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Introduction

The Lone Star State enjoys the largest renewable energy potential in the nation, with abundant wind, solar,

F'yR 0A2YlF&aa NB&a2dz2NOS&a F2dzyR I ONRP&aa GKS adldsSQa 3IS23NIF LKA
has led the nation in the amount of installed wind capacity and is the top wind energy producing state in
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able for power generation and distribution.

Wind, solar, and biomass are only three of the many types of clean energy technologies being developed
and put to use in Texas. These three categories, however, represent an overwhelming majority of the
aGlkasSQa ylFGdaNIf LRGSYGAFE FyR OdNNBydG SO02y2YAO | OGAGAGe

In addition to natural resources and supportive state policies, the state is home to an increasing number of
tailored industrial training programs and major energy research initiatives aimed at these emerging sectors.
With over 4,800 companies employing more than 55,600 Texaclean energy fields, the state has devel-
oped a strong foundation in the growing renewables industry.



Overview

processing of hydrocarbons, th
try has in recent years applied its knowledge of tradi-
tional oil and gas to expanding renewable fields.
The impact of this shift from traditional to renewable
energy on the Texas economy is evident. The 2009
Pew Charitable Trusts report, Clean Energyranked
Texas second nationally in number of renewable en-
»»»»» ergy jobs, with 15% growth between 1998 and 2007,
and fourth nationally in new clean energy patents over
the same period. "The Texas clean energy economy is
The energy sector contributes more than $172 billion poised for incredible growth," the report concluded.
to the Texas economy, and for over a century the state The same publication ranked Texas third nationally in
has been an international leader in the oil and gas in- clean energy venture capital for the years 2006-2008,
dustry. In recent years, the state has built upon its en- attracting more than $716 million.
ergy experience and trained workforce to take the lead
in renewable energy production and services. Texas Clean Energy Economy
By The Numbers
The Lone Star State enjoys the largest renewable en- Source: Pew Charitable Trusts
ergy potential in the nation, with abundant wind, solar, bs (2007 7
anq bl_omas_s r_esources four\éﬂsin%as;ez's,('Z‘OBY)e t b oa f°4,’§0§os geo-
g_raphlcally (fhverse regions. With over 4,890 compa- Venture Capital Funds
nies employing more than 55,600 Texans in renew- (20062008) $716,894,200
able energy sectors, the state has developed a strong Patents (1992008) 414
foundation in the growing renewable energy industry.
Texas is the top wind energy producing state in the Ernst & Young ranked Texas No. 1 in the nation in its
U.S. and has led the nation in the amount of installed All Renewables Indefor the fourth quarter of 2009.
wind capacity for the last five years, according to the Looking at long-term potential for wind, solar, bio-
American Wind Energy Association (AWEA). A mass, and geothermal energy production, the index
2010 U.S. Department of Energy (DOE) study ranked analyzes a stateds capacity fo
Texas among the seven states with the best solar re- terms of renewable energy infrastructure, political
sources in the United States. climate, technology factors, and transmission issues.
Texasd experience in enefes—eunc _daoaomn laaddi-tjon to
abundant natural resour cg Business Facilitieslagazine “ce clus

ter has decades of experience in energy-related land
development, project development, industrial scalabil-
ity, and energy trading. Texans have developed a
reputation for expertise in large-scale extraction and
transportation of energy resources. While most of this
know-how developed in the mining, refining, and

Annual State Rankings 2010

TEXAS

—> #1 Best Business Climate

— #2 Renewable Energy Generation Leader
— > #4 Biofuels Manufacturing & Research Lead
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The Texas Electric Grid

In the continental United States, the electricity system
consists of three regions, the Eastern Interconnection,
the Western Interconnection, and the Texas Intercon-
nection. Operated by the Electric Reliability Council
of Texas (ERCQOT), the Texas Interconnection is sepa-
rated from the rest of the nation, making Texas the
only state with its own grid.

Texas Interconnection

Region

Source: ERCOT

The majority of Texas utilities have opted not to par-
ticipate in interstate connection, pledging not to sell
their power to interstate customers. As a result, these
utilities are exempt from most regulation by the Fed-
eral Energy Regulatory Commission. For utilities, this
makes energy a straightforward market in which to do
business and allows them to be more nimble and inno-
vative with new energy sources. It also vastly expe-
dites the process for renewable energy developers that
want to plug in to state transmission lines.

Managed by ERCOT, these Texas utilities today pro-

vide more than 85% of the state's electrical load and
cover 75% of the stateds
bership-based non-profit corporation, governed by a

board of directors and subject to oversight by the Pub-

lic Utility Commission of Texas (PUCT) and the

Texas Legislature. Members include consumers, coop-
eratives, independent generators, independent power

marketers, retail electric providers, investor-owned
electric utilities (transmission and distribution provid-
ers), and municipal-owned electric utilities.

ERCOT at a Glance:

o Customers served: 22 million

e Market participants: more than 800 active entities
that generate, move, sell or use wholesale electricity

¢ Record peak demand: 63,400 megawatt (MW) in
July 2009

e Wind generation: more than 9,000 MW i the most
in the nation

ERCOT Transmission Investment:

e 7,730 circuit miles of transmission improvements
since 1999

e $5.78 billion in transmission infrastructure added
since 1999

e 5,729 circuit miles of transmission lines under study

e $8.2 billion of lines under development, including
nearly $5 billion to support 18,000 MW of wind

ERCOT Generation Development:

e 41,000 MW in new generation added since 1996

¢ 5,000 MW of generation committed for the future
(May 2010)

e 72,500 MW of new generation requests under re-
view, including 44,300 MW wind and 3,300 MW
solar, biomass and other (June 2010)

Texas: The Lone Grid State

The isolation of the Texas grid has roots in World War I,
when the state was home to several factories vital to the

war effort. The state's electricity plannarsanxious to keep
the assembly lines running and concerned about the relig
ity of the power supply felt that a Texa®nly system would
be more dependable than one that harnessed electricity

from distant states.

Texas' isolated arrangement worked largely because of t
state's abundance of homegrown resources, particularly
(Texas currently ranks fifth in annual production) and gas
(Texas currently ranks first, with 24 % of the nation's pro
reserves).

Abil-

me m-
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Texas Public Utility Commission Thfe Texas Legls!ature also passed Senate Bill 7 (SB
7)in1999,whi c h t he

restructured st
Created in 1975 by the Texas Legislature, the Public dustry and enabled the Texas electric market to open
Utility Commission of Texas (PUCT) is a state agency for retail competition.
responsible for the oversight of the electric and tele-
communications industries in the state. I
Texas Reaches Renewables Goal 15 Years Early

In 2008, in response to legislative action, the PUCT The 1999 Texas RPS required 2,000 MW of new capacity to
consulted with ERCOT to designate five competitive be installed by 2009._ In August 2005, the T_exas Legi'slatmre

. passed SB 20 requiring the state's generating capacity from
renewable energy zones (CREZ) in areas where re- renewable energy sources to reach 5,880 MW by 2015 and
newable resources are favorable and land areas are 10,000 by 2025.
suitable to generate power from renewable energy.

According to ERCOT, the installed capacity reached 10,000
Additionally, in 2008 the PUCT assigned $4.93 billion M\ In early 2010, 15 years early.
in transmission projects to be constructed by seven
transmission and distribution utilities to connect these In August 2005, the Legislature implemented recom-
zones to population centers across the state. The pro- mendations from the Governor 0:¢
ject will eventually transmit 18,456 MW of wind ning Council to continue and e
power from West Texas and the Panhandle to highly cessful RPS program and to encourage the continued
populated metropolitan areas in Central and East devel opment of the Stateds vas
Texas. The Associated Press indicates that this initia- resources. This legislation extended the RPS to ex-
tive wil |l mar k t he fAbi gg eadthe state'vgensrdting eapatity ffomrenewatde c |l ean an
renewabl e energy in U.S. erergysaurcesty5,88 MW by 2015 and 10,000 MW
by 2025.

Renewable Portfolio Standard (RPS)
The RPS target has always been intended as a floor,

Adopted in 1999, the Texas Renewable Portfolio not a ceiling, allowing renewable energy development
Standard (RPS) required 2,000 MW of new capacity in Texas to grow. Since this program was initiated,

be installed statewide by 2009. The legislation also Texas has become a worldwide leader in renewable
established requirements for electric utilities and other energy production.

retail electric providers to serve a specified amount of

customer demand with eligible sources of renewable
electricity. The Texas RPS has become one of the

most effective and successful in the nation, and is Texas offers a number of programs to help recruit and
widely considered a model for such initiatives. expand renewable energy business. Solar and wind

energy manufactures are eligible for business fran-

chise tax and exemptions, while multiple renewable

Competitive Renewable Energy Zones (CRHZ) energy businesses have been recruited with the aid of

d bt he statebs major grant progr e

CREZ projects are designed to move electricity generate
renewable energy sources (primarily wind) from the rempte Fund (TEF).

parts of Texas (West Texas and the Texas Panhandle) tp the

more heavily populated areas of Texas, such as Austin, Pal- Tayag Enterprise Fund

las, Fort Worth, and San Antonio. At Gov . Ri ¢k Perryos request .,
established the TEF in 2003 to provide financial re-
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sources to help
$220 million

its kind in the nation, continues to attract businesses
and jobs to Texas. The fund is used as a final incen-
tive tool when a single Texas site is competing with
another viable out-of-state option.

The TEF gives Texas the competitive edge in attract-
ing new businesses to the state and assisting with the
expansion of existing businesses that might otherwise
opt to expand in another state. To date, the TEF has
awarded nearly $5.3 million to renewable energy-
related projects, which have resulted in the announce-
ment of more than 900 new jobs in the state.

Texas Enterprise Fund
Company Industry Award
HelioVolt Corporation Solar Panel Manuf] $1,000,00
Huntsman Polymers $2,750,00
Martifer-Hirschfeld Energy| Wind Tower Manuf| $845,00
SIPCO Gear Manuf. $300,00
Zarges Aluminum System| Wind Tower Parts $400,00

Texas Emerging Technology Fund

The Texas Emerging Technology Fund (TETF) was
created by the Texas Legislature in 2005 to provide
Texas with an advantage in the research, development,
and commercialization of emerging technologies.

TETF investments have been made in the following
three areas:

e Research Superiority Acquisition: for Texas higher
education institutions to recruit research talent

e Commercialization Awards: to help companies take
ideas from development to the marketplace

e Matching Awards: to create public-private partner-
ships which leverage the strengths of universities
and federal government programs

f uenldo, s it nhged

str engt h dondatd, theeTETF hagatvaedéd searly $205mdlliory .
| f darmageevahide Enefylrelatet! projects, spanning tech-

nologies such as solar cells, algae biofuels, and ad-
vanced batteries. The TETF recipients have collabo-
rated with or directly commercialized technologies
from Baylor University, Rice University, Texas A&M
University, Texas Tech University, and the University

of Texas (UT) System.

Texas Emerging Technology Fund
Renewable EnergRRelated Awards
. llaboratin
Recipient Co e_lbo "’Tt 9 Award
University
21-Century Silicon UT Dallas $3,500,00
ActaCell UT Austin $250,00
Algae Bio Fuels Consortiu Texas A&M $4,025,00
BetaBatt Rice $250,00
Center for Commercializaj UT Austin & UT $500.00
tion of Electric Technologig Arlington '
EQMA Baylor $250,00
Lynntech Texas A&M $600,00
National Wind Resource Texas Tech $8,400,00
Center
OptiSense UT Arlington $1,500,00
Photon8 UT Brownsville $250,00
SolarBridge Technologie UT Austin $1,500,00
Solarno UT Dallas $1,000,00(¢
Sunrise Ridge Algae UT Austin $250,00
Texas Micropower UT Arlington $250,00
Terrabon Inc. Texas A&M $2,750,00
TXL Group UT El Paso $150,00
Xtreme Power UT Austin $2,000,001)

The
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Solar and Wind Energy |  Solar and Wind Energy ond phase will be a business park for renewable
Device Franchise Tax Business Franchise Tax .
Deduction Exemption energy compantes.
Texas allows a corporation or | Companies in Texas engaged
other entity subject the state | solely in the business of Ri ce Uni versit y 0s Naisome Car bon
franchise tax to deduct the manufacturing, selling, or . . . ~
cost of a solar or wind energy | installing solar or wind energy| of t_ he Ho _u st o-known feborat@riess i t y 0 s b e
device from the franchise tax. | devices are exempted from Formed in 2003 by Rice Professor Richard Smalley, a
N _ the franchise tax. 1996 Nobel Laureate in chemistry, as the Carbon
Entities are permitted to de- .
duct 10% of the amortized cos} There is no ceiling on this Nanotechnology Laboratory, nC2 employs approxi-
of the system from their ap- exemption, so it is a substan- mately 20 faculty members working on all types of
portioned margin. tial incentive for solar manu- . .
facturers. carbon nanomaterials. The laboratory is central to the
production of the Armchair Quantum Wire (AQW), a
material that promises to revolutionize energy and
, . materials due to its high conductivity and strength and
Research, Education, and Training _ ) g ) y o g
light weight (at least 10 times the conductivity of cop-
Texas is home to over 55,600 highly skilled renewable per, and 10 times the strength of steel at 1/6th the
energy workers. An increasing number of tailored weight). AQW-based power lines are expected to in-
industrial training programs have developed to grow crease the amount of electricity that can be transmitted
this workforce and prepare it for the future of energy from power stations to users, and could make it possi-
technology. Public-private training partnerships within ble for alternative energy from wind and solar to reach
the state include Aust i n dhgpopplatigngestersguneee ¥ is needed, withgipi- P a r k
and the Wind Allianceods TellJoss Gulf Coast research
lab. Texas universities, community colleges, and in-
dustry certification programs are continuously devel- The EnvironmentTaXas@eerflebss e Funoc
oping their renewable energy course offerings to ad- Guidebookidentifies a network of over 50 Texas com-
dress the industryo6s ne e dngnitycolleges, located across the state of Texas, that
offer a diverse array of low-cost two-year degree and
s al certificate programs to prepare students for green jobs.
kﬂ ENERGY PARK The office of the Texas Comptroller announced that
Innovation for a'Sustainable future. 22 public colleges across the state were awarded $3.85
million in June 2010, as part

ing Fund grant. These grants help finance equipment
purchases for new career and technical education pro-
grams that support high-growth industries throughout
the state, including in the wind and solar industry.

The Renewable Energy Market

newable energy companies, research, and education In its Annual Energy OutlooR010 report, the U.S.
facilities developing new clean energy technologies Energy Information Administration (EIA) forecasts
side-by-si de with applicat i on sveralkeytgendgineUSeenegypusa evar thenext 25
first phase is a research park funded by a grant from years. Foremost are the increased use of renewables
the Texas Workforce Commission to the Texas and the declining reliance on imported fossil fuels.
Foundation for Innovative Communities. The sec-

In 2008, a public-private partnership initiated the
first Texas Clean Energy Parkin the state. The
Austin-based energy campus is dedicated to devel-
opment and innovation in business, research, educa-
tion, and training for the clean energy Industry. The
140-acre park is a collaborative community for re-



http://txcleanenergypark.com/index.php
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Between now and 2035, the EIA projects the strongest
growth in fuel use to occur in renewable fuels used to
generate electricity and to power vehicles. The EIA
credits this growth primarily to government programs,
including state RPS programs like that in Texas, along
with rising fossil fuel prices. Although fossil fuels will
continue to be the
the next 25 years, their share of overall energy use is
expected to fall from 84% in 2008 to 78% in 2035.
Under the assumption that current political and regula-
tory environments remain relatively unchanged, the
EIA anticipates renewable generation to account for
45% of total U.S. generation growth through 2035.

Since 2008, the U.S. has been the world leader in total
wind energy installations. According to the AWEA, in
2009 alone, the
10 gigawatt (GW) of new generating power. Nation-
ally, industry growth over the last five years has in-
creased five-fold, increasing 6,700 MW at the end of
2004 to 35,000 MW at the end of 2009. At 35,000
MW, the U.S. has enough wind power capacity to
power the equivalent of approximately 9.7 million
American homes.

In less than five years, the wind turbine market has
rapidly diversified, increasing from five turbine manu-
facturers with U.S. market share in 2005 to 15 in
2009. These turbine manufacturers, in response to
competitive markets, have developed domestic supply
chains to reduce transportation costs, decrease cur-
rency risk, and increase just-in-time turbine availabil-
ity, product quality, and service. The AWEA reports
that within the U.S. manufacturing sector, the wind
energy industry employs 18,500 workers. Not includ-

nationos

ing facilities at the sub-supplier level, over 240 facili-
ties across the U.S. supply the wind industry.

Like wind, the nationds
grow. In 2009, the Solar Energy Industries Associa-
tion (SEIA) reported U.S. solar electric capacity from

nat i o rplidtsvoltpic (P\Vinead concerdratirgg sopnpowsro ur ¢ e

(CSP) technologies climbed past 2,000 MW, enough
to serve more than 350,000 homes. By the end of
2009, more than 6,000 MW of planned utility-scale
projects had been announced.

| ed

Growth within the solar industry has been spurred by
venture capital and technological gains, resulting in
lower industry costs. The SEIA reported that with a
total investment of $1.4 billion in 2009, venture capi-
talists invested more in solar technologies than any
other clean energy sector. Additionally, technological
gains have resulted in lower PV module costs, with
prices falling from as much as $4.00 per watt to $1.85
-2.25 per watt, a 40% decrease since mid-2008. Aver-
age installed capacity cost fell approximately 10%
from 2008 to 2009.

Within the solar industry, more than 17,000 jobs were
added to the U.S. economy in 2009. Industry data pro-
vided by SEIA estimates the total number of solar
industry jobs will climb from 46,000 to over 60,000
between 2009 and the end of 2010.

Since 2008, the U.S. advanced biofuel industry has
invested $1.4 billion to commercialize biofuel tech-
nologies and develop the market. Additionally, the
DOE has awarded nearly $718 million in American
Recovery and Reinvestment Act (ARRA) funds to
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accelerate the commercialization of advanced biofuels
and foster the growth of a sustainable U.S. bioindus-
try. In 2009, the biofuels market consisted of 23.6
billion gallons of ethanol and biodiesel production
worldwide. According to Renewable Energy Produc-
tion magazine, production and pricing of ethanol and
biodiesel reached $45 billion in 2009 and will grow to
$113 billion by 2019.

A notable trend in the renewable energy industry is
the growing role of electric utility companies in the
development of expanded capacity. According to Re-
newable Energy World North Amerio@gazine, the
efforts of utilities are driven by ongoing access to
capital, growing comfort with renewable technologies,
and financial incentives. In the case of utilities driving
solar PV, it is the continued drop in module prices that
makes PV an attractive investment. In 2009, the SEIA
reported utility sector solar PV growth nearly tripled
from 22 MW in 2008 to 66 MW in 2009.

In addition to
utilities, federal
and state initia-
tives are driving
the renewable
energy sec-

tor. The federal
governm
financial market
intervention in
2009, which included some $67 billion of stimulus
money, loan guarantees and grant programs for the
renewables industry, made up for a shortfall in private
sector finance. According to the Electric Power Re-
search Institute (EPRI), a California-based non-profit,
government stimulus kept money flowing for project
development and new manufacturing initiatives, and
helped the renewable energy industry maintain mo-
mentum it otherwise might have lost.

At the state level, renewable energy is supported by
the RPS, state policy that requires electricity providers
to obtain a minimum percentage of their power from

renewable energy resources by a certain date. Cur-
rently there are 24 states, including the District of Co-
lumbia, that have RPS policies in place. According to
the DOE, together these states account for more than
half of the electricity sales in the United States. Five
other states have nonbinding goals for adoption of
renewable energy instead of an RPS.

In Texas, the 2009 legislative session passed HB 1937
(Property Assessed Clean Energy Districts). The solar
-related legislation authorizes a financial mechanism
through which homeowners can voluntarily finance
their solar installations with help from local govern-
ment, and pay back the cost via extra property taxes
over 20 years.

Challenges to Renewables

While the U.S. renewable energy industry continues to
grow, it faces several challenges. Renewable energy
technologies have long faced the problem of achieving
grid parity, or reaching the point at which renewable
power generation can compete in price with existing
sources of electricity generation.

Within the renewable energy industry, the movement
towards reaching grid parity is highly influenced by
advancements in technology, improved operations,
and federal tax policies.

The need for a more robust grid, through expansion of
transmission infrastructure, is central to the develop-
ment of the industry. Construction of a modern, high-
voltage interstate transmission system is required to
connect these new generation loads. The existing net-
work is not designed to accommodate variable forms
of power that are characteristic of energy sources,
such as wind and solar, that cannot control their power
delivery times. According to the AWEA, a $3 billion
increase in annual transmission investment (up from
$8 billion a year to $11 billion) is needed.
Additionally, federal tax credits and other financial
incentives given to the industry are crucial to moving
towards grid parity. According to the AWEA, the
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wind industry is sensitive to changes in government
policy. Unlike permanent tax credits that exist for
other energy sources, policy support for the wind in-
dustry fluctuates with tax credit extensions of a one to
three year basis. These fluctuations contribute to insta-
bility within the industry, with AWEA data showing
that each time government credits expired, growth in
wind capacity slowed considerably. Wind develop-
ment companies and wind equipment manufacturers
have complained that these interruptions create uncer-
tainty in the market, discourage investment, and con-
tribute to rising costs.

Under the federal production tax credit (PTC) compa-
nies that generate wind, solar, geothermal, and closed-
loop bioenergy are eligible for the PTC which pro-
vides a 2.1 cent per kilowatt-hour (kWh) benefit for
the first 10 years of
eratiohoomMOpém omas s,
hazardous, cellulosic waste material, receives a tax
credit of 1.0 cent per kWh.

The EIA in its Annual Energy Outlook 201@port
estimates wind generation would more than double by
2012 due to the extended tax credit options. The re-
port goes on to predict a 15% increase in capacity in
the commercial PV solar sector by 2011.

FeedIn Tariffs

Feed-In Tariffs (FIT) are a policy mechanism de-
signed to encourage the adoption of renewable energy
sources and to help accelerate the move toward grid
parity. Under a FIT program, regional or national
utilities are obligated to buy renewable electricity
from all eligible participants at above-market rates set
by the government. In practice, FIT subsidies are in-
tended to be phased out once the renewable sector
reaches a significant market penetration.

In the case of solar power, FITs have spurred industry
growth in European countries such as Germany, Italy,
and Spain. Starting in 1999, the German government
guaranteed businesses, homes, and solar farms above-
market rates, and, as a result, fostered substantial

a

def

growth in its domestic solar industry. In 2009 and
2010, however, the government accelerated cutbacks
on FIT subsidies in the face of solar industry opposi-
tion.

Italy established its own FIT policy in 2007, set to last
25 years under an established future rate schedule.
Rates are tiered to decrease over time by predeter-
mined increments. The country is currently installing
solar panels on buildings at a rate of 250 MW of ca-
pacity, or the size of a typical power station, every
two months.

Gl obally, Spainds FIT
one of the most generous and aggressive. The country
has one of the largest renewable energy markets in the
worl d, accounting for
rtolrsadamirsstélldtien in@00% accgrging to thecNiew |
iY orkeT inesRexently, didwevet, the Spaoigh govern-
ment has encountered challenges with its FIT policy.
Unl i ke Germany and 1ta
build in stepped reductions, and the government was
forced to implement sudden and steep tariff cutbacks.

Although the U.S. does not have a national FIT pol-
icy, several state legislatures, including California,
Hawaii, and Vermont, have implemented state-level
FITs, while others continue to debate the issue.

I'n California, the sta
newable generators to sell power (up to 3MW) to a
utility at predefined prices, without contract negotia-
tions. All California investor and publicly-owned utili-
ties with 75,000 or more customers must make a stan-
dard FIT available. Vermont established a statewide
FIT in 2009 creating incentives to participating renew-
able generators with a capacity of 2.2 MW or less with
a program cap of 50MW.
took effect in 2009 in the service territory of the

st at eds tolwmeckutlities. Bystemsize and
cap varies by technology and island.
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Wind Power

the U.S. and Texas energy mar k
class wind power potential comes from its abundant

natural wind resources, both on and off shore. Wind

resource areas in the Texas Panhandle, along the Gulf

Coast, and in the mountain passes and ridge tops of

the Trans-Pecos Mountains provide some of the great-

est wind power potential in the United States.

Top 10 States
Total Wind Power Capacities (MW)
Source: American Wind Energy Association, 2009
Existing | Capacity Unde
Texas Wind Energy Overview State Capacity| Construction Rank
o th ‘ ; T has b better k Texas 9,506 352 1
ver
g c_a past cen ur)_/, e>_<as as : een better known _ owa 3,670 200 p
for its oil wells than its wind turbines; however, that is ——
. . . California 2,723 271 3
quickly changing. As the top ranked state in renew-
. . . Oregon 1,920 413 4
able energy potential and wind energy production, :
Texas is developing a new reputation. il hibgLon 1,908 170 5
lllinois 1,848 437 6
Wind is a clean, affordable, and renewable energy Minnesota 1,796 262 i
resource which plays a significant and growing role in New York 1274 21 8
Colorado 1,246 51 9
North Dakota 1,203 76 10

Wind Strength Classes

Weakestg (1) The Public Utility Commission of Texas
2 (PUC) reports that the s
s power potential alone is almost two
. 4 times as much as its total annual peak
s .
Strongesll 6 electric demand.

Since 2004, over 2.5 million megawatt

hours (MWh) of electricity have been

generated in Texas using renewable

sources, accounting for about 3% of the

statebds total power cons
than 90% of this renewable energy was

generated from wind power, which has

seen a tremendous boom since the first

large commercial wind farm was built in

West Texas in 1995.

Map: Office of the Governor
Data: West Texas A&M University




WIND

Top Global Wind Energy Producers production wind turbine is scheduled to be erected and
Texas produces more wind energy than all but five countries:operational in the summer of 2010 off the coast of
Galveston, Texas.

Country or State Installed Capacity (MW)

United States 35,159 The nationds seven |l argest wir
Serrpany 2:1;; projects are located in Texas, according to the Ameri-

pain , . . . .
China 10,149 c;in Wi nld I(Energy AdLlcj.S.led ationds
India 10,925 Industry Annual Market Repektear Ending 2009.
Texas 9,506

Source: Global Wind Energy Council, 2009 nghllghts of Texas wind farm projects:

According to the U.S. Energy Information Admini- e The Roscoe Wind Farm,located about 200 miles
stration (EIA), Texas leads the nation in wind- west of Fort Worth in Roscoe, Texas, is the world's
powered generation c ap ac ilarggstwind farm vatl627Pwind tlrkEnesand dtotaly e a r
end wind power capacity was 9,506 MW, with an installed capacity of 782 MW. Completed in October
additional estimated 352 MW under construction. U.S. 2009 by E.ON Climate & Renewables, the wind farm
Department of Ener gy ( DO Byrpasskaittie acarly 36 MW HoseHallbvdWindn -
stalled capacity in 1999 at just over 183 MW, indicat- Energy Center, which previously held the title as
ing a more than 5,000% increase in installed capacity worl dés | argest. The Roscoe pi
over the ten-year period. billion, spans parts of four Texas counties, and covers
nearly 100,000 acresd several times the size of Man-
In 2007, Texas became the first state to reach the hattan. The wind farm provides enough power for
milestone of one gigawatt of wind capacity installed more than 250,000 households.

in a single year.
e Shenyang Power GroupCielo Wind Power
Texas Wind Power Capacity (MW), LP, and U.S. Renewable Energy Grougn-
19992009 nounced plans in October 2009 to partner in build-

ing a $1.5 billion, 600 MW wind farm in West
Texas, the largest China-U.S. joint investment in
renewable energy to date. The wind farm will
cover 36,000 acres near Pringle, TX, 80 miles
north of Amarillo, and will generate enough elec-
tricity to power 180,000 households. In June 2010,
the projectds Chinese partne
nounced its intention to produce and assemble tur-
TS NS bines for the Texas wind farm in the U.S.

O B & & X ©
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Source: U.S. Department of Energy

e The Galveston Wind Project developed by

Texas Wind Farm Projects Coastal Point Energy LLC, is scheduled to develop

and operate, off the coast of Galveston, Texas, one of

At the end of 2009, Texas had more than 90 opera- the first producing offshore wind farms in the U.S.

tional wind farms. The majority of the projects are The company holds leases to five tracts of submerged

l ocated in northwest Te X dafdinth&Gul 6f Rexitoloflingsh 000 aeed. s Wi nd
potenti al is the greatest. The nationés first offshore
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Texas Wind Farm
Locations

Nation's 10 Largest
Wind Energy Generation Projects
Source: American Wind Energy Association, 2009
Installed Capacity
(MW) Project Name State
782 Roscoe Wind Farm TX
736 Horse Hollow TX
663 Capricorn Ridge TX
585 Sweetwater TX
523 Buffalo Gap TX
458 Panther Creek TX
400 Lone Star TX
400 Peetz Table CO
396 Twin Groves IL
322 Maple Ridge NY

The Wind Industry in Texas

Beyond installing wind turbines, Texans play
multiple roles at all levels of the global wind
energy industry. Workers around the state,
from Brownsville to El Paso and from Nac-
ogdoches to Amarillo, play a fundamental
part in the international supply chain of the
industry. Texas is a leader in steel fabrication
and transportation for wind energy, and in
advanced materials such as carbon fiber,
which are exported from Texas to wind en-
ergy companies around the globe.

Round Rock, Texas, is home to TECO-
Westinghouse, the first wind turbine produc-
tion facility in the state. In December 2009,
the international company shipped one of its
first orders of wind turbines to Chile for a
$40 million wind power generation project.

Companies around the state also supply a

variety of components and materials to the
global wind industry. According to the West Texas
Wind Consortium, examples of regional production
include carbon fiber in Abilene, steel parts in Brown-
wood, tower part assembly in Coleman, tower steel in
Ft. Worth and EI Paso, blades in Gainesville, cement
in Maryneal, bolts and clamps in Nacogdoches and
Corpus Christi, and blade repair in Sweetwater.

A study released by the Waco, Texas-based Perryman
Group in May 2010, estimates the wind industry is
responsible for nearly 10,000 manufacturing, head-
quarters, construction, and maintenance and support
jobs in Texas.

Companies from around the U.S. and around the
world have invested in Texas wind farms, includ-
ing: AES (Virginia), Babcock & Brown (Australia),
Balfour Wind Energy Constructors (UK), Cielo Wind
(Texas), Duke Energy (North Carolina), Enel (ltaly),
E.On Climate & Renewables (Germany), Eurus

11
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(Japan), Iberdrola Renewables (Spain), Invenergy
(Ilinois), John Deere Wind (lllinois), Mitsui (Japan),
Noble Environmental (Connecticut), Renewable En-
ergy Systems (UK), and Valero (Texas).

U.S. Wind Manufacturers

" Number of

0-1
; 2-4
NN 5-8

~ 9-16

Source: Area Development Magazine

4 Manufacturers

In May 2010, French-based Alstom Wind broke
ground on its Amarillo, Texas wind turbine assembly
facility, which will create 275 full-time engineering,
production, and technical support jobs.

The stateos
involved in the wind energy. Texas is a transit hub for
wind components through the its deep-water ports,
highway transportation network, and central location
in the nationdés rail

Additionally, Texans skilled in both the movement in

low-tech, bulky, and heavy components and the long-
haul shipment of high-tech components, have the
know-how to transport an array of wind farm compo-
nents. They include gearboxes, bearings, generators,
rotor-blades, tower sections, and nacelles. Siemens
Windpower of Germany,
manufacturer of wind-power components, is one ex-

Texas Emerging Technology Fund Investg
Renewable Energy Firm Xtreme Power
Technology Fund award to develop its technology.
The Kylebased company makes battebased energy storag
ing the night that can be distributed back into the gird duri
the day when demand for power is much higher.

The fastgrowing company employed over 100 people in e
2010 and has plans to expand nationally.

In 2007, Xtreme Power received a $2 million Texas Emergin

systems for power utilities, wind farms, and large manufag-
turing companies. Its large battery systems store energy qur

ample of a wind manufacturer that has a long-term
inagreement with a Texas logistics operator. The Hous-
ton operation of Agility project Logistics arranges for
shipments of components by ocean from three origin

orts to Houston and then by rail and road to wind
farms across the nation.

Texas has 270 miles of deep-draft channels and 13
1g_deep water ports on the Gulf Coast. Several of these
ports are key shipping centers in the transportation of
wind equipment into the state. According to Site Se-
Yjection magazine, the Port of Corpus Christi currently
serves the most wind sector manufacturers, with Sie-
mens, Vestas, GE, Clipper, CS Wind, and Gamesa all
offloading their heavy cargo at the South Texas sea-
port. In 2008, more than 114,600 tons of wind equip-
ment moved through the port. A majority of the equip-
ment arrives from Europe and is bound for West
Texas wind farms.

The ports of Beaumont, Freeport, and Galveston also
have considerable wind equipment business. Accord-
ing to World Trademagazine, from 2005-2009 the

Port of Beaumont handled about 24 vessel shipments

of wind energy equipment each year. In 2009, the port

t
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with an $845,000 award.

Martifer-Hirschfeld Energy Brings Manufacturing Jobs to San Angelo

In December 2009, production began at MartifehA NE OKT St R 9y SNH@
6KAOK GAff

"Along with other incentives, the Texas Enterprise Fund was a key determinant in our decision to locate this plant in ]
We look forward to working in Texas to advance our efforts in becoming a global player in the supply of wind farm tuqnkey
projects."-Anténio Pontes, CEO of Portugaked Martifer Energy Systems.

{erie@)yit&vEr an@nufcturing
SoSyilidzk tt& ONBIGS HH

acquired a new multi-million dollar harbor mobile
crane for the movement of wind energy equipment.

At Port Freeport, located south of Houston, wind en-
ergy equipment has emerged as one of the leading
imports. In 2008, the port reported handling more than
28,000 tons of wind energy equipment. The Houston
Chroniclereports that ships loaded with wind turbines
made in India, Brazil, Spain, China, Denmark, and
other countries unload at Port Freeport. One of the
port 6s c-tarm customers is Sualon gnergy,

global wind power company based in India.

In 2008, the Port of Galveston signed a two-year deal
with Mitsubishi Power Systems for preferential use of
port space to handle wind energy equipment.

Texas Wind Legislation

Contributing to the
the stateds Renewabl e
lation, which requires electric utilities and other retail
electric providers to serve a specified minimum per-
centage of customer load with eligible sources of re-
newable electricity. Related legislation has also laid
the groundwork for a
transmission line system, which will further accelerate
the deployment of wind power in the state.

In 2008, the Texas Public Utility Commission (PUCT)
assigned seven utilities to build pieces of a $4.9 bil-
lion transmission line project to bring West Texas
wind power to the major population centers of the
state. This investment, as reported by the Associated

Press, is the biggest investment in clean and renew-
able energy in U.S. history.

The St adosnd mcentve, thd Texas Enter-
prise Fund, is a $220 million grant program created in
2003 to recruit business expansion and relocation to
the state. The Texas Emerging Technology Fund
(TETF) was created by the Legislature two years later
to provide the state with an advantage in the research,
development, and commercialization of emerging
technologies. Both programs have invested in wind
energy-related companies located around the state, in
cities such as Amarillo, Austin, Cuero, San Angelo,
and The Woodlands.
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Because of a stipulation made when the Republic of T¢g
joined the United States in 1845, the state claims jurisd
tion 10.3 miles into the Gulf of Mexico, more than three
times the distance claimed by states along the Atlantic
coast.This puts Texas projects beyond the range of cod
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nating federal review.
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Texas Utilities and Wind Energy

utilities across the state have begun offering residen-
tial and business consumers wind-generated options.
Examples of Texas utilities incorporating wind power
production into their supply mix include municipally
owned Austin Energy and CPS Energy of San Anto-
nio and private providers Green Mountain Energy and
Reliant Energy.

ma s sCoopemtives, nyesion and mumcipab dwned elearic st at e 6 s
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- AustinEnergyi s t he
@ largest community-owned electric util-
i ty. Most of the
comes from wind turbines in McCamey and Sweet-
water in West Texas. The McCamey turbines have
been operating since the summer of 2001, while the
Sweetwater turbines came online in December 2005.
Austin Energyds wind

tricity to power 55,000 housholds.
CPSQ largest publicly-owned purchaser of
wind power in the country. CPS cur-
rently acquires more than 709 MW of wind-generated
electricity from West Texas plains and Texas coastal
wind farms, including 341 MW from the Cottonwood
Creek wind farm near Sweetwater and 161 MW from
the Desert Sky wind farm near Iraan. In 2009, CPS
began acquiring wind power from the Texas coastd
130 MW from the Papalote Creek Wind Farm north of
Corpus Christi, and 77 MW from Pefiascal Wind
Farm, south of Sarita near Baffin Bay. Altogether
these wind farms are capable of generating electricity
for more than 165,000 homes.

CPS Energy San Antoniais the

Multiple electric cooperatives around the state are also
purchasing and distributing wind power. The South
Texas Electric Cooperative(STEC), based in Victo-
ria, purchases 50 MW of energy from the Pefiascal
project along with CPS. The Lower Colorado River
Authority (LCRA ) in Austin purchases 116 MW of
wind power from the Texas Wind Power Project (35
MW), the Delaware Mountain Wind Farm (30 MW)
and the Indian Mesa Wind Farm (51 MW) in West
Texas under long-term contracts. And the Johnson
City-based Pedernales Electric CooperativéPEC)
buys 90 MW of power generated by the South Trent
Wind Farm near Sweetwater, TX.

m Green  Green Mountain Energy, based
VN E"’““"a'“ in Austin, Texas, serves custom-
nergy- . . .
ers in California, New Jersey,

New York, Ohio, Oregon, Pennsylvania, and Texas.
Green Mountain offers a 100% wind energy product

ut

nat i onndexas.nimostother states, the company markets

renewable energy blends from sources such as landfill
@adesi smayl Bydro, wind,ere solarp o we r

&Reliant Reliant Energy Companyhas a pur-
\ Energy.

» chase power agreement (PPA) with
King Mountain Wind Ranch in West

t ur bréxas ® purchase up th Q02 MW & powenagdthe e | e ¢ -

associated renewable energy credits (RECs). Addi-
tionally, the energy company has a PPA with Callahan
Wind (114MW) and Horse Hollow Wind Farm (90
MW), both of which are located in Taylor County,
Texas. Reliant Energy is one of the few companies in
Texas that offers plans powered by 100% wind.

Texas Wind Research, Education & Training

Texas is home to highly skilled wind energy workers
and has an increasing number of tailored industrial
training programs to grow the workforce and enhance
the skills of current workers. Everything from one-
day short courses, to managerial certificates, associ-
atebs degrees, and a
within the state. Texas is also home to major energy
research initiatives.

— The Houston-based Wind
T

Alliance develops infra-
éA‘”'ﬂQCde structure, technology and

workforce through pre-
competitive business integration and collaborative
projects between U.S. industry, academia and govern-
ment. The Wind Alliance has evolved from an initia-
tive of the University of Houston, called the Lone Star
Wind Alliance, to a fully functioning, independent,
non-profit organization focusing on the issues of all
12 central-U.S. wind corridor states.

NIRE (National Institute for
Renewable Energy) is a public-
private partnership formed in
2009 by the Innovate Texas Foundation in collabora-
tion with the Texas Tech University System. NIRE

NIR

Tot Matranas Inatitute
Fon Ronamanis Eurnay
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will design, construct and operate research wind
farms. The power generated from these wind farms
will be sold in the commercial marketplace to help
fund the research activities.

Vestas,the Danish wind equipment company, moved
into its new research center in Houston in early 2010
and plans to employ about 100 when it is fully opera-
tional. Vestas said the decision to locate its North
American research center in Houston followed a thor-
ough examination of multiple loctions across the U.S.,
followed by a specific analysis of Texas in coopera-
tion with the Greater Houston Partnership, the City of
Houston, and the State of Texas.

Vestas Technology R&D in Houston

"Houston provides access to a highly qualified work forg
in an international and extremely enerdgcused research
and development environ-
ment. In addition, Houston
will allow Vestas to establish
and strengthen relations
within the North American
and global energy industry.
Tapping into and contributing
to the tremendous pool of
knowledge and knowhow
offered by Houston's energy environment is invaluable i

can meet the technological and cesfficiency demands o
our customers."

- Finn Stram Madsen, president of Denmbased Vestas
Technology R&D, announcing the location of its North
American research center

our quest to develop wind turbines that also in the future

>

Naval Station Ingleside in Corpus Christi is under-
going redevelopment by the Port of Corpus Christi,
to be rebranded as the North American Coastal
Wind Energy Technology Development & Test-
ing Center. The $20 million wind turbine and blade
-testing facility in Ingleside is one of two sites
awarded $2 million by the DOE to test blades for
the government. According to the DOE, blade test-
ing is necessary to meet design standards, reduce
machine costs, and reduce technical and financial

-, o e e

Former Naval Station Ingleside\“

risks. The Ingleside facility is expected to have the
capacity to test blades as long as 330 feet. The
Texas bid for the test facility was led by The Wind
Alliance. The alliance pledged $18 million in state
and private funding.

Texas universities house leading researchers and na-
tionally recognized degree programs that are key to
the development of energy technologies and manage-
ment for the future.

Texas A&M Engineering Wind Energy Centerwas
established in March 2010. The center, which will be
part of the Texas Engineering Experiment Station
(TEES), was established to position Texas A&M En-
gineering and the state of Texas as global authorities
on all facets of wind energy, including major advances
in research, technology development, and technology
demonstration and deployment, along with innovative
educational advances related to wind energy.

The Texas Christian University (TCU), University
of Oxford, NextEra Energy Wind Research Initiative
will spend five years researching key environmental
and social issues related to wind power. The project
objective is to assess the broad scale ecological and
socio-economic impacts of wind development.

Texas Tech Universityos
Engineering Research Centeoffers the first Wind
Science and Engineering doctoral degree program in
the country. Some of the TTU's wind energy research
goals include assessment of the risk and effects of

wind turbine exposure to extreme wind events, im-
provement of wind turbine design codes with empha-
sis on extreme wind events, and analysis and testing

of utility-scale wind turbines for use in less-energetic

15
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wind conditions.

In July 2010 Gov. Rick Perry announced an $8.4 mil-
lion research superiority investment through the TETF
in the TTU system for the development of a collabora-
tive wind energy project. TTU is partnering with the
NIRE, which will support the National Wind Re-
source Center(NWRC). NWRC is a non-profit or-
ganization formed by Texas Tech that focuses on
wind power research and education through collabora-
tion with national laboratories, academic institutions,
trade organizations, and backed by companies includ-
ing Vestas Wind Systems and Alstom Power.

As of June 2010 the Texas Comptroller of Public Ac-
counts had awarded $4,778,865 in competitive federal
stimulus grants to governmental entities with energy
sector training centers. The funds must be used for
equipment in courses for credit or certification to train
or educate workers in energy sector or green jobs.

Recipients with wind energy related programming
include Amarillo College, which will purchase equip-
ment for its Wind Energy Technician program. The
program is structured to offer students three educa-
tional choices: Basic Wind Technician certificate,
Advanced Wind Technician certificate and/or Associ-
ate of Applied Science Renewable Energy with a fo-
cus on Wind Energy. Clarendon College outside of
Amarillo, will purchase equipment for its Wind En-
ergy Technology Training courses. The courses will
offer a Certificate of Completion and a Wind Energy

Technology Associate of Applied Science de-

gree. Equipment purchased will include wind turbines,
electromechanical equipment, and other power sup-
plies and programmable logic controllers.

Programs also exist throughout the state, such as those
delivered by Wind Works Company, that are designed
to help oil and gas professionals transition their skills
into wind.

Additionally, there are educational opportunities
throughout the state that are designed for landowners,
ranchers, municipal and school board officials, and
new entrants to the field. These courses, provided by a
host of institutions including ERCOT, the Roscoe
Wind Council, and the West Texas Wind Energy
Clearinghouse, provide an overview of the economics
of wind power and the wind industry, including devel-
opment and | easing
and background explanations on transmission, CREZ,
and the role of ERCOT.

from
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Case Study: The Impact of Wind Energy on a West Texas Community

b2tly /2dzyte Aa K2YS G2 az2y$8 2F GKS fIFNBHSad 6AyR SygNHeE LINReE
largest wind energy center. At the end of 2009, more than 15 wind energy projects within the county, controlled by at|least

seven different wind energy developers, exceeded 3,000 MW of operational wind energy. According to a 2008 econgmic im-

pact study prepared for the West Texas Wind Energy Consortium, Nolan County, together with adjacent counties Sclirry, Tay-

lor, Mitchell, and Coke, are home to over half of all wind energy operations in Texas and approximately 15% of all U.5. wind

energy operation. In 2008, the county surpassed California in installed wind energy capacity. If Nolan County weré astate, i

would rank as the second largest for wind energy operations.

When large wind energy developments, such as the Roscoe Wind Farm, come to a community, they generate millior}s of dol-
lars in economic benefits for the surrounding area. The wind developer induces construction companies, turbine manufactur-
ers, trucking companies, opera-
tions and maintenance crews,
meteorologists, and other pro-
fessionals to set up shop in the
region and supply the new in-
dustry. New local jobs are cre-
ated as these companies staff oo It

up to build and operate pro- | -
jects. \ L r

In Nolan County, the wind in- | . } ’
dustry directly employed more '
than 1,300 people in 2009, wit
a direct payroll exceeding $56
million. The resulting local eco
nomic impact totaled nearly
$400 million. In the same year,
the wind industry also provided
Nolan County with more than
800 construction jobs.

According to a National Public
Radio report, depending on theg
size of the turbine, landowners Fs g

who lease their land for wind y Image courtesy E.ON Climate and Renewables
energy development receive

royalties between $5,000 and $15,000 per windmill per year. The Nolan County economic impact study estimates larJdowner
royalties for 2009 to be more than $17 million.

Wind energy development within Nolan County has also added to property tax revenues. Property taxes on wind enegrgy for
the year, as reported in January 2010Rgpular Mechani® K| @S O2y i NAR6dzi SR Y2NB GKIYy Pon YAt
omy.
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Solar Power

"

Texas Solar Energy Overview

Due to its natural resources, manufacturing base, and
developed research institutions, Texas is well posi-
tioned to compete in the global solar energy market,
which marketing firm Lux Research estimated to be
worth $66.6 billion in 2008 and forecast at up to $100
billion by 2013. A 2008 U.S. Energy Information Ad-
ministration (EIA) forecast projected that grid-
connected solar power, which provided a tiny share of
the country's power in 2006, will experience a 73-fold
increase by 2030.

West Texas has some of
solar radiation, measured in direct normal insolation,
and is suitable for supporting large-scale solar power
plants. Direct normal insolation is the total amount of
solar radiation that strikes a particular location over a
given period of time, typically a single day, measured
in watts hours per squa
average daily solar insolation ranges from 2.4 kilowatt
hours per square meter per day in the eastern portion
of the state in December to 8.0 in the western portion
in July.

West Texas alone is estimated to have enough poten-
tial solar capacity to generate up to 149 MWh of elec-
tricity. According to

tion Office (SECO), the solar energy falling on a sin-

T Sources: U.S. Energy Information
Administration; Infinite Power

gle acre of land in West Texas is capable of producing
the energy equivalent of 800 barrels of oil each year.

Texasd solar power potenti al
with high levels of solar radiation suitable for distrib-

uted generation applications throughout the state, and

direct sunshine capable of fueling large-scale solar

power plants concentrated in West Texas.

According to the Department of Energy (DOE), Texas
ranks among the top seven states with the best re-
sources in the United States for Concentrating Solar
Power (CSP).

The Electric Reliability Council of Texas (ERCOT),
operator of the power grid for most of the state, esti-
mates that four planned solar facilities i located in
Presidio, Pecos, and Tom Green counties in West
Texas T could produce 459 MW of solar power.

Whr/ag m per day

1,000 to 1,500
H 1,500 to 2,000
O 2,000 to 2500
02,500 to 2,000
2,000 to 2,500
02,500 to 4,000
14,000 to 4,500
14,500 tof 000
O5,000 to 5500
5,500 to 8,000

6,500 to 7,000
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In addition to its vast natural resources, Texas also has ride are uniquely suited to the PV conversion process.

the manmade resources that are conducive to a grow-

ing solar market. In particular, Texas has significant Texas has a number of PV assets already in place. The

installed natural gas capacity, its own electrical grid, state is home to approxi mately
and commitments to build additional transmission silicon processing, a variety of companies that supply

capacity, all of which will help advance solar power the solar industry, and high-tech industry leaders.

as a viable investment in the state.
According to Environment Texas, a Texas-based non-

The Interstate Renewable Energy Council, a non- profit, examples of Texas companies supplying the
profit that promotes uniform guidelines and standards solar industry include design and manufacturing of
within the renewable energy industry, ranked Texas proprietary solar modules in Forth Worth, industry
15th nationally for grid-connected photovoltaic (PV) know-how in development and operation of large-
cumulative installed capacity in its U.S. Solar Market scale solar plants in Houston, polysilican production
Trends Report 2008 used to create crystalline PV modules in Pasadena,
and glass production for solar modules in Wichita
According to the report, Opportunity on the Horizon: Falls.
Photovoltaics in TexaJexas ranked fourth nationally
for PV-related federal research awards, fourth nation- T e x a s #@elatsddighaech industry leaders include
ally for PV-related patents, fifth nationally for PV Freescale Semiconductor, Advanced Micro Devices
businesses located in state, and sixth nationally for PV (AMD), Applied Materials, Silicon Labs, and Sam-
-related scientific publications. sung These are just a few of the Texas-based semi-
conductor foundries whose expertise are transferring
Texas National Solar Rankings, 2007 significant efficiencies to the solar industry.
Source: UT Austin, IC2 Institute
ank Applied Materials, which has an Austin facility, is
P\trelated federal research awards 4 the worl dos | &Sippddidnegpi;-oducer ¢
PVirelated patents 4 ment, used for fabricating solar wafers and cells. The
PV business located in the state 5 companyods systems are used in
P\frelated scientific publications 6 mercially available solar cell
15 wafer manufacturers and 14 of the top 15 cell
manufacturers.

Texas Solar Industry

Texas has the key components of a successful solar

industry: plenty of sun, growing demand, and many G¢KS &adzll) & OKEFAY F2NJ Y fdzF I Ol dzNA
companies involved in the solar business. all here already, we have the potential to create a genefa-
tion or two of well paying jobs. If we get in on the grounfl

o . floor now with solar, there is a real opportunity to make
Electricity can be produced from sunlight through the ¢SEla (GKS {AftAO2y xrttSelaF a2t N

process of photovoltaics & photo refers to light, vol- -Steve Taylor, Corporate Affairs Manager for North Amgr-
taic to voltage. Solar cells, the smallest semiconductor ica, Applied Materials In@ustin, Texas (Feb. 2010)
element within a PV module to perform conversion of
light into electrical energy, are made from various

types of semiconductor materials. Silicon, gallium In December 2009, the Kaneka Corporation, a lead-
arsenide, cooper indium dieseline, and cadmium tellu- ing thin-film silicon PV manufacturer based in Japan,

Texas: the Silicon Valley of Solar?
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opened its first North American solar product sales
office in Pasadena, Texas, and announced the intro-
duction of a newly developed Hybrid PV module. The
Kaneka Texas Corporation, which also produces
chemical products, employs an estimated 300 people
at its Pasadena facility.

Texas Solar Legislation

Because Texas is the only state with its own power
grid, unprecedented transmission line build-out has
been initiated at the state level. The Public Utility
Commission of Texas (PUCT) is overseeing the $5
billion construction of 2,300 miles of high-voltage
lines that will connect homes, business and industry
across the state to renewable energy sources.

Conveniently, the availability of wind and solar power
in the Panhandle and western parts of Texas are often
out of sync with each other during the summer & the
hours when one source produces more power (solar
during the day, wind at night), the other often pro-
duces less. This fortuitous mismatch means that solar
farms can potentially share the transmission capacity
originally built to enable wind integration.

Additionally, since all ratepayers in Texas contribute
towards the cost of maintaining the grid, the expense
of new transmission build-outs to hook up new gen-
eration from solar and wind resources is shared
equally among electricity customers. This cost distri-
bution makes it easier for remote solar and wind in-
stallations to compete economically with large-scale
power plants closer to cities.

At Gov. Rick Perryos
ture established the Texas Enterprise Fund (TEF) in
2003 as a state deal-closing fund for economic devel-
opment. In 2008, Gov. Perry announced an award of
$1 million from the TEF to the Austin-based PV mate-
rials manufacturer, HelioVolt. The award contributed
to the companyos
development and manufacturing facility in Austin,
which will generate $62 million in capital investment

and create 158 new solar industry jobs over the next
two years. The company, which has taken a lead in
manufacturing building-integrated thin-film solar

productswasalsoR& D Ma g 220i08Bed&d it or 6s

Choice for most revolutionary technology.

HelioVolt facility, Austin

The Texas Emerging Technology Fund (TETF) was
created by the Texas Legislature in 2005 to provide
Texas with an advantage in the research, development,
and commercialization of disruptive new technolo-
gies. To date, the fund has invested $6.25 million in
emerging solar technology firms and an additional $4
million in new battery and grid technologies in vari-
ous regions of the state, including Houston, Dallas,
Austin, Bridgeport, and San Marcos.

TETF Invests in SolarBridge Technologiles

Ly al NDK HnmnX D2@® whiO]
vestment of $1.5 M in SolarBridge Technologies Inc. fo
development and commercialization of their solar energ
technology. SolarBridge designs microinverters and mo|
toring systems to make installations cheaper, more effi-
cient, and more reliable. The company moved its head-
quarters from lllinois to Austin in 2009.

SOLARBRIDGE

TECHNOLOGIES
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In September 2009, Texas House Bill (H.B.) 1937
took effect enabling cities to establish solar panel fi-
nancing programs. Through the new legislation, cities
can fund the installation of solar panels on residential

several decades via a small line item on their property-
tax bills. If a home is sold, the cost of the panels
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would get passed on to the new owner. Austin became
the first city to act on this legislation in October 2009,
when the City Council adopted a resolution to develop
a local H.B. 1937 program.

Texas Utilities and Solar Energy

Texas utility companies offer attractive incentives for
residential solar installations. With the widespread
introduction of solar-sponsored solar (PV) incentive
programs, beginning in 2004 with Austin Energy, the
Texas distributed solar industry has seen steady
growth. As of mid-2009, over 50% of Texas electric
customers had access to a PV incentive program
through their utility company.

The Texas Renewable Energy Industries Association
(TREIA) reports that Texas electric utilities budgeted
$9 million in incentives for PV installations in 2009
and over $12 million for 2010. Incentive funds budg-
eted in 2009 were expected to result in the installation
of about 3 MW of distributed PV in the state.

In 2010, Texas power provider TXU
Energy announced it will begin leas-
ing solar panels. The TXU Energy
Solar Program allows North Texas homeowners to
lease and install a home solar system with zero up-
front cost and a low monthly lease payment.

_ Several Texas utilities offer customers

@ power produced from renewable

sources. Both Austin Energy and San
Ant oni 0

CPSQ ergy procure solar electricity from con-

centrated solar thermal (CST) compa-

00s
nies as part of their power generation mix.

Gemini Solar Development Companyplans to con-
struct, own, and manage a 30 MW PV panel facility
for Austin Energy in a city-owned property 20 miles
from downtown. At the same time, Tessera Solaiis
developing a 27 MW plant based on SunCatcher dish
technology in West Texas for CPS Energy.

Texas Solar Research, Education & Training

Everything from one-day short courses to solar energy
certificates and associates degrees are offered within
the state. Programs also exist throughout the state that
are designed to help oil and gas professionals transi-
tion their skills into solar. Highly skilled solar energy
works and industrial training programs can be found
throughout the state. Additionally, major solar energy
research initiatives have developed around the state at
both public and private institutions.

The City Pedan SireesRrojectad-s
nounced in 2009, will incorporate an array of solar
elements as part of its efforts to design and manage a
system that generates
from clean sources and delivers it over an advanced
delivery system. Solar elements include integrating
solar panels into residential and commercial electrical
networks, solar water heating, requiring solar-ready
construction, and supporting solar financing legisla-
tion. The Pecan Street Project brings together the City
of Austin, Austin Energy, the University of Texas, the
Austin Chamber of Commerce, and the Environmental
Defense Fund. National corporate partnerships include
Dell, GE Energy, IBM, Intel, Oracle, Cisco Systems,
Microsoft, Freescale Semiconductor and GridPoint.

The Department of Chemical Engineering at the Uni-
versity of Texasat Austin (UT) is developing solar
cells wusing
when printed like newspaper or painted on buildings,
are designed to absorb sunlight to be converted into

MRS En-i p a lenengyt Redearcherg at UT say the technology poten-

tial could reduce the cost to 1/10th of the current price
and make solar-cell technology more widely
adopted.

In March of 2010, Texas Southern Universityin
Houston announced it will develop a Center for Solar
Technology. A partnership with Evolution Solar, an
alternative energy company, will bring the center to
fruition. More immediately, the Engineering Technol-
ogy Department will work directly with Evolution

a
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Solar to develop a solar production and demonstration
installation project on the campus.

As of June 2010, governmental entities with energy
sector training centers throughout the state had been
awarded $4,778,865 in competitive federal stimulus
grants by the Texas Comptroller of Public Accounts.
The funds have been designated to be used for equip-
ment in courses for credit or certification to train or
educate workers in energy sector or green jobs.

Recipients with solar energy focused programming
include the Austin Community College (ACC) Dis-
trict for the purchase of equipment for solar photo-
voltaic systems, solar thermal systems, industrial
safety, energy efficient structures and assessments,
and wind power systems courses. Funds awarded to
the Lone Star College Systenin the Houston region
are designated to train students to be Alternative En-
ergy Electrical System Specialists. Equipment pur-
chased under the grant will be used to create training
modules used each semester by students to design and
build wind turbine systems, fuel cell systems, and
solar photovoltaic systems.
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Texas Biofuels Overview

Texas is rich in biomass resources. Derived largerly

from its forests and grain and fiber farms, biomass

consists of plant materials and animal waste that can

be used as a fuel source for energy needs. As the na-
tionds No. 2 agricultural

-------

......

Source: U.S. Department of Energy

a large forestry and cattle industry, Texas is a major
biomass producer. Prime agricultural areas include the
Gulf Coast, the central Blackland Prairie, the High
Plains of the Panhandle, and delta lands near the
mouth of the Rio Grande. The state's major agricul-
tural process residue is cotton gin trash. Cotton is
grown throughout the state, with its production con-
centrated in the Panhandle. Switchgrass, a tall native
grass proposed as an energy crop by the Department
of Energy (DOE), can be grown, to varying degrees,
in all of the regions mentioned above.

Other locally abundant agricultural wastes include rice
hulls, cottonseed hulls, and sugarcane bagasse (fibrous
residue). Manures generated throughout the state also
form an important resource. Wastes generated by the
forest products industry of East Texas include logging
residues as well as bark, wood chips, and sawdust
generated at mills.

production state and home

Texas Potential Biofuel Production

Biomass, 1000s Tons/Year/County
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BIOFUEL

Additionally, the
to biomass-derived wastes. Urban sources of biomass
may represent some of the best opportunities for in-
creasing biomass' near-term presence in the energy
mix.

Biodiesel is a biodegradable, clean-burning combusti-
ble fuel derived from new or used vegetable oils, ani-
mal fats, or algae. While biodiesel can be refined from
a number of feedstocks, in Texas, the most commonly
used are cottonseed, palm, and canola. Additionally,
renewable biofuels are being created within the state
from non-food biomass such as algae, lumber scrap,
and corn husks.

Microalgae are estimated to be the most productive
biofuel feedstock, in terms of the volume of biofuel
that can be produced per land area cultivated. They
are among the fastest growing plants in the world, and
about 50% of their weight is oil that can be converted
by traditional refineries into biodiesel for cars, trucks,
and airplanes. The Texas Permian Basin and the Texas
Gulf Coast are ideally suited for algae growth because
of their abundant sunlight, brackish water, and carbon
dioxide, byproducts of the local oil and gas industry.

The Biofuels Industry in Texas

Texas is expanding its use of biomass in the produc-
tion of fuel, electricity, and biofuels. According to the
U.S. Energy Information Administration (EIA), bio-
mass energy used in Texas is primarily used by the
industrial sector (72%) followed by the residential
sector (18%). While an estimated 4% of biomass en-
ergy within in the state is currently dedicated to gener-
ating electricity, biomass electricity generation shows
great potential. Texas biomass industry projects in-
clude:

In November 2009, Southern Powerannounced it
broke ground on a biomass plant in Sacul, Texas.
Southern Power, which builds, manages and owns

st at e o gvholesglg ggneratiqn psssty aequirpdithe Brojeeto nt ri but e s

called the Nacogdoches Generating Facility, from
American Renewables. When completed, the project
will be one of the largest biomass-fueled electric gen-
erating facilities in the US, capable of generating ap-
proximately 100 MW.

East Texas Electric Cooperativd ETEC) announced
in July 2009 that a contract had been finalized with
North American Procurement Company (NAPCO) to
develop a wood-fueled biomass plant in Woodville,
Texas. The plant will be the first of its kind for the
area, converting excess wood materials into renew-
able, carbon-neutral power for ETEC member coop-
eratives. When completed, the plant will have the ca-
pability of producing 50 MW of power.

The first cellulose biogas plant in the United States
broke ground in Leona, Texas in June of 2009. The
Mustang Creek Biofuel Plantwill process sorghum
and pipe the resulting biomethane to generators that
burn the gas to produce 1 MW of electricity. Houston
County Electric Cooperative will purchase the power
and distribute it to nearly 400 homes within its nine-
county service area.

Located near Stephenville, Texas, Environmental
Powebs Huckabay Ridge is
natural gas plant in North America. Huckabay Ridge
generates methane-rich biogas from manure and other
agricultural waste, conditions it to natural gas stan-
dards, and distributes it through a commercial pipe-

The Huckabay Ridge Project in Stephenville produces and

distributes biogas made from agricultural waste
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line. The facility can produce an aggregate of one bil-
lion cubic feet of biogas per year equivalent to ap-
proximately 12,700 gallons per day of heating oil.

Much of the national growth within the biodiesel in-
dustry isoccurringinTexas. Tex as i s t he
largest producer of biodiesel transportation fuel with a
current production capacity of over 100 million gal-

lons per year (MGY), 30 biodiesel plants with a total
production capacity of 464 MGY, and 32 biodiesel
distributors, according to 2009 information from the
Biodiesel Coalition of Texas and the EIA.

In July 2007, the Texas Commission on Environ-
mental Quality (TCEQ) permitted the largest biodiesel
refinery in the U.S. GreenHunter Energy, located
near the Houston Ship Channel, is able to produce
biodiesel from animal fats, vegetable oils, or a blend
of the two, and has a capacity of 105 million gallons
per year.

Leander, Texas was chosen as the site for Joule
Unlimitedés pilot plant
diesel from patented gene-altered organisms that ab-
sorb sunlight and carbon dioxide and combine these
into hydrocarbons. I n
was identified by Technology Revigwhe M.1.T.
magazine, as one of the 10 most important emerging
technologies.

Texas Biofuels Legislation

In 2009, during the 81st Texas Legislative session, the
Legislature created the Texas Bioenergy Policy Coun-
cil. The 18 member board, chaired by Texas Agricul-
ture Commissioner will provide the 82" Legislature in
2011 with recommendations on how to make the state
a leader in bioenergy production.

The Texas Tax Code offers a Biofuel Tax exemption
(162.001 and 162.204). Biodiesel or ethanol blended
with taxable diesel, that is identified when sold or
used as a biodiesel or ethanol fuel blend, is exempt

from the diesel fuel tax. On the national level, the U.S.
Congress passed the Energy Independence and Secu-
rity Act of 2007. This Act raises standards for vehicle
fuel economy and mandates that U.S. transportation
fuel include 21 billion gallons of advanced biofuels by
2022, with @ pilkos gallons as soon as 2012.

Created in 2005 by the Texas Legislature, the Texas

Emerging Technology Fund (TETF) provides Texas

with an advantage in the research, development, and

commercialization of new technologies. To date, the

TETF has invested a total of $1,150,000 in the biofu-
els industry.

Texas Emerging Technology Fund Invests in
Photon8

In 2010, Photon8 Inc. received a $1 million award from the
Texas Emerging Technology Fund to genetically enharjce
the performance of algae and advance its extraction tedh-
nology.

The Brownsville, Texdmsed company is working in part
nership with the University of Texas at Brownsville and
Texas Southmost College to produce oil from algae.

ol

2010, t

he companyaos system

Texas Biofuels Research, Education & Traini

Texas AgriLife Research, part of the Texas A&M
System has been named a component of a $44 mil-
lion multi-institution, multi-state consortium to con-
duct algae research and development leading to eco-
nomically viable commercial-scale production of bio-
fuels. The funding is part of the Department of En-
ergyds effort t o-industrguadarr a g e
the American Recovery and Reinvestment Act
(ARRA) for advanced biofuels research and fueling
infrastructure. AgriLife Research is slated to receive
between $5 and $6 million over the course of the stud-
ies.
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The University of Texasis home to one of the

worl dés | argest collections of
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selected to be a part of a $25 million project that
would transform algal oil to jet fuel. The Defense Ad-
vanced Research Projects Agency (DARPA) is spon-
soring the project to develop jet fuel, known as JP-8,
for military use.
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