific elite of the United States -- and it wdu]e be hard to find a
more elite penel than that one -- has dealt with solar issues. That figure.
was 20 years out of date, and it was not a miﬁprint; I.had hoped that

they really meant $20,000,.because they wou]d_thus then have been at '

least within strikfng renge. At.the time that the panel was-assembled,

. photoyoltaic'ce11s cost about $15,000; by the.time‘the panel issued.its

.report the cost was dowh<around $12,000, and has now fallen, for f]at

plate collectors doWn to somewhere on the‘order of about $11,000. For

an order that was given for a. communlty co]lege in Arkansas, Which is going

to be using tracklng concentrating photovo]ta1c array, the contract cost was
about $3000 per peak kilowatt. - For different parts of the United States you

~ would multiply that figure by 4 or 5 to.get base load eost. Within the Department
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of Energy, the expectations are that the costs are going to‘be -~ fo]]owing
a‘sort of business as usual approech -- something on fhe erder of about

$500 bj about 1986 and $100-$300 by 1990. Those figures are, of course,

based on learning curve studies and other paper studies about which one

- can have a degree of skepticism. But the experience of a semi-conductor
industry with similar cost-reductions elsewhere leads tole degree of eptimism
that thoee price reductions can in fact be met. I have been talking in

’terme of converting from peak watiage to base lToad wattage because that

is what is generally done when one talks about photovo]taiés. [ would

like to qualify that by saying thafAI do not think that is what you

ought to do. :Society does nof use e]ectficity evenly 24 hours 4a dayf There
~are proposed rate reforms around the United States to try and get us to

even out our demand, because right now we meet our peak electrical demands
(which just about evefywhere in the country now occur.on h6t summer |
aftefnoons) with re]ative]yAexpensfve generating facilities and look.to

what are currently ]ess expensive base Toad facilities -- large coa] and |
nuelear p]ante -- for the other power. But naturally unconstrained electrical
demand tends to coincide with when people enjoy being aﬁake‘and working,

which is when the sun is up, which is when photovoltaic cells can produceA>
their energy. As a Consequence I think one can make a reasonable case

that if eocietylwefe,tryjng-to choose a future (calling into mindeqnce
agein_the‘kinde of external effects that we were talking ‘about several minutes
ago), I think we'd find that the.storage.demands with the’photQQo]taic system
might well be no more than, and conceivably less than, the storage:fequirements
_ wiyh a base load nuclear éystemﬁ You can say that with the nueieaf systeh
you are going to have sOmething else to meet your peaks;iwel] then,‘you can

say with the.photovoltaics you can re]y.oh something else to meet your valleys.
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Before conciuding, I would like to talk for just a couple of minutes
on what one can do within the federal system. This is more to spark
comments and questions than it is to provide a very comprehensive
discussion. One constraint on solar energy development is c1ear1y'going
to be scarce capfta]. Capital tends to flow into things that”are proven
and that have a clear market so'that not-much ofuitAhas gone so far

into the solar options. I think the federal government m1ght want to

' enact something like a'synfuels bill for solar; that is to say, if we

can guarantee the capital that people are going to put into synthetic
fue]s; maybe we can guarantee the capital that people put into solar

plants, including some of these $100 million-plus faci]ities'that are dis-

' cussed when people talk about really driving down the cost of solar cells.

Another approach if one were to be really daring about it, might be '
actually use some of the federal mohey as capital in some of these

prOJects. _Either the projects could be partly pub11c1y owned, or the

‘money could be used as a venture capital pool to be repa1d to the federal

government directly by the entrepreneur who borrowed it. For capital to
come from the private sector (and beforercapital shou]d‘come'frompthe
public sector) you have to have some kind of guaranteed market. I think
the federal role in. guaranteeing the market should be substantial. 1
think it need be no more than say1ng that the government will buy solar
techno]og1es for all purposes for wh1ch they make econom1c sense -- that -
is to say, a federa] dec]arat1on that we will, for a change spend the
taxpayers dollars intelligently. If you do that with photovo]ta1c cells
you find 1mmed1ate1y that they have a fair range of uses that would make

a good deal of sense, part1cu1ar1y within the fore1gn aid budget. If we
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'cons1der as an: examp]e the Import- Expgrt Bank , funds can be used for

~financing photovo]ta1c arrays instead of for financing nuc]ear power

plants. The guaranteed federal market for photovoltaic cells both for

¢
'

remote applications within the federal gove?nment and for foreign aid

would be very substantial. As volume increases, costs should p]ummet'
|

Another problem is that people want to ha;p some guarantees before they.
move into a new area, some warrantees. You do not want to buy something,

have it break down after two years, and f1nd, for example, that the

manufacturer has declared bankruptcy and. moved to an area where there is
atlot.of sunshine. One way around,thdt~potentia1 problem thaf I think

makes a good deal of senSe.has been proposed in California. 'It Qou]drmake
the state the warrantor of last resort. [f you have the fedéra].govgenment:
as the warrantor of last resort,'everyone could buy'so]ar equipment and be
assured that under the worst possible conditions they wou1d sti11 not lose
their shirts.

Thelfederal government "is now trying to figure out something to do

~ for farmers. One way to improve their lot is to reduce their produetion

costs; one way.to do that and to put ﬁhem on a series of -production costs

that will remain fixed into the future, .instead of fluctuating wifh the
Qagarﬁes of thevoi] sheikdoms,lwould be to encourage the rapid development
on farmsAof‘renewable energy resources. The'American agriceltUral sector
can turn to'solar energy so fast 1t would make your head spin. They have
cr0p res1dues, many of wh1cn could be converted without ecological problems
1nto b1olog1ca1 fuels.- There is a lot a\space around the farm that could be
used to capture solar energy, that could Le used as sources’ of e]ectr1c1ty

through photovoltaic cells, or to meet requ1rements.for gra1n drying w1th‘

very low grade heat. There is a wind féchno]ogy throughout‘the midwest,
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'which used to provide the bulk of the water that was needed; we can return to

that method fairly inexpensively now that the marginal costs of electrical

capacity are hollohger going down each year as they did when'we originé]]y

‘replaced those windmills.

Fina]]y, an area where the federal government may not.have a role
but in which somebody has to play a role sometime fairly soon, is the

problem of solar access in theAmetropdlitan areas. Nobody is‘going to

put a solar collector on their house if there is a reasonable chance that

‘a fast-growing tree or a 12-story building is going to block .out their '

sunlight. One tﬁing fhat does make a solar collector abso]uté]y valueless
is having ;omgthing,between if ana the sun. So you have to do something.
tﬁat is fair and equitable to the people who own the propertiés to the
south, that nonetheless allows persons to the north to know before they.

make so]ar_jnvestments'that those inveslmenls can have the ant1cipateg‘1ife-

times of solar aCCess,that'are:necessary to make them financially viable.

Obviously there are many other areas in which the_federa1 government
can play a role. I hope these comments‘wiil serve to stimu]ate.thinking

and provoke ideas among members of the audience.
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"DISCUSSION

guesfion: |

Could you say a few words about whaf the 1mp1ications of your remarks
about decentralized energy sources -- solar in particular.-- are with
respect to the federal government's eﬁ;rgy R&D program? I would also

like to hear your comments on the priorities within the present R&D

budget.

 Answer (Mr. Hayes):

The Carter énergy budget for solar this year -- if you add in the
funds for biomass and combine R&D with demonstration projects‘-; would, . I
thfnk, come to a total requesfkof about $400.5 million. Laét year, if
you add the same set of figures together, the total was $410.7 million.
Theréfore, this year there has been an actual decline in solar energy
fuhds, not even allowing for the effect of inflation. We can trace how
that is broken down fn’terms of individual categories. It turns out that
heating and cooling went down rather substantially, as DOE began to
phase out the heating portion of the heating and cooling demonstration
" program; hence the overall dec]ine in funds does not neéessgri]y repfeéent
an overall dec]ine:in'the relative status of solar in the federal budget.
,The.increases in the tota]-fedefa] energy.budget were Qer&,]arge]y
governed by the fact that ﬁhe government .is trying to build‘up an increased
» petroleum stock pile. |

Having said all these qualifying things, hqwever, I think it is an
émbarassing]y small solar budget. I do not tﬁink that it s in accord
with the kinds of signals oh energy priorities that the President gave
the nation during his campaign. Compare this solar budget With_the:vast
 amounts of money that havé been invested, and are still befhg invested,
in nuclear technology. The energy teéhnology that Qhe would think df as

being of last résortAin nuclear energy, in the wake of the Clinch River
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breeder reactor veto; would cleariy be liquid metal fast breeder reactors.

I think that the target amount for LMFBR's was about $406'mi1lion this

yéar, roughly equal to everything that is given to all solar techno]ogies
combined, and there is roughly another couple hundred million going into
alternative breeder technologies. That is a different set of budgetary:

- priorities for energy R&D than I had expected from candidate Carter.

Within the solar budget, I suspect that we may be spending about the
_'right amountAof money on large centfa]ized terrestrial solar options; I.think"
- that they will probably play some role in America's future. But that wou]d;be
the right amount of money presuming that we were spending fhe_right amount |
of money on al} the other solar options. If we were indeed spending enough
on other solar options,‘we would have a billion dollar program. If we

hold the budget at'$40d mi]]ipn,,then I think we have a grossly disproportionate
amount of money going into the solar clectric options, and in particular

into the large highly centralized solar electric options -- the power

| towers and the very large windmills. In terms of redirecting, my criterﬁa

are relatively simple. What we need to-do is pay a 1itf1evbituless

attention to decisions governed by the very. substantial engineering

kéconomies of Sca]eAthat are attainab]e-with expanded turbine sizes, and

move instead intb a]ternative(ecOnomiés. Probably the most exaggerated

of the instances iﬁ.which big would appear to have substantial advantages
éver sma]] is windpower, because power increases geometrically not only

witﬁ turbine4size, but also with wind ve]dcity. However, you may well

find that by moving to a lot of small devices that can be tﬁrned outAon
assembly lines instead of larger ones which must be hand crafted on the

 sfté, you.w&]l be ab1e‘to‘produc¢ very expensive equipment which will not
produce as much bower as the larggr equipment, but wi]]'prodﬁce_power ét

a much higher percentage of the time. Smaller units can be used atla
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vastly greater number of sites, and hence the overall resource use could

- be very good for the country.

As an outsider looking in, it appears to me that .the kind of thinking
that goes into those sorts of decisions is the kind of thinkiﬁg that
makes, within some constraints, a good deal of sense with regard'to
ndc]eér bower. fhere is within the Department of Energy‘a set of people
who have béen survaors: they were there ddring the Atomic Enefgy
Commission, they were there in ERDA,'aﬁd they are still tﬁere in ﬁQE..
They are the oneé who are helping to set research prioritiés, and they 4
are dding it, I suppose, in the solar division in a way that makes s0me.
intuitjvé'sense. “They are trying to find blocks of energy that can be
substituted for nuciear power. But I think that solar technology demands
50mething more than simple substitution of sunlight for(uréniﬁm. -Wé
have to start thinking of things 1n a different perceptual framework. I
hope.thaf either thoée;people'will begin showing some fncfeaséd flerbiiity

in the way that they are viewing this issue, or else that perhaps some

new people will come in and begin steering us in a'different direction.

Question:

The solutions that you mentioned at the end of your talk are policy
changes. You would like to see a different approach to venture capital,

guaranteed markets of different types, different farmer programs, solar,

'acéesé 1egis]ation, etc., as means for solving the energy prob1em.‘-1t ,

~ seems that one reason, the major reason in.my view, that we have an energy

problem -is that the institutions that we have created ahd_that exist
right now are set up to subp]yvenergy_to an older America -- a 1940's
America or 1950's ‘America. In order to solve 1970's and 1980's America's

energy problem the institutions are going to have to change; to some
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extent‘gqaréhtees, different consumer incentives and other mechanisms are
oﬁly playing with the symptoms of the pfob]em. In other words, té really
solve the energy problem you have to develop new iﬁstitﬁtions ﬁhat will
intrinsically solve the problem by themselves. One issue that you talked
,'about is decentralized energyvsdurces, but we do not have décentra]iied
:institufions. What role do you see for policy makers, aﬁd people who
influénce.policy, to focus more on the institutions rather'tﬁan on the
symptohs? I do ﬁot see much of that happening. Is that a miétake in your

view?

Answer :

It is-a serfdus quéétion aS to whether you go for the techho]bgy

first or the institutionsAthat can eﬁbrace it, or whether yoﬁzfigure 6ut
Qays to do it Simu]tanebusly. My remarks were prehised on fhe topic of
what the federal government shéu]d be dqfng. In terms of bui]ding the
sorts of institutions you are talking about, I am not sure that the
'federal role is going to be greater than perhaps making‘fundfng available.
To the extent that alterrative institution building takes p]ace,AI suppose .
that ft is due to people's frustration with what they see és the federal
govefnment doing the wrong things. Recent polls have shown’qn incrediblé
and in so@e.sgnseé.a very frightening falling away ofvcohfjdence in the |

: :federal gqvern@ent,,and_eyen to some'extént the perceived legitimacy of
the féderaT,Qovefnmént. Alternative institution building seems to be
going up from the‘grassroots,‘aé.it nebéssari]y must if you are talking
about building neigﬁborhood organizations, or if you are talking about
towns thatfare‘irying to pull tbgether to do something. But what the_A
federai role:should bé probably requires a person'with‘a different kind of

background and know]edge than I have.
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"guesfion:

"1 have the 1mpressfon that you believe that small is beautiful ahd

that big is bad. And yet I think I hear you saying that because the
federal government is heavi]y 1nv01ved in research in suchAareas as
nuclear power, thatAbecomes a juétification for federal invq]vement in
solar research. It occurs to me that one of the édvantages for solar
research is that thelresearch on individual units, which can bé quite
small if you have decentralization, can be coqdycfed in private laboratories.
Mirms like AT&T, Lbckheed, North American Rocﬁhell, Dow Corniﬁg, are
avaiJable and can do solar research. I'm surprised that you advocate
that there be a larger solar research budget. Why not turn around and
_advotate a smaller research bu&get for other technologies? Then ydu
would have a smaller government, and you would give'solar energy the
equitéb]e competitive situation that I think you are seeking. -Have you

ever given any thought to that approach?

“As if turns ouf, I actué]]y have.given it some thought,'aithbugh I

~do notAknow‘fhat I have come to any profound conclusions. [ have a basic
Adam Smithian belief in the capacity of a market to sort things out.
However, there 15 some difficulty in getting a new technofogyrrunhing and
up to speed. Since World War Il solar résearchers have reqeived é Tittle
less fhan one five-hundredth of the federal research dollar whereas
nuclearlénergy has reéeived more than 50%. I would hope that there could
be some kind of balance. Clearly you cannot put $20 billion a year into
solar energy research for three yeérs, but you could do something that
would get it up to speed rapidly. Once that kind of counterbalancing has
been done, however, llwould be delighted to see the federal government

get out of the R&D ared. The kind of solar energy that I, in fact, do
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regard most h1gh1y, gives fantastic scope not only to the maJor firms that are
1nvo]ved in 1t but also to backyard t1nkerers and small f1rms. An individual
or smat] firm may have a good idea or develop a technology that is particularly
apprOpriatevto their relatively narrow specific area, but nhtch is unlikely

to be meshed effect1ve1y into the market1ng plans of a 1arge f1rm whose
market1ng decisions are all necessarily nat1ona1 or at least brqad1y

4regiona1. If one could come to an equitable balancing beforehand, I.w6u1d

be enthuSiastjc about less government involvement in energy R&D.

guestion:
There‘are a»few of us. on Capito] Hill, at least who be11eve that
neither the Congress or the executive branch will come to any conc]us1on
about solar energy or to any directions that you have been advocat1ng
beécause there has been no consensus among the people in th1s country on

1 , directions on energy._ As a resu]t, we are going to have a mishmash:policy

for many years to come’ _I-would 1ike'your comments.

Answer: .

The best po]ls that I have seen indicate that between 75% and 85% of

the people jn Amer1ca_wou1d 1ike to ]1nk our energy future to so1ar

re50urces; I think there is a éeneral pnbiic receptivity to solar energy,

but the pnblie:views those energy decisions as basica]]y'decfsiOns that.

sheuld'be'made by'other people on their beha1f, rather than as'persona]_

decisions. You do not buy an‘automohile and then make a personal decision

to run it on sunlight, you buy what is available. Recent!y a'ratherlA

T | wealthy woman told meAthat she would like for'symb011C'reasons to nbwer:
,the act1ve system in her new solar house w1th e1ectr1c1ty from photovo]ta1c
cel]s. She:asked me where she could buy them, and I suggested three or

' four.companies'that~1 thought were marketing them. She has written to
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an uneconomical decision today, there is nobody making those cells

~available, at least in-the quantities that she is willing to buy. I

think that there is a broad public receptivity to the selarm option, and

| people would like to have the opportunity to choose solar the next time

the make a major purchase.

Question:

I have been'WOrking‘on a project-in which we have oeen tajking to

solar consomers menufacturers and the rest of the peoo1e in the techno]ogy‘
de11very system in order to build the commerc1a1 incentive for solar

heat1ng and cool1ng. However, one of the th1ngs that the so]ar manufacturers

said is that "the government is killing us by saying that solar is going

" to be useful in the year.2000. We are trying to sell a prOdUct:now..

Wil you. stop telling people thatAit.will be useful in 25 years?" Now,

"~ how do you'reConcﬁ1e'that with the prophets who are going around saying
f it is not worth anything now? -Are we in a situation todéy where solar is

.reasonably compet1t1ve over a long haul and that it would be worthwhile to

beg1n to 1nvest now?

~Answer:

It obvious]y varies from technology to technology. Some things make

sense today; some th1ng do not make sense today; and some th1ngs may make

. sense today, but we do not know because it will depend upon How 1ong they
last and we do not know_how long they are going to last. For example, we

‘are making decisions right now abeut building thousand magawatt nuclear

plants, even though we are not sure that these thousand megawatt nuclear:
plants have life expectanc1es of 30 years. None of them thos far has

lasted 10 yearé. Until at least some of them,have 1asted-30‘years, we will
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will not hnow. |
Withvso1ar technologies there are a variety .of factors. Photovo]taio a

11fet1mes are. going to be largely dependent upon the techniques for encapsuTation
~ that one uses with'photovoltaic cells. I think we can come up with a nay
OfAenoasing calls in a material that will be resistant to sunlight and
the elements over a very long peiod of time. The ceil itself is going
to be useful for as long as the encapsulation remains 1ntact. It cou]d,_'
in theory, operate forever -- and will, in fact, if you pot it up in
space. Another of the things we do not know is what we are.going to do
in.terms of storage. The degree to which you go solar for.any particular
application depends .upon how inexpensively you can have substantial
anounts of storage. .Far more research shou]d be donevon storage techno]ogies;
For,examp1e; the private sector came up with what could be an important |
riew finding in January of this year. General-Electric announced that
it had. f1na11y solved the pr1nc1pa1 prob]em that had bheen rlaguing eutectlc
salts as a. therma] storage mechanism. In the past, eutectic salts tended
to cake on the inside of the conta1ner, stopping heat transfer in and
out by protiding basically a layer of insulation on the tnside. General
Electric found out that by putting the salts inside a cask and rotatjn94
-that cash gently at about-three revolutions per minute, caking did not
take place. It was a very simple discovery, that nobody else-had come up
w1th 1n the course of.20 years.

: I think 1t is c]ear to say that a lot of solar technolog1es today do
make sense and I have fa1th that a lot more are go1ng to make econom1c

and techno]og1ca] sense short]y

Question: -

You said some very pejorative things about other technologies and

fuels in the course of pressing your suit with solar, but you have not
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indicated to us if all these impediments to fulfillment of solar were .
rémoved, what partAof the total energy mix of the nation, of the world,

could solar provide?

Answer:
Eventually, I think, solar resources afe going to be providiﬁg us
with 100% of the global energy budget. You can make varioué decisions
today that hasten that eventuality and make some that will not. Amory
Lovins has come up with a very important concept that is too little used
in energy planning. He suggests that once you have chosen where it is
you want to go, you chobse the year that you'want to be there. You then
" start moving your projection baékwards; If you say you want to be solar
by 2025, What doeé that mean you have to have on line by 2010? Basically,
how do you design a timetable? Nationél]y that is going to be very |
difficult; globally, for most sets bf institutions, it wnuid he impossihle
because of the different kinds of cultures and the differeﬁt kinds of
technical and resource potentials in different partsAof the g]obe.?_But»
it is somethjng.that I thihk has to be done and I Qou]d think that is one
more area of research in whicﬁ the federa1-go§ernment could very well
play a role. .
I said.spme pejorative things ébout_other techno]ogies and I gave
-what i thought wefe a defensible set of reasons why I do not think those
a]ternatiQeS can play the kind of global role that is often;bostu]ated
for them. If I am riéht, then I think it makes a good deal of.sense to:
écCe]erate the solar transition very dramatfca]]y. If wé did that, theh
it would be my judgment that the country could be 1arge1y dependent .upon
solar hesodfcgs‘SQmetime around the year 2025. If we decided to make the
Aso]ar transition'the financial equivalent of war in addition:to being thé
moral equivalent of war, we could come up with a series of realistic |

targets that could get us from here to there. At least then we would be
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able'to'apply'at least some standards of judgment -- we would have some
benchmarks, and we could say "if we fail to meet the target, we are behind

_ schedule."

Question:

Of course we have no example in history Qf this kind of technq]ogiéa]
p]anﬁing ekcept in controlled economies where they have often taken wrong
turnings like starting having a passion for coal at a time when you would
havé been better aaV1sed to have one for oil and gas. One of these |
recurring features of Western Europe in the past 25 years has been
po]iticiané and people 6f the intellectual bent fa]]%ng in love with
technologies and not a]]owingltheh to Have a natural evolution so you
have the Concordé‘and the Hovercraft and a whole series of=prototyp¢
short-take-off aeropléneslénd many other wonderful things such as the
:grouﬁd nuts scheme in central Afriéa that was going to feed‘everyone all
over the globe with préteinf‘ If ybu started in 2020 and-wérked back, is o
there not a great danger that you would lose the dynamic of f1exib11ity

and choice that you were advocating earlier this evening?

Answer:

If, in order to get through the'édlaf transition it means we have to
move to dh éuthoritarian society that could destroy the pluralism that
fhat in the past has been part of the American society, then obviously
'it‘is a choice that I would not be willing to make. I mean;vsmal1 is -

‘fbeAutif01'but small fascism is not béautifu]. What I am sayiﬁgAis that

if your phblicatibn, thé:Ehergy Daily can come out very strongly in
favor of governmental subsidies to synfuels and to the nut]ear'brogram,
very strongly behind the Clinch River breeder and very strongly behind

massive federal efforts in areas of duestionab]e desirability to people
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whose vajues I share, it is not unfeasonab]e to support a similar kind
.of program with regard to the other technologies.  One way to measure
the appropriateness of‘fhat program and the effectiveness of it is to
sét a sefieé of benchmarks and say are you progressing at a reasonable

rate.

‘4 Question:

I am conéerned mainly with energy in a form that can be uséd Sy .

peaple in their cars. 1 would be very interested in your conception of -
how sd]ar éﬁergy~can provide the energy requirement for mobi]e users of
energy -- transportation, cafs; frains, planes -- where you cannot plug

into. a solar panel;

It is pretty c]eér that you are not going to fly any jhfs direct]y
on sunlight. You are going to have to come up with some meChaniém to
stbre the sunlight that strikes a large area and then éonve?f it into a
' form.that can be stored and transported easily, if you.afe going to
continue to have jéts. However, I suspect that our transportation sysfem
s goingfto undergo some fairly major alterations. The cirrent transportation
 system WAS a creature of the petrbleum era -- it did not look at all Tlike

that before the petro]égm era and it ﬁs probably not going to Took at all
| 1ike'1t does .now after the betro]eum era. For exampie,'I thiﬁk thét in
the future it is poséib]e‘that we will be doing something other than
f]ying jets.betweeﬁ Washington and New York, and we will be dofng something
~other than flying Concbrdes for any kind of purpose.

The greatest consumer use of.petroleum in the Unitea States today

is personal transportation by 1nd1vfduals. Hazel Henderson once suggested |
that the amount. of transportation in a given society may be the best

single index of the degree of dysfunctional organization in that society.
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That is to say, if you build a society that is fairly intelligent, you do
hot have to travel as much as if you build one pretty haphazardly. I

think 1f is safe fo say thaf you can come up with communities that have a.
bit of forethought, that are designed in ways so that you do not have to
have }ong trips for each person between her home and her office, a
different trip from her home to her recreafiona] area, a different trip
from her home to where she buys her food, a different trib‘for practically
any purpose. As energy costs go up, and as the particular fﬁe]s that aré
apprbpriate to our current trénsportatioh system become less available, 1
suspecttphat such reorganization is in fact going to take place, just as.
the concenfric.ringApattern of cities took place spontaneously in the
past as we moved into an automobile culture. There is going to be an

| increase in the substitution of communication for transportation as well. I
think that some of the researéh that is being done now on i@proved modes

of comﬁqnicatidn'may well be some of fhe most important energy-conserving
research that 1s'being done in America today. Nonetheless, people ére
going to want to travel and for a lot of purposes it is going to be m@st
convenient for them to use individual vehicles. It would be at least as
easy,to.tap,into solar resources as it. is to tap into nu;1ear resources
fof electric vehicles. You can come up with different benCHmast for

the amount of 1iquid fuel that you derive, in a sustainable fashion,

from the solar resource base. If you subordinated every other national
interest -- from home building to paper making and getting food to growing
energy,'you could produce Iargé volumes of liquid fuels %rom biomass. If

' population ]eve]s off in the U.S.,'as it seems to be doing, and if we move
to‘fue]—efficient~véhic]es;<we can design a personal transportation system

that would be able to do quite well on energy available from solar resources.
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Question:

There seems to be a popular presumption that the choice that faces
4qs is between having more oil, gas; and electricity on one side, and '

altering Tife styles on the other. Could you talk about that a bit?

Answer:

-1f you dd not want to alter life styles, you should put ybﬁr funds into
conservation. You can éo a long distance without changing anything except
~ the efficiency with which you are doing things. You.can do it eﬁqnomi¢a11y
" for a while, -but then you start paying more for it because you are willing
to pay a premidm.not to a]ter your life style. On the other hand, I
Ithink,a fairly compelling case can be made that we have not yet arrived

at Nirvana in the American society and that in fact there may‘be wayé to
enhance our life styles. If you changé:to alcohol fuel, you have a very
high octane fuel which does not need lead in it. Levels of lead found in
young children are now at the point whefe pebp]e in the public health
agencies are worried about them; the only explanation they seem to come

up with is that it somehow comes from the automobiles. The alcohol fuels
you would be burning produce a much less noxious set of byproddcts.

In the next few hundred years, our largest metropolitan areas may
evolQe out of sight just as they evolved into sight. With a fundamentali
change in energy sodrce, society bégins to undergo the kinds -of major
changes that one cannét extrapolate fromlpast.experience. We know technically
~ how to do everything today that we need to do to power the.Americdn
'society on renewable energy resources. There is nothing that we do not
know how to do. It may be too expensive, it may not have bénefitted |
from research advances,:and many of its elements have not'benefftféd

from economies of mass production. We know technically, though, that we
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“can do it. We do not yet know what it will mean for the shape of American

society and for the hathre of our life styles.

Question:

I'w0u1d like you to gaze into a slightly different crystal bél] for

a minute in your role as én interest group organizer. It appears that

your constituencies are becoming very, very frustrated with big govérnment's .
inability to deal with‘the energy problem. This growing‘frﬁstration ih

my mind is much like the growing frustration of pebple with the government's

inability to deal with Viet Nam. I think few people realize that since

1969, élmost a decade, we have had zefernefgy grbwth invested ih production

inAthis country. - Ouf.entire enérgy growth has come out of imports. With 3
the exception of the A]askan Pipeline there have not been mény big federal
steps forward in bringing forth new domestic energy supplie€s. 'Do you see
that decade long trend hojding? And if so, where is this frustrafionvoh

the part of your constituehcyAgoing to Tead us?

Answer:

I think that that is a profoundly 1mpbrtant'question'and‘the dimensions

" of it are ones that you have to worry about if you have the audacity to

f?y to- get into‘okganizing things and if you have a degreé of conscientiousness.
It is part of a much bréader'issue, which is baéita]]y the jSSﬁé of "grbwthu
in the American Sociefy and the Americén economy . | |
'In the energy realm I suspect'thét wexare going to have‘cuk decisions
‘forced upon us, and we as a society ére going to have to accommodate'
ourselves to them. We do not have a choice as to whether or not we are

to make a transition out of the petroleum era. We are going tc make the

“transition -- either we are going to plan for it and do 1t‘$mooth1y, or

else we are not going to plan for it and we are going to continue to
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incfease 01l impdrts and we are going to find ourselves really up the creek
without a paddle. But we are going to make the transifioh one way or
the other. As a public organizer, I think everyone has a responsibi]ify
to make sure that the coalitions that'are going to be pushing for policies that
bring that transition into focus are broad coalitions. They need to involve
‘organized labor, and poor people and farmers and they must be sure that
they follow throuéh every step of the reasoning to determine the implications -

of their choices.

| Question:

I think.that in ta]kiné about development, and certainly the.a§birétidns |

of a fahge of people around the world, not only our'sociéty; wé clearly

need to be thinking about growth. These people are not going to 11veA

with an aspiration of merely the status qud. I wonder why yoﬁicharacterized :
the-inevitable aspects bf transition as automatically translating into a

growth versus no-growth issue?

Ansveer

I was talking about tﬁe United States. One of the reasons that I think
that we are going to find ourselves forced into that transitioﬁ has
nothing to do with energy, but with a sekies of req]ities that.arE'going
to assert themselves becéuse of the growth imperative in othe?~part$ of
the world. Oné of the good things about societies and their E6onomic
systems is their capacity to grow in a closed cycle system. Once yOu'
a resource out of the ground, you can use and:and reuse it. You do it
with your sewage, your glass and newspapers, your water, all meta]s.g.
You can recycle everything except energy. You do it by takihg a lot of
éyc1es that are long-term cycles and shortening them a little. Growth

then becomes a»function of how rapidly that cycles goes'argund, rather than )
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of the size-of the flow. That_kind-of growth becomes much more do-able
with an ample energy supply thaf it is without one. One of the good things '
f about solar energy is that it gives the wof]d a much larger potential cap-
acity to tap into energy resources than does any competing techno]ogy The
- overwhe1m1ng preponderance of all of the energy that we are ever go1ng
" to have the potential to use is energy that we are getting from the sun.
If we can figure out ways to harness that, then we have got a 1ot more
pfospective potential fbr a well-developed energy system and for overall

well-being.

Queétion:

Yoh speak'of a total solar economy aé a goal, and speak about it as if

one must move inevitably and inexorably in that direction.. Bﬁi you do

not real]yACOnsider the mixed caée in which we would move in a more
grédda]ltransitién'tova major re]iancé on salar but still retainjthe
'flexibilitieslof the mixed enérgy'production system: In this wayAwe

would not undergo the very shafp dysfunctions in the system of energy
institutfons-and the system of financial institutions that héé evo]&ed

over the country in the last 200 years. Do you not think that, even though
your goals are very dramatic goals, a more rea]istic'targét to-a.pragmatist

might be this type of mixed energy economy that evolves toward solar?

Answer :

1 suspeét that you arrive at'a pragmatjc.target such as you'dis¢u§s

Ey having each of thé 1ndi;idua1 energy sources with re]étivelyVStréng
proponents pushlng us as aggress1ve1y as they can w1th the1r sources.

That 1s really the political marketplace operat1ng at its beJL if in

\fact the ideal curve is your pragmatic mix. I am not do1ng that. I am not

outflanking people in the hopes of saying $ometh1n§ outrageous so that
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that gives the people who are middle of the road types a better chance"
of getting‘what they want than if we are not out there f]anking them.
1 havé discussed what I consider to be intractable reasons whyA

a nuc]ear'powéred world or a coal powered world are not Ssustainable. It
was a simp]istjc model, but it does yield certain useful insights. If
one moves away from that model and ta]ks pragmatica11y about-different
kinds of energy levels in the United States, one still runs into serious
-problems With_other energy -sources. I Beiieve that we would be well advi§ed .
to have in mind a way to get from here to there that is largely solar in
terms of its incremental growth. What bothers me most at fhe-moment is

that that kind of planning does not seem to be taking place, even on a
contingency basis. If seems plausible to me, for a variéty of political
reasons, ‘that a nuclear moratorium js a jenuine possibility in this

couhpry, If, in fact, the C0, problem is as unayuid&b1g and dire as. it
appears to be, with continued fossil fuel Comb@stion:and if -the gfowth

in many other pdrts of the world ié going to be as dependentlubon fossil
fuels as it shows some signs of being?_é_vast reduction in American coal

use may become sort of an imperative, because of our global rebonsibi]ities.
" If we find ourselves in a position in which solar energy is the only |

viable a]ternafivé, I hope we are able to use it.

‘Question:

Where does the potential for nuclear fusion fit intoAthﬁé picture you
have drawn?’

Answer:

The first generation of fusion reactors will use re]ative]y‘easy fusion,

"eaSY"'compared with more difficult types of fusion. Deuterium-tritium .



~

-39~

fusion requires a substantially lower ignition temperature than does
déuterium-deuterium or hydrogen-boron or the other cleaner fusion cycles.
One of the thjngs that héppens in a deuterium-tritium reaction, which is
what everybody ‘is now pushing for, is that you create a high neutron
flux. Among other things, this will bombard the inner walls of the
reactor, structurally weakening them so that you have t0'rep1@ce them
_every year or two and leading to a substantial amount.of radioactive |
waste. I have seen estimates as high as 250 tons of radibactivé waste
a year for a large D-T fusion reactor. That ha§ to be disposed of Somehow.
The more difficult probTem, I think, in the short-run with deqterium-
tritium fusion, (presumihg that it can jn.fact work and be comnercialized
and be economical, and that the technology is something that in fact
enough people can be trained in rapjd]y enough to build) is that with
that high neutron flux one of the things you can do with it is breed
uranium'238 into plutonium 239. You can use the fusion reactor as a
substitute for a breeder reactor. In. fact I am told that the first generation
éf Soviet reactor$ are going to be designed to optimize p]utonfum production.
rather thanAto.optimize'power production.

whfle.I supporf the development of clean, advanced fusion cycles, I
suspect that it is going to be a very long time before they are regdy to
make a SUbstahtial contribution to the. American energy budget and I
suspect it will make a contribution here far earlier than it will in

host parts of the world.

Question:

Y6u have such a great faith in techno]ogy for solar and yet you lack

Such'a faith in the deve]opment of technology to overcome the hufd]es of
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nuclear. The sun has been around since the creation of the earth, and we
have only worked with what makes the sun what it is since World War I or

World War II. Why don't you put a little more faith in our technologists?

Answer:

I have a good deal of faith that technology can solve a number of

problems. There aré some problems in nuclear power that I personally do

.not see as amenable to solution, especial]y'with wide-scale development.

I think that it is probably techhica11y possible, if~we'decidelthat we

'are going to do it, to operate some number in the United States within
faccebtab]e margins'of safety for some substantial period of time. But

doing this would require a technology that'ié so expensive that it would not
be able to’c0mpete at fhe,margin with other technologies. Wethave probably
already invested, in current dollars, in excess of $100 bjj]fon in nuclear
technology. I do not think that we have a lot to show for it, despite

the fact that we have had'many of the best minds in America working on

-the problem for decades; What I would like to see is a §ufficient commjtmentb
to renewable .energy resources to entice all of thqse‘brighf_young minds

that a few years ago, were still choosing high energy physics asvtheir fié]d
“because that was where the intellectual excitement was, andithqt was where the
money was. I hope we’can create a climate in America 1n which some of those
bright young minds wj]] app]y‘themse]ves to some technologies that do- |

not even require much money.
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