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| NTRODUCTI ON

The Nation of January 21, 1978, published an article by Bruce L. Wl ch
"The Reality of Solar Power," in which the author spends about two
pages attacking ne personally and the Nucl ear Energy Policy Study
(NEPS) G oup collectively for our flawed performance in the anal ysis of
the future of solar energy-- in particular, the future of solar cells.
He ends with the sweeping concl usion

"Finally, and viewing all areas of the nation's continued

wel fare, it is inperative that we evolve a nore reliable science
advi sory system..it is increasingly essential, for the shaping

of national policy, to have scientific advice that can be relied
upon to be conprehensive, conpetent, and unbi ased."

These are inportant questions. The substantive conclusions and
recommendati ons of the Nuclear Energy Policy Study Group are contained
in our book Nucl ear Power |ssues and Choices, but Welch criticizes the
group for "superficiality, inaccuracy and | ack of percipience..." and
rather less directly for bias, inconpetence, and | ack of

conpr ehensi veness. Let ne reply.

Al t hough granted by Dr. Welch a light cover of anonynmity, | decline to
wear this cloak, because it would not be difficult for a reader to
divine ny identity. | welcone the opportunity to explain howthe

Nucl ear Policy Study Group actually operated in produci ng the book
Nucl ear Power |ssues and Choices (Ref. 1). The NEPS group was sel ected
to avoid individuals, no matter how conmpetent, with a lifetinme
commtment to (or antagonismfor) nuclear power. Qur goal was not so
nmuch to reconmmend detail ed deci sions on nucl ear power and alternatives
as it was to understand how to approach such decisions. W were
encouraged by the know edge that the najor decisions in any case were
bei ng nmade and woul d be made by deci sion nakers in industry,
governnment, and the public sector, who would have had | ess opportunity
for analysis and for challenging their tentative thoughts than our
format was to provide.

We did not propose to incorporate in our book finished chapters by

i ndi viduals or even by small sub-groups of NEPS. Qur proposal was to
give primary responsibility for information gathering, analysis, and
presentation of facts and alternatives to one or a few nenbers in a
given field, to provide specialized, devoted critical readership by
still others, and then to decide on the responsibility for fina
writing of that portion of the book. Books witten by committees tend
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to swell; ruthless editing by our chairman, Spurgeon M Keeny, Jr., was
to solve this problem with the approval of the nenbers of the study
group. The NEPS neetings were far froma process of conprom se and
accomodati on. Most of the nenbers are well known to their coll eagues
as seekers after truth, with little tolerance for fuzziness and

anbi guity, and none for fal sehood. Qur task was to clarify the nucl ear
debate. W heard pro-nucl ear w tnesses, anti-nuclear witnesses, and
had a great deal of reading and di scussion. Mostly, however, we were a
group of severely critical individuals dedicated to saying sonething
useful about nuclear energy in sixteen nonths, and relevant to

i mpendi ng deci si ons by the Adninistration.

We did not prescribe an alternative lifestyle for the nation or the
world, nor did we foreclose it. W did not estimate future demands for
ener gy, because we have little idea how the world will devel op over the
next fifty years or so, which was the period of our greatest interest.
Qur intent was rather to see whether reasonabl e demands for energy
coul d be net by existing nmechanisns for bringing supply and demand into
bal ance-- primarily the market. Qur analysis showed that although
energy is pervasive, there is no reason to treat it differently from
any ot her inportant econom ¢ good.

Qur attention thus shifted to an attenpt to understand the cost vs
amount s of energy consuned from vari ous sources-- oil, gas, coal
fission, geothermal energy, solar energy, and fusion. Qur concern was
with the nmajor needs of the country, recognizing explicitly that sone
users of energy now pay extrenely high costs and that these users could
be an early and profitable market for alternative sources such as power
derived fromsolar cells. W regarded as a virtue what Welch portrays
as a vice--

"that there is '"little value in denonstrating clearly
nonconpetitive technology,' and that it would be "inefficient and
unnecessarily limting' to try to make alternative energy sources
avai l able 'prematurely.""

This applied not only to our analysis of solar energy but also to our
views on fusion, breeder reactors, plutoniumrecycle in |ight-water
reactors, and the like.

Before | go into the details of our conclusions and reconmendati ons on

solar cells, | want to note that the NEPS group was accused by the
nucl ear industry of an anti-nuclear bias (and of inconpetence, etc.)
just as we have been accused by Welch of a pro-nuclear bias. |In fact,

when Keeny, Landsberg, and the witer testified March 25, 1977 to the
Breeder Advi sory Panel of the ERDA, Dr. Chauncey Starr, one of the
menbers of that advisory panel and head of the Electric Power Research
Institute (EPRI), charged that no NEPS nember had any "hands-on"
experience on nucl ear reactors, and that our concl usions and
recommendati ons were therefore unsound. Presumably it nade no
difference to Dr. Starr that Al bert Carnesale has a Doctorate in

Nucl ear Engi neering, that Panofsky was in charge of the design,
construction, and operation of the $100 mllion Stanford Linear

Accel erator Center, with severe problens of radiation and the |ike; and
that many of the panel had had previous experience in advisory roles in
the nuclear power field. 1In fact, I amcharged by several of ny
col l eagues in the industry with having been responsible for the denise
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of at least three prograns in space nucl ear propul sion-- ROVER (to
propel a spacecraft by reactor-heated hydrogen gas), ORION (the
propul sion of a spacecraft by multiple nuclear explosions), and SNAP
(Space Nucl ear Auxiliary Power fromisotope generators or nucl ear
reactors such as that contained in the Soviet satellite COSMOS 954
which fell on Canada in recent nonths).

The words of Breeder Advi sory Panel nenber Carl Wal ske (President of
the Atomic International Forum at that sane public neeting, for which
a transcript is available, further show the warnmth of reception of the
NEPS book and its Study Group by the nuclear conmunity.

Wel ch accuses NEPS of having no one on the committee with experience in
sol ar energy; Chauncey Starr accuses NEPS of having no one on the
conmittee with experience in nuclear energy. Starr's charge is the
nore serious one, but they are both readily refuted. Welch notes that

I was in charge of the National Acadeny of Sciences Conmittee to advise
on the organi zation and tasks of a Solar Energy Research Institute.

Qur NAS committee began work in March 1975 and produced its report

Cct ober 1975, including a two-week sumer study during which we met
with dozens of individuals interested in solar power (and heard no
advocates for nuclear power or fossil fuels). Al though our prinary
task was not in the substance of solar power, it was necessary to pay
considerable attention to the status of and prospects for sol ar

phot ovol t ai ¢ devices, both ordinary silicon solar cells and those

i nvol ving concentrators for the solar |ight.

Incidentally, Welch's charge that none of the NEPS nenbers had ever
worked in solar energy in ny case turns out to be untrue. 1In 1958 |
published an article which is generally regarded as the technica
foundation for nodern efforts to use solar energy (and the acconpanyi ng
pressure) for propul sion of spacecraft (Ref. 2). 1In 1958 also
publ i shed a paper (Ref. 3) discussing a techni que now regarded by sone
with enthusiasmas a neans for concentrating sunlight inexpensively for
conveying it to |lowcost and high-efficiency solar cells. In a recent
paper (Ref. 4), Henry Kelly of the Ofice of Technol ogy Assessnent says
about the pronise of this technique,

"A concentrator system based on use of a plastic doped with
fluorescent dyes has recently been suggested which may be able to
achi eve concentrations on the order of 100 tinmes with no tracking
at all."

| have not polled ny fell ow NEPS group nmenbers, but it is clear that
Wel ch was wong at least in charging that his primary target of
criticismhad no background in sol ar energy.

Procedure. How did the NEPS group so niss the boat on sol ar energy; how
did | pull the wool over their eyes? Wen we first considered (when we
first conceived the plot of?) putting alternative energy sources in a
single section of the book, three such popular sources were identified
and assigned to individual menbers of the study group for gathering
data, informng their fellow nmenbers, and in general standing up to
criticism They were: solar energy to Menber AA, geothermal energy to
Menber BB, fusion power to Menber CC. | volunteered or was dragooned
into doing the first criticismand conbined presentati on of these
alternative energy sources, and eventually having the responsibility of
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responding to criticismand integrating the contributions and the
comments into a single draft text.

As | have enphasi zed previously, our primary concern was with the
probl ens and prospects of nuclear energy. W were concerned with
alternative energy sources insofar as they could be expected to
contribute a large fraction of US energy needs during the tine period
of interest.

In Particular: Solar Energy. The enuneration of the types of solar
energy has not changed since the NAS SERI study of 1975. Menber AA had
somewhat different views, different data, and different units, but
there was no problemin reaching agreenment w thout conpronise and in
responding to criticismand questioning fromthe rest of the group.
Member AA, after the study group session prinmarily concerned with sol ar
energy, submitted another draft (and this is the first tine that the
chal | enged "$200, 000/ kw' appear ed-- about which Wl ch coments,
"...that price-- which was not a misprint...was alnost twenty years out
of date."). | shall nowlimt this discussion to solar cells for the
production of electric power-- the focus of Welch's criticismof NEPS.

In our 418-page book we have approxi mately one page on sol ar

phot ovol t ai ¢ power (eight on solar energy in general). This is, after
all, a book titled Nuclear Power |ssues and Choices. Nowhere in our
assessnment of solar energy did we nake use of the data contained in our
sent ence on page 134:

"Even if the theoretical limt of 22 percent (for single silicon
crystals) for photoelectric conversion could be reached, current
col l ector costs are about $200, 000 per kil owatt of peak

el ectrical capacity, several hundred to one thousand tinmes what
they have to be (about $1 per square foot of collector) in order
to conpete with nuclear or fossil plants."

The burden of our discussion was to consider the cost elenments and

nmet hod of analysis for evaluating the potential of electrical power
fromsolar cells, including those aspects which would assune inportance
only after solar-electric power was contributing a substantial fraction
of electrical energy of the nation. Thus, it was inappropriate to
consi der only peak-1oad shaving by the provision of solar power to

i ndustry and residences (on sunny days) w thout storage and without
consi dering the "demand charges" whi ch woul d economically be |evied
agai nst such users on days when the sun did not shine. | did prepare a
chart showing the capital costs of various electrical energy and
alternative energy sources and their dependence on capacity factor
(whether they were in use to neet peak |oad a few hours per day, for
base |l oad, etc.) Unfortunately, shortage of space and the inevitable
conpar ative val ue deci si ons whi ch acconpany final editing of a book
elimnated this section. W do say, "Photovoltaic nethods are far |ess
conpetitive at present as econom c sources of energy but, since |arge

i nprovenents may be possible with new i deas, economically conpetitive
designs mght enmerge within a few decades."..."For the |onger term one
or nore of the solar energy nethods may provide a significant fraction
of energy in the United States, but not until rather far into the
twenty-first century, and with a price prem um over nuclear or coal
power."..."It is inportant to recognize that society can depend on the
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availability of solar energy for the long run, at a cost it can afford,
even though it would prefer to pay less.”

When | testified March 31, 1977 to a House of Representatives
Committee, Representative Richard OQtinger asked very enphatically why
our results for solar energy were far | ess favorable than those which
he had |l earned fromDr. Harry Hovel of my own IBM Thomas J. Watson
Research Center. | responded that | did not know but that | would find
out and send hima conparison of our two views, which | did for the
Hearing Record. | reported

The difference arises very |largely because Hovel was assuni ng
that there was a nmarket for energy produced currently while the
sun was shining, and that base | oad woul d be provided in sone
other way. He used a figure on the order of $55/kw for the
concentrators, a figure which has not been achi eved but one which
is at | east possible in the referenced tine period of 1986.

As | indicate in ny subnission for the Hearing Record, such a
power source becomes much nore expensive if it is used to provide
power of f - peak.

As we enphasi ze in our book, and as | note in nmy reply, peak
power is very expensive if one has to pay true systemcosts,

i ncluding transm ssion and distribution. There is no way in
whi ch sol ar- phot ovol tai ¢ power can conpete (at Hovel's costs)
wi th nucl ear power in general

But | amnot at all negative about sol ar-photovoltaic power in
the long run. In the enclosed copy of the Report "Establishnent
of a Sol ar Energy Research Institute," 1975, you will find our
vi ews on page 28:

'Systens analysis is necessary to conpare the potential of
flat plates with the potential of photovoltaic systens
usi ng concentration of sunlight and to determ ne the
econoni ¢ gain of increased efficiency of the cells,
improving reflectivity, mrror tolerance, tracking, and the
like. Thus, SERI will need an experinental, theoretical
and anal ytical capability in solid-state technol ogy and
fabrication.

and on page 38:

'"On the other hand, the primary problemwi th sol ar-energy
plants is their high capital costs. |If the capital
utilization can be nore efficient in the sunny desert, then
it may prove econonically advantageous to generate a |arge
fraction of electric power at such sites and to transmit it
over long distances. What matters here is the cost of
transm ssion, and it matters nmuch nmore than with nucl ear
power plants of |ower capital cost and | ess sensitivity to
siting...

I wish that ERDA had foll owed the recommendati ons of our SER

Committee and created a SERI on a scale and with the nission
adequate to the overall job
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"Ent husi ast Nuts." Were Wl ch wounds nme nost is in his direct

m squot ation from our tel ephone conversati on where he has ne calling
some sol ar energy proponents "enthusiast nuts."” Intenperate | may be
in error once in a while; but ungranmatical rarely. Bruce Welch

t el ephoned ne, identified hinself sonewhat hesitantly as being from
Yal e Medi cal School and asked for details on how the "sol ar energy
section" of our book had been prepared. He requested the drafts of the
chapter and other information of considerable interest and value to a
hi stori an of science but of no relevance to the concl usion and
recommendati ons of the NEPS group which were contained in our final
manuscri pt and whi ch did not exist before that. |In particular, he
chal I enged nme on the "$200, 000/ kw' figure in the book. | acknow edged
that that was our figure in the manuscript and that it was not a
nmsprint in the publication. | pointed out to himthat we had nowhere
made any use of that nunber, since it was clearly decreasing rapidly,
so it was irrelevant how big the nunber was-- what counted was how
large it would be when it becanme level with time or with purchase of
solar cells, and that was not dependent on the present size of the
number. He asked whether we had checked these nunbers with the sol ar
energy people at MTRE, and | said that we had nmi ntai ned our

i ntellectual independence both fromthe Ford Foundation (which supplied
the nmoney) and from M TRE (whi ch supplied the adninistrative support).
He asked how we could have arrived at a reasonabl e concl usion without
havi ng i ncorporated in our group people who were expert in solar energy
or having checked our conclusions with those who were working in the
field. 1 told himthat |I personally had had six nmonths of rel evant
experience just one year previously in ny role as Chairman of the
Nat i onal Acadeny of Sciences SER panel, and that | thus knew many

people in the field. Furthernore, | was not responsible for the
i ntroduction of the nunmber in question, the notorious "$200, 000/ kw, "
but since it did not figure in our conclusions, | had not verified it.

Finally, the solar energy section had indeed been read by ot her

know edgeabl e people. He pressed as to why we did not consult those
expert in solar energy, and | cautioned that | had found in the field
quite a few who were "technol ogi cal enthusiasts or solar nuts,” nore
interested in neans than in ends. Wuld that M. Bruce had taped our
conversation; his notes were fragmentary.

What's Left? At the tinme of final editing of the manuscript, our

chai rman, Spurgeon Keeny, interrogated me nmercil essly regarding the
plausibility and accuracy of the figures in the chapter for which I had
assuned responsibility (but which had been provided in |arge part by
ot hers and which had been subject to the criticismand reservations of
the entire group). | traced nmany of the figures back to their source
(U S. CGeological Survey, and the like), recal cul ated others which were
a matter of analysis rather than primary data, and ended with one for
which | had no data. This was the notorious "$200,000/kw'. dearly,
we failed to check this nunber adequately; a nore current figure for
terrestrial solar cells would have been $15,000. M own concern with
t hat nunber was sonewhat |imted, since no concl usions,
reconmendati ons, or judgnents derived fromit. My previous quotations
fromour book make clear our rather optim stic views on the
affordability of solar power.

A Wrd of Caution. | can assure Bruce Wl ch and the readers of The
Nation that every nmenber of the NEPS group woul d have been overjoyed to
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have been able to conclude that solar cells had a substantia
probability of becom ng conpetitive with coal or nuclear plants for the
production of energy over the next few decades at a cost of 2.5>/kwh.

| know of no menber who, had the facts been different, would not have
done his part to establish that nucl ear power was unacceptably
hazardous by the criteria we normally apply to the utility sector or to
i ndustry in general (not that we had any prejudi ce agai nst nucl ear
power, but it would have saved us a lot of work in cost conparisons and
the like). | mnyself (as the public transcript of the Federal Energy
Admi ni stration Environnmental Advisory Commttee will show) have been a
strong supporter of dispersed generation of electrical power and of
"cogeneration,"” in which an individual honme, shopping center, or plant
produces its own electricity and uses productively the waste heat
(whether electricity is generated fromfossil fuel, by gas turbine,

di esel, or steamturbine, or produced from sol ar sources, garbage, and
the like).

But the promi se of solar cells is not to conpete with the 13>/kwh was
now charged by Consol i dated Edi son of New York for home electrica
energy. Solar cells may very well be conpetitive at that price, as are
conservation, peak shaving, and all of the inproved efficiencies which
will arise autonmatically fromtime-of-day pricing, system demand-
dependent pricing, and the like. An entrepreneur of nobdest size may
get rich selling solar-cell electricity at 13>/kwh but when of f-peak
electricity sells for 2>/kwh (as is the case in the Consolidated Edi son
time-of -day pricing experinent) there will not be a very big market for
this prem umelectrical energy. Wlch notes,

"The rate at which solar cells will actually spread throughout
this and other industrialized countries will depend upon the
devel opnent of adequate | ow cost ways to store the electrica
energy. It is in the adnministration's tepid encouragenent of new

storage technol ogies that its reluctance to pronote sol ar energy
really shows. The budget authority for fiscal 1978 provides only
$48.4 million for all aspects of energy storage research,

devel opnent and denonstration-- |ess than 3 percent of the ampunt
provided for nuclear fission....It is no exaggeration to say that
the Department of Energy has not set up a crash programto find
better ways to store electrical power. For nuclear power,
storage of electrical energy is not particularly inportant; for

di stributed solar systenms it is crucial

"The federal governnent should withdraw its multifarious supports
fromthe nucl ear power industry and renove renaining
institutional obstacles to the rapid devel opnent of distributed
sol ar energy systens."

What does our book say?

"More rapid progress can and should be made in the transm ssion
transport, and storage of energy. Such progress would permt
nore effective and fl exible use of existing energy resources at
reduced social costs. Technol ogi cal devel opnments al so i nprove
the conpetitive econom cs of alternative sources of energy and
hasten their introduction." (Page 155.)
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We al so say (in our three-page introduction to the section on solar
energy (pages 130-133):

The anount of solar energy falling on the United States is
enor mous: 44,000 quads per year. The present annual U.S.
consunption of electrical energy could be supplied by 0.15% of
this solar energy, if it could be used at 10% ef fici ency.

There is no doubt that solar energy can be used to generate heat,
electricity, and biomass or other fuel, but it is not certain how
much it could cost to collect and use it for such purposes. The
energy intensity of sunlight is nmuch |ower than that in the heat-
generation portion of a nuclear or fossil fuel plant. 1In the
United States, sunlight provides an average of 190 watts of
energy per square neter throughout the year, conpared with

nucl ear or fossil fuel plants operating with energy intensities
of hundreds of kilowatts per square neter. The problemis to
find a way of utilizing the | owdensity energy of sunlight at a
capital cost |ow enough to outweigh the benefits of "fuel"™ which
is essentially free.

Met hods of using solar energy directly include water heating,
space heating and cooling, heating the working fluid of a heat
engi ne, or using the photovoltaic effect to generate electricity.
Al'l of these suffer fromthe variability with which solar energy
arrives at the earth's surface and the misnmatch between time of
production and tine of use. Solar energy is available during
only a portion of the day, and weather and seasonal variations
greatly affect the ampunt available. Both contribute to a | ow

| oad factor (fraction of time plant can operate) for solar
plants. The fact that consunption is not linted to tines when
direct solar energy is available inplies a need for |arge-scale
st or age.

When the bulk of a systemcost is in capital expenditure, as it
woul d be for solar-electric plants, the cost per kilowatt hour of
energy produced is al nost inversely proportional to the
percentage of the tine that the systemis putting out power
(except to the extent that conponents wear out with energy

t hrough-put rather than with tinme). Thus, a hypothetical energy
plant with a capital cost of $1,500 per kilowatt peak electrica
out put (and a 15% annual capital charge rate) would have a
capital charge of 26 mll/kwh at a 100% | oad factor, 43 mll/kwh
at the 0.6 load factor typical of coal or nuclear plants, and 86
mll/kwh at the 0.3 |oad factor enforced by daily variation of
insolation (the rate at which the sun's radiation is received at
the surface) even at a favorable site.

Even apart fromvariations in power generation throughout the
year (owing to changing | engths of days, sun angles, and |ong
cloudy periods), the variation of insolation during each day even
at a cloudless tropical generating site would rmake energy storage
necessary for solar energy systens to conpete in supplying power
for normal uses. Peak electrical consunption, sumer or w nter,
comes in the late afternoon or early evening when solar flux is

| ow or even zero. Thus, w thout storage, solar energy cannot
provi de for peak |oad periods so as to save the fuel otherw se
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consuned in | ow capital cost plants such as those fuel ed by gas
turbi nes, which mght be used during times of high demand.

Wt hout energy storage, the generation of off-peak electricity by
sol ar energy would have to conpete in cost with nuclear or coal-
fired plants, which however have a great advantage in not being
limted to periods of sunlight.

Sol ar energy could be nore widely applicable if energy storage
was provided, and several techniques for storage are in various
stages of devel opnent. Exanples are thermal storage in hot oi

or hot rocks, electrical storage in batteries, and nechanica
storage using punped water or conpressed air. Storage systens

t hus consist of a reservoir, the capital cost of which is
proportional to energy stored (in the case of electrical energy,
a cost per kilowatt hour), together with devices for transferring
the energy into and out of the store (the capital cost of which
is stated per kilowatt for electricity). Up to one-third of the
energy is lost in the transfer to and from storage. A reasonable
figure for capital cost for storing six hours of generated

el ectric power mght be $300-3$500/ kw, plus an additional 50%
capital cost increnent on the primary solar thermal-electric
systemto nake up for losses. Thus a plant costing $1, 500 per

kil owatt of peak capacity could have a capital cost el enent of 86
mll/kwh if the electricity were used currently; if six hours of
generated energy were all stored for later use, the capital cost
el enent would rise to 150 mill/kwh.

An alternative to storage is to use another energy system as
standby capacity to augnent the solar plant. However, this
alternative would increase the effective cost of solar power by
the additional capital cost of the auxiliary system plus the

val ue of the fuel it used. Storage (thermal or electrical) could
al so be used with nuclear plants, another |owfuel-cost system
to allow | oad-foll owi ng operati on w thout consunption of fossi
fuel. Thus the availability of storage may not inprove the
conpetitive position of central-station solar-electric plants
versus nucl ear reactors.

It may do so, however, in snmall-scale systems. |Indirect uses of
sol ar energy avoid the storage problemby utilizing a fuel which
has stored the sun's energy. Exanples are the growth of plant
matter for fuel (biomass), or the nore hypothetical artificial
phot osynt hesi s and the sol ar phot odi ssoci ation of water to
produce hydrogen. Alternatively, solar energy can be extracted
fromthe ocean (where, in the tropics, the tenperature varies by
20~ C between the surface and a depth of 1,500 neters and where
this tenperature difference can be used to run a heat engine),
fromwaves, or fromthe atnosphere, where solar energy is stored
in the wind. In each of these cases, the energy reservoir is

i ndependent of whether the sun is shining, though the energy
avai l abl e may be periodic or otherw se variable for other
reasons, as in the case of wind and waves.

Transni ssion of energy may al so be a nore severe problemwth
some forms of solar energy than with nuclear or even fossil fuel
energy. Energy is consuned for the nost part where people live
and work. Insolation is about 40% hi gher in southern Arizona and
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New Mexi co than the average over the continental United States,
but the bulk of the nation's population is 1,000 to 2,000 mles
away. For solar-electric plants, for which the contribution of
energy-col |l ector capital cost to the cost per kilowatt hour is

i nversely proportional to insolation, the cost (perhaps a cent or
so per kilowatt hour) required to transport electrical energy
wi I | probably prove economical, but there will be a substantia
incentive to reduce electrical transm ssion costs for very |large
bl ocks of power (10,000 MM and up) by devel opi ng devi ces such as
cryogeni ¢ superconducting underground cabl es. Converting and
transporting energy fromregions of high insolation in chenica
form(e.g., as hydrogen) is likely to prove nore expensive unl ess
the process is such that energy is generated originally in such
form Small-scale applications of solar energy, such as for
space heating and cooling, have an advantage over other sources
in requiring no transportation or transni ssion.

Conmpari sons of solar-thernmal, solar-electric, or ocean-gradient
energy costs with those of nucl ear power rest on capital cost
judgments, since fuel costs are nonexistent in one case and | ow
in the other. Cost conparisons between biomass and fossil fue
plants are even nore straightforward; since the generating plants
are simlar, the conparison is a question of fuel costs. Cross-
conpari sons between capital -intensive and fuel -cost-intensive
nmet hods are nore difficult since they depend on the assumed cost
of noney, anortization tines, construction tinmes, the
differential rate of inflation between the cost of construction
and that of fuel, and |oad factors.

In fact, enphasizing the inportance of storage to the econoni c success
of solar energy, (we note page 135) "...the conpetition with nuclear or
coal plants woul d depend upon the exi stence of storage. Thus, it seens
possi bl e that concentrated photovoltaic systens may have sone
application (with storage), in sizes of kilowatts to negawatts, in
situations where fuel costs are very high." It is of interest also to
note that inexpensive storage would al so reduce the cost of electricity
fromnucl ear plants, thus further |owering the perm ssive cost of solar

photovoltaic energy if it is to conpete effectively. It is not true
that storage of nuclear electrical energy is uninportant; if we had it,
sol ar energy night have a still nore difficult time in energing.
CONCLUSI ON

So,

e NEPS was not in any way opposed to solar power, either for
techni cal or ideol ogi cal reasons,

e W noted that sone applications of solar energy are economcally
vi abl e now - space heating, the use of by-product biomass for
crop drying, steamraising, and the |like, that some applications
of solar cells are econonical now (in renote places, where the
cost of alternative energy sources is very high),
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e but that the test of alternative energy sources in the market
place is (and should be) a severe one.

Proponents of many technol ogi es over the years have sought government
subsidy for their cause. There is nothing inherently good or bad about
governnment subsidy for research and devel opnent (or even for

i npl ementation), but it is a very real cost. It is conventional (and
economically sound) to ignore all previous expenditures on a project in
taki ng a decision as to whether to continue the project beyond the
current status. One thus | ooks at the benefits in conparison with the
costs still to be incurred in conparing nuclear energy with solar
energy or fusion; it is irrelevant econonmcally that billions of
dol | ars have been spent by the federal government in the nucl ear energy
fields (sone to advance nucl ear energy and sone which has had in fact
the opposite effect). What counts is how nuch has to be spent now to
obtain energy fromthe alternative sources. Incidentally, the end of
government subsidy was widely hailed with the first commercial sale of
a power reactor by General Electric at Oyster Creek in 1963 at a price
near $150/kw. Unfortunately, even economies of scale in going to the
present nuch larger plants have not held nucl ear energy costs (even
allowing for inflation) to that Ievel.

Wel ch dermands reform of the science advisory system Richard N xon
agreed and abolished the President's Science Advisory Committee, in

| arge part because of its |ack of support for various adninistration
prograns such as the SST, the ballistic missile defense, and the war in

Sout heast Asia. | received the first Public Service Award of the
Federation of American Scientists for ny anal yses of the SST program
and ny willingness to testify to numerous Congressional conmittees

about this inportant and costly program Oher nmenbers of the NEPS
group have served on the President's Science Advisory Committee-- Doty,
ol dber ger, and Panof sky, and several others of the group, including
Keeny, have had or now have high positions in the Admnistration. Only
a small fraction of their contributions are known to ne, but those are
enormous. | f M. Welch could reconmend a better systemto provide
"scientific advice that can be relied upon to be conprehensive,
conpet ent and unbi ased,” we should all be in his debt.

REFERENCES

1. Spurgeon M Keeny, Jr., et al., Nuclear Power |ssues and Choices,
Bal | i nger, (1977).

2. Rchard L. Garwin, "Solar Sailing-- A Practical Method of
Propul sion Wthin the Solar System" Jet Propul sion, March 1958, pp
188- 189.

3. Rchard L. Garwin, "The Collection of Light fromScintillation
Counters,” Review of Scientific Instrunents, Septenmber 1960, Vol. 31,
No. 9, pp. 1010-1011.

080978NOEN No End To Conspiracy,doc 11



4. Henry Kelly, "Photovoltaic Power Systens: A Tour Through the

Al ternati ves,

Sci ence, Vol. 199, 10 February 1978, pp. 634-634.

221, NCEND 080978NCEN 08/09/78

080978NOEN No End To Conspiracy,doc

12



