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The Solar Energy Market in a World Perspective:
SBI White Paper

Introduction

Scope: All Solar Systems and Products

This SBI white paper presents a current overview of the world solar power market.
Photovoltaic (PV) technology (converts sunlight directly into electricity) remains the fastest-
growing solar technology and is considered the largest component of the solar market in the
u.s.

At present, the solar market is built primarily on sales of solar-electric systems; however,
solar thermal technology growth in 2008 was impressive and bodes well for coming years.

Silicon PV

At the heart of the PV cell is the semiconductor base. Overwhelmingly, silicon is the
preferred material used for this purpose because of its superlative semiconductor properties.
Two basic types of PV silicon cells have been developed. These are single crystalline (or
mono-crystalline) cells and polycrystalline (or multi-crystalline) cells.

Thin Film PV Cells

Another class of PV cell is “thin film” (TF) cells. The six types of thin film cells are:

e Amorphous silicon (a-Si);

e Copper Indium Diselenide (CIS);

o Copper Indium Gallium Diselenide (CIGS);
e Cadmium Telluride (CdTe);

o Gallium Arsenide (GaAs); and

e Thin-Film Silicon.

Of the six thin-film types, only three were commercially produced until late 2008, a-Si,
CIGS, and CdTe, when Thin-Film silicon began shipping worldwide. Sharp is reportedly
working to claim more than 50% of this market.

©2009 SBI, Rockville, MD - 240-747-3097 - www.sbireports.com - Copying Prohibited.
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Solar Thermal Systems

In its low- and medium-temperature forms, solar thermal technology harnesses the sun’s
radiation for heating and cooling purposes. In its high-temperature form—concentrating solar
power (CSP)—solar thermal utilizes solar heat to generate electricity.

Solar thermal systems use solar “collectors.” Basically, a solar collector is an insulated
weatherproof metal box containing what are called “absorber plates” (APs) —large black or
dark-colored flat metal plates that heat up when exposed to the sun.

Concentrating Solar Power

Concentrating solar power (CSP) is a unique technology that utilizes optical mirrors (or
heliostats) to provide solar power for two types of applications: commercial/industrial-scale
process heating and air conditioning; and utility-scale electricity generation.

CSP is designed to collect solar energy and convert it to heat, like other solar-thermal
systems. Yet unlike standard thermal systems, the process continues, converting sunlight to
heat, and the heat to electricity. Water, transfer fluid, or transfer gas is intensified in
temperature to such a degree that it is able to power an electric generator (a steam or gas
turbine).

©2009 SBI, Rockville, MD - 240-747-3097 - www.sbireports.com - Copying Prohibited.
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The Solar Market

Global PV Market: Total Annual Production

Annual global PV production reached an estimated 3.8 GW in 2007, leaping 52% over 2006.
Since 2000, growth has been skyrocketing at around 40%-60% annual rates. During this time,
annual production increased tenfold. The 2008-2009 economic downturn has negatively
impacted demand and CAGR of 24% may be experienced in next few years. The U.S.,
Japan, and Italy are expected to drive that demand based on subsidies that in contrast are
waning in Spain and Germany.

Regardless, the excess supply and dropping prices created by lesser demand will see
consolidation of companies that will create majority market positions for some PV producers.
Likely to emerge at the top are U.S. companies First Solar Inc. and SunPower Corp; Sharp
Corporation (Japan) and Sun Tech Power Holdings (China).

Table 1-1

Total Global PV Production, 1995-2007
Year MW % Change
2007 3,800 52%
2006 2,500 41
2005 1,775 48
2004 1,200 60
2003 750 36
2002 550 47
2001 375 37
2000 275 38
1999 200 33
1998 150 20
1997 125 25
1996 100 33
1995 75 --
Source: SBI
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Annual Production by Country

In terms of annual PV production by country, Japan was on top in 2006 with 925 MW,
followed by Germany (500 MW), and China (370 MW). The United States was in fourth
place (200 MW).

U.S. Leads in Thin Film Production

The one area in which the United States is ahead of the world in PV production is in thin film
(TF). Note, however, that so far TF is a small niche—just 7% (170 MW) of global production
in 2006.

The U.S. Solar Market: Total and Domestic Shipments

Total U.S. PV shipments (including exports) were 337 MW in 2006, up 49% over 227 MW in
2005. Total shipments have been growing at impressive double-digit rates since 2004. Over
the 2002-2006 period, total U.S. PV shipments tripled.

Over the 2004-2006 period, domestic U.S. PV shipments (excluding exports) gained
volumetrically at 50%-70%+ annual rates. The 207 MW shipped domestically in 2006
represents more than a quadrupling over 2002 (45 MW).

Crystal Silicon vs. Thin Film

In terms of total U.S. PV shipments, crystal silicon is rapidly giving way to thin films. In
2002, crystal silicon (mono/poly combined) accounted for 93% of all shipments. By 2006,
this share had plummeted to just 69%. Meanwhile, thin films rocketed up from 7% to 30%.
Note that concentrator cell shipments were negligible over the period.

Retail Prices and Grid Parity

In terms of retail electricity rates, PV is currently priced in the range of 25¢-35¢ per kilowatt-
hour (KWh). Meanwhile, retail electricity is in the 8¢-12¢ range. Yet PV prices are poised to
scale down considerably with the end of the silicon shortage, the ramp-up of low-cost thin
film, newly commercialized CSP, and potential breakthroughs in organic and other next-tech
PV concepts. Most solar analysts predict that grid parity—retail solar electricity prices equal
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to coal, natural gas, and nuclear power prices—will be reached sometime over the 2010-2015

timeframe.

Total Solar Thermal Collector Shipments

Solar thermal collector shipments grew 29% in 2006 to reach a record 21 million square feet
(MSF) in shipments. Healthy growth was also seen in 2005 (up 14%) and 2004 (24%). Since
2001, when ST shipments suddenly jumped 32% to 11 MSF, collector shipments have nearly
doubled.

Sixty percent growth in solar thermal occurred in 2008 over the previous year in Germany
and the EU, according to the European Solar Thermal Industry Federation. Germany was
responsible for 50% of that growth. Other ST growth rates provided by ESTIF include
Austria at 24% increase; Spain, 58%; Italy, 28% and France, 18%.

The expectation for 2009 is varied. Ireland and Spain are struggling with the same housing
boom bubble burst as the U.S., but Germany and Austria should enjoy continued “robust”
growth.

Boom in High-Temperature Shipments

The primary factor driving the ST market is high-temperature CSP systems. Although low-
and medium-temperature systems are showing signs of growth, it is CSP that came from out
of nowhere in 2006 to boost the ST market.

Suddenly, CSP shipments shot up to 4 MSF to capture over 18% of the ST market. This
event portends a gigantic shift in the solar thermal world, as the age of Big Solar CSP
electricity dawns.

Five External Factors Favor Future Growth

Five external factors favor continued strong growth of the solar market. Three of these
factors are indirectly favorable, while two are directly favorable. The three indirect external
factors are related to the economy (rising price and falling supply of competing nonrenewable
energy sources); the ecology (primarily climate change); and politics (mainly national
security). The two direct external favorable factors are increasing private-sector solar
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investment; and the ARRA stimulus boon signed into law in February 2009 by President
Obama.

Internal Factors Favoring Growth

Along with the external factors aligning in favor of future solar market growth, several
internal factors will serve to drive growth. These internal factors include the following:

e Solar power has the most flexible and least intrusive distributed energy potential of
all RE technologies;

e Solar technology possesses an indisputable track record of successful performance in
almost all terrestrial environments, as well as in space;

e A solar market structure has already developed—a structure encompassing
manufacturers, marketers, distributors, systems integrators, dealers/installers,
retailers, and financiers; and

e The ultimate solar sales pitch—that solar power is superior to NRE sources—has
already been articulated and is being further crafted.

A Final Favorable Factor: Technological Momentum

A final factor favoring continued solar growth is sheer technological momentum. This is an
extremely strong factor with both external and internal characteristics. Externally, the
increasingly powerful methods of science are opening up exciting possibilities in optics,
nanotechnology, and biomimetics, which promise future solar breakthroughs. On the internal
level, solar technology is advancing at a rapid pace—and this even moreso given the recent
major federal R&D expenditures. For variations of silicon PV, laboratory efficiencies are
approaching 50%. For thin films, efficiencies are likewise improving and manufacturing
techniques are being revolutionized. There are also a host of hybrid-type silicon/thin
film/optical cells and systems—some already commercialized, others still experimental—that
could result in performance and cost breakthroughs.

Negative Factors in Growth: Overview

Despite all the strong factors favoring the solar market, major obstacles must still be
overcome before it reaches a mainstream “take-off” stage. Most of these obstacles are not
technological but economic in nature. In other words, solar is being held back mainly by
issues involving money. These issues include solar pricing, affordability, financing, and lack
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of investment. Even seemingly unrelated obstacles— such as supply shortages, unfavorable
legal structures, utility barriers, and even lack of skilled labor—are ultimately expressions of

economic problems.

Sales Projection: 2008-2012

SBI foresees a continuing upward trajectory for the U.S. solar market, although the ride could
be bumpy. Over the 2008 to 2012 forecast period, the market is projected to nearly triple—
growing 155% from $4.6 billion to nearly $12 billion.

Domestic vs. Foreign Marketers

In sheer numbers, most competitors in the U.S. solar market are domestically owned
companies. However, in terms of sales, foreign-owned companies have an outsized influence.
Foreign firms completely dominate in PV production, for example, and they are strong in
inverters, lighting systems, and consumer products (chargers, radios, garden lights, etc.).
Moreover, there is a noticeable trend to foreign takeover of U.S. solar companies—especially
by European firms.

Marketer Share: Global PV Production

Until 2005, giant electronics corporations, oil companies, and other conglomerates dominated
global PV production (cells/modules). These included Sharp, Shell, BP, Kyocera, Mitsubishi,
Sanyo, and RWE Schott. Combined, these giants held roughly 75% of production share in
2004.

Beginning in 2005 and picking up steam in 2006, the old order started giving way to a new
dynamic. Suddenly exclusively solar-devoted specialist companies began rising to the top,
with the old energy and conglomerate companies dropping out as significant players. (Shell
sold off most of its solar holdings over 2006 and 2007.)
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Solar Market Trends

Globalization of U.S. Solar Market

Competition in the U.S. solar market has taken on a distinctly globalized cast in recent years.
Consider that all of the leading homegrown solar players—including SunPower, First Solar,
Evergreen Solar, and Nanosolar—now have significant foreign affiliations with non-U.S.
companies and countries. These associations take the form of production partnerships,
manufacturing/assembly platforms, and preferred customers. At the same time, foreign
players are gaining an ever-increasing presence in the U.S. market.

Commodity Production Now the Name of the Game

While subtle maneuvering revolving around globalization and integration is taking place, a
more fundamental level of raw competition is occurring around the blunt imperative for
increased solar commodities. In other words, the name of the competitive game is now
production expansion—or who can make the most cells, panels, collectors, heliostats,
inverters, and so forth. The imperative to expand production in both PV and ST is clear:
annual global production capacity is expected to quadruple by 2010 (10+ GW) over 2006 (2.5
GW).

Emerging Financing Models

This big-ticket upfront purchase characteristic of solar will not go away despite all the
disruptive technologies in the world. It is thus encouraging that investment models are
emerging that deal directly with the upfront cost conundrum. The basic idea here is to treat
solar power not as a product but as a service. This of course follows the model established by
utilities—as electricity service-providers. Where it differs is in having to create from scratch
a service model based on distributed rather than centralized generation.

PV Trends: Thin Film
Given the pressure of the recent silicon shortage, it is no wonder that enthusiasm has
suddenly shifted to thin film PV. Thin films have been in the R&D phase since the 1980s,
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but until recently only amorphous silicon (a-Si) had been commercialized. This situation
began changing around 2005, as a-Si manufacturing continued to improve, and nanotech-
inspired breakthroughs occurred in CIGS and CdTe. Moreover, advances were made in
hybrid cell technology (combining a-Si and ultra-thin layers of crystal silicon).

In 2007, thin film production was in wild flux, with hundreds of megawatts either coming on-
stream or being readied to do so. The amount planned to come on the market by 2010—well
over 1 GW—represents a quantum leap over 2006 TF production of a mere 100 MW. The
Prometheus Institute projects that TF share of global PV production will soar to 22% by 2010
from just 7.5% in 2006.

Concentrating Solar Power (CSP) Trends

After a two-decade hiatus, concentrating solar power is back with a vengeance. The breakout
year was 2006, when a 1 MW parabolic trough plant went online for Arizona Public Services.
This was the first U.S. CSP plant built since the late 1980s.

Altogether in 2006, utilities signed contracts for 2 GW in CSP over the next decade. Yet this
is likely just the beginning. Optimistic solar analysts see a huge potential for 200 GW in CSP
located in the Desert Southwest by 2030.

Solar Thermal Trends

Trends in solar thermal revolve more around mandates and financing than technology. Solar
water and space heating is already well understood, and the basic technology has been
available commercially for decades. What is needed, then, is not so much tech breakthroughs
as catalysts for spurring acceptance and popularity.

For one example, Israel mandates that solar thermal water heating systems be installed on all
buildings—thus generating 3% of the country’s electrical needs. In another example,
Barcelona,

Spain passed a city requirement in 2000 that all new buildings must install solar thermal for
water heating. This legislation increased ST installation tenfold and stimulated the ST market
throughout Spain. Closer to home, Drake Landing in Alberta, Canada, became the top solar
thermal community in North America in 2007 when the city government agreed to provide all
homes with space and water heating. The idea is to set a precedent for other Canadian towns.
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The U.S. needs to power-up a PR campaign for consumer acceptance.

Federal Government Trends

From the early 1980s to the first 2K decade, the federal government provided next to no
support for solar—little in the way of R&D (well under $100 million annually), no tax credits
to speak of, no subsidies, and no regulatory framework. This situation changed dramatically
in 2009.

California Trends

California has long been the leader in U.S. solar market development, and it continues to go
far beyond all other state efforts. California has by far the most ambitious incentive program,
backed by substantial funding. In 2006, the state passed SB1, the California Solar Initiative.
This is a 10-year program (2007-2017) with a goal of installing 3 GW of solar. It is backed
by $3.2 billion in funding and offers generous performance-based rebates. In its first year of
implementation, California installed 100 MW of solar in 2007, according to the Solar Energy
Industries Association (SEIA).
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