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Executive Summary

Texas has the “right stuff” to become a world leadesolar energy development — reaping the
benefits of cleaner air, a robust economy and redldependence on fossil fuels. Decisions made by
policy makers in the next year will determine wlegtfiexas can ride the solar wave, capturing the
vast potential of solar power for our state.

Texas has the best solar potential in the nation @nwe could power the entire state many times
over with our abundant sunshine.In fact, according to the State Energy Consernaifice, the
energy from sunshine falling on just one acre otllan West Texas is equal to 4000 barrels of oil
each yeat.Solar panels lining an area thirty miles by thiriifes in West Texas could power the
entire staté

Figure ES-1. Texas’ Renewable Energy Potential

There are several solar energy technologies that manake a real contribution to meeting Texas’
energy needs:

Photovoltaic (PV) systems harness sunlight to erebctricity. PV panels produce electricity
at the times when it is needed most — on sunny ddgping to meet peak demand for
electricity. PV systems can be arrayed in utilitgle power plants or distributed across the
state on homes, shopping centers, parking loto#rad built-up areas, providing electricity
close to where it is needed.

- Concentrating solar power (CSP) systems use mitodnarness the sun’s heat to produce
electricity. West Texas has significant potentaal €SP power plant development, which, if
paired with energy storage technologies, can supmhgistent power from the sun, even at
night.

- Solar water heaters use simple rooftop solar dolfe¢o provide much of the hot water needs
of homes and businesses — reducing the need twatis@l gas or electricity for water heating.

Entech Solar advanced energy calculator

2 Presentation by John O’Donnell, AUSRA

Texas State Energy Conservation Offitexas Solar Energylownloaded from
www.seco.cpa.state.tx.us/re_solar.h#® December 2008.
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Solar energy can provide both economic and environental benefits for Texas.

- Texas is already home to 11.5% of the world's pset®y capacity for silicon — the key
ingredient in silicon-based PV panels. Texas is htsme to pioneering companies producing
solar PV technology. These firms show the potefdiaéconomic growth in Texas from solar
power investment.

- The Renewable Energy Policy Project estimates lya2015, a national move to encourage
PV could create as many as 5,500 jobs in Texas.

- Analysis using NREL's Jobs and Economic Developrimapaict model shows that CSP plants
bring 5x the long term jobs of a comparable natgaal plant and 10x the jobs during
constructiorf.

- Additional analysis by Vote Solar show’s that wiitie right local economic incentives as
many as 21,500 new jobs would be created by 202@der a 2000 MW program.

- Solar power can also help reduce Texas’ demanaddftural gas, thereby lowering prices,
provide rural economic development opportunities] eneet Texas’ growing demand for
electricity while reducing emissions.

Texas should spur the development of solar power thin the state by adopting the following
public policies:

1.Include solar-specific requirements to an inaeeafsTexas’ existing and highly successful
Renewable Portfolio Standard.

2.Establish goals and create incentives for gjdntegrated solar at the time of constructiopas
of the PUC’s advanced buildings incentive prograihis can be accomplished by creating a rebate
program. A declining rebate should be planned @@eyear period to give the industry confidence to
invest in production, research and developmena #inimum, new buildings should be “solar
ready.”

3.Allow third party ownership of PV systems

4.Make solar systems and installations exempt State and local sales tax.

5.Create fair buyback rates for energy producesidbgr. Direct utilities to employ metering
programs that provide time-of-use billing and bwlhavhich rewards owners of PV systems for
producing lower cost solar power during the periodsighest demand. Require all of the state’s
utilities to offer net metering.

6.Improve contract and interconnection standardscansumer protections for owners of solar
systems while banning Home Owners Associations filenying homeowners the right to install PV
panels.

Environmental Defense Fund CSP Research, NoveRiis.

Navigant Consulting. “Economic Impacts of ExterglFederal Solar Tax Credit.” September 15, 2008,
http://www.seia.org/galleries/pdf/NCI_Nevada_fattest.pdf

www.votesolar.organd EIA state energy profiles January 2009
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7.Provide for the construction of solar ties to é@mpetitive Renewable Energy Zone (CREZ)
transmission lines in West Texas.

8.Promote new ways to store the excess energy pedduy the sun for later use, such as thermal
storage technologies, flywheels, and compressezhaigy storage.

9.Increase funding of research and developmenat€en R&D technology center similar to the
micro-computer consortium that was so successfdéureloping the microchip industry in Texas.
10.Create a PUC program to provide incentives dtarsnstallations on new and existing Buildings.
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Introduction

Texans have never been afraid to take advantage apportunity — particularly when it comes to
energy.

Over the decades, Texans have relied on privatemige — coupled with a supportive hand from
state government — to develop the state’s weal#émefgy resources: oil and gas, coal, nuclear power
and, over the last decade, wind. Texas’ recentreqpee with wind power — fueled by wise choices
by the Texas Legislature — has created over 2@&@@4nd $28 million in new tax revenue/et,

wind power isn’t the only renewable energy sourdé e potential to transform Texas’ economy
and our environment. Indeed, the sun that strikesoildings and soil each day has the potential to
power the state many times over — and the techiedogeeded to harvest that energy are already
here.

The question facing Texas is whether we will Idagldolar energy revolution — bringing good jobs
and clean power to our state — or whether we aglbbehind. Already, states such as California and
New Jersey — and nations such as Spain, Germanyaguach — are taking the lead in solar power
development and reaping the benefits of their itnaest.

Here in Texas, we know how to build cutting-edgduistries from the bottom-up. Our state’s role in
the creation of the Microcomputer Consortium anch&ech led to the creation of a multibillion

dollar manufacturing center in Texas that has eyguldens of thousands of people. We now stand at
similar crossroads in the development of solar powe

In April 2008, over 350’ exans — including
state officials, entrepreneurs, and
environmental advocates — gathered at the
Capitol to hear from 40 presenters about how
to develop a blueprint (or, in this case,
“yellow” print), for the transition to a solar
future. This paper reviews many of their
findings and suggestions, discusses the many
opportunities Texas has to take advantage of
solar power, and suggests a series of steps the
state can take to become a world leader in
solar power.

The best way for Texas to ensure a future
expansion in solar power capacity is by
committing to a 10 year market development
program that includes financial incentives and
new building design policies. Experience in
California and in other countries, especially Gemndas shown that such government programs can
lead to increased demand and lower prices— thiestieps on the road to a robust, self-sufficient
solar market in which government incentives aréonger necessary.

Pat Wooc addreses the Texas Solar Forur

" Public Citizen study “Wind Energy Delivers Bernteflfhroughout Texas” 7-14-2008
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Public support for such a program is already h&mexans want more solar power in this state and
they're willing to pay for it. A January 2007 p&ly Baselice & Associates found that 84% of Texas
voters think that the Legislature should encouiiagestment in solar power and 81% of Texas voters
are willing to pay more than a dollar per montletezourage solar developments.

Table ES-1. Texans Support Solar Powér

Would you support having the Texas Legislature
encourage solar power investment in Texas if it would

Do you think the Texas Legislature should cost you less than one dollar per month on your electric
encourage investment in solar power in Texas? bill?

84% Yes 81% Yes

10% No 17% No

6% Unsure / refused 3% Unsure / refused

In 1999, the Texas Legislature created one of ¢hiem's earliest and most successful renewable
energy initiatives: the Renewable Portfolio Stadd&PS). In 2005, the Legislature increased the
RPS and set a target of generating 10,000 megaofattmewable energy by the year 2025. These
laws created a boom for wind power that helped nfakes the national leader in wind energy.

We can learn from and build off of this succesy.cBeating incentives for
homeowners and businesses to install on-site sg&iems and for

big commercial enterprises to develop large cestedlon solar

projects, the Legislature can help Texas reduceeadiance on

fossil fuels, reduce pollution, meet our growingnaad for

electricity, reduce future fuel cost increasesategréens of

thousands of new jobs, and continue our leadershie field

of clean energy.

8 Baselice & Associates, Indexas Voter Survey, January 11-15, 2083wnloaded from

http://www.votesolar.org/linked-docs/TX_Solar_Padif, 29 December 2008.
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Texas’ Solar Energy Potential

Texas has tremendous potential for solar energgoriing to the State Energy Conservation Office,
Texas has the greatest solar natural resourcetjadterthe natior. Texas has the potential to

support as much as 148,000 megawatts of electniergéng capacity from concentrating solar power
alone, more capacity than currently exists in tae$’ Energy from sunshine falling on just a single
acre of land in West Texas is capable of produttiegenergy greater than 4000 barrels of oil each
year!! Photovoltaic plants covering 30 miles by 30 miesld power the entire state.

Figure 1. Solar PV Technical Potential for 2018
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Texas also has exemplary human and technical e tor solar development. Our large
microprocessor industry, as well as our experiemeggineering workforce, gives Texas the potential
to become a world center for solar production arsthilation.

®  Texas State Energy Conservation Offitexas Solar Energylownloaded from

WWwWw.seco.cpa.state.tx.us/re_solar.htm, 29 Dece2b@8.

“148,000 megawatts” based on Mark S. Mehos anddD&. Kearney, “Tackling Climate Change in the
U.S.: Potential Carbon Emissions Reductions fromd@atrating Solar Power by 2030,” in Charles F.
Kutscher, ed., American Solar Energy Socid&ggkling Climate Change in the U.S.: Potential Garb
Emissions Reductions from Energy Efficiency anceRable Energy by 203@007. Assumes th&SP
power plants require about 5 acres of land areangglawatt of installed capacity; “more capacityntha
currently exists” based on U.S. Department of Enelspergy Information Administratiorgtate
Electricity Profiles: 2006 EditionNovember 2007.

Entech Solar advanced energy calculator.

Charlie Hemmeline, U.S. Department of EnergyaS8rogramTexas Solar Forum: Economic
Development and Job CreatioRowerpoint presentation, 24 April 2008.

10
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Texas is presently home to approximately 11.5%efworld’s silicon processing capacity, including
a facility for one of the world’s largest siliconqzessors-MEMC Pasadéhand a leading producer
of high performance specialty glass products nééalePV production such as Guardian Industries.

¥ 115 percent: Texas Governor’s Offide@xas Wide Open for Business: Advanced Technology &

Manufacturing downloaded from
www.texasone.us/site/PageServer?pagename=KeySeatbrsndManufacturing 29 December 2008.
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Solar Energy Technologies and Their Role in Texas'’
Energy Future

There are a variety of solar energy technologiasdan help Texas meet its energy needs. Solar
energy technologies can be classified by how therkw capturing energy from the sun’s heat or its
light — and by where they are located — in largati@l station power plants or in smaller increreent
distributed throughout the energy system.

Photovoltaics

Photovoltaics (or “PV") convert the sun’s light elitly into electricity. There are several type$of
technology but all types convert sunlight diredtito electricity: silicon-based (crystalline and
amorphous) and thin-film. Both types convert sumligirectly into electricity without using any (or
very few) moving parts, and both have as theirdhbsilding block the photovoltaic cell. Cells cam b
connected together to form modules, and modulebeannected to form arrays. A few PV cells
will power a hand-held calculator, while intercootesl arrays can provide electricity for a remote
village or serve as a power plant for a city.

Photovoltaics have several advantages as an epardyction technology:

* Simplicity — With no moving parts (or very few, for some aggtions), operation and maintenance
costs are minimal.

* Versatility — PV can connect to the existing infrastructuréhefutility grid and serve as an
alternative power source during peak periods ofgrademand or it can operate remotely (off the
utility power line grid).

* Reliability — First developed for U.S. man-made satellitef@&n1950s — where low maintenance
was an absolute necessity — and now with over d4@syef technical advancements improving
performance, PV has very high online availability.

« Scalability — PV is modular and can be easily scaled accotditige amount of power needed.

PV systems only generate electricity when the sighining, meaning that, to provide all of a home
or business’ energy needs, the energy created lgyBtéms during the daytime must be stored, or
the building needs to maintain a connection toelleetric grid. On the other hand, PV systems often
generate enough power during the daylight hourstilesy can supply excess power to the grid. That
is particularly important because electricity deohéands to be highest on the hot, sunny days when
PV power production is at its peak, meaning th&rgmower can effectively reduce the need to
operate fossil fuel-fired power plants to meet peakand.

Silicon-based PV

Silicon-based PV systems are the ones most fartilifiexans, making up the majority of PV
systems in the United States. Silicon-based PVhiaolygy has advanced dramatically over the years.
Over the past two decades, the price of silicoretdd®/ energy has declined, despite the high cost of
silicon. Crystalline silicon-based systems have &kscome significantly more efficient (converting a
greater share of the sunlight that strikes the lgateelectrical energy). As a result, silicon-ed$PV

is an increasingly attractive and practical altéueafor homeowners, businesses and utilities.
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Amorphous solar panels are a special type of silgmlar cell using unique microscopic particle
process, they are very versatile and can be mafiiexible rolls that allow them to be directly badl
to curved or irregular shapes. This allows therdalirectly attached to a roofing structure wittidi

or no supporting structure. They do have a lowficiehcy and require larger areas to produce the
same output as a crystalline array

Figure 2. Solar PV Module Price&’

14 Geoff Slevin, BP SolaSolar PV ManufacturingPowerpoint presentation to Texas Solar ForumA@d

2008.
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Figure 3. Some Applications for Silicon-based SoleéBystems®

Thin-film PV

Thin-film PV technologies have the potential totfiar reduce the cost of solar power and to allow
solar energy to be harnessed in new and excitipficagpions.

Thin-film photovoltaic systems use semiconductgeta only a few millionths of a meter thick to
produce electricity. By reducing the amount of engiee materials needed to produce solar cells,
thin-film systems can reduce the cost of solar poiMeey can be manufactured using high speed
depositing or printing process significantly desiag production costs and time to manufacture. In
addition, thin-film PV can be applied to a varietysurfaces — including in flexible plastic sheets
dramatically expanding the number of potential egapions for PV. Thin-film PV’s main drawback
is that it is less efficient at converting sunlighitelectricity than silicon-based systems, but
researchers are continuing to improve the effigresfdooth types of systems at producing energy
from the sun.

15 Julie Blunden, Sunpower, Power Point Presentatid¢éEMA Executive Forum, 12 March 2008.
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Thin-film PV “skins” can be used to turn the
exterior surfaces of buildings into power
plants. Credit: HelioVolt Corporation

The U.S. Department of Energy (DOE) estimatesth&t production of thin film solar modules may
exceed that of crystalline silicon modules by 2&1/hile thin film efficiencies are lower than
silicon’s, the lower cost may tip the balance imtfiim’s favor. Research scientists also are working
on a variety of “next generation” technologies eluding the use of nanomaterials and multijunction
cells — that could dramatically boost the efficiginé PV cells or reduce their cost.

Figure 4. Thin-film PV Systems Have the Potentiald Cut the Cost of Solar Powe!?

16 U.S. Department of Energy, Energy Information Adisiration,Solar Photovoltaic Cell/Module

Manufacturing Activities 200MDecember 2008.

R. McConnell and R. Matson, National RenewablergneaboratoryNext-Generation
Photovoltaic Technologies in the United Statksie 2004.

B.J. Stanbery, HelioVolt CorporatioHglioVolt Corporation: The Future of Photovoltaio®Rer,
Powerpoint presentation to Texas Solar Forum, 24! 2008.
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Manufacturing silicon cells today costs roughly#®att. However, some companies plan to
streamline the manufacturing process to produc sells at $1 per wattHelioVolt, an Austin-

based company, is developing a faster and morgeritiway to manufacture thin-film solar cells at
lower costs. Their process is called FASST, whingtytclaim is a lower-cost process for applying a
thin-film PV coating known as copper-indium-gallitsalenide (CIGS) to construction materials such
as roofing, steel, and flexible composites in 80&gercent less time than conventional processes.
This would position the company to bring econommmalding products featuring integrated PV cells
to the market. HelioVolt recently opened a new nfacturring facility in Austin that will employ 160
workers making thin-film solar products.

Concentrating Solar Power

In the direct sunlight of the southwestern Uniteat&s, concentrating solar power (CSP) plants are
harnessing the thermal energy of the sun. The gbhedhind CSP is familiar. Just as a magnifying
glass focuses the sun’s hot rays to ignite a sairpper, CSP focuses and collects the thermal
energy of sunlight. But CSP creates far more heat & magnifying glass, concentrating sunlight up
to 1,000 times its initial intensity®

Concentrating PV

Entech Solar, Inc., a Fort Worth based companys asestalline solar cells in its concentrating PV
systems, which it has been designing and instaltinghe last 25 years. Entech’s suite of products
produce only electricity, electricity and heathaat only. Entech has completed the build out of a
new 71,000 square foot facility and is now finighirp a production line that will produce 50 MW
per year of concentrating PV. Entech’s PV terralsproducts use mono-crystalline solar cells under
Fresnel lens at 20 suns concentration. Entechhigbsefficiency multi-junction solar cells undés i
Fresnel lens in the Company’s space solar system$ASA and U.S. DOD.

Crossing Boundaries: Concentrating PV

% HelioVolt, HelioVolt Opens First Solar Thin FilmaEtory in Austin, Texas (press release), 24 October

2008.
U.S. Department of Energy: Energy Efficiency arehBwable EnergypOE Solar Energy Technologies
Program: FY2006 Annual Repo&007, 107.

20
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While solar photovoltaic systems convert light dilginto electricity, CSP systems concentrate and
capture the sun’s heat. In typical CSP plantstarsrangle sunbeams to heat a liquid (usually water
oil or molten salts) to about 400° Celsius. Thig@xe heat is used to generate steam to drive, large
conventional turbines or to power Stirling heatiaeg. Unlike electricity, which is currently costly
and difficult to store, heat can be stored easily elatively cost-effectively, making CSP a unique
solar technology that can provide electricity edening cloudy weather and after sunset.

With the use of CSP, less than 1% of the worldsedis could generate as much electricity as the
world is currently using® In the United States, an area of southwesterrrie@@ miles to a side
could produce enough electricity to power the entimuntry??

As with photovoltaics, there are several CSP teldyies, each with their own unique characteristics
and advantages.

Parabolic Troughs

Parabolic troughs are the form of CSP with the émtdrack record for delivering utility-scale power
In parabolic trough systems, special mirrors shaselthear parabolas reflect the sun’s rays toward
an absorption tube suspended at the center ofdhgh's arc. The concentrated sunlight heats fluid
inside the tube, generally a synthetic oil. Theeshpated fluid then travels to a collecting unitene

it heats water and generates steam to power twbliee troughs are typically arrayed on a north-
south axis and track the sun throughout the day.

Parabolic trough systems have been
delivering reliable power in
California for decades. Credit: Ausra,
Inc.

2L peter Meisen and Oliver Pochert, Global Energyadet Institute, A Study of Very Large Solar Desert

Systems with the Requirements and Benefits to Naisens Having High Solar Irradiation Potentjalune
2006.

U.S. Department of Energy, Office of Energy Eéfitcy and Renewable Enerdiplar FAQs —
Concentrating Solar Power — Applicatigrdownloaded from
www.eere.energy.gov/solar/cfm/fags/third_level.afamhe=Concentrating%20Solar%20Power/cat=Applic
ations 26 March 2008.

22
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Parabolic troughs are effective at collecting Heanh sunlight, but have been hampered by relatively
high costs. Typically, the fluids used to trandfeat from the troughs to the collecting unit cannot
operate in excess of 400° Celsius (which limitspkfficiency and raises costs). Because the
trough’s absorption tube must remain fixed in ielato its mirrors, transfer fluid has to flow thrgh
flexible joints that shift throughout the day—ja@rthat are expensive and require maintenance.
Special curved mirrors are also expensive, andgusexof their shape, hard to clean.

Recent technological advances, however, are madangpolic troughs more efficient and cost
effective. New plants such as Nevada Solar Onéd; s/ facility that went on line in July 2007,
have demonstrated increased efficiency at turnitey €nergy into electricity. Further, new trough
designs are in development to eliminate ball-joantd increase thermal capacitfEngineers in
Europe and the United States are experimentingmwithien salts for use in higher-efficiency transfer
fluids and heat storage systems, and they aregetste possibility of directly generating steamdes
absorption tubes in order to reduce co¥tSeveral CSP developers are directing their effatrts
increasing the durability and minimizing the caostgarabolic trough mirrors>

Proposals are moving forward for several new pdm@abough plants, including a 550-MW plant in
California and a 280-MW facility in Arizon@.

% U.S. Department of Energy: Energy Efficiency arehBwable Energypevelopment of the Focal Power

Point Trough (FPPT) & PT-2 Advanced ConcentratansFower GeneratioifPowerPoint presentation),

DOE Solar Energy Technologies Program Peer ReviéwL9 April 2007.

Greenpeace, European Solar Thermal Industry Aaociand SolarPACE& oncentrated Solar Power —

Now! Exploiting the Heat from the Sun to Combatr@lie ChangeSeptember 2005, 15.

U.S. Department of Energy Solar Technologies RiwgDOE Concentrating Solar Power 2007 Funding

Opportunity Project Prospecty28 November 2007, 24.

% 550 MW plant from Pacific Gas & Electric Compa®glel, PG&E Signs Agreement with Solel for 553
Megawatts of Solar Thermal Powgress release), 25 July 2007; 280 MW plant: AASS Announces
New Solar Power Plant, Among World’s Larg@stess release), 21 February 2008.

24
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Parabolic Dish/Stirling Engines
Figure 5. A parabolic dish CSP system

This parabolic dish collector reflects sunlight trive a

Stirling heat engine, located on the arm above tttish.

(Credit: Thomas Mancini, McDonnell Douglas/Sandia
National Laboratories)

Shaped like a satellite dish, parabolic dish rezmsiwork on a principle similar to the parabolic
trough: curved mirrors bounce sunlight to a certdadlecting location. But instead of a long
absorption tube, parabolic dishes focus light @ys single area, the heater head of a Stirlingneng
which is suspended above the bowl of mirrors. Ashtigh light concentration raises temperatures at
the focal point to upward of 750° Celsius, it heatbermal transfer fluid which in turn moves a
piston to power the engin€.

While relatively efficient (with demonstrated pesdar to net AC electric conversion of over 30
percent), parabolic dishes have in the past beesidered most useful as independent, off-grid units
particularly in remote and developing areas, opteaiwith larger power plant$® This is because an
individual dish is a self-sufficient unit: all tlmeirrors track as a unit, and the system generates
electricity at the same site as its mirrors. Ttehds are therefore modular and can be installed in
places where there is not room for vast fields mfers. Since electricity is generated in the disiit
rather than at a central location, however, theedisalso have limited storage ability.

Construction of several new, high-capacity parabdish plants is planned for the coming years. In
2005, Stirling Energy Systems announced two cotgnath utilities in southern California for 800-

2 Greenpeace, European Solar Thermal Industry Astogiand SolarPACES;oncentrated Solar Power —

Now! Exploiting the Heat from the Sun to Combatr@lie ChangeSeptember 2005.
Greenpeace, European Solar Thermal Industry Associand SolarPACES oncentrated Solar Power —
Now! Exploiting the Heat from the Sun to Combatralie ChangeSeptember 2005.

28
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1,750-MW of parabolic dishe&’ The construction of a 500-MW Stirling dish fatilin Victorville,
CA (later to be expanded to 850 MW) will provideoegh power to serve 278,000 homes per year.

Central Receivers

Central receivers (or “power towers”) also use amsrto direct sunlight to a focal spot. Instead of
using a dish to harvest solar power, central recsively on a stationary tower and nearly flat
tracking mirrors (heliostats) arrayed around theeio Each heliostat in the array is free-standamgl
is able to independently track the sun. Insiderélceiving tower, a heat transfer fluid (usually evat
or molten salt) absorbs the sun’s thermal energyisinsed to generate steam for a turbine.

Because so much sunlight is concentrated in a sredl, the tower fluid becomes superheated,
reaching 650° Celsius. These higher temperatulpsdeeduce the cost of thermal storage. Also, the
heliostats used in central receivers are nearyrfigher than curved, reducing their manufacturing
cost. These features combine to give central receithe potential to be produced inexpensively.

Demonstration central receiver plants have beehdnaund the world, beginning in 1981 with a 0.5-
MW test plant in Spain. Since then, several coastiicluding France, Italy, Japan, Russia and the
United States have also constructed pilot centaiver plants, ranging from 1 to 10 M.

Between 1982-1988 and 1996-1999, the Solar Onea/Jula test facility was operational in the
desert near Barstow, CA. (Solar Two involved a smolalt thermal storage retrofit on the Solar One
plant.) The facilities successfully generated 10 MiYower and demonstrated increasing rates of
generation and storage efficiency. Most recentiyylarch 2007, an 11 MW central receiver plant, the
PS 10 Solar Power Tower, went on line to delivergoto the city of Seville, Spain—the first
commercial power tower system in the world. Inteetn California, developers have filed an
application to build a series of power tower systewith a total of 400 MW of capacity and
completion planned for 2012,

29 california Public Utilities Commissio®?UC Approves Renewable Power Contract for Edisonvily

Utility Closer to Meeting Clean Power Goglress release), 27 October 2005; Stirling En&ygtems,
Stirling Energy Systems Signs Second Large Solal iD&California (press release), 7 September 2005.
U.S. Department of Energy, Energy Efficiency areh&wvable Energy, Office of Utility Technologies,
Renewable Energy Technology Characterizati@exember 1997, 5-8.

California Energy Commissioiting Cases: Ivanpah Solar Electric Generatingt&ys 07-AFC-05
downloaded fronwww.energy.ca.gov/sitingcases/ivanp8hMarch 2008.
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Solar One/Two Central tower plant

Linear Fresnel Reflectors

Linear Fresnel (frn I') reflectors (LFRs) use long rows of nearly flaitating mirrors to reflect light
at absorbers elevated above the plane of mirrdrsoders use either a thermal transfer fluid or
directly generate steam to power turbines.

A linear Fresnel reflector solar thermal
power plant. (Credit: Ausra)

While not as efficient as parabolic dishes, troughsentral receivers, LFRs offer many potentiatco
and structural advantagéd. Like central receivers, their mirrors are madstahdard glass in large,
flat sheets—which require fewer steel supports ffembolic troughs and can be mass-produced
cheaply. The mirrors’ flat shape renders them meséstant to wind damage and makes them easier

32 Inefficiencies due to LFR mirror shape from André#aberle et al., SolarPACEB)e Solarmundo Line

Focusing Fresnel Reflector, Optical and ThermalfBenance and Cost Calculationdownloaded from
www.solarpaces.org/CSP_Technology/docs/solarpaeesdl 9 2002.pdf on 28 December 2007, 9.
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to clean.®® LFRs’ fixed absorbers also do not have movingtgiwhich simplifies fabrication and
avoids the cost and maintenance challenges preseygeints in parabolic trough array$.

In the past, shadows caused inefficiencies in LFRya since all the mirrors in an array had to aim

a single absorber. A common solution was to in&d¢as distance between the mirror rows—but this
took up more surface area, decreasing the landesftiy of the system. The compact linear Fresnel
reflector (CLFR) addresses this problem by addingtipie absorbers spaced at intervals above the
mirrors. Because the mirrors no longer must be diatéhe same point, neighboring mirrors can be
angled in opposite directions, minimizing shadowd allowing mirror rows to be placed closer
together®* Demonstration LFR arrays have been built in Aalistr Spain and Belgium. America’s
first LFR power plant —a 5 MW system in Califorriavent on line in October 2068And

developers have applied for permits to build adar@77 MW CLFR plant in California.

Solar Water Heaters

Energy from the sun can do more than create atégtrindeed, proper management of solar energy
can go a long way toward reducing the need forilfigsd use. For example, buildings with light
colored “cool roofs” reflect sunlight rather thamsarb it, reducing the need for air conditioning us
in hot climates during the summer time.

Solar energy can also reduce fossil fuel use bydsasing the sun’s heat for household and
commercial water heating. Solar water heaters inggle rooftop collectors to pre-heat water used for
laundry, bathing and other purposes. Solar watatehg can reduce the amount of energy used for
water heating in a home or business by 75 pergemboe®

Worldwide installations of solar water heaters@mehe rise, growing by 14 percent in 2005, led by
China with almost 80 percent of today’s world-widarket® On a per-person basis, Israel leads the
way with 90 percent of all homes taking advantafghe technology?

Types of solar water heaters

The most visible difference among systems is the tf collector used. Collectors fall into four
main categories: unglazed, flat plate, batch,evatuated tube.

Unglazed collectors— The simplest collectors are unglazed; watergsadgough dark tubes or sacks
that absorb sunlight without any glass or plasteer. Unglazed collectors are cheaper than other
types and are the most efficient option for heatirager to just less than 20° F above the tempegatur

% Clean Energy ActionConcentrated Linear Fresnel Reflectors: The NexidBation of Concentrating

Solar Power(fact sheet), downloaded from www.cleanenergyaotiay, 26 December 2007.

U.S. Department of Energy Solar Technologies RiogDOE Concentrating Solar Power 2007 Funding
Opportunity Project Prospecty28 November 2007, 8.

David R. Mills and Graham L. MorrisoAdvanced Fresnel Reflector Powerplants — Perforreaard
Generating CostsProceedings of Solar '97, Australian and New ZedlSolar Energy Society, 1997, 2.
http://www.ausra.com/pdfs/KimberlinaOverview-1081pdf

Bernadette Del Chiaro and Timothy Telleen-Lawtenyironment California Research & Policy Center,
Solar Water Heating: How California Can Reducelispendence on Natural Ga&pril 2007.

Eric Martinot, The Worldwatch Institute, for the iavable Energy Policy Network for thes&lentury,Renewables
Global Status Report: 2006 Updat006.

Bernadette Del Chiaro and Timothy Telleen-Lawtenyironment California Research & Policy Center,
Solar Water Heating: How California Can Reducelispendence on Natural Ga&pril 2007.
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of the outside air. Unglazed collectors are ideaheating pools, which don't require high water
temperatures.

Flat plate collectors— Flat plate collectors are essentially squatewfiled boxes with a clear glass
or plastic top facing the sun. The translucentaofglazing” is designed to let sunlight in while
preventing heat energy from getting out. The botad the collector is a black surface designed to
absorb sunlight and release the energy as heathvghin turn absorbed by the water and trapped by
the glazing. Water flows into a lower corner of to#lector and becomes heated before exiting
through a higher corner. The insulation providedh®yglazing allows flat plate collectors to heat
water as much as 130° F above the surroundingmajperature.

Instead of water, flat plate collectors can alse aisolution of water and propylene glycol, a non-
toxic chemical, to prevent the pipes and collefitmm freezing during extremely cold temperatures.
The heat absorbed by the solution is transferredater in a hot water tank, then pumped back to the
collector to be heated again. Solar hot watstesgs that only use water are “direct” systems|evhi
those that use an antifreeze solution such asdilptopylene glycol are “indirect.”

Batch collectors— Batch collectors are sometimes called “integratalector-storage” (ICS) systems
because they house a storage tank for the hot waide a flat plate-like collector. Solar hot wate
systems with batch collectors are often simpler@rehper than flat plate systems since the collecto
and extra tank are combined, but are usually niv¢ gus efficient.

Batch collectors are best suited to climates witly mild freezes. They also work best in buildings
that require more hot water during the day or eekiening rather than early morning, since storing
the hot water outside causes it to lose more heabll nights.

Evacuated tube collectors- Evacuated tube collectors are made up of ldegy glass tubes

containing a colored glass or metal tube to ab8wlsun’s energy. The space between the outer glass
tube and the inner absorber tube is evacuatedajcsrdlmost no air), making heat loss much slower
and enabling the system to heat water to as mu8bGf§ or more. Residential systems include
measures to ensure that water used in the homendbése above standard hot water temperatures.

Evacuated tubes can either circulate water dirgbtlyugh the absorber tube or be filled with a non-
toxic solution that heats water as it passes byapef each tube. Evacuated tubes are more
expensive per unit area than other collectors,aaeddeal for cold climates or buildings that use t
hot water as an energy source for air conditiomingeating.

A solar water heating system.
(Credit:VELUX/ESTIF)
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Energy Storage

In our fossil fuel-based energy system, we've ctontake energy storage for granted. Energy is
stored in a lump of coal, a barrel of oil, or aicubot of natural gas, waiting to be released vaven
and wherever we want it. Many renewable energycasjhowever, don’t work that way. The sun
does not shine and the wind does not blow allithe.tSo we need to think a bit harder about how to
integrate renewable energy into our energy system.

The first piece of good news is that the need fargy storage is often overrated — for example, the
addition of utility-scale solar power in West Texasuld be a good complement for the wind power
already being generated there. Since the sun amdir@sources peak at different times, the two
renewable technologies can act as a team helpimg#d Texas’ energy needs.

The second piece of good news is that energy stdesdpnology is advancing rapidly. Concentrating
solar power (CSP) technology is particularly ripedost-effective energy storage, since it is gasie
and cheaper to store heat than it is to storer@iggt With solar thermal plants such as paraboli
troughs or linear Fresnel reflectors, heated faad travel directly to a boiler and generate steam
drive turbines, or it can travel to a storage UHite storage unit serves as, essentially, a large
thermos: a structure that will store heat for laise.

Among other characteristics, an ideal thermal giraedium possesses high density, high heat
transfer capacity, mechanical and chemical stgbdind low cost** Molten salts and concrete
blocks in particular provide many of these quaditind are the subject of deepening scientific
research®* Molten salts have been used in several recentigtructed solar thermal plants.

Most current CSP technologies have the potentiptdoide at least six hours of thermal storage—
enough to help meet electricity needs during tleneg hours, when electricity consumption is high
but the sun is not shining. While not all new cogwsed CSP plants include thermal storage, several
new plants with extended storage are either unalestouction or in the planning stages. In Spain,
two 50 MW parabolic trough plants are under cortsiton that will employ six-hour thermal storage.
2 Also in Spain, the 15 MW Solar Tres molten-satitcal receiver plant will incorporate 15-hour
thermal storage, using technology demonstratelgeabolar Two central receiver plant in

California®® Abengoa Solar’s proposed 280 MW parabolic troughtin Arizona will also

incorporate thermal energy storagfe.

40" UIf Herrmann, Michael Geyer and Dave Kearn®yerview on Thermal Storage SystdfswerPoint

presentation), Workshop on Thermal Storage for hdRower Systems, 20-21 February 2002, 4.

Available at www.nrel.gov/csp/troughnet/pdfs/uh ratge _overview_ws030320.pdf.

Ulf Herrmann, Michael Geyer and Dave Kearn®yerview on Thermal Storage SystdPswerPoint

presentation), Workshop on Thermal Storage for @hdBower Systems, 20-21 February 2002, 4.

Available at www.nrel.gov/csp/troughnet/pdfs/uh ratge _overview_ws030320.pdf.

2 Solar PACESAndaSol-1 and AndaSol-8ownloaded from
www.solarpaces.org/Tasks/Task1l/ANDASOL.HT®8 March 2008.

3 SENER,Projects: Solar Tresdownloaded from

www.sener.es/SENER/detalle_proyectos.aspx?id=cwWebflac34743af81&lang=en , 28 March 2008.

Abengoa SolarQur Projects: United States: Arizondownloaded from

www.abengoasolar.com/sites/solar/en/our_projecnizonal/index.htm23 December 2008.
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Figure 6. A Thermal Storage System for Concentratig Solar Power Plant§®

Engineers are working to further extend the lemttime that utility-CSP plants can generate power,
with the U.S. Department of Energy setting a gdaleveloping technology to provide 12 to 17 hours
of thermal storage by 2020 and of reducing the ob#termal energy storag®.

Other Types of Storage

There are several other renewable energy storabadkgies that can increase solar power’s market
share.

Capacitors are devices that store energy in electrical fibleisveen a pair of conductors (plates).
They build up a charge and then can release thgyegaickly or slowly.

A “hairy” capacitor covered in nanotubes,
developed by MIT(Credit: MIT/Riccardo
Signorelli)

Compressed air energy storag€CAES) is a method of storing energy by compregainto be used
later for generating electricity. Shell Wind Engand Luminant Energy want to utilize CAES in
their new 3,000 MW wind megaproject in the Texastadle. CAES can be utilized by nearly any
mass electrical generation technique, includingrsol

%5 Ausra, Inc.Solar Thermal PowePowerpoint presentation to Texas Solar Forumil 208.
% U.S. Department of Energy, Energy Efficiency arh@vable EnergyGoncentrating Solar Power
Funding Opportunity Announcemg(ptress release), 25 May 2007.
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Compressed air energy storage allows renewable gynéo provide electricity even when the sun is
not shining or the wind is not blowing. (Credit: Iperial College of London via Texas State Energy
Conservation Office)

Flywheelsstore energy by accelerating a rotor to very hjgdesl and maintaining the energy in the
system as rotational energy. Energy is then raeoMay slowing down the flywheel. Researchers at
our own University of Texas are making great stepsard in this technology. They beat previous
flywheel records by 70% in 2003, spinning a flywhate3,000 mph. This research is ongoing and
advancements in flywheel materials constantly mhlsea more feasible technology for energy
storage.

Batteries — Advancements in conventional batteries are beiade all the time. Xcel Energy is
currently developing and testing new sodium-sufind other batteries for use with wind farms.
There are many other battery types such as floteties and new advances in lithium ion, support of
battery research and development is extremely itapbto our energy future.

This large battery is used to store large
amounts of electricity for release back into the
grid. (Credit: AEP)
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Hydrogen/fuel cells—Researchers at MIT have developed a method wihaheowners could use
their solar panels during the day to power thembapwhile also using the energy to split water into
hydrogen and oxygen for storage. At night, theestdrydrogen and oxygen could be recombined
using a fuel cell to generate power while the spkarels are inactive.

Excess solar power could
be used to produce
hydrogen, which could
then be used to power
automobiles. (Credit:
Patrick Gillooly, MIT)

Central Station Solar vs. Distributed Generation

One of the great benefits of solar power is itsifigity — solar power can be produced virtually
anywhere there is sunlight. Solar power technokgan serve two important needs within the
electric system, producing power on a large secatentral locations, as current power plants dd, an
serving as a form of “distributed generation,” proithg power right where it is used.

Central station solar

Both photovoltaics and concentrating solar techgie®can produce power centrally and distribute it
to the grid. The benefit of central-station solawpr is that Texas can use its vast solar resotwces
generate power used across the state, as well fierfaTexas’ borders.

Central-station CSP power
plants, like the one above, can
deliver large amounts of power
to the grid. (Credit: Ausra)
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Concentrating solar power can play a particularipartant role in providing bulk power for the grid,
particularly if it is paired with thermal storagdlowing power to be generated from the sun even at
night.

Figure 7. Areas of Texas with Potential for Concemating Solar Power*’

But even without thermal storage, central stataarspower plants — both PV and CSP — can play an
important role in providing power to Texas’ elecity grid by balancing the vast amount of wind-
powered electricity coming from West Texas. WestaBewind blows strongest and most
consistently at night, whereas solar energy comestrongest during the day. The two renewable
energy sources would be able to effectively balaheeCompetitive Renewable Energy Zone

(CREZ) transmission lines currently under developtneroviding reliable, consistent, renewable
electricity for Texas and beyond.

While utility-scale solar does raise land use issbecause large tracts of land are needed todsprea
out solar thermal collectors or PV panels, it reprgs minimal environmental impact when compared
to virtually all other large-scale power plantsor Example, utility-scale solar has none of thaloc
regional, or global emissions that fossil fuel-lwhpewer plants have. It also produces no waste, as
nuclear plants do.

Distributed Generation

While solar power can be a good source of renewalbldricity for the Texas grid — enabling the
state to eventually back out more polluting sourfegeneration — it also has one trait that most

47 National Renewable Energy LaboratoBgncentrating Solar Power Resource Magswnloaded from

www.nrel.gov/csp/maps.htin?3 December 2008.
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conventional power generating technologies laclargmower can be generated right at the location
where it is used and scaled to fit local power seed

The potential to generate solar electricity fromxd® existing homes, schools, big-box and office
park rooftops, parking lots and other open, byjltspaces is immense. As thin-film PV enters the
market, building materials themselves can becoegtridity generators. While most CSP
technologies are less well-suited to small-scajdiegitions, parabolic dish systems could be used to
generate distributed solar power as well.

A growing variety of products allow solar power
to be integrated directly into the structure of a
building — for example, through roofing
materials. Credit: Dow Chemical

There are many benefits to distributed generatii®)( The farther electricity has to travel along
transmission lines to reach a home or businesgrdaer the amount of energy that is lost aloeg th
way. By locating more energy generation close¢h&places that use the energy, PV reduces the
energy losses inherent in transmission lines.dtiton, the more DG is implemented, the less the
utilities have to spend building and maintainirangmission lines.

Land issues dog all centralized power plants, anéwable energy power plants are not immune to
them. DG from solar, however, eliminates the idseause it is built on top of land that is already
developed (houses, parking lots, etc.).

DG also has an inherent advantage over large-poaler plants in terms of reliability. As has been
demonstrated numerous times during natural disgstenados, hurricanes, and droughts frequently
knock power plants off line, leaving thousands aieowners in the dark until they are repaired.
With DG, city buildings themselves become mini-popwkants, reducing a city’s reliance on only a
few large-scale plants.
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Benefits of Solar Energy

Technological advances are making solar energpeeasingly viable and cost-effective alternatives
to fossil fuels. Making a strong commitment to s@aergy would have a significant payback for
Texas: job creation, economic benefits, the abitityneet energy demand, pollution reduction, and
ultimately lower energy costs.

Job Creation

Texas is well-situated to take advantage of theajlboom in solar energy, especially if we devedop
strong solar market right here in the state.

Photovoltaics- According to a PV industry analysis, with thereat incentives in place, the solar
photovoltaic market could attract more than a $8#b investment by 2015. Of that, Texas could
attract almost $5 billiof?

Under business-as-usual conditions, by 2015 Texdabave 251 MW installed, Texas’ technical
potential for 2015 is an amazing 70,882 M.

A study by the Center for American Progress repbids an investment in renewables would create
roughly four times more jobs than an investmentraditional sources of electricity.
(http://www.americanprogress.org/issues/2008/0@tgreecovery.html) Furthermore, an analysis by
the Vote Solar project finds that by 2020 und20@0 mw program the solar energy industry could
create almost 21,500 new jobs in TeXas.

Job Type Direct Jobs , Indirect/Induced
Manufacturing 2,700 9,400 12,100
Installation 2,100 7,200 9,300

A white paper released by the?l@stitute at the University of Texas at Austintiights two studies
that project major solar job growth in Texas. Tinstfstates that by becoming a world leader inrsola
manufacturing and construction, in concert withuidesof climate protection strategies, Texas could
generate 123,000 net new high-wage jobs in thent#oby advanced manufacturing and electrical
services industries. The second study state$yh2015 Texas could capture more than 13% of all
new jobs and more than 13% of all investment insthlar industry. In these scenarios, workers
whose jobs have been outsourced offshore wouldrregaployment opportunities, and high-tech
manufacturing employment in Texas would returnreqecession (pre-2001) levéts.

As mentioned earlier, Texas is also already honamproximately 11.5% of the world’s silicon
processing capacity, and companies that producersivill be among those likely to prosper as a
result of the expansion of solar power.

8 George Sterzinger and Matt Svrcek, Renewable Brieoficy ProjectSolar PV Development: Location of

Economic ActivityJanuary 2005.

Charlie Hemmeline, U.S. Department of Energy, SBl@gram;Texas Solar Forum: Economic
Development and Job CreatioRowerpoint presentation, 24 April 2008.
http://www.votesolar.org/

Bruce Kellison, et al., IC2 InstitutQpportunity on the Horizon: Photovoltaics in Texasne 2007.
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Photovoltaics could provide job growth across Teka$Vest Texas, workers would be needed to
install and maintain large PV farms, silicon plaalisng the Gulf Coast would benefit from increased
demand, thin-film manufacturing centers in Cenfiekas would continue to grow, and the demand
for rooftop solar installers would increase throoghthe state. The Renewable Energy Policy Project
published a study of PV development in the U.S.Bexhs is primed for job growth in

manufacturing, with robust industries for producpigstics, glass, semiconductors, sheet metal
products, and other components of solar energgllatons>

A utility worker checks a rooftop solar power indaion.
(Credit: CPS)

Figure 9. Total Solar Investment Under a PV Industy Roadmap for 20153

Concentrating solar power— The construction of commercial scale CSP plafitsalgo bring large
capital investments and jobs to Texas. In facthefsix states in the U.S. that have the kind i
sunlight required for CSP, Texas is the only siaé¢ hasn't started to develop a CSP market.

2 George Sterzinger and Matt Svrcek, Renewable Brieoficy ProjectSolar PV Development: Location of

Economic ActivityJanuary 2005.
George Sterzinger and Matt Svrcek, Renewable Frieoticy ProjectSolar PV Development: Location of
Economic ActivityJanuary 2005.
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Analysis using NREL's Jobs and Economic Developrivapaict model shows that during
construction, CSP will bring ten times the amourjbbs to Texas as the construction of a
comparable conventional power plant. Even afteé6® plant is built it continues to keep five times
as many Texans employed as would a conventionat.pBy building 4,000 MW of CSP, Texas
could attract almost 82,000 jobs during constructiad 2,700 permanent jobs in West Tex4s. .

Indirect jobs — In addition to jobs directly related to the isthy, solar development in Texas would
generate a large, incalculable number of indirelss in accounting, banking and legal assistance, fo
example. Other types of indirect jobs would refaltn the increased wealth and expenditures of
land lessors (to solar companies) and of peoplitgoty employed, directly or indirectly, in solar
industries.

A robust solar market could also bring billionsdafllars in investment to the state and create
thousands of jobs. A recent study by the Renewlahérgy Policy Project found Texas second to
California in jobs created and revenue generateatifvere to aggressively pursue solar photovoltaic
(PV) development.

Table 1: Total Investment and Jobs by State Based o n Nationwide Increase of
PV to 9,260 MW by 2015 °°

Construction and

. Totals
Installation
$ Millions
10,437 8,538

5,567 4,481

Manufacturing

$ Millions
6,858 5,500
5,205 4,175

Other Economic Benefits

Importantly, new investments and job opportuniteBver economic benefits in addition to job
creation. For example, an analysis of the potebénefits of 4 GW of CSP deployment in California
projected an increase of $2 billion in state taseraie>®

In Nevada, a study estimated that constructiorD60IMW of CSP capacity would provide a long-
term boost of $9.37 billion to total personal in@m the state and add $9.85 billion to the Gross
State Product’

Another significant benefit of solar deploymenitsseffect on the price of natural gas. Solar power
can substitute for some of the natural gas usgeénerate electricity and heat water in Texas. As
demand for natural gas goes down, so inevitablg dseprice. A study by the American Council for

*  See Bernadette Del Chiaro, Sarah Payne and TotgiDEnvironment America Research & Policy

Center,On the Rise: Solar Thermal Power and the Fight AgaGlobal WarmingSpring 2008.

George Sterzinger and Matt Svrcek, Renewable Frieoticy ProjectSolar PV Development: Location of
Economic ActivityJanuary 2005.

L. Stoddard, J. Abiecunas and R. O’Connell, Bl&Keatch,Economic, Energy and Environmental
Benefits of Concentrating Solar Power in Californiational Renewable Energy Laboratory, April 2006.
R.K. Schwer and M. Riddel, University of Nevadasl\&egas Center for Business and Economic
ResearchThe Potential Economic Impact of Constructing anmkfating Solar Power Generation
Facilities in NevadaFebruary 2004, 14.
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an Energy-Efficient Economy found that an intengwergy efficiency and renewable energy effort
could reduce electricity consumption nationwide3¥ percent and natural gas consumption by 4.1
percent within five years — leading to a 22 pereedtiction in wholesale natural gas prites.

Table 2. Economic Impacts of Concentrating Solar Reer Deployment (California)>

I'#$$ "#$$
%$$ " $$

&' (

Meeting Energy Needs

Demand for electricity in Texas grows with everggiag year. According to ERCOT, which
manages most of Texas’ electric grid, demand fergynis growing at a rate of 1.8% each y&ar.

The growth in the housing sector is a major pathisfincreased demand, with more than 120,000
new homes built each ye#rEven with the current slow down in new home cartion, these new
buildings add considerable strain to our electrid,dut they also provide the state with the
opportunity to leverage private home investmenisd distributed generation. By encouraging solar
installations on homes and businesses, the neddhfamission capacity upgrades and new power
plants can be lessened.

Solar that is integrated into the building desigowdd be the goal for new construction in Texas. A
mentioned earlier in this report, companies in Besan manufacture building materials that collect
the energy of the sun through photovoltaic consimugroducts that can be integrated into a bugdin
directly, like solar electric roof shingles andteta Builders will still be able to construct aditaonal
looking home while getting dual use out of a buitfimaterial to reduce construction costs and
generate electricity at the same time.

According to a recent study by the American Coufweilan Energy Efficient Economy, all of Texas’
projected growth in electricity demand could besetithrough energy efficiency and on-site
renewable energy. The report highlighted photoiojpanels for their “statewide applicability,
extreme versatility, and unlimited potential, ahd prospect of providing a highly desirable
emission-free, onsite generation source for coegastban settings” and called for “special
consideration of incentives for P\/?

% R. Neal Elliott, et al., American Council for andtgy-Efficient EconomyiNatural Gas Price Effects of

Energy Efficiency and Renewable Energy PracticesRailicies December 2003.

Western Governors’ AssociatioBlean and Diversified Energy Initiative: Solar Tdsérce Report

January 2006.

R. Neal Elliott, et al., American Council for ané&tgy-Efficient EconomyPotential for Energy Efficiency,

Demand Response and Onsite Renewable Energy toldeas’ Growing Electricity Needslarch 2007.

TAMU Real estate center 2007 single family builylpermits.

2 R. Neal Elliott, et al., American Council for andtgy-Efficient EconomyPotential for Energy Efficiency,
Demand Response and Onsite Renewable Energy toldess’ Growing Electricity Needsarch 2007.
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Figure 10. Potential Electricity Savings in Texas Mtro Region$®
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Figure 11. Projected Growth in Average and Peak Lad, ERCOT*
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Solar energy is uniquely fitted to provide eledtyiavhen it is needed most. Typically, the hottest
days of the year correspond to the greatest etdgtdemand as homes and businesses need more
energy to power air conditioning systems. Thisnewn as peak load. ERCOT forecasts average
load to increase by 7,037 MW, whereas they forquask load to increase by 13,294 MW. Peak

8 R. Neal Elliott and Maggie Eldridge, American Coilfior an Energy-Efficient EconomyRole of Energy
Efficiency and Onsite Renewables in Meeting Enargy/Environmental Needs in the Dallas/Fort Worth
and Houston/Galveston Metro Are&eptember 2007.
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Electric Reliability Council of Texag2008 ERCOT Planning: Long-Term Hourly Peak Demand a
Energy Forecastl3 May 2008.
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load is growing at a faster rate than average |I@dukse data show us that the more generation is
needed to meet peak load in the next ten years.

Fortunately, solar capacity is also greatest dupeak, providing fuel-free energy when we need it
the most. While it is true that solar capacitygduced when it is cloudy, electric demand is also
reduced for the same reason: the sun is not hethimgs up. Solar power is uniquely fitted to slypp
much of the peak power needs of the state. Whempared to costs of peak power from other
generation sources — such as natural gas-firedpgoiaets — solar power proves its value.

Figure 12. Solar Power’s Contribution to Meeting Pak Demand”®

Pollution Reduction

With more than half of Texas’ population livinganeas that are failing or close to failing fedexial
guality standards, solar can play an importantirlgearing the air. Solar energy systems emit no
pollution. By replacing natural gas, oil and cos¢usolar power will reduce the pollution that esus
smog, soot, global warming, and mercury contanmomadif our lakes, rivers and fish.

Solar power reduces emissions at a time when sgajiis greatest concentration. Sunlight hours
often coincide with peak power demands, so solaelsgroduce electricity when it is needed most.

5 |ON Consulting, as presented in P.A. Nugent, Ddver@ical, Texas Solar Forum: From Sand to Demand:
Economy Wide Opportunities in the Solar FufuPewerpoint presentation to the Texas Solar FoApn)
2008.
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The U.S. Department of Energy estimates that agpitifiic system meeting half of the electrical
needs of a typical household would eliminate apjpnaiely half a ton of soot-forming sulfur dioxide
pollution, a third of a ton of smog-forming nitragexides, and 100 tons of carbon dioxide from the
air over its 28-year lifetim&

From a national perspective, building just 80 gigte/of CSP capacity by 2030 would be enough to
displace carbon dioxide emissions from electric @oplants by 6.6 percent compared to year 2000
levels?’

Solar water heating can also greatly reduce Tex&gnhouse gas emissions. Solar hot water
systems capture energy from the sun to heat wattdroines and businesses, thereby
displacing the use of natural gas, or in some calgesricity, with free and limitless solar
energy. In California it is estimated that solat Wwater could reduce the state’s global
warming pollution by 6.8 million tons of carbon gide per year. That amount is equivalent
to the annual emissions from over one million &rs.

Texas’ existing solar installations have considirabproved air quality and reduced gémissions.
According to a 2007 study by the Energy Systemstatory at Texas A & M University, of the
existing PV and solar thermal systems in Texas ynadmvhich are installed at educational
institutions, a total of 427,005 kilowatt hours (k\\are consumed each year. This power avoids a
total of 632 pounds of nitrogen oxides, 436 pounfdsulfur dioxide, and 502,876 pounds of carbon
dioxide each yedf

 U.S. Department of Energy, Office of Energy Efficty and Renewable Ener@y FAQs January 2004.

7 Bernadette Del Chiaro, Sarah Payne and Tony DuEzikironment America Research & Policy Center,
On the Rise: Solar Thermal Power and the Fight AgaiGlobal WarmingSpring 2008.

% Bernadette Del Chiaro and Timothy Telleen-LawtBnyironment California Research & Policy Center,
Solar Water Heating: How California Can Reducelispendence on Natural Ga&pril 2007.

89 Jeff Haberl, et al., Energy Systems LaboratorxaseA&M University,Statewide Air Emissions
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Figure 13. Solar Photovotaic and Solar Thermal Practs in Texa$

0 Jeff Haberl, et al., Energy Systems LaboratorxaseA&M University, Statewide Air Emissions

Calculations from Wind and Other Renewables: A Repahe Texas Commission on Environmental
Quality for the Period September 2006 — August 2@@igust 2007.
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Barriers to Solar Power Development

Solar energy has great promise for Texas, but éoeuwf barriers have thus far kept solar energy
from playing a bigger part in Texas’ energy system.

The biggest barrier to solar energy is cost. Theepyf solar panels has declined dramatically over
the last two decades. The 1970 cost of a PV watt$480. By 2002 it was close to $4. In inflation
adjusted dollars, this is a staggering reductidowever, from a homeowner’s perspective, the cost
of solar panels is still frequently too high.

Part of the problem is that a person who installargpanels on his or her roof is not compensated f
all of the benefits their choice creates for sgciBeplacing fossil fuel-fired electricity with sol
electricity reduces air pollution, alleviates theed for expensive investments in electric powentgla
and transmission lines, and creates a host of b#ezfits. If individuals or businesses who install
solar panels were compensated for providing thesefiis, the economic picture for solar power
would look much brighter.

Even so, for some homeowners, the up-front coatsaflar power system or solar hot water system
may not be worth it in strictly economic terms, tiadarly if the homeowner only plans to stay iis hi
or her home for a few years. Solar energy investsneay pay themselves off over a period of many
years, but if the homeowner does not see the pat¢émtsave money over the lifetime of their
residency in the house, he or she will be unlikelynake the investment.

A portion of the large up-front cost associatechgiblar power systems is retrofitting older homes b
upgrading the electrical system, reinforcing thef @nd creating connections between the electrical
system and the panels installed on the roof. @igabolar Ready” homes by ensuring that new
houses are built with proper wiring, south faciogfs that take advantage of sunlight, and proper
landscaping to avoid shade on the roof can sigmiflg cut the installation cost of solar power
systems.

In addition, investments in solar energy now cap heduce the cost of solar power in years to come,
making it a more cost-effective option for Texasneowners and businesses. As companies that
make solar energy equipment reach large-scale ptiodu- and as they gain valuable experience in
making and installing solar power — they are ableetiuce their costs, eventually resulting in reduc
prices. The experience of the personal computeichalient from expensive luxury to reasonably
priced necessity over the course of a couple oldies, is a fine example of this dynamic at work.
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Figure 14. Projected Cost Reductions for Solar PWith Job Creation™

There are policy options that can reward consufieerthe decision to install solar power, provide
financing to help homeowners and businesses make smestments in solar, and help bring the
solar industry to the point of cost-competitivenesth other sources of energy. Net metering pddicie
require utilities to compensate consumers for #toess solar power they supply to the grid.
Unfortunately, Texas has poor net metering polidissler new rules recently passed by the Public
Utility Commission of Texas, integrated investorrma utilities (IOU) will be required to provide
specific net-metering options for customers thatlpce excess electricity from solar installations.
However, as a result of deregulation, less than 8b6%exas is currently served by integrated I0OUs,
so the policy has limited applicability.

Furthermore, owners of solar panels may need tdgeseparate meters that measure the outflow of
any power they send to the grid. The new rule fi® to exempt solar panel owners from paying
distribution charges to their local utility in mtwstwhen they feed more electricity into the griarth
they receive. Texas' net metering policies creatvii burdens on customers wanting to install solar
panels but provides no guarantee that customerspeherate surplus electricity will ever get paid.
They also don'’t currently allow excess energy posduduring high production times of the year to
be credited or banked for lower output months. 8tshose very little electricity during the summer
but would be able to produce large quantities efteicity during peak months when it is needed
most. The rules also don't require the retail elegirovider to pay a fair price for the electrcit
produced.

' Steve Chalk, U.S. Department of Energy, PowerpRissentation to State Energy Advisory Board July

2006 Board Meeting, 25 July 2006.
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Despite the lack of strong
legislative incentives, Texas ha
seen some progress. For
example, Austin Energy
provides net metering to
customers with on-site
generating systems that are
powered by renewable energy
resources and interconnected
with the municipal utility’s
electric system. If a renewable-
energy generating system
produces more power than the
property consumes, then the
extra power will flow into the
Austin Energy electric grid. The
difference is credited on the
customer’s electric bill.

Meanwhile, some homeowners
who wish to install PV panels
are facing resistance from
Homeowners' Associations,
citing concerns over aesthetics
insurance liability, deed
restrictions and city regulations
The legislature should pass a
bill banning HOAs from

|72}

Germany’s Solar Success

Gloomy-skied Germany is the global leader in solar-generated
electricity. The country’s journey to this achievement began with
a commitment to the Kyoto Protocol and a decision, as a matter
of ethics, to move away from nuclear energy.

The “100,000-roofs program,” begun in 1999, was one of
Germany’s first steps toward solar prominence. The program
offered interest-free 10-year loans for the purchase of solar
panels, with waivers of the last installments of payment. It also
guaranteed generous “feed-in” incentives. That same year, the
federal government initiated the “environmental tax reform” by
which it increased taxes on oil, gas and electricity. Further
increases occurred each year through 2003.

In 2000, Germany’s Renewable Energy Sources Act (EEG) was
passed. The EEG mandated that electricity companies buy a
certain amount of electricity from renewable sources, and it
increased the price of “feed-in” incentives. The law also required
grid operators to guarantee connection to the grid even if that
meant upgrading their transmission facilities.

A Market Incentive Program (MAP) provided enticements to
businesses. In 2003 alone, MAP offered government grants
totaling €203 million for the commercialization and deployment of
renewable energy systems.

By the end of 2004, Germany had become the world’s No. 2 PV
producer and No. 1 PV installer. Germany’s incentives are
considerably better than California’s and have been cited for
attracting a large proportion of the worldwide solar PV supply.
While incentives in California are based on the installed kW size
of a project, Germany’s method provides a rebate price per Watt
delivered by a particular project to the local electric grid.

denying homeowners' from

installing PV panels on their homes.

Ultimately, the health of Texas’ solar energy indyslepends upon there being a sizable demand for

its products and services and upon the costs atsdavith meeting that demand. Meager state
incentives present significant barriers to all typé solar energy development in Texas, including

distributed solar power.
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Incentives for Solar Power

The remarkable promise of solar power can becorealay through the creation or expansion of
Federal and state incentives. The policies belavela proven track record of success.

Federal investment tax credit The federal investment tax credit for renewadvlergy is the most
meaningful incentive for solar power installati@ighe federal level. The U.S. government recently
renewed the 30% federal investment tax credit donmercial and business solar installations while
keeping the Modified Accelerated Cost-Recovery &ysfMACRS) to 5 years, and eliminated the
$2,000 cap for residential installations additibnélextended the credit to be included in AMT
calculations. It also eliminated the prohibitionutilities from benefiting from the credit. Thexta
credit was set to expire at the end of 2008. Naw éxtended for eight more years. For exampley aft
a commercial facility in Titusville, NJ, installd®0 kW of photovoltaics, its federal investment tax
credit came to $922,500, shortening the paybadkgéor the PV system from 9.6 years to 4.8
years’?

New Clean Renewable Energy Bonds (“CREBs”)$800 million of new clean renewable energy
bonds to finance facilities that generate eledjritom renewable resources, including: solar are
avalible through December 31, 2009

Low interest loans.Low-interest loans can lower the financial barifatividuals and businesses
seeking to install solar energy. California haerely given this policy a new twist by passing avne
innovative solar loan law that allowgiesand countieso make low interest loans to homeowners
and businesses. Already, the cities of BerkeleyRaith Desert have taken advantage of this law. If
other local governments follow suit, enormous gtoimtsolar power installations is likely.

PV rebate programs. In Texas, Austin Energy, Bryan Texas UtilitieR £Energy of San Antonio
and Oncor offer PV rebate incentives. Austin Eperffers customers one of the country’s best solar
photovoltaic rebates, at $4.50 per Watt. This fmgtareen 45% and 75% of the cost of installing a
system. The utility also offers rebates from $1,5082,000 for solar water heaters.

Property tax exemption. Provides that the value of on-site solar energyesys are not included
when calculating property taxes. Available in Texas

Property tax financing. Allowing homeowners' to defer the cost of instidin through property

taxes. The city pays the upfront cost and the loesvwner pays the city back over a period of 20 years
through increased property taxes. The idea isthigaproperty owner saves the same amount on their
utility bill as they pay in increased property takpwing the city to recoup its cost plus a small
amount of interest.

Net metering. An allowance that grants individual owners ofasa@ystems the privilege of selling
excess electricity to their utility at a predetened level or prevailing rate and receive a credlit o
their bill. Few Texas utilities offer net metering

Feed-in tariff (FIT). Small to midsize producers of solar power, whetheinesses or homes,
receive a guaranteed price (usually above the meat®) for the clean energy they supply to thd.gri

2 Dennis DuBois, “Guide to On-Site Renewable Endngentives in the Energy Policy ActZnergy

Priorities Magazine12 April 2006.
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In countries where they exist, feed-in tariffs hlveen extremely successful in promoting distributed
PV installations. After the introduction of a feedtariff in Germany, the growth of that country’s
solar industry skyrocketed. FIT policies are godiut if well designed offer tremendous promise fo
ramping up renewable energy installations quicklil.s have been implemented worldwide, in a total
of 41 countries, provinces and states. In the drig@tes, Michigan, lllinois, Minnesota, and Rhode
Island have proposed measures that would enactassigstem.

Renewable Electricity Standard (RES) akeRenewable Portfolio Standard (RPS).Requires a
certain portion of a state’s electricity to comenfrrenewable sources. The 2005 Texas Legislature
increased the total renewable energy goal to H\@&0by 2015 and set a target of 10,000 MW in
2025. Twenty nine states have an RPS.

Solar Carve Outs. A specification in an RPS requiring that a cerfaéncentage of a state’s
electricity come from solar energy. 15 of the 223Rstates now include solar carve-outs. The Texas
RPS does not include a solar carve-out.

Renewable Energy Credit (REC) trading Included in many RPS laws is a REC trading pogr
Every REC represents one megawatt-hour of qualiéeéwable energy that is generated and
metered. The credit can be sold to utilities tretehnot met their renewable energy obligations. 16
states, including Texas, allow utility companiesramle RECs with one another. [In some states, such
as New Jersey, REC sales are the main means bi widiwiduals and businesses are provided
incentives to install solar power.]

Caps on global warming pollution.These caps willequire utilities and other polluters to reduce
heat-trapping gases, and encourage installatigiobfl warming pollution-free sources, such as
solar power.

Funding of research, development and deployment-or a time, no other country in the world
promoted photovoltaic technology more than Jap&ithin nine years, from 1994 to 2003, Japan
became the world leader in both production andaltagion of solar cells. This achievement would
not have been possible except for the country'sareh program, the “New Sunshine Project,”
started in 1993.

Power purchase agreements (PPAs).ong-term agreements for utilities to buy powemnira
company that produces electricity. PPAs have playkely role in attracting new CSP projects to
particular locations, for example to Nevada an@sue California. PPAs provide the market stability
needed for capital-intensive solar power develogm8y guaranteeing a revenue stream, PPAs
(especially long-term ones) encourage the construcf new solar power plants.
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Figure 15. Solar/DG Provisions in RPS Policié$

NH: 0.3% solar electric by

NY: 0.1542% customer- sited by 2014
WA: double credit for 2013
-
MI: triple credit for
solar NJ: 2.12% solar electric by
NV: 1% solar by 2015; 2021

2.4 to 2.45 multiplier for
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OH*: 0.5% solar by
2025

CO: 0.8% solar electric by
2020

Z: 4.5% DG by 2025

NM: 4% solar electric by
2020
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DG: Distributed Generation

[PA: 0.5% solar PV by 2020 |
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DC: 0.4% solar by
2020;

1.1 multiplier for

NC: 0.2% solar by
2018

Solar water heating
@ counts towards solar
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There is no need for Texas to rely on one policgsnee to spark the state’s solar industry. In fact,
combination of incentives would likely be the bapproach, as different incentives appeal to

different actors.

Figure X. Influence of System Pricing, Net Meteringolicy, and Federal Tax Credits and
Interconnection Rules on Cumulative Installations m the U.S™

Note: “Intercon” indicates favorable interconnentimles and “NetMeter” indicates a removal

of Net Metering Caps

73

www.dsireusa.org, October 2008
74

NC Solar CenteDatabase of State Incentives for Renewables &iEffiy, downloaded from

Charlie Hemmeline, U.S. Department of Energy, EBl@gram;Texas Solar Forum: Economic

Development and Job CreatioRowerpoint presentation, 24 April 2008.
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Recommendations

Texas is in a prime position to become a worldrdelader and simultaneously make significant
environmental, public health, and economic stridesion is needed to make those things happen.

Policies targeted at increasing demand for solargpdnstallations are the best way to simultangousl
increase solar generating capacity and drive dbwcost of solar technologies in the long-term.
Such policies will increase the amount of eledlyigenerated from clean, distributed sources, build
the strength of the solar industry, and pave the feafurther growth of clean solar power in the
decades ahead. To harness these gains, The Tdaag&om Partnership recommends the Texas
Legislature and Congress:

1.Include solar-specific requirements to an inaeaafsTexas’ existing and highly successful
Renewable Portfolio Standard.

2.Establish goals and create incentives for bugidintegrated solar at the time of construction as
part of the PUC’s advanced buildings incentive papog This can be accomplished by creating a
rebate program. A declining rebate should be pldraver 10-year period to give the industry
confidence to invest in production, research anetld@ment. At a minimum, new buildings
should be “solar ready.”

3.Allow third party ownership of PV systems
4.Make solar systems and installations exempt state and local sales tax.

5.Create fair buyback rates for energy produceddigr. Direct utilities to employ metering
programs that provide time-of-use billing and bwlhavhich rewards owners of PV systems for
producing lower cost solar power during the periofdsighest demand. Require all of the state’s
utilities to offer net metering.

6.lImprove contract and interconnection standardscansumer protections for owners of solar
systems while banning Home Owners Associations ftenying homeowners the right to install
PV panels.

7.Provide for the construction of solar ties to e@mpetitive Renewable Energy Zone (CREZ)
transmission lines in West Texas.

8.Promote new ways to store the excess energy gedday the sun for later use, such as thermal
storage technologies, flywheels, and compresseghaigy storage.

9.Increase funding of research and developmenat€an R&D technology center similar to the
micro-computer consortium that was so successfdéireloping the microchip industry in Texas.

10.Create a PUC program to provide incentivesdtarsnstallations on new and existing
Buildings.
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