P&%%St Discovery Guides

Why Not the Sun? Advantages of and Problems with Solar Energy
by Ethan Goffman
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The oil embargo of the 1970s prompted a national surge of interest in solar énsodpr. water

heater was installed in the White House, and photovoltaic panels first came into play, notably in
California. While previously star power as a direct source of electricity had been limited to
esoteric functions, such as in spacecraft, companies began to form with the idea of using solar as
a regular source of power for ordinary homes.

Theoretically, solar might seem an

ideal energy source, as it is free and
virtually limitless. According to
Greenpeace, AThe sol
reaching the earthoés s
provides more than 10,000 times the
worl dos yearl yFuenergy
t h e r manmnessing jiist orguarter

of the solar energy that falls on the

world's paved areas could meditcur

rent global energy needs comfortaily
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President Carter inspecti | heai I installed or ) : .
the 1001 of the White House. o eaing panetinsialed on (Flavin). Yet the technological barriers
Photo: Jimmy Carter Library. to harvesting this energy are great re
http://www.aip.org/history/newsletter/fall2003/carter - . i It .

photo.htm garding collection, distribution, and

storage.

Through the end of the 20th century, solar remained a power source frc@ric few, ac

counting for well under 1% of energy generatiés.the energy crisis waned, it quickly became
apparent that solar was not competitive with conventional energy sources, such &neoal.
commentator well c kop yeasy sapportershogolarfpowar baver haralded n : A
every new technical breakthrough as a revolution in the making. Yet time and again it has failed

to materialise, largely because the technology was too expensive and inefficsenply cost
toomuch,andsota panel s settled iDavis)s a small niche n
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Thi s Bethesda, MD home ha anels in front ar

water.
Photos by author.

In the 1990s, as climate change moved in the p@binsciousness from an esoteric theory to a
scientific fact, interest in solar returned, notably in Europe and to a lesser extent in the United
States.n the 2£' century, growing worries about an energy shortage on a planet voracious for
power have addetb the demands for solar energdys Gr eenp e actee mprkethas s ou't
grown by more than 40% a year for almost a decade and the industry is investing large sums to
increase production facilitieso (3).

The above summary is a bit simplistic, as, tecallychumans have used solar power throughout
history, notably as a source of light and, in the long run, as a source of pretty much everything,
including our very planetSituating and constructing buildings to best use the light that nature
gives us evarday is called passive sold@uildings have long been positioned to take advantage

of light and heat, for instance by having large south facing windows to allow plenty of sunlight.
For further discussion, see the Discovery Guide Green Buildings: Camgénei Human Habitat
(section 4) (http://www.csa.com/discoveryguides/green/review4.php).

This Discovery Guide is not about passive sol
means of replacing energy currently generated mainly by fossdl, feieth as coal, oil, and natu
ral gas.

These more fAactiveod solar ener gy uSdsledrstésan i n
Solar Thermal, which traditionally has been used to heat water and is increasingly being used, in

a more centralized fhgn, in large energy plant$he second is solar cells, which can in turn be
divided into bulk or wafer based, usually employing silicon, and thin film, which employs-a vari

ety of metals and is easily manufactured and installed, but currently requireseuare footage

to do the work of wafer based cells.
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This points to a crucial factor: the efficiency, or percentage of solar energy that can be captured
and converted into electricityn the past this has been too low to allow the technology to replace

a substanti al p the dfficiemcy withfwhidh a sel dan corfvartdightsinto eléc
tricity has been the technology's Achilles' lie&ldviss).Almost as important are energy storage

and delivery, how to get the energy when and wherengésled.

Solar Cells
Bulk

The first photovoltaic cells were created in 1954 at Bell Lalpsl he solar energy companies
that sprang up in the 1970s, primarily in California, used this technology, employing silieon wa
ferssThe per cent ag egy that codldhaetualty bencauree foreuse as energy was
relatively small, only 4% at first and later 11% (Lund et al.), a number that has continued to
grow with technological advances.

Bulk photovoltaic cells are composed of-sili

con, Al i ke computer <chip
reason. They rely on that element's preper

ties as a semiconductor, in which negatively
charged electrons and positively charged

6hol es®6 moveryacugannad and
t hey do S00 (Economi st ,
valley).

How Stuff Work explains the basic technol

ogy behind these <cell s:
Bl e ~ the cell, a certain portion of it is absorbed
Photovoltaic array. 2007 Solar Decathlon, Washington, s . . .
DC. Photo by author. within the semiconductor material. This

means that the erggr of the absorbed light
is transferred to the semiconductor. The energy knocks electrons loose, allowing them to flow
freel y o0 THeAdemdyoconse} out in the form of Direct Current (DC), which must then be
converted to Alternating Current (AC) forgztical uses.

Silicon wafer solar cells come in two main types: polycrystalline and monocrystalline.
Monocrystalline solar cells are made from a single crystal and are slightly more efficient than
polycrystalline, which are made from many crystéless expensive, polycrystalline cells are
currently the most common. (Youngester)

ProQuest Discovery Guides
http://www.csa.com/discoveryguides/discoveryguides -main.php Released December 2008

3



Goffman: Why Not the Sun?

In isolated locations, solar cells offer an excellent source of
power.fi S o powar has so far always [been] a better option in

rur al areas where grid power is
gendran of the World BankSamath)Standalone solar is use

ful in a variety of situationdn Iraq, for instance, solar powered

street lampsare helping to make up for a dysfunctional grid
(Zavis) However isolated solar cells provide energy only for
immediate use or for battery storage, which currently is imprac

tical on a large scale.

Buildings connected to the electrical grid may use cotweal
energy when needed, while employing solar cells when the sun
is out and the energy is available. In many locations, solar en
ergy may actually be fed back into the electrical grid, causing
the meter to run backwards, a phenomenon knowmeasne

tering. Yet , AnFor many years the uti
Monocrystalline solar panel feeding in of solar electricity into their grid and . . . in most
http://skycomsmt.com/images/ . . - . .
SOLAR%20PRODUCTION/11724 countries the wuwtilities fight th
94779.jpg (Greenpeace 48)n many locations, then, returning energy to

the grid is not yet possible.

On top of net metering, solar advocat~-
would like policies tied to the changin
value of energy dependingn time of
day. This is known asdemand pricing
and Arequires a I
hourly as well as total usage, different
ating between peak and gieak con
sumptiono @Qddauselsolasik ¥ | L OWA T T HOUR S
strongest during dafyme, peak hours, it X i 2A
is more \aluable than a flat rate woul QLA o e e

L. . ) =
indicate; yet, in many countries, thos SINGLE.STATOR WATTHAIID METED »

who invest in solar panels are not Net metering lets your meter run backwards
) . http://solar.calfinder.com/blog/solar -information/what ~ -is-
warded for this valueTravis Bradford net-metering/
advocates variable pricing, which Awould char
factors, intuding the amount of power the customer uses, the time of day they use it, and cus

tomer densityo (149).

S
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Two major factors have hamstrung the use of photovoltaic cells for generating energy: cost and
intermittency.Except in special situations, such d&grid uses, solar is simply not competitive

with fossil fuels. Explain§imema g a z i n e-frontitastthasfalivaysibgen the biggest barrier

to residential use of solar power. An average set of rooftop panels costs $20,000 to $30,000 and

takes10to8 years to produce

enough

©h @®largerscatej t y t

t hi s amount satleasttws to three timésas expgnsifie as the typical electricity gen
erated in America f or,Briget ai | customerso (Econ

;;;;;

Decathlon, Washington, DC.
Photo by author.

;':': P A E o5 _/‘ P w;. =
This PV array has one onlooker gazing upward in awe. 2007 Solar

Still this is changing due to ex
perimentation, in combination
with practical application. Ac-
cording to theEconomist,ii d e ¢
ades of research havenproved
the efficiency of silicorbasedso

lar cells from 6% to an average of
15% today, whereas improvements
in manufacturing have reduced the
price of modules from about $200
per watt in the 1950s to $2.70 in
2004. Within three to eight years,
many in the industry expect the
price of solar power to be cost
competitive with electricity from
t h e d&comnonhigtBright).

Although growth has been steady, a worldwide silicon shortage has frustrated expectations for an
even faster r atfter ddradesofsstealy deaine,gucsstincreaded from a low of
about ,Bdght)pMever watt i
theless, other fact or s Thaakteecdn@mes of schles risiagebnu at i o

$2.70 per watt in 2004

version efficiencies, and mesdficient use of polysilicon in conventional cells, average PV

modul e prices decli

ned

t o

n

2007, even as polys

Still the shortage of refined polysilicon, due tdaak of facilities, has kept prices high. This
seems puzzling, as silicon is one of the most abundant materials, found, for instance,As sand.
Nn23% of the eart hos
ducing the pte silicon needed for crystalline solar cells is complex. The period from planning a

new silicon factory to its first output is approximately two years. The dynamic development of

short age chipfmaksers, iwhich on o (
also use silicon, has added to the excess of demand over ssiilplyarious projections claim

Greenpeace explains

the PV market |l ed to
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Goffman: Why Not the Sun?

that the worldwide shortage should end in 2009, as production rampsap. i nst anc e,
European Photovoltaic Industry Association petgeB0,000 tons of annual production by 2010,
up from just over 37,000 tons in 20070 (Sawin

Improved technology, increased silicon production, and the increasing cost of energy are acting
to make photovoltaic cells more competitivd. some point, solashould start to outompete
fossil fuels.

As solar power becomes more efficient, it is becoming more competitive. The company Sun

Power is notable here, Aconverting 22 percent
dustry norms of about 10tdcl per cent 0 ( Wol gemut h) . Still t he
just what mix of cost and efficiency will dominate the industry remains to be seen.

Thin Film

An alternative to polysilicon solar cells i L

thin film, which uses metallic compound
to captur e tQCheapesana
easier to install than wafer based PV cel
A Hin- film cells use as little as 1 per cer
of the volume of materials thatrdinary
PV cel | s(Dadissyrestalldtion is
al so fl exi bl ean besinten
grated into roof shingles, siding, and tt
windows of buil din

Many in the industry, then, see thin filn _

Thin film solar panels
technol o gy as t he http://technicalstudies.youngester.com/2008/06/future - ay,
thin-film PV modules that use material of-solar -cells.html
such as amorphous silicon-&); cad
mium telluride (CdTe); or copper indium gallium selenide (CIGS) are attracting much attention
and are growing at an i mpressive Howdwsthin( Ener g
film as of yet captures a smaller perQvexnt age
al | , -filnfi golaricells are inefficient but cheap. Where there's room to put up a lot of them,
they're cost effective, but to compete elsewhdree ty ' | | have to get more e
Still thin film efficiency is rapidly increasingd c c or di ng t o -fionteehnalogyphasr t , At
now reached a critical mass and is poised to
bent technlmgy. Thinfilm silicon technologies from turkey vendors will be ramping up in
| arge scale during the sNumeousiexperanents withfthe Be@tO 8 0  {
combination of thin film materials make it likely that efficiency will increagmificantly in
coming yearsln one test thin film technology reached 19.9% (NRHhin) although how
quickly and easily this material can be manufactured for mass consumption remains to be seen.
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Disadvantages of Solar Cells

A major disadvantage of bothaferbased and thin film solar energy is intermittentiie sun
does not shine at night, and is diminished by overcast skies and dforengy from solar cells
therefore cannot be counted on at all times.

This means that decentralized energy from soédlis cannot supply what the energy industry
calls baselinepower, which supplies a constant energy n€rdrently coal plants are the major
supplier of basdéoad electricity, while nuclear is also excellent at this task (although expensive
to bringortline).

For peak demand times, as well as sudden surges (such as during a heat wave when air condi
tioners work overtime) power must be add&éte energy needed for this pérhe demand is

c a | lintkedmedfateload electricity as opposed to thbaseload electricity that is needed
twentyf our hour s a d\atyrd gaé iB cuaently the fdvorite3nethod for supply

ing intermediatdoad electricity, although renewable sources, such as solar and wind, are well
suited to the task.

Intermittencyis actually less of a problem for solar cells than for wind poWeis is because
solar tends to be most available during times of peak demand, particularly working hows: Inter

medi ate | oad power, Awhich represwempglsy s omes t3 (
provided primarily during daylight hourgBradford 130)This is fortuitous for solar energy,
since, Ain the middle of the afternoon when t

at their optimum, demand and pricing forelectrit y al so peakso (Canberr
solar and wind can complement each other, since times of low sunshine are often excellent for
wind power, notably in winter.

Still, the use of solar cells and wind power will be limited until more efficitartage methods
can be developed to conserve energy wBran it
ford explains that ifithere are potenti al t e
sources of electricity beyond 15 percent of tgtad capacity without the added inclusion of en
ergy storage solutionso (132) (other recent s
rently, batteries are the method of choice for storing solar energy, although these need to be re
placed regulayl. Solid oxide fuel cells employing hydrogen technology show great promise, but

need to be further developed (see http://www.csa.com/discoveryguides/fuecel/overview.php).

For hydrogen storage to fulfill its promise it needs to derive its power from natipglsources,

such as electrolysis powered by solar energyBradford 8788) (see
http://www.csa.com/discoveryguides/hydrogen/overview)php
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Solar Thermal

Although photovoltaic panels hav
become the prototypical image of-s¢
lar power, solar thermal is actuall
older. Leonard Da Vinci had solar
energy designs in his notebooks, whi
fin the 1870s and 1880s, at the heic
of the Industrial Revolution, Frenct
and U.S. scientists developed an arr
of solar cookers, steam engines, ar
electricity generators, all based on
simple concept a parabolieshaped
solar collector that is coated with ¢ |
mirrored surface to reflect light com
ing from different angles onto a singl US President George W. Bush (R) walks past a parabolic dish

. . N during a tour of the Department of Energy's National Solar
pol nt or lUSA Emia)/)( Thermal Test Facilty at Sandia National Laboratories in
That design is the basis of many ( Albuguerque, NM. AFP or Agence France  -Presse, 2005
t o d ay Gssalelsdar gaats, which
rely onparabolic troughs

Solar thermal, unlike solar cells, employs glass or other material to concentrate light and convert
it to a source of electricityn general, solar callare used as a decentralized source of power,
often on individual housesolar thermal, by contrast, is being developed in large, centralized
power [@hedechnadogy which is generally proposed for harvestolgrenergy at large
scales in the Sumelt is Concentrate8olarPower(CSP). This method concentrates the sun's rays

to heat water, producing steam which drives turbines to generate electricity in an otherwise con
ventional wayo (Al Bawaba) .

Parabolic troughs are currently the standard fofreatar thermal used in large power plants.

They c o wgipaabolishbpedirbws of mirrors focus sunlight on fifiited metal tubes

encased in glass. The heat collected drives steam generators similar to those thatfined coal
powerplantstoma k e el ect r i cEixtpy @i ("Wo ocCdSsPi ceen)t.r epr eneur |
great deal of interest from the investment community because parabolic trough is a proven com
modityo (Power Engineering). Resear chutmont i nu
other ways of providing solar thermal.

CSP has the huge advantage of storing energy, via molten salt (NRRiigh, greatly alleviat
ing the intermittency problem and allowing it to be used as a baseline energy &oynlems
G e eGSP i% positioned to be the largest means of generating renewable electricity irlfhe 10
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year timeframe. . . . CSP systems can provide despatchable [sic] electricity, meaning they can
deliver the electricity to the utility or customers wherever it isdedeby virtue of the fact that

CSP is a thermal technology and

can theréore can [sic] incorporate

thermal storage. This is what sepa

rates it from wind and photovol
taicso (Power Engine

Solar thermal plants are particu

larly apt in sunny climates such as

the American SouthwesAccord

i ng to oaleastB0000c e, 0
square miles of land in the South

west alone are suitable for con
structingsolar power plants . . . .
Converting only 2.5 percent of that

< < R % ] B r’ /

> /» K e es : ' ‘ ; . . . -
Spanish solar -power -plant developer Abengoa Solar plans to build radiation into .6|€"CtI’ICIty would
and begin operating this 280  -megawatt solar thermal power plant in match the nation's total energy
Gila Bend, AZ, by 2011. consumption in2 006 0 ().Zwei be

http://www.technologyreview.com/Biztech/20356/page2/
P % pag The Nevada Solar One solar ther

mal plant, which came online in 2007, is a notable exaniptes 164 megawatts (M
makes it the | argest solar plant to be built
Administration6). Still, in the American Southwest plans for solar thermal are slowing due to a

22 month moratorium on solar collector applicas fromthe federal Bureau of Land Manage

ment to study environmental impa(Economist, Freezing) This conflicting enviroamal claim

il lustrates one of the many obstacles and di
dominant power source.

Critics claim that solar takes too much land to be viable as a-d4aede energy source (Hise
rodt). Clearly, moving to solar as major energy producer would mean an enormous reallocation

of land and resource usg.e t according to one source, Ai ns
that the land required for each gigawadur of solarenergy produced in the Southwest is less
than that needed for a ceabweredp | ant when factoring inEst and f «

timates are tricky, because they need to account for all the land and installations needed for any
given power source, as well as environmental problems andsgtefctransportation and stor
age.

One problem with concentrated solar in the southwest is distance from where energy is produced

to where it iIis most needed. One e Xx-lgeestortagee x p | ai
and long distance transportat remain to be overcome befagelar power becomes a major
contributor to the worMajdrinastelatugeyinvegtmentdwould(ba | Ba
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needed. Accordi ng t o-vatage, direadwrent @VYDC)powdr&ransh e w  h i
mission backb ne woul d have to be.(Dwibel) Cavtainlyshe imigal Di r e c
price would be high, although once energy did begin flowing it would be close to free.

I f the obstacles can be over cosolarpowetwhichbatdi ng t
ways works on a utility scale, could provide seven times of all of Amepcagrneeds. This

expands on a prediction green advocates have made for years, arguing that, potentially, all of the
country'spower needs could be met in a X8uaremile plot of land in a sunny region like
Nevadao (Woodsi de) .

One decentralizetbrm of solar thermal that has been arounc
long time is solar water heatefSurrently, these are a better ir
vestment for individual houses than are solar cells; they pay
themselves in about 15 years (City of Columbia) as oppose
20 or more fophotovoltaic cells. Factoring in any governme
incentives, the payback time could be far less.

Direct solar power for automobiles seems extremely unlike
However, if the current development of plungelectric autome
biles continues apace, solar eneogythe grid may end up pew
ering these vehicles.

The Economics of Solar Power

. . . . Mr. Mingde Zhou, who manages
Without government subsidy, solar is not yet a competitive fC a hostel, shows solar panels that

supply power and hot water on
ofenergy.Numerous Ssour ces agreethe roof of his building in |tly,

competition with electricity generated from fos#ilels, solar Shanghai 01 March 2006.

. < MARK RALSTON/AFP/Getty
cells al most a | waSulssidids @are @ee2dec mages
AFor the expansion of sol ar energy to be suc
peace expl ains, At here must be il suthesabsidies o mmi t

are expected to be onlyngporary; solar advocates believe that as technology and economies of
scale improve, solar will far outstrip fossil fuels in economic competitiveness.

Solar advocates also point out that fossil fuels have long received government subsidies, that
At h e daatufal gasnndustries received substantial government aid during their early histories
and continue to receive tax breaks for exploration, favorable terms for drilling leases on

gover nment l and, andBradf 6odt et { iDgotelrgesth ihrag ) .
support is currently skewed toward the nuclear and fasslilinfrastructure, with about ten times
as much money going to these conventional pow
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