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U.S. Solar Energy Heats Up

Infusion of tax breaks and venture capital may jolt underutilized energy source to prominence

Jeff Johnson

THE SOLAR INDUSTRY received a powerful boost two weeks ago, when
Congress passed and President George W. Bush signed a $700 billion bailout
package for financial markets. Married to the financial rescue bill were energy-
related tax incentives for coal, hydrogen, wind, oil shale, solar, and more.

SEIA
Sun Catcher Acciona Energy's 64-MW concentrating solar power plant in
Nevada, the first such U.S. plant to go on-line since 1990, is one of the world's

largest.

The solar provisions expand in dollars and extend in years the current tax breaks
that would have expired by year's end. The solar incentives now last for eight
more years and allow businesses, residents, and utilities to deduct from their
federal tax bills 30% of the cost of a solar energy system. Previously, utilities
could not directly get the federal break, and benefits for homeowners who
wanted rooftop solar panels were capped at $2,000 for a system likely to cost
$25,000 to $35,000.

"This is the most significant federal policy ever enacted for the solar industry,"
stated the Solar Energy Industries Association (SEIA), as the bill became law. In
total, the federal solar tax benefits run to around $2 billion over eight years,
according to analyses by the congressional Joint Committee on Taxation. They
make up only a small part of the $110 billion tax package legislators tacked on to
the financial bailout package. Still, $2 billion is a big jump for solar, and it comes
at a time when the U.S. solar industry is already experiencing 45% annual
growth.



http://www.whitehouse.gov/
http://www.seia.org/

But 45% of almost nothing is very little. The U.S. is a small player in global solar
energy. In 2007, the world used about 2.8 gigawatts of solar electricity. Some
46% was consumed in Germany, Spain came next with 23%, and the U.S. and
Japan were tied for third, using about 8% each. As a proportion of consumption,
however, the U.S. share was much smaller than Japan's because the U.S.
consumes four times more electricity than Japan.

Eight years of subsidies is enough time to change the status quo and make solar
energy competitive on a watt-by-watt basis with traditional fossil fuels, particularly
coal, says Monique Hanis, SEIA's communications director.

For decades, the U.S. solar industry has been on the cusp of a great wave, but
so far it has remained an insignificant energy source in this country, providing
only one-eighth of 1% of the nation's electricity. The U.S. has a solar electricity
capacity of 920 MW that is tied to the electricity grid. Of that, 500 MW is
photovoltaic electricity and 420 MW is utility-scale concentrating solar power.
Another 2,260 MW of captured solar energy runs equipment such as calculators
and road signs, heats water for swimming pools, or has other domestic and
industrial uses. But a single coal-fired power plant can produce 500 MW and run
hour after hour; photovoltaic systems put out juice for only six or so hours on a
typical day.

However, conditions in today's
energy world are in flux, and
change breeds disruption and
upsets old patterns. The days of a
coal-based energy economy may

"Once Solar Reaches Grid
Parity In Price With Other
Electricity Generators, There
Will Be Virtually Limitless

Growth Potential." be numbered, with competition
rising from alternative sources
such as solar energy.

Coal, the mainstay of U.S. energy,
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electricity. It also produces some
35% of U.S. carbon dioxide
emissions, the leading human-
generated greenhouse gas.
Although Congress has been
unwilling to pass legislation limiting
CO; emissions, environmental and
community groups have blocked
construction of all but a few new
coal-fired power plants. Even
utilities themselves are increasingly
worried about future dependence
on coal in a carbon-constrained
world.



FLEDGLING PROJECTS to capture and sequester CO, from coal-fired utilities
are getting started, but they are decades away. And it remains unclear whether
they will work at commercial scale or prove too expensive and make coal
uncompetitive with other sources of electricity.

So the race is on for new energy sources to meet the world's future electricity
needs, and a host of players—wind, solar, coal with carbon capture and
sequestration, geothermal, natural gas, and a new generation of nuclear plants—
are all vying with sharp elbows to get to the front of the pack.

Optimistic studies funded by the solar industry estimate that some 28 GW of new
solar electricity—equivalent to the electricity output of 28 nuclear power plants—
will be produced by 2016 because of the tax extension. According to more
realistic assessments, however, some 27 utility-scale projects, totaling 5,400
MW, are in various stages of development. These had been put on hold over
fears the tax credits would expire, Hanis says, but are now likely to resume. She
calls the tax package a "game changer" for solar energy.

Today, large companies are selling solar products, Hanis says, singling out Dow
Corning, DuPont, IBM, Intel, and Applied Materials. "These are big savvy
companies with a track record in manufacturing. They now have eight years of
stable tax policy during which they can plan and run three-, five-, eight-year-long
projects."

Homeowners also will be encouraged, Hanis says, knowing they can knock 30%
off the cost of a rooftop solar unit or save even more if they live in states that
offer their own solar tax incentives. Some 26 states set renewable energy targets
with various incentives to encourage installation of renewable energy sources.

These subsidies are a significant change from the past, when U.S. subsidies
were meager compared with those of Japan, Germany, and Spain. Spain and
Germany both offer feed-in tariffs that allow producers who use solar energy to
sell electricity to utilities at highly inflated prices. The price works out to around
60 cents per kWh, several times higher than the normal retail price of electricity
in those countries and a money-maker for the producer.

Along with cutting national CO, emissions, the solar subsidies have enabled a
domestic solar industry to develop in Germany, Spain, and Japan. Japan ended
its subsidy and its rate of domestic solar installations has remained flat, but its
industry continues to expand to other parts of the world. Germany and Spain are
trimming back the size of the tariff but still have an active industry. The expanded
U.S. subsidy is all the more important to solar energy's growth in the U.S. and
internationally, says Paul D. Maycock, president of Photovoltaic Energy Systems,
a solar consulting firm he created in 1981.



http://www.pvenergy.com/

"The world solar market is 80% driven by subsidies," he says. Maycock began
working on solar for the federal government in the Ford Administration and has
worked on solar energy for longer than the Department of Energy has existed.
Over the past few years, he has spent 90% of his time advising anxious
financiers by analyzing a flood of proposals from new solar start-up companies
trying to raise money to enter this potentially lucrative marketplace.

"We are starting to see a 'solar Silicon Valley,' " Maycock says, "with
breakthroughs of the week. Some of the headlines are ridiculous, but some look
absolutely great. Still, it remains to be seen if they can pull it off and get their first
round of financing."

Applied Materials

Major Module Applied Materials' thin-film solar panels are several times larger
than most photovoltaic panels, measuring more than 7 feet on a side and
producing 350 to 500 W.

However, he says, the energy and economic environments are changing in ways
that will help solar. He predicts a charge for CO, emissions is on the horizon,
which, coupled with coal's rising prices, will make it tougher for coal to compete.

Coal's leading competitors—nuclear energy and natural gas—are not without
problems, however. Nuclear power faces escalating construction costs, lengthy
construction times, and huge initial investments—plus radioactive waste. Natural
gas is a good complementary fuel to satisfy peak electricity needs at midday,
when demand is highest. But its cost continues to rise, driven by electricity and
industry use, particularly as a feedstock for chemical companies.

Solar technology, on the other hand, boasts zero fuel costs, modular
construction, low maintenance, and high output in midday, when electricity cost is
also highest, Maycock says. Furthermore, he and others believe the retail price
of electricity generated by solar technologies is approaching that of natural gas.
In light of all that solar energy has to offer, Maycock says, "it could be an
incredible time for solar."


http://www.energy.gov/

Larry Kazmerski agrees. He has been in the solar business for more than 30
years and is now director of the National Center for Photovoltaics at the
Department of Energy's National Renewable Energy Laboratory. "Last year, | did
a search and came up with about $320 million in venture capital investments in
thin-film photovoltaic solar technologies in the U.S. alone. That level is over twice
what the U.S. government annually puts into its solar R&D program, the Solar
America Initiative," Kazmerski notes. "What has happened is that 10 years ago
the federal government was the bank for this industry. But now the government
can leverage its money to support particular projects and companies. Funding
has just switched around."

Kazmerski is a proponent of thin film, one of several photovoltaic technologies.
Unlike traditional solar technology using polysilicon wafers, thin-film technology
uses silicon or other photoelectric materials that have been deposited on glass or
other substrates. Thin film is less efficient in producing electricity from the sun
(around 8%) than polysilicon wafers (14%), but it uses less silicon and other
materials, is cheaper to make, and lends itself to automated manufacturing
(C&EN, July 14, page 11). Traditional silicon-wafer solar panels are used in 90%
of photovoltaic technology worldwide.

THIN-FILM solar-panel technology was once considered futuristic fantasy,
Kazmerski says, but use of thin-film solar panels is growing in the U.S. and now
accounts for 30% of the U.S. market, leading to the cheapest solar products on
the market.

Kazmerski notes that several companies—First Solar, Applied Materials, and
Oerlikon—are making the world's most inexpensive solar modules by using thin-
film technology. Equipment manufacturers, rather than materials scientists, have
become leading technology developers, he says.

These manufacturers have devised highly automated facilities, he says, where
glass flows in one end of a factory and thin-film solar panels come out the other.

For example, Applied Materials, in California, and Oerlikon, a Swiss company,
make fully automated turnkey production facilities that manufacture thin-film solar
modules and sell the assembly line to manufacturers. Pointing to Applied
Materials' background in semiconductors and flat-plate-panel manufacturing,
Kazmerski says, "Engineers who know processing and manufacturing have
combined with people who know photovoltaics, and they are now driving down
the costs."


http://www.nrel.gov/pv/
http://pubs.acs.org/cen/coverstory/86/8628cover2.html

Jim Cushing, product management director of thin-film products at Applied
Materials, explains, "We are always
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The company developed a production
line for large solar modules; adapted field installation equipment for them; and
sold the package to companies interested in making, selling, and installing the
panels. Cushing says they have contracts in five countries, worth $3 billion, to
develop production lines capable of producing 1.5 GW annually. None of the
facilities are in the U.S. yet, Cushing says.

Meanwhile, new solar investments by venture capitalists are on track to reach a
record $1.6 billion by the end of the year, according to John S. Taylor, vice
president for research with the National Venture Capital Association, a trade
association. The growth has been huge, he says, compared with $108 million in
2005. Taylor stresses the importance of venture capital in providing seed money
and a lively competitive environment for new product development.

Venture capital investors include Google.org, which to date has put about $45
million in a mix of energy technologies, including geothermal, wind, and plug-in
vehicles, as well as solar, according to Dan W. Reicher, director of Climate &
Energy Initiatives for the organization. Google's goal is to produce 1 GW of
renewable electricity capacity that is cheaper than coal. In the solar arena the
company has invested in utility-scale solar thermal companies BrightSource
Energy and eSolar Inc.

Google is mostly interested in large-scale solar technologies, Reicher says. "We
are also in partnership with General Electric and are looking at getting the grid
ready to receive solar and other renewable energy in large-scale applications.

"In the late '70s, there was a major push in solar. Some progress was made and
then scaled back, but in the past several years, there has been a real resurgence
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in interest propelled by energy security, climate change, and economics," he
points out. "The resource is vast and inexhaustible, technology is coming along,
and prices are coming down, but solar remains small and we have a long way to

go."

SOLAR ENERGY'S FUTURE, he predicts, may be slowed as the global financial
crisis deepens and less money is available from traditional investors—banks,
financial institutions, and pension funds. However, like other venture capitalists
C&EN interviewed, Reicher believes venture capital funding will remain a big
player for solar start-ups.

"Clean energy, including solar, is one of the more promising economic areas right
now, and | think it will be an important area to bet on in terms of rebuilding the
economy," Reicher says.

"Energy is the most fundamental problem of the 21st century,"
says Ira Ehrenpreis, general partner at Technology Partners, a
clean-technology investment firm with some $750 million
under its management. He adds, however, that solar is likely
to be just one of many clean energy sources.

Once solar technology reaches "grid parity" in price with other
electricity generators, however, "there will be virtually limitless
growth potential," Ehrenpreis says. "We are targeting
companies with novel technologies that ultimately lead to
lower cost per watt than current traditional generation
sources," he says, stressing that the company has invested in
a diverse portfolio of clean energy sources.

OTHER CLEAN-TECHNOLOGY capital firms have invested in
technologies to improve the electrical grid and recycle
expensive silicon used to make solar cells. At the same time,
they are investing in companies that complement or replace
--. currently operating coal-fired utilities, such as SkyFuel, Ausra,

and eSolar. These companies are developing utility-scale
solar thermal concentrators that can be built adjacent to coal-fired power plants,
producing steam to run the coal plants' turbines and generators, and using the
plants' grid connections.

The solar collectors could replace or supplement coal at coal-fired utilities. A
spokeswoman with SkyFuel says seven large western utilities are interested in
the product.

Trevor Loy, general partner in the venture capital firm Flywheel Ventures, which
has funded SkyFuel, notes that clean industries like solar are ripe for "gigantic
leaps from innovation." Traditional energy industries have been around for 100
years and require huge investments to modify, Loy notes. Consequently, they are
beyond the funding abilities of venture capital.


http://www.technologypartners.com/

Photovoltaic Energy Systems' Maycock, ever the optimist, predicts solar will
achieve grid parity and be comparable in price with other electricity sources by
2012 or 2013. "We need the subsidy to carry us for the next four years," Maycock
says.

"Grid parity doesn't mean cheap solar electricity everywhere," he notes. "Rather,
it will be in parts of the country where electricity is relatively expensive and the
sun shines often."

Maycock thinks 15% of total electricity would be the solar industry's highest
contribution to the U.S. energy economy, but he notes that it has a long way to
go to reach that amount.

"We are at one-eighth of 1% now, and even growing at 50% compounded
annually, we might get to 4% in 10 years. But my God, we'd all be trillionaires,"
Maycock says with a laugh. "l think utilities will balk when they have to supply
backup power when the sun doesn't shine."

Chemical & Engineering News
ISSN 0009-2347

Copyright @ 2008 American Chemical Society



	  


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


