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RENEWABLE ENERGY FEASIBILITY STUDY

1 | NTRODUCTION AND SUMMARY

The County of | mip8outheaCalifqrniais hich in €oewable sespyréessources
thathave only been tapped to a limited extent. The demand for renewable resources has been growing
dramaticallynationwidein recent years, driven lmoncern about greenhouse gas emissions, higher fuel
prices, and energy security. The dramatic increase in demand has been particularly pronounced in
Cali forni a, wh e r mortfdlidiseandardR® $)requises theenaestananed utdities to

drive to acquire 20% of electricity from renewables by 20d@&ddition,the Global Warming Solutions

Act of 2006 is likely to further improve the economics of renewablbgch are relatively emissieinee.

This coincidence of rich resources and dramaticease in demand for renewalbesvides excellent
opportunities for renewable developmémtthe County.But what is the impact likely to be? Ase

provider of electricity in the Countgnd as a customewned ultility, the Imperial Irrigation Distric(l1D)

is interestedn both serving t s cust omer sd& | o atdeecsmomitidevelopgneneé r esour C
potentialrelated to generation for loads outside of its service territory

1.1  Scope of Analysis

IID is interested in the following questions:
e How mud renewable potential is tharethe Count®
e What are the key drivers and barriers?
e How much of the technical potential is economic?

e How much economic developmenttire Countywould be realized from the development of the
economic potential?

e What stepgan IID take to encourage this development?

IID has asked Summit Blue Consulting to answer these quesiihsa focus on renewable eneifgy
electric generatiahThis report presents the result of our analysis.

1.2 Summary of Approach

Summit Blue took th following steps to determine renewable feasibility:
1. Estimate technical potential
2. Identify market drivers and barriers
3. Determine economic potential

4. Assess the economic development impacts

! Biofuels for use in transportation (e.g., ethanol) are not addressed by this analysis.
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5. Develop action plan

The following five sectioagive an overview bthe steps.

1.2.1 Estimate Technical P otential

This task is designed to analyze what renewable energy resources exist in the region, which renewable
technologies are valid for the region, and what their technical potential and generating characteristics are.
Sunmit Blue recognize the particular physical environment that existthie County It is inland,sunny

and dry with temperatures reaching to over 110°F in the sumwigh little moisture, with an average

annual rainfall of just 2.92 inches. These fagiafluence the renewable technologies that could be
developed in the area.

Forthis study technical potential is defined as the maximum feasible capacity of renewable generation
that could be installed, given land use restrictions and current or fabéséechnology. We considered
technical potential for each for the four significant renewable resources in the County, and for other
resources and technologies that have less potential:

1. Geothermal
Solar

Wind
Biomass
Other

o~ 0D

The teanfirst reviewed land usissues that might affect the potential for all resources. We then
considered the technologies available to harness the energy of each resource type and the available
resource. Based on the technical characteristics of the technology and the availatde,reso

calculated technical potential. Summit Blue relieddateavailable from the&California Energy

Commission (CEG)Western Governors AssociatiGiVGA), San Diego Regional Renewable Energy
Group, IID, National Renewable Energy Laboratory (NREL), eihér resources, and interviewed
knowledgeable local and state utility and renewable energy program staff regarding viability of specific
technologies in the County.

1.2.2 Identify Market Drivers and Barriers

The key drivers of renewable energy markets arenduet price of electricity, the demand for

renewable power from renewable portfolio standards (RPSs) and voluntary markets, and the tax credits
and other incentives availali@the system owneflhe markets are constrained by transmission and other
barriers. Understanding these issues in critical to being able to estimate economic potential. We reviewed
all theknownissues that are likeltp stimulate or hinder renewable development in the County.

1.2.3 Determine Economic Potential

Economic potential reflecthie portion of technical potential that is economic. Determining what is
economic requires consideration of the general market dawersther factors, including:

e Costs
0 capital costs
0 operating and maintenance (O&M) costs

Summit Blue Consulting, LLC 2
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o fuel costs

0 costs of capital (d#, equity)
e Operating characteristics

0 capacity factor

o time-of-delivery(ToD) factor.

Economic potential will vary over time as conditions change. We selected 2016 as the date for estimating
economic potential. This year coincides with the timeline fomgmission development. It is one year

beforethest at e 6 s g33% of electacitysfronp rpriewables. The year 2016 is far enough in the

future that 1ID and the County can take actions that could meaningfully affect the amount of the economic
potental that is realizedT o address the uncertainty surrounding key analytic inputs such as the market
price for electricity and the value of carbon cre
estimates.

1.2.4 Assess the Economic Development Impacts

Rerewable energy developmemibvides economic benefits i® that are direct and indirect. Direct
benefits includeevenues fronransmission salekand leasesandwatersales.Summit Blue considered
the potential impacts in each of these areas.

Indirectbenefits to 1ID result from increased electricity sales associated with new employment created by
the renewable energy industry. To the extent that a more vibrant local economy results in population
growth and attracts other noenewable businesses to tBeunty, IID stands to benefit from increased
electricity and water sales as well. In addition, it is in the general interest of IID, as a corporate citizen and
being owned by its customers, to foster local economic growth. The County as a whole htentia po

to see substantial economic development benefits due tedineulation of dollars spent on renewables

within the county (theconomic multiplier effegt as well as increased property taxes and land lease
revenues. Additional potential benefitsuld result if a renewable technology manufacturer chose to site

a facility in the County.

1.2.5 Develop Action Plan

Given the fast moving and highly competitive nature of renewable energy business expansion in the
Southwestern U.S. at this time, it is impottéor 11D to be proactive and strategic in its efforts to ramp up

the pace of renewabl e energy devel opment in I mper
economic potential, market drivers and barriers, and economic development benefits frorbleenewa
energy industry growth in the County, we developettafta c t i on pl an for |11 Db&ds con

1.3  Summary of Findings

IID and the County are presented with a remarkable opportunity to reap economic benefits from local
renewable energy project and indysievelopment. The County is fortunate to have major solar and
geothermal resources, with significant wind and biomass resources as well. A significant amount of these
resourcesaround 2,000 MWmainly geothermal, are likely to be economic by 2016 in wiegaview as a
conservativebasecase. A much greater amount of resourogsy 24,000 MWmainly solar, could be

economic by 2016 with a slightly more favorable policy environment and/or with some improvement in
solar costsin what wecalled thethighbcase As points @ reference, the projected 20p8ak demand for

IID is 1,033MW and the altime peak demand for the California Independent System Operator (which

Summit Blue Consulting, LLC 3
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serves most of California) 80,270 MW. Figure1-1 presents the tdnical and economic potential (as of
2016) for renewable resources in the County.

The difference between the base and high Cases is dramatic and is an important conclusion. It indicates
that, while it is probably not prudent to begin planning for this hégel of capacity, IID should monitor
closely policy and cost trends affecting the economics of concentratingedl@nd use issues affecting
wind. It is possible that within a few years, what is now the high case could be a more realistic hase case
or at least the base case may fall somewhere in between

Figure 1-1. Imperial County Renewable Potential

30,000

25,000

20,000 —

MW

15,000 ——

10,000 ——

5,000 ——

ol S 990090 EHEN

Economic PotentiaBase Economic Potential Higt

B Geothermal Concentrating Solar ¥ Large Wind B Other

Source: Summit Blue

The economic developments benefits are potéyngabstantial. The transmissioevenues resulting from
export of all the economic potential in the baase would be approximately $&6llion per year. In the
high case, revenues would &®und$250 million per year. In the base case, a total of araida0
construction jobs arekkly to be created, with arourigDO0 longterm O&M jobs created. In the high
case 98,000 construction jobs ar&j000 longterm jobscould be created. Additional benefits includad
lease revenues)creased property taxes, water safles,economic nitiplier effect, and the potential for
siting renewable manufacturing facilities.

To maximize this potential, to expedite the development process, and toh@&launty more
competitive with surrounding regions, 11D and the County need to become mocév@@ad focused in
their efforts.There are significant barriers to renewable developinemist notably transmission export
capability.Working in partnership witthe ImperialValley EconomicDevelopmentCorporation
(IVEDC)and local officials, 1ID shoald establish, implement and publicize a strategic plan for
development in the County. Key components of this strategic plan should include

e transmission planning and development,

e monitoring of policy and solar technology developments

? Federal Energy Regulatory Commissiamw.ferc.gov/markebversight/mkielectric/california.aspAccessed
November 1, 2007.
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e ademonstration pregt and

e organizing, communications and outreach initiatives.

1.4  Report Organization

The next chapter presents the technical potential analysis. Chapter 3 presents the market drivers and
barriers. Chapter 4 presents the economic potential analysis. Essrasegt of economic development
benefits is presented in Chapter 5. Chapter 6 provides an actio&pepier fprovides conclusions to

this report.

Summit Blue Consulting, LLC 5
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2 TECHNICAL POTENTIAL FOR RENEWABLE
RESOURCES

This chaptepresentS u mmi t B u e Ghetechnicd poteméat f& seenewdble energy tine
County.These estimates are a waypoint on the path to determine economic potential. In and of
themselves, technical potential estimates are not particularly useful, as they do not consider cost
effectiveness, whichrhits the economic potential. However, technical potential estimates are a necessary
step to determining economic potential. It is necessary to first cast a wide net.

The next section describes the approach used. Section 2 discusses land use isdiees dliat af
technologies to some extent. Section 3 describes each of the resources and the technologies applicable to
those resources. Section 4 summarizes the technical potential for each of the main resources.

2.1  Approach

In this study technical potential igfined as the maximum feasible capacity of renewable generation that
could be installed, given land use restrictions and current or foreseeable technology. We considered
technical potential for each for the fauostsignificant renewable resources in @eunty, and for other
resources and technologies that have less potential:

1. Geothermal
Solar

Wind
Biomass
Other

ok~ WD

We first reviewed land use issues that might affect the potential for all resources. We then considered the
technologies available to harness #imergy of each resource type and the available resource. Based on
the technical characteristics of the technology and the available resource, we calculated technical
potential. Summit Blue relied atataavailable from the CEGNVGA, San Diego Regional Rewabé

Energy Group, IID, NRELthe County, and other resources, and interviewed knowledgeable local and
state utility and renewable energy program staff regarding viability of specific technologies in the County.

Summit Blue Consulting, LLC 6
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2.2 Land Use Issues

The focus of the studg the Gounty, located east of San Diedgeigure2-1 shows the County with the

major roads and urban areas. The main geographical areas within the County are: the Peninsular Range of
mountains in the east, the Salton Sea in thiithnthe area between the Salton Sea and the southern border
which is crisscrossed by irrigation canals and is mostly farmland, the mountainous areassndftae
Countybordered by the Colorado River, and the areas between the mountains andl#relfedmch are

mostly desert.

Figure 2-1. Map of the County

Salton Sea,

taiformia
L UL

Mexico.

SourceThe County(www. ImperialCounty.net)

2.2.1 Land Ownership

The Countyextends over 4,597 square miles, or 2.9 million acres. The largest laadiowre Countyis
the Federal government, with 49.6% of the land. The percentages of different land usethyw&oimty
are shown imable2-1.

Summit Blue Consulting, LLC 7
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Table 2-1. Summary of Land Use

Land Use Acres Percentage of Total
Irrigated (Agriculture) 534,328 18.1%
Developed Incorporated 9,274 0.31%
Developed Unincorporated 8,754 0.3%
Salton Sea 211,840 7.2%
Desert/Mountain$ State 37,760 1.3%
Desert/Mountain$ Indian 10,910 0.37%
De<ert/Mountaing Private 669,288 22.7%
Desert/Mountain$ Federal 1,459,926 49.6%
Total 2,942,080

Source:County of Imperial General Plan, 1993.

2.2.2 Potential Areas for Renewables Development
All land within the County can be considered when estimatirgnieal potential for renewable energy
development, except for areas where either land use zoning or physical conditions prohibit development.
Several land use types in the County will probably not be developable as far as renewable energy is
concerned. Tése include:
e The Salton Sea and surrounding wetlands
e The parts of Bureau of Land Management (BLM) land that are:
o California Desert Conservation areas designated as controlled (muligldass C) or
limited use (multipleuse class L) areas by the Calif@ Desert Conservation Area plan.
[48 FR 8816, 83].
0 Areas of Critical Environmental Concern
o National Wilderness Preservation System
o Offroad vehicle ficlosureso or Alimitedo ar eas
e Urban areas (apart from solar PV on rooftops and micro wind turbines)
e Areas within 50 feet of a geological fault line (i.e. the San Andreas fault line)

There are other areas where only limited renewable energy development may be possible:

e The Nawal Air bombing range (managed by the BLM but is used solely byaN«iv)

% The whole Couty is part of the California Desert Conservation Area, which has its own land use regulations.

Summit Blue Consulting, LLC 8
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e Areaswhere renewables could possibly interfere with military aircraft. Issues include interference
with radar from wind turbines, and glare from solar installations

e Farmland that is being actively farmed (except for the growing of energy crops)

This study usedata from other more detailed technical potential studies that were done by agencies such
as theCEC, WGA, and the San Diego Regional Renewable Energy Group. Each of these studies has
evaluated the availability of suitable land for renewables developaseapdrt of the technical potential
calculation. The land screening process is different for each type of resource assessment (wind, solar,
etc.).

Appendix A provides more discussion of-boild areas and maps.

2.3 Renewable Energy Technologies and
Resources

Technical potential reflects the combination of technologies and resources. In this chapter, we discuss the
four major resources availabletime Countyi geothermal, solar, wind, and biomésand the
technologies applicable to those resources.

2.3.1 Geotherma |

Geothermal is the renewable resource that is the most develdapecCiounty. Geothermal plants

convert the eartho6s heat ildocomoeareddlédiniocundergroundWel | s as
reservoirs to tap steam and very hot water that duin@nes that drive electricity generato@eothermal

power plants supply basead power, i.e., electricity that is available 24 hours per day, seven days per

week.The high reliability of geothermal technologgmpares favorablyo conventional powerlants,

and capacity factors can be 90% or more.

Geothermal Technologies
Geothermal power plants fall into one of three categories:

1. Direct Steam:Direct steam plants are used at sites where the geothermal resource consists of
high-quality steam. As the nammplies, the steam is routed directly through a steam turbine for
generating electricity.

2. Flash: Flash plants are used at sites that produceteigiperature waters (347%572°F [175°
and 300°C]). In these designs, the geothermal fluid is broughé teutfece under pressure.
When the fluid reaches the surface, where pressures are lower, the fluid "flashes" to steam, which
again turns a turbine generator. These types of plants are the most common type currently being
used inthe County.

3. Binary Cycle: Binary cycle plants convert lower temperature geothermal watersi (384°F
[90° 175°C])) to electricity by first routing the fluid through a clodedp heat exchanger, where
it heats a hydrocarbon working fluid. The hot brine converts the working fihigdh has a very
low boiling point, to its gaseous phase; the gas is then used to turn the turbine. There are several
binary cycle plants being usedthre County.

Summit Blue Consulting, LLC 9
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There was a total of 530 MW installgdothermatapacity inthe County as of 2006l able2-2 shows the
plants that are currently installed and runrfing.

Table 2-2. Geothermal Plants Installed and Running in the County
Plant MW Type On-line Date
East Mesa | Gem 2 215 Flash 1989
Gem 3 215 Flash 1989
Ormesa 1 24 Binary 1986
Ormesa Il 18 Binary 1987
Ormesa IE 8 Binary 1988
Ormesa IH 6 Binary 1989
Salton Sea | Unit 1 10 Flash 1982
Unit 2 20 Flash 1990
Unit 3,4 and 5 136 Flash 1989/1996/2000
Vulcan/Turla 50 Flash 1985/2000
Del Ranch 45 Flash 1988
Elmore 45 Flash 1988
J. Leathers 45 Flash 1989
Heber HGC a7 Flash 1985
SIGC 33 Binary 1993
Total 530

Source:Geothermal/Alternative Energy and Transmission Elem@otnty of Imperial Generallén, Prepared byhe CountyPlanning and
Development Services Department, October 2006.

There are numerous projectsviariousphases of developmenttine County. Table2-3 below shows the
capacity and phase of planning for eacbiect. In total, 552 MW is in some stage of plannifige
definitions of the four phases of development are:

e Phase l:ldentifying site, secured rights to resource, initial exploration drilling.

e Phase II: Exploratory drilling and confirmation being doriP?A not secured.

e Phase lll: Securing PPA and final permits.

e Phase IV:Production Drilling Underway/Facility Under Construction.

¢ Unconfirmed: Proposed projects that may or may not have secured the rights to the resource, but
some exploration has beenmgoon the site

* Geothermal/Alternative Energy and Transmission Element, County of Imperial GeneraltRta@punty
Planning and Development Services Department, October 2006.

Summit Blue Consulting, LLC 10
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Table 2-3. Geothermal Projects  under Development

Project Name Capacity Developer Phase of Development
Brawley 100 MW Ormat Phase |
Truckhaven 50 MW Ormat Phase |
Truckhaven Phase Il | 100 MW (Two 50 MW (45| Iceland America (1AE) Phase |
MW-net) power plants)
Salton Sea 200 MW (Four 50 MW CalEnergy Phase I
projects)i
East Mesa (AKA Ormes 10 MW (expansion) ORMAT Phase Il
Geothermal Complex)
Juan Bautista de Anza 25 MW Esmeralda Truckhave Phase llI
Geothermal Project Geothermal LLC
(Truckhaven)
Truckhaven | 49 MW Iceland America (IAE) Phase Il
Heber 18 MW new installation ORMAT Phase IV

(10 MW) plus an
expansion of 8 MW at
original site
Total 552 MW
Source: Geothermal Energy Association, May 10, 2007

Geothermal Resources

The United States Geological Survey has designated nine Known Geothermal Resource Areas (KGRAS)
in theCounty. A KGRA is defined as:

An area in which the geol ogy @awexperiahelinthgender a
subject matter that the prospects for extracti
warrant expenditures of money for that purpose.

The nine KGRAs are locadithroughoutthe Countyand they vary in temperature, pressure, and chemical
composition of brine. They total 348 thousand acres, or almost 12% of the County. Additional areas have
been identified as potential geothermal energy resource areas. These areas include land within the
Truckhaven/Superstition Mountain Geothermal Leasingdetpjotaling approximately 47,000 acres.

Figure2-2 below shows the locations of the KGRAs and geothermal fields witikiiCounty
(Westmorland and North Brawley are not shown). It also shows existing power plants (yellow)squares

Summit Blue Consulting, LLC 11
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Figure 2-2. Geothermal Resource in  the County
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STATE GEOTHERMAL DISTRICT BOUNDARY
(A5 definad by the Division of O, Gas, and Geothermal Resourcas)

K.GR.A (KNOWN GEQTHERMAL RESOURCE AREA)
{As defined by the Depariment of the Interior, Bureau of Land Managemant)

GEOTHERMAL POWER PLANT (Name in blua and owner name in biee italica on inset maps) Total
geothermal power plant generating capacity in June 1998 was 2 429 MWe. [Calformia Enengy Commission)

HIGH-TEMPERATURE GEQTHERMAL WELL, PRODUCING or CAPABLE OF PRODUCTION
{Most walls are on the insat maps. Walis outsidae inset map boundaries are on the large state map. For wall identification and location,
contact a Division of Oil, Gas, and Geothermal Resources geothermal office or visit hitp:iiwww consarabion. ca. gov)

HIGH-TEMPERATURE GEOTHERMAL WELL PLUGGED AND ABANDONED, INCLUDING DRY HOLES
[Mast wells ane on the insel maps, Wells oulside inse! map boundases are on the large stale map, For well identification and location,
contact a Divisson of O, Gas, and Geothermal Fesources geothermal office or viait hitp:hwww. consensation.ca.gov)

GEOTHERMAL SPRING (For spring Identification, see reverse of this map. For chemical composition, see " California Low-lermperabune
Geothermal Resources Updale - 1893," by Leslie G, Youngs, California Geological Survey.)

Source:State of California Department of Conservation, Division of Oil, Gas, and Geothermal Resources
(www.conservation.ca.gov/dog/geotherjnal
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Table2-2 shows resource details of the nine KGRASs.

Table 2-2. Details of Known Geothermal Resource Areas

Area of Estimated
KGRA Name KGRA Capacity Depth Temperature
Acres MW Feet Degrees F
Salton Sea 102,887 1,400 4,000 600
North Brawley 28,885 100 7,000 525
South Brawley 12,640 100 13,500 500
East Brawley 70,211 0 12,000 400
Heber 58,568 140 6,000 360
East Mesa 38,365 50 6,000 350
Westmorland 3,200 0 7,000 325
Glamis 25,505 0 5,000 250
Dunes 7,680 0 4,000 250

Source:Geothermal/Alternative Energy and Transmission Elem@atinty of Imperial General Plafihe CountyPlanning and Development
Services Department, October 2006.

Geothermal Technical Po

Several estimates for technical potential for geothermal energy have been produced. A 1977 report

tential

estimated that 4,500 MW of electricity could be generated from the Salton Sea, Heber, Brawley, and East
Mesa anomaliesMore recent assessments have e n
County? and theCEC.” The results of these assessments are shown in the table below. As can be seen, the
estimates vary considerably, with the WGA repbadveing the highest potentiahd the County report
being the most conservativeheCECrelied on a geothermal resource assessment conducted specifically

for the state. We relied on that study for our overall estimate of potential.

done by

t he

We s t®tae n

®> Geothermal Eleménby Edmunds, Sullivarand Goldsmith NASA STI/Recon Technical Repoft977.

® Clean and Diversified Energy Initiative, Geothermal Task Force ReportVe s t e r n As€bciatienrJanoary s 0

2006.

" California Geothermal Resources Inguort Of The 2005 Integrated Energy Policy Repdny Elaine Sison
Lebrilla and Valentino Tiangco, Research and Development Office, Energy Research and Development Division,

CEC, April 2005.
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Table 2-3. Geothermal Resource Estimates by Source

Technical Potential (MW)
Western County of
Governors' Imperial
KGRA Association CEC General Plan
Brawley (North) 463 135 100
Brawley (East) 50 129 0
Brawley (South) 0 62 100
Dunes 10 11 0
East Mesa 100 148 50
Glamis 10 6.4 0
Heber 50 142 140
Mount Signal 25 19 0
Niland 150 76 0
Salton Sea 2,000 1,750 1,400
s | e | o
Total 2,883 2,488 1,790

SourcesClean and Diversified Energy Initiative, Geothermal Task Force Repdstern ® v e r Agsacistidbnlanuary 2006.

California Geothermal Resources In Support Of The 2005 Integrated Energy Policy ,RepBiiine Sisotebrilla and Valentino Tiangco,
Research and Development Office, Energy Research and Development DBE@mApril 2005.

Geothermal/Alternative Energy and Transmission Elemm@otinty of Imperial General Plafihe CountyPlanning and Development Services
Department, October 2006.

For geothermal technologies, a capacity factor of 95% is tybidalis the estimate @nergy associated
with the 2,488 MW would mean production of 20,705 GWh per year.

2.3.2 Solar

Solar power technologies use either the heat of the sun or the energy in the photons in sunlight to generate
power. Electrical power can be generated directly withuigeof semiconductor materials, such as in
photovoltaics (PV), or indirectly by collecting heat and then using it to drive a turbine or engine (solar
thermal).

Broadly speaking, there are twolar market segmentsentral station and distributed genaratiCentral
station solar fits the typical powgroduction model employed throughout the grid, generating electricity
at an often remote location and wheeling that energy across the grid to recipient utilities and other
customers. In contrast, distributsdlar systems are installed on rooftops or on land adjacent to buildings,

8 Clean and Diversified Energy Initiative, Geothermal Task F&teport We s t e r n As&ciatienrJanoary s 6
2006.
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enabling homeowners, businesses, schools and government buildings to generate their own electricity
and/or heat.

For the estimation of technical potential, we calculated the paitémt each of these categories
separately. Within the two categoriesentral station and distributed generatione used the potential
of the most efficient technology.

Central Station Solar Technologies

Central station solar plants are typically centrating solar power (CSP), either concentrating solar
thermalor concentrating photovoltaicSomeC SP pl ant s produce electric
energy into high temperature heat using various mirror or lens configurations. Concentratititesoial
plants transfer the heat collected to a turbine or engine for power generation, and in concentrating PV
plants the power is generated directly by the PV. CSP technologies include:

Parabolic trough

N

Power tower
3. Dish-Stirling engine
4. Concentrating ¥

Parabolic Trough Systems

Parabolic trough systems comprise rows of tresigiiped mirrors which direct solar insolation to a
receiver tube along the focal axis of each trough. The focused radiation raises the temperature of heat
transfer oil, which is ugkto generate steam. The steam is then used to power a iyeieetor to

produce electricity. These are the most common types of concentrating solar thermal power plants in
operation today and therefore the most predictable in terms of operation.

The lkrgest group of solar systems in the world is the
Solar Energy Generating Systems (SEGS) | through IX
parabolic trough plants in the Mohave Desert in
southern California. The SEGS plants have generally
performed well over their 15 to 20 years of operation.
There are several other commercial trough projects in
the planning or active project development stage,
including a 64 MW plant in Nevada and several 50
MW plants in Spain.

Summit Blue Consulting, LLC 15
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Power Towers

Power tower systems consist of a field of thousands efragking mirrors which direct insolation to a
receiver atop a tall toweTypically, amolten salt heatransfer fluid is heated in the receiver and is piped
to a ground based steam generator. The steam drives a steamdarigregtor to produce electricity.

There are no commercial power tower plants in
operatiorin the U.S The 10 MW Solar One plant near
Barstow, California operated from 1982 to 1988. Solar
One generated steam directly in the receiver. To
implement improved heat transfer and thermal storage,
the plant was retrofitted with a receiver, storage
system, and steam generator using a molten salt heat
transfer fluid. The retrofitted plant, named Solar Two,
operated from 1998 to 1999. In addition to Solar One
and Solar Two, experimental and prototypstegns

have operated in Spain, France, and Israel. Abengoa in
Spain has announced an 11 MW project called PS 10.
ESKOM, the stat®wned utility in South Africa, is
considering a 100 MW moltesalt plant.

Dish-Stirling Engines

These plants use parabatiirrors focused on a Stirling engine attached to a generator.

There are no operating commercial d&ffirling

power plants. Recently, installation was completed
on a six dish test deployment at Sandia National
Laboratories (SNL) in Albuguerque. This
devebpment is under a joint agreement between
Stirling Engine Systems (SES) (Phoenix) and SNL.
On August 2, 2005, Southern California Edison
publicly announced the completion of negotiations on
a 20year power purchase agreement with SES for
between 500 to 850IW of capacity (producing
1,182 to 2,010 GWh per year) using parabolic dish
units. On September 7, 2005, SES announced a
contract with San Diego Gas & Electric to provide
between 300 and 900 MW of solar power using the
dish technology. These large deplamts of dish Stirling systems are expected to drastically reduce
capital and O&M costs and to result in increased system reliability.

Concentrating Photovoltaics

Concentrating photovoltaic plants provide power by focusing solar radiatioa aottectionof

photovoltaicmodules, which converthe radiation directly to electricityf:.hey are more efficient than

static PV modules as they concentrate the sunds e
throughout the day with the use of trackers.
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Concentrating PV systems are being offered by
Amonix, Inc., a US manufacturer, and Solar
Systems Pty, Ltd, an Australian firm. These systems
are offered in 285 kW sizes. There are 547 kW of
Amonix systems deployed at APS. Planned
deployments in the nearttue include 10 to 20

MW in Spain. Ten Solar Systems dish PV systems
have been deployed since 2003, for a total capacity
of 220 kW, with the construction of an April 21,
2006 additional 720 kW under way. Several
contracts are anticipated in the relativegar future

in the U.S. Southwest to comply with renewable
portfolio standard requirements.

Distributed Solar Technologies

Distributed solar usually means PV, but it can also mean solar hot water heaters. For this study, we will
look at solar PV only as directly generates electricity.

PV modules come in many sizes, normally in the range between 20 W and 120 W. They can be easily
mounted on rooftops or on land adjacent to buildings, and modules can be combined together to create a
system that is sized pmpriately for the building or site. Most @ite PV is gridtied (i.e., excess power

feeds into the grid). Although solar PV is a relatively expensive technology, the fact that it can be

installed in a wide variety of locations is one of its advantdgean be installed in both urban and rural
settings, and can be used for specifiesita needs such as pumping water. The main limiting factor for

siting PV is that there should not be a great amount of shading on the panel such as from trees or adjacent
buildings because that would limit the amount of sunlight reaching the panel.

2.3.3 Solar Resources

The Countyhas abundant solar resources. Resources vary slightly across the County, but all areas have
solar resources of at least 6.5 kWHithay (most of the US. land has solar radiation below 5

kWh/nf/day) However, not all land could be used for solar power. For buigiognted photovoltaics,

the potential is limited by the number of rooftopsha County For thermal or PV concentrating solar

power plantsthe potential is limited by the amount of suitable land.

Figure2-3 andFigure2-4 show the solar resources that exist on land that has been screened as having
potential for concentrating solar powertiaologies. Potentially environmentally sensitive lands, major
urban areas, water features, and remaining areas less than 1 square km were excluded. The first map
shows suitable areas with slope less than 1%, which is optimal for parabolic trough antbpewer

plants. The second map shows suitable areas with slope less than 3%, which can be used by all four
concentrating solar technologies.

° Notes pertaining to the NREL maps for concentrating solar powasn& markersn these mapshow existing
power plantsthe maps incorrectly show a 735kV transmission line going directly over tren St this part of
the line should be ignored
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Figure 2-3. Concentrating Solar Resources with Slope Less than 1%

Source: NREL (www.nrel.gov/csp/maps.html#soubliap is not to scale.

Figure 2-4. Concentrating Solar Resources with Slope Less Than 3%

Source: NREL (www.nrel.gov/csp/maps.html#soubligp is not to sda.
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