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Our .energy dilemma is beth real and complex. 1t can be characterized

‘however, by three simple but important obserﬂations.
° Today,'oil and gas prov1de 75 percent of the energy‘ﬁhat we consume.

Yet domestic production of both has been declining for most of this decade,:

- & .

and excessive imports of these fuels’ are already hurting the United States
- . . oot
economy. > ' Voot i . .
w N ' L - ) ~
N ° We in the United States have been extravagant in our use of energy
.y

Our 1neff1cient energy habigsfare costly both in terms of economic health
. \ . ~~ '

and environmental quallty. The case for doing better is.elear: we can

reduce .the amount of energy reduired-to“meet our present needs by 20 to 40 .
' - .

J . . . A W M
percent through technical improvements;. we can generEte more. jobs by investing -

..\-

[

in energysconservation than in energy supply. : ' - .

° Despite the- great potential of energy conservation, it -alomne. will
. . . . =
¥ not be Suffiyient; We must’also shift‘from oil and -gas to other sources of

.
- bl

supply. Yet, the two most readily available,'coal and‘ngclear power, are
. : a - -

-

-

constrained by_enVironmental and SOClal problems
$

-

It should not be Surprisfag then that many of us in government ‘and
‘;\, '

'en.

elSewhere are returning again éo the questions* What can we reasonably expect

: 4 - z Loe . :
. of,solar energy? And how soon? v o SN
-
Haviag A‘ ined the issue, our conclusion§is that the prospects for

”solar energylare‘brighter than most 1magine. The view of. s6lar energy as

A

: ra
a rather exotic energy ‘source of Iittle practical 51gnificance from the

# .
standpoint of our large energy requirements is no longer justified, and

s

~o— never have been. ©
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. This rebort summarizes the recent‘technical and‘economicd&rogress

' Y
> which has led to .this more optlmistlc evaluatlon of solar technologles and

¥
- - -

rev1ews ‘the recommendatlons that have been offered‘for speeding their

V-

widespread use'in the United‘States and abroad. ﬁﬁthough 1t is’ not comprg—

g G : ; : L - ;
heénsive, this report should provide a point of departure for those interested'

" - b - . N . N i
. - N 7 - . .

in better understanding the pmportant role that .sofar ‘technologies could

- R Y L R |
play_in our energy future.. ¥ . ‘ \_ - , ’ .

- . !

. G4 ey ¥ . .
!\Based on- our review,’ the Council on Env1ronmental Quality has reached
~, g4 - o - ;/-’-/_\

-

some tentative conclusions about what wodld be reasonable goals for the -

o .
B ) : ~ - . N s . -

United, States in this vital ‘area. No one's crystal ball works very well in
s , _ ' i :

»

examlnlng energy futures, but based on avallable information-and recognlzlng

. =
- Zthe uncertalntles, we view the follOW1ng goals as optimistic but achfﬁyable
> 9#- - . . -

- K

'iif we commit the necessary .resources to them: Sy
- =) - T
. ) : 3 . ' ’ R .
- ° To make economically competitive over. the remainder of the century -

-a variety of solar technologies:for the production of heat, electricity

. - : ’ ; . . L ‘ B
and biofuels. - ' : : . ' : : . A
¢ ,To meet, by the turn %g;the century, a;significant portion of our ‘
S i . »
o ,

) . . 7 _ ) .
énergy needs with solar eﬁergy,‘aAlthough“the actual contribution of solar -

energy witl depend on an enormous numbeér of dec1s1onssby the publlc and .

ks -

prﬁvate sectors, we belleve that ~under" condltlons of accelerated development

and” w1th a serious effort ,to *conserve enhergy, solar technology could meet

a quarter of our energy needs’ by the year 2000.' S ‘-:, 3 .

° 1o move, in the perxbd beyogd the turn of the century, to . -

a soclety based predomlnantly on solar energy.v It is 9°W poss1ble to

-,

speak reallstlcally of the Unlted States becomlﬁg a solar socletyt A

-
- . <

hvéoal;of’providing significantly morejthan one—half our energy from
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solar sources by the year 2020 should be achievable if our commitment to,
J’r_ - i " - - : : -
that goal and to- conservation is strong. This- transition to primary
. 7' S - Ny ' .
reliance on:§blar:qnergy'will requite reliapce-on”a wide’ variety of solar

A

. . 4 - .
R <« . .
™ approaches: heat from solar collectors and from passive designs for new
) .. q . N ; -
4 ig‘ : . ) - : .
structuyres; elEctrlcity from small dams, wind turbines, photovoltglc cells,

- and high—temperature collectors; "and gaseous and llquld fuels from biomass.
p . . .

-~

Thé' fact that it is now possible to discuss this solar future realisti-

-
»

cally may be ﬁhé most exciting'energy news of our génerétion. It is a futurel
that deserves to behgxpl;red ;ﬁd pursuéd vigofdﬁslyu _ )

- Tﬁe“U S. 1solar'effoft could not hdp;\io succeéa wité;ut a continuatiop
of Rhe ded{ii;ion ;nd.ingenuity,that have charfcterlzed the efforts of

-

s,_and ind1v1duals over the past few years. Because

-

prfgate cqmpanies,

°

'm£§ -
of these efforts, we can now say with assurance that solar energy, i its

e,

li‘ /, -

many fO?DS and” with its many advantages —— above aldM, -its promisc of true
N . N

energyfihdependence in an env1ronmentally benign way —— 1is in fact our .

bess h}pe. - . .
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"greater optimism regardin"g‘solar.5 The consideratibns are such that many

I. Solar Energy frospects: An Overview
- L - ' *

Even with substantial conservation1efforts, world energy demand is

expected to double in 20 to 30 years.l At roughly the same time, world

production of oil and gas is anticipated ‘to Ievel off -- possibly beginning.

in the 1980's in the case of oil.2 DL - o YL

J

- . 1

Caught between these forceful and ominOus-trends, the United States

and other countries must make'far—reaching*éhanges in their energy systems

within a few decades. Becausé the lead times involved are long, these

changes must begin now. \, - : c ﬂ

¢

The principal alternative energy sources for the United States are

coai, nuclear power, and,solar ‘(direct and 1ndirect).3 As recognized in

L '

- the Nattional Energy Plan, 11 of these options will be used in the years

Z
ahead,4 but recent developments have increased concern with both coal .and

‘/, - o - . ~ . ) B

nuclear as 'longer-term supply options and have provided the basis for

3

thoughtful persons now believe we should adopt national and international
. .

strategies aimed at shifting as rapidly as possible -- perhaps with?#'

few decades — to a society,based predominantly on solar energy.-
P ’ ~
- Energy is derived from the sun in several forms -- direct sunlight,

- - by
~

wind, falling water, plant material (biomass), and ocean temperature .
9 . . . | .

gradients.~ Solar energy in general has certain rather obvious, but very o

) . . . .

important, characteristics: ‘

% It is abundant and renewable. Huge amounts of solar epergy are

P

potentially usable. Soiar energy'ffows through the earth's natural system

«

at a rate about: 10,000 times greater than all energy from the world's

, i .
. -
-
. .
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fossil- and nuclear‘powé}ed mach%nes.z In principle, with an average a
s . > y

collection efficieﬁcy of only 15 percent. —- achievable with present

technologies —- all of our current energy needs could be met_?y using‘

- ~

roughly 1 éercent of our land ar_ea.8 As a EerPECtiV€’ approximately 17

percent of our land area is now used for crops. A recent study of.

California €xplored the outlook for total reliance in the.state on:solar

Q

o an&'gééthermal energy, along with a strong emphasis on conservation. The
étudy-recognizéd some drawbacks, but cqncludéd that? from.thq standpointwof
- ) . . ~ i an ) “

resources and teghnology, it shoq}d be ppssible to operate an advanced

~-
-

society in California solely on '"indigenoug renewable resources" —-- even !

: » ,
with a population nearly twice the present size and an economy nearly four

times as great. _ . ¥ r .

* It is universally available aﬁd not as.vulnérable to ‘large—scale
~. : . _ .
human intervention whether by strikes, embargoes, fuel price boosts, or
- : ’ _ . ’
anti-trust agreements. - ' :

-

. .7

. _operation, solar energy technologies can be expected to have far fewer and
e — ) '
far smaller detrimental effeects than conventional sources providing

eduivalent amounts of energy.lq

* 1Its environmental impacts'aré minimal. With careful design® and -

jnlike coal, solar poses little risk to

élimate and creates little direct air pollution; unlike nucléar, it poses
. g A .

no radiocactive hazards .and no risk of nuclear weapons proliferation. The

~—

principal impacts of solar energy are on land usey—and even in that
respect it may compare favorably with alternative sources of energy when

-

“the entire cycle of the enérgy‘system is éonsidered,

A} .

* - Itg effects on the economy and éﬂplofment are highly beneficial.

. 4 .
Widespread adoption of the various solar technologies would create an

ERIC - | (S & . =y



enormous number of jobs of many types —- from welders to plumbers, from

A N - i

sheet-metal workers to electrical engineers, from architects to carpenters.

y
Several'studies, as well as some new preliminary data to be published .

~

shortly, indicate that. capital investment in solar heating or wind power

~

systems will generate between two and five times as many jobs as the same

expenditure for central station electric powers Pplants.

!

—

of solar energy development in California.12 The study estimated that

11 Similar

\

conclusions followrfroﬁyalrecent analysis oérthe emplo&ment implications

-

widespread use of solar space- and wa§er-heating systems to help ameet the

state's energy needs -alone-tould generate more than, 375,000 jobs per year

o .

during the coming decade, cutting California's unemployment rate nearly in

half.
~N

from

' * [

v

Ny SN _
All these attributed of solar energy indicate that it has the potential

to be a leading sonrce'of.U.S. energy supply, not just a supplement. Indeed,

S

the standpoint of teehnology and resources, there. appears to be no
b ! = -

reason why solar energy cannot meet most of our peeds, given adequate ™

. ™ -
effdrts to increase energy effﬁfiency.

. forms of solar emergy, how long/yill it take_to reach full'tech@ological .

7 . h

That leaves these critical ques®dons to be answered. For the various’
> : )

-and economic feasibility? - Will government, industry, and the public take .

—

the initiatives necessary to overcome the barriers to soliar development <

and to capitalize fully on its potential? .Mhat share offnational and

)

intermational energy demand will solar technologies be able ¥o meet? -

L]
~—

It 1is 1mportant to keep in mind that long-range commitments, and
I

long—range action, are need’d. 1f. solar energy is to provide a major

recourse-for “the fast approaching time when oil and gas go into decline,
*

an early and sustained commitment to its development is essential.

\‘l

-
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- It is also important that comparisons between solar energy and other --

energy systems be made equitably. Many current economic comparisons are
< . - _- ’
seriously inadequate and inc'omplete.l3 They do not, for exampl&{ cover
. . - . . "‘) .
an adequate range of ébsts and benefits -- or subsidies and externalities --

T
-

fhrough the comﬁlete el cydie.\ For.éxample, in comparing solar energ& to

-

coal and nuclear, a fi1 and ir analysis should' include such frequently

-

-

) Ny S~ ' g < . . -
security and accident risks, government assistance, insurance. and tax

)

;gnored cost items as occupationally related deatﬁs and injuriés, environ® -,

mental damage, the ecological‘aﬁa‘aeStHeticvimpacts of transmissigon lines,

> .

subsidies, and so forth. One recent analysis concludes that present v
- . - . 3 - r-

jcbrﬁorate income tax deductions and credits provide gas and electric
T : : . 14
utilities_witﬁia negative or zerc income tax for new investment. fThe
. o - \Q\

overall cost -to¢the nation of incehtives used by 'the Federal Government to

- = -

-

gstimulate eﬁergy production in the last several decades has been well over

. $100,biilion (1976 $) 5'\i§Convoant,:Lonal energy systems, including fossil,
‘ {

’”?eport, indicates tﬁe following: A

at or neag/éommercial feasibility.16 Most prominent in this regard are

\\
nuclear and large-scale hydro, received essentially all of the funds.

What, then, is the prognosis for so1ar'energy development? The

) I

evidence available today, andfreviewed in the folloéing sections of tﬁis'

o Solar energy is ‘already a seridus option with ‘numerous applications ’

{

3

solar hot water heating,'SOIar space heating and cooling, small scale

-

hydropower, wind, and fuels from biomass. Nonetheless, significant . ;\\\

barriers still exist to increased use @f this resource.- In some cases,

'they are institutional; in others, further research,_development and indﬁstry

~

g ' _ . z
érowth are needed to bring costs down to competitive levels. 1If all fases,
. . ,l -
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there gre governmental actjons which could substantially reduce the‘pefiod

required-for the meaningful introduction of each solar technology’

‘ / .
o The past few years have seen remarkable progress in solar economics

and téchnology, and rapid improvements are expected to continde. There

3

are good grounds for believing that with appropriate private and govern—

-mental support -solar energy can contribute in a major. way in this century

to meeting qQur néeds-for heat, 11qu1d fuels and electric1ty. «Though’

/]

' estimates*of solar's potential growth are hazardous and must be viewéd with

-

caution, CEQ's conclusion -- reflected in the Table on page 6 ~- is that

\ . . - ‘ .
ftim 20 to 30 quads,(quadrillion or 10f3 Brus) per &ear from solar sources
appear p0351b1e by the year 2000 1f we push ahead rapidly. For comparison,

current U.S. energy consumptlon is about 76 quads/year, £ wh&hh come

—

from solar sources. Our conclusion is that~w1th a strong national commitment

to accelerated solar development and use, it should ‘be possible to derive a

.

quartéer of U.S. energy from solar'by the year 2000, with the major growth

occurrlng after 1985. . s

o For the per;od 2020 and’beyond it is now possibIe to speak hope-

-

fully, and unblushingly, of the United States becoming "a solar society. A

~

national goal of providing significantly morefthan half of our energy from

solar sources by the year 2020 shonld be achlevable if our COmmltment to

that®-goal and to energy conservation-ls strong. As the Table cn p-ge ©

} { " .
indicates, this trans®tion to primary reliance on solar-energy w?ll requir-.

the' creative and extensive application of the range of sophistic.zed solar

>
o

- technologies” described in this report.

.. e e & . ‘ . .
The following sections of this report discu m8ny of the economic

and policy questions related to the widespread’ igtrogfiction of solar power.

v
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'CEQ 'ESTIMATES OF OLAR CONTRIBUTION TO U.S.

.4

L e o, : 2000° 2020°
Heating and Cooling | Small - 2-4 . 5-10
(Active and Passive) , ‘ o -
L N .
"Thermal Electric None ' 0-2 - 5-10
.Intermediate Temperature . None 2-5 5-15 o
Systems :
Photovoltaic Small 2-8 10-30 ,
Biomass ‘ 1.3 ¢ - 3-5 5-10
Wind o :  Small ... 4-8 L 8-12
- Hydropower . - O 4=6 4—6 ,
' . ) ’ . /
Ocean Thermal ‘Energy ‘ None 1-3 5-10 ’
'. Conversion . ’ E ' J

g ' C '
~ Total U.S. energy demand in 1977 was 76 quads. Estimated total U.S. energy
demand is from 80 to 120 quads for the year 2000 and from 70 to 140 quads
for the year 2020. ) _ .

(a) A quad is a quadrillion or lOlé Btus. Electricity is converted to
equivalent fuel that would have to be burned at a power plant to -
supply the same amount of power. ‘The cofiversion rate used here is
10,000 Btu per kilowatt-hour. . ‘ - )

(b) The estimates in these colums are not strictly additive. The
- wvarious solar electric technologies will be competing with one
another, and their actual total contributions gﬁ}lé?e less than:
. the sum of their individual contributiomns. .
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Part'II addfésses the .recent enébgraging progress iﬁ daveloping solar -.;

[4

. technolo ies and adxancihg theirféconomicvféasibility."Pgrt 111 reviewsiﬁ

- .
.

- -

some recommendations that have beep'made fof‘achié?ihg the. early introduc-

-
Ry—rt

N -

tion énd’sustqined aﬁplication ofééQlar-Efchnolog§g Thesé include .

suggestions for improving the fedéial solar ehergy,ﬁrogram,
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II. Progress in Solar Energy Development .

Until recently,ﬁconventional wisdom insisted .that solar'technol?LQ
Y
gies could be a major source of energy only in the very long term. This

~

T view now is questioned increasingly because of rapid advances in solar

development. 'Recent advances include fresh scientific ingovations as -

well as steadv improvements in the technological and econom1C\gfr— -
"formance of existing devices.' | ;. . ,;i ) i(i

,,é“_- i” There has been particular progress in solaf’hot—water and.space

"~-heating. DOptimism also has groyn regarding other smallfscale, on-site

solar énergy devices, ‘'such as those capable of prnv1ding both eléctrical

N
) .
-

energy‘and heat "for a building or mechanical power for an irrlgation

pump.17 _ Within the last year alone, there have been many other encour=
' ° 4’ v
aging signs -—less costly and more re1iab1e windmills are‘being con—

e e s

_structed' more effiéie;t\prbcesses are being developed to convert
organic materials to g;Eeous and liquid fuels; the number of solar— )

heated houses has incre sedsdramatically; the cost of photovoltaic | :
- e

‘cells has dropped sh ; ly;.and the development of small, solar-actuated

=

engines "has progressed ‘ubstantially.

;} ere is a short review of this progress and the ?tatus of the major

solar alternatives. T

bl

A, Solar Thermal

The most straightforward way to tap the Sun s energy is by col-
lecting it in the form of ‘heat. This can be done directly through a
roof or windows, or with special collection equipment. Systems designed
to provide hot water and space heating for buildings are the princlpal

ekamples;-thOugh there are other important applications,‘such as in

- -

8- 14
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agricultural_crop drying.

These are far ﬂrom a new concept. In the 1940's, there were tens
o -

of thousands of solar ‘heating systems in thgﬁéﬁ%ntry, ch1ef1y in Florlda.

The advent of cheap natural gas made them obsolete. Because the temper—

:

atures requlred by such solar heating systems are._ rélatlvely low, solar

collectors for them can be comparatively s1mple. T ¥

)
\

Other uses of solar thermal energy -—-— for example; space cooling,

-~ electricity generatiom, and solar—actuated heat engines, — typically
require tuch higher temperatures .and more technologically complex
. r . R o’

collectors. We review below three. catejories of solar‘thermal systems.

-~
-

+ They are diStlngulshed chiefly by the temperatures achleveda

' Solar Heating and Coollng}— of all the p0531ble applicatlons of

%

_solar energy, water heating and building space heating are the most -
}

advanced and the most nearly economlc.18 Generally, the so—called
"active" ‘olar systems use flat trays called collectors which first trap
.the_sun's heat. The front of- each tray consists of a transparent

: material-such.as glass. Solar rad;ation passes through this material to
a black metal snrface at_theiback nhere it is aﬁqorbed.. A fan or pump
’circulates a £luid —- usually water or air - through:the hot cdllectors

removing the heat. ' The heat‘may‘be-nsed-immediately to-warm the

-

huilding or may be stored in rock; water, or some other substance»for

‘late¥ use.

- ~ -
S~
o

-

" Solar collectors can also be used in combination with a heat pump.

By using the collectors to raise the temperature of the'%utside source
from which the heat pump derives its heat, the pump's efficiency can be
substaﬁgially increased. This more efficient combination of collectors

: 2
and pump can substantlally reduce the need for supplementary heat.

‘913

“
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0f majof¥ importance, too, are ''passive’ heating systems, which use

.ok
- v

_ sjghfghly energy—efficient.architectural'designs to minimize the need for
s -

-—
S -

e N oo X ' w

‘;conventional fuels or active solar system equipmeut. Such designs mlght-

s~ ‘except at considerable cost.

.inglude large windowed areaS\facing south to take in winter sunshine, .

with overhangs to keep out excessive heat in the summer. Othér .features

- -
-
3 .

.of some pa331ve systems are earth berms or reduced window surfaces

- facing other directions to cut down heat losses in cold weather,

‘shutters, special cé!ling tiles, and other building materials.

.-

Passive systems, ‘which store heat in walls or floors,_are,highiy

-

, efficient thermally, and it is quite,feasible to dut‘heating fuel needs

in‘half or;nore.).!9 ‘A new experimental classroomwbuilding at the Mas-
sachusetts Instltute of Technology, u31ng only pass1ve solar features,
. N . et T
is expected;to deriée 85.ﬁexcen£ of its heatdng needs from the sun.2m
+In addition, passiyeﬁtechniques typically add-little to'the cost oﬁ

a house. They are rellahle and-consist of few, if any, moving parts.’

Unfortunately, they normallyzcannot be added to existing buildings,’
. s
Direct solar energyycggling’systems work on a variety of prig—
' ;"' ’i' ‘:'é N
ciples. Technological feasibility of several designs has been demon-

O . ’ : LT

';jzfstrated, but further development work is needed before ‘the systems will

s <
--be economically competitive. :

CRA numhér'of'studies have concluded that on-site solar equipment can

-~

now, produce hot water for domestic use at costs‘competitfve with elec-

.t
N,

tric watervheaters in most partsqof the country.21 Based'on life—cycle

>

~

economlcs, the Office of Technology Assessment also has estlmated that

..

-by 1985 combined systems. should be able to provide Supplementary solar

- a

' hot water and space heating for residemtial and commerclal buildlngs at

Ic S | ~1w0-.18 -

]
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prices competitive with electrical heat.22 OTA found further that solar

> -

systems supplying all hot water and heating needs for large buildings"

can be designed in the next three‘to five years, and that such systems
- \ .

could be competitlve in several regions of the country.

Commercial development of solar space-heating and hot-water tech—

nology‘is progressing,rapldly, in spite of ourrently-marglnal economics

)

when compared with natural gas and fuel oil‘.23 "Solarlsystems are
« ) . ) - ’\\ ..
available from almost{ZOO firms and the production of collectors is
: i G ) -
increasing dramatidelly. In 1976, It was more than 150 pe:
. . . .

the previous year. - An even 1arger increase was anticip'

The number of houses supplemented with solar energy has increased-;rom

roughly 30 4in 1973 to somewherealn_the thousands todayg' s ”
A.number < f projections have.been'madehoﬁ‘tae possible/igntribufion

1that solar heatin%‘couid make to,meeting;our energy needs 24 :Thejk\;

.

‘Stanford Research Ingritute suggests that b} the year 2000, solar heating

and hot-ﬁater technology could lead to fuel saﬁings‘of.some 9‘quads

per year in tﬁevresidential and commereialasgetors; Thi§iis.equivalent

<in energy content‘to about 4.4 million barreis of oil per dayi§r about

half of burrent importsi The report of a'solar energy panel sponsore&
. < L

jointly by the Natlonal Sc1ence Foundation and the Natlonal Aeronautlcs

~ and Space Adminlstratlon estimates a potentlal contrlbutlon of between

¢

. 2 and 8 quads by the turn of rhé century and between 10 and 23 Quads

5&_2920. CEQ estimates energy'sauings of between 2 and 4 ouads'by -

5

- < .
- 2000, and between 5. and 10 by 2020 (see Table, p 6.).

Since solar heating technologies are reasonably well un&erstood,

the emphasis of the Department of Energy (DOE) for activeisystems is on

Ay 5

v

Lo
o Y i
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demonstration grants and market development activities designed to

stimulate a large—scale manufacturing and installation capability. The

r LS

DOE is also preparin%/a~programtblan de51gned to’ glve a boost to the

development and’ use of passive’ solar systems.25 The progran .is expected

:- » \ /
. to include a passive initiative which would involve. tﬁ%idemonstration

of a large number .of passive solar deslgn n/residential dwellings.26 '

Other efforts include disseminating infq;éation and developing standards

*

- foe
2 -~

for equipment. ' : ' ’ . ) >-

-~ -

-

El . . . o,

High Temperature Applications —-Solar thermal energy dlso ?

&

can be used to produce high temperature‘steamvto generate electricityf

A Y

Several systemS are under develobmenf; but mpst ‘of the research effort

_-has gone iﬁto what Ms known ‘as the ' power tower w27 Under- current

Ry
- .

designs, thousands of large, steerable mirrorg (called heliostats) will
A\ .

be arrayed over an area of several-square kilometers. The mirrors will

. . . . v > . K4

track the sun and focus itg light .intensively on a central boiler,

3?ounted on a tower several\Hundred méTers -above the ground.
.'C_ . E " . ¢ - ) ] .
The absorbed energy can be used to generate steam for a.conventional .

A : " o e - L
utility turbine or for industrial processing. Projected sizes of feasi-

. Y

-

ble systems range from 100-kilowatt: electric .(KWe). to 100-megawatt

electric (MWe), dependingion tower height-and the heliostat field

layout. SRR : R L
o . o

% System design studies mearing completion haveﬂfound no major
technical problems with this apbroach,‘and cost-estimates;gndicate that

-,

with mass production, power tower economics should be-comparable to

“ X ‘

those of other emerging solar technologies.28°

r

The’power tower is being déveloped inla number of stages beginning

-

gith a 5-megawatt thermal.test facility due to be completed in 1978.
\)‘ ‘ ‘ _-: . * "12' .

S




“The Department of Energy also plans to begin construction soon of a 10-

. \
5, MWe pilot plant. This' {s to be foﬁlowed/by/a demonstration plant in ,the

. mid-1980's w1th ‘the most effic1ent size yet to, be determined. ~ .

One concept under active consideration is to design the- solar tower

3 4 ~

'« bofler so it will fit as a replaéement’fbr’boilers in existing, con- \—w

-

ventional oil- or gas-fired electric power plants. -Such “repoﬁering" of
, . _/«' . . . . . ) .
present plants could permit gréat cost savings for utilities through
. “ . . . R . ' . ﬁ
continued use of their investments in buildings, turbines, and other s .

-

LS
4.

- equipment.
The potential capac1ty that solar thermal electric plants could

displace has been estimated at 40,000 MWe by the turn of the century,
- . / . - -
contributing -about 1.4 quads of energy Eventually, it 1is estimated

—

-

they could meet 20-30% of the Natlon 5 electr1c1ty needs.29 CEQ

'3

estimates'solar'thermal plants could contribute 0 to 2 quads by 2000

-~ -

and perhaps ‘5-10 quads by 2020 (see Table P- 6 ).

— -

Intermediate-Temperature Systems - Most federal funding has gone

either to lowipemperatufe systems for solar heating and cooling or to

_-,_ 13
ER

. ) - - . e : 3
high—temperature systems for steam generation as in the power tower. .
. A . A o .

El

" Anpot r area with great‘pctential between now and the year 2000 is the

\1ntermed1ate-temperature system for 1ndustr1al steam, heat engxnés, .and

. W EL . - .
Y . i ° i r

_community—scale energy needs., . . v ' o
Several types of solar collectors, u31ng tracking mirrors less
- sophisticated'than thoSe of the power tower, are now being made in the

31 3 . L=
U.S. These systems can convert sunlight fglheat in a temperature

‘range higher than the 212° F limit of un—pressurized flat plate col-

lectors but less than the roughly 900 F achievable ‘with tower-type

- EB1dostats. N
Q :

- P
F

Lo . :—_13.-.15._”
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" the year 2000 and 5-15 quads by.2020 (see Table, P. 6)

v The potential market for intermediate systems is very lirge.- it .

includes process heap for many industries such as chemitals, textiles,

-,

Y

sy

and food proqessing. About one—thlrd of thlS 1ndustrial heat is used at

temperatures beIew 600°F and a recent federal study estimated that by
, 7’

- 2000,_solar technology’ could be usedvto neplace apout 7JS quads of

fossil fuel)nqwfdsed for this pﬁrpose;/

"cbntent to about 3.5 million barrels of oil per day. CEQ estimates

the cont?ibution of"® intermedlate—temperature systemSaat 2-5 quads by

- s
, SRS

."Another promising 1ntermed1ate—tempenature application -is the

'amallf solar-powered heat engine. This tybe of engine caﬁ)be dséd‘to
operate eleétrieal generatoréz comﬁressors\f?r airiednditioners;-and
- N _ A , ) 4

water ;amps. WQile American designs forfsuch'engines have beendcharac-.
\terized as farcﬁaie," éufopéah firms have.develd;ed fairly advanced_

systems.33 Integest is increaa%ng dn’this cguntry end a pumber.of U.S.

34

-

firms now produce 7and sell prototype engines,

it

One major use for solar'engines'could be to power irrigation pﬁmps.

More, than 300,000 irrigation, pumps are employed in the western United
: ’ e - - - )

This is equivalent,in energy _.

. States -- at an endergy cost of over $700 million per year. Operation of -

N - . N
Y. A%

the natioe'a first ecent solar heat-engine irrigation facility began in

¥ . i . . . . F P
' 1977.35 ‘_Although the 38-KW system, based on focusing collectors, is

.~ ‘mot currently competitive, substantial cost;redué;ions appear possible.

) o, - I . s -
The price of the heat engine for the)irrigation‘project was $50,000, but

the Battelle Memorial Institute estimates: that with mass production,

. , - 6 ’
this could be lowered to $3,000 or less.3

~
~
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If 10 000 to 20, OOO small heat engines were manufactured each’ year,

it is estimated that the cost could drop to $200 to $300 per peak KW. 37

& S,

The Jet Propulsion Laboratory believes that units produced on the scale ~

used in the auto’ihdustry could cost about $40 per KWe.38

Perhaps the most promising future belongs to integrated or "'total

energy” syste\s, in which intermediate—temperature technologies are used -
*‘ - .

to.preduee_Electricity and heat on a factory or community scale.39 The

Department of Energy already has approved a Shenandoab _Georgia, project

\
" which by'198l is expected to produce electricity, process steam, heating,

and’ cooling for a textile factory employing 150 people. Community-scale

,.-'

- solaﬂ thermal electric systems, by using waste® heat for industrial steam -
or for residential and commercial heating and cooling; could combine the /////’

- Y

benefits of decentralization “with greater freedom in siting houSing

unitg £ - -

.

“ Also,-a recent program started by the Department of Energy at’ the
Jet Ptopu131on Lab is 1nvest1gating the use of high-performance solar
reflectors coupled With small heat engines to- provide e-ectricity for

a%small communities.éor Power output Would be in the 1- to-50—‘MWe range.

If théy become commercially attractive, these systems could also provide

_ high—temperature (up to 1800°F) :industrial heat.. There is promise that
such smaller, modular systems might even be competitive w1th large,

central power plants.- DOE's Sandia Laboratory is now testing systems
which could provide solar energy on a community scale for everything

-

from electricity and industrial process heat to hot water” for residential

use.41\ A léMWe, small—community power plant is scheduled for start—up

.~

in about 5 years somewhere in the Southwest.

”~ . [
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B. Photovoltaic Solar Cells
Photovoltaic cells simply-Bﬁt rgmarka&lywconvert sunlight directly

into electricity. ‘Most of tﬁé\cells manufactured today are thin wafers,
o - ’ O - e
containing semiconducting materials, that produce a tiny current of

eléctﬁ;city when the éunlight strikes them. With many cells afréyed

8 -
y
b

together, significant ‘'amounts of electricity canm be generated.

P

It is poi;iE}g to fabricate many different types of solar cells.42

The most wide used variety is made from silicon, one of the earth's
most abundant elements.  Solar-cells have many advantagés, They are
. ) . I
plagued by no Fricky'maintenance problems and no direct pollution. They

——
»

have great reliability and dﬁrability. . | iy

.Anéﬁser significant feature is that few economies of scale are
L < ' :

reaiizéd by increééing‘the size of photovoltaic cell arrays. Thus the

-

arrays are well-suited for small-scale, decgntralized uses. »This can

- .

.obviate the need for transmission and other investments, and can facili-

+ -

“

tate combinations with other technologies.
" The éechnical‘feasibility of ugzliziqg_photovoltaic cells is well
sgtablished: .Since the 1950's, they have powered space satellites and

provided electtricity to remote locations. The major obstacle to their

widespread use has been their high cost. If cell arrays are to be

gene?ally competitive as a source of electric power, unit prices must

‘drop\roughly 90 percent. Even further economies will be,ﬁeededzﬁéfore
- R T .

central power stations are economically feasible.43 Substantial cost
,v ‘- i -.- - ) .l - ) - /
reductions already' have been achieved, however, and there appear to be

e
{ .- "

no fundamental barriers to further progress. Just a few years ago,

solar cells manufactufed’for use in space cost 50 times more than thosé

noﬁ'beiﬁg pfoduced for terrestrial applicatipns.44 - -7

Q . ’ *-'“ - 16 - 22
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/
Silicon solar cells having a peak sunlight-to-electricity con-

version efficiencydf about 13 percent are now commercially available at
- 4 . % .

. A * L
a price of $12 per peak watt. However, prices are still dropping

‘rapidly. Reductions to about $1 to $2 per peak watt are possible as

early as 1980.45

~

By the mid-l980's, a CoSt of $0.50 per peak watt

appears possible, ,elther through contlnued progress with sillcon cells

,k

or through rapid advances in coppeting photovoltaic tecbnologles. At

R
-

thiscost, -on-site photovoltaic power should be competitive for many
. 7 R

-

S

l«}

3 %pplications.
' b

S

*"z

Photovoltalc systems whlch use mlrrors or lenses to cqntentrat a
large area of}sunlight onto‘solar cells are also reggix&zg increasing
attention due to their_cost—cuttingupotential. Cells designed'for a

.lOC—fold increase in.lignt energy intensity do not cost appregiably more

than conventlonal cells, but generate 100 times more power. Indeed the

~

"cost of the sunllght concentrators rapldly becomes th\\domlnating factor.

g

The successful'bid for the.largest photovoltaic facility yet planned

came in at less than half the price for non-concentratlng 511icon cells.

.

Photovoltalc arrays using concentrators will be prov1ded at $4.75 to

,/
$5.75 per peak watt, with deliveries startlng May 1978. 46

* The costs.and power output of solar cells are frequently cited in
terms of "peak watt' which represents the maximum output of the cell
achieved under the bright sunlight conditions that prevail around noon-
time. Thé average power from solar cells over the period of a day is

. of course less than the peak value.




-

Concentrating systems offer the additional possibility of supplying

d .
heat as well as electricity. 1In such "'total energy.systems,’' sunlight
not converted into electricity can be collected from the cells and used E
to help meet a bﬁilding‘s hot water and space heating Jeedé. ( //

New. materials, such as gallium arsenide, for solar cells are also being

being investigated and their conversion efficiencies ﬁay be.as high as 30
- ~ . . i

to 50 percent compared with the 13 pefcent for silicon cells. Able to

-

tolerate higher temperatures thén silicon, these materials include both

multiplé-junction cells and a thermophotovoltaic cell being developed at
Stanford.47 ' . . = )

The use of thin-£ilm téchnology_offers ancther promising approach’
to photovoltaic cell;. ‘In‘prinéiplé, large areas of extremely thin
layers of phdfovoitaic material could be inexpensively formed by chemi-
cal deposiﬁion or spray techniques. Developménts along these lines could
lead tojdramatic savings in both méterial and'hanufacturing costs.
While the efficiency of the only commérciaily available cells of this
type is 1e§s thag 5 per&ent, expérimeﬁtal cells have shéwP labératory
efficiencies.greater than 10 percent.

g The;rénge of.techﬁical options under investigétibn, coupled with
the documented tmend of sharply decreasing prices, provides a strong
éréument that photovoltaic technology can be made economically com—
petitive in the foreseeable future, perhaps within a:&ecade.49 The
Department of Energy is developing a new .program for photovoltaic éell.
R&D. A Februar§ 1978 plan set a target date of 1986 for-attaining the

goal of atéompetitive price for photovoltaics of $0.50 per peak watt

1
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f

. (in iQ75 dollars) and an annual production rate of 500 peak MWe.

50

)

By 1990, DOE hopes to achieve a price reduction to.within 2 range _of

- $0.10 to $0.30 per peak watt (1975 dollars), which would lead to elec-

Q

tricity costs of $0.04 to $0.06 per kilowatt-hour. Since currént

electricity costs are in the range of 50.03—$0.06; this should make

. ’ »
photovoltaic systems economically competitive with other energy sources
. LS

for central power generation as well as for dispersed, on-site appli-

L 4
cations. ) -

If the DOE price and production goals are realized, installed

capacity by the turn of the century could reach 75,000 peak MWe. Thisg

would lead to-a fuel savings in the-year 2000 on the order of a quad.

-~

CEQ's estimate for the photovolthic contribution is between 2 and 8

quads by 2000, and by 2020, 10 to 30 quads (see Table p.6).

-

C. Biomass
.,

Next to hydropower, biomass is the largest source of commergial
solar energy in use in the United States. About 1.3 quads per year,

or about:1.7 percenf of the Nation's energy, is now supplied by bio-

'fuels.SI Toda&'s economically competitive uses include electric power

generation using sugarcane residues in Hawaii and wood residues in

Oregon, process steam, generition from wood and pulp residues at paper

— -

mills scattered across tﬁe couhtry, and the direct combgstion of fuel
wood to.provide space heat for homes.

Biofuels are fuels derigéd directly or in?irectly from non—%ossil
piant matgrial. They can be solid (e.g., wood or érop wastes), liquidv
(e.g., alcohols), or gaseous (e.g., methane or synthesis gas)."Bio;

fuels can be produced either from organic wastes, such as municipal

and agricultural wastes, or from fuel crops —— plants grown specifically

T -19- 25



"to produce energy. T
’ ‘ - g -
Fuel crops are potentially the largest source of biofuels, but el

-

energy 1is not as valuable a crop as. food or fibers and cannot compete

for prime land,.53 The development of "energy plantatiomns'  to generate

electricity‘gy burning trees or some other energy crop on a sustainable

1

-~

basis has nonetheless received serious consideration.
» : -

The cultivation

of marine or freshwater biomass offers another possibility. With marine

.

biomass, for example,- kelp plants would be attached to subsurface cable
networks to form moored or floating rafts.55 Adéptive biogass syétem-

that can make multiple outputs availagle‘(e.g., food, chemicéls, fuels,

. fibers) in-response to demand changes should be able_taffeduce the
" ’ 56

.:

ultimate cost of energy delivered to the consumer.

-

' : “~ . .

. i . N * . ) .
The terrestriaigbiomass resource is quite large. >7 On a worldwide

basis, net! forest pzéductivity exceeds anﬁual‘consumption o% fossil

.

fuels, though comparstively little is actually used for fuel. Total
annual world bioﬁass_gﬁ&ﬂuctibn exceedéftﬁe’preSent global energy

“.  demands by more than a factor .of 10. In the United States, annual -

J T

biomass production for food,Alumber, paper, and fiber is estimated to be

about 25 percent of our current energy demand, a surprisingly large

figur_‘e.58 Much of this material, however, must be regarded as a premium
resource that is rather limited for fuel applicationms.

. _ _ — | _
The biomass resource could increase dramatically with the develop-

ment of plants with more efficient mechanisms for converting sunlight

-

‘*  Although the energy potential for marine biomass is enormous, many
environmental and ocean—engineering questions-remain to be answered '
before its potential can be fully assessed. >.

.,;20- 525{ .




into biomass.sg”The resource could also be eftended“throhgh:improved

-

conversion-techniques; For example, if direﬁ% solar energy were used to
help provide heat needed fonﬂthermochemical conversion, the:efficiency

of thehoverall process could be greatly increesed{eo

v 2

It would be difficult to overstate‘the'importance of the biomass

option. At present there are very limited technological alternatives to

n~

fossil fuel—based 1iqu1d fuels for ground transportation. - In the
. TN .

a A
. absence of major breakthroughs in the development ofNbatteries or

inorganxc liquid fuels, biomdss offers the most. practicable solar-based

k3

e ey

alternative for powering trucks, buses, and automobiles>""

——

A number of estimates are available of the'potential contribution

that biomass.could make to meeting our energy needs.sl' The solar -

Resources Group of the Committee on Nuclear and Alternative Energy
Systems (CONAES) calculates tBat 8. 0 quads of biomass . could be annually
available by 2000, and 9. 9 qubds by 2010. The Stanford Research In— -
‘stitute,estimates that under optimistic conditions 5.0 quads;could be

used by 2000 and 11.0 quads by 2020. CEQ considers a maximum terrestrial

biomass contribution’ of 3 to 5 quads per yegr achievable by 2000 (see
. PR ) :
]

Table p 6)

The present DOE biomass program 1nvolves research in a number of

-

areas. Research and development act1v1t1es include work on anaerobic
digestion, the production of: alcohol by fermentation, thermochemical
_conversion of wood to oil, and‘lowering the costs ‘of the‘production and

collection of biomass. New developments are occurring at an accelerating

-

62
rate. / . -' -

“)
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D. Wind EnergzﬁConver51on .

- . -

A‘resurgence of interest is occurrlng Eﬁ wind €nergy, an already

-

wqﬁl-developed technology-63 Both prlvate and public funds are being -~

1ﬁvested to improve w1ndmills,-wh1ch in fhe\nea fUture promise to
gdnerate electrlclty at costs qpmparable to those of conventional power

pﬂants. Both small (kilowatt—sized) and large (megaWatt—siZEd) machines

e

have the potential for marked cost reductions through mass production. E;

,\\ -
The raté at which wind energy can be introduced into the economy \§§c

depends heavily_onfthe'results of current Rgp programs zpnd on Subsequent

commorcialization'efforts- The wind potentizl of the nation, excluding

offshore regions, has been estlmated to~lie petween 1 and 2 trllllon

kllowatt—hours (KWh) per year.64 _By comparison, t°tal U.S. consumption

" of éléctricity'in 1976 was abouc'z trillion xwh. Several studles haue

'

: concluded that, under condltlons of rapld 1mp1eméntatlon an electrlcal’

- output of- between 0.5 and 1.0 trllllon KWh could be aChlevad by the

turn of the century.65 Thiﬁ’is equivalent to a savings 6f 5 to 10

quads of fuel. CEQ estimates a possible contributiOﬁ of 4 to 8 quads

by 2000 (O 4 to 0, % trllllon KWh) . and 8 to 12 quadS by 2020 (0 8 to 1 2 -

’

trillion KWh). ° : (see Table p 6 ) - )

A'oumber of small machines for producing electricity already are on

the market. Hachines sized at 2 and 3 KWe are beihg?Sold as;recon;

dltloned anits for $1,000 to $1,800 per KWe66 Somewhat larger machines

(15 to 30 KWe) are becoming available at comparable unit costs. As a
substantial market develobs, tge}mass beduction of smajj-scale wind-

mills should lead to significantly lower costs.

;;22'_ 2359 , .



Large windmills are being deveioped by both the Department of

Energy'and private industry.§7 AﬁlOO-KWe machine has been undergoing

¢

N tests for more .than a year near Sandusky, Ohlo In January 1978 a
'200-KWe wind turbine began generating electric power for Clayton, New.
Mexico. During 1978, two similar machines Will ‘be const;ucted, one in
Puerto Rico-and the other on Biock Island, Rhode'Island. Thelobjective

 of the REXt phase in the largewindmill program is the construction of a
2-MWe Wiqdmill with a rotor 200 feet in diameter. The 1argest of the

\.series, with a rotor 300 feet in.diameter, is scheduled to be built in
late 1979 at a cost of $1b million; Private companies_are also in;“

stalling large turbines, reportedly at costsflower than those of
- ‘ 68 : |
government-sponsored machines. - .
DOE- is studying windmlll designs, dlfferent from the- horizontal- :
axis type, whlch may have technlcal and- economic advantages.69, One
7 'E'l.‘

‘ concept being developed is the vertical-axis ‘wind turbine: A 55-foot -

diameterpDarfieus rotor, with blades shaped.;ike an eggBeater, begarr

operation ‘in mid—l977; In a 22-mph wind, this machine produces 30

kiiowatts of 'electrical power. . During fiscal 78, studies will examine

A
-

. hop‘the design might be improved to reduce costs and permit mass pro—
duction. ' ‘ - |
- ~DOE has also begun testing six commerc;aliy available, small
: windmili;,.withhcontracts being issued for the development of 40G-, 8-,
and 1-KWe machines. ‘A proposal also_has been made Ly the Bureau.of
Reclamation which involves the demonstation of a significant number- of

~

wind energy systems integrated into federal hydroelectric systems.
- / - -
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| A Tecent rePOTL PreDyyeq £OT POR ro oymends a substantially expanded -
pro8ram to speed the widesPT®3d uge of wing enérSY-7l .

PR

E.. Smaji-$cale Hydro,over ’ | -

Geperating elthriciﬂy frog small dams jg by no ‘Weans a neﬁ idea,
" of cOurse _ But like some othe ? °ut oded or stagnant technologles, this
-ogzlon now 1S attracping renewed intereSt because of " the high price of
oil and other fuels.’Z . ; S

A recent TEPOTL g pipates thac moTe thap 14,099~ﬁegawatts élecéric

t

of untapped hYdIOPOw\Qr-:poﬁential. exis_"CS at gsmall Sit‘és —_ 3--\ to 5-~
.. 7 ' .
Mye ~=~a§§zss the Uny,.q states. 3 At SOme of these sites, dams already
a

exiSt; that 1s noeoged 18 Mstgjjation of electric’ generating

fa;ilities;, In NeW?Englaqdj f°f egample, 112 hydrowsites”have been
abaNdoneq since 1941 becaise Othé; sou¥Ces of power became more-eco-
nomic  Many. have noy, rega"ned eQOnomic viabinty-M In addiéion to 'th‘e
potestlal of these spgq1 gites’ an estimated 14,000 MWe is available?in
ugfllled generatlog bays at ?xisting dam S;tes of more ghan 5_MWe.75
Projections of capitay costS T° utilizé theég sites Tange from'$3do to

‘ 31200 Per installed ki 1owatt> depending on the location and on whether
* damS and other facllities aTe already in Place-7§ - The maximum ad-

- ditional capacity P°tent1a11Y aVaijaple by upgrading and expanding
exiStlng hydropower dams and bY Adding h-Ydropower faCillties to all
exlStlng 1arge and Small gams 1s QStimaCEd to be 54,600 MWe.77 This
added capacity would ¢ pply.the Qquivalent of about 2.5 quads per year
of energy, The CEQ estlmate for thig increment is between 1 and 3 quads
per Year (4 to 6 quads tot31 Wheu Com blned with existing dams.)

7 S
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Electric utilities,generally‘have been hostile to proposals for
4

competing small—scale hydroelectric power facilities, although several,
e .

at least, have expressed interest, offering to buy electricity from dam
owners at rates that approximate the fuel costs of their own.plants.7
The DOE has developed a program to determine the feasibility of installing

or developing hydroelectric facilities at a variety of small dam sites
throughout the c&untry;79 : R : .

-

AN

F. Ocean Thérmal Energy Conv rsion " ’ -
. u )

In many parts of the tropical oceans, there'are considerahle ,

temperature differences -— as much as 40°F -- between the surface waters ¥

-

andath; cold waters lying up to 3,000 feet below. Ocean Thermal Energy .

L3

. v N ) . : o
Conversion (OTEC)'systems exploit these temperature differences to operate
turbines which then drive electric‘generators.sog

7 In the so-called "closed-cycle" systems presently under-development,

warm surface water passes through heat exchangers tQ evaporate ammonia.
The ammonia is run through a turbine generator and is condensed by - cold
water brought up from below. The electric power produced by floating OTEC

machines would either be breught ashore u51ng underwater cables, or used

at sea to produce fertilizers, aluminum,-or other energy-intensive )
‘ ‘ r L. T , -

-products; . _-' g K

Elhe size‘of the renewable OTEC reSource base available to the U.S.>

~is not yet well determined, but the maximum amount might be determined
by ecological or other considerations, such as the need to prevent,any
possible climate changes or alterations in ocean—flow patterns.' The

Department of Energy has identified several areas in “the Gulf of Mexico

where total installed OTEC capacity coufﬁ reach 200 to 600 thousand MWe
T o R TR |



(500 to 1500 blants).81 'If this manf units were finally installed and
operated on a base-load basis, they would generate 1.5 to 4_trillion KwWwh

per year%,the larger figure being about twice total U.S. electricity - ‘1

-

‘consumption today. This wonld supply the equivalent ' of between 15 and

40 quads of energy annually. ' The CONAES Solar Research Group has estimated
the maximm OTEC contribution at 1.6 quads by 2000 and 3.9 guads by 2010.°2 |
- . - < " ‘

CEQ estimates the maximum contribution at EetWeen l.and 3 quads by 2000,

-

and" between 5 and 10 by 2020. . A o . -

.

The fedexal program for develOping OTEC power systems calls for the

const uction of progressively larger experlmental machines, ending with tlie
<«

demonstration of a lOO—MWe unit by the mid-1980's. During fiscal "year 1979,

a 1 MWe engineering test facilitx, designated OTEC—l,'is to be built. Later, -
~ ' S . S

two distinctly different 10-MWe experimental machines;are_planned to
demonstrate the overall feasibility of full-scale units.’

' Among the major engineering obstacles to be overcome in the development

L4
.

of economic OTEC machines are designing and constructing large’neatxexchangers,

controlling of "biofouling", preventing corrosion, and designing 3gd building

5

a 3,000-foot cold-water pipe; According to DOE, however, there has been

recent encouraging progress'in demonstrating very efficient heat exchangers

and in solv1ng the related problem of slime control.83

-

In addition to the possibllity of cllmaté@ impacts.and altered

ocean—flow patterns, several environmental questlons need resolution.d

-

They relate to potential‘toxic effects‘from COrrqsion and loss of metals.
o~ ’ . e Coe o e

" and fﬁpm the use of biocides and other chemicals that’might be released

into the oceans during plant operations. Also, marine life from both

. . surface and deep waters will be subjected to changes in pressure and

- 26.—~'; 123:2




temperature, and to different levels of turbidity, salinity, light, and
‘ oxygen. The consequences of these changes are not well understood at this
‘time.-

.G. ~ Other Renewable Technologies

There are other feﬁewable_enérgy technologies under development which

- we have not reviewed here. These include tidal power, -wave power, and the
placement of large photovoltaic‘arrays in'snaCe from which electricity would
‘be beamed backlto earth using microvaves (Satellite Solar Power Station){
The technolégical and resource uncertainties affecting these;apnlicatiens
are_sufficiently great at this'time that we have not ineluded them within
this'report. Thi is mot to implv, however, that further research and
development will not show them to be viable sources of substantial amounts

v of energy some time in the future.

#

H. Energy Storagi
"{_f The availability of inexpensive and reliable methods for storing energy
ivould greatly facilitate the development of arsolar economy.85 It would -
f{broaden'the~range of solar applications,‘improve the economics of solar .
” technologies, and reduce the need for conventional fossil fuels as bacth.

A B
The most critical storage needs are in transportation, heating and cooling

- of buildings, industrial’processing, and electric power production.

(4

Lowering the manufacturing costs of photocells, w1nd turbines, “and.

B
! 5

K ;flat plate collectors, while certainly necessary,_will not in itself
guarantee technical and economic viability. The intermittent nature pf
'the solar resource,—and the consequent need for reliable storage systems,

must be fully recognized and planned for.
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.There are'nuﬁerousywaysgto store energy. They range from straight-
forward thermal storage in water to electrical storage using large,
, superconducting magnets. The most important techniques now nnder development
include batteries and other electrochemical processes, as well as chemical
*and thermal technologies,'and necﬁanical_and magnetic storage, sygtems.

In its energy storage program, the Department of Energy is supporting

the parallel development of several options for each end use needing storage.
For ground transportation, it is working on improvéd,batterﬂes of varied
designs for use in-electric¢ vehioles in the early l980's. lhese vehicles
haVe the obvious advantages of emitting no direct.air pollution and of -
being compatible with emerging solar technologies such as photovoltaics

and wind tnrbines. The overall program ggals are to develop oatteries of
high energy density five times present values and high power (twice present

values) at a third of present costs. To gain experience and encourage the

-~

use of electric ﬁehicleg, DOE plans to order 406 of them in 1978, 600 in

1979, and 1,700 in 1980. A tofal of 7,500 vehicles are scheduled to be

* ordered through 1984. | .
_ to - & ' ,
Batteries, of course, also have a wide variety of stationary uses.
Q N -

-

Photovoltaic and wind*systems,-whether in centralized or'on-site.applications,

~

C will need the kind of energy storage for whlch batteries are well—suited.
Energy from solar cqllection systems also caﬁ be stored by using

several thermal or thermochemical technologies. Thermal storage for heating

L

buildings, using either water or rocks as - the storage medium, is well-advanced.
. = .

k)

A large-scalé demonstration of seasonal thermal storage for the JFK Airport
in New York was  proposed recentlx.sji'It would use an underground aquifer as Qf

the storage mged:f.um;tj During the winter, water from the aquifer would be chilled




by existing'cooling towers—and'latér used to reduce summer air conditioning

<

loags Other thermal_storage systems under development utilize chemicals ae

such.as sodium hydbrxide, whose phase change liberates or absorbs substantial

" . ‘ : e iy
amounts of heat. . ) :

Hydrogen offers another promisirg means for storing energyffor bot

transportation and stationary»uses. the development_of metal_hydrides.
allows the(safe storage of hydrogen at- ambient temperatures. The technical;
feasibility of using .hydrogen as an "energy carrier". in buildings, planes;h -

vehicles,. aitd domestic appliances already has been demonstrated. ‘The use

L -~

. of hydrogen in fuel cells-to generate electricity offers an especially

-3

S

attractive on—site application because of the possibility of recovering the

N

-waste heat.to Help meet hot-water and. space—heating needs. The principal

remaining obstacles to Widespread use of hydrogen are its high productfon
@ 7
3

-

' \
costs and its tendency_to embrittle pipes during transmission and distribution

A variety of ::;hinical energy storage systems are being investigated‘hy

DOE.88 FlywheEEs e from fiber filamentsfandfepoxy are being developed f -

|
for both vehicle and utility usage. The Department plans to initiate the

.large—scale demOnstration of automotrvé flywheels by 1382 DOE‘s Lawrence

Irdvermore Laboratory is overseeing the development of regenerative—braking-ﬂ
¢ o i} .
@ - :
systems for use in Postal Department battery-flywheel hybtid vehicles..

Other technologies for storing energy, primarily for utility

application, 1nc1ude underground tompressed a1r, underground pumped storage,

_ 4 ,
.j?d suﬁerconducting magnetic storage. In the compressed air energy storage

~

program, air is forced into a large underground cavern and the energy later

-

‘recovered through the operatton of gas turbines. Such a system has just

-

started operation in West Germany. Similarly, water can be pumped- to the

T A
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surﬁ?ce from a lgrge manmade ;r natural'undgféround reseryoir and then’
allowed to return, through turbines, dufing peak demand periods. DOE

Plans to demonstrate such a.system<in the late 1980's. Finally, electrical
_energy can be stored very efficiently in the magnetic field of a'super—
conducting magnet. Preliminary'work.indicates that the optimﬁl storage
 size for such é s&steﬁ'woﬁld be iﬁjfhe l—miilign to 10-million KWh rangé,
the latt;;:{égure\equivaleht to the output off a iarge,fl,OOO;MWe pﬁweg |

pPlant over 10 hours.89 T ,

hat SN
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III. Solar Strategy: Getting There From Here , ?

A strong case can be made that a natinnal commitment in the 1950's

to develop solar technrology —- comparable to the one made to- develop

> .
nuclear power -- would have led to the widespread economic feasibility

-

of solar emergy today. Because of the long lead times necessary to -

~

neffect enefgy producing and consuming technologies, major decisions
must.be made today if solar energy is to be available as our primary

replacement source for tomorrow.

In recent months, a variety of suggestions have been offered to

S

stimulate the federal effort to promote solar energy. They range from a-
shift in research priorities to larger tax ‘credits, and from increased
incentives for local governments to a vast effort,,reminiscentuof the

Marshali Plan, to aid less-developed countries in tapping the rich}gnergy

output of the sun.

Following is a.review of the possibilities, divided into five
ot z *
categories. '

A, ‘Expend'Fingncial Incentives and Eiiminate Institutional Barriefs

oY
K

- &

The National Energy Plan (NEP) recognlzed that the nation s abillty

&_.

to sustain economic grodth beyond the year 2000 depends largely on the
development of rénewable and essentlally 1nexhaustible sources of energy.
‘The NEP contained a number of 1mportant f1nanc1al and instltutlonal

provisions to enc&hrage the application of solar energy. Amongvthe
Fod 0 . ' -

measures approved by the House-Senate conferees are the following:
- i - Tax credits for the purchase of solar- or wind-
powered hot-water and space-heating technology
-for residential application. These credits would
' start at 30 percent of the first $2000 and 20
percent of the next $8000 for a maximum credit of
$2200. The credit would apply to qualifying solar
equipment through December 31, 1985.

S - 31 -
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N ~

' — Subsidized interest rates for laans for solar heating,
Q . ' hot water, and cooling equipment. In addition, the
1imits on Federal mortgage insurance would be increased
by 20 percent where solar equipment is installed Also,
solar heating systems, both "active" and "passive" would be
included as eligible improvements for federal home -
improvement loans.

- The authorization of $98 million for the purpose
of photovoltaic cells bygthe federal government
Yver a three-year period.

— The authorization of.$100 million for the purchase
and installation of solar heating and cooling equipment
in federal buildings over a three—year period.

-~ A provision requiring state public utility commissions s
to forbid, where "appropriate,! utility rate structures
' that discriminate against solar and other renewable

energy sources.
. 3

Additionalrmeasurés have been suggested to spur the introduction of -
solar technology-into.the marketplace. /EQT example, analyses of the NEP

and| the General Accounting Office .

-

by the Office of Technology Assessment
.noted these further possibilities:92

= Provide additional incentives to install solar
. " heating equipment in new homes, beyond the. tax
¥ credits already’proposed. :

\ - Require that all new buildings be stru%iurally
_ : compatible with, and properly oriented for, the
‘r~§§§‘. S later installation of solar equipment.

~ Increase lpans for small businesses to encourage’
the use of solar heating and cooling equipment.

) e'Guarantee loans on solar installations for nonprofit
' organizations. '

"-'—,Require consideration of. solar technology In federal
and state buf!ding programs.

S

. = Provide matching grants, revenue sharing, or other
S incentives to states and localities for plans which
emphasize’ renewable emergy sources.

- -~ Develop a more detailed program for equipment
certification and installation, and for the legal:
protection of "sun rights."
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- Review utllity rate structures for their effects
on solar installations and make appropriate changes.

- Designate the Federal National Mortgage ‘Association
as a buyer .of loans for the installation of soélar
equipment, and generally provide easier access to the
loan market, for solar technology purchasers.

~ Explore the possibility of using the many federal
grant programs in HUD, HEW, DOA, and other agencies
to encourage solar development. .

- Develop additional incentives to speed the introduction
~of solar technology into the agriculture sector (e.g.,
authorize ghe REA to subsidize solar systems the way -
distributibor lines have been subsidized)

On March 13, 1978, embers of the Congressional Solar Coalition

(comprised of about 70 Representatives and Senators) introduced a’number
' ' ' >

+ of hills and resolutions to encourage the use of sglar technology. Among

(S
. L4

them were the following:

I3

: _ - ; ,
~-The Solar Energy Bank Act. Would establish a .§olar Energy Bank with
a $5 billion revolving fund to provide long-term, lgw-interest loans for
the purchase and installation of solar emergy syst in commercial and
residential bulldings. ) . :

”~

. —World Fnergy Conference Resolution. - Calls for a conference to
establish -an Internatiornal Alternative Energy Commission to. facilitate
the transfer among nations of alternate—energy information. -

~Foreign Mission Solar Energy Demonstration Act. " Would authorize
the demonstration of solar technologies on U.S. diplomatic buildings in

otn%r countries.

. .

—Establishment of Renewable Energy Program with LDCs. Would direct
the Secretary of DOE to assist the Agency for International- Development in
.its energy programs, with special emphasis on renewable resogrces in less
developed conntries (LDCs). L e

-OTA Future Energy Study. Would direct the Office of Technology
Assessment to study the potential for U.S. to convert to solar energy..
Feasibility of solar meeting 15%, 307, and 457 of all Uy S. energy needs
by the year 2000 would be examined.

- . -

-Solar and the Small Business Administration. Would amend the Small
Business Act to provide loans to solar’ and energy conservation companies.,

r

.Y . 35 |
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—-The Solar Energy-Transition Act. This would direct DOE to seek
conversion of Federal facilities to solar energy: 1 percent by 1981; 5
percent by 1985; 30 percent by 2000. : :

Another recently offered proposafwould require that solar alternatives

t

be rigorouysly investigated and, where feasible, preferred whenever a new

R e . . . 5. ‘ !
central-station fossil or nuclear power plant is propo_sed.93

B. Adopt Needed Changes in the Federal Solar Research and Development

. Program
A number of suggestions have been made for improving the federal

government's research, development, and demonstration program for solar
94 . 7

energy: e ) . | " . : -
o~ ‘ - : 4
‘%' Some observers argue that the overall level of support for:solar -

L4 ) k- . . . . . .
engrgy is not ‘based on a careful review of its potential contributions and
~ benefits. Funding and staffing are said to be too modest when measured by ,

the impacts solar could make in meeting the nation's energy needs.
* Priorities within the solar program are said to be seriously in .

need of reexamination. Critics claim there is little correlation between .
i [
budget:expenditures and the estimated contributions or estimated needs of

various developing solar techmnologies.

:*. The solar program has ‘been critic1zed for emphasizing large-scale '
solar technology to the detriment of smaller-scale and on—sitelagplications.:
Big facilities, big expenditures,'and.multidecade dévelopment programs have.
all bharacterized the U.S. effort;? Yetgsmaller systemsitan be developed

and tested within much shorter times, and they may prove to be the most .

cost—effective in the long run. s




Research 15 said to be too skimpy in a'number of areas, including

those essential to on—site'solarqigcilitiesf' ?or ekample,.in the DOE research

* program there appears to be insuffvc1ent attention given to solar—actuated

heat engines, with little development work relevant to small solar devices.
¢

Other technologies for which additional research appears to be of high

A
. .
é@_.

o~

priority. community—siae systems, small windmills, - pa531ve solar hea
' <,

Vh

th
£
{

~ aﬂﬁ cooling systems, and on-31te”§hotovolta1c total‘energy systems..

‘ In general, it is argued that more attention should be paid to' g
determining the Optimum scale of each solar technology under development,
Judging by its potential and by 1ts technologlcaI and, other limitations.

~. For example, many experts.have concluded that,,when measured by the
potential size of the resource and the 1mportance of liquid fuels to the

ﬁﬁ\Etonomy, the federal biomass program is too limited in both funding and

-

- overall scopes”

A recent report of bio—energy Specialists concluded that even under
‘optimistic conditions, the existing federal research and development ‘pProgram.
‘B§ the year 2000 would 1ncrease the use of biomass by no jore than the

equivalent of 250 000 ‘barrels of Oll per day, ‘about 1.4 percent of present

-

Qﬁ»S. oil demand They’ also concluded that a more-aggre351ve program couId

lead to many times this amount.’ The report recommended that an 1ntensified
! - Y
,national blomass energy effort be orOmptly developed and implemented. CIn’

addition to more research and development, a greater effort is required to

understand the possible -adverse environmental impacts of 1ncreased biomass

3 I P
) -

,production on both terrestrial and oceanlc ecosystems. C e

“
-

- A similar need has been expressed for a ‘more forthright 1n1t1at1ve

-

to develop wind power. For ‘example, it has been suggested that the

é >
Department of Energy develop a wind program along the lines of 1ts hydro-
~ . 0
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electric pqwermprogram by constructing ‘thousands of megawatt-scale .
windmills on. the Great Plains ‘to provide electricity for 1rrigation and

for midwestern cities.
Another proposal is that DOE foster a demonstrati°n program for .
solar ‘electric technologies similar to those for solar hot water and
}_ space heating. "v:" - i - )\;
}Finally, aphumber;or.obeervers have.said that increased'attention

. e -

should be focuSed on methods for intéérating-solar technologies into /~

existing energy supply systems.

G v

sge -
An important barrier to the introduction ofiq?aar energy is the

- C. Institute'Price Reform fﬁr Competing Fuels

artifically low pricing of competing fuels. In the past consumers -of
4

oil, coal and gas have been subsidized through systems of - price controls

and through unpaid environmental and national gecurity costs. Prices of

»

oil .and_gas, artifically contralled at less than rePlacement values, have

. led to excessive overall energy consumption and waste. They 8150 have_
. S P

resulted in market‘distortions among comPEting‘fuels- These POintS aré‘ )

clearly recogn$ZEd in the National Epergy Plan in which replacement—cost-
95 '
pricing is one of the fundamental princiPIES

However, remaining,subsidies and related advantages for nonrenewable

~

energy sources militate against the use of Solar techn010gies.' They

include a number of tax subsidies and credits for. energy producers and a ;_

reduced-premium 1nsurance program for the OWners of nuclear power plants,

.:as-weil as the pricing of energy ‘at. levels less than rePlacement coets.
Aqgﬁ&ding to one. analyst, without this full range of SUbsidies, SOIar

space and water heating in: Southern California would be competitlve with,

-~

-
7’
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or less expensive than, Alaskan natural gas‘or nuclear'power‘by 1985. With

eXisting subsidies, however, the costs' for a homeowner using solar will be

-

about’$150 Per year more than if he used Alaskan gas.96 More difficult to
. - k /——-ear»
. quantify are those unpaid costs that take the form of risks to the global

climate from burning fossil fuels and to the national security from the

&

“reliance on importéd oil and gas and-théi?bread of nuclear technology.

-

In the case of electricity, existing utillty rate structures

usually reflect average costs of all power presently generated rather than

]

the nigher, lncremental costs" of electr1C1ty from new power plants..yThe

Y

adoptién Of‘incremental (i.e., replacement) cost pricing by state public
utility commissions would give consumers‘more accurate signals about the

Tiging COSt of new energy supplles. This, in turn, uould make conservatioq.

measures and solar energy technology more economically attractlve.. ]

ro-

. But solar eqpipment faces other market dlsadvantages even when compared_

L

to accurately priced energy from new electric power’plants.'_Urilities are -
‘able to finance new plants at lower borrowing rates and better terms tha&§‘

hthose available- to homeowners. Power plants enjoyﬁtax-reducing benefitsﬂnotd

:aVallable to homeowners,'such as investment tax credits and the optlon to

- ~ -

~

deprec1ate capatal 1nvestments. In order to partlally offset these factors, :

k] . - : . . -
-

the Natlonal Energy Plan has proposed tax credlts for residential consumers
‘Jf‘ c-‘ t_%}_} ’ o . .
Who install solar heatlng and hot water equlpment.

To the extent that continued efforts are made to price competlng fuels

7

- -

-

G

‘fairly5 taking into -account envirdnmental and security risks as’ well as
Purely economic factors, the inherent competitive advantages of solar energy

. ¢ . - - . N . . »
will be made clearer and it will become an attractive option sooner.

»
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D, DQVeIO the Solar Markec Ayailabl in LQSS—Dev61QEEd Countries

. - P : ] ) . n
- . . . R . v-'g

n

An agsfesaive U'S proga® o S gist in rhe dePlOYment of solar l

'techn°logie5 in develﬂping Countries could directlY help those countries

Q°U1d assigt the growth of 2 SY fiQiently 1arge world market for solar

eqUipment to 3ustif n3~'=*¢.ss PdeuCtiQQ in the U g, and elsewhere, with

97
QOnsequent cOSt Tedultyons for Veryone-

@,For éxagp1e,_somQ have suggeste& s dramagje, mﬁltibillion-dbllar aid

' Prog¥am.to pring solar ;o pp0lodles ., these cqimrries_ag the cornerstone

Of U-S. efforts te assyg rb® ¥OTld'g Foor, help protect the global

environment and reduqQ the risks of p011Ut1°n and nuclegr prollferation.

%

S“PPorters of SUCh 2 Progra® nOte that much of the aid money would be spent

ln_ the U. S. as dO‘!IlleS‘tJ‘_Q mangfact rer lncrease thelr Productlon Of Solar

equiPment

Among the many advantageous teehnologies appllcable are small hydro_

' eleccric dam5 (Whi‘ﬂ\}h a country llke Nepal Qould stem the damaglng

L S

\

‘ PlancS (Whlch have ProllferatEd 1n China and Which can be helpfuk'ln -

On other c°oking fuels) : . S e \ﬁ

Small_scale solax technolog es have several characteristics that ‘make-

.them partlcu],arly well\suited to the needS of deve]_opmg countrles- Bez,ng

Small and self-—contalned theY can Drov1de-energy at dlSpersed sites without -

the maJOr_expense and delay of coustr cring eXtensive transm1551on or

-

N
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cbuntries. - | ] . ‘ : . _,‘

BN

~

energy conversion plants themselves,. and which are now_typically available

‘only in urban areas. o . _ o _ - ¥

N
- &

S

Being relatively simple in design, decentralized equipment can ‘be-
built rapidly and provide energy within months, instead of the years

required for large systems. Generating capac1ty can be expanded in step

©

-with changing needs. This avoids the'lakpe increments of capacity associated

\g . . 3 ~

with new, central power plants. On-site églar facilities also -are relathely‘ '

labor-intensive and thus could help create more job opportunities in these

-

- .

‘7 Through greater use of the solar resource, developing nations could

greatly increase their energy self—sufficiency. This would have obvious

'economic as well as political advantages. Such self-sufficiegcy is made

- moTe feasible because much solar equipment is relatively easy to manufacture,.

-

'compete with our low. ele tric power rates (commonly 3 to 6 cents per KWh)

- EY

operate, and repair. . _\-'r

~ “t

In the United States, technologies such as photovoltaic cells, windmills,

.-

ﬂheat engﬁnes powered w1th solar collectors, ‘or fuels from biomass cannot’ now .

L

-

»But the price of power from central grids in urban areas of the developing

e -

-world runs ‘as high. as-45‘cents per-KWh.98 In those rural areas fortunate;-

~

enough to have. electric power,‘it usually 1s produced either by diesel

generators or primary batteries, with costs in the ‘Tange ‘of $1 or more per

or less‘are expected by 1980..

KWh. ﬁ\In such circumstances, the economics of many solar applications

obv1ously will be more favorable than at present in the United States. Andv

.as-noted,;photovoltaic systems providing power at 10 to 20 cents per Kwh

Y R
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E. Improve Government Programs for the Purchase of Solar Equipment for

" Federal Use

The government'sfintention tQ demonstratexsolar heating and cooling

‘technology in federal buildings was first stated more than two years 458, %
" and an implementation plan Wasr%eVeIOPed‘in 1977,100 Memoranda of under— =~ .

.standiné-have-been signed by the relevant agencies, but actual installation

of solar,equipment is ségiously lagging.» Reasons for the lack of progress
should be investlgated to ensure that the. government w1ll-meet~the commitment

in the Natlonal Energy Plan to spend $100 mllllon on 1nsta111ng solar equlpment

-
'

on -government bulldlngs.

In addition, the widespread demonstration{of solar cells in a range

of.federal programs.appears to have'considerable'promise. A study of
.near-term photOVOltalc markets found that even with Present day Costé//———
‘solar cells already can compete with more conventional sources of

_electrlclty - for example, when used in portable radars, portable radios,

'offshore buoys, and handheld infrared v1ewers.10% The. study also found. *

,that 1f the price of solar cells drops to about one-half its current

\level Defense could purchase over SlOO mllllon annually on an economicel 3 ‘

4 =N

-

basis. o
In July 1977, an expansion of thls analysls was publlshed by DOE 'S
Task Force on Solar Energy CommerCiallzatlon.;02‘ This study-would

stimulate the early establishment of a- viable, combetltlve photovoltalc
industry. Under ‘one purcha51ng optlon considered by this study, the Defense
Department would replace up to 20 percent of its gasollne—powered generators'

with 152 Mwe‘ofvphotovoltaic_cellxarrays, at a cost of about $450 million.
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Over a period of 25 years, (1 e., 5 year purchase programs and ZOeyear

‘-

life of system§) this would 1ead to a cost sav1ng .to the government of $1. 5

billion, or a met dlscounted benefit of $484 mllllon.

Experts have stressed the need for employlng the true marginal casts

of energy supplies (rather than average costs) when_de31gn1ng new. federal’ .

.

buildiﬁgs. Then, whenever rhe 1ife—eye1e economics justifies it, solar

technologies should be used in eonstruéting federal buildings.

Coe

<~




In Conclusion

The sum of the evidence points to the inevitable reemergence of .
solar emnergy as'a major source of supply for the United States —=-— Just as
wood, coal,,oil, and gas have been. - _ CagEy . - -

Most of this evidence comes‘directly from the rapid advances already

" made in the development of solar technologies and their approaching commercial
feasibility. Also noteworthy in assessing the future of*solar energy are :
'its large natural potential; the strong'market incentives at‘work; the
;technical ingenuity characteristic of American entrepreneurs; and the
outstanding'environmental and social advantages'ofxsolar‘options.

Perhaps the key question, then, is that of time. How soon can solar

BN . o
energy come to the nation's@rescue? Though no certain answer can be given, -

~ a

it is obvious that the'time frame can be narrowed considerably by choosing-

K o

liberally from the wide variety of governmental actions available and

-

outlined in this - report.
. Two- gene al obJectives suggest th emselves:

-

* Speed up the depl_ ent of aval ble solar technologies

So as to maximize the solar contribution to.thefnation's energy economy
in the short and intermediate term. , - .

* Make appropriate plans and commitments- to further research, .

development, and implementation so as to maximize the overall benefits

from solar technologies in the long term.

»

It seems clear that the federal government - for a time -- must play

-

a strong role 1n furthering solar development. It also seems clear that"
. . . ’; . . . e
some changes. and reforms in the’federal programs are advisable. In any

case, the key policy ingredient is an official and personal commitment

— . - -

to solar energy commensurate with its potential for benefitting the nation._
o . e —42 - . R
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