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the Nary was awarded the task of launcbing Amernica’s firit satellite, it refected
photoroltaics as an witrivd technology. Through an unrelentmg crusacte led by
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k> assert the primacy of electricily from the sun in running our world

may seem [arfetched. Before dismissing this claim as pure Fantasy
though, consider: solar cells—semiconductar material that converts sun-
light dlirectly into electricity—power almost every satellile ever launched.
If not for solar power, not many of our past, present, or future commer-
cial and military applications of space would be possible.

Without sutellites, “no American military foroe could fight,” General
Lester Lyles of the Air Force Material Command asserts. Victories in the
Persian Gulf and Afghanistan have driven home General Lyles's point.
Precision weaponry, the cornerstone of America’s arsenal, would still
remain in the realm of science fiction if not for the country’s space-
based assets,

Satellites also enable the management of our global ecconomy. They
orchestrale the harmonious meshing of a mullitude of disparate bits of
data for seamless wireless communication. Satellites have helped expand
electronic purchasing by bypassing slower, more tedious phone links.
They also coordinate the movement of people and goods in the air, on
land. and by sea. Feeding daia from multiple sites into satellites and
dispatching this information to central seceiving siatioms on Eanth allow
companics o keep abreast of their far-Mung holdings.



FROM SPACE TO EARTH: The Suorg of Sular Electricity

Satellites have also dramatically improved our access to news and
entertainment. Only when cuommunication satellites came of age did
live wlevision from across the seas hecome possible. Now all on-the-
scene TV repoding is done by satellite feed. Satelliles make cahle
programming possible and run direct satellite television.

On Eanh selar cells perform many valuable (asks as well. They
have braught abundani clean waler, electsicity, and telephone service
to many who had hitherto done without. In the future, they promise to
provide power for the hillions sill lacking such sesvices, Solar cells
ensure lhe safe passage of ships and trains, powering navigational aids
and warning devices. In facl, the use of solar cells alrcady benefits
hundreds of millions. if non hillions, of people throughout the world.

Energy securily issues should make solar celts even mare widely
used. Their ability to produce eleciricity on site combined with the fact
that there's plenty of sand, which composes most solar cells, and sunlight
in the United States makes them a panticularly secure energy source.
While one hole in a pipeline or 2 downed transmission pylon can disrupt
millions of lives, a Jamaged solar panel affects only one user. A plane
hining an atomic reaclor could be catastrophic. If a solar module breaks,
there are no disastrous consequences.

From Space To Earth: The Story of Solar Elecsricity discusses the
step-by-step development of solar cells and their applications and shows
how the 1echnology has evolved into an enduring power source. Readers
will find From Space to Eqarth not only the siory of a technology hut also
the siory of people who innovated, weat against the grain, bucked
authorily, a0 sished if all to turn a2 mere seientific curiosity inlo a booming
business. Still, even as solar clectric applications seep into everyday
life, few realize their presence. 1 kope thar From Space to Earth will end
the silence and give this amazing technobkygy #s ightful place in the
sun.
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Chapter One

Photovoltaics:
The Great Solar Hope

Ifred Russel Wallace, along with Chardes Darwin, gained great fame
A;tml respect as 3 co-discoverer af 1he theory of cvolution. In his bonk
The Wonderful Century, Wallace described the important technological
developments that occurred during his lifetime, which spanned almost the
entire nincleenth century. He Believed that these changes significantly sepa-
rated his period from the rest of waorld hisiory. For example, Wallace noted
that from the eariest times uniil the mid-nineteenth century, land transporta-
tion had not changed at all. People either walked or relied on animals wo
carry them and their goads owverand. “The speed for long dislances musi
have been limited 10 1en or twelve miles [sixteen to ninetcen kilometers] an
hour” at best, Wallace contended. Whether “ancient Grock or Roman, Egypr
lian, or Assyrian, lor early nineteenth-century| Englishman,” all traveled about
“as quickly and as convenienily.” Then what Wallace 1ermed an “cntircly
new departure” in trnsportation occumred. “Railroads rised 1he speed of
transport to lifty or sixty miles leighty 10 ninety-seven kilometers) per hour.”
revolutionizing travel and 1he conveyance of goods,”™!

“In . . . navigation,” Wallace saw, *a very similar course of events.” For
thousands of years, people had 1o depend on oars and sails. He jucdged
even “the grandest three-decker or full-rigged clipper ship but a direct
growth . . . from the rudest sailing boat of the primeval savage. Then, at the
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FROM SPACE 10 EARTH The Stary of Salar Elgctncity

CHALEUR SOLAIRE

AFRCTs TYD R

The frontspioce of Augustine
Mouchol's ground-breating
book that desc ribed solar applr-
CEDNS fexst and fresand to bis
ninstocrtb-century audience

very comniencement of the present century, the
totally new principle of steam propulsion began to
be used,” hailed by nincteenth-centuey observers
as “winhout parallel in the history of man as re-
gards 10 commerce and rapidity of communica-
tions.™ Indeed, prior 1o the steamboat, the best
way 10 navigate from Pittsburgh o New Orleans
was by keelboat. A round trip 1ook six o scven
months. Lhe steamer reduced the voyage to a linle
over three weeks.?

Likewise. engines propelled by sssmankeashed
industry. No longer tied to witer power, factories
proliferated. producing for mass consumption a
plethora of goods hithento confined to the wealthy.

‘These greal steps. hecalded as “man’s in-
creased power over nature,” came wilh a steep
price.’ Most of the engines that propelled these
locomextives, ships, and machines bumed coal—
and the amount of coal they consumed was alarm-
ing- In the late [800s, one leading French engincer
waormied. “We are currently spending the supplies
of energy accumulated over the millions of centu-
res. Indusiry is devousing Wis savings account

and one wonders how much longer we can
bomow against il."* Another nineleenth-century
Frenchman, Augustine Mauchot, a professor of
mathematics at the Lycée de Tours, expeessed even
greater anxicty over the siluation. prophesying,
‘Eveniually industry will na longer find in Furnpe
the resources to satisfy its prodigious expansion.

Coal will uedoubredly e used up. What will
industry do then”™

Mouclua thought that perhaps the sun's heat
could replace the buming of coal 10 run Europe's
industrics. He thercfure first studied what had al-
ready been done to put solar energy 10 use. When
he learned 1hat the excavators of Pompeii had un-
eanhed window glass similar to that used in his
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own time, he speculated that the Romans
had discovered that dear glass exposed
to the sun acts as a solar heat trap. An-
dienl texts have proven Mouchot cormect.
The Romans found from expericnce that
when sunlight enters a sirucrure and strikes
the floor and walls, it icansforms into heat.
which cannot easily exit through ghiss. They
named these sunspaces befiocamint or “sun
fumaces.”” Scientisis wxky use the term
“greenhouse effect.”

Like 53 much the ancients had devel-
oped, window glass did nol survive the
fall of Rome. It was new until the Remais-
sance that glass becamw as comumon ax il
had been in ancient Rome. People then
agamn realized, as Horace de Saussure, one
of cighteenth-century Furope's foremost A large Roman wingdou: facing south i
naturalists, olwerved, “that a room, a car- colloct solar beat,
ringe, or any other place is hotter when
the rays of The sun pass thmough glass.™

Because no one really knew just how much solar heat glass could
trap, Saussure inok it upon himself to find out. In 1767, he buili 2 miniature
greenhouse by stacking five glass boxes of increasing size one inside the
other nn a black wooden 1able. Despite the mild weather the day of his
experiment, the bottom of the innermost box heated 1o 190°F (88°C). Ry
replacing the glass sides with wood insulated by black cork, the bonom
box healed to 228°F (109°C) —16°F (9°C) above the boiling point of water.

A simpified version of Sansstire s glass<overed boes I tbe early 18805, Samitsel
Prerpors Langley, secretary of the Smithsonian instittition, carried the device
ta the tap of M. Whitney o sindy the sun and ws effects 11 bigh altitudes.
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Dello Specchio da Fuwoen:

Yinuaggio I11.

A Returissanee dravung of 0 concare
rriveor focusing the sun's beat.

The simplicity of Saussure’s device, com-
bined with the fact that it could collecr more
than enough heat to boil water, fit with Mou-
chot's ambition to drive industrial steam
engines by the sun. However, after much cal-
culation and analysis, Mo hot concluded that
10 produce enough energy 10 actually power
machinery, his solar plant would have 10 be
so large that #t would not be feasible, either
in COSt OF practice.

But he did not give up. Further studics
showed that concave reflectors could opri-
mize solae bem ¢Ollection. The ancients had
called such reflecions “huming mimors™ e-
ause they focused the sun's rays to an in-

tensity that could burn woad and melt metals. Through reading old texts,
Mouch learned that 1wo hundred years warier a fellow Frenchman named
Villetie had nxwde a burning mimror that, as one eyewitness reported, ore-
ated a flame “mest forcibly of any fire we know. ™ The ohserver. an English
traveler, thaught that if these powerful mimors were redesigned. they “wondd
be of great use.” especially 10 Englasd's iton industry. whase potential was

One of Augustin Matichor's
solar reflectors drove a
steam engiew it the Enlver-
sal Exyprosfiion in Peris in
1878
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heddt bsck for lack of wood fuel. Mouchot's work with mirror technology
led him to develop the first sun motos, which produced sufficient steam to
dmve machinery. One joumalist described it as a “mammoth lamp-shade.
with its concavity directed skyward. ™

Mouchot's success aroused much dehare in France during the 1870s
and 1880s. Many were convinced that solar energy could produce unlim-
ited power at almost no aost. Others dismissed his device as nothing maore
than a (oy. To resolve the controversy, 1w govemment set up a commission
1o investigate the matter. After a year of testing Mouchaot's sun machine, the
commission ruled. “In France, as well as in other temperate regions, the
amount of solar radiation is too weak for us 1 hope 1o apply it . . . for indus-
irial purposes.™

However, the repont did leave hope for fulure solar inventors by
adding. "Though 1he wesulls olxained in our temperate and variable di-
nlte are not very encouraging, they could be much moee s0 in dry and hot
regions where the difficulty of ohtaining other fuel adds 10 the value of
solar technologies. . . . [Flence ] in cenain special cases, these solar appart-
tuses could be called upon to provide useful waork.™!?

The nineteenth-century Swedish-American engi-
newr John Ericsson, who probably contributed mare to
the ascendancy of steam power than any other indi-
vidual «in canh. also argued that the sunny areas of the
world were the place for sun-driven machinery. In his
wards, “The application of the solar engine fin these
regions| is almaost beyond computation while the source
of its power Is boundless.™

Although Fricsson's screw propeller had assured
the supremacy of steamship over sail, and the locomo-
tive he buili, onc of the fira, helped to usher in the age
of railroading. 1he steam engine’s huge appetite for coal
camee 1o haunt him, He feared, as had Mouchot, that “the
time will come when . . Europe must stop her mills for
want of coal.™"* Funtermore, Ericsson shaned Mouchot's
helief that solar power offered the only way to avert an
eventual global econemic paralysis that would result in Jobn Ericsson, the inventor of the
pulting “a stop to human progress.*'* The inventor felt Monitor, the first tron-clad resw.

. such an urgency 1o develop solar engines that he de-

vaoled the last two decades af his life 10 this pursuit.
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Ericsson was ¢lated when he completed his
first working model, 1clling a friend. “It marks an
era in the wordd’s mechanical histury.™ But three
years and five experimental engines later, Enicsson's
enthusiasm had been tempered. His experiments
tught him that “although the hean is obuained for
nothing. so exicnsive, costly, and compiex is the
conventrating apparatus” tul ongines powered by
snlar energy were actually more expensive than coal-
fucled motors.”

The failure of Mouchot and Ericsson to come
up with econumical solar machinery did not dampen
cveryone’s enthusiasm for sotar power. In fact, one
encrgy spedialist wrote in 1901, “The solar engine
Is [still] exciting special interest.™™ The truth of that
statement could be seen in Frank Shuman's career.
Described in a 1900 issue of Engineering News as
a "man of large practical experience,”™® Shuman
feh, as had Mouchot and Ericsson, the dire need
for solar-run machinery if the world were 1o conninue its industrial devel-
opmenl. But he did not wish 10 repeat their mistakes.

After siudying the sun machines invented by his predecessors, he found
thal cost was “the rock on which, 1hus far, all sun-power propositiuns were
wrecked "® He therefore turned his hack on reflectors and fexused his anen-
tion on glass, just as Mouchot had oniginally done.

In his hackyard in the Philadelphia suburb of Tacony. Shuman laid
aver one thousand square foet (ninety-three square meters) of glass-cov-
ered blackened pipes in which a liquid with a low-bolling point circuiated.
The solar-heated vapor operated an engine, which demonstrated “ltihe prac
tical possibility of getting power from sun heat by the "hat bed” plan.™?

The “thousands of barrels of water” that his plant pumped under
Pennsylvania’s summer sun gave Shuman confidence that one day his sun
machines would make agnculiure and industry passible in the fuel-shy but
sunny regions of the workd.?2 However, first he had to cross the same
Rubicon that had held Mouchot back: A glass-covered solar plant needed
a much greater surface arca than the comparatively compact coal-fired
engine 10 produce the same amount of power,

Ome of Jobn Ericsson s sun machines
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Bui Shumun lound a way 10 cleverly avoid past
pillalls. Fird, he chose to locate his commercial solar
motor in Egypr, where land and labor were cheap, sun
pientiful, and coal cosdy. Second, 1o increase the amount
of heat generated by twe solar motor, the glass<covered
pipes were cradled at the focus of a kow-lying troughlike
reflector. A lield of five rows of collectors was laid in
the Egyptian desent. The solar plani also boasted a stoe-
age system, which collected excess sun-warmed water
in a large insulated 1ank for use at night and during
nclement weather. In contrast, solar systems that lacked
storage, like those designed by Mouchot and Eniesson,
thal “ga intey operation only when the sun comes out
from behind a cloud and go out of action the insiani it
disappears again can hardly e expected to pay divi-
dends,” an engincer familiar with early solar machinery
stated ' For ilustrialists, Shuman's solution eliminaled
a major ohatacle 10 solar's appeal. Frank Shiman, solar invenior.

Shuman's solar plant far sumpassed the perfor-
mance of all previaus solar engines and, in Egypt. proved more economical
than a coal-fired plini. Engincers recogniznd that Shuman’s breakthrough
demonsirated that “solar power was uite within the range of practical mat-
ters.” ™ Even former skeptics, like those a1 Scientific American, now priised
Shuman's solar engine as “thoroughly practical in every way.™®

But all the hopes and plans of solar engineenng disintegrate] with

the outbreak of Waord War I The staff of the Egyptian plant had 10 leave
for war-related work in their respective homelands. Shuman, the driving
force behind large-scale solar development, died before the war ended.
Wonie yet, after the war the world lumed to 0dl to replace coal. Oil and gas
resesves were found in sunny. coal-shy regions like southern California,
Iraqq, Venezuela, and lran—oplaces that had been wrgeied by Shuman, as
well as Mouchaot and Ericsson. as prime locations for solar plants, With oil
and gas selling at near-giveaway prices, scienists, govemment oflicials,
and husincssmen became complacent over the world's energy situation.
Interest in sun power came to an abrupl end.

In the fifty years that followed, oil's low price and seemingly endless
supply kept any scrious commercial solar activity at bay. Then came the
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=l wake-up aall, the oil shock of Late 1973, As a resull of the embargo
imposed by the Arab oil-producing sates, 1the price of oil quadrupled and
supplies dwindled. For the next seven years, it conlinued to climb. In 1980,
a barrel of oil cnst 832, a 25-fold increase [rom 1970 Once again, more
costly and increasingly scarce conventianal fuel supplies made the workd
look to solar energy. Since it was feared that the uilities would ~he severely
affected by any ensuing shortfall in gas and oil supplies,” work began in
camest to harness the sun for elearical power.” The power tower was one
oplion considered.

The power lower concept resembles the use of solar heat that ancient
writers ascribed to the mathematician Archimedes. To defend Syracuse
from the ravages of an invading Roman fleet, Archimedes arranged Nat mir-
rors so that twy concentrated sunlight upon the wooden hulls of the en-
emy ships “to kindle a fearsome fiery heat . . . (which] reduced them o
ashes.” ™ Power towens also rely on the peoper placement of a number of
flat mirrors. For example. a one hundred-megawatl plant woukld require
twenty-five thousand mirrors on four hundred acres [160 hectares| of land!
B instead of irying 1o bum ships, these mimors would move throughout
the day 10 forus sunlight onto a boiler atop a 735-foot (224 metens| lower.®
The Inzat produced by e concentrated sunlight woulkd reach around 1000°F
(538°C) and so run a conventional wirbogenerator.

However, power towers have yet to emerge from the govermnmment-
funded demonstration-projea stage 1o the commercial markel, despite the
hundreds of mitlions of dollars spent on their research and developmeni.
And. too. the intrexluction of a simpler, less futuristic aliemalive took the
wind out of the power towers' sails. This technology uses irough-shaped
reflectors that kook hauntingly similar te the parabolic troughs Frank Shuman
built in Egypt scventy years earlier. 1ts story has eerily paralleled Shuman's
Egyptian experience, too. Experts at first called the Luz trough-reflector
plant, huilt in the California desent, “cost competitive with conventional
fuel power stations™ and declared #1s “potential . . . virually unlimited " ® Savvy
investors confidently signed a contract which guaranteed 1hat the local util-
ity would buy solar-gencraled eleciricity at the same price it would have lad
to pay for fossil fuels. With oil clase 10 $40 a barrel in the eary 1980s. and
additional cscalations in price prediced, it is no wonder thal they had ex-
pected to make a ol of money. Bur just like Shuman, 1he invesiors wen: in
for a sumprisc. The price of fossil fuels hit rock bottom in the late 1980s and,
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A freld of flat mirrors focuses sunlght onto a touwr to produce steam for a conventional turbogenerator

Although the company that buls this modern
trough-reflector plant in the Mojave Desert
went bankrups, the plant still produces mega-
walls of power,
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again. it appeared there was no end to the supply. As a consequence, the
company responsible for building the plant wern banknupt.*

“This locks like the end of 1he story,” 1o quote Beatrix Potter at the
moment Old Brown ook out his knife 10 skin Squirre] Nutkin. However,
just as Panter let ber readers know, “. it isn'L™ Scientists have devised a
radically different technology for exploiting salar cnengy for power, onc that
casts aside the notion of using the sun's heat. The technology is photovolta-
ics, the dirext conversion of the sun's enegy into electricity via fragile-look
ing salar cells, oy more lun several hundred microns thick. Hardly 1he
rugged srofl uiility people are accustomed 1o, photovoliaics does away witly
the Iuilky paraphemalia—boilers, wrhines, pipes, and cooling towers—
required by all other eleciricity-generating technologies. In fact, solar cells
operale without moving pants. Within those few microns, photons, packets of
energy from the sun, silently push electrons out of the cells and so make
clectricity. As Markus Real, who in the late 1970s began his engineering
career searching for ways to tansform solar heat 10 electricity, recalled, “For
me it was clear when Fsaw the o technologies [solar reflectors and photo-
voltics]. | realized that solar oells were something new, something special
I was convinced we had here a revolution in power generation.™

Real was nat the only person excited by photovoliaics. Around 1he
same time. staff writers for Science magazine declared, ~If there is 2 dream
solar wechnalogy, it is phatovoltaics—saolar cells . . a spacc-age clectronic
marvel at once the most sophisticated solar lechnology and the simplesi,
most cnvironmenally benign source of dectricity yet canceived.®™

These disks are solar
cells. fnlerconnected
and framed, they form
a photoroitaic panc or
muoddrile Despite ibeir
athereal gppearance
when exposed to the
sun, slar cells prodiice
electricity that is no
differenis thay that geri-
ervticd I beage heebrings
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Chapter Two
Photoelectric Dreams

he direct ancestor of today's solar cell got ils slan, along with the

information highway, in the 1ast hall of the nineteenth century when
investors poured enormous sums of money into the construction of a
scamiess worldwide telecommunications network. Cables were laid un-
demiea and wires were sirung overland so that people separated by great
distances and geographical hamrier—maountains and oceans—cooukl con-
verse with one another instantaneously. finst by Iclegraph and later by
telephone.

While laying the trans-Atlantic telegraph cable in the 1860s, Willoughby
Smith, the project’s chief elearician. invented a superior device for detect-
ing flaws in the cables as they were submerged. Searching for an inexpen-
sive malerial o use in the 1esting apparatus, Smith tried bars of crystalline
selenium.’ Superintendent May, who oversaw the testing, reportedd that
although the selenium bars worked well at nighi, they failed dismally when
the sun came out.?

Suspecting that sefenium’s peculiar performance had something to
do with the amount of light falling on it, Smith placed the hars in a2 box
with a sliding cowver. When the hox was closed and light exduded. the
bars’ resistance—twe degree 10 which they hindered the electrical low
through 1hen—was at its highest and remained constant. Bul when the
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cover of the box was removed. their conducativity—be enhancement of
vlearrical flow—immediately “incrcased from 15 to 100 percem, according
to the intensity of light.™

To determine whether it was the sun's heat or its light that aflected
the selenium. Smith conducted a sesies of experiments, In one, he placed
a har in a shallow irough of water, The water blocked the sun's hemy, but
nat is hght, from reaching the selenium. When he covered and uncovened
the trough, the results obtained were similar to those previously observed.
keading him 10 conclude, "The resistance [of the selenium bars] was aliered

according 10 the intensity of light 10 which they were subjected.™

As a consequence of Smith's publishing an account of his trials and
trilbulations with selenium, one of Europe's leading scientists remarked in
1876, “The anention of physiciss is at present very much directed 167 the
material.* Among the reseanchers examining 1he
effect of light on sclenium were the British scien-
tist Professor William Grylls Adams and his sw-
deni Richard Evans Day. During the late 1870s they
subjected selenium to many experiments, includ-
ing one in which they passed a banery-generated
current through it

After 1he selenium was detached from the
banery, Adams and Day discovered o their sur-
prise that the cumrent running inside the selenium
lud reversed itself. To find out why the selenium
had clunged the direction of the clecirical flow,
they repeated the experiment with one vamation.
After removing the selenium from the battery, they
ler a flame shine onto the selenium. The flame
forced the current to Aow in the direction oppaosite
In that in the previous experiment. *Here there
seemed to be a case af light actually producing an
clectromative force within the selenium, which in
this case was oppased 0 and could overbalance

William ¢rlls Adams, ubo. uvth his sty- :
dent, Richard Evans Day, discorered the the electromotive foree™ of the battery, the amazed

phatociectric effect tn a solid material scicntists ohserved
Ihis unexpected resuit led Adams and Day
1 alter their course of investigation and o imme-
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diately examine “whether it would he possible to st a cament in the
sclenium mcerely by the action of light.™ The next moming, they lit a
candle an inch away from the same picce of selenium. The necdle to their
mecasuring device reacted immediately. Screening the selenium from light
caused the needle to drop 1o zer0. These rapid responses ruled oun the
possibility that the heat of the candle flame had produced the current (a
phenomenon known as thermaclectricity), because when heat was
applied or withdrawn 1in thermoelectric experiments, the necedle woukld
always rise or fall slowly. “Hence.” the investigators conduded, it was

clear that a current could be sarted in e scle-
nium by the action of the light alone.™ They
therefore fell confident that they had discov-
ered something completely new: that ligh
causedd ~a flow of clectricity” in a solid maic-
rial. Adams and Day calkx] current preduced
by light “phatoclectric.™

A few years later, Chardes Frills of New
York movexd 1he 1echnology forward by con-
structing the world's fina phatoclectric maod-
ule. He spread a large, thin layer of selenium
onto a metal plae and covered il with a thin,
semitransparent gold-leaf film. The selenium
mexdule, Fritts reponed, produced a current
-that is continuous, constant, and of consides-
ahle farce . . . not only by exposure 1o sunlight.
but also to dim diffused daylight, and even 10
lamplight.” As 10 the usetulness of his Inven-
tion, Fritts oplimistically predicted that “we may
ere long see the photoelectric plale competing
with [coalfired elearrical-gencrating plants),”
the first of which had been built by Thomas
Edison in 1882, just three years before Frints
announced his intentions.™

Fritts sent his solar panels to Werner von
Siemens, whose reputtion ranked alongside
Edison’s among those working with electricity
and wlkse experiments with light and scle-
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Werner ton Siemens, the first major
sclentist to realize the significance of
the photodectric offect and 10 usge s
study by the scienttfic community.

nium hagd Hheen published w the wordd's keading, sci-
entific journals. The panels” outpul of electricity when
placed under light so impressed Siemens that 1he re-
nowned Gemutn scientist presented Fritls' devices to
the Roval Acadeny of Presia. Siemens declared w
the scientific world that the American’s maodules “pre-
sented 1o us, for the first lime, the direct conversion
of the cnengy of light ino elecrical encrgy.™

Shemens udged pixaockeancivy 1o e ~screntifi-
ailly of the maost lar-reaching imporance. ™ An even
greater scientist of the lime, James Clerk Maxwell,
agreed. 1le praised the study of phatoclectricity 4s —a
vesy vahmble comritanion 1o science.” But neither
Maxwell nor Siemens had a clue as (0 how the phe-
nomenon worked. Maxwell wondered, “Is the radia-
tion 1he immediaie cause or does it act by producing
sume dhange in the chemical sate of the IseleniumP
Siemens did net even venture an explanation, but
urged a “thorough investigation to determine upon
what 1he electromoative light-action of lthe] selenium
depends ™

Few scienlists heeded Siemens’ call because most
of his contemporaries viewed photoelectric devices,

such as Fritts' *magic™ plates, as perpetual mation machines. They ap-
peared 1o genenate power without consuming fuel and without dissipating
heat. Any Victorian worth his salt knew that “|shuch effors could never

succeed, ™"

Several courageons scientists, however, charged that their profession’s
denigration of photoclectricity was based on ignorance. For example.,
Creorge M. Minchin, a professor of applied mathemuatics a1 the Royal Indian

Frifts” selemiggm sodar modulde
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Enginccring College, complained 1o a scienlisl friend that rejecting
photoclectricity as scientifically unsound onginated from the “very limited
expericnee” of conlemporary science and “from a 'so far as we know’
Iperspective, which] is nothing shon of madness. ™ 1n fact, Minchin came
closest among the handful of nineteenth-century experimentalists 1o ex-
plaining what happened when light strikes a selenium solar cell. Perhaps,
Minchin wrote, it “'simply actls] as a transformer of the cnergy it receives
from the sun, while ils own materials, being the implements used in the
process, may be almast wholly unmeoxdified.™

The scientific community during Minchin's time also dismissed pholo-
clectricity's petential as a power source by looking a1 the results obtained
wilwn mwasuring the sun’s thermal energy in a ghasscovered black-surfuced
device, the ideal absorber of solar heat. “But cleardy the assumption that all
forms of energy of the solar beam are caught up by a blackened surface and
transformwed into heat is one which may possibly
be incorrect,” Minchin angued.™ In fact. he he-

licved, “Tlwere may be some forms of {solar] en-
ergy which take no notice of hlackened surfaces
fand) perhaps the proper receplive surfaces™ 1o
measure them “remain 10 be discovered.™?
Minchin inwited tuit only when science had the
ability to quantify “the intensitics of light as re-
gards each of lits] individual colours [that is, the
different wave kngths]” could scientists judge the
potential of photoclectricity.

Albert Einein shared Minchin’s suspicions
1hat the science of the age failed 10 account for
all the energy streaming from the sun. In a dar-

A letter uritten by George Minchin in ubich be
discusss bis pbotoelectric work. The illustration
shows bis first experiment in solar electricigy.
Minchin placed tun sapxaraie tin plates in a glass
trebe fifled toith alcobol, aaxpused 1 1o tight, and
tbereby produced elecisicuty. He bad planned 1o
pateni the discovery, uniil be learned thas
Edmaod Bicquere! had conducted simidar cxpers-
menis farn-one yerirs before
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ing paper published in 1905, he showed that light possesses an artribute
that cardier screntists had ot recognized. Light, Einstein discovered, con-
rins packets of energy, which he called light quana (and which we refer
to as photons).® He argued that the amount of power hight quanta canry
will vary, as Minchin suspected. acconding to e wavelength of light—the
shonter the wavelength, the more power. The shaortest wavelengths, for
example, contain photons that are aboul four times as powerful as those of
the longes:. !

Einstein's bold and novel description of light, combined with the
discovery of the electron and the ensuing rash of research into its behavior,
gave scientists in the second decade of the twentieth century a better
understanding of photoelectricity.” They saw that the more powerful
photons camry enough encrgy to knock poorly linked electrons from their
momic orhits in materials like selenium. When wires ane attached, the
liberated electrons flow through them as electricity. While nineteenth-
century experimenters called the process photoelectric, by the 19205 scien-
Lixts refermed to the phenomenon as the photovolaic effeat, Solar cells then
becanw a kxgiimate area for experimentation, reviving the dream shared
by Frits and other nineleenth-century selenum ccll researchers—that the
world's industries wouk] hum alang fuel- and pollution-free, powered by
the inexhawustible rays of the sun® Dr. Bruno Lange. a German scientist
whose 1931 solar pancl resembled Frins' design, predicted, “In the not
distant future, huge plants will employ thousands of these plates to trans-
form sunlight into clectric power . . that can compete with hydroelectric
and steam-driven generators in running factories and lighting homes.™
But Lange's solar banery worked no better than Fritts'. convening far less
than 1 percent of all incoming sunlight into electricity—hardly enough
justify its use as a power source.

Lange's failure 16 deliver led expens like E. D. Wilson of Westinghouse
Fleciric's photoelectricity division to judge. “The photovalaic celt will noi
tven prove inleresting 10 the practical engineer until 1he efficiency has been
increased at least fifty times.” Daouhting this could ever happen, Wilson de-
clared that the sclenium cell “does not show promise as a power converter
for solar energy.™* Dr. Maria Telkes, a chemist a1 the Massachuscis Institute
of Technology and an early advocate of salar technologies, added to Wilson's
pexsimistic assessment when she reponted 1o a colleague, “The selenium-
1ype photovaoltaic cells detesiorate very rapidly when exposed to strong sun-
light and the manufacturers claim that it & impossible 10 prevent this."™®
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Although the photoclectric pioneers failed 10 generite significant
amounts of power, their efforts were not in vain. One comtemporary of
Minchin's credited 1them for their “telescopic imagination [tu] hebeld the
blessed vision of the Sun, no longer pouring unrequited into space. but by
means of phato-electric cells . . [iis] powers gathensd inlo electric store-
houses 1o the total extinclion of steam engines and the unter repression of
smoke.™ In his 1919 book on solar cells, Thonas Benson complimented
their work in sclenium as the forerunner of “the inevitable Solar Genera-
tor.”# Telkes also lelt encouraged by thee selenium legacy, writing. “Person-
ally I belicve that photovoltaic cells will be 1he most efficient conveners of
solar energy. if a grear deal of further rescarch and development work
succeeds in improving their characteristics. ™
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Chapter Three
The Dream Becomes Real

he solar cell 1hat ultimately proved interesting to the practical engincer

resulted from research into silicon's possible applications in electron-
ics conducted at Bcll Laboratories during thwe early 1950s. Calvin Fuller and
Gerald Peanon, two Bell scientists, led the pioncering cffod thal taok the
silicon transistor, now the principal electronic component used in all elec-
Iriczil eqquipment, from theory w0 working device. Pearson was described
by an admiring colleaguc as the “experimentalist’s experimentalist.™ Fuller,
a chemist, learned how to control the introduction of the impuritics neoes-
sary 1o irnsform silicon from a poor to a superor condudor of electriciry,
As pan of the rescarch program, Fuller gave Pearson a piece of silicon
containing a small concentration of gallium. The introduction of gallium
had given the silicon 2 number of loasely connealed positive charges and
the silicon therelore became positively charged. When Pearson dipped the
rod into a hat lithium bath, according 10 Fuller's instructions, it gained
poorly bound elecirons where the lithium penctrated. and the lithium sili-
con became negatively changeel. Where the positive and negative silicon
meet, 2 permanenl electrical force develops: This is the p-n junction. Sili-
con prepared this way needs but a ccnain amount of oulside energy,
which lamplight provided in one of Peamon’s experiments, to dislodge
weakly linked charges. Inadvertently. he had made a very good solar cell



2% FROM SPACE TO £ARTH 1he Stary of Sclar Electncity

by allowing only a thin kayer of negaive silicon to cover the posilive
silicon. Because the p—n junction was extremely shallow, sufficiently cner-
gized photons from the light of the lamp were able to free the electrons
nedr the junclion. Iis huilt-in clearical foree pushed the liberated elecirons
to metal conlacts placed on the silicon and so caplured them. Wires con-
necied] the contacts to Pearson’s ammeter, which, to the scientist's great
susprise, recorded a significant electrical cumrent?

While Fuller and Pearson busied themselves improving transistors, an-
ollwer Hell scientist, Daryl Chapin. had begun work on the problem of provid-
ing small amounts of intermitient power in remote humic! locations. In any
ather climate, the traditional dry-cell battery waould do. but “in the tropics [1]
may have too short a life” due to humidity-induwced degradation, Chapin
explained, “and he gone when fully
needed.™ The Laboratory therefore
had Chapin investigate the feasibility
of employing altcrnative sources of
freestanding power, induding wind
nuchines, thermoelectric generators,
and small steam engines. Chapin
suggested that the investigalion in-
clucle solar cells and his supervisors
approved.

In late February 1953, Chapin
commenced his photovoltaics research.
Phacing a commercial selenium cell in
sunlight. he recorded that 1he cell pro-
duced 4.9 watts per square meier (1.2
per square yard). Its efficiency, the per-
centagxe of sunlight it could convert into
cloaricity, was a linle less than 0.5 per-
CC".L‘

Word of Chapin's solar power
studies and disappointing results got

A drenetng by Gerald Pearson of the
Jird silicon sular coll be invensed. the
Jorerunner of mud solur cells tn use
tockay.
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Gerald Pearson, Dant Chapin,
and Cadevn Fuller (left to right),
the principal developers of the
stficon solar colf, measuring the
doctrical energy prodiuced by
ane of their cells when exgpused
to tght.

back 10 Pearson. The two scicntists had known each other for yeams, They
had auended the same univensity. and Pearson had even spent time on the
Chapin family wlip farm, so it was only natural that Pearson let Chapin
know about his recent experiment. He advised Chapin, “IDont waste an-
ather moment on selenium,” and gave him the siticon solar cell that he had
tested.

Cha pin’s tests, conducted in good strong sunlight, proved Pearson
right.® The silicon solar cell had an efficiency of 2.3 percent, about five
times better than the selenium cell. Chapin immediately dropped selenium
rescarch and dedicated his time to improving the siticon solar ccll.

His theoretical caleulations of the silicon solar cell's potential were
encouraging. An ideal unit, he figured, could use 23 percent of the incom-
ing solar ¢energy 1o produce electricity.” However, Chapin sel a realistic
efliciency goal of 5.7 percent before he would consider thwe cell a viable
power source. Try as he might, afier months of hard work Chapin could
not improve the fimt cell thal Pearson had given him.

“ITw higgest problem,” Chapin reported, “appears to be [making]
electrical contaat to the silicon.™ It would be nice if we could et solder
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leads right 10 the silicon,” he explained, “but this is not possible.™ He
therefore had o cleciroplate a porian of the negative and pasilive silicon
Layers in onder to lap inlo the elecricity generated by the cell. Unfostu-
nately, no metal plate would adhere very well. thus presenting a scemingly
insurmountable obstacle. ™

CQhapin also had 1o cope with the inherent instability of lithium-bathed
solar cells, since lithium nugrated throagh the cell at room temperature. Its
transiency moved the original susface location of the p-n junction 1w deep
within the silicon, consequently making it mone difficult for sunlight o
penctrate the junclion where the harvesting of electrons occurs.

Then, an inspired guess changed his tack. “It appears necessary to
nuke aur p-n barrier li.c., junction] very next to the surface [so] that nearly
all the phuons are effective in delivering a charge 10 the barricr,” Chapin
decided. However, his falure to nuske progress had so shaken his confi-
dence that he felt it necessary “to get some encouragement on [this] new
idea.™" One penson Chapin talked with was Russell Ohl, who had initiated
research into silicon during the early 1940s. 1n fact. years hefore Pearson’s
discovery, Ohl had tried to wum specially prepared silicon into a solar
energy converter, but his cell perfformed no better than sclenium cells.”?
Sceeing that Ohl had no answers, Chapin realized that he and his cal-
leagues would have 10 blaze their own 1mil.

He thercfore turned to Fuller for advice. Two years earlicr, whike
trying to make a transistor, Fuller lad made a p-n junciion extremely close
to the surface—exactly as Chapin had in mind. Instead of making the
negative silicon of the transistor from lithium, the chemist explained, he
had vapornized a small amount of phosphorous onto the atherwise positive
silicon. Fuller said he would make some samples for Chapin.'? The hope
was that “the thin layer may make the short waves from the sun useful ”
and that 1the phosphorus coating would prove more permanent than the
lithium. Chapin kept his fingers cruswed, hoping that the new process
might allow for better contacts as well

The initial optimism quickly faded when Chapin reported a month
later, “Nothing exceptional lus been produced.”' ‘Then, acting an a hunch
that cell pedormance was also being hindered by the silicon's shiny sur-
fuce—which reflected o gooxd deal of sunlight, mther than absorbing and
using &-—Chapin coated a cell with a dear dull plaste. =With the antireflective
covering,” Pearson recalled, *[Chapin) got up to 90 percent of the incoming
sunlight to reach 1he [celll.” producing the equivalent of almaost forty-one
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walLs per square metet, which greatly sunpased the performance of Pearson's
fira cell. By converting about 4 percent of the incoming sunlight into
eleatricity, the coated cell edged Chapin closer 10 his goal of 5.7 percent.
Subsequent similary treated cells continued 10 better Pearson's original
accomplishmeni. This progress renewed Chapin's hope of creating a sili-
con sofar cell power generalor, which called for connecting a number of
cells in series. He then dedicated much of his time to this pursuit.'

Breaking the 4 percent mark. however,
appeared impaossible. The lingering failure 1o
achieve gaod contacts weighed against any fur-
ther success. While Chapin’s waork at Bell Labo-
ratories stalled, arch-rival RCA announced that
its scientists had come up with a nuclear-pow-
cred silicon cell. the atomic hanery, coinciding
wilh America’s Atoms for Peace program, which
promoted the use of nuclear power throughout
the warld. Instead of sun-supplied photons, it
used phatons emilledd from strontium-90, one of
the deadliest residuves of rrdioadive wasie, o
force the flow of electrons and positive charges
necar the p—n junction o generite elecricity. To
showcase its new invention, RCA nade a dra-
natic presentation at Radio City in New York
thar caught the media’s imagination. David
Samofl, founder and president of RCA. initially
famous as the telegraph operator who had
upped out the announcement o the world that
the Titanic had sunk. hit the keys of an old-
fashioned telegmph powered by the atomic
banery 10 send the imessage “Atoms for Peace.”

The atomic banery, acconding to RCA. woukd
someday power homes, cars, and lbocomotives
with the radicactive waste produced by nuclear
reactors.'” What its public relmions peaple failed
to mention. however, was why the venclian blinds
had 10 be cdosed during Samoff's demonstration.
“Years later one of the kead scientists came clean:
If the silicon device had been exposed to the

Spweaking before the United Nations, Presudent
Dwight D Eisenbower proposed the use of
atoric energy for poeacefud purposes. Termed
“Atoms for Peace, ' the program became Amer-
kca s rump cand in the Cold War. The coientry s
advocacy of nuclear power effectizely cotenier-
dcied the Sorvel porirayal of the Diited Slases
S 0 RAr-MONQETTHG halton.
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sun’s rays, solar encrgy would have overpowered the strontium-90. Had
the nuclear element been tumed off. the battery would have continued 1o
work un solar power alone. The direcior of RCA Laborataries did nat
mince words when be ordered his scientists to go along with this decep-
tion, telling them, “Who cares about solar encrgy? Look, wihal we really
have is this mdicactive waste convernter. That's the big thing that's going to
catch 1he antention of the public, the press, the scientific community. '

Right he was! The Mewe' York Times swallowed the bait, calling Sarmoff's
show “prophetic,”™ and predicting that now the nuclcar battery was avail-
able, *[Tlhere is no theoretical reason why even now we should not have
hearing aids and wrist watches thal run continuously for the whaole of a
man’s uscful life.™

RCA's publicity coup stimed Bell laboratorics' management to pul
pressure on the solar coll investigators.® Luckily for anxious Bell execu-
tives, Fuller came up with an cntirely ncw way 1o make silicon solar cells
that would break Chapin's impasse. He aut silicon into long namow sinips
modeled 10 the dimensions of Chapin's best performing cells. Then he
turncd the solar cell's configuration on its head. Instead of starting with
positively charged silicon, as in all previous experiments, Fuller began by
adding 2 minule quantity of amscnic 10 give the silicon an cxcess of clec-
trons. The negatively charged silicon then went into the fumace for a
coling of boron—and out came a novel cell. The controlled intrachsction
of boron made the cell's ultrathin face positively charged, with the p—n
junction very near the surface.” Much to everyone's relief, solving the
probiem of making good contact with the silicon proved 10 be a breeze.®
Several boron samples were also treated with the antireflective coating
Chapin had developed. On the first sunny day in carly 1954, all three cells
did well. One, however, outperformed the rest, reaching an efficiency of
neardy 6 percent—the 1aget Chapin had set almaost a year before. 1t was
more than fifty times as eflicient as the selenium cells of the 1930s, a thresh-
old that engincers of the time, such as E. D. Wilson, felt it necessary o
overcome i pluxovoltaic cells were to be considered for generating eledri-
cal power. Chapin was also happy to announce, “[Tlhe yield of good cells by
the boron process is very much better than for the phosphors process, ™

Chapin now confidently referred 10 the silicon cells as “power phols-
cells . . . intended to be primary power sources.*™ Assured of reproducihil-
ity and success, Clapin, Fuller, and Pearson then built a number of power
photocells and used them to drive a simall motor at a press confercnce.




Proud Bell executives preseniced
the “Bell Solar Bauery” to the public
on April 25, 1954, displaying a pancl
of cells Ut relied solely on sun power
to run a 21-inch |53-centimeter] Ferris
wheel The next day the Bell scien-
tists took 1heir show to the meeting of
the National Academy of Sciences in
Washingion, D.C. There they ran a
solar-powened radio transmitier, which
broadcast voice and music 1o the pres-
tigicius gathering. The press ook no-
tice that “linked 1ogetlnr elecirically
Ithe Bell solar cells] detiver posver from
the sun at the rate of fifty wans per
square yardl fwhile] the atomice cell an-
nounced recently by the Radio Cor-
poration ol America delivers a
millionth of 2 watt lover the same areal.

The Dream Becomes Real n

Calvin Fuller placed arsenic-laced silicon tnto a
quanz-tube furnace where be introduced a controlled
amount of boron to the matenal. This resulted in the
[irst solar cell that coudd gemerase significant amornss
of clectriciey.

Thus the new Bell device delivers fifiy million times more power than the
RCA device."® A scientist who had worked on tlee atomic hatiery lauded
the Bell feat as a2 magor 1echnological breakthrough, much like “when
aircraft went from propeller speeds to et velocitios.™ The New York Times
concurrcd, siating on page one that by building the first solar cell tha
could generale useful amounts of power, the work of Chapin. Fuller, and
Pearson “may mark the beginning of a new en, leading eventually o the
realization of one of mankind's most cherished dreams—the hamessing of
the almost limitless energy of the sun for the uses of civilization, >
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A Bell scaennst. speclnng (brough a micropbore
powend by sificon solar cells, addresses the
andievice at the anmecd meeting of the National Beil solar cetls potered this toy Ferris wbeel. Ondy
Academy of Sclences in 1954, shawing the gath- one uett of sificon solar colls extsted ar the time
erineg of the nanon s best sciemtists the Labora- ( 195%4).

lortes' groat adtances in solar powrer.

Tondary, a fifiydaloteent peand
drives he Ferrs wbeel on
Sdrisa Momica pier.




The Cveam Becomas Rea!

Notes & Comments

1. Indevview with Nobel Laurcate Dr. Walter Kohn,

2. G. Pearson, 1-20-53 & 36-53, Book £23588, Loc. 2121-07-01, 146-47, 154-55,
ATET Archives, Warren, NJ.

3. D. Chapin. 10-2-52, Book =28161, Loc. =124-11-02, 1, AT&T Archives, Warren,
NJ.

4. D. Chapin, 2-12-53, Book =28161, Lac. #124-11-02, 23, AT&T Archives, Warmen,
NJ.

5. D. Chapin, “Letier 10 Roben Ford, AT&T Media Relations, Bell Laboratorics,
Murmray Hill. NJ.” Decoember 1994, (Courtesy Mrs Audrey Chapin Svensson):
G. Poarson, 3-6-53, Book #23588, Loc. #121-07-01, 155

6 D Chagpin, 3-23-53. Book =24161. Loc. =124-11-02, 25, AT&T Archives, War-

ren, NJ.

Ihid., 27.

8. D. Chapun, Progress Repont for March and April, 6 May 1953, Dept 1730,
{(Courtesy Mrs. Audrey Chapin Svensson.)

9. D. Chapin, Energy from the Sun (New York: Bell Telephone Laboratones, 1962),
56.

10. D. Chapin. Progress Repont for July amd August, 4 Sepiemler 1953, Depi.
1730. (Courtesy Mrs. Audrey Chapin Svenssaon.)

1. D. Chapin, 6-3-53. Book #28161, Loc. #124-11-02, 31, AT&T Archives, Warren,
NJ.

12. Ohl's best silicon salar oell had 2 nuximum efficiency of 0.725 percent. E. King-
ston and R. Ohl, 'Phatoclectric Properties of lonically Bombanded Silicon.”
The Bell System Technicad fournad 31 (1952): 814,

i3 D. Chapun, Progress Repon for July and August, 4 Seplember 1933, Depl.
1730, {Courtesy Mrs. Audrey Chapin $vensson.)

14, D. Chapin, 6-17-53, Bonk 423161, Loc. #124-11-402. 31-32. AT&T Archives,
Warmen, NJ.

15. D. Chapin, Progress Repart for May and June, 1 July 1953, Depl. 1730. (Cour-
tesy Mrx, Audrey Chapin Svensson. )

16. G. Pearsan, Video Rel #400-07-1105 AT&T Aschives, Wamen. NJ: ). Chapin.
Progress Repon for September and October, 1 Novembier 1953, Dept. 1730
{Counesy Mrs. Audrey Chapin Svensson.)

17. W. Laurence, "RCA Demonstrites Alomic Banery. . . ° New: Yook Ttmes (27
January 1954): 1, column 4.

18. Intervicw with Dr. Joseph Lofersk.

19 W Kaemnfert, “Fira Direct Use of Atomic Encrgy Puts Up Eleatrical Current, Small
but Prophetic.” * Science in Review.” New Yok Times (31 January 1954) IV, 9.

" 200 Edlitosial, “Nuclear Encegy.” New York Tinees (27 January 1954): 26.

-



FAOM SPACE TO EAATH The Story of Sotar Electricity

21

23

24

25.

Dr. Morton Prince, assisting Chupin, Fuller, and Pearson, wrote of high-level
pressure “to make and asemble a sufficient number of suitible silicon photo-
vells such that the complere package will dellver one wat of power in the
sunlight.” M. Prince, 2-23-54 & 3-3-54, Book #24651, 143, 147, AT&T Archives,
Warren, NJ.

Calvin Fuller had begun expenmenting with bxoron for ptype silicon for pho-
1ovoltaic cells as early as October 1953. €. Fuller, 10-7-53, ook #24863, Lo
£123-09-01, AT&T Archives, Warren, K|

D Chapin, Progress Repon lor January and February, 1 March 1954, Depan-
meni 1314, (Courtesy My, Audrey Chapin Svensson,)

Ihid; 0. Chapin. 1-26-54 & 2-23-54, Book #29349, Loc. #124-11-02, 30-34,
AT&T Aschives, Warren. NJ.

D Chapin, "Construction of Power Photocells,” Coversheet for Techrscal Memo-
randum, 2 March 1954, MM-54-131-9. (Courtesy Mrs. Audrey Clupin Svensson.)

. “Bell Makes Banery Fowered by Sun,” Electricad World (10 May 1954): 43.
27.

Interview with Dy juseph Loferski. The laie Joe Lofersks explained why Bell
Lab silicon solar cell warked so much better when placed inthe sun than the
sllicon atomic hattery, which he had helped 1o produce at RCA Laboratorics:
“The diflerence was that the device mixde al RCA was done by alloying the
silicom with the necessary impurities. The important step forward taken at Bell
Laboratosics was that 1hey made their cells by diffusing the impurities into the
salicon. This allowed them 1a place the p—n junction near the sutface, while
for the alloyed ocll we hud the junction near the botom.

“Vast Power is Tapped by Battery Using Sand Ingredient.” Naew: York Time (26
April 1954): 1.




Chapter Four
Scarching for Applications

vw invenlions in the history of Bell Laboratories evoked as much
qudiu altention and public excitement as the unveiling of the silicon
solar cell, referred 16 ax the Bell Solar Batery. Based on details disclosed m
the peess conlerence Bell held in April 1954, 6.5, News & World Report
speculated excitedly in an artidle itled “Fuel Unlimited®: *The [silicon] sirips
may provide more power than all the word's coal, oil andd uranium. . ..
Engincers are dreaming of silicon-strip powerhouses. The future: limitless.™
The Bell invention also gave a baost 10 1he solar energy field. The laie
John Yellot. a mechanical engineer, who during the 1950s probably knew
more about allempts 10 use the sun's cnergy than anyone else in America,
hailed the silicon solar cell as “the twentieth-centunys first eeally important
breakthrough in solar energy technology.™ In fact, many solar advocates,
according to a 1955 Newsweek repon, foresaw the solar cell's “develop-
ment as an eventual competitor to atomic power.™
Technical progress continued, and in the next cighteen monihs cell
efficiency doubled. Bul commervial success clucked solar cells because of
their prohibitive cost. The price tag of the starting material was in large part
responsibke. “Unfortunatcly, the proper properties have not heen obtained
[for eflicient cells] except with very high purity silicon,” Chapin explained.
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cxplainedl. “[With] the present price . . . aboul $380 per pound [S845 per
kilo| . . . inany discussion of the economics of solar [eells), this Facor stands
imponant.” With a one-watt cell costing $286, Chapin calculaled that in
1956 a homwowner would have o pay $1,430,000 for an amay of sufficicnt
size to power the average house. This led him 1o soberly stale, “However
exciting the prospect is of using silicen solar converters far poawver. . clearty.,
we have nol advanced 1o where we can compete . . . commerciallly].™

Chapin’s pessimistic analysis did not discourage Western Electric, the
Bell subsidiary that iransfers developments from the lab to the ficld. Onc of
the first applications for the Bell solar cell sas to help run telephone lines
in rural Georgia, where there was no other nearby power source. It did its
job well, with ane glitch. Bind droppings would foul the panel covers and
prevent 1he sun's rays from reaching the cells. A weekly cleaning solved
the problem. However. soon silicon transistors, made in almost the same
fashion as silicon solar cells, were adopted 10 amplify voice messages
along rural wlephone lines like those in Geongia. Because they needed
only minuscule amounts of power to operate, a tiny amount sent through
the telephone lines kept everything warking, thus
nuaking the solar contribulion unnecessary

In 1955, Maurice Paradice, CEQ of National Fab-
ricated Products, a company of eighty employees,
bought the license to manufacure silicon solar cells
from Western Electric to produce modules for the com-
mecckil market. The company hired several engineers
and physicists to oversee research and development,
as well as assemblers 1o put the arrays 10gether. “The
mativation for staning production had been the idea
1o utilize the no-cost energy from the sun and 1hus
provide cheap power, particulardy where power was
not rcadily available, such as in the less developed
waorld,” according 1o Dr. Manin Wolf, the physicist
the company assigned to commercialize the silicon

A hnemein indaliing a Bell svlar array to poiver
d rural telgrhone line i Americis, Georgia
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solar cell. The firm therefore believed “thwre should be a very lange market
availabde,” Woll added, “and handsome profits shoulkd be realizable.” How-
ever, since the company was unable to bring the price down, “substaniil
sales did not malerialize.” Woll recalled. “Applications for solar cells for all
kinds of purposes wene [therefore] pursued.™

The first major order for solar cells came from the Dahlberg Com-
pany, which, Wolf exptaincd, "had been manufacnuring . . . eveglass-mounted
heanng aids for some time and wias now expanding its product line with
solar cell-powered hearing aids. which did not need recharging or replac-
ing the baltenies.™ National Fabricated Products sent Dahlberg a substantial
number of small reclangular cells that were mounted in series o the lemiples
of eyeglass frmes, Unfortunately for Paradice, Dahlherg sudklenly declared
bankrupicy without making a single payment.

Hoffman Electronics, of El Monte, Califomia, hought National Fabri-
cated Products in 1956 and zealously tried to sell the idea of solar electric-
ity. Is energetic and innovative CEO Leslie Hoffman showed a gathering of
one hundred and fifty governiment officials 1he company’s new nwenty-
five-want “sun-power to elearcity convener-module.” “Consider.” he told
them, "a remote telephone repeater siation in the middle of the desen.
Power is required but the station is unmanned. An array of solar cells and
a system of storage ballerics is the answer. Or consider the case of a
navigational buoy in the harbor. Here a lamp supplied with solar cells and
a small storage battery can mun unattended indefinitely. The Forest Service
has a severe problem in provid-
ing power for its unatiended radio
relay stalions. Eilher heavy ex-
pendable dry batieties or fuel for
a rather unreliable gasoline engine
chatging unit must be ‘packed in’
10 the site at greal expense. The
solar cell is a much bener answer.™

A Nanwonat Fabricated Products
demonsiration, part of the com-
pany’s attempis lo commercialize
Phatoroltalcs in the mid- 1950,
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Althaugh he had built and installed prototypes for botl the Caast Guard
and the Forest Service, no one bought Hoffman's pitch. “The reasons are obwvi-
ous,” William Cherry, an engineer and early solar cell enthusiasi, contended in
1955. “Commercial power . . . costs between 1€ and 2¢ per kilowan hour. Dry
hattery power . .. costs §23.70 per kilowatt hour and phataveliaic power

- would cost alxsut $144 per kilowant hour.™

Desperate 10 find commercial outlels, novelty items such as toys and
trnsistor radios nin by solar cells were manufactured. Wolf recalled 2
company display “where under mom lighting . . . [toy)] ships traveled in
cirdes in a children’s wacding pool. The model of a DC-4 with four clectric
motoss . . . tuming the propellers was powered exdusively by the solar
cells embedded in the wings.™ With solar cells running anly playthings,
the inilial enthusiasm generated hy the Bell discovery quickly waned. Jour-
nalist Harland Manchester, writing in a 1955 issue of Rewder's Digest. wied
to shore up suppon for solar cclls by giving the public a historical perspec-
tive. “Viewed in the light of the world's power needs, these gadgets are
toys,” Manchester admitted. “But so was the fist steam malor buill by
Michael Faraday over a cenlury aga—and it sired the whole gigantic elec-

trical industry.™™ Despile such consoling
words, Daryl Chapin could nat help but

A Hoffman circular sbous toys and devices powered  0nder,"What to do with our new baby?™!

by stiicon solar cells

Zeniath prodiced a timited nramber
of photoroliaic-pouered radios. Thye
cut of the solar cedls made them very
experesite, and they did not sefl welf
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Chapter Five

Saved by the Space Race

mmediatcly afier hearing of Chapin, Fuller, and Pearson's breakthrough,
General James O'Connell, Commander of the US. Amy Signal Corps,
who had a keen cye for technological developments, amranged for the
Corps’ lead researcher on power devices, Dr. Hans Ziegler, 1o visit Bell
Laboratories. Zicgler, who had worked on Germany's bombing program
during World War 11 and who had come 1o the United Siates with Werner
van Braun as a valued scientist to help the United States wan the Cold Yar,
was truly smitten by what he saw there' Afier his visit. he told his col-
leagues, “Future development lof the silicon sodar celll may well render it
into an imponant source of elecirical power as] the roofs of all our huild-
ingx in cilies and lowns equipped with solar [cells! would be sufficient o
produce this country’s entire demand for electrical power."2 In a briefing to
General O'Connell. Zicgler was even more emphatic about the imporance
af the silicon solar ccll, siating, “In the long run, mankind has no choice
but 100 tum to the sun if e wants o survive,™
Ziegler and his staff immediatcly set out to explore “the oppotunities
of the new invention™ for the Signal Corps, whose role was 10 provide and
maintain reliable communication systems for the militsry.* Aficr months of
searching. they came up empey-handed, “except for one application,” Ziegler
informed O'Connell.® That ~one applicition” was a tap-secret operalion
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Pl tion dubbed “Operation Lunch Box™:

the construction and launching of an
antificial satellne. The Signal Coms
contended that solar encrgy was the
logical power source for hw satellnc’s
communication system and demon-
strated that silicon solar cells were
best suited for the job. The Air Forve
took 2 similar position in a parallel
report, proposing tun Bell solar eclls
supply the clectricity for any satel-
lite it would launch.

Freed from terrestrial restrainds
on solar radiation, namely inclement
weather and nighttime, “operations

Wy

il

Dr. Hans Ziegler, the chief adincate for above the earth’s atmaosphere,” the

ouvring suclites with solar cels.

Sigral Corps believed, would “privide
il circumstances for solar energy
converters. ™ A tiny armay coukd provide the small amount of power that the
Iransistorized communication equipment unboard a satellite required with-
aut encumbering the payload. Also, silicon solar cells theoretically woukl
never wear aut, unlike the other power option—hatterics—which stopped
working within seven to fourteen days. The Signal Corps therefore con-
cluded, "For longer peniods of operation and limited allowance for weight
the photovoltaic principle . . appears most promising.™

Ziegler knew that his idea 10 use solar cclls for powering satellites
was not new. ‘In fact, solar power had long been considened standard
cquipment in science fiction stories,” he wrote.”? Back in 1945, for ex-
ample, Anhur C. Clarke advocated the launching of three space stations 1o
provide a worddwide communications nctwork. Improvements in photo-
elediric devices, Clarke argued. would nmuke it possible to utilize solar
energy 1o provide cledricity for ninning satellite transmitters.”

Science ficion came doser 10 fact an July 30, 1955, when President
Eisenhower announced America's plans to put a satellite into space. A
drawing that accompanied Eisenhower's front-page statement in the New
York Times showed silicon solar cells as its power source. The Times quoted
Dr. S. Fred Singer, the designer, as proposing that * the new solar ‘batterics'
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developed by the Bell “lelephone Laboratories be used to generate elecni-
cal cumrent for iransmission of data from 1w smellite to eanh.”

The bunch was to be pant of an international cffon, called the Interna-
tiora] Geophysical Year (1GY), to implement technologies developed during
and after Warld War Il to explore canh and space. To emplasize the coop-
erative nature of the space portion of the program, Ziegler said, “Fvery effon
wis made 1o [stress] . . . peaceful goals . . . and avoid the impression that it
would signal space as the future battlefield and the siart of a related weapons
race."™ With this in mind. a spedial civilan committee made up of kading
Amernican scientists reviewexl the satclliic proposals submitted by the Air
Farce, the Army, and the Navy. The Navy won the competition. It had sug-
gosted tlhen 2 new racket be developed for launchings, while the other rwvo
branches had proposed the use of progectiles alreadly in service. To the com-
mitiee, a brand-new nocket scemed ess tainted by past militarism and more
in line with the pumorted thenwe of the international program, the peaccful
pursuit of scientific knowledge for the bererment of humanity.

With the selection of the Navy, “the prospects for the introduction of
solar power [in space| seemed rather dim,” accoeding 10 Ziegler™ From the
start, the Navy lad specifically ruled ot the use of silican cells as uncon-
ventional and not fully established. ™ With its refusal based on such grounds,
Ziegler reroded, the whole space offont should be scrapped since no one
had ever attempied to launch a satel-
lite, cither. Zicgler and his staff's con-
sistent ¢lfonts “to convince the Navy
that solar cells could be hardly bess de
pendable than limited-life chemical
baneries received linle response.™

The announcemens, o) the frons page
of the New York Times, that the { wifed
States iteneded 10 launch a satelite
info space was gocompamed by this
itusitration, whick shous that the
sarlite’s designer plenned to e
solar modules Yo power {15 contminng- sl '
cation equipnent, For i Ty |

Y

Lk}
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The Navy's stubbom refusal to yield to reason drove Ziegler 1o con
duct a crusade to put solar cells on America’s first satedlite. His burning zeal
“to give mankind the benefit of this invention at the carlicst possible time™
overrode any qualms about violating pratocol. e therefore took his case
to another forum, the Technical Panel on the Earth Saiellite Program. a
dvilian group of prominent academic scicnlists who oversaw the develop-
ment of Amenca’s fledgling space program, The Signal Corps presented
the panel with a “Proposal for the Use of Solar Power during the IGY
Satellite Program,” offering “advice and assistance to all interested internal
instrumentation projects.™”

Unlike the cold shoulder Zicgler had received from the Navy, the
civilian scientific pancl embraced his ideas enthusiastically. The panel did
not like the idea of relying on hatteries either. because they antomatically
condemned “most of the on-board apparawss . . - [10]
an active life of only a few weeks [whilel neardy all of
the experiments will have enormously greater value
if they can be kept operating for several months of
more.” Hence, the scientists sided wilh Ziegler, say-
ing. “It is of utmosi importance to have a solar battery
system” onboard. ™

Relenting 10 pressure from the cvilin oversight
commiltee, the Naval Research Laboratory was forced
to ask the Signal Corps 10 participate in its satellite
program, Project Vanguard. and assigned it the re-
sponsibility of designing a sotar cell power system.

Zicgler and his staff readily developed a proto-
1ype that clustered individual solar cells onto the sur-
face of the saiellite’s shell. They designed the modules
to provide “mechanical rigidity against shock and
vibration and to comply with thermal requirements
of space travel. " To test their reliability in space, the
Signal Corps, in cooperation with the Naval Research

A Ny technician attaches a nosy
come enbodded uth solar cells o a
rochet that eill be launched o test
whather the cells can sunive the niy-
s of sputce
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Laboratory. attached cell clusters to the nose cones of rvo high-allinsde
rockets. One rocket reached an altitude of 126 miles (203 kilometers), the
second 192 miles (310 kilometers), both high cnough to experience the
vicissitudes of space. “In both firings, the solar cells operated perfectly
Zicgler reported 10 an international conference on space activity held in
the fall of 1957.7' A US. Signal Coms press release added. “Thelid] power
was sufficient for satdlite instruments . . . [and they were] not affected by
tUw temperatures of skin friction as 1he rockets passed through the aimo-
sphere at more than a mile [1.61 kilometers) a second.”® $iill, skepticism
persisied. The Avw York Times reveaked its doubts when reporting the
launches. In a rare case of editorializing in a news story, the words “proof™
or “proved” were placed within quotation marks when telling of the Army's
analysis of the test results. Thwe article also indicated that the Navy had not
dropped its oppesition to solar cells, despite 1heir success in a space envi-
ronment, reponing, “At kast the first four satelliles probably will have
conventional chemical hanenes as their power source.”™

The break for Ziegler and his stafl came in August 1957, The van-
guand program had becomwe mired in problems and delays. To fasttrack a
launch, it was decided 10 put a number of grapefruit-sized spheres into
othdt containing nothing but a transmitter.* The altered plans, according 10
Zicgler. presented “a splendid new opportunity to give our solar power
supplies a free ride.” since ~a conskicrable weight capacity would remain
free. The Navy, after much pressure, yiclded and allowed this unused
weight to be utilized by a duster of solar cells and its transmitter” an 1he
first satellite set for launching. ™

The Signal Comps immediately conlacted Hoffnun Electronics, the
firm 1hat had tricd unsuccessfully to interest the government in buying ils
solar modules for land-hased pumposes. Eugene Ralph, a Hoffman engi-
neer at the time, recalls assembling some of the cells for the Vvanguard.

Afer several Eriled attempts. the finst satellite with solar cells aboard
went into orbit on St Patrick’s Day, 1958. Ninetewn days later, a New: York
Times headline read: “Vanguard Radio Fails 1o Report/Chemical Battery
Believed Exhausted/Solar Unit Functioning.” ™ Celebrating the first anniver-
sary of the Vanguard launch. the Signal Comps let the public know that “the
sun-powered Vanguard | . is still faithfully sending s radio message hack
to carth.””

The small Vanguard satellite equipped with solar cells proved Far
more viluable to science than the first 1wo, and much langer. Spulniks.
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A Hoffman Electronrics scieniist bolds the
Vangriard thal inmisiated sodar power’s wuse i
space. The scientist is poinring o one of the
Jour solar cell clusters ibat the company
mannfactured.

whose relance on conventional aneries silenced
them after a week or so in space. “The longeviny
of (the Vanguard's] solar-powered transistor
radio outshines them all,” the Signa! Corps
boasted.® The long-lived transmitier allowed
mapmakers to pinpoint the locations of Pacific
islands and enabled geophysicisis o beller
determine the canth's shape.

Ziegler accuralely assessed the legacy of
Vanguard for photovoltaics, writing two ycars
afier 1he launch, “This solar supply. . . has bro-
ken down lhe prejudice which existed at the
time 1oward the use of solar cells in space appli-
cations.™” More imponant, without sofar encergy.
Zicgler pointed out almost twenty years later,
“not much of our past or future exploration and
economical practical application of space would
have been possible, ™

Ziegler later advocated the construciion and
launching of solar-powered communication
salellines with the same zeal he had shown for
solarizing the Vanguard. At first, opposition to

his nesv fight appeared as insurmountable as it had in the Vanguard con-
troversy. Scveral decades Later, 1aryl Chapin noted thay Dr. Ziegler must
again have felt vindicated “with modem worldwide instanl communica-
tion by satcllitc as a regular experience.™! 1n the spring of 1998, the waorld
learned the importance society places on solar-man communication satel-
lites when the ks of one such satellite caused 90 percent of America’s
forty-five million pagers to fall silem.

Ziegler and Chapin admired each other's waork and conesponded on
several occasions in the late 1970s. In the judgment of the co-discover of
the silicon solar cell, Ziegler “ranks among the great and shoukl be remem-

bered."™
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Chapter Six
Bringing Solar Cells
Down to Earth

putnik 11, launched three weeks after the first Vanguard, was the
first Russian satellite to have its telemetry syslem powered by silicon
solar cells. It appears that Russia’s premier space scientists had taken a
keen interest in Chapin, Fuller. and Pcarson's work, which had become
well-known 1hroughout the world, and put what they learned 0 good
use. Their success with solar cells on Sputnik 111 led Russian space scientist
Yeogeniy Fedarov to predict in the summer of 1998, “Solar batteries
_. . wauld uliimately become the main source of power in space.”™ Events
proved Fedorov right
Despite their success on the Vanguard and Spatnik 111, many in the
space business still considered solar cells a stopgap measure, a technology
to usc until nudear power could be developed. “A lot of people were
waorried that solar would not be powerful enough for the larger space
probes that were in the works,” said John Goldsmith, who began his pho-
tovolaics career at General Electric's missile and space division in 1960,
However. “nuclcar technologies,” according 1o Goldsmith, “were never
able 10 deliver the performance, the reliability, and the safety 1hat people
had earlier anticipated.™ In contrast, the pessimism held 1oward solar's
prwer limitalions and reliability proved wrong, Engineers and scicntists
working with satellites came to accept the solar cell as “one of the critically
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imponant devices in the space program,” since il “tumed oal to provide
the only practical power source in space (at a reasonable distance to] the
sun.™ By 1972, about one thousand Amencan and Sovicl spacecrafi relied
on sobar cells for ehearicity, whike fewer than 1en of tie six hundred American
siellites rin on aomic banenes. Power supplied by solar cells had in-
creased from milliwatts oa Manguard 110 many kilowails on Skylah A,
generating the electricity 1o tansmit and receive data; 1o operate comput-
ers, scientific instruments, and stabilizing equipment; and 10 maintain proper
temperniture controls.!

The urgent demand lTor solar cells above the carth opened an unex-
pected and relatively Lirge business for the companies manufacturing them.
"On their own commercially. they wouldn't have gonen anyplace.” ob-
served the late Dr. Joseph Loferski, who spent his life working in photo-
voltaics.! Hut bocked into 1he space face with the Russians, the Amwerican
government poured more than fifty million dollars into solar eell research
and development from 1958 to 1969.° “For the first time in the Jong history
of solar encrgy rescarch.” the late John Yellot ohserved, “relatively larpe
amounts of government funds anre being assigned 10 projects which will
lead to the huilding of . . reliable solar power devices.™ Indeed, as Mattin
Wolf comends. “The onset of the Space Age [was] the salvation of the solar
cell indusiry.™

The astronomical price of sili-
con sodar cells, however, kept their
use confined 10 space. Despite a
price drop of about 65 percent be-
tween 1956 and 1971, solar cells sull
cost $100 per wall. twa hundned
limes the price of cleatricity in those
years.? It was, in fact, the very ex-
aqting reqquirements of the space in-
dustry that forced the cost of solar
cells 1o remain so inordinately high.

v
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SPACE AOE.. . ,
HOFFMAN : .
SILICON - . . -° tration from the 1960s shous a
SOLAR CELLS ' wuriety of spacecraft poteered by

i 01 siltcon solar cells.

This Haffman Electronics iflus-
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Space cells had to be extremwely over-
engineered o withstand bombardmeni
from high cnergy panicles and micro-
meteorites. There was no room for fail-
ure. If for any reason the cells did not
work, the mission was lost and millions
of dollars of cquipment rendered use-
less. In the 1960s and 1970s, no one
could be sem up to make repairs. Cell
cfticicncy. rather than the price of the
energy they delivered. dominated thcir
design. The more power per pound an
engineer could pack into a module, the =
lighter 1he payload. This reduction in The noed for solar cells created by the space race
weight reduced the size of the engine crevted a new' tndustry:
required for lifloff and that, in lurn, saved
a lol of money. Also, each satellite required a different module design.
because each mission had a different power requirement. This sporadic
demand for customized products discouraged the mass production essen-
il for bringing prices down.

While things were kaoking up for solar cells in space in the late 1960s
and the very early 1970s. down on canth clocrricity from the sun seemed
as distant as cver—with one exeeption. Government agencies engaged in
cover adtivilies immediately realized the value of solar cells to help them
in their intrigues. The CIA, for example, wanled to know the extent of
traffic on the Ho Chi Minh Trail during the Vietnam War. Circumstances
obviously ruled out 1he usc of on-site human counters. Inslead, the orga-
nization employed the Special Forces to install lange camouflaged armays of
photovoltaics 1o run clandestine heat-sensitive metering devices. ' Like the
Space program, cover organizations don'T worry about cost. According to
one enterprising sotar cell salesman. who had set up shop right down the
street fram the Pentagon, “{Government] people would walk in wath brief-
cases full of money and they'd walk out with solar mocdules. For what they
had 10 do, money was no object.”!!

For applications on earth where people did have to consider the
economics, Dr. Harry Tabor, onc of the most respecied solar scientists of
the time, painled a bleak piclure. “Most expents seem o agree,” Tabor
wrote, “that silicon celis as we know them today are ot going 1o get
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much cheaper.”™ Tabor's dismal asscssment seemed right on taget. In a
working paper prepared for the 1973 intemational solar summit, “The Sun
in the Service of Mankind,” its author lamented, “[Although) space rescarch
in particular has ked 10 impressive progress in . . . photovoltaic . . . conversion,
it has not led 10 parallel developments from the point of view of the use of
salar energy on earth.™ Yet, a month later, at the conference, researchers
from Exxon (1hcen Esso) surprised everyone by announcing tha its subsid-
iary Solar Power Comoration “has recently commercialized and is cur-
rently marketing a [photovoltaic] module . . . which will compete with other
power sources for . . . canth applications.*"

Solar Power Corporation. the company thal finally brought solar elec-
tricity down to earh, was founded and run by Dr. Elliol Berman, an indus-
trial chemist. with Exxon providing the financing."® Berman's solar quest
began in 1968 after he had completed a ten-year assignment which put his
former employer. liek Comoration, into the photographic materals busi-
ncss. \When his boss, Dick Philbrick, asked wlat he wanted 10 do next,
Berman replied that he didn't know. The company president then nade
him a generous offer: “TH pay you to 1hink abhout it.” After months of
deliberation, Bemuin conchuded that he wanted 10 do something that would
have imponamt societal impact. Discovering “a close relalionship berween
enenyy availability and quality of life,” he decided 10 investigate better
ways 10 provide electrical power, especially to thase most in need, those
who lived in rural areas of developing countries. Afier much rescarch, it
appeared to Bemn thal “iln the long term . . . only nudlear fusion would
meet [future| needs and this simple-minded chemist clase the easier course,
using our exisling fusion planéi—the sun.™

When his employers asked if they should be interesicd, Berman's
honest reply was thal he wasnt sure. So, he was given six months to
prepare a proposal for the company's scientific board. Titled “Sotar Power,”
it boldly stated, “This document oullines a program for the utilization of
solar energy to meet the word's power needs.” Conventional silicon cells
would nat be considered, it said, because of “their exiremely high cost.™”?
Instead, a2 completely differeni ocll would be researched, developed, and
marketed. a solar cell made like the photographic film with which he had
previously wodked. This process, Berman believed. would lead to a majar
reduction in the technology's cost.

\When the company rejected Berman's solar dream, ~1 picked up my
marbles and left. 1 10k my wife il might wke six months 1o find some
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money for my solar project.” Venture capitalists, however, scoffed at the
idea. “They weren't very vennurcsome and what [ had wasn't a venture by
their definition,” Berman recalled.™ Eighteen months had passed when a
chance conversation with a dircctor on the hoard of Berman's former
employer, a gentleman who worked for the Rockefellers, ked to Exxon's
doorstep. The timing could not have been better. Exxon had just formed a
task force 1 kook thirty years ahead 10 determine wherne the energy busi-
ness was going. The group had concduded that eneigy prices would be
considerably higher in 2000 and 1hat these higher prices would create
opportunitics for alternative sources of energy, if thwir costs dropped suffi-
cicnily. Solar cnergy, paricutarly photovohtaics, scemed the most likely
candidate. Solar cells’ limitless life, modularity, and capability 1o generate
clectricity cleanly and directly from an inexhaustible power source with-
oul bulky andllary equipment inirigued the Exxon investigalors. YWhen
the Bxxon people heard Berman's proposal to make a very low-cost ter-
restrianl photovolaic device, “We found it very exciting. We conceived the
end product as being very cheap, being used as simple oofing matenial,”
the group leader recalled.”” Exxon immediately invited Bemman to join its
laboratory in Linden, New Jersey, in late 1969 1o pursue his research.

Berman also convinced Exxon that it would be valuable to comuner-
cialize an interim product while research on the film concept proceedesd.
This way the company could gauge the market for cells, determine the
needs of potential customess, and learn how solar oells would fare under
everyday conditions. As Berman pointed out, “People who sit in thw lab
and design products . .. end up many times with things that are not really
workable because it's hard 1o define what the real world needs [while]
locked in an ivory tower."®

To keep their feet on the pround, Exxon and its solar team con-
ducted surveys 10 determine where the markets were—if, indeed. thene
woere nuarkets, At the 1970 price of $100 per watt, they keamed there would
be few takers. If the price dropped to $20 per watt. the survey revealed a
sizable demuand, bxecause then solar cells would be cheaper than pon-
rechargeable primary banteries or thermoelectric generatoss 10 power equip-
ment beyond the reach of utility lines.

Bermun did not want o dilute his long-term research efforts by building
modules for the commercial venture. so he and his staff searched the
world for a reasonably priced solar cell. Except for some offers of reject
space cells at cut-rate prices, no one could provide them. (Buying reject
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cells did not interest the Exxon researchers Decause their needs greatly
exceeded the entire space-cell supply.) The problem. Berman discov-
ered, was that everyone in the space-cell business was hung up on ofli-
ciency. which is just not an issue on earth. The primary criteria for any
terrestrial power device, Berman knew, “is how muany kilowan-hours you
get for a dollar™

Left no choice but 10 make its own, Berman's group followed the
space industry and started with arystalline silicon wafers. But there the
similarity with space endeavors ended. When Berman and his colleagues
addressed thwe challenge of making cheaper cells, they found that ne majoe
breakthroughs were neocssary to bring 1the price down. For example.
Solar Power Corporation did not stan with very expensive pure semicon-
ductor-gracle arysialline silicon, as had the space industry. Instead it bought
the much cheaper silicon wafers rejected by the rest of the ever-growing
semiconductor industry, but which were perfectly suited for generating
pinwver. For salellile use, walfers were cut from a oylindncal crystal and
trimmed into rectangles. This made for 2 more compact fit, but it wasted a
lot of cxpensive silicon in the process. (This waste was incidental o the
space program, though, in light of the savings realized by reduced area
and weight.) I for canth applications, limiting the size of the modules
was not as compelling as conserving the expensive crystalline silicon.
Berman therefore used crystalline silicon walers as they were prepaned
for use in the semicondudor indusiry.

In space-cell manufacture, after the silicon stock was sawn inlo walers,
the rough surfaces were polished and coxated with an antircflectant so that
the cell would absorh, not reflect, sunlight. What had not been realized
was that “if you 1ake a wafer as sawn,” Berman explained, “it has a nice,
dull marte finish which was pesfeat for our needs.”™ This discovery meant
that rwo production steps coukd be climinated without affecting the cells’
intake of sunlight. Another change in the manufacturing process was to
increase the size of the ccll, which reduced the number of cells needed
per module and, consecuently, the number of connections between them.
Bemun also introduced less expensive materals for packaging the mod-
ules, such as acrylic plastic far the pancl cover, silicone nubber in which
to embed the cells, and a circuit board onlo which the cells were sol-
dered. He was the first 10 recognize thal silicon solar cells could tolerate
imperfections that other semiconductor devices could not. Discoveries
such as these at costs in a big way. By carly 1973, the scientists at Solat
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Dr. Eiiot Berman osting earions
sodar arcays manufacsured by bis
new company, Solar Power Cor-
poration, for terresinal uses.

Power Corporation were making single-
crystal silicon madules for $10 per
wan and selling karge quantitics for
around $20 per watl, bringing 1o earth
what hitherto had Deen principally a
spacc-bascd entemprise.®
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Chapter Seven

The First Mass Earth Market

nce the price of solar cells was reduced 10 a competitive level for

vanh use, marketing began in camest. Although some people talked
about acres of solar cells supplying electricity to America’s homes and
indusiries, those at Solar Power Corporation did not share that vision.'
With maddules producing electricity for around forty times the price Ameri-
cans were paying for electricity generated at power plants; no one at the
company cexpected 1o compete with the utilities. “1t was never even in our
thinking,” asserted Clive Capps. intemational sales representative far Solar
Power Conporation in the cardy 1970s.2 “Mast of Lhe applications where it is
cconomically sensible 1o use these modules are in remote locations, where
it is difficult 1o run a wirc,” the company declared in 1973.*

For example, Solar Power considered powering navigation aids, such
as flashing lights and foghoms on buoys, with solar cells since electrical
wires rurely came ¢lose 1o where they were moored. In fact, Elliot Berman
assumed thal “the big buycr would be the Coast Guard.™ Some years
before, in an effon to branch out from the space market to the tervestrial.
Hoffman Electronics had installed a prototype system for the Coast Guard,
The Coast Guard cngincer and aids-lo-navigation specialist in charge of
Ihe experimenl, Muurice Lostler, expressed his belief that *lolnc day Coast
Guard lights. homs. whistles and other navigational aids will be powered
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Hiliot Berman next to a modide
that & pouering a navigation aid
in Tolyu Harbor. Notice the wire
spikes pasinoned tu discourage
seagudls from perching.

by that old celestial firchall, the sun.™ However, because solar radiatson
data for the entire country had not yet been collecied, the Coast Guard fedt
it could not properly design systems for regions as diverse as Maine, Wash.
ington State, the southern Califomia Coast, and Florida® I thercfore did
not press forward with powering its navigation aids with photovaltaics.

While in fapan in the Lite 1960s, on his quest 1o find a relatively
inexpensive solar cell, Berman ook a trip to Tokyo Bay to sce a solar-
powcered buoy that had Ix:en In operation for some time.” He saw firsthand
that solar cells could eflectively run navigation aids when the battery termi-
nals were well-protected from corroding salt water. and “the sea-gull issue”
resolved. Since cleaning the panels after each bird visit was out of the
question, something had to be done to discourage perching The Japanese
found that ringing the amay of panels with wire spikes did the job.

Back in America, with renewed confidence, Berman 1ald the Coast
Guard about the Japanese success, hoping that the agency would give
solar cells a second chance. Although the principal decisionmaker tumed
out to be a high-school chum. he proved 1o be “the stumbling block.” He
wanied to do more research, but, as Berman laconically stated, “You can
do rescarch forever.™

With the Coast Guard out of the picture for the time being. someone
at Solar Power suggested minning the navigation lights and homs on Exxon's
oil platforms in the Gulf of Mexico with photovoltaics. In the Exxon offices
in New Jemsey, where Solar Power Corporation was also headquanered,
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the idea was dismissed as sheer folly. “Those platforms are loaded with
power! Why would they need solar energy?”” Exxan executives exdaimed.”

Rather than accept this opindon. Berman and his colleagues headed
to the Gulf to check out the siuation. The fact-finding trip revealed that
while. yes. the plaforms whene the crews lived had plenty of power, the
adjacent working plaiforms (which constituied the majority) had none.
They also leamed that when Exxon pat the finst platforms in the Gulf, in
the late 1940s. the Coast Guard had told the company to install lights
because without them the platforms were hazards to navigation. Being an
offshore novice at the time. Exxon didn't have the slightest notion of where
to huy the lights. Thumbing through 1the Houston phane book. an Exxon
troubleshooter stopped at the listing ~Lighthouse, Incorporated”™ and dialed
the number. A fellow named Nathan *Available” Jones answered; he ran
a garage in East Houston where he installed two-way radios in cabs and air
harns and lights on ambulances.

The Exxon represenutive explained the problem and asked Avail-
able if he could take care of it. Although he had no more than an eighth-
grade education, Jones, an cniemprising man who had come 10 Houston
with only a quarter in his pocket. coukd hear opportunity knocking. “No
problem,” he said. “By the way, who told you that you have 1o have lights
on those platforms?” Upon hearing it was the Coast Guard. he immediately
called 1he agency 10 find out where to purchase the lights. When he leamed
that the sole manufacturer of navi-
gation lights in the United Sties
was located in New [ersey, Avail-
able was on the next Right cast.
He soon became the company's
distributor for the Gulf."

By and by, il companies
were making strikes all over the
Gulf. inundating it with platforms.
N only did they buy lights from
Available Jones, they also bought

Natban “Availabie ” fones, founder of
Autoniaric Ponivr.
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huge nonrechargeable batteries, which were much like Erge flashlight
Datteries weighing five hundred pounds o more. 1o power them. Available’s
new company. Automatic Power, developed into a multimillion-dollar busi-
ness that made most of its money installing. servicing, and replacing those
batteries, which waore out in a year or less.

And because 1he banery business became the souroe of much of
lones’ growing wealth—keeping him awash in Rolls Royces and atiractive
young wonmen—he was not about to lel a better technology dead end his
road 1o riches. He therefore dosely monitored the developmient of coergy
sources that might threaten his livelibood.

About welve years into the business. in 1959, kmnes leamed of Hoffman
Electronics” attempt to commerculize photovoltic-powened navigation aids.
Soon thereafier Automatic Power bought the prototype and shelved i, pre-
venting anyone on the Gulf from gotting wind of what i padged to be a
superior technology. Guy Pricstley, wha suceoeded Available Jones as presi-
dent of Automatic Power, made no bones about the company’s motivation
for suppressing photovoliaics. “Wa didn't want to bring solar on the market
because we were selling primary batteries. And we knew that once we
hrought the solar panels out we weren't going 1o sell any more batieries. . .. So
we said, 'S__t! This is going to cut into cur market. Let's nox put these things
out until we have to.”™" Competition cventually forced Avaikable's hand.

The battery husiness had become so frenetic thal Auronmatic Power
was swamped. “Salesmen quit answering the phune by midweck, ™ accond-
ing 10 current president Steven Trenclard. “They couldn't make deliveries
and there was nathing bul imie customers on the line."' $a some enter-
prising salesmen from Automatic Power decided to stan their own com-
pany, Tideland Signal Comporation. Undercapitalized as it was, the new
firm found it nearly impossible to break Automatic Power's hold on the
market.

Through its research. Solar Power leamed that Automatic Power had
about 70 percent of the business and Tideland Signal held the rest.” “Tide-
land was definitely struggling,” Berman recalled. so naturally, Solar Power
approached Autonuatic Poser lirst.” The people at Avtomatic Power can-
didly 10k the Solar Power sales representative that “what you're talking
about doing is going 10 decrease our sales,” and they showegd him out, His
presentation received an entircly different reception at Tideland. The ex-
cautives there embraced Solar Power's product, convinced that “here is the
chance to increase our market share.™'
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Tidcland rcally pushed solar modules and offshore pladform owners
soon realized 1hat this new product would save them a lot of moncey.
Relmbility, paramourkt for safely equipment, made hiweekly servicing and
frequent replacement of nonrechargeable battesics a necessity. Moving
them on and ofl the platforms was a chore: The batteries were heavy and
highly toxic. All the boat trips and helicopter rides out 10 the platforms to
1end the batteries, to bring in new oncs, and to 1ake old ones back to shore
made for a very sicep hill, not to mention the high cost of the batteries
themselves. In contrast, when a sun-charged battery went bad, a replace-
ment cost $160, caompared o $2,100 for a nonrechargeable baltery. Fur-
thermore, 1he entire photovolaic-powered system could be transpantedl by
a small standby skiff. Moving a nonrechurgeable hattery called for a crane
boat at $3,500 per day.'® Wilh such advantages. the oil and gas industry
rapidly ook to photovolaics. “It saved us time and money, and that, of
course, is better,” staled a veteran navigation aids engineer. By the mid- o
late 1970s. hundreds of modules

had been sold for use on the
ever-increasing number of oil plat-
forms. All the muajor oil com-
panies—Amaoco, ARCO, Chevron,
Exxon, Texaco, and Shell—were
buying. Autonratic Power, watch-
ing its market share slip into
Tdeland's hands, had 1o conwe out
with a solar product, too. The
company bought modules from
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another photovoltaics pioneer, §'m
Hill Yerkes, who in the lale 1970s SN
and early 1980s would head 1he § o

world's Lirgest photovoltaics com-
pany. ARCO Solar (now Shell
Solar).

Tideland Signeal's first sales brochure
Jearnring Solar Power Corporation
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Technological improvements in navigation aids made solar even more
economicil. New types of lenses and sound equipment required bess posver,
which reduced the number of panels needed 1o run them. The market for
solar-powered navigation aids got another major boost in late 1978 when
the Environmental Protection Agency (EPA) oullawed dumping banerics
inln 1l occan. Prior to EPA's action, crews servicing platforms often threw
the highly toxic hatteries overtsoard instead of ferrying them o pon for
disposal. The public was outraged when Lhe evening news showed moun-
Lins of used hatieries, which contained mencury among other toxic sub-
stances, sticking out of the water near the platfonns at low tide, This led 10
a lederal crackdown. Once the EPA strictly enforced the proper handling
and disposal of these hazardous ilems, no one could afford o use huge
hartteries oftshare.

By 1980, seven yeans alter their introduction, solar-powered navigation
aids had become standand fare in the Gulf of Mexico. That year, a reponer
from Forbes hilched a ride on a shrimp heal 10 view solar's penetration of
the Gulf market. Out at sea, “amid hundreds of odl platforms, siretching as
far™ as he could see, the reponter ook aut his binoculars and saw that
each pladorm held “a reclangular panel about four foot by wo foot 11.2
by .6 meters] with silvery circles encased in it.™ Those were photovollaic
panels. As it wmed out, the wenty 10 wenty-five thousand lights that
photevolaies powers in the Guif dwarf any business that the U.S. Coast
Guard could have oflend. “If you just gol a piece of thar market,” Priesiley
staled, “you did pretty well """ And because both Tideland Signal and Au-
tomalic Power conducied husiness in more than onc hundred couniries,
photovoliaic-powered navigation aids spread across the world.

Offshore was nat the only plice where the ail and gas industry
needed power bul had difliculty accessing it. For example, much of the
Hugolen lield, a huge gas-producing arca cenlered in southwestem Kan-
sas and extending into Oklahoma and Texas, had no power source nearby,
As one engineer recalled, “You were oul in the middle of nowhere. "™ The
wells passed through the Glorietta Formation, which contains salt waier
that quickly corrodes well casings. making it impossible 1o extrac tee gas.
Had there een atilily lines dose by, a cormosion-proofing, solution would
have been simple: Send currern into the ground adjacent 10 the casings 10
clectrochemicatly destroy the offending molecules that cause corrosion.
But in remote areas, such as most of the Hugaton field, “costs prohibit
hringing in conventional clearical power lines.™”
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Securing a pholovoliaic
array on an oil plaiform
in the Guif of Mexico.

it

Photovodtaics powers narigation aids on

gas deeed vil plasforms throughout the Gulf g‘
of Mexico.

At such sites, corrosion specialists have commonly resored to placing
a dixsimilar metal next to the item needing protection. The wo differenty
charged metals act as opposite poles of a hattery. which causcs a cumment 10
flow inlo the carth. At the Hugoton field, however, not enough power
could be generated in this way to keep 1the well casings comosion free. So
thermoclectric generatons, fueled by natural gas or propane, were brought
in. The engineers overseeing cotrasion protection at the Glorietta Forma-
tion wells had hoped to run the thennoeleatrics with kcally produced gas,
bul. unfortunately, its high sulfur content destroyed the generators™ flues.
The gas also conained a kot of moislure, which froze in winter. What's
mare, the generators sulfered corrosion problems of their own.

The failure of alternative power sources to effectively proteat well
ausings came to the attention of Larry Beil, a comosion specialist assigned
to the Hugotan field. An article Beil had rcad in a popular scicnoe maga-
zine gave him the idea to Iy solar cells. With photovohaics, Beil thougl,
that powerful southwestern sun could generate the clectricity needed to
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keep the wellheads intact. At Beil's suggestion, his company bought some
space-reject cells from Spectrolab, a company that built modules for satel-
lites. Though the cells had failed 10 pass the rigorous standards set by the
space program, they worked just fine on carth. And with interest in space
winding down in the carly 1970s, cell manufacturers, who had relied on
satellites for thwir bread and hutter, needed 10 pursue new markets. How-
ever, the offon required 1o wire all those very small space cells into a panel
made for a costly product. 1n an atempit 10 bring down the price. Beil
cxpernimented with concenirating 1he sun's energy onto the array. He thought
that increasing the amount of sunlight on each madule would cut the
number of modules needed a1 each site and thus reduce the overall cos.
But 1his didd non happen. Each cell had to be placed at the end of a polished
mctal funnel and the entire module had to follow the sun throughaout the
day 1o keep the concentrating devices in foens. Adding concentrators and

tracking mechanisms to the module proved

Inis advertisement from the early 19705 more expensive lhan. .usmg |.he original
intruduces solar cells as a power source Spectrolab product. Beil's pursuit of an eco-

for conresion (catbodic ) protection. nomical photovoltaic system led him to So-
3 lar Power's factory in Massachusetts. “Our
~ SUNODE w= costs drove us 1o use their modules,” Beil
A TOTALLY NEW POWER SOURCE admitied -

fom Having at last found a cost-cffective
CATHORE. PROTICTON product to work with, Beil 100k it into the
field and developed a surefirc method for

A RISULT OF GOOD ALL RESEARCH . . 3 -
e W O 1 Bk BRAaAS selling clients on solar. “We put in a trial
e v L system for one company. It worked, the com-
'S pany was happy,” he explaned. “Then more

USE THE SUNODE:

o WHERE POWER /3 NOT AVALABLE I 3
T TR e SR . | sevum s Y] and more were bought until (the gas) field
Y-ty et b was full of them.” Presently, Bell extimates,
VS TR T T “There are probably between four and five
— b1 . . =
U Ll thousand photovoltaic systems® providing
SMRE e PIACTCAL & RfLAmE clectrical current to protect underground
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Even more photovoltaic anticomasion
systems have been installed nuiside the
United States, as gas and oil fields ane devel-
oped worldwide 10 meet rising cnergy de-
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mands. In most of these locales, such as North Africa and the Middle East,
sunlight is abundunt and access to utility-generated clectricity is limited.
For example, the Saudi Arabian—Mediterranean pipeline runs through
cextremely desolale, sun-drenched temitory. “You're 1alking about thou-
sands of miles of pipc nceding protection yet distant from any source of
powcer,” Lou Shrier, an Exxon executive. explained ® As a consequence,
the use of photovoluics for protecting welllheuds and pipelines kicked into
high gear, and by 1980 cormasion protection was an important market.

Photovoltaics has also helped petrolcum companies in tlwir search
for new oil fields. In the mid-1970s, Shell Canada Resources began relying
an solar panels o operate surveying equipment that obtains readings from
satellites. For precisc pexilioning, thw readings have to be 1aken over a
three- to four-day period. Because photovoltaics allowed the surveying
equipment 10 work auwtomatically, rather than manually as had previous
equipment, Shell did not have o fly technicians in daily to evaluate the
data, a very costly proposition. !

Oil and gas producens also need 10 confirm that the clectricity is
indeed protecting the casings from corrosion. In addition, ey must keep
track of the amount of vil and gas flow, and at what pressures and tem-
pertures, from rigs and wells in faraway places. Meler readers could be
sent to monitor this dala, driving
hundreds of miles a day or. if off-
share, taking a boat or a helicopter.
Insteiad, the industry has chosen to
use photovoltaics, not only to run
remote field data acquisition devices,
but also 10 power the trinsmission
af that information 10 the main
office.”

“Thw il and gas industry got
us started,” obscrved Bill Yerkes, “Xe
had the solution for problems they
faced. And they had the maoncy ©
purchasc the solar equipment that
was needed ™™ This, according to
Yerkes, “helped keep us alive dur-
ing our finst years in the business.”

Solar elecinicily profects this aviibvad in Kansas
Jrom underground corrosion.
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As Steve Trenchard of Autonutic Power remarked, “The commercializa-
tion of [termesta] photovoliaics would have been delayed by at least a
decade if nat for the oil industry.™*

The: oil companies” lirtland expericnee with photovoltaics convinced
them of 1he technology's poteatial. With skyrocketing oil and gas prices in
the late 1970s and carly 1980s, many in the petroleum business could see
that photovoltaics might one day evolve into 2 major energy source.
Almasi all the major oil fims have invested heavily in solar cells, buving
controlling inlerests in many fledgling pholovoltaics companies. Peaple
distrusthul of big cil believe there is some son of a conspiracy at work, 1hal
the oil companies will buy up and then crush potential competitons. Real-
istically though, as Charlie Gay, lormer research director 21 ARCO Solar
and president of the photovaoltaics liem ASE Americas, pointed out, “You
don't spend hundreds of millions of dollars in rescaech and development
as the oil companies have to desiroy a technology.*®

Notecs & Comments

I National Research Council. Ad Hoc Pancl an Salar Cell Efficiency, Solar Colls
Outiook for mproved Efficiency (Waskdmgion, D.C: NRC. 1972), 21-22. Goy-
vmment agencies, such as the National Scienee Foundation (NSFY and Sandia
National Labocatones, pushed funding for the development of kirge ceneral-
ized pholovoliaic electrical generating plants that would produce from one
hundred 1o seventeen hundred megawatts. 11 Richard Blieden,“The Status of
the National $cience Foundaton Photovoliare Program.” Paper presented al
the Annual Mewting of 1he Intermational Solar Encrzy Sociery, Uniled Siates
Seation (Fon Collins, €O, 20-23 August 1924) D. Shueler and 13, Marshall,
“Photovolaic System Performance. Applications, and Prospeats for Econamic
Viability 1n Centeal Lhility Networks,” American Nuclear Socioty Transaclions,
Alicrmatve Energy Power & Systemis, Solar Fnevgy—Potential for Large-Scale
Procluction—1. paper 23, 26 (1977) 1.

The emphasis on “lage central sttions 10 pruduce sokir clectriciny” eel-
egated pholovoltaics to “some distant Tuure” when the peice of solar cells
would dramatically fall, Sciomce magazine complained. A Hammonx and
W, Metz, “Solar Encrgy Rescarch: Making Solar afier the Nudear Model”
Scienice 197 (15 July 1979): 241

In contrast to such “ple in the sky” rescarch, Solar Powes Comporation
searchex for vost-effective applications From the beginning. Berman anc his
culleagues pursued real markets on every continent, establishing photovolta-



10,
Itk
12,
13.

ics beachheads throughowt the word in just a lew years. This bevame the
brasis for the 1cmestrial pholovoltaics industry. In the proocss, “Elliot [Berman)|
planted] the seeds far a lot of the phatovoltaic produects we see 1oday.” aflirms
Arthur Rudin. now manager of prockict markeling fot Siernens Solar, anc of
the largest manufacturers of solar modules in the workd. Interview willi Asthur
Rudin.

Interview with Clive Capps.

. Kelly @1 al., “Investigation of Photovoliaic Applications,” Phaotoroltalc Potver
aried lts Apphotions in Spaice and on Eanb (Bretigny -sur-Omge. Franoe: Contre
National d'Frudes Spatales, 1973), 514.

Interview with Elliol Rerman.

“Eevergy of Sun Liilized a1 Las Angeles Harbor,” foffman Transmistter 25, no,
3 (March 1959): 6.

Only after the pubication of George LOf and oolleagues’ Wirld Dissribrion of
Solar Radiasion by 1he University of Wisconsin in 1966 did such dary become
readily available. G. Lof et al., World Distribistion of Solar Radiation, Repon
=21, College of Engincering, The University of Wisconsin Engincering Fxperi-
ment Station Report, Madison, W1, 1966

The Japanese pioncercd the use af photovolaics for navigation aids. Sharp
Corporation. for example. concentraled on supplyving photovollaxe panels to
power lighthouses From 1961 through 1972, Sharp solanzed 256 lighthowses
situatex) abong the Japanese coastline, Y, Tarui. ~Japanese Photovaliaic Sys-
lems,” Japanesed nited States Symiprrittem on Solar Energy Systenis, Sumalanies
of Technical Presentasions, vol. 2 (Washington, D.C.. 3-5 lune 1974) (Wash-
ington, D.C.: MITRE Corp... Sashington Operations, 19747), 7-1. However, Sham
aml other Japanese plutovoitaics manufacturers oullitied ravigation devices
with expensve solar cells divened feom their space indusiry. The companies
didd neat initzate engineering selutions to extablish a cost-compelitive phatovol -
aic procuct foe canh applicatons, as had Solar Power Comporation.
Interview with Elliot Benmnan.

Thicd.
Interview with Guy Priestley
Ibwd,

Intesview with Steve Trenclward.

A US. Depanment of Encegy survey of the international photovoltaics murket
in the late 19705 confimed that “Tiletand Signal Corporation and Penveal
Carmparation [parent company of Autonatic Power at the time] are the: keading
developen of PV for navigational aids.” “Asscssment of the Technology Transler
of Fedenal Powver Sydems, Final Report,” June 1979, ALO-4261-T8. 42
Interview with Elliot Bennan.
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L5.
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17.
11.
19
. “Salar Energy Tapped for Cathodse Pratection of Casing,” Oif and Gas_fournal

21.
22,
. Interview with Lou Shrier.
24,
. The use of phatovolaics in the fickd has had other benefits. Eliminaning, the

Ihid TideLind Signal later manufactured its awn modukes.

1>. Notan, "Solar Fnerngy Used for Production Applcatinas,” 7he Ol & Gas
Jorusrnal 76 (6 March 1978): 82.

J. Briggs, “Solae Pawer—For Real.” Forbes 126 (13 Ociaber 1980): 142.
Interview with Guy Priestley.

Intervicw with Lamy Beil,

7H (20 October 1980): 113,
Intervivw with Larry Beil
Ihed. Carrosion voninol has given the photovolaics industry 2 ol of business.

"Solar-Powered Sunveyors,” Sunwordd 3, no. 4 (1979) 105
nced for utilay-generated electricity has also climinated squabbles aver powerine

right-of-ways, and so has impraved relations between utiliny companies and
bindowners.

. Interview with Bill Yerkes. Sales figures lrom the late 1970s for solar moxdules

purchased commercially in the United Staies prove Yerkes™ point. Qil compa-
nies bougdn 70 peroent of all modules sold on the American market. M, Eckhan,
“Asscsamend of Phatovoltaic Indusry Markets and Technologics,™ 30 Septem-
ber 1978, TID-29 300, 111-4.

- Imerview with Steve Trenchard.
28

Interview with Charlic Gay. Some people have feared that the ofl companies
woukd buy up ull the photovoltaics palents and 1hen quash the echnology.
But the patent to the silicon satar cell had run out long before 1he il compa-
ries saned 1 invest heavily in photovoltaxcs. Fritz Wald, who wocked with
Tyvo Laboratorics, a producer of photovolaics bought out by Mobil and Liter
known as Mobil Solar, called the conspiracy theory “nidiculous.” If the oi
cumpanics wished to desiroy photovoltaics, he said, “they could have much
mare casily let the technology drop by not investing in it at all.” Interview
with Frilz Wald.

The 24 bunker ail bumed by power plants, which photovoltaics would
replace, “is really the lowest profit commodity for any oil company,” Wkl
cxplained. “By entering the photovoltaics business from that end. Mobil wasnt
warried 1thal photovoltaics woukd replace” such a low-profic gem. "{Photovol
taics] therefore wasn'l really trespassing on Mohil's turf at all.™ Intervicw wath
Fritz Wald. Instcad, the oll companies that bought into or bought out photo-
volics firms “were really determined 10 make salar 2 business,” stated Low
Shrier, an Exxon executive who oversaw Solar Power Comoeation. Inlerview
with Lou Shrier
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Bill Yerkes, another pletovellaics pioncer, concurs with Wald's assess-
ment and adds that the large rise in ofl prices in the fall of 1973 put a lot of
extra cash into the pockets of the major vil companics. They were looking for
investments and determined that buying photovoliaics companies woulbd be a
wise hedge against the future when cil again becumes scarce. Rul, contrary o
their expectations, the price of ol dramatcally dropped in the 1980s and 1
contnues 10 fall, forcing some oil companies to retreat 1o 1heir cace husiness.
Faced with an oil glut. it appeared thar salar cells woukd not become: a magr
player in the pawer nuirket in the time lrame the companees had establshed.
They therefore gon tid of thesr pholovaltaics subsidianies. But many fims took
greatl care in linding mew: owaners. ARCO, which had bought out Yerkes' stant-
up photovohaics fiem, Salar Technology Intemational. “didn't just close the
doos” when it decide] to discontinue its involvement in photovoltaics, ac-
cording 10 Yerkes. 'In fac, they pursued selling lit] for 3 vouple of years
beyond when any prudent person might have just dumped i.” ARCO finally
sold it 1o Siecmens, a company they thaught would conlinue o pursue photo-
voltaics Likewise. Mobil found a German buyer interested in expanding its
mnovitive photovoliaics technology. British Petroleum ¢(BP) and Shell have
significanlly increased their linancial investments in the commercializing of
solar cells. In fact, immediately after BP took over Amoco, the company in-
fused Amwxw's solar unie, Solarex, with around $50 million



Chapter Eight
Captain Lomer’s Saga

witching from nonrechargeable batteries o photovoltaics made even
more cconomic sense for the Coast Guard than for the oil industry. his
larger buoys measured thiny-cight feet (twelve meters) from top 10 bottom
and their hulls conuined huge pockets filled with battenies. Whenever the
hatteries went bad, a Coast Guard officer explained. a ship called a buoy
tender had 10 be sent out “to handle a buoy, 10 bring it up on deck 10
remove the hattenies.” costing the agency around a thousand dollars an
hour. Hence, the price of maintaining batteries far exceeded the buoys’
original cost, which made the search for a power source of higher *reliabil-
ity and longer life abwolutely essential,” in the estimation of Sieve Trenchard,
who began his career with the Coast Guard. But because the federal agency
wis insulatedd from the farces of competition. “photovolidics came on Faster”
on the oil pladorms, Trenchard affimned. “Instead, we studied the dickens
out of it. We might have studied it for another decade if it weren for
Captain Lomer.™
Lloyd Lomer graduated from the Coast Guand Academy and did post-
graduate wark in physics and optics. While working on navigation aids in
1973, he becanw interesited in photovoltaics. On his own initiative, Lomer
procured some surplus cells. (He and John Goldsmith, who was working
as a salar engineer at Jot Propulsion Laboratory in the 1970s, “did a little
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harse trading for the good of the government” to get them.) Lomer put the
cells through tests at the Coast Guand Labonatories even though he had no
formal approval to conduct such work. finding that he and sympathetic col-
leagues “could combine our work so our superiors wouldn't get angry at us.”
The results convinced Lomer that solar cells were “just what the Coast Guand
needed.” His superior officers, however, were less enthusiastic and consis-
tently turned down requests for an officially funded solar cell hardware pro-
curement program

Their rejections did not shake Lomer's confidence or his persever-
ance: ‘1 simply knew that phitovoltaics for the Coast Guard was going 10
happen saoner or later.™ His belief in the technology drove Laomer to per-
sist despite the passibility of jeopardizing his carecr.

The only technical bamrier to success that Lomer coukd foresee was
the need to protect 1he cclls and therr numerous electncal conneaians
from the sea’s constant wave action and comroding salt. Solar panels un
buoys require more progection than thase on oil plafonms because they
are closer 10 the water. But making panels impregnable (o the high seas
did nat appear 10 be an insurmountabk: prohlem. According 10 Lomer, “If
you didn't pinch your pennies, you could seal them up from anything tha
niture could throw at them.”

Having speclalized in ocean engineening, and being responsible for
improving all of America’s navigation aid systems, Lomer was aware of the
costliness of large batteries and their maintenance. He therefore knew
from the sian “that you could spend an awful lot on 1these solar cells and
Istilll get your money Ixack really quickly.”

Lomer eventually won approval to install a solar unit on a buoy in
Ketchikan, Alaska. Placing it in a sun-starved location that receives over
180 inches (4.6 meters) of rainfull per year was a caleulated high-stakes
gamble. If it worked up there, photovoltaics would do well anywhere the
Coast Guand had navigation aids. "The risk paid off,” Lomer recalled. s
successful operation in such a challenging loxation ratcheted up interest in
solar cells within dw Coast Guard.

All evidence seemed to support the Then-Lieutenanl Commander.
Lomer confidently appraached his commanding officer with a propesal for
formal funding to hegin a convension program from primary hanteries to
photovalizics—Dbut he siill could not win him over. The rejection was, in
Lomer's opinion, “one of the twughest things that happened in my service



Captain Lomar's Saga

career. | had the data, the informution, yet [
couldnt get my funding proposals past my
boss's desk and that was the bottom line.”
This time, however, he had another place
16 lurn for help. As the enemgy crisis of the 1970s
unfolded, the Energy Rescarch and Develop-
menl Agency (FRDA), which Later became the
Department of Energy, began to fund demon-
strtion projects to show the American people
the practical ssde of altemative energy technolo-
gies. Unlike the Coast Guard. the Depanment
of Energy welcomed his proposal. “If we didn't
have the best application for solar eells, | would
like to know who ever waould,” Lomer recalled
Thosce in charge of funding encouraged him to
develop a formal plan. Unfortunately. that plan
required the signature of his commanding

officer. Lomer vividly remembers the meeting:
“l went into his office and said, "Look, boss,
you've been telling me for years there's no
money for this. Bul now | have the problem
solved.” He looks at me surprised and says,
‘What do you mean? Then 1 explained about

1L

Capain Lioyd Lomer (Rt ), the crusading Coxst
Guard officer wbo almost single-bandidly
emgineered the Guard’s conversiun from non-
rechargeabic basieries to pbotoroliaics as the
primary power sotirce Jor (s cquipment.

the inlerest the Department of Energy had. "No,
we an't do that,” [he said], shaking his head
indignantly. “We’re the Coast Guard, an independent agency. and we're not
going to go beggang to any other govemment agency.™

Lomer then did something drastic, which he refuses 1o divulge: “1et's
just say one day 1 got the OK to put in a proposal for over a million or so
dollars 10 the Deparunent of Energy, which 1 already knew was going to be
favorably |acied uponl.” Very soon thereafier, by 19772, the courageous Coast
Guard officer had a funded project and a new boss whom Lomer described
as “wonderful.” “He said not only are we guing to do this, but we are going
10 get us a team” dedicuted 10 the project.

Solarizing the Coast Guard's installations then began in eamest, with
Lomer as the project manager. In his new position. according 10 Admiral
Yaxst, the Commander of the Coast Guard at the time, “Lomer drafied a plan
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to consider all aspects including
ncw hardware procurement . . . site
selection. reponts, management. Irain-
ing programs. designs. logistic suppor.
and implementation planning.“? To
make doubly sure that the hardware
was up to the sk, Lomer devised an
accelerated testing lacility known as
“the pit” It camed its formidable name.
Here modules were submerged in salt
watcr, subjected 10 extreme pressure,
and cyded through bot and cold warer.
Only a very nigged, well-protected
module with a glass cover and rigid
hacking could survive. The Coast Guard
then stipulated the high standands
which modules had 10 conform to the
hidders in the photovolizics industry.
The competition for the multimillion-
dollar comract was fierce. Solarex, onc
of 1he Medgling manulacturers of solar
cells, was awanded the joh.

A letter from President Ronald Reagan pratsing
Captain Lomer for bis ploneering oforts which led
the Coxast Guard to sunich o solar power.

By the 1980s, the Coast Guard
had decided 1o convert all of its navi-
gation aids to photovoltaic power. Ad-
minal Yost credited Lomer for the change, stating that Lomer was "the
driving furce of the Coast Guand s conversion of aids to navigation to solar
photovoltaic power. and has become the Serviee's foremost expert on this
power source.™ President Ronald Reagan also commended Capain Lomer
“for your exemplary service and your outstianding accomplishment in sav-
ing a substantial amoumn of the 1axpayers’ money through your initiative
and managerial effectiveness as the projeat manager for the conversion of
aids to navigation from batieries 10 solar photovoltaic power.™ Despite his
Communder-in-Chiel's salutation for a job well done, and several medals
from the Coast Guard for his pronecring work in solar cells, “Lomer's per-
sistence for photovoltaics cost him his promaotion to Admiral,” said Sicve
Trenchard, who had served under Lomer. “It leads you to conclude that
sumelimies there is o justicoe in the world.™



Captain Lomer, now retired from the Coast Guand and
living in Florida, can see the results of his crusade each time
he sails his aptly named boat—Don Quifore.

Photovolaic-powered nuvigation aids are now in world-
witde use, Prior 10 converting to solar electricity. most coun-
tries, other than the United Statles and Canada, ran marine
warning lights with acetylene gas fueling an open Mame
contained in a lanternlike enclosure. A dock-regulated mecha-
nism determined when the gas would ignite. Tlwe capital and
maintenance costs for such equipmem were enormous. even
more expensive and troublesome than primary battenies.

The French Lighthouse Service started replacing acety-
lene systems wath solar modules in 1981, nuiking the choice
primarily on cconomic groundls. Analysts reported that “the
wmover time of the invesimeni [for photovoltaics! is less
than one year.™ Greece found the economics fur replacing
acelylene-powered lighthouse lights with photovoltaics com-
pelling as well. In 1983, a gas-powered unil cost $15,300,
while Ihe initial investment for its photovolaic equivalent
was only $2.000. Maintenance costs were reduced, wo. By
1983, Greece hud installed photovoltaics in most of its 960
lighthouses and buoys. Greek solar cell
expens called the program “the maost suc-
cessful [photovoltaicl application at present
in Greeee.™ In faa, throughout the world
“marine applications were precedent-
seiting in many people’'s minds,” John
Goldsmith asserts” Proving ilself in the
harshest environments was an excellem
measure of the technology's potential.
People took notice and began to consider
photovoltaics for a range of tamer terres-
trial uses.

Today. svlar cells pourer the hgbss in
almost every lightbouse run by the
Covest Guard,

AN LA D g

Solarex modules pouer this
brecys warnming Hod and born.
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Notes & Comments

All quotatinns and Information aat otherwvise anrbuted were taken from inter-
views and comespondence with Capuain Loyd Lomer (Ret.),

1.
2.

& owh b

Interview with Steve Trenchard.

A. Yost, “Citalion 1o Accompany the Award of the Coanl Guard Achicvement
Medal 10 Comerander Hoyd R Lomer, Uniled S1ates Coast Guard,™ 8 Apeil 19891,
1hid.

Presiclent Ronakl Reagan, lener to Captain Lomer, 29 September 1986,
Interview with Steve Trenchard.

C. Guy, "Experence of the French Lighthouse Service in Powering Akls to
Navigation cither on Land or Flotting Isic] Aids with Photovoltaic Generators,”
Procecdings of the 2ndd Imtervctional Photovaltaic Science and Engineering
Conference {Beying, China) (Hong Kong: Printed by Adficld Adverusing Com:-
pany, 1986), 670. 673.

K Soras and V. Makeos, “Feasible Stand-Alone Photovoltaic Sysiems in Greece,”
Fifth £ C Phutorolitic Solar Energy Conference (Athens, Greece) { Dordrechs:
Kluwer Academic Publishers, 1984), 487

Inlerview with John Goldsmith.



Chapter Nine

Working on the Railroad

olar Power Corporation initiated its plan to market solar cells on
Sc:mh around the time the word's space programs were winding down
after the completion of the United States’ Apodlo program. which was capped
by the historic moon walk. Thease associated with the space race began to
worry about their professional futures. To ameliotate the gloomy pros-
pects, NASA entered the terrestrial photovoluaics ficld. approaching it as
another mission, like the moon shot. It hoped 10 reeyde its engineers and
thus keep its workers employced.! NASA believed that a large government
appropriaton woukl solve everything,

For those unaccustomed to the NASA-aerospace culture, “This ap-
proach was an eye opencr,” Dr. Allan Rothwarf confessed. He remembers
that the principal presentations at one NASA-sponsored conference wene
given by an engincer from Texas Instruments and a scientist from RCA.
Both gave an analysis of “what it would take 1o make photovoltaics eco-
nomically viable™ for supplying clecirical power 10 America’s homes, busi-
nesses. and factonies. According to Rothwarf, the engineer argued that “a
subsidy of $1 hillion was necded between 1973 and the year 2000, prefer-
ably given to a single company—Texas [nstruments—so that they could
learn haw 1o make photovoltaics connomically. . . The RCA scientist's pre-
sentation was pretty similar, though he only needed half a billiont™
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A tramn passes by the first solar-pourod crossing signal,
Rex, Georgia

In sharp contrast 10 the: desire for the governnwent to underwrite the
American photovoltaics industry. Elliot Berman. who testified before Con-
gress at that time. countered, “There is no need for federal support for the
business. .. - {Alt the present time, there exists a commercially viable busi-
ness hased on utilizing silicon photovoltaic devices 1o provide power in
places on canh where sunlight is available and ather forms of energy
expensive.” As an example, Berman informed Congress 1hat “solas cnergy
is [already] being successtully converted to cleatricity lto] . .. power . .. navi-
panion warmning lights and homs on unmanned offshore platforms and
mantime buoys wuorldwide.” If Congress really wanted to help the photo-
voluics industry grow commercially, Berman suggesied that the federal
government make policy changes that would benefit the Anwrican poople
rather than provide handouts to the industry. For example, he urged Con-
gress to require warning lights and crossing gates wherever a railroad track
and a roadway intersect. Such a policy, Berman argued, would both save
lives and promale photovoltaics because many of the 175,000 unprotecied
crossings in the Enited States a1 1the time were located Far from any source
of elearricity.?

Though Berman's words did not persuade the govemment 1o act, in
1974 a sak=sman m Solar Power, who had previously been employed in the
rilroad industry, convinced the higher-ups at Southern Railway to try an

experimental panel 10 power a
crossing signal near Rex, Geor-
gia. Not convinced that these
n newfangled walers could power
much of anything, railroad work-
ers connected the solar armay
a utility line for backup. “All of
us were a little bit skeptical of
the technology,” staied Bob
Mitchell, who has worked for the
Southemn for many years,” But, a
funny 1hing happened in Rex,
Georgia, that tumed quite a few
heads. On several oocasions that
winler, ice huildup caused the
wires to fall. And the only clec
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tricity for mikes around came from the solar array. ~Just the reverse of what
they [had] expexed happened,” chortled Arthur Rudin, who had installed
the panels and whao peniadically checked the installation. “Thar's what sold
them on the technology. ™ Or as Bob Mitchell stated, “Rex, Georgia. taught
the Southem that solar worked ™

While the solar experiment continued to purr along a1 Rex. the South-
ern Railway found itself on the homs of a dilemma at the Lake Pontchartrain
trestle near New Orleans. Colored signal lights had been recently installed,
and they required more cument. Bringing in utility power was out of the
question. “It's just swamp out there for miles,” according to Bob Mitchell.?
To sink the poles into the lake would have cast a fortune, and they could
not be placed on the adjacent levee because flood control regulations would
not permit i€ Instead the Southem tried a thennoeledric generator pow-
ered by LP gas. Unfortunately, it attracied swams of mosquitoes from the
swamp reeds a1 dusk. They would fly over the flue, singe their wings, and
fall inlo the generator. Enough mosquito bodies accumulated to clog the
cagine's air intakes.

No amount of spraying could keep the moscuitoes away, so the
railroad gave up on thermal generators and tried nonreclhargeable primary
batterics. Along the Southemn, the Irack maintenance crews built their own
from a recipe 1that called for water and sulfuric acid poured into a jar that
contained a kead plate. Fach signal required thinty-two jar-batteries, which
toether weighed aver six hundred pounds (270 kilograms). The home-
made haneries wiwked, but 1hey were a high-maintecnance item. On Lake
Pontchanrain, the baneries cost more to make and maintain than elsewhere
on the Southemn because
fresh water had to be carted
out to the signal sie; the Pl R I35k
lake's salt water would not §5888 £ .

do. So the Southem Rail oy fl[lll[ ;;f»- |'

wuy wias foroed to search 1 /Ill[ll !’i z

for another power source. _ -
Modules along the trestio gpan- §
ning Labe Pontchartrain enstire
I tbe traffic sigruals function.
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~Qur expesienoe with solar power ai Rex, Georgia, had been good,”
commented the late ). T, Hudson. an executive in the Southerm's Commu-
nications and Signals Division, “so we decided to give solar a 1ry.™ That
decision was made in 1975 and “the pancls arc still working.” Bob Mitchell
attests, who was at the site when they were first installed. The only worry
is salt spray buildup. If the salt coating gets too thick, the panels don't
charge the accompanying hatteries well. “You get a little soap and water
and wash the panels and rinse them off. It's that simple,” Mitchell said.
“Then they're good for another two or throe months.™

e success a1 Lake Pontchantrain increased the Southern's confi-
dence in the 1echnology and the railroad expanded its use, espedally into
rack dircuitry. Analogous to air traffic control, the objective of track cir-
cuitry is 10 keep trains a1 a reasonable distance from one anaother and so
prevent head-on collisions or back-enders, The presence of a wrain changes
the rate of an electric curment that runs through the track. A decoder picks
up that change, translates it. and then throws signals and switches up and
down the track 10 ensure safc passage for all trains in the vicinty. Prior to
1976. the Southern used ils nonrecharpeable jar-batterics for track circuitry,
100. Bul ixa only did the labor-intensive technology make these haneries
increasingly costly, new government rules, like thase regulaling banery
disposal offshore, upped the anie. As Bob Mitchell explained, “Until the
environmentalists got strong, we coukld just throw the sulfuric acid on the
side of the tracks. But you better not be caught doing that anymore! We
can't even dispose of the haneries curselves. We have to have somchady
come in and do it for us. "™ Just as in the case of offshore platforms, envi-
ronmentally sound procedurcs prescribed by law brought photovoltaics o
the fore.

Another government mandaie put photovoliaics on the roofiops of
some of the Southem’s calxxxses. A fedenal regulation adapted in 1976 stipu-
latex] rear-end lighting for irains. Long-range cabooses already camied enough
power (o easily comply, but those on local runs did not. The railway firs
tricd to gencrate the needed electricity by attaching a fan Ixlt to the rear axle
of the caboose. As the train wenl down the track, the fan bele would rotate
and produce cleciricaty. But the belt fell off all the time, and 1he constant
vibrating lore the geneator sysiem apant. Again, the Southern tumed 10 pho-
tovoltaics. By carly 1979, iwelve experimental solar installations were in ser-
vice. They worked so well that the Southern convened all eighty of its
local-service cabooses to photovolaic power. “So far as we know,” ne-
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Sudar cells mouried on the roof of this
cahoose powered iis governmeni-
nuiridated back warmivg fipbt

marked John F. Norris, the Southern's
General Superintendent of Comununica-
tions and Signals, “this is the first usc of
solar on Irins, ™"
Ironically, despite the succeess in
Rex, Georgia, the Southemn Railway has
not put sofar 1o work powering waming
devices at its other unprotecied  grade
crossings in remate locations. That is
because the federal government has yet
1o require them. Nonetheless, some
prade crossings in the Uinited States use
plotovolaic-powered warning lights, such as along the Burlington North-
ern Santa Fe's track in castern Anizona and near Phoenix. “Obwiously, this
anea is a prime candidate for any solar application” because of the year-
round abundance of sunshine, James Le Vere. manmager of special projects
for the mailrexid, attested. To brng ulility power 10 these locations “would
have cost hundreds of thousands of dollars. In addiion. the number of
people wsing the roads™ that eross the tracks “is very high,” Le Vere adde],
bul 1the milroad ~1raffic is significantly bess than we would expect on a
narmal main line,” Hence, the crossing signals along this line operate just
a lew times each day, which assures that the solar elecunicity stored in the
hatteries will abways be suflicient. In general, though, especially in the
more notherty latitudes, milroads have shicd away from using photovola-
ics at crossings. “Shoukd the hatleries fail and you dont know about it
you're in deep trouble.” Le Vere stated. ~You're talking about the motoring
public and law suits. The liability is just 100 high.”'
solar power, though, has helped railroads free themselves from the
burden of utility pales, which require constant vigilance and mainlenance.
"In the early days, wlegraph lines were usually installed at the sume time

e
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that the rilroad 1cks were put in. Messages sent through the wires by
telegraph and later hy telephone kepe stations informed of amvivals, delays,
track conditions, anl other maners parumount 10 the safe and smooth
functioning of a railway. By 1he mid- 1970s, wircless microwave technol-
ogy coukd do the same, rendering telecommunications through wires oly-
sobete. The Kansas City Southern fed the movement 1o upraat this antiguated
technology because tlwe power lines along its tracks in Lovistana and
Arlansas had proved panicularly difficult to mainiain. The long growing
season in that region made cxtra work for the maintenance crews, * We
had 10 fight vegetation, we had to fight pole ror, we had 10 fight the
damage done by humicancs,” complained Sianley Taylor, communica-
tions and signaling engineer for the Kansas City Sauthem. "X had o fight
everything that goes with a lot of sun and rain.™"

Taylor adminled 1hat his company would have preferred tha an clec-
tric utility extend its service to run the track darcuitry with commercial
power after the poles had been removed. However. it could not justify
spending thousands of dollars to electrify low-power equipment because
the expenditure would never be recouped. The Kansas City Southem re-
iecied stand-alone diesels as a substitute power sounce because, as Taylor
stated, “Diescl generators are an inefficient, outmaoded technology.” So in
1977 the raitway chose 1o use photovoltics 1o run its signals and switches
whenever it could not connect 10 commercial power.™

Orher railroads have followed suit, though it has taken time and effont
to leam how to properly apply the new technology. In the northem states,
railroads have struggled with leaming how to work with photovolaics.
They need 1o keep the accompanying batteries wcll<changed during the
short days and frequent cloudy periods of winter, while not overcharging
them in summwer when the sun rises at five in the moming and scis around
nine at night. The Kansas City Southemn solved this conundrum by hinging
an extsa paned 1o an existing one. The auxiliary pancl can be easily raised
and supponed so it can work alongsile the permanent panel on days of
minimum sunshine; during sumuner, it can be droppexd from the sun's view
ta prevent overcharging the baneries. When tracks run through a canyon,
increasing the size of an array or elevaling it compensates for the shading.
“(wver the years, the railroads leamed a grean deal about installing photo-
voliaic systems,” James [e Yere testified, “and have made great strides
toward increasing therr celiability. Most railroads now consider the use of
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photovollaics to power installations an awractive altemaltive 1o commercial
power. depending upon utility chasges to pul in a line.” The railroads’ lum
10 solar did not anise “ourt of a sense of social responsibility,” according 10
Le Vere, “It just meets their nocds” better than any other power source.™

Notes & Comments

L. Interview with Bemard McNelis. NASA's anempt 10 operate a levestrial pho-
tovoliaics business serves as a cautionary kile. The scope of responsibililies
required for success went far beyond the skilks the agency broughi 10 1he tade.
The insiallation of a photovoliasc-powered refrigerator in Liberia illustrates
why NASA failed. Jim Martz, 2 NASA engineer, remembers that he “took the
thing out 10 the village, haoked things up. let the amay charge up the batter-
ies, plugged il in, and lit) startex) running. | tried 10 show the natve techni-
cian whal to do, but he didnn speak English and 1 couldn't walk to him. 1l
knew nothing about batieries, he had no idea how a hamery worked. hoaw a
refrigerator works, or anything like that. But we hooked the thing up. # ran.
conled devan, ard seemed all righy. 1 did that in one day and sem back 10 the
capital. came back home. never heard anather word abowt . had no sdea
how long it ran, whether s still cunning or not' .. We never bweand oo’ after
wed instalbed them, ™ Interview with Jim Manz, NASA-Lewss Rescarch Center,
Cleveland, OH.

2. Allan Rothwarf, videotaped] interview, 1994, {Countesy Mark Fitzgerald )

3. E Bemxn, ‘Solar Pholovohaic Energy.” Fleanings Before the Subcommitioe on

Energy of the Commtior on Science and Astronautics, U.S. House of Repre-

senkatives, 95rd Congress, 2nd Session, 6 and 11 June 1974, Appenidix, 58-89

Crincwsm of the government's role in the development of phatovoliaics in no

way imphes that 1 has not played a positive robe in helping the industry. For

cxample, it provided wsting devices which small sun-up campanics could
not afford. The govermment's Jet Propulsion Laboratory’s sular simulator al-
howed photovolaics companies to mwasure the power of their oclls much
more accurately than they coukl have on therr own, “This was a very impor-
tam carly contribution.” in Dill Yerkes' estimation. Furthenmore, tesiing miod-

ubes al JPL. and publishing 1he outcomes protected consumerts. Certification of a

module by Jet Propubion Laboetory took on the aura af the Good Housekeep-

ing Seal of Approval for 1hase purchasing photovoltaic prodhucts.

Interview with Bob Mitchell.

Inlerniew with Anhur Rudin.

Interview with Bob Michedl.

Thid.
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12,
13.
14,
15.

. “Let the Sun Shinw in,” Southern Ratheay Neusiester (1979 19.
. Interview with Boby Milcheil

10.
11.

Llsid.

John E. Mormis, quoted in an ARCO Sotar sales brochure, 1979, “From East 1o
West and North and South—Railioads Increasingly Use Solar Fleciicity.” When
Arthur Rudin Icft Solar Power for ARCO Solar, he broughi much of the railroad
business 10 lus pew eimployer.

Interview with James Le Vere,

Inlerview: with Sunley Tayior.

hil.

Inlenicw wnh fames Le Vere, American railroads ane i the only ones theat
nin their salety equipment by photovohaics. In the kite 19705, Australia, laly,
amd Togo began to power railway signaling devices with photovoltaics as a
way 10 aperate [them] wrh very eduoed mairtenance . . . ollering a very
valuable service at rmedhuced costs.” M. Trentind, “Photovoltaic Systems for the
Hailways In aly,” Temth E ¢ Photoroitaic Sodar Energy Conference (Lishon,
Porugal, 8-12 Agrl 1991) {Dondrecht: Kluwer Academic Publishers, 1991),
825,



Chapter Ten
Long Distance for Everyone

Wlwn Bell Laboratories unveiled the silicon solar cell, Gordon Raisheck.,
the director of its imnsistor program, predicied, “Onc fick] in which
we ¢an see immediate applications for it is communications—telephone.,
telegraph, radio, and ielevision [where) the power need is small. but it is
often needed in remote, inaccessible places where no power lines go.™
Salar cells' first commercial success—ladilitating communications hetween
satcllites and eanth—soon fulfilled Raisbeck's prophecy. What could be
more remote than space?

The U.S. Army Signal Corps, which pioncered the use of solar power
in space, bruught photovoltaics down to eanh in June 1960 with the first
coast-to-coast two-way radio broadcast generated solely by 1he sun's en-
crgy. A subon set up in A Monmouth, New Jemsey. communicated 1o a
similafdy powered station at the El Monte. California, headquanens of
Hoffman Electronics. the firm responsible for designing the solar arrays for
the Vanguard and many subsequent satellites. Colonel Leon Rouge. the
components research director of the Corps, came up with the solar-radio
praject to celebrate the one-hundredth anniversary of the organization,
The New' York Times quoted the colonel as viewing the experimental broad-
cast as the forerunner 1o making “radio and telephone communications
practical in remote arcas of Asia and Alrica, where sun powcer is readily
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i . A
The boad of the Sigread Corge in 1. Monmaotih, New Jersey. made bistory in

June 1960 by taiking ta engineers al Hoffman Fectronics in B Monte, Cadifor-
ria, tid a plosorliaic-rie transmritter — the first of its eid,

The pbototolta parncls atop
this Army truck sertaxd as the
poiver sonrce for the first so-
tar-posierced sransconsinersial
radjo broadcast
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available, and where there is no economical means of obtaining electricity
through power lines.™

Microwave notworks did exist thar could carry radio and telephone
signals over long distances, with dish-shaped repeaters picking up and
amplifying the signals. These networks usually consist of a series of pan-
bolic dish repeaters mounted on large 1owers that act like relays. Each
station, siuaed thimy or so miles (fonty-eight kilometers) apan, has two
dishes connedted by cable—onc to receive and the other 1o beam madio,
telephone, and 1elevision signals, which are bundled as microwaves in a
linc-of-sight path to the next station. During the process of passing from
one dish 1o the other. the microwave signal had 10 be shified to a different
frequency 10 prevent scrambling the outgoing and incoming transmissions.
To modulate or change frequencies requiredd a bevy of complex and tem-
perature-sensitive electronic circuits that demanded much fine-<tuning. A
relatively large power unit, huge batterics or a generatar. had 10 be brought
in to run all this gear as well as the air conditioning and heating of a hut o
hause the electronics at suitable operating temperatures,

John Oades, a microwave systems engincer a1 GTE Lenkun, a former
subwidiary of the telecommunications giant GTE. was keenly aware of the
shoncomings of dish repeaters. He had worked on quile a few in the
1960s. Since “many were up on mountaintops in the middle of nowherc”
and their gadgetry “wis complex enough to get in trouble anytime,” Qades
recalled, “you needed some way of accessing them, by cable cars or some-
one had to put in a road. Building that road could be premry expensive and
keeping it clear of snow in the winlertime would be very costly, too. On
tap of that, there was the need for power. When it was just not pussible 10
bring in a power line to do that, inaccessible microwave sites had 1o have
fuel or battery replacements brought in by helicopter.*!

On a xki trip in the cady 19705, a solution to these seemingly imesolvable
problems incubxated in Oades' mind. Riding the chairlift always pul him in
a contemplative muxxd, and he staned thinking abowt an episode of the old
TV series Dragnet. the aone where some kids had locked themselves in a
refrigerator. When he began to consider passible uses for junked refrigera-
tars, he realized thal because they are insulated, sealed against moisture
and radiation, “They would make great containers for microwave repeater
equipment.“ This insight led him 10 consider 1he kind of electronics needed.
and then his mind really began 1o work. Suddenly Iw came to a startling
revelation: Peduips all that complex gear wasn't necessary a1 all.
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Out of that ski-lift meditation came a revolution In microwave tech-
nology. Oades designed and patented a repeater that merely picks up 2
signal, amphfies it, and semds # on %3 wvay without the fuss and bother of
duanging or modulating frequencies. He discovered that using filters and
covering the parabolic dish with a snetal shield does away with any inter-
ference between incoming and oulgoing signals. and this allowed bim ©
eliminate most af the electronics, B Hampton, Oades’ boss at the nme,
described the difference Detween Oades' invention and the odd technology
as gong “from a rack of equipment 10 something you could put n your
pocket.” Qr in the words of the inventor, “This was 1he most minsyalict
way. . . | simplified the wxchowlogy dbout as far as you could. ™ What gad-
getry remains. Oadces culled from mansistor technology developed for satel-
litetor-eanth communications. The equipment 1o run Qades’ repeater fits
into a small cabinetl about the size of a fuse box; it can work at any tempera-
ture encountered on cagdly, and i does not take much power or tending,

Because the system can operate for years without maintenance and
requires only a few wans of clectricity, Oades wanted a compatible source
of encrgy. very reliable and compact. Therefore, choosing salur cells “came
right at the heginning, (o §301, i it weren't for photovoltaics,” Oades swor.
“I probably wouldn’t have built the repeater.™

Hampton was very receptive to Oades’ ideas for revolutionizing micro-
wive technology, suggesting that they “do some testing, 1o see o well it
works, and try 1o ges the big boys IGTE executives] 1o finance it.“" True o
his word, in 1974 Hampton 100k some money from his engincering bud-
gt 1o huild and 1est a prototype. In their spane time, the two s€t up a mini-
microwave wlephone network using Oades’ repeater design. Setendipity
simplified things. Hampon's hause sat on a Adge overooking 1he plant
where the men waorked. They put the prototype repeater inio an unused
microwave wwer that was on top of the company's roof and relayed phone
calls to and from Hampton's house and his hangar at a cemisy amrpon.,

Once the wystemn was in operation, Hampton showed it 1o his bass and
the comporate head of manufacturing for GTE. They wilnessed 1his repeater
doing the same job as a conventional one, but on no more power than that
used by a nightligh. Intercstingly, there were no genetators of power lines
in sight. Wiwed asdied what gave the repeater ils clectricity. Hampion pointed
to two Solar Power Corporation arrays placed above the dishes. The
epeater’s low energy consumption— 1/ 100th of that usedd by the old 1ech-
nology —gave it *a unijue advaniage.” Hampton told wrn. * it can be aper-
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fednm Osedes ¢iefl) and Bifl Hampton
(ngbts check: ont the solar panels of
Qades” solar-powered microware
refuater,

ated entirely by solar power
. . permitting the repeater 10 be
self-contained and self-pow-
cred fand for this rcason] 1o
operate in locations where 2
conventional repeater woukd be
cither complelely impaossible ur
inordinately expensive.™
The GTE officials more than liked what they saw. “They were over-
whelmed.” Hampton recalled. 1t didn't take long efore GTE unveiled ‘the
solar-powered, sclfcontained, supercconomical . . repeater” 1o the tele-
communicatons indusiry in full-page adventisements, calling it “the most
significant Dreakthrough in microwave transmission in the last thisty years.”
The daim rised eyebrows throughout the industry. GTE was suggesting
that Oades’ device compared in importance 1o the discovery of radar. As 2
consequence of the new repeater, GTE boldly announced. “The day when
communications engineers had to think in temms of big 1owers, large power
requirements, air conditioning, acoess roads, and all the atendant construc-
tion and maintenance difliculties for {repeaters| is drawing 10 a close. The
firs1 units arc rcady for shipment now.,™
Navajo Communications Corporation hought 1he first unil. The com-
pany winted to coanect the community of Mexican Hat, Utah, with 1w
resit of the word by telephone. The rugged, almast inacceessible terrain of
deen canyons and sheer diffs that surround the town had stexsd in the way
of 1he long-distance telephone service that most North Americans in the
1970s ook for pranted. As a GTE excecutive observed, It was one of thase
impaossible silumions of having to plow in miles of cable up and down the
mountains and through a valley to a very small community. The investiment
on such a progect would probably never have been retumed. . . . Mobile
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GTE Lenkurt announces the
most significant breakthrough
in microwave transmission

in the last thirty years.

The solar-powered, self-contained,
super-economical 2-GHz 700F1 RF Repeater.
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A GTE announcement, printivd in trade journals. presenting thoir solar-prvered
nHCTUldLe ropecter (o the lelecommunications community. The pixiograph shous
Jobn Oadis, its developer, suning the broadcassing cquipnwnt, wbich fits inso the
small cabinet next 1o bim At Oades’ right are the photovoltaic cells The figures at
the bottom compary the threv nicrovare techrnologies avatable af the rime
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1elephones would not have worked cither. R
The high walls of nearbw canyons would have '
eftectively blecked ou mewt signals. ™"

S0 Oades’ repeater was instilled on Hunts
Mesa overlooking picturesque Monument
Valley. The location gave the repeater a clear
line of sight from the microwave terminal art
Mexican Hal to a microwave link a1 Kayena,
Arizona, which wpped into 1he national 1ede-
phone lines. The repeater and its insiallation
cost MNavajo Communications a fraction of wlat
the alternatives would have. “It took Iess than
™wo days’ time o mount the pole structure,
install the equipment, and get it on the air”
reported an asiounded J. Shepherd. CEO of
Navajo Communications." In the fall of 1976,
Hunts Mesa became the first solar-powered
microwave repeater sile in Noh America and
une of the first in the word.

A vl of the fHeunts Mosa solar-run repegter, with
a panorama of the rugged landscape that made

The repeater did not disappoint the ils placemnent a necessity 1o proxide Mexican Hae,
people of Mexicin Hat. Mainicnance, as prom- Loah, seub long-chstance pbone serrice.

ised, proved o be mininal. According 1o

Shephend, this spared “fick] personnel from torturous travel to the site.” a
scventeen mile (wenty-seven kilometer) trip that takes neardy three hours
by lour-wheel drive under the best of conditions."” Fortunately. Oades and
Hampton had worked through all the potentiad slumbling blocks at the
home office. Through 1heir experiments they had leamed. for example.
that you could boil a battery with a solar panel. “We ended up having 10
design regulators that would control overcharging.” Hampton reported.
Only one Maw marred the perfonmance of the solar cells a1 Hunts Mesa: A
solder joint cracked. Its repair 100k minutes. “Other than that,” said Hamp-
lon, “the original solar modules are still up and running!™*

Oades regarded the Hunts Mesa location as an ideal sheweease far the
repeater. *Irs . real isolated,”™ he explained. “and it's a very good an= lor
sun.”” In the estinulion of Navaj Communications CEQ Shepherd, the
Hunis Mcsa installation “repeesents a nmjor breakthrough in the econom-
scs of surving small population cenlers with microwiave communications.™
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s success also hoasted confidence in photovoliaics as a power sousce for
repeaters and other isolated stand-alone applications. “The problem,” Qades
painted out, “was that people werne concerned about long-term reliability.
Repeaters have 10 be very reliable. They're ot there in the middle of
nowhere with ce and snow, just temrible conditions. People didnt know
how solar cells would stand up to all this. After a year of successful opera-
lion at Hunts Mesa, 1they had something 10 point 10.”

11 didn’t 1ake very long before the waord got out” about the repeater
and its power source, Oudes added, “There are a lot of small isolated
towns and villages . . | in the West that arc hemmed in with mountains,
where it would be 100 expensive to put in a conventional micnowave
systemn or telephone lines.™" But thanks to the solar-powered repeater,
they now could enjoy the same kevel of telephone service as urban centers.

Cuprum. Idahw, was another town that benefited from Oades’ inno-
vation. The inventor saw fimthand the positive impact his repeater had on
the citizens of this small mountain enclave. *1'd be driving down the street
with the owner of the [locall telephone company.” Oades recalled. “and
people would come out and stop him and thank him for providing them
with long-distance sesvice. "™ Prior 10 the installation of the solar-powered
repeater, Hw hundred or so souls of Cuprum and neighboring Bear had 10
endure a bumpy fifty-five minute drive just 10 make a long-distance call.”

An improved solar repeater that could manage
more than twelve hundned calls simultaneously was
placed above Palm Springs on Snow Mountain, con-
necting the desent community 10 Ontario, California,
where GTE's long-distance circuits for Palm Springs
termmated. Unlike Hunts Mesa or Smith Mountain,
where Cuprum’s repeater stood, commercial power
lines do run close by the Palm Springs’ installation.

Oaqdes' soldr-powered microuane refxater made i posible
Jor rund Idaba restdents Clarence and Beth Warner to call
fong distance joanne Wi, wife of the ouveer of the
ncal tlcphone company, presenied the Warners with theirr
et telephone.




Lang Detesnce for Everyone

Bui, as Hampton cxplained, “They weren't as dependable as one would
like. Especially during winter when there'd be a kot of wind, rain, ice, and
whal have you. Up on Snow Mountain, the sun’'s a lot more reliable than
Southem Califomia Edison!”#

Aficr six years on the marker, GTE sold more than one thousand
solar-powered repeaters, resulting in a muliimillion-dollar worldwide busi-
ness. “The big appeal and tanfare.” acconding to Bill Hampton, ~“were the
solar panels.™ Since Qudes” work intrigued those in 1he elccommunica-
tions business. both Oades and Hampton received invitations to confer-
cnoes and mectings throughout the world to discuss their work. One
excursion took Oades to Ausirlia, where professionals from “Down Un-
der” had goad reason for their interest: Australia is roughly the size of the
United States, yet in 1970 fewer than twelve million people lived there. its
highly developed standand of living called for modem telecommunications
links, but 1l networks the Austrzlians wished 10 build had 10 1raverse vast,
sparsely inhahited—albeit sunny—terrain. To accomplish this feal, the Aus-
tralian govemment gencrously funded Telecom Australia, the quasi-public
agency in charge of the nalion’s communications services. The national
policy established carly in the 1970s was to try (0 provide every citizen. no
matter how remaotely situaled, with telephone and television service com-
parable to that enjoyed in 1he larger population centers.

Michael Mack, a power engineer for Telecom Austrul, explained the
dilemuma his agency had to resolve. “In uying to get telecommunications to
outlying propenics, and we had a kat of them that are really quite remote.,
we lound that one of the biggest problems was a reliabke power supply.”
Telecom engineers thercfore brought in 1hermocleairic generators. diesels,
and wind-driven machines; sometimes they connected their equipment 1o
the customer’'s awn power source. But none of this panned our as well as
Telecom Australia had wished. “They weren reliable,” Mack complained.
"The problem was you were dependent on somebocy actually maintain-
ing the wind generator or keeping gas bottles replenished. Or if it was the
customer's power supply. the quality of thm power was very uncertain. ™%

On the lookout for somcthing betier, Amaokd Holklerness, 21 senior power
engineer for Telecom Australia, kept his eyes open while on trips 10 Americ,
Eurape, and Japan. At the headquarters of Sharp. the [apanese elecrronics
equipment manufacturer, Holdemess saw some literature alxout the plusto-
valtaic modules that the company had just staned to produce. He ended up
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taking some Sharp pancls home. “We were alive to the need for remote
power supplies, and with 1his government mandate 1 book everyone up.
we had to think innovatively,” Holderness said .=

The high price of the Sharp modules. abow $100 per wan, scverely
limited their application. But a year or so later, the appearance of Solar
Power modules, which were five times cheaper than the Japanese proad-
uct, gave Telccom Australia the green light 1o pat photovoltaics 10 work.
The sssistant manager of the agency told the Australian Senate Commitice
on National Resources in 1976, “At 320 per peak wan (the price of the Solar
Power modules at the time], phatovoltaic conversion is an attractive propo-
sition for small power supphes i remote areas land we have] about 20
small solar systems installed.” Each sysem consisted of a telephone, a
transimitter, and a receiver powered by low-wattage Solar Power modules.
Calls were beamed to and from a telephone exchange that was connected
to the national network, The solar-powered phones worked so well that
ahcr sevenal years of service the stall at Telecom Austrilia could state with
grear confidence. “Using direct photovaoltaic conversion has become a
viable and preferred power source for [remote telephones)

By demonsyating, theough these micro-installations “a cost henefit
over any other primary powes source suiable for the job,” the initial solar
program of Telecom Austiralia was deemed to have been successfully com-
pleted by the summer of 1976. Telecom engincers hael gained the “confi-
dence and experence winh ithel new power source” they needed. They
were now ready o “design and develop birge solar power systents” thar
would link distant lowns with the rest of Austnalia’s phone and tefevision
networks. ®

The dramaiic drop in the amoum of electricity necded to run large
repeaters also helped Telecom Australia o consider powering entire tele-
communications networks by the sun. A large dish repeater that previously
had required a kilowatt to operitc now ook only one or ™o hundred waits,
Improvexd solid-wase equipment brought about the breakthrough, as did hous-

* ing the drcuitry equipment underground where temperafures remained mild
vear round. thus climisuting the need for air conditioning or heating * These
repeaters, though. consumed miuch more power than Jdid Oades’ invention
because the Aavasalians needed to relay television and telephone signals
over hundreds of miles, something the Lenkurt design could not do. By 1976,
the power necessary o run a large-scale repeatec—aone thal could carry hun-
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dreds, if not thousands, of clls at a time—fit amazingly well with the loads
that pholovolics could economically handle. As Telecom Australia reponted
that year, “[Tlo supply 100 wans in a remote area, without mains |wility]
power, solar means are cheaper than any other source.™™ And just a year
later. an issue of The New: Sciezttist announced that photovedtaics “can be
justifierdd economically for loads up 10 200 waus” in faraway places.™

The significantly reduced maintenance requirements of the new micro-
wave dishes also expanded Telecom's interest in solar electricity. A typical
solid-statexuipped microwave repeatcr—that is, a repeater using elec-
ireonic components That need neither heat nor moving parts to operale—
buill during the mid- to late 1970s could run pretry much tnouble free for
len years. The same could nat be said for the repeater's usual power
source when o commercial clectricity was dose at hand. Diesel genera-
tors demand major servicing on a yearly bxasis and many refucling visits.

Abore: Telecom Australia’s first remotely sttvated
Phoseroliaic-powered selephone system, installed in
1974, Iy sticcess bed to Telecom Australia’s edensive
use of photeroltailcs in the 19708 fo power micro-
e e repecder systems. Righi: A ciose-vip of the system s
solar pouser pock,
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Considerable time and labxor had to be expended on the diesels, while the
dishes themselves requined none at all. The engineers responsible for main-
1aining lhe microwave dishes were apen to finding a sclf-sufficient power
source. In other words, they were ready for photovoltaics.

Despite these compelling reasons to tumn to solar, Telecom Australia’s
decision 10 rely on the sun as a major power source surprised a lot of people.
“It was considered a fairly risky thing in the 19705, Michael Mack rocalled.
‘quite a novelty.”® Success Innged on selecting the right solar equipment.

Holderness and Mack sought a phatovoltaic device that could dupli-
cate the solid-state equipment’s stellar performance. They were looking for
a2 module that would kst at least 1en years and that would require only
minimal care, a sesvice visit every six months, while operating under se-
vere conditions—in deserts where daytime temperatures rise to more than
120°F {49°C) and drop 10 freezing at niglt or in the tropicy where the
humidity never falls below 90 percent. With this in mind, they conducted
an cxhaustive series of accelerated environmental and laboratory tests.

Preliminary field tests ruled out almost every module on the market
because, by then, most used silicone as the encapsulant and cover. Telecom
Australia had discovered tlul parots and cockatoos native (o Australia
consider silicone a delicacy. Anotlwer problem with all-plastic modules was
that din kicked up by wind storms readily accumulated on the silicone.
shuning out sunlight from the cells. Glass provided the remedy: 1 would
bxoth protect the plastios inside from pesky bird beaks and let din slide ofl
its slippery surface. Holderness and Mack therefore decided that any mexl-
ulc Telecom Australia used would have 10 have a glass top.

In the mid-1970s, this requisement allowed them only one choice—ihe
RTC module baill by Philips Electronics. But that was aceepiable because
Philips had a factory in Australia and the company’s engineens were thus
able 10 work doscly with Holdemess and Mack. The fing RTC module that
underwent the tortuous 1esting procedure that Holdemess had developed—
which included temperature cycling from -13°F to 185°F (-25°C to 85°C) and
seambaths—completely fell apan. In cumrecting the problems 1that had caused
the module to fail, Philips developed a comosion-resistant cell. Its engincers
also neduced the number of materials placed inside the pancl. This checked
the breakage of cells and cell connections that had occurred with 1he vani-
ous packaging matcrials expanding and contracting at different rates due to
the dramatic rise and fall in temperature. The refined RTC design became
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One of Telecom Australia’'s many solar-
powered microtare ropesters, wbich provide
rural Australians with first-class telepbone
and telerision services.

the standard power pack for Telecom Australia’s
remote installations.

With the modules, baleries, and control
equipment having passed muster, Telecom Aus-
iralia felt ready 10 construct its first large-scale
solar-powerned telecommunications system. Thar-
tcen solar-powered repeaters went up in 1978,
each iwenty-five miles (fonty kilometers) apan.
They connected the exisling dicsel-powered
nctwork at Tenant Creek to the resor town of
Alice Springs, linking in the process such coloe-
fully named intermediate points as Devil's
Marbles, Tea Tree, and Bullocky Bone to Austra-
lia’s national telephone and 1elevision service.
People in these and neighboring towns, such as 16 Mike Creck and Warraby.
no longer had 1o dial 1he operator for long distance and shout into the
phaonc to be heard. Nor did they have to wait for news tapes 1o be flown 10
therr local stations, viewing them hours after the rest of Ausiralia had.

Telecom Australia’s high stanctards paid off. The Tenant Creek—Alice
Springs solar-powered system worked well. “The concept proved so suc-
cesstul.” Michael Mack and colleague George Lee reported ten years later,
“that Telecom Australia went on to install seventy similar solar power pack-
ages throughoul its netweork.”™ All 1he installations had “gratifying resulis
as “therc had been no system failures™ afier len years of operation.™ The
Kimberivy Project, which links dlistant, but booming, northwestermn Austra-
lian towns, renains the world's largest sun-driven microwave system. Forty-
three solar-powered repeaters, spaced about thirty-five miles (fifty-six
kilometers) apan. span [ilteen hundred miles (2,415 kilometers).*Not only
do the repeaters bring long-listance 1elephone service 10 the towns along
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The success of its solar-ru
telephone systems keid Telecom
Australta ta construct large-
sized photovoliaic porer planis

fo run macrotivine repeqalers

Tedecom Anstralia placed the
broadeasting equiipment and
tittertes inside the shipping
cordainers that supporiod the

photoroltaic panels
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their line, bul people at sheep stations and isolated homesticads and com-
munitics within thinty miles (forty-eight kilometers) of their range can
connect o hem via solar-powered phone systems. ®

Telecom Australia’s large-scale sotar projects made 11 one of the wordd's
mujor purchasers of phatovoltaics from the laic 1970s through the 1980s.
A phorovoltaics firm doing business with the telecommunications agency
could count on doing well i its product could measure up 1o Philips’
benchmurk module. Solar Power Corporation reached that platcau, incor-
porating a glass top and other robust features into its modules. These
improvements could not have come at a betier time for the Australians,
Their demand for veey dependable modules had grown exponentially,
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and having anaother suitable supplier kept the market compelitive, Other
manufacturers began to produce extremely durable modules, oo, allow-
ing Michael Mack to inform an international telccommunications confer-
ence in 1984, “The [photovoltaics] industry has marured in recent years,
with numemous high reliability modules now in the market.”™ The increas-
ing number of reliable photovoltaics products to choose from made 1t easy
for Telecom Australia 10 continue using solar electricity after Exxon and
Philips dropped out of the business. The Australian subsidiaries of 1two
American firms, Solarex and Tideland Signal, kept the Telecom group well-
supplicd through the 1980s.

Al the same confercnce, Mack also 104 his colleagues. “We have ad-
vanced from the stage where solar power was considered an exotic sournce
to where it now plays an imponant role alongsxde conventional power
supplics.™ The wark of Telecom Australia helped the photovoltics indus-
iry reach this high stage of acceptability. As Mack put it, “The Australian
experience gave people all over the world [the] confidence 10 use photo-
voltics. Telecommunications groups could confidenily paini to Australia
and say, “This is what Ausiralia is doing and look a1 the harsh environment
they succceded in*™ Or in the words of Arnokd Holderness, "Wt were
showing the world how solar
power could be used in a big
way oul in the field. ™ Indeex],
the wordd caughi on. One tele-
communications exper tokd col-
leagues in 1985 that photovoltic
systems have “become the power
system of choice [for] remote
communications.”™

Photoeultaics alfows this kuolated Avstralian
bomestoad to commnicate unish the cul-
sidle world as easily s nurban dicllers.
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Chapter Eleven

Father Verspieren Preaches
the Solar Gospel

he twenticth century had never witnessed dmught and famine of
such immense propaortions as that which hit the African states situated
direcily below the Sahara in the 1970s. “People and livesiock fell like flies™ as
a consequence.' The little-known countries of Chad, Mali, Mauritania, Niger.
and Senegal gained glohal recognition as the world Icarned of their plight.
One Furopean, Father Bemarnd Verspieren, could nat just read about
Ihe tragedly, shake his head in pity, and continue his daily routine, As a
Catholic priesi, Vempicren ran a mission in rural Mali. Every day women,
whao had walked tens of kilometers with empty containens Ialanced on their
heads, pasied by his church in search of water. He saw robust people and
livestock decline into skeletons. He saw the villages in his parish empty as
people fled 10 survive. "It became incneasingly uncomfontable for me to say
my breviary.” the priest confessed, while watching neighbons and ncighbor-
hoods slowly dic
His opportunity to help came when Malian authorities asked Verspieren
1o foem a private company to drill wells in the regron of San where he
lived, reshzing that the survival of the country depended on pumping
waler, Verspieren's sucoess in establishing and running twa local agricul-
tural schools had impressed those governing the African state. They saw
him as somweone wlx coukld gel things done.
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Venipicren fonmed @ nongoverunental organization. which he named
"Mali Aqua Viva"™—*Living Water for Mali"—to 1ap the great sivers that
Nowed deep beneath the dry sands. The governmem would provide 80
pereent of Mali Aqua Viva's funding: Father Verspicren would Iave to
come up with the rest. Though his order, the White Eamhers of Africa,
demands a vow of poverty. it allkows members to spend their own money
on projects they wish to pursue. Fonunatcly, Verspieren came from a very
wealthy family and he generously endowed Mali Aqua Viva. He also tappexd
his extensive Eurnpean contacts for additional financing.

Through Father Verspicren's elfons, two drilling leams asrived in Mali
in 1975. In the following five years, 620 wells were drilled and only 120
came up dry. Bt wha dogged the operation from its beginning was the
lack of a reliable power source 0 run the pumps. Regular commercial
power was nof availahle in the villages where most of the wells luad heen
drilled. And even if it were, it was notoriously unyeliable. In the capital of
Bamako ouLages «xcurred all the time,

Diescl generators were not a good choice cither. The hospital at San
had purchased onc and. like so many other diesels in Africy, "It was usually
broken down or in want of fuel.” As a consequence, “The hospital had
neither clectricily or running water.” Sporadic supplics of fuel. oo few me-
chanics, and little in the way of spare parnts caused San, and most of Africa, to
become, as Father Verspieren wryly pui it, “a hurial ground of motors.™

In desperation, having found nothing bettes, Father Verspieren scuiled
on human power. Hand and foot pumps require a kot of work—mwelve
hours a day, every day of Uw year—for meager resulis: The water just
trickles oul. For a village of one thousand, manually powered pumps would
provide barely enough water for drinking and none for crops or livestock.*
Worse, these pumps frequently break down. "Practically speaking there is
no such thing as a long-lasting hand or foot pump,” Verspieren complained,
after using them for several years. “Their maintenance is very great when
compared with the amount of water they extract. 1 have two maintenance
teams who have to constantly crisseross our pumiping region without stop-
ping o keep them going. ™

Pespite the problems assodiated with manual pumps, many imema-
tional aid “expents™ in Europe and America were smiitten by them and
considered them the answer 1o Africa’s water needs. Verspicren 1thought it
was cruzy to expend so much effont for so linle water. He dismissed the
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supporters of this method as neacolonialists
who were really thinking, “If Africans don
work more, then the whole continent is
headed toward disaster.™ With so much
water underground and wih so much sun
overhead, many in Mali. and the rest of West
Africa, hegan to wonder, as did one United
Nations' engincer, *Why solar encrgy should
nat be used w pump water 1o save thou-
sands of people and canle from dying of
drought." In the late 1960s and eury 1970s,
engineens had considered using the sun 1o
power water pumps, bat they unanimously
lud dismissed photovoluics as a possible
power source. “At fimd glance, |photovolua-
icsl appears very atractive,” wrote P, Masson,
a French engineer warking in West Africa.
Bul, considering the price. he decided that tlw “direct conversion of solar
cnergy into electrical energy is, in the immediate future. limited to the
space industry.™ Instead, he and almost every one in the renewable
energy field shared the prevailing view 1hat “for the African native . . _ [solar]
power generators with moving pans appear 1o e a more practical solution
to [the] problem.™ The international aid organizations and the French gov-
ermment listened to the expents and embraced sotar thenal pumps, spending
hundreds of millions of francs to construct them. Although almast identical
to the first sun motor Frank Shuman had built in 1907, people regarded the
solar pumps as novel. As with Shuman’s first sun engine, a fluid wilh a low
boiling paint passed through glass-covered pancls, collecting encugh heat
ta vaporize it. The resuliing steam would run an engine thar would activate
a pump.

Verspicren, always on the lookout for a betier way to run his pumps,
visiied one of these solar thermal pump installations in Mali. He immedi-
atcly saw that it would never waork in Africa. Each thermal pump required
a resident enginecr on duty teensy-four hours a day to make adjustments
and repairs. In Africa, such skilled personnel woukl not be available. To
Verspieren, Ihe “now” solar pump was just like o diesel pump. Because it
had an engine, “You fall into 1hat old abyss of motors, of turbines,” he

A Melian child operates a hand pumo
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The complicated moving parts

N shount in this photograph proted
to be q fatal flaw to solar-beat
pawvred engines 1n Africa

pointed out." Its extremely inefficient conversion of solar cnergy into use-
ful work also mandated a bevy of solar collectors that weighed many tons
and occupied more than a thousand square yards, Verspieren wondered
tkyw such a hulky object could be camied 0 villages where roads are
always questionmable at best. Or worse, what if the sun pump were in place
and the well went dry? Imagine, he though, erying 10 take 1hat monsirosity
apart 1o reussembie somewhere else! What the Afficans got. in the words
of vne oftic, “was [anl extremely cumbersome, material-intensive [tech-
nology] . . . whose costs were high and relability in remote locations very
doubtful """ Terry Han, the former chief technical advisor to the Malian
National Solar Laboeatory, called solas Wennal pumps “a dassic example
of Buropean laboratory technaology which is not an all adapted to fivld
conditions.™" Verspieren would have nothing to do with them, And that
was sman as none of them ever worked for very long.

Desipite the: inherent shoaoosings of the solar thermal pumps, threygh-
ot the 1970s they siayed quite 1he rage among renewable energy tech-
nobogists as the hope for the developing world. A few heretics. however,
shared Verspieren's disciin. Among the dissenters was Dominique Canvpana,
wha graduated from engineeding sehool in Frince in the mid-1970s, siv
contributed to the development of the wordd's fimt photovolhaic-powered
water pump as pan of her doctoral thesis.
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While 2 univensity student, Campana had developed a greal concem
for the environment. “It was the 1970s,” she explaincd. “Young people like
mysell were interested in all that was natural. protedting nature, and rely-
ing an natural sources of energy. ™ To determine if professional opportu-
nities existed 1that were compatible with her ecological phikisophy, she
attended every conference on renewable encrgy technologies thar she
could. It was a stroke of luck that UNESCO held its Solar Summil in Paris in
1973, where 1he leading expents in the field converged 10 map oul the
world's solar future. She went, of course, and a1 the end began 1o seriously
consider a carcer in solar energy.

Her intenest m environmental mallers also led her o examine the
difficulty that people, espocially those in out-of-the-way places, might have
in oblaining enough water. Water and solar encrgy. she noted, shared a
singular irony. Although regarded as gifts from God, eluborite and cxpen-
sive mechanisims often must be devised to make them useful or availale.

Campana leamed how 1o best use solar energy to solve future water
shonages durng a lecture given by Dr. Wollgang Palz and in informal talks
with him afierward. Known in France as “Mr. Solar” because of his great
knowledge and stirong advocacy of solar energy in general and of photo-
voltaics in paricular. Palz had opposed solar thermal pumps from the
beginning. "The technalogy was wiong for physical reasons,” he sicad-
fastly maintained]. “The efficiency of such a thing is lerrible . . far below |
percent.”" The logic of his arguments and the charisma of
his delivery led Campana to photovohaics. She 1ook The
challenge of applying what hitherto had been primarily
confined to outer space 10 one of the mast humbie pur-
poses on e¢arth—the provision of water. Photovolaic
pumps, she was convinced, would have distinat advan-
tages over solar thermal oncs: *1. Complete auntonomy;
2. Simplicay of construction; 3. Higher eflicency and lower
solar collector area; and, 4. Lower weight and simplicity
of transport.™

Domtrgue Camparea, tnitiator of the
uvrdd’s first commercu! photoroltaic-
ponred wter pumgy.
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She enlisted the suppon of Pompes Guinard, Frinee's leading pump
nunulacturer; Philips donated the photovohaic modules. With Guinard
engineers, a prototype pumyp was built that would work with photovolaic
panels in a trying environment and thal would operate from the direct
currenl which the cells proxduced. The efficlency of the pump was im-
proved. which reduced the number of pancls necessary to drive it, which
kept costs down. To minimize maintenance. they made the components
sturdier. Both Pompes Guinard and Philips saw this work as an opponu-
nity to develop a future market for their products.

It was decided to install the pump in the mouniains on the island of
Corsica, where Dominique Campana lived. She could then watch the sys-
tem and make necvessary adjustments. In addition, Corsica’s rugged iso-
laed wermain camwe the dosest in Europe to replicanng the conditions in
Africa, where, she hoped, the pumps would one day operate, A former
Pansian who had made his career in computers, but who had decided 1o
drop out and 1ake up shepherding in Corsica’s mountains, kent his prop-
eny for twe installation. He needed water for his sheep.

The pump worked flawdessly, Campana wrote, providing water for

300 ewes and an agricultural operation.” She also saw that the promise of
her pioneering idea wem far beyond the Corsican installation: *|lln the
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i To realtze Campana s 1v-
sian, Dr. foan Alain Roger
dosigned the world's first
phorovoliaic-pouered
pump. shoun bere oper-
aling in Corsica.
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remote and arid areas where tee water problems are of fundamental im-
portancy, such a system finds interesting applications. ™'

Word of the revolutionary pump spread throughout the word solar
community. Thase seriously interested in solar water pumping climbed the
Corsican mountains 1o see the apparatus at work, though the hilliness of
the site and its out-of-the-way location did not muke the trip casy. Father
Verspieren was among those who made the pilgrimage. and he found it
well wonh the effort. Everything about the pump impressed him. “Seeing
an chxtrical curment produced without moving parts, withow fucl, without
a penerating plant, nor [requiring the constant attention of] a technician
was convincing. For me,” the priest added, “it was lowve at first sight.™”

The pump's output also caught Verspieren's imaginalion. Under less
than aptimal conditions, at a latitude shared by Chicago, it drew rwice as
much water from a much deeper well than did any of his manual pumps.”
By contrast, the region of Mali where Verspicren worked lies far below the
Tropic of Cancer, less than fifteen degrees from the Fquator. A photovol-
taic pump under the Mali sun would surely trigger the regeneration of the
land, Verspicren believed., leading him to declare the development of the
pholovaliaic pump a mincle.

\erspicren retummed to Mali very much inspired, *hypnotized by the
cell.™® However, the day-to-day operation of the Mali Aqua Viva network
of manual pumps Kept him too busy 10 immediatcly apply the conversion
he: had experienced a1 the sheep farm in Corsica. For the moment, he was
convinced. his full mtention to the current pumping system would at least
keep his diocese alive. Or so he believed, until the aftemoon when his
faith was shattered by the deaths of two Malian women. On their way to
market, they had expected to find enough water at anc of Mali Aqua Viva's
rcadside hand pumps to keep them going until they got 1o their destina-
tion. Unbcknownst 1a them, the pump no longer worked. Because of the
breakdown, the women died of thirst somewhere along the road ®

Their deaths roused Venspieren 10 do what he knew had to he done.
There surely would be more casualties if they continued 1o rely on manual
pumps. The thirst of his people sent him back to Europe, this time o beg,
cajole, coax. wheedle—whatever it took—io get the funds 10 purchase
photovoltaic pumps for Mali. Furopeans listened 1o the solar pricst. He
went straight to their hearts and then to their packetbooks. As an American
solar engineer witnessed, “Verspieren grabbed anyone's arm that he could
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find to ask for money. ‘If you can't give mw a thousand dollars,’ he'd say,
‘give me a hundred. Why not#?"?' His people needed water and Father
Verspieren belicved with all his heant and mind thar only 1he sun 1hat had
nude the drought could stop n.

The roving beggar, as Verspieren calls himself, harking back to the
medieval precedent of the mendicants, monks who walked 1he streets for
alms to suppnn their monasiery, had gained 1he suppon of several intemna-
tional charities. With their money, he bought the first set of panels from
Solar Power Corporalion and a pump from Pompes Guinand. He chose
Nabasso. a large village near Mali Aqua Viva's base in San, for the first
Afncan photovoltic water pump installation becausc its people had taken
the initiative “to; do things for [themsetves], such as build liheid own schoal
and dispensary.™

Early one hot maorning, afier the technicians had connecied the last
pipe and wire, the people of Nabasso were amazed. They heard water
gushing up the well pipe, bat without the noise of a generator. Nor did
they detect even a hint of smoke. Yet water began to fill their woo-long
empty reservoir. The siunncd crowd had expected another dry. dismal day
braught on by the scorching sun. Who could belicve that the Row of water
would grow stronger as the sun climbed in the sky? For the villagers, 'It was
like magic,” stated Guy Oliver, a
French solar engineer who worked
with Mali Aqua Viva back then *Ax
first. it was impossible to explain
to them that the sun was running
the pump. But when night came
and] the pump stoppexd. they started
to understand. ™

Young Malian boys waich a

photoroltese drwen pung: fill
thetr evllage’s formevly dry
cistern wilh uxiter.
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Father Bernard Verspricren
explains to visiting dignitar
ies bow solar modiules witl
rescae Mali from its termible
drought.

The people of Nabasso sensed thar history was being made in their
village. Father Venspicren exphined the significance of the new technology
as he preached his gospel of the sun at the pump’s official inauguration:
“What joy. what hope we experience when we see that sun which once
dried up our pools now replenishes them with water! Everywhere in the
world the big problem with wells was 10 find reliable means of drawing
water oul of them. ... This time you have the answer right befon your
very eyes. Solar power is the answer! It will be your salvalion This
extrzordinary discovery is no longer a dream: You've seen it, touched i,
listened to it—not in a Laboratory, but in your own hackyard!™"

Since that momentous morning, the village has changed. People cel-
ebrale, rather than dread, the sun as it begins ils ckily arc. Verspieren
observed, “In the moming, all the women come to do the laundry; there
are acres of dothes drying in the sun, The 1oilette of these ladies, their
culinary preparations, are all done here. The cows no longer have 10 1ravel
miles for water and are in good health. and the manure, which had been
lost. hwlps fertilize 1he local crops. . . . And the children, who used to cast
pebbics in the [reservoirl to determine whether or not there was any water
left . . . now come [there to saill their miniature dugout canocs.™

Nabasso became the symbol of hope in a drought-ravaged Land. Not
bad for a place that two years before had been skated to become a ghost
town. Word spread throughout Mali and beyond about Nabasso and the
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white priest endowed with special powers, *He is something like 2 sor-
cerer.” they'd say. "He draws wvater using the sun's rays.™

The Malian villagers became ready converts to photovoltaic water
pumping, but outside Mali. especially in Lurope, skepticism abounded.
Westerners scoffed at solar cells as playthings. not capable of real work,
Others waited for the experiment at Nabasso, like all “white man® projects,
to fail one day or the next. But it didn't. The people of Nabasso, as Verspieren
expeaied, ook good care of their installation. They built an adobe wall
around the modules to keep livestock from wandering in and damaging the
system. They washed the: pancls whenever necessary ™ For over three years
the modules and pump at Nabasso enjoyed a perfect track record, some-
thing that could not he said for any other type of machinery brught from
the West ta Africa.®

Elsewhere in Mali, the water crisis wonened. The village of Woloni,
like so many others, had 10 cant water in from streams miles away. Satisfy-
ing the thira of 1welve hundned people in this way could cantinue for only
s0 long before the villagers would lose their valuable herds of cattle and
leave. Such dire straits forced the village leaders to approach Vernspicren
for help. The priest wld them that he would bring in his drilling wrucks and.
yes, they could get the sobar pump they had requested. However, cenain

i

The “perfect marnage” of
8 sun and water, made pos-
; sibde by solar cells, provides
B (b viltagers Hrestock with

B an ample uter supply.
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things had 1o be agreed upon fiest. They woukd have 10 pay Mali Aqua Viva
35,500. Villager panticipation in the driling and construction of the reser-
voir was mandatory. The village musl also foed and house the project team
for as long as work continued. A system for managing water distribution
had 1o be devised, including a methex] to systenwtically collect money
from users to cover maintenance costs. Providing nonlechnical upkeep of
the equipmeni—keeping the modules and the site clean—was also a pre-
requisite. And the people were to keep their hands off the wiring and the
pump. In return, Mali Aqua Viva promised to install a solar pump and keep
il running .+’ If the villagers did not like the terms, so be it. Verspienen said
with a shrug. There were many others who waould be only 100 happy 10
comply, and he showed them a waiting list 1o prove his point.

Verspieren established these terms—and stuck by them—because
he had lived long enough 1o know the significance of the Malian proverh,
“Whatever you do, you do it for yourself.” As far as the pricst was con-
cemed, only if the village invested its own money, sweal. and time would 1he
peaple regard the insiallation as theirs. Then and only then would it become
a valucd possession and wreated with anention and care.

The investment Woloni pul imo its solar pump retumed bountihl
dividends. It brought them the same prosperity that had blessed Nabasso.
With more water available than ever before, adobe bricks coutd be made
in greater numbers, allowing the enlargement of huts. Extra water made it
possible to sel up small gardens, whaose produce sold well in neighboring
markets. The cash bought dothes. transistor radies, bicycles, and other
mexdern goads the villagers had yeamed for. “Now the young people feel
good here.” a satisfied villager remarked, “they have no desire to leave *™

Mali Aqua Viva also installed two manual pumps alongyide the solar
pump. On the rare cloudy day, these pumps would supplement the sun's
decreased oulpul. Or if the solar pump broke down, they could wm 10
foot and hand power to nuintain their water supply. And because the
manual pumps were used only in emergencies, they remained in working
order much longer than before.

By 1981, when Yaloni got its solar pump, Mali Aqua Viva had com-
pleted twenty-five similar instalkations. The forty-five kilowatts of photovol-
mic power used in Venipicren's diocese made Mali Aqua Viva, aloag with
Telecom Australia, the largest commercial purchasers of solar cells in thw
world at the time. This was no small accomplishment far onc of the world's
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poorest countries, especially considering that the villages panicipated in 1he
purchase of pumps and the insallation of auxiliary equipment. “Their in-
vohvenent is very nearly one-quarter of the investiment,” Verspieren noted.
11 is the fing 1eme in 1hirty-one years in Africa that | have seen tha *

~Of all of our means of pumping,” the priest declared, after almost
five years of experience with photovoluaics, "solar pumps are the most
oflicient [and] the most reliable. " $iill, some installatons required techni-
cal maintenance, although the majority of the problems were with the
pumps rather than the modules. Because the wells were drilled by nain-
ming. mn boring, it ki them angled rather than perfectly straight. Conse-
(uently, the drive shaft of the pump had to e bent 10 fit dwe contour of the
well. This improvisation put stress on the bearings, which wore out more
quickly than expected.

Fixing one of these long shafts was no picnic, as Monadov Diamra, a
Malian engincer in charge of repains in 1the early days, can vouch: “When
you had a problem with the shafi, it was very painful. You're out in the
desert, its over 2 hundred degrees (38°C), and it 1akes a whole day to pull
il out with the help of faur or five people.™ A large derrick truck had 10 be
called oun to haul the shaft back to the shop. where specialized equipment
wolld be used to make the necessary repairs. From 1980 to 1983, seventy-
six such time-consuming service runs had to be made.

Problems such as these would have spelled doom for Verspieren's
solar project had he nat built up a stockpile of sparc parts, an uliramodem
repair lacility, and a highly tmined siaff of African and European techni-
cians. Also. the pricst kept the installations within a reasonable distance
from the repair facility so that any breakdown could be readily attended to.
Terry Hart praised the priest for such foresight, stating, ~Verspieren was
wise enough to install all his pumping systems in a cluster within about a
one-hundned kilometer (sixty-1wo mile) radius of his headqguaners, so that
with one base he was able to service a whole region without having 1o run
from one ¢nd of the country 10 the oter, one of the shonfalls of many
carlier developmental projects.™ Vierspicren knew 1o weell that no mechanical
system is exempt from trouble and thay unless a hmoken pump is quickly
repaired, an entire community can pensh.

The appearance of a superior pump in the eady 1980s also helped
Mali Aqua Viva's solar operation. Grundfas, one of the world's farges
producers of high-quality pumps, lud been eyeing the solar field as one of
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great sales potentiul. “Their pump had proven its worthiness in hundreds of
thousands of locations that used commercial AC elearicity. By developing
a reliabbe inveder that transforms the DC cument produced by the solar
cells into AC. this same pump could work wilh photovoltaics.

The Grundfos pump was elegantly simple: 1 had no shafi. Upon
lcarming this, the Malian technicians gave a colleqtive sigh of relief. Wiring
protected by flexible plastic connected the inverter, which was placed
above the well, 10 the immersed maotor and pump. The pipe that carried
Ihc water was also made of supple plastic. Thus, everyihing that went into
the well naturally conformed to its contour—and no pan of the immersexd
material could cormode. The motor and pump were stainless steel. and the
motor needed litle atention because it was self-lubricating,

Moved by 1he sume reasoned impetuosity that had directed his dedi-
sion 10 commit 1o photovoltaics, berween 1983 and 1986 \erspicren re-
placed all Guirard pumps with Grundfos (and later, with Grundfos-like
equipment manufactured by Total Energie). As he explained. “For me. cost
is secondary. What is of primary impontance is reliability tecause on that
depends the viability of aur people.™

Once again, Verspicren's eye for good technology pointed him in the
right direction. Each new Grundfos pump required a service call once every
two and a half years; the Guinard installations needed six 1o 1en visils annu-
ally.*” OF all the repair calls made on Grundfos immersed pump sets, 90
percent “don't call for a change in pants, but only reqquire a simple cleaning of
the pipes ar a quick fix of the wining." affirmed Jerome Billerey, an engincer
formerly in charge of maintenance for Mali Aqua Viva's sofar equipment. ™
Since the wiring and pipe do not weigh much, a four-wheel drive vehide can
easily pull them from the well in a manier of minutes, and they can be rein-
stlled in a jiffy. Even extensive repairs can then be done onsite,

Improvements in phatovoltic modules also added 1o the reliability
of Mali Aqua Viva's solar program. Like the Guinard pumps, the first three
modules worked but pecded a lot of care. Only a coat of clear silicone
protected the silicon solar cells and the silicone in which they were
embedded. Duce 10 carly problems with an acrylic 1op, it was discarded:
The top and the silicone inside expanded at different rates under inlense
sunlight, which caused the silicone 1o separate from the cover or cracks 1n
appear ar the edges of the panel. Lacking substantial protection, the hot
sun would soften the exposed silicone. When winds whipped through the
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desent, they would blow sand into the softened material. Worse, as the
desent cooled at night, the sdicone would harden. The constant contraction
and expansion eventually broke the conneclions between the cells. Also,
maisture from the high humidity pencirated the modules and slowly cor-
roded the wining inside., Consequently. the panel’'s power gradually dropped.

Verspicren flew from Mali to Cannes, France, for an intemuational
meeting of photovoluaics spedalists 10 cll them about such problems in
hope that his testimony “would mativate” improvements, He told dw group
quite frankly thal Mali Aqua Viva's honeymwon with photovoltaics was
over: “We cannot shul our eyes to reality. We must inform you that lin Malil
the: sun is harsh and the cells are fragile. We are ready 10 pay deady for
modules,” he entreated the conferees, “but please, don'l Iry to deceive us”
with a faulty product.”

Users of modules in the Gulf of Mexico or anywhere moisture and
strong sunshine coexist registered similar complaints. The O and Gas
Journal reponed in its March 6. 1978, issue, “Packaging of the cclls is a
particular concern. Some cells have been packaged in cheap, permeable
plastic and have only a 3 1o 5 year life expectancy.™

Accelerated testing programs conducted by the US. Coast Guard and
Telecom Australia also exposed flaws inherent in those early panels. But
the shotcomings in no way tumed people against photovoltaics. Father
Verspicren, for example, credited fisst-generation muxdules for getting Mali
Aqua Viva's solar program stanted, and he remained confident that photo-
voliic systems were the best power source for water pumping in rural
Mali, though ihe technology had a way to go in its developmend.*' *Such is
the law of life," Faher Verspieren stated. “The chikd 1akes his first steps
holding his father's hand.™ Others shared Verspieren's 1olerance for the
problems of the carly terrestrial mochiles. Phillip Yolfe. for example, who
hegan the United Kingdom's first phaotovoltaics engineering finn by im-
porting Solar Power moxlules, called them -a faifly crude design.™ But he
added, “Technology has to stan somwewhere,™ As Card Kaotiela, a Tideland
Sigmal engineer recalled, when something went wrong, “People didn't get
negative Inowand pholovoliaics. They just said we should make a better
product.™ In this spiril. 7he O and Gas Journal 10ld its readers, “Thesc
low-power applications of solar encigy are economical if correcly engi-
neerexd and debugged ™ The US. Coast Guard, Telocom Australia, Verspieren,
and others therefore urged the fledgling photovoltaics industry 10 better
package their culls.
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The industry responded quickly with a mose durable precuct. Tide-
land Signal camw up with a2 more rugged design by introducing 2 form-
fiting molded-glass panel. which completely sealed ihe cells and their
connections from contaminants. Bul providing protection equivalent 1o a
dauble glass pie plate had its downside. The maodule was very bulky and
very expensive. And its greater weight and smaller size increased installa-
tion costs as well. One veteran called the Tideland strategy, “The total iron-
clad, heavy<tuty, costs-be-damned approach. ™ Another old-timer described
the module as “magnificent, but costly, ™

Tideland's expensive design was fine for applications such as naviga-
ton axds, where solar cells 21 almest any price would prove economical. $3ul
for more garden-vanety needs. such as water pumping, a chcaper way to
make the panels impermeable had to be found. Photovoltaics pioneer Hill
Yerkes came up with the solution. Yerkes liad been president of Spectrotab,
a leading manufacturer of solar cells for the space industry. When Hughes
Aircraft bought 1he company in 1975, howeser, he lost his position. Smarting
from this abrugt finng. Yerkes vowed, -1'd show them by making a solar
company that would be bigger than Spearolab.™®

lictore opening the doors to his new temestrial photovaltaics com-
pany, Solar Technology International, Yerkes made several important manu-
facturing decisions. Firsi. he avoided silicone: lis fumes were a problem for
workers; it cost a lot; and din sticks o it. “People would have 10 come
around every so often and wash the plastic panels wilth soap and water”
Yerkes complained. *On a large scale. this would make the technology
unworkable ™

He also believed that for photovoltaics 10 grow into a significant
industry, it had to waork with low-cost, readily available, long-lived materi-
als thar lem themselves 10 mass production. Based on these prerequisites,
tempered glass seemed the best choice for a top cover. It was robust. it
was manufactured everywhere, and it would self-clean after a rain.

Finding an cffective way 10 adhere cells to tempered glass did nol
come casily. In his first attempts to use an acrylic adhesive, Yerkes found
that air pockets remained between the cells and the glass. Exposed to the
elements. water would condense in these gaps and eventually corode the
mctal contacts. A successful praduct would require a better glue.

While searching for a higher quality adhcsive, Yerkes recalled seeing
aulomohiles st wrecking yurds: Ther bodies were rusted oul. but their
windshields still kxoked grear. Even after decades in the sun, no air bubbles
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pany. Solar Technology International, Yerkes made several important manu-
facturing docisions. Firs1, be avoided silicone: Iis fumes were a problem for
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Finding an effective way (o adhere cells 1o tempered glass did nex
come easily. In his first attempts o use an acrylic adhesive. Yerkes found
that air pockets remained between the cells and the glass. Exposed 10 the
elements, water would condense in these gaps and eventually corrode the
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windshields still looked great. Even after decades in the sun, no air bubbles
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formed in the compaosite of 1wo Jayers of glass
bound together by plastic film. Here was a lime-
lested progess that would bond cells 1o lempered
Rlass—and Yerkes could huy the adhesive by the
trainload.

In his ques to streantine production, Yerkes
and several colleagues also came up with a more
commercial way 1o apply contacts onto cells. Thev
replaced the labor-, material-. and lime-intensive
approach of chemical plaing with screen print-
ing, the method used 1o put designs on tee-shins,
Arthur Rudin, who worked with Yerkes, expliined
the procedure. “You have a screen, you pul your
shin under it. the screen has a panem. and you
move 2 squeegee with paint across twe screen. In
our case, the painl happens 1o be a mix of silver
paste with glass. The conocoction is 3 good con-
ductor and bonds well with solar cells.”

ARCOpower

ARCO Solar 1utthized techmiques developed Yerkes took one of his new mixtules to a
by Bull Yerkes and bis collcagues 1o insro. meeting at Je1 Propulsion Laboratory. To prove
duce retatively lou-cos). well proecied its strength, he balanced the panel hetween two
solar modides 1o the tndusiry. chairs and stepped onto the middle. It did not

break. Then he dashexd a coffee cup against 1he

module. The cup shattered, but, again, the panel

remined intact. Yerkes iben lodd his impressed
awdience, “These are strong and robust products and they should be sinee
they arc going oul to work under 1he harshest conditions.™!

Soon maost photovoltaics manufacturers adopted Yerkes' processes,
producing modules of demonstrated durability. A sharp price drop accom-
panied these improvements. from §11 per watt in 1980 to $7 per wan by
1985, thanks largely 1o Yerkes' innovations. His company. which was boughu
by ARCO and is now owned by Shell Solar, remains onc of e Largest
photovoltaics companies in the word.

Ihe improvements in the manufacture of photovoluaics answened
Falher Verspicren's prayers. All the modules installed in Mali since 1979,
no matter the manufaciurer—France Pheaton, Photowant, ARCO Solar, or
Salarex—have, with few exceplions, pesfformed even better than the ex-
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tremely relmble immersed motor-pump sets. This caused Verspieren o
boast, *By 1981 the solar family at Mali Aqua Viva has become quite numct-
ous and very healthy.™ Most had functioned without a single problem for
maore than ten years when [eronwe Billerey wrote his 1990 landmark stucly
of photovoltaic water pumping in Mali.¥

The success of photovoltaic 1echnology, as showcased by the Mali
Aqua Viva experience, has created a new problem for solar engineers, The
almost tlawless performance of the equipment leaves maintenance crews
idke much of the time. Mali Aqua Viva's repair crews could service four
hundred pumps without heing overworked, although presently there are
only nincty-six installations under its ¢are.™ Yet the aews musi remain on
duty because the sophisticaled clectronics that have made photovoltaic
watcr pumping so reliable do require the intervention of a specialist should
something go wrong,

Mali Aqua Viva has become the leader in phatovoltaic water pump-
ing in Africa, if not the world. It has shown that with excellent equipment,
good and punctual mainlenance, and user participation, photovoltaic-
powered water pumping works. An evaluation of Mali's program proves
that photovoltaic pumps are more cconomical than diesel pumps in pro-
viding water for human and livestock consumption in small- and medium-
sized villages and thar they provide more water than nanual pumps.®
From the first few pumps installed by Mali Aqua Viva some hwenty years
ago, more 1han one thousand have sprouted in West Africa alone! Over
twenty times that number presently serve communitics throughout the
world. And Father Verspieren's pioneering work deserves much of the
credit. “In fact, we can say, “Thank you, Father Verspieren,” that today we
have lots of photovolaic pumps everywhere,” Guy Oliver stated without
exagperation, “and for showing the intemational community that photo-
volaics is an excellent power source for e people of Africa and the rest
of the developing world "%

The benefits of photovoltaic water pumping camry far more impor-
tance than the number of installations. The women of Mali regard solar
pumps as one of life's necessities, something they refuse to do without.
licfore Mali Aqua Viva came along. they had seen their mothers slave,
lugging heavy water containers from afar. They will not fall to such dnkdg-
cry, they say, and therefore swear not 10 mamry a man whease village docs
nol have a photovolaic-powered water pump. ¥ The sight of Malians awash
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in water has given Verspieren much pleasure, 100, *1 went as a missionary
1o conven Africa,” hw relales, “and one day | mel a young woman who
gave me water that she had carried for over six kilometers (four mibes].
Such gencrosity of the Africans has converted me and now it is with great
joy that | can offer the same woman, who had been resigned (o 1he drought
and its terrible consequences, a solar pump and a resenvoir full of water.”™

Verspieren's solar pumping program has had a profound effect on
visiting foreign aid workers. too. Afler vicwing one of the prest's fimt
photovoltaic installations, Bemard MeNelis, a salar engineer, bolsiered his
commitment to devcloping photovoltaic systems throughout the wordd.
The contrast berween the healthy, happy Mali Aqua Viva dients who en:
joyed a dean and reliable supply of water and e villages that lacked such
access, where the inhabitants scemed demoralized and many were debili-
tated, left a lasting impression on McNelis. “1t was amazing to see”™ how a
technology could change the entire tenor of a people, he recalled ®

Photovoltaic water pumping, in Verspieren's
opinion, is the mamiage of 1 century—uniting waler
and the sun. There is no chance of divorce, the priest
cortectly predicted more duin sixicen years ago. It
is 4 marriage that hecomes more solid over time.

Washing dishes unth sular-pumped
water The sun that hrings punish-
iny droughts now also brings lfe-
etibancing water.
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Chapter Twelve
Electritying the Unelectrified

Cnld war wamiars in Doth the Soviet and American camps saw nuclear
power as key to winning the hearts and minds of the developing
world, helieving that the elearicity il generated would ~enable {such] coun-
tries 1o reach the standards of living of the indusirialized countries.™ Even
those suggesting 2 more diverse power mix to electrify villages, where
most of 1the developing world's population resides, still assumed wiring
them to some central power station.! While planners dickered over the
meuns of generating electricity, the cost of stinging the wires 10 deliver the
energy did nat ligure into their discussions. As it has lwmed out, even if
encrgy from a power station were “too cheap to meter,” no developing
nation could afford to deliver it to outlying communities. That is because,
as one knowledgeable writer explained, “I’'s one thing 1o build a 180 Imega-
watt] dam and march tlw power into the city with high-tension cables, it's
another to distribute power 1o the [majority] of the population.™ The cost
of hardwiring the countryside is just too great. Power line extensions can
cost tens of thousunds of dollars per mile. In the developing world, it is
unlikely that a utility would ever be reimbursed for such an outlay; cus-
1omers could never pay back the invesiment. Rural consumers in poorer
countrics do not use much dearicity because they can only afford 1o buy
a light bulb or two and perhaps a radio or tipe cassette or television. Lither
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Fither they would have 1o pay way beyond their means for each kilowan
haur they use or the linc extensions would have to be subsidized by gov-
emments already mired in detx. For these reasons. one-third of humanity.
over twa hillion people. live withoul clectricity. I has now become appar-
enl 16 many encrgy planners that the “obvious classic approaches will not
bring more and beter encrgy” 10 these people. That is why “we are looking
for alternatives,” Rob Van der Plas of the Xorld Rank recently stated

Sund-alone power systems have become the poorer nations' only
hope. Diesel generators were once considered the answer, but their contin-
ued funclioning relics largely oa fuel ucks amiving on schedule. During
the rainy season, the trucks often show up late, if at all. Even in the best
weather, roads pitted with potholes, if paved, make broken axles common.,
and, again, the fuel doesn't got delivered.

Ihe bogistics of ransporting fucl 1o generators located in remote sites
can border on the absurd. Trucking hydrocarbons 10 small outposts in the
Amazon, for example, consumes two to three gallons of diesel fuel for
cvery gallon a genesator uses' The high price of diesel fucl, due o the
expense of trunsportation und shamp riscs in petrodcum cosits since the
carly 1970s, has fonced most owners to drastically cunail the numbxer of
hours they run their generators. And should breakdowns occur, as they
always do, it may ake weeks or months before repains ¢can be made be-
causc parts and skilled mechanics ane few and far between. Such probfems
have led many energy cxpens to conclude that the diesel cngine is “a less
elegant solution than one wauld think™ for cural electdfication.

The hundreds of millions of people in the developing world who do
not own diesel generators spend around $20 billion a year on ad hoc
soluticns such as kerosene lamps., candles, or even open fires for lighting.
and banetics for cadios, TVs, andl cassette players. But nome of these optoss
can compxire 10 uninlcrrupted eleciricity. A candle, for example, gives off
one lumen of light and a simple ¢l lamp provides ten lumens, while a ten-
watt fluerescent tube pravides five hundred lumens.® For a store owner,
the dilference in Weminaton ceeates a complete change n busiess. Witk
kerosence lights, “The inside of 1he store is dark and clients hesitate enter-
ing." a shopkeeper in the Dominican Republic states. “But with good light-
ing, cveryonc comes in and spends their money.™ Like the fuel for
goneraons, kerosene and hatteries come from oamside supphicrs. When the
local stofe owners run out, everything goes clark.



Electrrying tha Unalactrified

For reliable power, unelectrified rural people must find an indigenous
energy source. For the few who live where a river flows year round or the
wind bows sieadily through every season, water or wind power might serve
them best. The sun, however, shines everywhere. A residential phatovoltaic
sysiem takes less than one day 10 get up and running, costs a few hundred
dollars, and, when conneaed to a battery to store elecricity for sunless peri-
ods, operates as a sell-sufficient unil day and night on a readily available fuel.
In contrast, nuclear power stations and coal- or cil-driven electric plants
reqquire huge capital expenditures, years of construction. imported fuel, and
transmission lines. Hence, over timw strong support has developed for pho-
tovellaics as the best choice for most rural electrification programs.

Many who advocated phatovoltaics as a viable energy source for the
developing world first considered outfitting villages with miniaturized cen-
tralized power stations. For example, in 1977, onc United Nations energy
cxpen propased the installarion of ten thousand fifty-kilowatt photovoltaic
plants to supply all the electrical needs of ten thousand villages housing
one hundred families each.” A hank of panels would e set up closc to the
village, along with auxiliary equipment, such as baneries. Wires would run
from the solar-generating plant 1o the nearby homes.

Multi-kilowatt phetovoluic installations did not work as tlwir advo-
cates expected. A case in point was the phatovoltaic mini-plant at a village
on the South Pacific istand of Utirik. The problem was that each househald
tried 1o get as much power from the system as it could. burning lights all
night and running oversized appliances. Homeowners nat officially con-
necled to the sysiem would surrepiitiously tap the power lines. The exces-
sive—and unanticipated—demand caused the power plani 10 constantly
crash, leaving no onc with clectricity. Jim Mantz, the NASA engineer who
troubleshot the project, soberly concluded, “There woukd have 1o be some-
one there all the time who could watch over it and make sure no one
cheated. In other words, it had to e policed w0 operate.™

Imposing such measutes seemed 100 draconian. Therefore officials
on the istand decided ) divide up the pancls and barteries and hand them
ol to each villager. Experience at Utirik and other locales has proven that
photovoltaic panels placed on individual homes have a greater chance for
success than photovoltaic mini-power plants “because familics invariably
consume mure when they arc not personally responsible for their [pliolo-
. volaic] system and (their] consumption” of eleciricity.'® Funthcrmore. if an
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individual overdoads a system and wrecks il, it is that person’s problem, not
the village's.

The use of photovoltaics for individual remote homes in the develop-
ing world was pioneercd by the French. [ronically, it was the French Atomic
Energy Commission that initiated the program in 1978. The agency's nuclear
tesling in Polynesia had not endeared 11 or 1he French govemment to the
Polynesian people. Public opinion had 10 be shonx | up. “We wanted 10 be
popular.” Patrick Jourde, who worked for the commission in Polynesia al
e time, admitted. *We wunted 10 be known not only for nuclear tests but
also for helping out the people.™' Bermnard McNelis, a British collcague of
Juurde's, describexd the agenty's intentions more bluntly: “The original
maotivation for the program was a hit doubtful because it had to do with
justifying the French nuclear presence. The attitude was, give the people
electricity 10 keep them happy.™"

Jourde was in charge of finding a way to brng clectricity to those
wha lived on the isolated atolls and islands scattered over the South Pacific
Ocean. The distances between each atoll and island, and the small popu-
lations that lived on them. foreed Jourde to look for new ways 10 pravide
electricity 10 them. He experimented with vatious renewable technologies
that could use locally available fuel. Jourde first considered gasification,
burning coconut shells and the like, bui the dilficulty of collecting suffi-
cient quantities ruled that out. Wind was also considered, but high mainte-
nance and the considerable variability in supply doomed this choice.
Photovoluics alone seemed to fit the bill. “With one week of storage [ca-
pacity],” Jourde explained, “you have compkete autonomy,™

laving made the decision to elecirify the outer islands with photovol-
taics, Jourde firt helped establish a for-profit business, G.LE. Soler. to as-
semble the componenis necessary for a solar electric house 10 function
smoothly. including the design and manufacture of energy-efficient appli-
ances specifically for photovolaic-powered homes. Beciuse they consumed
considerably less ¢nergy. these appliances minimized the number of pan-
els—thc most expensive item in the system—that each house needed,
without compromising comfort. Jourde also organized a photovohaics in-
formation. research, and training center to give customers excellent senvice.

When the infrastructune was in place. he trgeted sales to the most
respecied people. One of his first customens was Mardon Beando. *Every-
one else followed their example,” said Jourde. The affluent purchased four
hundred-watt pancels that would run lights, a TV, hi-fi, refrigerator, washing
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Above. An (flustration from a manual intended
to inverest French Polynesians (n solar bome sys-
tems. Rigbe: A “fare, " the thatched-roof bomes coon-
mon w Polynesia, vrfitted with photorolisecs.

machine, fans. and power tools.' Together the appliances and photoval-
taie system cost around $10,000. Those with bess moncey coukl buy a smaller
package for approximately $2,000. A 20 percent subsidy and a low-interes)
lan payahle ewer five years made such purchases more appealing, Still,
considering “the other choices—Ilor example, a diesel generator—the pho-
lewaliaics option was cheaper than any other form of energy.” Jourde
anested.™

Between 1980 and 1990, GLE. Soler installed photovoltaie systems
on Ihity-three hundred houses. By 1987, one-half of all clectrified homes
in French Polynesia ran on power from the sun. Of these installalions, 50
percent were purchased by homeowners who cominwee 10 adkd panels
when money permits. For the other 50 percent, tlxe poorer islanders, pho-
kwoltaic systems were installed for free with the understanding that they
would pay a monthly fee to the mayor of their village. This would reim-
. hursc the municipality. which had parchased the modules from G.LE.
Soler and had paid for their insalluion. Bul once the solar was in, many



FROM SPACE 10 EARTH The Story of Sotar Elaclricity

refused to hand over a centime, “Look,” they told their mayors, “we do not |
pay for water, do we? That's because it comes in raindrops sent by God.
Doesnt Gad also send down the sun's rays which energize our solar pan-
cls* Then why should we pay for clectricity from the sun?” The mayors.
who relied on their constituency for reelection. did net refute such logic.
And G LE. Soler had no other way to colleat.

The people who had not paid for their systems Iried to get as much
energy as they could from them, caring little if the batterics were 1otally
discharged and ruincd. They knew that G.1LE. Soler had to fix whatever
wenl wong, Itended “up like the public health system in France: the users
Iran] riot”™ with the solar equipment, Jourde stated. ™ From this experience,
Jourde leamed two valuable lessons: giveaway programs invariably fail,
and only when the battery s working well docs a photaovoltaic system
function properly. Or in the words of a battery spedialist with considerahle
experience in photovoltics, “The battery is the heart of any stand-alone
insiallation. If you don't have a reliable battery, you don't have a working
system as you are essentially using the solar cells for a banery changer.™”

After the hatteries had been ruined, people hooked appliances
directly to the modules. On Makawe Island, far from Tahiti, the islanders
hadl done just this. Jourde arrived there very early one moming. As the sun
rose and its rays bone down on the cells, music from forty huge siervos
hecame audible. At midday, the music boomed all over the island. dying
down only as the sun set. Tt was quite funny,” Jourde recalled. “Everyone
was very happy” with the way the stereos worked. “11 seems that lighling
was not their iml prioriy!”

In some instances, when the local utility wired a village formerly
powerad solely by the sun 10 a diesel-run power siation, all rouble ended.
Bul no ane tore down their photovolaic modules because the two means
of power complement each other. As in most of the developing world,
eledricity generated hy diesel comes only in the moming and evening.
Generatars are run intermittently to save fuel and minimize wear and tear.
The solar cells then provide enough charge to camy through when diesel-
penerated clectricity is el available. As Jourde observed, "Pcople ane happy
16 have a Iimle diescl and a linle sun power."” With this combination, they
have electricity pretty much all e time.

Nearly 20 percent of the world's producion of solar cells in 1983
found its way to the thatched roofs of French Polynesia ® Elsewhere, nei-




ther government nor privale industry
seemed 10 have a clue about how to suc-
cessfully electrify rural bomes in 1he devel-
uping world using photovaoltaics.' No one
natched the work done by Jourde and his
staff. Dealing with a dispersed market that
nveded very small increments of power—
the situation where photovoltas will al-
ways outpedorm its fivals—proved beyond
iheir ken. For example, in 1984, the Ceylon
Electrical Board, Sn Lanka's national unlity,
offerexd solar cell home power kits 1o its
uncledrified raral constituency at cost. How:-
ever, no bureaucrat had considered travel -
ing from village 1o village o demonstrale
their use, The unility placed advertisements
in major newspapers informing villagers thay
they had 1o come to its head offlce in
Colombo. the nation's capital, 10 pick up
the kits. After purchasing them. the buyers
were on therr own. The utility did not offer
any help in installation or upkeep. Nol sur-
prisingly, only six hundred kits have been
sold over the years.~

Nor did the ARCO Solar dealer, the
largest distributor of photovoltaics in S
Lanka in the mid-1980s, display any inter-
est in selling solar door-1o-door. He felt
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in 1984, advertisemenis ide this one apypeared
in the major S Lankan neuspapen (o inform
rillages that the Canlon Electricity Board. the
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mure comfortable remaining 1n Colombo and amanging large contracis
with the governnwent, selling madules for iclecommunications and naviga-
tion aids. Despite the fael that the vast majority of 86 Lankans had no
electricity, he dismissed the possibility of doing business wilh villagers: he
believed that those living in “the uingle” had no cash.?

A similar attitude prevaiked in Narobi, Kenya. Firms representing the
major nunufacturers had set up shop in the natuon’s capiul in the Lte
19705 and carly 1980s to take advantage of the growing demand for pho-
tovoltaics generated by Nairobi-based international aid organizations serv-
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ing eastern Africa. These groups had found that saolar cells were the only
power source they could depend on 1o nin vacane refrigerators, waler
pumps, and olher electrical equipment outside the 1owns and dilies, and 1o
clecuify fences in wildlife reserves to keep game animals from wandening
intoy farms. With a hrisk business in the capital, no one saw any neason to
leave the comfons of the city to drum up trade in the countryside. Yet there
were millions of middle-class nuril Kenyans, like the Mugambis, who taught
school in the countryside. They had wanied electricity for the kngest time,
but had given up hope of ever connecting to the power lines. “If we have
to wait for the government [the sole supplier of wility-produced clectricity
in Kenyal,” Mrs. Mugambi complained, “we will e old and grey.™"" In-
deed, Kenva Power and Lighting's service ends more or less at the city
limits, leaving almost all rural Kenyans without electrical hook-ups. By
2000, 1hwe wtility’s rural electrification program, staned in 1976, had reached
less than seventy thousand of the millions living in the countryside. At this
pace.” one commentatoe observed, “it will take more 1han four hundred
years before every niril househald in Kenya has heen connected. ™™
People like the Mugambis wam the amenities that run on electricity,
such as TV and good lighting—and they have the means 10 purchase
them. Some move to the cities in order to have these conveniences. Oth-
ers, however, such as Joseph Omokambo, a Kenyan civil scrvant, have
stayed put but still manage o enjoy TV. Though nat coanected 10 a powes
linc, Omokamba found 1that he could get the electricity he needed by
hooking a car battery o his television set. Once or more a week, depend-
ing on how much TV he waiched. the hattery wouk! run out. Recharging
meant lugging the banery three or so miles (five kilometers) 10 town and
leaving it overnight with an enterprising 1ownsman who had eledricity
and who had set up a makeshifi charging sation in his garage. Omokambao
would retumn the next moming. pay the man about $2, and canry the
battery home. As time went on and the hatlery wore down, the trips be-
came mare frequent. Although he considered it burdensome, Omokambo
continued 10 cant the battery hack and forth. Otherwise, he believed, he
would have to give up television. Then he leamed from friends that there
wias a way he could keep his battery charged at home. Solar Shamba, they
told him, sold a gadget than when placed on the roof produced eledricily.
Solar Shamba's founder, Harold Rurris, was an engineer by trade who
had come 1o Kenya with the Peace Coms in 1977, He later marmied a
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Kenyan scamstress, When his wile complained that her loot-powered sewing
machine stitched too slowly. he connected it to a 1XC motor powered by a
photovoltaic pancl. This, he sumised. would not only solve his wife's
probem, but its mass use would better the lives of many Kenyan women.
Despite zealous attlcmpts 10 get The Singer Company involved and to sell
the idea to treadle machine owners, neither shared Burris® enthusiasm.

In 1984, at about the same lime that Bumis cstablished his small solar
enterprisc in the prmspernus coffee—growing region near the slopes of Mount
Kenya, a nearby rural boarding school decided to replace its ketnsenc
lanterns with electric lights. The school's board of governors considensd
Iwo options: 1t could hook up the school 10 Kenya Power and Lighting s
lines or it could buy a generator. Since the school was over four miles (6
kilometers) from the nearest wiility pole, a connection would cost abous
$21,000—Ifar too high a price for the tiny school's limited budget.® Therce-
fore, the board decided on the diesel generator.

A few days before the purchase order was
placed, the school's Pecace Corps scienoe teacher,
Mark Hankins, suggested that the administrators
consider photovoliaics instead. When the board
countered wilh, ~1t's so expensive,” Hankins pre-
sented a comparative economic analysis 1hat
showed thar a pholovohaic system was cheaper
than diesel # The board remained skeptical, so
Hankins suggested that thc members visit Burris'
photovolaic-powered office/home and see for
themselves. Except when a genermor madc its
presence known by its noise and odor, these
rural educators had never seen such hrightness
aficr dark.

The demonstration at the Burris home led
the school to posipone its purchasc of the gen-
craor and to iry solar lighting in four classrooms,

Harold Burrs (unth beard), founder of
Salar Shamba. and locally trained solar

installers prepare o prf up a photorol-
faic moxdnde.
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Salar clectricity allows this Kenan family
fo read utthout the fumes, fuss, and eye-
strain thed come with berosene Highting.

using locally buill batierics and lighis. Only the
module was imported. Three months Later, 1he
systen was up and running. The studenis’ eyes
no longer teared from the smoke of the old kery-
sene lanterns nor strained under poor illumina-
tion. They no longer had 16 crowd around the
lamp like so many moths for enough light to read.
The trial run went so well that 1he school
administrators scrapped the generator idea and lit
the: laboratory, administration office, the remaining
classrooms, and four teachers’ homes with solar
madles. ® Visiting educators, once they saw how
well illuminated the schoaol was, requested solar
clectricity for their institutions. Nighttime passenshy
cauld nt help but notice, and the more curious
stapped 1o inquire about the new technology.
Word spread about Burnis® solar edeatric gen-
vrates. Rural people with disposable inoome —suc-
cessful fammers, civil servants, dexctors, teachers,
and other professionali—who wanted 1 conve-
nient way to run their TVs, radios, cassette play-
ers, and lights made their way to his shop. Burris
sensed where the market was head-
ing and altered his course to satisfy
the demand. He designed a modular
thinty-five-want residential solar sys-
tem that would provide enough en-
crgy lo satisfy the people’s elearical
needs. Assisted by the US. Apgency
for Imemuational Development (U S.
Al small project grants, Burris and

Marl: Hanktns tight), wiro belped o
poprlarize solar bome systems in
Kenya, measures the (oltage of a
nioddtide with  workeshop panticipran.



Hankins lweld a photovolaics installition training counse for
a dozen local electricians, whe then hecame his sales- and
workforce. In fewer than five years, Solar Shamba had elec-
trified more than five hundred homes, mostly in the Meru
district where the American engineer lived ®

Burris sent his technicians 1o Nairobi to buy the panels.
Once they knew where to get them and had installed severa)
systems under his direction. many felt confiden enough 1o
£0 into business for themselves. As sales increasod, the Nairobi-
hased phalovoltaics suppliers began to enter the mesidential
marketl and sell aggressively 1 houscholds, 100. Currently
there are scores of companies in Kenya selling solar lvome
systens in almost every town, Phatowoltaics has grown into
a multimillion-dollar business, with sales increasing 25 w0 30
percent per annum over the last seven years.

A very small meodule s come 10 dominate the mar-
ket. Rated at only twelve wans, and priced at aboul $80
US., 1 is affordable for many Kenyans. Over ten 1thousand
nwvehre-waatt units lave been purchased each year since 1994,
The mini-module kit is sold abongside televisions and ra-
dios, because “shopkeepers have realized thal if people buy
a TV, they need something to power it," observed Mark
Hankins. sull ar the forefrom of the Kenyan photovoltaics
scene. He has discovered that the majority of snxall syslem

Elactritying tha Unalecirdied 1%

Danicl Kithokoi began bis solar
carver unriiing for earold Burris

He later startod bes otrn syccess-
Sul photovoltaics business at the
Joot of Mt. Kemya,

A sypical rural phosovoliaic insal-
lanon 1 Kenya. The modile is ex-
iremicly simall compared fo shose
typically nsed in the dereloped
world,
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owners “leamn through experience that with such a tiny power source they
can't mn their lights and TV all the timwe. 50, they learn to ration their
pomer needs, ™™

Two-thirds of all home photavoltaic systems in Kenya work as they
should. Anather 13 percent are panly functional—ihe TV still goes on, but
some: lights don’t. Placed in the context of a country where the traffic lights
in the capital go out and stay out for months at a time and where central
library researchers recommend packing a flashlight because 1he lights dont
always work, phatovoluics’ track record appears exemplary. This is espe-
ctally impressive considering that many installations are daone ad hoc and
in very remole areas.

Alter interviewing a number of houscholders who successfully power
their homwes with solar electricity, Richard Acker, who conducted a solar
survey for Princeton University, found, “These people, who ane the major-
ity of photovoltaics users, are very enthused because it has taken them a
big step closer o enjoying the comforts promised by modem technology:.
‘They now have a reliable source of elearicity.™! They da share one com-
plaini, however: They all would like 10 squeeze more power out of their
modules, especially during the rainy scason.

Neighbors of photovohaies awners 2lmost unanimously would buy

solar modules if they could. though
A qerrerteeniens for solar electricity in a Kenyan farm they may share Mrs. Mugambi's ini-

toun. Note the ad for berasene lamps. the sechnofogy tial reservations: “At firt, when my
solar replaces, on the right hushand launched 1he idea of buy-

ing a [photovolaic] system, | thought
it was too expensive for us [as it cost]
about three months of both of our
salarics.” But after cakoulating the
amount spent on kerosene and re-
chargeable and throwaway Iater-
ies. many Kenyans have come to the
same conclusion as the Mugambis—
that they “already spent quite a kot
of money on energy” and that the
purchase of a photovoliaic system
is a goad investment.®

Of 1he estimaled six hundred
thousand home solar systems in the

s orp v AT
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world, more than one hundred and filly thousand are in Kenya M With more
than 3 percent of the rural populace relying on sotar power lor their electric-
ity, Kenya has become Lhe finst country where more people plug into the sun
than into the national rural etectrification program. Wl is more amazing is
lhut photovoltaics” ascendancy has occurred withoue government belp. The
Kenyan experience suggesis Ut the principal power source in rural Africa is
guing to be phatovoltaics.

While the Kenyan market for solar electricity continues to expand,
having to pay for a system in one lump sum puts a damper on many
consumers’ enthusiasm, and il limits the size of a system they can afford,
Paying up front essentially forces people to buy thiny years of electricity all
at once, Richard Hansen, an American engineer and MBA who promestes
photovoltaics in the Dominican Republic. is not alone in viewing financing
as the primary ohstacle 10 the 1echnology's widespread acoeptance.

Though hwe worked for Westinghouse, Hansen's true interest was in
renewable energies. having studied wind power at Worcester Polviechnic
Institule. While iraveling around the Dominican countryside on vacalion,
he began 10 consider the possibility of making a living selling small wind
mchines on the island, since no “investiments in the infrastriciure of con-
ventional power systems in the rural areas had been made, and people
were attempting 1o get increasing amounts of cnergy.™

When his desire 1o strike out on his own linally overwhelmed lus
need for security, Hansen quit his job. Being a mechanical engineer. he
preferred wind machines to photovoltaics, admitting a cerain repugnance
to a device “that jus1 sits there and convens sunlight to electricity.” But
Hansen soon learned 1hat the wind blows sicadily in anly limited arcas of
the Dominican Republic, while the sun shines with the same inlensiry
almunst cverywhere on 1he island. He also discovered that 1he mechanics of
windmills, which he loved, proved to be a liability since moving parts tend
to break down. Photovoltaics, Hansen obscrved, “had neathing that spun or
moved and therefore would never wear out.” Though it pained him 1o put
wind machines aside. his studies convinced him that for Dominican house-
holds solar cells “offered greater polential.™

e then studied the energy habits of those living in the countryside.
He found that mest Dominicans follow the news, so they have mdios;
many love music, so they own cassette players. A simple photovoltaic
system could casily power these devices, Hansen surmised. ® $o he set up
a demaonstration system al the house he had rented. Guests inviled to visi
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on Sunday, the day Dominicans socialize, manveled at the TV, radio, and
lights powerned by the sun. Many were interested in buying a system, but
no une had enough cash to purchase it outright. Because his own funds
were limited, Hansen could only sell one system on credit at a time. He
chaose as his first customer the Mantinez family, who owned a2 market in a
heavily frequented area. “Peoplke would come by and see the sysiem at
work,” Hansen recalled. “The family was very friendly and tumed out 10
be very good promotens because of their ougoing manner. As a result.
they stimed up a log of future business.™™

Back in the States far a visit, Hansen received an urgent letter from
the Domincan Republic. Nothing was wrong with the system. the Mamtinezes
wrole, il was performing “oxactly as you told us n would, Richard.” The
problem was thal “many ane waiting for you to return 10 negatiate the
purchase of these solar systems.”™

The Maninez family’'s ability 10 mect payments convinced Hansen
that rural Dominicans could buy solar home systens—if 1the cost could be
spread over a number of years, With financing, “the technology would
become affordable 10 many.”®

Returning to the Dominican Republic, Hansen met with prospective
customers. Together they Jormed 1he Doninican Families for Solar Energy.
which came up with the idea of a revolving fund. Seed money would
provide loans for an initial set of installations; the money collected from
those camying the koans would pay for additional solar systems. A $2,000
grant from U.S. AID allowed five membens
of the Dominican Families for Solar Encrgy
to solar elearify their homes in March 1985,
The 350 down payment and S8 monthly
installment from each family provided the
funds for a sixth family to gt a photovol-
taic system that June

VWhile 1the cash provided by the revolv-
ing fund was better than nothing, Hanscn
and his Dominican clients could see its limi-

Local Dominican solar wchnicians insiall-
ing a maodule. The Npanish reads: “We bring
faht to the countryside. Rurl arcas ought
10 b mide move babikible for the geod of
all 1be couniry.”
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tations. The U.S. AID seed capital would electrify only twenly homes in five
years, " Even if thal amount were raised 10 $100.000. merely eight hundred
sodar-powercd homes would be up and running in that same lime period, “
As one of Hansen's co-workers lamented, “The demand for loans for solar
clectricity far exceeds the capacity of the fund.” At onc paoint it was “not
possible to install anything for lack of money,” the president of the nusal solar
association complained.*

Sa Hansen devised a new approach. He realized that if the bunden of
the down payment could be climinated, the customer base would rise
significanily. Through a market survey, he kearnext thal perhaps as many as
50 percent of the unelecarificd would choose photovoluics if they only
had to pay a monthly fee equal to the amount they currently paid for
enenry—and if maintenance were guaranteed. ®

One way 1o lower the entrance cost, Hansen figured. would be 10 sell
a plulovolaic service rather than a system. Instead of expecting the cus-
tomer 10 purchase and muinkain the capital equipment. an investor-owned
sotar wtility could collect a monthly fee lor providing reliabie solar electricity.

To better understand how investors might effect thw successful transi-
tion from one energy source to another, Hansen retumed home to Massa-
chusetts to siucly the strategy electric companies had taken 10 win gas users
over 1o electric lighting at the tum of 1he last century. By 1993, Hansen and
his colleagues felt ready o implement a similar strategy in the Dominican
Republic. Hansen's company, Soluz, “puts up the modules and wires the
house . . . with the lights included. Customens pay 2 monthly charge and for
that they gel a complete service coonmitment. We replace burnt ou bulbs
or spent hatteries. This is exactly what 1he elecric companies did in the
carly days,” said Hansen. “They gave the lamps away, winad 1he houses for
free. That's how people went from gas 1o electric.™ And this is how people
in the Dominican Republic and Honduras ane making the change from
hatteries and kerosene to electricily gencrated by sunlight.

The solar utility concepl works for both consumer and investor. *[The
consumers] keep their capital,” so there's no nisk for them, 1lansen ex-
plained. “Since they donY own the equipmenit, they'll simply stop paying
the fee if 1he service it good. They therctore feel prenty secure that we
are going 10 go oul there and make sure that cverything is operating.”
Conversely, those leasing a system 1end 10 ke good care of the equip-
. ment since the company can easily remove the power unil. No one “wants
to kv their service once they have electric lights and have reduced 1heir
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dependency on dry cells,” Hansen observed. “We either get the money or
repossess the unit.™ In addition, investors can look forwand 10 an excellent
retum on their capital and that prospect attracts more expansion capital

Soluz Dominicana, Soluz's Dominican subsidiary. has heen in buss-
ness since 1994, Since 1hat time, it has oulfited more 1than o thousand
homes with photovoltaic power, and 1he company reaches between 50
percent 10 90 percent of each community it enters. The heavy density of
photovoltaics users cases the «ost of fee collection and upkeep. Trained
technicians do not have ta travel far-flung routes 10 service widely scat-
1ered units, as they did prior to the wility's existence. “Before we were just
skimming the cream—the cash and credit business,” Hansen recalls. “We
had to drive all over the pluce 10 find cusiomers who could afford it. Now
we electrify most everyone. This helps to economize the operation, ™

$oluz now has five thousand customers in its network, with 1he
potential o reach fifry thousand 10 one hundred thousund over the next
five 10 1en yeass. The solar utility approach “has more impact on the
Mlordability and market penetration of Ipholovoliaic] technodogy than would
a major newsworthy 50 percent reduction in the cost of [photovoltaic]
cells™®

Pruviding credil at reasonable rates to rural people in developing
countries could also enable the uneleatnificd masses to power their homes
with photovoltaics. One company tackling the financing problem in 1his
way is the Solar Electric Light Company (SELCO).

SELCO is the brainchild of Neville Williams, who firs learned about
photovoltiics while working at the Depanment of Energy during the Carter
years. The drop in both oil prices and interest in solar energy during the
Reagan administration cost Williams his job. After years of working in
unrelated fields, he found himself wondering whatever happened to solar
energy. To satisty his curiosity. lwe hired on as a consulant 10 Sotarex in the
laic 1980s. *1 was kind of anazed at what | found out,” Williams recalled.
Nat only had photovoltaics nat dicd, “it was actually growing around 1he
world. though nobody kncw this. The World Bank was completely olilivi-
ous. linited Nations™ agencies hadn't a clue.™ Williams pondered the role
he could play in this silent revolution.

One night in 1990, while traveling in Africa, he awoke with the an-
swer. " thought tlut 1 would form an onganization that woukl promote the
wse of photovohaics worldwide, ™ His new calling led him to visil Richand
Hansen (this was in the days before Soluz). What Hansen had accom-
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Aun advertisement for the Solar Eloctric Lght
Company (SELCO) in sotshern India.

plished with a piance demonstraled to Williams the power of a well-
plinned dream. $o Willlams returned to the United States, [ormed a non-
profit onganization, which he numed the Solar Electric Light Fund (SELF),
and raised a considerable amount of money through fund-risers and from
foundations. SELF dosedy followed Hansen's blueprint: supply only good
cquipment; provide nrintenance: and develop a repayment scheme and a
means of collection. In the process, SELF again peved that people in the
developing world do have money and they are willing to spend it on a
beller energry source— if financing is avaikable. After aunching solar rural
clectrification projects in eleven countries, Williams learmed 1hat the demand
for photovoltaics far outstrips the credit that foundation grants can provide.
He leamed the constraints of a nonprofit, just as Hansen had.

Despile 1he limitations Williams faced. SELF had established enough
credibility to atract such people as Harish Hande from India. Hande was
wewking on his doctorale in solar engineering a1 the Eniversily of Massa-
chusetts when he wialked into SELFs Washington office. The two men
agreed that although SELF had demonstrated that there was great inlerest
in sular home systems, only pavate capital could finance installations on a
significant scale. They therefore decided 10 form a prvate company. the
Solar Hectric Light Company, betier known as SELCO.

Hande and Williams maodeled thwir start-up photevoltaics company on
the US. aume industry. The automobile’s great success depemded on the
availabilny of service and third-panty linancing. I is unlikely that the masses



142 FROM SPACE T0 EARTH: The Stary of Solar Electncity

would have ventured out onto the roadways without access 10 mechanics
and spare pans for theie new vehicles, Hande and Willams believed the
same applicd to photovoluaics. So they sel up several sokir service cenlers in
Saurth India, which had Ixen chixien for #s relative prosperity and need for
electricity, o hanclle sales. coordinate instllations, and provide panels, lights,
needed accessonies, and repaiss.

Hande and Willians also realized 1hat auto dealers woukd have sold
few cars had il customer been expected to pay the full sticker price in
one payment. How then could anyone expect Luge numbers of farmers in
the developing workd to buy a photovoltaic system without financing? To
set up credit arrangements in India, they knew they must fust impress
bankers with their product. SELCO tlwrefore electrified a number of branch
offices with photovoltics. Whereas ematic power supplies had made run-
ning a rural bank difficult, 1he steady power the sun
supplics keeps the tellers’ compulers running through-
out the day and gives them relable lighting at night.
“They see that photovoltsics works, that it's loanable,
and il 1then joins a list of products that they will fi-
mance,” according to Williams. "

Ihe World Rank's recent readiness to make sig-
nificant funds available for financing solar home sys-
tems has boosted Williams' hopes of helping to solanize
other pans of the world as well, In his estimation,
“There’s no ¢end 1o customers if you can make it af-
fordable, with low enough monthly payments.™ As
proof, SELCO has an agreement in Victnam to elec-
trify one million houscholds within the next decade. It

Piw mgt Crdl hopes 10 extend its services 10 almost three million

This poster ilfustrales bow phototolta-

howseholds warldwide in that nme.
Perhaps nothing better demonstrates e high value

tex utl) bring edectricity fo unclectrified thase living in the developing world place on solar cells

L Wt namese homes

than the drastic increase in solar module thefts over the

last few years. “People steal madlukes because everyomne
knows their worth and that they are easy 10 use.” commented Guy Oliver,
“Either the modules are resold or they are wired 10 the thief's hatlery or
directly 10 his tedevision, radio, or cassetic player and it wodks!” 1he French
cngineer added. ™
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In one sodar crime, the perpetrator knacked on the door of a British
cxpatriate wha had a fairly extensive installation of four fuorty-wan panels,
With a gun to his head, the Englishman watched helplessly as several
confederates armed with bol cunters and crowbars ook down the pancls.
In anuther incident, 2 telecommunications contractor wondered why his
recently installed system had gone down. An inspection revealed thal nac
hundred madules had been stolent™ Before the solar home market ex-
ploded. a fence would be placed around photovoluic installations o keep
livestock from damaging the panels. Now razor-wire curls around the 1op
of such enclosures 1o discourage solar thieves.
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Chapter Thirteen

Solarizing the Electrified

n the mid-1970s and carly 1980s, when the governments of devel-
Iopcd countries began 1o fund solar energy programs, they tended to
favor large-scale centralized photovolaic plants over small, aulonomaous
individual rooftop units because thal is how electricity had been produced
wilh other power sources. “The vision was huge solar farms—gigawans of
sotar cells,” attests a participant in the design of these large-scale photovol-
taic installations.

However. stanting with solar pioncer Charles Fritts, who built the finst
sclenium maodule in the 1880x, many have believed that photovoltaics is
better suited for point-of-service placement. When Frius boldly prediced
that his sclenium salar pancls might soon compete with Thomas Edison's
coal-fired power plants. he had no intention of constructing large-scale
generating stations. Rather, he believed, solar amays were “intended princi-
pally for what is known as 1solated’ working, i.e., for each building to have
its own plant.” Nincty-Iwa ycars later, the Shell Gil Company, described
by Lester Brown, president of the Worldwaich Institute, as one of the more
prescient firms in the petroleum industry, restated Fritts' nolion: “In our
opinion, the dispersed generution of [photovoltaic] eneigy—in shopping
centers, small manufacturing plants, homes. and apantment complexcs—
affords the carlicst opponunity for photovoltaics to contribute to our
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SULAR PHOTOVOLTA POWER FARM
28 MIGAYWATTE /OW1 sQuAN] Mud

Governiments aned nutilities througbont
the dervioped world enrisioned buge
solar-power farms, as shoumn in this
1974 dlustration. Because electricity
had alwvayrs heen generaied from cen-
tral posewr stations, i wvis assumied that
rier from phedonoltaics wonilkd be. too.

[America’s] growing energy needs.™ The joumal Scierice concurred, sug-
gesting that the government should give greater attention 1o “on-site
phxovoltaic devices.™

The debate over how 10 siluale photovoltaics imensifed after several
Califarnia atilities built, with government funding, mulu-megawaa phatovol-
taic plants in the early 1980s. That was also when Markus Real, a Swiss engi-
neer, took matters into his own hands to demonstrate Ut dispersed phatovoltaic
units on residences was a benter idea tlan
centralized photovoltaic stations,

In the 1980s, Real formed Alpha Real,
a snedl company which installs photovol-
taic systens. The company became well-
, _ known in Real's nalive Switzerland afier it
o 14 M 4 Nt wan the world's first solar car mce staged in
T I Europe in June 1985 Almost everv Swiss
had seen the "Mercedes Benz powered by
Alpha Real™ devastate the compaition.

An iltustreation from a 1929 Prench enchyopedia
depicting solar modies on a resicdkential roof-
top and in the front yard
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Capitalizing on its name recognition at home, Alpha Real
continued naking milestones in photovoltaic applications. For
example, the company built ihe world's first photovoltaic-pow-
ercd munned lighting sysiem high in the Alps. But as Real and his
company gained expenence, they discovered that solar cells do
not benefit economically from centrulization as conventional
power plants do. In a tradinonal power plant. each incemental
enlarrement of its lurbopenerator results in a threefold Increase
in power. Therefore, size is a major facior in the st of generat-
ing edectricity, and 1t encourages the building of bigger power
planis. The flat shape of solar panels rules out such savings for
photovolaics. Henee, no economic benefits acorue by Iuikding
larger and langer photovoltaic units. If the same number of solar

cells is installed in smaller chisters, the cost of phatevoltaics per Markus Roal, founder of
wall renuins the same. The price of photovoltaics decreases Alpha Real.

only as the number of modules produced nisess.

To prove to skeplics the grealer value of sitng photovoltaic units on

rooftops instead of insalling them in lange, faraway generating plants, Alpha
Reul initiated s revolutionary Project Megawatl. Real called the program.,
“The answer to [the] large multi-megawan in-
stallations™ that had ganed favor throughout the
wotld in the eary 1980s. To find participants, -
Alpha Real took 1o the airwaves and the print
media, announcing that 1hwe finn “is koking for
333 power-station owners. Having a rooftop ex-
posed 10 the sun is the oanly prerequisite.”*
Zurich homeowners responded enthusi-
astically. “Thousands called us and said, "Hey,
that’s interenting, ™ Real recalled. More than 333
units were sold, each having a capacity of three
kilowats, for a tonal of one megawant of dis-
persed power. Project Megawain taught the

Publicizing its drve to solar clectnify 333
Zunch bomes, Alpha Reel announced in

Alphe Real
sucht 333 Kroftwerkbesitzer
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developed world that it is on the building where photovoltics should be
placed.™

Since then, more people have come 10 realize that if each building
could act as its own clectrical praducer, it would eliminate much of the
aapital casts inherent in building 2 centralized power plant. Sieve Strong.
an architect and long-time advocate of residential photovoltaic systems,
described the added expenses incumed in putting up a ficld of photovol-
taic ammays for large-scale elecirical generation: “You've got 1o buy kind, do
the site work on it, dig lots of holes, pour lots of concrete, dig trenches,
bury conduits, buik! foundations and supporn structures, buy a huge in-
venter to change the photovollaic-gencrated DC cumrent into AC, construct
a baikding in which the inverter is placed, purchase switch gear. and a
swilch yard and transformers, and, because your station is usually far away
from where people live, you have 10 spend money on transmission lines to
pet the dearicity where the need is. You have spent a great deal of money
and you have yet to buy a single solar cell!™

Nane of these outlays in time, money, or effon are necessary if the
solar modules are placed on the huildings where the electricity will be
used. “It makes sense, ahsolute sense,” argued Real, “Thwe roof is there. The
r00of s free. The clectriczl connectinns are there.™ In fact, in densely popu-
lated countries. such as those in Europe and Japan, the high cost of land
rules out the use of photovoliaics unless it is placed on builldings. Switzer-
land, for example, “cannot aflord to waste large tracts of land for the sole
henefit of photovoltai plants.” In Gesmany, 100, “the prices for real estate
are particularly high fand| to power a standard TV sct for . . . 3 hours [re-
quires| a space of 2 square meters [22 square fect] of solar cells,” according
to a German photovolaics specialist. Hence, “it [is] quite logical 10
consider . .. builldings as space for pholovoluic cells,™°

Donald Oshorn, director of alternative energy programs at the Sacra-
mento Municipal Utility District (SMUD), outlined other advantages of on-
site phatovohaic elecirical gencration for bath the consumer and the utilities.
“You rectuce 1he elearicity lost through long-distance iransmission.* Gsbom
staled, which runs 1o about 30 percent on the best-maintained lines. Sirue-
tures with their own photovoluaic plants decrease the flow of elediricity
through distribulion lines at substation transformers, “thereby extending
the transformers’ lives." ~And for a summer davtime peaking utilily,” Oshom
added. “you can offsct the load on these systems when the demand for
electricity would be greatest,” helping ta eliminate "brownouts in the sum-
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mer and carly fall.”™ On-site photlovolutic-generated eledricity also makes
renewable energy economically more attractive than power generated by
a large solar electric plant because it “competes at the retail level rather
than ar the wholesale level” with other producens of electricity.” Large

scale solar plants have 10 generale electricity at 2¢ to 2.5¢ per kilowan hour
to be competitive with other commercial systems, while residential photo-
voltaic units can make clectsicity at 10¢ or more per kilowatt hour and still
be cconomically viable because that is the price homeowners waukd have
1o pay anyway.

Putting photovoltaics on buildings where electrical networks already
exist climinates the cost of storage. In most of the developed world, such
micropower systems would not only produce enough electricity for in-
house use, but they also would gencrale excess power that could be sent
back to the utility during the cay. At night or in inclement weather, utility
generated eledricity would return the needed power.

Just as Real was finishing his roofiop program, chance had it tha
S. David Freemuan, then director of the Sacramento Municipal Liility Dis-
trict, came to Switzerland to spend a fow days at a chalel owned by a cose
friend of Real's. Freenuin had gained fame by shephending the closure of
the Rancho Seco nudear power plant, which made SMUD the: first utility in
the world to pull 1he plug on an operating “nuke.” Freeman became an

A fleld of photouitaic pan-
els it 1o ihe Rancho Seco
rericlear power plant.
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even greater figure among enviconmentalists when, during his tenure, a
two-megawatt photovoleaic plant was installed adjacent to the huge cool
ing 1owers that had once served Rancho Seco. At the chalet, Freeman
talked of plans ta build larger photovoltaic plants, arguing that economies
of scale would make the technalogy more affordable. Real chimed in tha
if Freeman were talking about turbines, he would be comrect, but he had it
wrong when it came 10 photovoltaics. “For one megawatt of photovoltaics
you necd ten thousand square meters (108,000 square fect] of panels,” Real
told Freeman. ~Whether you put ten thousand square meters on onc spot
or disperse one hundred square meter pancls on one hundred rexofs is
irrelevani in 1erms of cost of the photovoltaic muaterial.”'? He then went on
to tell about Alpha Real's successtul rooftop program,

Real had expocted that his revolutionary experiment and its far-reaching
implications would turn Freeman's thinking around and fire him up t0
repeat in California what the Swiss engineer had accomplished in Switzer-
land. "1 anticipated that David Freeman would say, "Wow! Yes, that's right,™
Real recalled. “But from Preeman's comments and demeanor, he didn'
even seem inlerested. 1 fel at the time 1 had never talked 10 anyone who
didn't understand me as much as when | spoke with [him].” So Real ot the
surprise of his life when, following Freeman's retum to the States. he re-
ceived a call from his friend David Collier. who worked closely with Free-
mun. “What did you say to Dave Freeman?” Collier asked. “He 10ld me we
should s1an doing residential photovolaic insiallations. Begin with a hun-
dred and then do more every year.™

50 began Sacramento’s innovative Photovoltiic Fioneer Program.
where the utility installs four-kilowatt power plants on the roofs of volun-
wering rale payers. To date. four hundred thirty-six rooftops have been
fited with photovohuic nxxdules, for 2 combined capacity of almost two
megawatts. The wtility plans to similardy exjquip one thousand more resi-
dences in the near fulure, increasing substantially the number of "low-cost
power plant sites.” The program in Sacramento substantiates what Reul
had been saying all along and has made believens of the utility executives
at both the Sacramento Municipal Uility District and the San Diego Gas
and Electric Company. Skip Fralick of Sun Diego Gas and Elearric calhxd
rooftops “free land’ . . . [sincel it needs no development, environmental
impact statcments. of extensions of transmission lines.™ Roof installations,
Osbom concurs, have allowed his utility to site “photovoltax: power phants
all acvoss Sacramento with littke trouble or cxpense.™
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Afier conversations wub Markus
Redl. S, David Freoman, former
direcior of the Sacrameriio Minici-
pal Lsilisy District, changed the
Jocus of the tility's pbotoroliaic
program from large-scale pouer
generalion 1o rocfiop system. SMEDs
large purcbases have helped to
bring doun the price of photo-
roltaics corsicderably

Hiakt :: “Mh’”nt“!;d,'rk‘“

Large purciuises of photovoltaic modules have allowed SMUD to of-
fer its repayers panels at large discounts just as Real predicted. They pay
aboul 51 percent ess. ' Seeing the savings brought about by buying pho-
tovoliaics in quanniy, the Califomnia Power Authority, the agency oversee-
ing California’s energy programs. has initiated a bulk purchase of many
megawans so Californians can wse photovohaics more cheaply. San Fran-
cisco has followed suil. passing a 100-million-dollar bond 10 buy kirge
quaniities of solar modules at discounted prices.

Not only has the uiility's active role in purchasing photovohaics helped
to “shave several years off the commercialization path lor the technology”
in the wired market, it has benefited 1he utility as well. Those on Wall Street

comszanily point to cur renewable ¢nergy programs when upgrading our

bonds,” saxd Don Osbom. “Phatovolaics especially is viewed by many bond-
rating companies as an indication of the forward-looking, flexible nature of
a utility's management and its ability 10 predict and cope with change."'” As
photovoltaic systems accumulate on the rooftops of the Sacramento area,
the wlility has also gained a wealth of experience. which, in the upcoming
deregulated market. could prove a windfall. According to David Collier, his
“phone rings off the hook with people [from] outside the disirict wanting to
figure out how they could buy some of its clean energy.™ ™

Other American utilities have Tollowed SMUDY's kead. JEA, 1he wility
that serves Jacksonville, Horida, has installed photovoliaic systems on 16
clementary and intlermediate school roofs in its serviee anca. When S, David
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Freeman left SMUD to head the Los Angeles Departtment of Water and
Power, he decided to continue the photovoltaic work he had begun in
Sacramerto. At least tweniy-five hundred Los Angeles rate payers will gen-
erute their own power with solar cells over the next five years.

GPU Solar, a subsidiary of GPU, the American east coast wtility thae
run the Three Mile 1sland nockear power plant, and Green Mounkain En-
ergy. an cnergy marketer, have begun to aggressively sell photovoltaic
systems 1o homeowncers. They hope 10 make baying them “as simple as
buying a fridge.” asserts Green Mountain's John Quinney.” These new
compxinies will handle all the daunting paperwork, such as aranging inles-
cunnection agreermnents with the local utility. ‘They will also obain the avail-
able rehates, warranties, and finandng and will oversee the installation.

Alpha Real's Project Megawatt sparked a revolution in the use of plioto-
voliaics in other parts of the developed world as well. Japan, for example,
has embxirked on an cven more ambitious rooftop program than its Ameri-
can counterpans. Staming in 1994 with seven hundred residential installa-
tions, the Japanese now have about three hundred megawans of photovohaic
puower gencrated on seventy thousand roofs.™ The Japancese government
supporns the program because it wants to significantly increase the pro-
duction of phatovoltaics with the intenl of drastically lowering 1the price of
solar cells. In Germany, a ane thousand-rooftop program initiated in the
carly 1990s has evolved into a gruxd scheme of putting up one hundred
thousand une- to five-kilowall units on as many rooftops betwveen 1999
and 2005. By that year, the Germans hape 10 have installed three hundred
megawalis of photovoliaic material. more than twice the world production
in 19981 The government provides bow-interest loans 1o finance the pro-
gram beaause it believes that “phatovoltaics will soon become competi-
live, so lit] kel better get some experience with the new technology. "=
That so many rooftop programs are currently going on, Real believes,
proves that “the concept is now commonly undertood and accepted.
There is no doulx that a large movement toward the rooftop approach is in
progress. ™ “Nobaxly is even talking about hig photovoltaic plants, ceniral
power stations anymore,” confides an executive of Kyocera, the largest
prechicer of solar cells in Japan.®

Project Megawalt also helped 10 revolutionize the buying and selling
of clectricity hetween mini-prnxducers and atilities. When participanis in
Projeat Megawait produced more clearicity than they needed, they sold it
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to the local unlity for 2¢ per kilowat hour. But when they needed electric

ity—for example, a1 niglhh—the: local utilivy changed them 12¢ per kilowart
hour. Real annbuted the unbalanced billing procecure 10 the facr that “the
idea that electricity doesn't flow solely from the ceniral power station to
the consumer, bul had become a iwo-way street with each consumer also
becoming a producer, was, of course, something new for ulilites 10 chew
on.” But the unfaimess of such pricing infuriated Alpha Real's clients, wlwom
Real describxed as people of influence: “They were nat ‘green’ or lefi, an
doctors and lawyers.” And whwen these professionals protested, Real re-
called, “1here was so much pressure from the public sector™ that the elec

Iric company relented. I agreed to buy fram and sell 1o the independent
electricity producers al tw same price. Net metering, the establishment of
exquitable rates when large and small electrical producens interact, has be-
come the accepied way of doing business in Germany, Japan, Swilzerand,
and thidy-one U.S. stales. It makes photovoltaic houschaold systems more
ecunomical in the developed wordd by reduding the payback time signifi-
canily.™ 1t also gives a psychological boost to homcowners who install
solar cells on their rooftops. “Thwe idea of being able ta spin a utility meter
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able 1o spin a wility meter backward [that is, sell electricity back to the
utilityl really appeals 10 people,” ohserved one photovoliaics engineer.”

With the inclusion of photovoltaics in mortages managed by rwo of
America’s largest lenders, Fannie Mac and GMAC Inc.. photovoltaics for
new houses becomes economically appealing. Amontizing a phatovoluaic
installaton over a thiny-year period makes purchasing solar eleciricny no
different than paying the electric bill each month—except that the power
planl belongs to the homeowner and it deesn't pollule.

To make photovoltaics as financially appealing as possible, Muarkus
Real, amaong athers, “realized lihat] installations had 10 be better integrated
into the construction and that compaonents had to be developed which
builders could put in routinely. "™ Joachitn Benemann, a German photo-
voltaics engineer, agreed with Real. As he saw it the nuin problem with
rooftop systems was that the modules were add-ons. They were placed on
racks, which resulted in a double roof or double facade and a lot of rewir-
ing. To eliminate the duplication and 1he extra work, Benemann sugested
that photovoltaics be integrated into the facades or moftops of buildings.®

Benenmunn onginally worked for Flachglas, sehich is now owned by
Pilkington, one of the oldest and largest glass companics in the word.
Flachglas had entered the solar ficld by making reflectoss faor the Luz solar
thermual plant in Daggeu. California. In its heyday, the plant added eighty
megawans of electrical generting capacity each year, when only twenty
or thinty megawatts of pltovoliaics werne being produced annually world-
wide. The photovoltaics business “looked like peanuts™ compared to the
solar reflector business, Benemann recalled. “So we concentrated on 1he
hig husincss, which was solar thermal. But when we saw the demand for
solar reflectors collapse, then we said, "O.K., photovoltics might become
an interesting business for us.™™

Flachglas, however, felt it could not go head-to-head with the large
cleciric and oil companies that dominated the photovoltaics indusiry. "W
asked ourselves,” Benemann recalled, “where is there a niche for us? What
kind of application are we hetter ai than all the rest?™ It quickly became
clear thal the company’s success depended on entering the architectural
markel where Flachglas had 1he experience and the contacts that the other
phatovoltaics companies, including Markus Real's, bicked,

Benemann's company came up with a general concept foe puckaging
architectural photovolaics. “Our idea was [thatl if glass is becoming such a
very advanced and innavative acsthetic building material, which has a lot
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of special features. such as sun reflecting, heal insulation, and sound- and
bulletproofing, why shoukdn'l 1he glass used for the skin of the building
also produce electricity? So we said, ler's encapsulate 1he solar cells inte the
glass and ler's do it in a very pleasing acsihetic and optical way so we can
meet the architecr’s needs and increass interest for this new technology.™

Flachglas found that a proprietary transparent resin, which it used to
adhere plates of glass together for soundproofing air terminals and adja-
cent hotels, could also be used to embed solar cells into architectural glass.
Working with a2 peoven technology assured architects that the new: “photo-
voltaic glass™ was nol a prototype but a commercial product. Like tradi-
tional architectural glass, building-integrated photovoliaic glass can be
customazed for almost any job. It offers great Aexihility in shape and size.
the largest pane being sixty-three square feet (six square meters), and
provides thermal insulalion and protection from sound and weather.

Using pholovahaics as a building skin completely changes the way of
calculating 1the cconomics of phatovoltaic installations: The old methexd,
considering electrical generaling costs, no longer hokls. Instead, the ex-
pense of photovolaic building material must be compared with the price
of other facade coverings. Marble and granite, for example, cost more, and
ncithcr generates one wan of electricity. A photovolaic building skin can
produce up 10 one-thicd the energy used in an office building. or about
enough to light up the entire interior.* Purchasing a building skin that also
genenates electricity at an cquivalent or lower price than conventional
materials is good business. This is especially true in denscly developed
urban sites where most commercial buildings are built and where “power
tends o cost a lot more due 1o the high cost of adding new capacity.”
Gregory Kiss, a Manhattan-based architect, explained. “Here the value of
photovallaics becomes quite high.™ There is also a good match between
the availability of solar energy and the power needs of ofiice buildings.
Mosl of a huilding's ckeairical consumption occurs between 9am and Sem
when both employees and the sun are usually a1 work. And since 1he solar
cells can be positioned in the glass as close together or as far apart as
desired. their configuration can bleck out or let in as much sun as the archi-
tect wishes, helping to save on illumination, air conditioning and heating
devices, and the energy they consume.

Factars other than ecanomics also enter into building skin selection.
‘Acesthetics and the image the buikding owner wishes to convey often over-
ride financial concerns. Banks and insurance companics, for example, have
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Left: Photaroliaic shades can
balp control the amannt of solar
beat eviieving a biiding, thus re-
ducing the eleciricity consumed
by air conditioning

Ripht Flachglas first tustallation that tife-
grated solay colls (0o a buiding s fucadde.
Here photsrditaics replaced the vertical
glass on the south side of the structine,
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traditionally favored imposing facades that connote strength and stability.
With many companies realizing that there is an economic benefit in being
perceived as environnwntally responsive, a photovoltaic facade boldly dis-
plays concemn for the welfare of the planel.

The lirst Tully buikiing-integrated photovoltaic lacade was built in 1991,
it covered the south side of a utility company’s administrative offices in the
small town of Auchen, Germany. To the utiliy’s surprise, its pioneering
building became a mecca for architects and engineers. The company had 1o
hire two additional engineers to answer the inquiries of the many visiors
who flocked to the sie.

Following the success of the Aachen projext, under Benemann's leader-
ship, Flachglas, and its parent company Pilkingion, has aggressively champi-
oncd huikling-integrated photovoliaic material. Knowing thay unfamiliarity
presents Ihe greatest barrier to the success of a novel technology, especially
in thw construction business, with ils many disparate professions. Pilkington
olfers wary architexts and investors a complete senvice. Prospective buyers
who hesitate because they have nover worked with photovoliaics ane 10id,
“Please? Don't worry. VWe'll do everything, in-
cluding the design, the engincering (Pilkington
also owns one of the foremos electronics com-
panies in Europel, and we'll provide assistance
in financing and insurance.” To make sure ev-
eryone feels comfortable. Benemann added,
Pilkington “will prewide a maintcnance contract,
st like clevator companies do, and it will check
and repair the system.™

Pilkingron's farsighted marketing appeoach
appears o e working. The company has com-
pleted more than one hundred large building-
integrated photovoltaics projects and has more
in the works. Furpe's largest rilway Icnminal—
Berlin's ncw central station, which is presently

These solur mudides atso sbadde the
sriterior from the excessive hear of the
SHRMCT St
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The first major Amenican com-
miercial bralding 1o use photoeol -
faics as part of its facade ts 4
Times Square.

under construdtion—will have a photovoltic glass mof over
its passcnger platforms. The home of the Academy of Fur-
ther Education in Hemne, Germany, boasts the largest amouns
of photovoluaic glass on a single structure in the world, one
hundred thousand square feet (9,290 square mcters) of
south/southwest wall and roof, with a 1ol output of one
megawatt. Following the growmg 1rend in Germany 10 in-
corporale photowolaic material into structures, the govern-
mcnt of North Rhine—Westphalia, Germany's mast populous
state, now requires all new public buildings 10 be built with
photovoltaic material.

The populanity of building-integrated photovaltaics
in Germany slems from the increasing desire for glass
facades on large structures. the country's powerful “green®
constituency, and the beneficial image visible photovoliaics
provides, Government and wility assistance with photo-
voluics projects, such as buying back excess solar-produced
electricity at premium rates, reflects the power environ-
mentalists wicld in German politics.

Across Lhe Atlantic, the Durst Organization has built
the fir major office building in New York City in 1he
1990s. The south and cast sides of the 38ih to the 45th
floors of the 48-story skyscraper, where the most sunlight
will strike, have a photovolaic skin. 4 Times Square. on
the corner of Broadway and 42nd Street, is “the appesite
extremc of the traditional remuote photovoltaic installation.”
said Gregory Kiss, the architect responsible for the photo-
voliaic facade. "Here we are plaming the photovoltaics
flag in Times Square, (he crossroads of the commencial
world. 4 Times Square leads the way 1o karge-scale gen-
eration of clean, silent solar electriaity at the paim of great-
cst use, in urthan cenlers like New York City."* Indeed,
Architectural Record. he influential jourmal of the profes-
sion, believes thal the use of photovoluic facades has
helped “solar energy . . break cut of its experimental
corral . . . and become a cost-effective supplemental en-
ergy option that architexts should mutinely consider.™
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Chapter Fourteen

Better Cells, Cheaper Cells

or scveral decades, solar cells have been the [east expensive and

most reliable power source for small-scale cletirical devices located
away from utilily lines, When photovolaics produced clectricity at §144
per kilowan hour, its use was confined to the most remolte of all applica-
tions—space—wlhwere the choice of primary long-lived power sources was
extremely narrow:. In the kite 1970s and carly 19805, as the price of photo-
valic clectricity dropped 1o bess than §1 per kilawan hour, solar cells
began 1o replace the cadier-used. but now more expensive—and ahvays
less dependable—remote power sources such as generators and baueries
In the last decade, with the price of solar electricity falling to around 25¢
per kilowant hour, the technology has become an even mofe atractive
choice for remeate small power users.” In facl, its price decrease accounts
for photovoltaics' enirance into the suburban and uttxan landscapes of the
developed warld.

Emergency call boxes along Califomia’s roadways were ope of the
lind visible applications of photovalaics in the sate’s highly populated
areas. By 1993, a single manufacturer had insialled over 11,250 such sys-
tems. The savings were inunediate. e city of Anaheim, Califomia, for
instance, would have had to spend alinost $11 million to connect as 1,100
call boxes 10 utility lines. Using photovoltaics as the power source, the city
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Legt: 1 1961, solar risworciry Lestie Hoffman proposed she

tise of solar cells to ) emergency call boxes along freetietys
i f‘fn- i in Souihern California Below: Tuenty-eight years later,

i e solar catl boxes bave become comimon throughous the sage
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paid only $4.5 million. When Carrollton, Texas, a suburh of Dallas, consid-
vred placing warming lights on speed limit signs near schools, planning
cngincers calaulated that underground trenching frvm the nearest comuner-
cizal power saurce 1o all the signs would cost over $200,000. Insialling solar
modules 10 run flashing lights cost half that? When Sacramento needed to
put in new streetlights, t was discovered tunt ripping up the streets 10 lay
wires would cost more than $3,000 per light. A photovolmic system cost
$500 less. and there was no disruption to the roadways.® When faced with
spending 1ens of millions of dollars 1o tear up streets and yands to add
undenground power lines in the affluent community of South Pasadena,
southern California Fdison, now Edison International, also chase photovol-
taics. The utility sirategically placed phatevoliaic panels around town for
under a million dollars. As Sieve Taylor, who worked on the project ex-
plains, “1's just a typical application of using distributive generation versus
ceniralized generation. We actually ook the production of electricity out to
the customens.™ “Cost effectiveness for photovoltaics comes nat from the
cencrgy saved in applications such as these,” observegl John Thomion, a
plrtovaltaics specialist, “but from not having to wasie time and money
digging up an existng sireet and then paying the utility for an electrical
connedion.” “Of course,” Thomton added, “once [ilw phatovoltaic system| is
in. the electricity is free.™
Building-intcgrated photo-
voltaics has also hrought the use
of solar cells into the developed
urban wordd. But to realize the
drcam of solar cells covering the
world's rooftops on a large scale,
their price musi drop from 1l cur-
rent $5 per peak wan to $3 or
less, produang clectricity at 1{K

Mo edres— uruwlirpround or avergrotnd
—uere needod 1o lght this pearking ane.
Each strovtlamp bas its oum solar mod-
ule providing its electriciy
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1o 15¢ per kilowatt bour or less. Many believe that this reduction will come
only with changes in cell manufacture.

Presently crystalline silicon remains the dominant photovoltaic mate-
rial. hasically the same substance thal was discovered at Bell Laboratories
in the carly 1950s. Its continued widespread use rests on the et that, as
one expert explained, It works and it works for a bong time.™ As Daryl
Chapin had predicted in 1956, there has been “a [significam] reduction in
the cost of purification and fabrication of finished [silicon] cells.” However,
despite the many advances made in the production of crystalline silicon
sular cells aver the last forty or s0 years, the manufactuning process begins,
just as in Chapin's day, ~“with high purity silicon.” Though its price has
come down considerably, it remains, as Chapin pointed out in the 1950s,
“not a cheap material.”™ In facl, the «ry=sals for single-crystal silicon cells
conlinue 10 he grown as they were in Chapan's time: by mcliing silicon at
2570°F (1410°C) in a rotating vat and then drawing it up and out of the
meli by a puller spinning in the oppaosite diredtion. This produces a single-
crystalline cylinder 7 to 8 feet (2 10 2.4 meters) wll,

Attempiing to bring down the price of solar cells, Chapin ried 10 find
new ways to make crystalline silicon. For instance, he tested cells fabri-
cated from potyerystalline silicon, that is, crystalline silicon cast into ingols.
Casting silicon is less complex than growing a single crystal, and the nesuhi
is smaller mulliple crystals rather than one lage one. But, the aclivated
charges in the polycrystalhne material had great difficulty crossing from

The procedure for prepanng single-crystalfine stlicon solar ¢ells Material loss
e to curting is bigh: 16.4 grams of silicon are riquired for one peak watt,

(11 SILWCON IS MELTED AT FSNI*F
(1410°CH INAROTATING VAT ASIT
BEQING TO CAYSTALLIZE, IT IS
DRAWN UPNARDS FROM THE VAT
) 'R B8Y A COUNTER-ROTATING ASSEM-
BLY THE AESULTING SOLIDCYLIN
DER 1 IS AOUNDED AND THE TOP
AND BOTTOM ARE CuUT OFF (1
- THE CYLINDER 18 SLICED INTQ
WAFERS (41 WHICH ARE PROCES-
SED INTD SOLAR CELLS (%)



crysial 1o crystal, finding themselves trapped in the crevices
or boundarics between them. Hencr, relatively few charges
nude it through this obstacle course to the melal contacts,
Chapin, thercfore, ohtained dismal resulis—an efficiency
of only 1 percent.” Over the next two decades, experiment-
ers increased Lhe efficicncy of polycrystalline silicon cells
by a few percentage points, bul never beyond the 6 per-
cent mark. The failure to reach higher cfficiencies lead ex-
pens 10 conclude that good solar cells could not be made
with this material.

“This was disproved, 1hough, by Joe Lindmayer,” com-

mented Fritz Wakd, who has been involved in solar oclls for
many years, and simultancously by Wacker Chemitronics
in Germany.® Lindmayer was a founder of Solarex. which
followed Solar Power Corporation in pioaccring the manu-
facture of photovohaics solely for eanh applications. In the
carly days, the supply of single-crystal material “was likc a A targe polycrstalline siticon -
roller coaster,” according to a solar expen who worked  gor fngots such as thes are saum
closcly with Lindmayer. “The supply went up and down tnia thousands of very 1bin uafers.
depending upon the needs of the semicondudior industry. thich are made into solar celts.
Somectimes il was abundant and sometimes very scance.”
To guaranice a steady supply, the company could have invested in its own
crystal-pulling devices. but they were very expensive. “We just didn’l have
the money for it.” the expert admitted. “So Joe experimented with a num-
ber of other options. One of them was to cast the silicon. ™

Dr. Lindmayer was regarcicd as ane of the best technical people in the
solar cell business during the 1970s: 1F anyone could nake polyerystalline
silicon work. he could. He found that past efforts had failed becawse the
erystals produced were too small, and, therefore. the area of the boundarics
was very Lirge. So he set oul to grow solatively large crysiallites. In the
process, Lindmuayer discovered 1hat crystal size depended on the speed at
which the ingol cooled: Fast cooling meant small crysials. By slowing down
the cooling process, Lindmayer came up with the size needed o nake an
efficient solar cell, approximating the performance of single-crystalline sili-
con." Though he had solved the supply problems that Solanex had experi-
enced, the development of a good potycrvstalline solar cell did not bring

-about the expeced price reduction for phutovoltaic madules.'? For one
thing, 1he casting procedure il begins with expensive highly refined sili-
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con, and the cast blocks, which weigh 120 pounds cach, still must be sliced
into extremely thin walers to nuke solar oclls. Single-arystalline cylinders
also have to be reduced to segmenis three hundred 10 four hundred
microns thick (one 10 two one-hundreths of an inch). Cutting such 1hin
picces from very large starting materials creates a lot of waste. “You evenlu-
ally make as much sawdust as you do celis.” Wald ohserved.” Half of the
very expensive sillcon ends up as trash.

To put an end to the tembly wasteful sawing phase, a number of
prople have come up with the idea of growing silicon arystals in sheets, as
thin as wafers, directly from molten silicon. However, only Mohil Solar
Energy Comoration. recently purchased by 1he German photovoltaics firm
ASE, has Tully developed and commercialized sheet silicon.

What became known as Mobil Solar Enemzy Corporation began as twe
vision of onc man, Dr. Abruham Mlavsky, who ran a small research and
development company called Tyco. Mlavsky had the idea of producing a
continuous thin ribhon of silicon that woulkd be separated into suitabk: lengths,
processed into solar cells. and placed directly into modules. This was no
harebrained scheme. In the 1960s. Mlavsky and his personal technician,
Harry Labelle, had successfully drawn condinuous shapes of sapphire crystal
from maolien sapphire. Mlavsky then decided 1o substitute a silicon melt and
apply this 1echnology 1o the phatovoltaics industry,

The process of making silicon ribbon begins with a var of molien
silicon. much like the methaod for single-arystalline silicon cylinder produc-
tion. This val. however, remains stationary and a graphite die is suspended
into . The molten silicon rises naturally imao the die, which shapes it imo
a thin sheet as il passes through 2 narow skt al the bottom of the die.
Crystallization is induced right above the dic, as Uw very hot liquid silicon

The mothod for proidictng crystaliine silicon ribbon.

{1 SILICIN (B MELTED Al 370°F
. (M410°C| 1N & VAI AKIT CAYSTAL
- LIZES, 1Y 18 OMAWN OUT OF THE
r VA1 THROUGOH A ORAPHITE DIE (31
By A BELT1FULLER (3] THE MBI~
OF SILICON WHICH 1B MUCH
TrHINNERN TrAN THE AIMNOLE
CHYSTAL WAFER IZECUTINTO CELL
BLANKE (4) Wil ARE PRO-
CESSED INTO SOLAR CELLE (A1)
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immediately freczes into a ribbon as it is mechanically pulled out into the
much colder air,

In 1971, NASA, sccking lighter-weight solar cells for spacecrafi. gave
Mhavsky the chance 1o produce solar cells from ribhon silicon. However,
the crystalline silicon he produced did not measure up to the conversion
clficiencies of crystalline silicon solar cells fabricated from wafers, so NASA
temporarily lost interest.

Through its subsidiary, Jet Propulsion Laboratory (JPL), NASA renewed
funding for the ribbon silicon process when it shifted its aention 10 temres-
tnial uses of photovoltaics in the autumn of 1973, JPL judged the process as
*‘the key . . . to low-cost silicon.” which the agency believed would some-
day lead 10 its use for mass-procduced clectricity.™* Mabil Corporation shared
the space agency's faith in Tyco's technology. pouring millions of dollars
into the company.

Fxpents belioved that the greatest barrier 1o increasing efficiency was
eliminaling the contaminants that found their way inta the ribbon silicon
during the shaping proocss. “Whoever solves [this],” one consultant predicted.
"really has something going. ™! The infusion of new capital allowed Tyco 10
discovet that impuritics in the graphite die were the culprit. When the die’s
graphile was purified. cell efficiency rose to a respectable 10 percent.'

More difficuliies appcarcd, however, despite the expents’ expectations.
In late 1978, after huilding and operating seven ribbon machincs. scientists
leamned that =it was very hard 1o realize Mlavsky's vision™ of the high growth
rates of the ribbans necessary for “the very high volume, low cost produc-
tion reqquired for electric wiility use of photovoliaic devices.™” Much to their
dismay. researchers at what was now known as Mobil-Tyco found that
when the pulling speed was increased oo greatly. in anempts 10 meet
production goals, the ritbon buckled and the quality of the silicon crystals
dropped precipitously. This lowered cell efficiency 10 unacocptahle levels.

Many working on the project argued 1hat building and running more
ribbon machines would produce the desired quantity in an acccptable
amount of Llilme without overtaxing the matcrial. A review of the numbers,
however. showed that constructing the hundreds of machines necessary
for the Lirge output desired did not make sense economically. For reasons
of space alone, the idea had 10 be dismissed.

By 1981, Mabil-Tyco had chosen instead 10 develop one nuchine

+ that would produce many rbbons simultaneousty. But this did not work
oul cither. “The problem with the multiple nibbon machines was they
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became oo complicated,” Wiald recalled. “They had too many mechanical
parts and control clements, one of which would always fail =
Ribbon growth in single or multiple machines presented another seem-
ingly insinmauntable cbstacke: The crystallization a 1the nbbon's edges proved
impossible to control in a2 precise way. One sman scientist suggested that
the company change the die 1o shape wbular polygons, because a polygon
would have o exposed edges and yet maintain the [latness necessary for
solar cells. Wald believes “this was prohably the most imponant develop-
ment in sheat technology.™? The polygon's greater diameter also permits the
growth of moee material withow increased pulling speeds. So “even though
Ihe rate is not accelerated, the widih and therefore 1he amount of photovol-
taic product [produced] is muliiplied significamly.” according to photovola-
ics analyst Bob Johnson
By 1988, 1he company had committed itsell 1o fabricaling sheets of
silicon from eight-sided polygons. Now engincers and scientists had 10
buikl new machines. Having decided that the octagons were to be five
meters high (16.4 feet), the company had to construct a factory with a
ceiling that could accommodate thwir height. Next, a monaorail was huilt to
iranspon the finished ocagons to an automared laser cuting station, where
a specifically designed autofocus deviee puaranieed highly reliable. kow
damage cuts for cach square of the poly-
gon. These efforts proved worhwhile.

An actagon of crysiadline siticon and svlar cells The process has cut the cast of fabricating
cut from an octaganal tube. anystalline silicon solar cells in half, The

savings come from greatee automation,
from using far less silicon, and from the
packaging efficiencies realized by the
square shape of the wafer, which can fill
an enine square-shaped module.

In the early 1990s, the company
developed a pilot plant that could pro-
duce twenty-five megawans of solar cells,
if demand exploded. It had planned 1o
sell large quantities of cells to utilities in
the high desent regions of the westem
United States to help power residential air-
conditioning units, Mobil helieved that
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phatovoltaics could help eleciric companies meet peak demand, which
usually occurs in the eatly afiemoon during late summer when both air
conditioning use and electrical procdduction by the solar cells arc at 1heir
maximum. According 1o company stralegists, without photovoltaics the
utilities would have had to purchase additional power from other utilities
at premium prices. However, those strategists had not anticipated the fall-
ing price of natural gas. This gave wilities a cheaper altemative for gener-
ating excess power, and il checkmated the company's marketing plans.

Forecasts predicied that the price of natural gas would remain low for
quite some time. Not sceing any other large markets for photovoltaics,
Maohil decided o get out of the solar ocll business in the mid-1990s. ASE
Americas, a subsidiary of a lange German holding company that also makes
and sells photevoliaics, fell otherwise, and it bought the company. Com-
bining 1ts expenise in photovoltaics with the cost-cutting octagon technol-
ogy, ASE Americas is able 10 make modules for 20 percent bess than traditional
crystalline silicon modules. The company produced twenty megawatts of
sheet silicon sotar cells this year.

1ruring the debate over the best way 1o grow sheet silicon, Dy, Emanuel
Sachs, then an cngincer at Mobil's phatovoltaics plant, proposed and pat-
ented] a way 10 perfect the nhbon-growing process. Searching for a method
that guaranieed the stability that had eluded the other anempts to make
conlinuous nbbons, Sachs found that eliminating the die and, insiead, draw-
ing two paraliel strings through the vai did the trick. A thin sheet of molen
silicon spans the strings as they move through the vat, adhering to them in
the same way that scap bubhble solution clings 10 2 bubble wand. As a
machine pulls the strings and the atached membrane of liquid silicon oul
of the vat, the siticon freezes into a solid ribbon.

Sachs’ process Inok Mlavsky's original idea from dream into reality.
However, with the commitment 1o polygons, no one showed the slightess
interest in Sachs’ invention. lis revival came when several key employees
Icft after Mobil sold its photovolaics operation and formed their own com-
pany. Evergreen Solar. It renins 1o be seen whether the new company’s
process can grow enough silicon ribbon fast enough to make it competi-
live with, or even cheaper than, other pholowalaic iechnologies.

Anather way 10 lower the price of solar cells is o direct more light
onto them than they would ordinarily reccive. Built of inexpensive plastic,

+ a concenlralor works likc a magnifying glass. By focusing rventy times the
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sun’s energy omo a pholovolaic paned, a
consumer could produce the same amount
of electricity with 95% less photovoltaic
material than previously necessary. Low pro-
ducion volume remains the only abstade
to rcalizing this technology’'s potential *

Yet another avenue for low-cos cell
manufacture involves depositing a small
amount of a photovoluically active sub-
stance onto an incxpensive supporing ma-
icrial, such as glass or plastic. Solar cells
made in this fashion are called thin films. It
has long been believed that this process
would consume much less of the expen-
sive photovoltaic ingredients and that it
waould also lend iself 10 automation. In the
mid-1950s. while a1 Hell Laboratories, Danryl Chapin supported this view,
hoping that fellow technologists would devise “a new process wheteby a
really large surface could be sensitized [phatavoliaically] without the prepa-
ration of [karge] single orystals.™

A decade later, . Fred Shurland, a scientist at Clevite Corporation in
Cleveland, thought he had found a way 1o make a cheap photovoltaic
device in exadly the way Chapin imagined. Shurland substituted cadmium
sulficle, a substance which also produces the photovoliaic effeat, for sili-
con. It appearcd casy 10 evaporate or spray a thin film of cadmium sulfide
onto plastic or glass. Shurland assured his peers, “There is nothing appas-
ent in the materials required or in 1he cell design or thwe fabrication meth-
ods to indicate that lcadmium sulfide cells] could not be made in real mass
production at very low cost.™ In 1967, an aflordable solar cell ready for
mainstream use scemed so near that the April 1 issue of Chemical Wark
announced that Shurdand’s firm “has developed a new . .. solar cell that can
be mass produced at low cost, by . . . deposition of [cadmium sulfide] onto

.. plastic.”™™

Despite such sunny expectations, a usable low-cost cadmium sulfide
ccll has never materialized. Some Clevite cells worked well owdoors for
seven or eighl years: the majority, however, lost all power when exposed to
ihe elements. Why a few lasied indefinitely and the rest fell apart renuains
a mysiery to this day. Despite the fiasco at Clevite and a waming from

A concenfrator system.



NASA that cadmium sulfide cells
“are very stible lonly| if you keep
them from seecing lighl, oxygen
and water vapor™® the federal
government and private inves-
tors, such as Shell Oil, put thei
money and their hopes on cad-
mium sulfide to nainstream pho-
tovoltics. By the early 1980s.
however, most involved in re-
scarching the material had quit
because they could not come up
with a long-lasting, efficient cell.

Discovering the solar device
that would power Amesica’s lighes
and applunces with the free rays
ol the sun continued to lure re-
searchers. While most laboratories
inlerested in finding a low-cost
photovoltaic device concentrated
on cadmium sulfide during the
1960s and 1970s, a few maverick
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Air Force sclentists discovered and built cadminm sulfide
solar cells as abous the samae Lne thal silicon solar colls were
developed at Bell Laboratories. This Air Force display “sbous”™
cadminm sulfide cells driving a mbisiure merey-go-round
Fiowerwr, the Air Force failed to mention that it bad surrepis-
trotsly attached the caronsel 1o Iwo small wires thas bacd heen
carcftlly huried undergronnd and connected 1o a well-
bidden porer vutled. Their cells bad degraded very quickly
when expnsed 1a the dlements and did not work,

scicntists considered other mate-

rials. Flliot Berman had initially interested Exxon in the paossibility of mak-
ing a low-cost salar cell from dyes which convert sunlight inla clectricity, an
iea that has recently resurfaced in a modified form. Berman envisioned
depositing the dyes onto a continuous roll-to-roll matenial, much like the
production techniques used in the photographic industry. Exxon gave up
on this approach when its rescarchens failed 10 achieve conversion cfficien-
aes high enough to be commercially attractive.

A group at RCA, under the dirction of David Carlson. also tricl its
hand a1 nuking a cheaper solar cell. The oil embargo of 1973 and the
subsequent quadrnupling of petrolcum prices had triggered Cardson'’s inter-
est in solar clectricity. Initially he tried depaositing a thin layer of polycrys-
1alline silicon onto common nutenials, like glass, as Shurland had done
with cadmium sulfide. When exposed to light. some of the films he mude
showed a small but significant photovoltaic cffea. The RCA group was so
sure that Carlson had successfully made a thin-film form of polycrystalline
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silicon 1hat Christopher Wronski, the scienist in charge of measarenwents,
Iased the caleulatians for his conclusions on Il properties of polycrystalline
silicon. This led 1o ~gening ridiculous results . . . impxxssible numbers,” Wronski
recalled.* Wlhen the X-ray analysis of 1the suppscd polycrystalline film came:
back 100 the Iab, Wronski disoweted why he bad emod, “The Xtays shwawed
no evidence of crystallinity,” Cardson said. “Instead. it rovealed thar 1 had
made an amorphous silicon sokar cell [silicon which lacks the ordered inter-
nal structure inherent in crystalline silicon|. 1 just stumbled into #.77

Two yeaes laer, in 1974, aftec ouch finwe Auming, Cartlson and his co-
workets had upped the efficiency of their new solar device from uncker 0.2
percent (o 2 significant 5.5 percent. They reponted the accomplishment in
the jourmnal Applierd Physics. The prestigious weekly Science called the work
at RCA, plechaps twe wyost intsigaing recens developmen” in the solar ceh
fiek).® The announcement stirmed much excitement throughout the wearld,
because, a5 David Cardson wrote, “These c¢ells have the potentia) of pro-
ducing low cast pawer since inexpensive materials such as stee! and ghass
can be ured as substrates” The relatively nigh éfficiency sumprised many
scicntists because the prevailing theoretical models had predicied, accord-
ing to Carlson, “that you couldn’t make good solar devices out of amor-
phous materials.” Accepling the consensus “that solar cells made with
{amorphous silicom) could never have dficiencies of mone haa 1 pescent,”
many in the scientific community had ignored i.” -Formunalely,” wrole
David Adler, a scicntist familiar with what went on at RCA, “this logic did
not derer Carlson and his co-wiorkers.™®

The ersuing flurry of amorphous sflicon rescarch activity worldwide
revealed why Carlson and his group had succeeded where eadicr investi-
gators had failed. Prior to RCA's initial work. mast experimenters investi-
gated only pure amorphous silicon, whose fotally disordered compaosition
mnakes the materia)l useless as an elecironic device. By inacdvertently con-
laminating the amaorphous silicon with hylrogen, Cadson and his team
had greatly improved its photovoltaic capahilitics. The hydrogen acted like
a moleular repairman. It cleaned up the disheveled intemal structure of
the pure amaorphous silicon by forming chemical bonds with the dangling
silicon atoms. “The ‘best’ amorphous silicon” turned out to be “a silicon-
hydrogen alloy,” commonly called hydrogenated amomphous silicon '

As the RCA group delved deeper into hydrogenated amorphous
silicon's bohavios, it appeared 1hat the matefial had a self-destructive trait.
This was disaovered after Wronski measured a sample exposed 1o 1he sun,
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his cor-worker David Staehler
retested the sample a monih
or s0 kter, and their measure-
ments did not agree. “Then we
£01 into an argument as o who
measured comrectly.” Wronski
remembered. “We finally dis-
covered that both of us did the
measurcmicnts right and we
found that there was some-
thing very wrong with this
device—it degraded in sun-
light.” This revelation gave the
RCA people a good scare, ~We

were very concerned about it,” Darid Carlson preparing one of the first batches of “hydro-
Wronski admined.’ Renated-amorphots sdficon” at RCA Laboratories
Further studwes eased their

feurs. It was [eamed that although hydrogenaled amorphous silicon cells
degrade during their first few months in the sun, they then stabilize. “It
wis not a catastrophic failure. It was something predictable.” Carlson re-
called. The cells were like jeans: You buy them a little large because they
shrink a cerain predetennined amount after the first washing. but they
don't get any smaller with subscquent launderings. Even better news came
from the b of Joe Haneck, a member of Carlson's research team. “joe
discovered 1hat if you make the cells very thin, the degradation became
less,” Carlson said »* A very thin cell, 2 hundred or so times thinner than crys-
alline, also significantly reduces the amount of silicon starting material
nceded.

RCA's resolution of the degradation problem and success in increas-
ing the cfficiency of lboratory-built cells to a record 10 percent by 1982
heightened interest in hydrogenated amorphous silicon.* I replaced cad-
mium sulfide as the cxpected successior 1o the labor- and energy-intensive
crystalline silicon solar cell. Hundreds of millions of dollars were spent
each year in research, development, and commercialization effors, and
novel recipes for a better solar device resulted. The addition of carbon
helped: adding more hydrogen dilution in the gases used to make 1he
. amorphous silicon alloy improved things. too. The development of a muhi-
layer cell contributed to higher efticiencies and greater stability.
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In tw eardly 1980s, Dr. Subhendru Guha. a scientist a1 United Solar
Systems Corparation (USSC), a manufacturer of hydrogenated amorphous
silicon modules, stacked three subcells to form the most efficient amor-
phous solar device ever huilt. Fach layer responds to a different portion of
the spectrum. The Bottom layer, made of silicon and gemanium, takes in
red light. The middle. with less germanium, absorbs green light. The top,
conuining no germanium, ciptures blue light.” “The specairal-splining
approach allows more absorprion of the solar spectrum,” Guha reported *
The commercial model, the triple-junction ocll, which has been on the
market since 1997, converts 8 percent of incoming light into eledcricily—a
recond for amarphous material, but siill less than half as efficient as its
crystalline competitons.

On the other hand, unlike crysialline silicon. amorphous solar cells
gain power as iemperatires increase, which is ideal both for roottop place-
ment and the very hot climates common 1o the developing world. The
triple-junction cells’ peculiar ability w0 pedorm well under low-intensity
sunlight makes them 2 good choice for doudy areas, such as much of Asz.

Guha also developed a unique manufacturing process. Machines de-
pusit his recipe onto a moving line of stainless sieel in a rollto-roll proocss
that mimics the making of newsprint.* This creates a light. ye1 verv dumble
module, less prone o breakage and casier 1o transpon and install. Two
plants—aone in the United States. the other in Japan—manufacture anxor-
phous modules this way.

The mass use of amorphous silicon for transistors has also helped
move the technology forward. For example. amorphous transistors are
used in the liquid orystal displays of portable computers; they are also
widely used in laser printers and X-ray machines. “These commercial appli-
cations have suslained the drive [for research and development] on amoe-
phous silicon.” Wronski believes. “They have helped with the research and
have solved a lot of the manulacturing problems crucial to success in a
factory environment.™

A thin-film amorphous photovoltaics industry has gradually evolved from
laboratory to factory. After limited production for more than a decade, 3 num-
ber of companics. including Solarex and USSC. have buil plants capable of
producing many megawaits of hydrogenaled amorphous silicon solar mod-
ules. “Mass production is stamting,” Wronski observed. “so the next couple of
years will 1dl” it amorphous silicon will attain its promise as the low-cost solar
cell thar will move pholovoltaics into the mainstream power marker.®
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While government andd private funding during
the cardy 1980s went prinurily 10 these working

on amorphous silivon and ingaot- and nbbon-grown Unitad Salar Systema

. oo Triple-Junation
polycrysialline silicon, a few rescarchers, such as Spoacirum SpiHting
Dr. Allen Bamett, a professor of electrical engi- e g Y
neering and former direclor of the Institute of
Energy Conversion ot the Uiniversity of Delaware, \-—‘
struck out on their own 10 develop other photo- g o
voltaic materials. In 1980, Bamen found himself [ o SO
a the crossroads of his professional career. He o : ___:-""“'“ “l '”—"*:
had done research on the cadmiume-sulfide solar g =~ 41 =
cell for the university, hut because the cells™ sta- L2 [R—
hility problems had not been solved, money from -
governmenl and private industry began 1o dry up. R

This situation led him (0 wonder if he had a fu-
ture in photovoltaios or #f e ought o change lields.

To help make the decision, Barnetl convineed the
Solar Encergy Rescarch Instilule (SERD 1o fund a
study 10 examine the prevailing wisdom of which
phatovoltaic materials would eventually Decome
theap enough andior efficent enough to compete with unlity-gencrated
power. Although he agreed with the majority Ui the price of single-crystal-
line wafers would never drop low enough to challenge the bulk power
markel, he concluded that none of the technologics that govemment re-
searchers favoned stoxd a chance cither.

For Barnet, only two possible winners existed—cadmium telluride,
another photovolaic material under consideration, and thin erystalline [poly-
crystalline] silicon. He then asked himself if he wanted to devote the rest of
his professional life to taking one of these materials from the laboratory 1o
the nunufactuning stage. e thought fing about cadmium telluride, but he
could not rationalize working once again with a heavy metal for a suppxos-
edly environmentally clean power source. Dr. Richard ). Komp, a veleran in
the photovoltaics Beld, hreakfasted with Bamen “ages and ages ago™ and
recalls him “grousing about that.” Bament's dislike for cadmium lefe him o
ponder thin crystalline silicon. At the time, though. “it was common knowl-
cdge that you coukldn’t have lal thin crystalline silicon™ solar ¢ell. Komp
said.* As Dr. Ting Li Chu, wh had attempted, but failed, 10 muke effective
phatovaoltaic devices out of thin crysialline silicon, wrote almost a decade

The inpde-funcifon spectrium-spiitttng
amorpbous sificon atloy solar coll




1 SPACE T0 EARTH The Story of Salar Electneity

eadier, “The . . ineffective ahsorption of {light] limidsl the use of polycrys-
talline silicon film for solar cells.™ Because traditonal crysialline silicon
ahsorbs light poorly, a relatively thick portion of photovoltaic material is
nevded to retain the incoming light. This is analogous to ahsorbing water
with newspaper: It takes a lot of newspaper to soak up what a small spange
can lundle, Trimming the thickness of crysalline silicon invariably reduced
the amount of light it could absorb, thereby docreasing s power output.
In facl, past failures to make high quality thin crystalline silicon ceils steered
research toward other thin-film materials, like amorphous silicon.

Barnett telt that he needed to find a way to improve thin crysalline
sillcon’s light-absorbing capacity. Otherwise, the material was never going
to reach high enough efficiencies. One morning, while Bamett was look-
ing for a parking space at the university, 1he period he calls “my most
creative time,” he suddenly found a way oul of the dilemma. I remember
saying ‘Holy cow, 1 have the solution!" If | roughen the surface of the
supponing malerial on which the thin silicon would lie, the incoming light
would bounce off at such an angle as to remain in the cell uniil it was
absorbed ™ Fxxon's Research Science Laboratories quantificd the effec-
tivencss of Barmett's lighi-trapping idea. stwwing that It could force the
light to make fifty more passes inside than an equivalenily sized untreated
crystalline silicon cell would allow.

Radically improving crystalline silicon’s ability to absorb light allowed
Barnett to consider the formerly unthinkable—trimming crystalling silicon
withown drastically lowering its cfficiency. Amomphous silicon nesearchers
found hghi trapping helpful, wo.

Barnett soon learned that with the light absomption problem solved,
thinner crystalline silicon solar cells held many advantages over thicker
oncs. First, using less material cuts manuficluring costs. Studies in the cardy
and mid-1980s also showed thai the smaller base width of thin-film crysal-
linc silicon decreases power losses as the lemperature rises.* Thin-film
crystalline silicon, therefore, would be preferred in high-temperature cli-
mates and on rooftops where the heat can adversely affect the perfor-
mance of thick crystalline silicon. Also, thwe staning matenial for thin-film
crystalline silicon does ot have to be as high quality as tha for thick
aystalline silicon because the freed electrons have significantly less dis-
tance to Iravel to the collecting area. They therefore have a greater chance
of rcaching the contacts even under less than ideal conditions.
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Just as adding hydrogen improves amorphous silicon, it can also
upgrade this cheaper, lower<quality silicon. The reduced thickness also
makes thin-film orystalline silicon amenablc to further improvement when
highly dosed with boron, another factor that gives manufaciurers greater
leeway in choosing a staning nxaterial.

Satisfied wilh 1he soundness of the concepl, Bamell decided o slay
in the photovalaics field. He proceeded with developing a low-cast pro-
cess tor making incxpensive, high-performance thin-film crysialline silicon
solar cells by running an inexpensive rigied material along the surface of a
pool af hot liquid silicon. The silicon crystallizes to the bottom of the onal
supporting material on contact.

AsiroPower, the company Barnett founded to manufacture thin-film
crystalline silicon, recently opened a plant capable of producing sixieen
megawalts of the new material annually. Since only very simple equip-
menl is required and the prexiuction of eells 1akes just minutes, AstroPower
has already reported significant reductions in manufacturing costs com-
pared to its thick-crystalline competition.*

Bamen's work did nat go unnoticed. Dr. Manin Green, one of the
world's most respected photovoltaics researchers, has come up with another
promising 1hin-film crystalline silicon device, while acknowledging Allen
Bamett's priority in commercially exploiting the poten-
tial of 1hin-film erystalline silicon, ™ 1hin silicon

Green is Ausiralian and his waork in solar cells
goes back to the days when Telecom Australia began
equipping its microwave repeaters with solar cells.
“I'd be lnmiping into Arnold Holderness and Michacl
Mack at conferences since we were the only ones in
Australia a1 1he time who knew anyihing about photo-
voltaics,” Green recalled. He also credited Telecom
Australia’s pioneening commercial commitment 10 So- —
kar cclls for helping him become ane of the premier lighl trappng
research scientists in the fiekd. "It obviously stimu-
Ewed my wiork because | had a target awdicnce . . . there
was a real inerest by the Telecom people in actually using these things."*

In the carly 1980s, Green and his colleagues at the Universily of New
South Wales focused their atention on iniproving the efficiency of regular
crystalline silicon cells. The appraach seemed to them the only way to

| o -coal
AUDEIrat0

AstroPoaver's thin fim stlicon solar coll,
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muke crystalline silicon more affordable. having concluded, “[Nlo solution
appears ta he in sight for the problem of slicing [the staning materall
cheaply."™ The Australians felt confident they coukd mise the efficiency
substantially, up to 20 percent, without increasing manufacturing costs,
thereby providing more watts per dollar.

The performance of commercial arystalline silicon maodules available
in the 1970s and 1980s, Green observed. “hinged on how metal contacts
were formed to the cell. Therefore, that became the anea we paid particular
attention 1©0.”¥ Though screen printing of contacts has streamlined produc-
tion and, for thas reason, has been adopted by the entire indusiry. tw New
Suuth Wales group discovered that it worsens oell performance. Because
the additives in the silver paste thar make screen penting possible are less
conductive than pure silver. they significanily hinder the contacts” capabilicy
to "pull” hibetated elecirons out of the cell. And Decause the relatively wide
contact lines shade segments of the cell, increasing the number of contacts
would obscure 100 much photovoltaic material from the sun. Therefore, the
frecd clectrons have 1o somehow be "herded” to available collection points
far the production of electricity. Adding phasphomous 1o the sutface of the
cell accomplishes this. Unfostunaiely. greatly increasing the phosphorus
content creates a dead layer on e eell's surface; light absorbed in this
inactive region is wasted since it cannot generate ehectricity.

As an aliernative 10 screen prinling, Green and his colleague Stuan
Wenham ~hit upon the idea to use a laser to form grooves on the surface of
the cell”™ and to fill the grooves with copper.™ The copper comacts have
three times dhe conductivaty of silver paste; panially buried inside Uw grooves,
they obscure less af the cell's surface. which allows more sunlight to reach
the cell. More conlacts can go on the surface without 1o much sluading of
the ccll, which adds to the number of collection points inside the silicon
and eliminates the need for all that phosphorus. Modules made this way
have consistently outperformed all others in the world.

The Australians’ ulira-efficient cells gt their first test in the 1990 “World
solae Challenge.” where phaotovoltaic-powered vehicles raced across the Aus-
tralian continent. The Japanese contender, the clear favorite, was a Honda
powered by modules rated as the best in the world. However, a Swiss car,
which ran an modules from Green's bboratory, unexpectedly won. The vic-
tory atracted natikonal and world attention 1o the photovoltaics work 1xing
dune by Green and his colleagues. Two years later. Bntish Petroleum bought
the rights to manufacture the high-efficiency maxdules developed at the Uni-
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versity of New South Wales, which further
bolstered the prestige of Green and his col-
leagues. In recognition of these achieve-
ments. the Australian govemment awarded
them a rescarch center.

The increased funding has allowed
Green's group to cxpand ils focus. Prior

money constraints lud forced the Austra- p-type  plated metal
d
lzans o concenirate their efforts on improv- - ¢ p
n . . . el ",
ing conventional cryvstlline silicon 1ech- v. ¥ ’
meats|

nology. though they yeamed to work on

thin-film oclls. “Weealways feli that thin filnss. The brinad contact cell developed by Martin Green
held the answer 10 the eventual success o 49id Stiuirt Weendaam of the University of Now Soulh

the technology because a highly cfficient
thin-film phatovoltaic deviee could be
cheap enough 10 provide a karge fraction
of the world's power.” Green asserted. *Ban the practical dictates of obtain-
ing funding did not allow us to do much work an them.” With money no
longer an issue, work on thin-film devices began in eamest. The 1iming of
the award fit Green's professional carcee perfealy. "1 have fifieen good
years of research lelt in my life.” Green mused right after hearing about the
honaor bestowed upon his group, and *[1l aced fificen years to develop a
highly efficient thin-flm 1echnology that will muke significant inroads on
the world's electrical markets."

Green's thin-film erysialline silicon deviee i completely unlike Bamet's.
By depositing very thin aliermating layers of positive and negative silicon
onto glass, all potential clectrical charges are near 2 p—n junction, the core
of any solur cell, where the important photovoltaic activity occurs. Grooves
haser-aut into cach stratum and filled with metal allow access to cach layer and
provide the freed electrons an easy route 1o 1hwe surface, making for an ex-
uemedy efficient collection system.

Waorldwide inlerest in the proposed cell gave Green the confidence to
take the concepl 1o Australia's utilities, which svere just becoming interested
in photovoltaics. He wanted tn see if they would form a consontium o
linance further work on 1he technology (o the point where its commercial
impact could he assessed. Green and colkcaguce David Hogg first approached
Pacific Power, 1w largest ulility in Sydney, when: the university is based.
The utility found the idea so intriguing st it wamed exclusive rights to the

tu fredpy fagbi

Wales, Australia. The little pyramids on iop belp
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2 technology. “They wanted all the action.
— ::r So we formed a company, Pacific Solar, which
JHIRE, 4 J ™ / was a joinl venture hetween Pacific Power and
/ ' 4 4 1w university's commercial arm, Unisearch Lim-

ted,” according to Green. ™

Pacific Solar put up $50 million 1o 1ake
LT (ST the thin-film device from the drawing board
‘.‘-‘ V4 J’ "" J 10 large-scaie production, making this the: karg-
est investment in renewable technology de-
velopment in Austrahian history.** The wtility's

willingness to invest so much money withoul
mmwjm”” ! "_"P" oussing Pa- the expectation of immediate retums lured
cific Solars thinfilm cnstalline sdicon solar ) } .
cell. (1) Its manufacture siars with a picce of some of the bext people in the crystalline sili-
qlass for she base (2) fonr thin alternating lay- con ccll field to leave their pobs and couniries
ers of posifue and negatiy stiicon are digxs- to work for Pacific Sofar. Dr. Paul Basore, foe
lted onta the glass. (3 & 4) A laser culs grooves cxample, gave up a senior pesition at Sandia
;";“"’::;‘:Jm of pusttire and ':1:!‘"::“""-0"- National Laboratories for what he considers
mjc;ﬂkﬂ xf;:::t; ;’;ﬂ:‘;‘:ﬂ :) y "f:::: the chance of a Iifclir.nc. "The problem has
phoions from the sun and so make electricity always been that the linde government hand-

outs have never been ennugh to overcome

the huge 1echnological barriers 1hat are involved [in] developing a new
solar-cell technology. Down here they have pledged millions of dollars
over a five-year period, undenstanding how much money it akes. . . When
you see an opportunity where you have five years guaraniced in which fto]
work on long-term gaals before having 10 meet the botom line, that sig-
naled 10 me there was a real possibility 10 accomplish something very
significant,™

A greal advantage in manufactunng any thin-flm solar product is that
it requires much less energy 1han the procuction of traditional solar cells ™
This large energy savings makes thin films a supcrior ecotogical produca,
significanly decreasing the amount of polluting fuels consumed in solar
cell production. But using very small amounts of photovolaic material
does have its drawbacks, as Mantin Green himself admits: It takes a lot
more comrosion 1o slop a conventional crystalline wafer from working than
when relying on an inty-bitty picce of phataactive manter. The guestion
Ihen naturally arises: Will the necessity of improved packaging bring the
price up lo a level that will wipe out the savings accrued in manufacturing
the thin cells?
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Peraps engineers at Evergreen Solar have solved the dilemna, hav-
ing found better and less cosily materials © encase 1the eclls. They have, for
example, introduced a back cover “that is four times thicker, less expen-
sive, and lasts longer” than thase currently in use, according to the company's
president, Mark Farber. “Best of all, we can wrap it around the panel's
edges so that it actually ends up framing the module . . . eliminating the
cunventional aluminum frame, which, after the phatovaltaic subsiance, is
the next most expensive material.™

The number of potentially inexpensive ways 10 make solar cells be-
ing pursued is diazzling. They include sheet crysialline silicon, amomhous
silicon, thin crystalline silicon, cadmium telluride. and copper indium
diselenide.™ Even traditional crystalline silicon might surprise the pundits.
It still has the potential to drop significantly in price. Only time will tell
which matcrial will dominate. Or perhaps they will give each other a good
run for the money, One point, though. seems beyond dispute, as a strate-
gic planner for a majpor Australian wlility explained: “1n 1the 1980s, you
could argue il was an issuc of whether photovoltaics would get down to
be competitive with grid electricity. By the carly 1990, you had to say it
was bul 4 question of when.™®
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Chapter Fiftcen
The Silent Revolution Continues

hwenty-six years of temestrial experience have truly created a place for
photovohaics in the world energy field. “Two decades ago PV [photo-
vollaics] for uses on carth was completely new for everything and every-
body,” Bernard MeNelis observed. “Back then mast people had no idea
that there was such a thing. Now, at least it is known by people who do
science and engineering.” Indeed. industry no longer considers photovol-
tics an alternative source of encergy for its remote power needs, It is now
regzirded as “the most effective solution.™
Back in the 1970s, western institutions, such as 1he World Bank, did
na even consider photovolaics for their current or future energy pro-
grams. As former World Bank employee Steve Allison affirms, “The Bank's
attitude toward photovoltaics Ithen] was nonexistent.™ Throughow the
1980+, nothing changed. "It was vinually impassible, [even] at your own
cost, 1o go to the Wordd Dank and put on a one- or two-hour kecture merely
to mform them aboar photovoltaics,” Terry Han, now a consulnt for
Wowld Bank solar projects in India, confirmed.* The inenia at the Bank and
like institurions toward embracing photovoliaics was “less a reflection on a
luck of scenific or wechnological™ merits of solar cells, 1the intemationally
respected scientific journal Nature believed, “than on the enormaous built-
in momentum Uuat modern industrialized society has which resists nmajor
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changes.”” Bureaucracies shy away from anything but the tricd and conven-
tional. In Allison's opinion, cvery World Bank functionary worries that "he or
she might suggest something that will tum out wrong, :ind God knows what
might happen to your career after thag™

The firt members of the energy establishment who publicized suc-
vessful earth applications were 1he oil companies and 1the Elediric Power
Research Institute (EPRD), the rescarch anm of America’s investor-owned
utilities. Easly in 1978, Shell issued a report to the public on solar energy.
announcing that the sun “may provide electric power via phoiovoltaic
devices in cenain cemote applications . where inaceessibiliny otherwise
makes ¢qquipment operation and maintenance involving other encrgy
sources extremely costly.™ EPRI dearly saw the worth of temrestrial pheter
voliaics during the 19705 and early 1980s, too. “Power lus a very high
value in . . . remote applications, and solar cells generate it more cheaply
than any other means,” the Institule wrote in 1981 %

Remote industnial applications—such as powering navigation aids.
<cofrasion prutection devices, railroad signaling apparatuscs, water pump-
ing, and home puwer systems—might have seemed trivial 10 those who
think in terms of central power gencration, but, as one expen observed,
~Bencfits do accrue . . - in terms of field testing, user education, and confi-
dence.” The success of photovoliaics in powering remote microwave
repeaters erased any doubts engineers might have had abouwl its reliability.
Telecommunications professionals would attend intermational conferences
and spread the word that photovoliaic systems perform hetter than any
other stand-alone power gencrator. Eventually such praise reachwed institu-
tions such as the Wirld Bank and the World Energy Council, an organiza-
tion that represents major utilities throughout the globe, kading people
like Dr. Hisham Khatib, a member of the Council's Committee for Devel-
oping Countries, to recognize that “solar cells for use at individual
houses . .. arc a very imporant development that warrants particular at-
tention [as) they are ideal for low-power rural applications.™™

Both Steve Allison and Terry Han have noted the World Bank's rec-
ognition of the importance of photovohaics for the developing world. On
a return visit to the ank, after a rwenty-five-year absence, Allison could
not believe the number of people involved in photovoluics. “There's a
whole depanmem with specialists working away on the deployment of
solar cells,” Allison noted." Har observed, “The Bank ponfolio hus heen
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Thousands of Mongolians pro-
tvde electrictty o their yuris tin
salar modules Pbotoroltaic
technology bas allouwd these
nomadic peuple to continue
their wandermgs uhile engon-
mg the amenities that electnc-
ity can provide.

rapidly growing in tcrms of interest and commitment™ 10 pholovaltaics ' A
recent statement madke by the Hank declared, “Few people now doubt that
PVs have an important and growing pan to play in providing electrical
services in rural areas of the developing world. and many are also becom-
ing awarc that PVs have potential applications in suburban and peri-urlxn
areas of many developing countries.™?

The: comtinuing revolution in telecommunications
will alsa bring an increased role for photovoliaics.
The development of solar cells has always gone hand-
in-hand with advances in iclecommunications. Lay-
ing the trans-Adantic telegraph cable brought about
the discovery of selenium’s light sensitivity and. uli-
malely, its ahility to conven sunlight directly into clec-
tricity. Transistor research gave birth to the silicon solar
cell, sill the workhorse of photovoltaic applications
in space and on canh. Subsequent advances in the
tclccommunications field would literally have never
got off the ground without solar power. Ever since

A suldier with a pbotceoltaic
military rifold panet
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the launching of Telstar in 1962, the transmitters of all telecommunications
satelliles have run on photovolaics. Solar cells give satelliles the power to
beam telephone calls, Iniecmnet messages, and TV shows to relay stations
back on earth for worldwide dissemination.

The umon of pholovoltaics with the communications industry has
cuntinued terrestrially as well when, in the 1980s, solar cells became the
powner source of choice for microwave repeaters. The spread of cellular
nctworks continues this dose relationship. Jim Trotter relates how his firm,
Solar Eledric Specialties, pot involved in the fiekd: “When we were fint
doing photovoliaics in the early 1980, cellular phones were a rarc and
exolic breed, the cell sites were fewer and mare concenirated. They wene
usually located on mountaintops that had been used for decades by other
broadcasting groups where there was utility power available. But as the
cell sites sprawled imo virgin ermitory and there was no power available,
the cosl 10 extend puwer lines to these sites tends 10 exceed 1he cost of
solar cells in kots of locations. making us cost-competitive in many cases
for a technaology that wasn't there when we started out, ™

Most westcrners take telephione access for granied. In Africa, how-
ever, 75 percent of the elephones are in the cilies, while more than 75
percent of the population reside in rural arcas."* Many Afri-
cans, Asians, and Latin Americans—in fact, over lalf of the
workl's population— must travel over two hours just 10 nake
a phone call,

As with eledrical service. the expense of stnnging tele-
phine wires keeps most of the developing world isolated.
Satellites, cellular service, or a combination of the two offer
the only hope. In the Dominican countryside, for instance,
“celtular is the only phone service you can get.” according
10 Richard Hansen. “We're now seeing phone companies
putting in pay phone booths with solar cells . . . fixed cellu-
lar, nox like the portable ones in the Sttes.” Solar-powered
cellular phones In rural grocery s1ores or restaurants “also
nuke a good business by creating a littde cellular phone

Solar-porvered satellites, like Motorola's Indnia®,
ncile it possihde 1o cperate plotoroltaic ey Phones
in places piere utres will nerer go.
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calling center,” J{ansen adds.* The Grumeen Bank in Bangladesh has simi-
Lar plans for developing a phatovolaic-powered cellular netwaork. Through
its subsidiary, Grimwen Telecom, it will finance fifty thousand solar-pow-
cred cellular phones for one million subseribers. The owners of the phones,
impoverished villugers, will first pay off the oquipment and then eam money
hy charging others 1o make calls.'”

A group of influential investors. including Bill Gates and major tele-
communications companies, have formed a commercial venure called
Teledesic, which plans to bring the Intemet to every villuge in the world.
Aided by photovollic-nin low-orbiting satellites communicating with pho-
lavoltaic-powered land-based satellite receiver dishes, anisans, for example,
could communicate on their photovoltaic-powered laptops directy 1o cus-
1omers anywhere in the world. Customers could examinc and sclect items
displayed on wehsites, and they could place orders and make paymenis
clectronically. Such improved communications would rid the antisans of
their dependency on urban middiemen. ™

The globxl Inlemet would also allow villagers., if properly 1mined. 1o
work al relatively high-paving jobs without keaving home. With such training
and equipment, “Young people will be able to perform data entry and . .
Iranscription services for any company in the world fwithout keaving their
villages], a better alternative than migeation to urban slums in search of em-
ploymenl,” states Muhammed Yunus, founder and managing director of the

Low-orbiting communication satellues link solar-powered
Phone booths in the developing world

19
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An icreasingly common sight.

Grameen Bank.' As a United Nations study concluded, “The use of solar
photovolaics . . can revolutionize lcommunications in the cdeveloping world]
hy, for the fimt 1ime, offering a real practical possibility of neliable rural
ielecommunications fur general use.™®

Opportunitics for phatovolaics in the developed wordd continue to
grow. too. The U.S. National Park Service, for example, has finally decided
that the electricity produced by its many gencrators not only costs moee
than power generated by photovolaics, but the noise of the gencrators,
the pollutants they spew, and the risk of il spills in transponing the diesel
fuel over waterways nin counter 1o the agency’s mission as the guardian of
America’s pristine landscapes.? The Defense Depanment has also identi-
ficd over ihree thousand megawans of power now produced by diesel
generators that phatovoltaics could more economi-
cally generate. This alone is 1hiny times the capacity
of uxday's solar cell industry 2

Private industry has also begun to replace its
generatons with photovohaics. For yearss. the ponable
warning signs used on rxadways to alen motorists of
lanc closures and other temporary hazards have nin
on gasoline generators. *Bui the naintenance was so
bad,” a battery engineer attests, “that they starnted to
use solar.™ In fact, the entire industry is changing to
photovollics as fast as the necessary equipment can
e braught on-line. Revolutionary lighting elemenis,
light-emitting diodes. have helped spur the replace-
ment of generators with solar power. The diodes re-

mobile bighuay signs powered by quire so little power that a small panel can not only

pheiovoliaics.

powver the lights during sunny periods but also charge
accompanying batteries 10 keep tw: lights running at
night and during bad weather.

In the United States and westem Europe, hundreds of thousands of
remaotely situated homes are nat connected to power lines. Just as in 1he
developing world. linking these homes to centrally gencrated electricity
costs too much. For example, Public Service of Colorado, one of 1he suate's
largest wiilities, requires custoniers to pay tens of thousands of dollars 1o
snng wires onc-quarter ta onc-half mile (four 1o eight hundred meters)
from the closest line. "Once these people pay to I wired, 1hey can get the
cleatricity quite cheaply,” John Thomian ohserves. “Dut first they have to
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Lacationers, fise thase wba inkabit these
St s chalets, will nevar bave to worry abxut
power lines obitieraling thidr niral setting.
All of thetr electricity comes from the solar
modides mounted on the rooftofs.

pay for the power line. That's the
killer!” The other choice, a phatovol-
taic system that will supply all the elec-
trical needs for a typical suburban
home, costs between $20.000 and
$25,000. If they live a quarter mile or
more from a unlity pole, ‘Thomion concludes, “people are finding that
solar cells are 1he lowest cost option.™

The clectrical requirements of the thousands of vacation cabins in the
develuped word dosely resemble those of rural homes in poorer coun-
tries. Vacationers tote in either kerosene, dicsel, or gasoline 1o run a few
lights and perhaps a TV or radio. “These are the people who can most
beneficially use photovoltaics,” Jim Trotter helicves. “That's because a small
solar system costing a few hundred dollars, which they can easily afford.
can satisfy all their needs.™ As early as 1981, ARCO Solar found a good
market in Spain. supplying photovolaic power to the mountain retreats of
thase escaping the hot, muggy Mceditermanean summer. Because the pri-
vate utility could not electrify them without losing money. these mountiin
homes had no power. During the 1980s, Spaniards bought more photovol-
taic systems than anyone else in Furope. Some years later, powering vica-
tion homes in Finland put 1hat nation’s utility into the photovoltaics business,
The utility decided it made more sense to install solar modules on cach of
the forty thousand holiday cottages in the Finnish countryside than to
bring in power lines that would desecrate the bacolic vistas. For similar
reasons. fourteen thousand Swiss Alpine chalets get their electricity from
the sun.

Rolland Skinner, general manager of the Northocest Rural Public Power
Districl, a Nebraska rural electric cooperalive, knows that Mali and the rest
of developing world are not 1the only places thar use water pumps. His
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ulility serves the picturesque but thinly populated Sand Hills region. Much
of the dlectricity that runs through Skinner's lines powers waler pumps,
and because the cooperative's clients have low energy needs, the organi-
zaton has found itself in a dilemma. In the next decade, the rural ulility
will have to replace its aging sixty-year-old poles. Skinner figures that for
“the longest connections, the old ones,” which run about a mile and a half
lapproximately 2.4 kilometers] 1o dnive a water pump, it will cost “about
$15,000 to put in new poles and wire and $5.000 to 36,000 1a tcar the old
ones out. . .. Or [ could put 1n a phatovohaic system for $5.000 total!” The
cconomics for powering wells with solar cells become even more compel-
ling, according to Skinner, “with the continuing disappearance of family-
owned farms. A kot of homesteads are falling down and the only demand
for clectricity beft out there is a well for the livestock. ™

Managers of ather rural utilities have similar concems. They, oo,
own miles of dilaprdated line which principally power stock wells—about
125,000 of them. Another 125,000 water pumps in the western United
States tun on diesel or wind, and all of them, in Skinncr's words, ane
-getting older by the year.™ Environmental concerns will anly increase the
number of pumps in the tuture. Missouri. for example, wants to move
cattie avay from its streams amd rivers, according to Kirk Stokes, who ran
a photovolic equipment buying service that caters to rural Americans,
Livestock are in there and doing their thing [defecating] in the water and
they're also messing up the embanknwnts and croding them. The state
therefore wants o fence off all waterways and have catdemen water their
animals by pumps. ™ The number of wiater pumps will also increase as
ranchers embrace the concept of rotational grazing, which calls for fencing
a pasture into portions and
grazing animals more in-
tensely for shoner periods of
lime in each porion. Under
these conditions, grass grows
taster and healthier, but ranch-
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Lirestock in the Sand 118k region of
Nebrasba il around a reserioir
of water filled by a solar-run fremp
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ers have 1o add pumps because the cattle must have waler in cach ficld.
They could choose a dicsel- or propane-fired generator o run their pumps,
but then, “You've got to fuel them up. um them off, and check the ol a1
least ance a day. lJAnd| if you're nol there to shut them off once they pump
the well dry, they can bum themselves oul.” according 10 rancher Donald
Mclvor. This left him 1the choioe of either photovoltaies or wind power.
Phatovoltaics won hands down in Mclvor's opinion, “Its touble free and
a lot cheaper.™®

Increased ecological awareness is
a big reason bchind the popularily
of equipping recreational vehicles (RVs)
with solar modules. A goad many camp-
grounds have come 1o prohibil RV
owners from running gencrators he-
cause the exhaust gases pollute and the
noise keeps other campers from sleep-
ing ar communing with nature. RVs al-
ready have inverters to change the
generator's DC clearicity 10 AC and

g 0 (R T T

hatteries for storage, so all the industry More and more RVers are replacing noisy
has to do is substilutc a ncw power generators with stlent solar pouer

source—photovoliaics.

The movement for deaner air has led many urban and suburban
dwellers to want “green” power for their homes. Marked research in Austra-
lia has shown that 1ens of thousunds of people are willing to pay a pre-
mium to power their homes with nonpolluting sources of energy. The
trend toward deregulation in the clectric industry will make 1t easier for
more people to make the choice. Having a photovolaic system on your
roof “is about as green as you ¢an gel,” remarks Peter Lawley, who united
Martin Green's Universily of South Wales group with Pacific Power, thus
creating Pacific Solar. “The beauty of it is when people have the modules
on their rooftops and can see their meter running backwand.” Lawdey adds.
“That's real.™* In the opinion of an American wtility, which is investing in
rooftop systems designed by AstroPower, “There's poing 10 be a lot of
different ways people will get elearicity in the future and only one will be
throughy traditional wires and poles. As pholovoltics becomes more cost-
. cffective and more reliable, mone and more people will be chousing lit] as
an aliemative to the traditional supply line.™
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To make rooftop systems as simple as pos-
sible, solar technologists have come up with the
AC-module, which contains a tiny mechanism that
convens the direa cumenm produced by the oells
into the more commonly used altemating current
before the electricity exits the panel. The AC-mod-
ule eliminates bath the special winng necessary to
couple 1he panels as well as the castly inverter
previousty required to change DC into AC. The
homeowner simply plugs the clectricil cond from
the AC-module into a conventional electrical
sockel. Poplar Science calls the AC-module “a
significant step forward for photovoltaic technol-
ogy” and included it in the magazine's 1998 It
e stes e e ihiac faboton oliric of "Thwe Year's Greatest Achicvements in Science
unit dights this sign at night. and Technology. ™ DC systems have also become

easy lo install. They arc now available in pre-
packaged stand-alone puwer units which pur-
chasers simply phug in where electricity is needed.

Glolxal wanning ranks as the principal concern motivating the push
1wwind greener energy sources. Indeed, in 1989, the Annual Review of
Energy called the “possibility of global climate change arising from fossil
fucl combustion _ . . [the] one environmental issue [that] shadows all of our
thoughts about encrgy today.™ “Most people in 1the know see regulations
on the output of OO, as a "when” rnher than an *if.’”” reports Mark Trexler,
whose consulting firm specializes in global warmmning issues. In faa, the
1998 Kyoto Protocol on (dimate Change. which has yet 1o e ratified,
commits the developed world to institute significant reductions on green-
house gas emissions. “Caps on CO, emissions could have a huge effect on
rencwables,” acconding to Trexler. “Once companics need to stan offset-
ting their emissions, there could be billions of dollars flowing™ veady from
these companies 10 CO, off et projects.® And photovolaic installations, as
offset projects, would definitely receive some of the funding. For example.
abiding by carbon dioxide restrictions, a utility could continue o bum
fossil fucls if it financed a solar cell installation that would eliminate the
emission of a cormesponding amount of CO, elsewhere ®

To stop greenhouse gas emissions where they stan—at the smoke-
stacks, plant owners would have to remove carbon dioxide the same way




Tha Silend Ravglution Cantinues 197

wtilitics currently scrub sulfur
dioxide. These added costs
would eliminate the price dis-
advamage photovoltaic - gener-
ated electricity faces when
competing in the utility mar-
ket. The VYord Energy Coun-
cil predicts that by adopting
such a program, '(Tlhe impaa
on the attractiveness and pen-
etration of renewable energy”

technologies such as photovol-
aics would be ~very Lirge. Moddides integrated intu the roof of a parking structure
E o co}uldg ::;]x‘n provide bolh power and protection for elecinic vebiclys.

play a significant role in helping to climinate greenhouse emissions by cars
and 1rucks, if and when electric vehicles start to pruliferate. Modules inie-
grated into the roofs of covered parking lots would provide conveniently
located recharging stations, as well as protection from the elements.™

“This winter's El Nino [1997-98] is a taste of what we might expect if
the carth warms as we now project,” James Baker of the National Oceanic
and Atmspheric Admunistration announced ® His waming suggests that
the future will bring more calamitous weather: deluges. droughts, hurri-
canes, loenadoes, and ice storms, resulting in wildfires, floods. and other
rciated misforiunes. The expecied increase in the number of natural disas-
ters brought on by the harsher future climate, as well as the growing
number of people setling in citastrophe-prone regions where carthquakes,
hurricancs, and volcanoes are a threat, make carly-waming systems essen-
lial. Photovoltic-powered monitoring devices in relatively remote loca-
tions can pick up signals of impending disaster and alent the population.
Solar-run equipment already keeps tabs on the water flow in the canyons
above Tucson, ready to wam people downstream of the flash loods that
sometimes occur during their monsoon season. Railroads, such as the
Burlington Nodbem Santa Fe, use phiotovoltaics to power rock and mudslide
detection fences, which electronically inform trains of potentially dangerous
conditions and so prevent life-threatening and costly derailments.”

The uhimute carly-waming device may be solar-powernsd weather
sunveillance airplanes, scheduled for takeoll sometime in 1the next decade.
The hundreds of photovoltaic panels 1hat cover the plane’s 250-foot wing-
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Pratotype of a sow-flytng, whrabigh-ahitude, long-duranon swlarpowered airceafl that
coultd monitor the devetopment of potentially destrictive weather events B was designed
ana butit by AernVironment and funded by NASA. R flew: bigher than any other aircraft.
redching an altitude of 96.000 feet (29, 280 meters),

spread are connected to fuel cells undemeath. Throughout 1he day, photo-
voluaics will generate the electricity to run the aircraft and o extract hydro-
gen and oxygen from the water discharged by the fuel cells the night
before, When the sun scts, the extracted hvdrogen and oxygen will power
the fuel cells. generating the energy thal keeps the aircraft aloft at nigh.
Waler discharged in this process will allow the diumal cyde to begin ancw
the next moming. [n this way, the airpline can remain above the wirbu-
lence for months, wartching for and racking hurricanes and other polen-
1ally dangerous weather disturhances.®

Once a natural disaster strikes, power lines topple. Bul thase who
own photovoltaics with storage will still have electricity. For example, afier
the greal ice storm that hit the American northeast in early 1998, the lives of
peaple who powered their homes by solar cells connected 1o hatterics
were not drastically aliered. Hurricanes Georges and Mitch wreaked ter-
rible havoc throughout the Carribean and Central Amwrica, but they lefi the
thousands of photevolaic insallations there virtually unscathed. Of the
more than nine thousand installations in the Dominican Republic, fewer
than twenty were bost. Similar low losses of photovoluaic systems were
reported in Honduras as well. Amazingly, even in arcas that took a direct
hit, such as 1the coastal village of Bayahibe, few solar modules were lost
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because their ownens "simply removed [them] from the roof” before the
hutricane arrived and remounted them when the storm [efi. ¥

Catastrophes that break down the vast and complex infrastructure
that makes modemn life passible leave those without an alierative such as
photovoliaics to fall hack on as isolued and without services as the poor-
esl, most remaole villagers in developing lands. Only stand-alone equip-
ment run on locally available power sources can bring a semblance of
normality 1o such situations. Disasters create the ideal environment for
photovolaics: No puwer from the outside is forthcoming and only small
amounts of cnergy are necessary to nin basic emengency equipment. Emer-
geney personnel can quickly carry in—by foor, if negessary—uliralight
pancls, which fold and fit into a backpack, and set them up in minutes to
reestablish the communication links imperative ta scarch and rescue work.
Phatovoltaics can also power portable message signs and temporary wamn-
ing lights 10 help mntorists negotiate through dangerous road conditions,
telling them of closures am] conditions ahead and taking the place of
downed traffic signals and fallen strect signs.

As the aftermaths of Hurricanes Andrew and Mitch demonserated,
utility power can remain down for some time. Maintaining simple health
and sanitation standards then becomes a pnmary concem. In such situa-
1ions, photovoltaics can stem the onslaught of disease. For example, in
Honduras, photovoltaic-powered uluraviolel rays penetrate contaminated

These fabric-like folding modikes,
butlt by Unised Solar Systems Cor-
portion, make ideal poter packs
Jor emergeicy wse I such situa-
tions. sereval walls of power cotild
maky the difforerice intuoen life or
death The Novthuwest Amevican Ex-
poedition team, at right, used the
madules as their sole source of
power for o-the-mountain com-
munications dunng ik successful
ascens of Mouns Eoeres!
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Shell Reneusibles pleins to market solar electric bome
ks througb the many service sations its pareni com-
pary, Shell Ol otris in the devedoptng nveld The
drits trichice a modhde, Lanifrs, atiery, wining, charge
controller, disiifled water. and an instruciion
mannual. Offenng a complete system in one conve-
Hient package malas the suN s energy more acoes-
sibie 1o more peopie.

watcr, killing all biotic pathogens. Modules have also proven their indis-
pensability by powering clinics and aid centers. At St. Anne's Mission.
which served the victims of Hurmricane Ancrew, it took but one day to put
up a photovoltaic system that ran fans, Iights, and vaccine refrigerators. @
The mission's rector remarked to those seeking aid and shelter, “You see?
This is God's light,™*

Just as El Nina has forewamed us of global warming's possible im-
pact, the oil crisis of the 1970s provided 1he Western world with an idea of
what life will 1 like when cheap oil runs out. Peiroleum amalysts Colin
Campbell and Jean Laherrere predict that petroleum prices will rise once
again “within the next decade,” but this time they will continue 1o dimb.
Campbell and Laherrere have come 10 1his conclusion Decause “the supply
of conventional ail will e unable 10 keep up with demand” as wordwide
production starts (o decline by 2010 %

shell Oil, like Campbell and laherrére, has done sonw scenanio plan-
ning based on 1he supply of and demand for dl, and it has come 1o the
sume conclusion, differing only in timing. Shell believes that “fossil enengy
sources may peak around 2020, while the global encrgy demand may triple
lsy then.” The European-based oil company concluded, “Renecwable encigy
sources need 10 cover a substantial pan of 1he deficit that Tassil fuels cannot
supply. And within renewables, photovoltaics must play a major role.™
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To prepare lor the new cra, Shell Oil instinuted its Shell Renewables
division in 1997, which soon expeds 10 produce forty-five megawatts of
sodar cells annually, eqqual to about 40 percent of the world's 1997 proxduc-
tion. “When a nujor oil company cffcciively projects the end of the fossil
fucl age,” Scientific American wld 11s readers, and aggressively enters the
photovoliaics markel. “il is a sure harbinger . . {of] the future.™ With the
anticipated mandatory glabal curdis on fossil fue! emissions, as well as the
end of low-priced oil, photovoliaics will surely take center stage for the
sunple reason that there is no other nonpolluting encergy option that works
as effectively almost everywhere, from high above the Arclic Circle 10
Argentina, in South Africa as well as Scandinavia, for Russians and for
Australians. Furthermore, a photovoltaic system does not have 1o intrude
on uninhabited temain or spawn miles of 1ransmission lines, cluttering
formerly open vistas as other generators of electricity must, since its place-
ment can be confined 1o areas already in use by humans, such as roofiops.

In a deregulated electric market. photovolaics has a much better
chance to flourish than larpe solar mirror installations or wind machines.
Steve Taylor, who worked on America’s only power tower, explains: ~With
deregulation, you're going to get all sons of power producers and su ppli-
ers having limited capital and a limiled area in which © huild power
plants. When they want 1o add capacity 1o their grid. they're not going to
have the money ar the area, htenally hundreds and hundreds of acres, that
an offedive power tower lor wind farm] requires, but they could find
enough rooftops where photovoltaies could go up.™

Ever since the first sofar cells traveled into space, photovoltaics has
succeeded hecause the technology has always vied with the continually
rising expense of delivering clearicity 1o consumers. In contrast, other
sular-generating 1echnologies, such as the power 1ower and trough reflec-
tors, have floundered because of their need for centralization, which has
furced them o compete with large generators of power. The beauty of
photovaltaics is that it requires no central plant ar delivery lines. and it can
Ix' tailored 10 any power need from millivan to megawan.

Photovohaics is on the threshold of becoming a major encrgy source.
Don Osbarn of 1he Sacramento Municipal Ulility Depanment notes. “ Pho-
tovoltaics has finally reached 1he point where, within u reasonable time
fame—in a decade or less—we can cleardy expect solar cells (o provide
clediricity on a widespread saale.™ Indeed, the industry's output now

grows at an annual ate of 40 pereent, By 2004, manufacturing plants
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Sodar cells not only provide odeciricuy
Jor satellites, they veone cedso provide the
power that progels space 1obicles

thoughout the wordd will prubably produce
almnst a gigawan—one hillion wats from so-
lar cells. That is cqual to the cumubative pro
duction of photovoltaics since the industry
began, and the industry still cannot keep up

with demand.
In 1956, publicists a1 Bell Laboratonies made a bold prediction: “The
ahility of transistors to operate on very low power gives solar [cells]

great potentual and it seems inevitable that the two Bell inventions will e
closcly linked in many important future developments that will profoundly
influence the an of living.™® Alrcady the tandem use of ransistons and
solar cells in satedliles, navigation aids, microwave repeaters, and televi
sions, radias, and cassette players in the developing warld—and 3 myrisd
of other applications—has turned the Bell prediction to faa. It takes no
wild leap of imagination to cxpect the ransistur/solar cell revolution 10
continue until it encompasses every aoffice and home in 1he world

Thanks 1o solar cells powering devices from space 10 earth, people
everywhere will enjoy the benefits of eleatricity without doing harmm to
their home, planet eanh
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spair.” The Bulletin of the Atosnic Scientists (May/une 1990): 25. Moce than a
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*Radiation Sull Presenit in Alps, ™ Sania Barbcara Neus Press (3 May 1998): A16.
Nuclear power plants also make excellent 1argets for terrorists, as well as
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can creale significant social and environmental discord, including population
displacement, riparian habsar destruction, and genenal havoe for all living
downstream. Weather events ane also a consideratson. In SA Lanka, for ex-
ample, where hydro accounts for 93 percent of the island's electriciry, 1he very
dry weather of 1992 brought four months of power rationing. L Gunaratne,
“Solar Photovahases in Sel Lanka: A Short Hitory.” Progres in Pholotoltaics 2,
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her 10 April. Everywhere bad. This is the main reason solar themul does not
work in Europe. We just don't have the climate.” Interview with Dr. Wollgang
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