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Solar Energy Overview

Solar Energy Overview
Background
 The solar sector includes all technologies which capture energy directly from the sun—via photovoltaic (PV) material, which
convert solar energy to electricity directly or via passive technologies such as concentrating solar power (CSP), which convert
solar energy to thermal energy and use that to drive a turbine
 Solar energy is currently used to:
—

Produce electricity using either photovoltaic materials or concentrating solar power techniques to create very high
temperatures to heat working fluids such as oil, molten salt, steam, and gases

—

Produce heat for the interior space of buildings or hot water

—

Desalinate sea water where fresh water supplies are scarce or very expensive

 PV systems are suitable for residential and small commercial installations, while CSP systems are generally developed as
utility-scale projects
 In 2000, the total annual manufacturing output of all solar companies was about 300 MW; but by 2005, solar industry
manufacturing rose almost fivefold to more than 1,500 MW of solar Photovoltaic (PV) modules and surpassed 3,000 MW in
2007
 Entry of multinationals and large, well-funded, publicly-traded solar companies into this energy space provides opportunities for
investors to put money into some of the more promising companies and developments
 Solar is becoming big business, representing more than $11 billion in global sales in 2005, more than $15 billion in 2006, and a
projected $60 billion in 2016, according to Clean Edge research
 Despite the good news and the growth potential, the 2008 economic slowdown is taking its toll on the solar industry as capital
scarcity and order cancelation/delay are driving a consolidation of startup and development firms
 The scarcity of capital is also causing a decrease in the size and capacity of projected concentrated solar projects as funding
for large projects becomes more difficult

Sources: “Is Booming Growth Sustainable?” The Global Photovoltaic Industry, Renewable Energy World.com. Paula Mints, August 27, 2008
The Clean Tech Revolution, Ron Pernick and Clint Wilder, HarperCollins Publishers, 2007
New Energy Finance Monthly Briefing, Volume V – issue 20, December, 2008
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Solar Energy Overview (Cont’d)
Market Overview
 Cost reductions in the sector resulting from new technologies or manufacturing scale are expected to continue and to
accelerate
—

PV is showing textbook-experience curve cost reductions (these are exponential cost reductions associated with
increased production volume of a new technology) and, if the trend continues, will be cost competitive by the latter
part of the next decade

 Solar PV is an $8B/year global industry, with 7,000 MW installed and growing at 1,500 MW per year
 Nearly 50% of the cumulative global Solar PV has been installed in the past three years
 Even at this growth rate, solar energy will represent only about 3–6% of installed electricity generation capacity and provide 1.53% of output in 2020

Solar Industry Economic Drivers
 Cost is a critical driver for solar technologies to compete
—

Costs of manufacturing and installing PV solar systems have substantially decreased over the last 20 years (in line
with experience curve predictions)

 Production processes have the largest impact on cells’ efficiency and cost
—

Cells produced in Germany or the U.S. have efficiencies of ~20% vs. 15–16% for Chinese, due to differences in
production processes

Sources: “Is Booming Growth Sustainable?” The Global Photovoltaic Industry, Renewable Energy World.com. Paula Mints, August 27, 2008
www.dsireusa.org; McKinsey Quarterly (6/2008); New Energy Finance – Press Release (1/2/08)
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Solar Energy Overview (Cont’d)
 The amount of solar radiation on particular points on the earth’s surface varies considerably depending on latitude, season, time
of day, and local weather conditions
 On average, about 51% (or about 697 watts per square meter) strikes the ground and is therefore theoretically available for
capture as heat or conversion to electricity
 The Pacific-Southwestern region has the highest solar collection potential within the United States:
―

This area attracts more than 1,100 quadrillion British thermal units of solar radiation each year

―

Calculations indicate that converting only 10% of that solar supply would have provided all of the electricity needs of the
United States in 2006

Source: “Four Challenges to Solar Power,” Asif Ansari, CEO, eSolar, Power Engineering , September 2008
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Concentrated Solar Thermal Technology

Concentrated Solar Thermal Technology
 Concentrated solar thermal power (CSP)
— Uses mirrors to capture and then concentrate solar radiation to boil a suitable working fluid that can then be used to
produce steam for use in a conventional turbine generator
— Solar thermal is a utility-scale, dispatchable, renewable energy technology designed to competitively generate gigawatts of
clean electricity
— There are three CSP technologies in use today, each of which have their advantages and disadvantages (see slides 8–10
for more detail)
— CSP requires very high solar intensity; e.g., that found only in certain regions of the U.S., such as the desert Southwest
•

Solar intensity, or insolation, is measured in equivalent full sun hours—an hour of maximum sunlight upon a solar
panel is equivalent to one sun hour

— CSP is more economical when used in conjunction with thermal energy storage (TES) technology
•

Molten salts or oil are heated during periods of sufficient sunlight and then used as a heat-transfer medium to
provide energy when the sun sets or is blocked by clouds

— Australian, American, and Chinese researchers are exploring the possibility of combined heat and power solar (CHAPS)
systems which combine solar thermal and PV on rooftops, a move that could potentially cut the cost of solar energy
 There are three types of concentrated solar power technologies
— Parabolic trough
— Parabolic dish
— Central receiver or solar tower

Source: U.S. Department of Energy, Energy Efficiency and Renewable Energy - http://www1.eere.energy.gov/solar/thermal_storage.html
Researchers Explore Hybrid Concentrating Solar Energy System, RenewableEnergyWorld.com, 11/3/2008
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Concentrated Solar Thermal Technology (Cont’d)

Applications

Advantages

Disadvantages

Grid-connected plants, mid- to
high-process heat

Commercially available—over 12 billion kWh of operational
experience; operating temperature potential up to 500°C
(400°C commercially proven)

The use of oil-based heat transfer media restricts
operating temperatures today to 400°C, resulting
in only moderate steam qualities

Commercially proven annual net plant efficiency of 14%
Commercially proven investment and operating costs
Modularity
Best land-use factor of all solar technologies
Lowest materials demand
Source: “Concentrated Solar Thermal Power – NOW!,” Greenpeace, 2005
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Concentrated Solar Thermal Technology (Cont’d)

Applications

Advantages

Disadvantages

Stand-alone, small off-grid power
systems or clustered, larger grid
connected dish parks

Very high conversion efficiencies—peak solar
to net electric conversion over 30%

Reliability needs to be improved

Modularity

Projected cost goals of mass production still need
to be achieved

Operational experience of first demonstration projects

Concentrated Solar Thermal Power – NOW! , Greenpeace 2005
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Concentrated Solar Thermal Technology (Cont’d)

Applications

Advantages

Disadvantages

Grid-connected plants, high
temperature process heat

Good mid-term prospects for high conversion efficiencies,
operating temperature potential beyond 1,000°C (565°C
proven at 10 MW scale)

Projected annual performance values, investment
and operating costs still need to be proven in
commercial operation

Storage at high temperatures
Hybrid operation possible

Source: “Concentrated Solar Thermal Power – NOW!,” Greenpeace, 2005
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Comparison of Current CSP Technologies
Attribute
Working Fluid
Max. Fluid
Temperature

Parabolic Trough

Parabolic Dish with
Stirling Engine

Solar Tower

Oil

Hydrogen or helium in closed
loop

Molten Salt
1,050 F/560 C

730 F/400 C

1,400 F / 750 C

Yes, volume of components,
site, and balance of plant

Yes, volume of components, and
site

Yes, volume of components,
site, and balance of plant

150 square meters/trough

100 to 140 square meters per
parabolic dish

40 to 150 square meters per
heliostat

Technical Maturity

Yes

Close

Close

Storage Potential

Yes

No

Yes

10 to 35 kW/trough

10 to 25 kW/trough

15 to 20 kW/trough

30 years

30 years

30 years

Yes, for condenser and make-up
water

Cleaning of dish only

Yes, for condenser and boiler
make-up water

Difficult

Yes

Difficult

Yes

No

Yes

Scale Economies
Reflective Area

Typical Capacity of
Each Module
Expected Life
Water Required
Installation on Slope
Conventional
Turbine Generator

(potential of 1,800 F / 1,000 C with
pressurized gas or air)

Source: Developed in part from NREL report entitled Economic, Energy, and Environmental
Benefits of Concentrating Solar Power in California, Black & Veatch, April 2006
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Comparison of Current CSP Technologies (Cont’d)
Parabolic Trough

Parabolic Dish with
Stirling Engine

Solar Tower

Yes

Yes, considerable with engines

Yes (heliostats)

>50 MW

Very scalable

> 10 MW

16%

20%

25%

Hybrid Designs

Gas Co-fire

Gas Co-fire

Yes

Key Player

Solargenix

Stirling Energy

Solucar (Spain)

Proven

Modest

Modest

Troughs: Schott AG

Dish: Stirling Energy Systems

Heliostats: Solucar

Attribute
Mass Production Potential
Ideal Plant Size
Net Annual Efficiency

Technology Risk
Key Component Suppliers

Source: Developed in part from NREL report entitled Economic, Energy, and Environmental
Benefits of Concentrating Solar Power in California, Black & Veatch, April 2006
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Concentrating Solar Power (CSP) Value Chain
Project
Development

What is
Involved

Players

 Securing a suitable site to
install a CSP generating
facility
 Obtaining a long-term
contract with a creditworthy
utility counterpart

Manufacture of
Equipment
 Developing parabolic
mirrors
 Purchasing steam
generation equipment
(turbines, chillers, etc.)

Engineering and
Construction
 Preparing the site,
mobilizing a construction
work force, installing
equipment in the solar
field, constructing the
balance-of-plant and
turbine generator
equipment

Operation and
Maintenance
 Inspecting and cleaning
mirrors
 Operating and maintaining
steam system, electrical
equipment, etc.

Output Marketing
 Scheduling electricity
production so as to
maximize revenues for
energy, capacity, and
ancillary services
 Marketing of renewable
energy credits so as to
maximize their value

Fragmented

Concentrated

Concentrated

Fragmented

Fragmented

 Corporations such as
Solargenix and Stirling
Energy are large players;
however, development can
be mounted by other
players

 GE, Siemens, Hitachi for
turbine generator sets

 Largest architectural
engineers such as Bechtel,
Sargent & Lundy,
Washington Group

 O&M is likely to be
outsourced to a reliable
provider

 Utilities

 Schott, Solucar, etc. for
fabrication of parabolic
troughs, heliostats, and
other critical equipment

 Power marketers
 Exchanges

Cost

 $2 to $5 million per site for
permitting, legal, etc.

 60–80% of total project

 15 to 35% of the total
project

 $15 to $25/kw-year

 Primarily labor and credit
support

Revenues

 Potential to “flip” project to
a larger player if a PPA is
secured with a large buyer

 Linked to volume and
amount of available
capacity at time of order

 Linked to manpower and
schedule duration

 Linked to incurred costs
plus performance
incentives

 Modest

Source: Dr. F. Trieb, German Aerospace Center, Concentrating Solar Power Now, Parabolic Dish (2005)
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Cost, Investments, and Incentives

Cost to Develop CSP
 CSP remains more expensive than fossil fuel-based technologies, but is rapidly becoming cost competitive

Parabolic
Trough

Parabolic Dish
with Stirling
Engine

Solar Tower

2000 & 2005
estimates

2000 & 2005
estimates

2000 & 2005
estimates

Generic Coal Plant
(for comparison)

Capital Costs ($/kW)

$2,700–$2,900

$3,200–$5,691

$2,329–$4,365

$1,940–$2,580

Operating Costs
($/kWh - year)

$52.00–$78.75

$2.30–$4.63

$23.00–$83.75

$64.00–$87.00

Thermal Storage
Capacity

6 hours

0 hours

6 hours

n/a

Construction Time

1 year

<1 year

2 years

5–6 years

Attribute
Reference

Pulverized Coal
Combustion Plant
(w/ CO2 capture)

Notes: CSP costs are the low- and high-range estimates from 2000 and 2005 columns (plus 25% variation where applicable).
Coal plant estimates do not include costs incurred due to enactment of laws limiting emissions

Sources:

http://www.solarpaces.org/CSP_Technology/docs/solar_trough.pdf
http://www.solarpaces.org/CSP_Technology/docs/solar_dish.pdf
http://www.solarpaces.org/CSP_Technology/docs/solar_tower.pdf
An Integrated Modeling Framework for Carbon Management Technologies, Volume 1-Technical
Documentation: Amine-Based CO2 Capture and Storage Systems for Fossil Fuel Power Plant , Anand B.Rao,
Edward S. Rubin, Michael Berkenpas. http://www.iecm-online.com/documentation/tech_04.pdf
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Solar Technology Cost History and Projections
 Both photovoltaic and concentrating solar power technologies have achieved dramatic unit cost reductions due to experience,
better technology, and scale. These trends are expected to continue over the next several decades
 Photovoltaic costs are higher, but generally enable a customer to avoid electric distribution and utility administrative and general
costs because the modules are installed at the customer’s business or home. Concentrated solar power technologies such as
Stirling engines or parabolic troughs, however, are currently the clear technological and economic choice for utility-scale
projects where they are practical
 Note that y-axis is in constant 2005 dollars

11¢

6¢

Source: National Renewable Energy Laboratory
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Commercial Breakeven for Solar Technology
Commercial breakeven or “grid parity” is achieved when a technology such as solar no longer requires incentives to
compete with other grid technologies.

Source: Lux Research, “Solar State of the Market Q3 2008”
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The Projected Solar Market by 2020
Economic demand is expected to overtake policy-driven demand in the 2012–2014 time frame.

Source: “The Economics of Solar,” The McKinsey Quarterly, June 2008
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The Solar Technology Development Pipeline
Development and movement of new technologies to market can be a long, risky, and complicated process. CSP is a
proven technology that has reached commercial application.

Technology
Development
Process

Early
Research
and Proof of
Concept

Demonstration

Lab Testing

Space-Based
Wireless Solar
Power Transmission

Commercial
with
Refinements
Needed

High-Concentration
Photovoltaics

Thin Crystalline
Silicon Wafers

Amorphous
Silicon

Nanowire
Solar Cells
Organic PV
Solar Windowpanes

Solar Pipeline

Titanium Oxide
Single Crystals for
Gratzel Cells

Gratzel PV Cells

Vehicle Integrated
Solar Panels

Concentrator
Photovoltaic's
Multi-junction PV
Cells
Nanoscale Solar Cell
Technology

Commercial

Heliostat Efficiency
& Density
Solar Stirling
Efficiency & Density

Copper Indium Gallium
Selenide Solar
Cadmium Telluride
for P-N Junctions
Wafer Thin Solar Cells
Printed on Aluminum Film

Fresnel Mirror
Efficiency & Density

Polysilicon
PV

Monosilicon
PV

Parabolic Mirror
Efficiency & Density
PV Inverters

Solar Updraft
Towers

Investment
Opportunities

Government
& Academic

Venture Capital

Source: McKinsey, Lux Research, DeAm TeamAnalysis, 2008
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General Solar Market Overview
Solar investment is growing as the potential for less expensive solar energy increases.
 Early-stage venture investment in energy efficiency companies more than doubled in both North America and Europe in
FY2007, to $316 million and $96 million, respectively
 Preliminary estimates by the Cleantech Group indicate that solar venture capital and private equity attracted $3.3 billion of new
equity globally in FY2008. This represents an increase of 10% over FY2007 ($3.0B) and accounted for 40% of all new equity
investments made in FY2008
 Early-stage investment in U.S. solar ventures increased from $181 million (FY2006) to $702 million (FY2007)

Global Renewable Power Generation: 2004–2007 (GW)

Annual Solar PV Installations: 2001–2007 (MW)

 Solar is still the smallest renewable energy source,
but growth rates are higher than biomass and
geothermal

 Installations continue to increase as costs decrease
Sources: www.dsireusa.org; McKinsey Quarterly (6/2008); New Energy Finance – Press Release (1/2/08)
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Federal Solar Penetration Goals For 2020
 President’s goal for the
Solar America Initiative
(SAI)
 Making solar costcompetitive nationwide by
2015
 Billions of research dollars
are being employed to
improve the efficiency and
cost of solar energy
 Projects will include a broad
cross-section of U.S.
industry:
– Involving over 50
companies, 14
universities, 3 nonprofits and 2 national
laboratories in 20
states across the U.S.
(subject to change)
– Teams will contribute
well over 50% of the
funding for these
projects

Source: What’s Next For Solar Technology, National Renewable Energy Lab (NREL), November 2007
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Legislative Instruments Drive New Capacity
Renewable energy sources such as wind and solar have tremendous potential to provide long-term energy solutions,
mitigate the current energy crisis, and respond to growing public sentiment for a sustainable future.
 Renewable energy projects are often considered
economically unfeasible due to a number of barriers
 Barriers1 to renewable energy solutions are often cited
as including but not limited to:
—

High initial capital costs

—

Intermittent supply of natural energy sources

—

Lack of available transmission

—

Undefined institutional support (e.g.,
regulations and business practices more
suited to conventional generation)

 Federal and state legislators have created tax
incentives and exacting standards to promote
renewable capacity additions and overcome high
product development costs
 Key legislative drivers of investment in renewable
energy capacity are:
—

Investment Tax Credits (ITC)

—

Production Tax Credits (PTC)

—

Modified Accelerated Cost Recovery System
(MACRS)

—

Renewable Portfolio Standards (RPS)

U.S. Wind Power Capacity Additions, 1981-2007

This graphs illustrates the high correlation between
legislative incentives and investment in renewable energy—
in this case, the impact of uncertainty of PTC extension in
wind

1. A discussion of historical barriers is available in Renewable Energy Policies and Barriers, Beck and Martinot (2004)
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Federal Tax Benefits
Investment Tax Credits (ITC)
 The ITC grants tax credit for investments made in solar, geothermal, fuel cell, and micro-turbine projects. The tax credits were
originally only available for commercial power producers and gave credit for up to 10% of the capital invested
 The Energy Policy Act of 2005 increased the federal ITC from 10% to 30% and extended a limited version of the credit to
residential users
 The Troubled Assets Relief Program (TARP) of 2008 eliminated exclusion of public utility property from the definition of “energy
property”

Production Tax Credits (PTC)
 PTC grants tax credits for energy produced from landfill gas, wind, biomass, hydro, and geothermal to qualified renewable
energy producers for the first 10 years of production
 Solar energy does not currently qualify for PTC

Modified Accelerated Cost Recovery System (MACRS)
 Assets may be depreciated for tax purposes using an accelerated double-declining method
 Most renewable technologies are classified by the IRS as having a five- or seven-year service life
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Renewable Portfolio Standards (RPS)
State-based legislation varies
 Many states have enacted timelines for development of renewable energy by requiring demand be met in part by renewable
sources. RPS legislation typically includes a schedule of penalties should utilities fail to meet the standard
 Standards differ from state to state in timing, amount of renewable energy in portfolio, definition of what is considered
renewable energy, technology, and location preferences, as well as whether the portfolio is based on installed capacity or
generation-supplied, among other factors
 There currently is no national RPS
RPS drives demand
 While tax credits are designed to create supply of renewable energy in the market, RPS’s are designed to drive demand for
renewable energy from utilities. Utilities are forced to develop long-range strategic plans to develop the infrastructure
necessary to fill a synthetic demand
 RPS policies, coupled with strong penalties, are creating markets to trade renewable energy credits; e.g., from markets rich in
renewable resources to those lacking the same

Source: AWEA
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Renewable Portfolio Standards (cont’d)
States continue to enact and refine
RPS each passing year.
 RPS have been enacted in 29 states
and Washington, D.C.
—

Mandatory RPS are present in
25 states and Washington, D.C.

—

Non-binding RPS goals are
present in four states: Missouri,
North Dakota, Vermont, and
Virginia1

—

In 2007, four states enacted new
standards while 11 states
revised and strengthened
standards

 RPS policies continue to differ greatly
state to state, but no state has
repealed or reduced an RPS1
 RPS requirements tend to be most
effective when renewable energy
credits (RECs) are used to prove
compliance and when there are
substantial penalties associated with
non-compliance

No federal or national RPS legislation has been enacted though bills have
passed through both houses on separate occasions1

 REC markets have continued to
mature, including the formation of two
new regional tracking systems2
1. Lawrence Berkeley National Laboratory, Renewables Portfolio Standards in the United States; April 2008
2. Midwest Renewable Energy Tracking System (M-RETS); Western Renewable Energy Generation Information System (WREGIS)
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Opportunities from Renewable Energy Credits (REC)
RPS’s create new markets to trade RECs
 One REC typically represents the generation of 1 MW-hr of electricity
from a renewable-generated resource
 Contracted sales of renewable energy credits can be sufficient to
attract project financing, allowing energy output to be sold on the spot
market
 Spot markets for RECs usually exist in states where RPS penalties are
priced higher than the actual marginal cost to develop and operate
eligible generation projects
— The upper limit of REC pricing is set by the penalty associated with
a shortfall (in cases where the RPS establishes one). There is no
guarantee that penalties will not increase in the future
— The lower limit of pricing is driven by market forces
— Utilities must evaluate whether they will purchase RECs on the
market, contract through a purchase agreement, or build their own
capacity
— Merchants must decide whether they will contract the RECs as
futures or hold the RECs to sell in the spot market and hedge
— Generation financed through the use of tax credits may have a
competitive advantage should the tax credits expire—uncertainty
in the extension of the ITC and PTC will tend to increase the value
of REC futures
 In markets where there are shortages of RECs, arbitrage opportunities
exist when RECs may be traded across state lines

In Colorado, solar REC cash flows can
account for roughly 40% of total project cash
flows and may go as high as 80%

 Some RPS markets have a separate tier for solar—often called a solar
set-aside or carve-out. As a result, solar RECs (SRECs) trade
separately and are typically subject to more rigid penalties and
command higher prices
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Strengths, Weaknesses, Opportunities, and Threats (SWOT) Analysis

SWOT Analysis for CSP
Strengths

Weaknesses



Contributes to secure energy supply



High initial cost compared to fossil fuels



Can reduce GHG emissions



Rural locations results in transmission (efficiency) loss



New employment



CSP is land-intensive, requiring 4–6 acres to produce 1 MW



Rural economic benefits





No operating costs associated with feed stock

Site needs to be flat, have good solar resources, and have
access to water

Threats

Opportunities


Replace a large percentage of fossil fuels



Decrease dependency and imports of crude oil



Relatively new market and small market share



Reduce air pollution and GHG emissions



Weak political lobby vs. fossil fuels



Future research initiatives





Constant/decreasing material prices through economies of
scale

Renewables incentives are subject to political review at both the
federal and state level



Financing for large capital projects may be more difficult to
obtain in the current economic environment



Limited pool of CSP experts to develop a number of projects



Heat-transfer technologies are continuing to evolve



Byproducts of CSP can be used to desalinate ocean water
and/or produce thermal cooling

Sources: “Concentrated solar power has a bright future,” Environment Finance Online News, 6/5/2008
http://www.cnn.com/2007/WORLD/asiapcf/11/12/eco.about.csp/index.html#cnnSTCText
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Appendix

Concentrated Solar Thermal Resources
USA

International

 Ecosystem Solar Electric

 Flagsol – Germany

 Infinia

 Flabeg – Germany

 SkyFuel

 Schott Solar – Germany

 Industrial Solar Technology Corporation

 BrightSource Energy – Israel

 Solargenix Energy

 Solel – Israel

 Ausra
 Edtek
 Stirling Energy Systems
 Open Energy

Solar Thermal Power Plant Developers
 Solar Millennium – Germany

Concentrated Solar Power – Publications & Resources
 CSP Today
 Instituto de Concentracion Fotovoltaica - Spain

Source: www.ecobusinesslinks.com/solar_energy_concentrated.htm
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FY2008 Clean Technology Venture Investments
 Cleantech Group estimated that venture capital and private equity investments in clean technology ventures totaled $8.4B in FY
2008
̶ This represents a 38% increase over FY2007 ($6.1B)
̶ U.S. companies raised an estimated $5.8B in 241 disclosed rounds, up 56% from 2007
 The top clean-technology sectors in 2008 were solar, biofuels, transportation, and wind. Solar accounted for almost 40% of total
clean-technology investment dollars in 2008, followed by biofuels at 11%

Top Venture Capital Clean Technology Sectors in 2008
Technology Sector

Amount Invested

Solar

$3.3 billion

Biofuels (including ethanol, biodiesel, synthetic
biology, algae)

$904 million

Transportation (including electric vehicles,
advanced batteries, fuel cells)

$795 million

Wind

$502 million

Smart Grid

$345 million

Agriculture

$166 million

Water

$148 million

Source: http://cleantech.com/about/pressreleases/010609.cfm
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World CSP Plants >10MW in Operation as of June 2008
Location

Company

Project

Power Capacity (MW) Year of Initial Operation

California, USA

Luz International Ltd.

SEGS I

14

1985

California, USA

Luz International Ltd.

SEGS II

30

1986

California, USA

Luz International Ltd.

SEGS III

30

1987

California, USA

Luz International Ltd.

SEGS IV

30

1987

California, USA

Luz International Ltd.

SEGS V

30

1988

California, USA

Luz International Ltd.

SEGS VI

30

1989

California, USA

Luz International Ltd.

SEGS VII

30

1989

California, USA

Luz International Ltd.

SEGS VIII

80

1990

California, USA

Luz International Ltd.

SEGS IX

80

1991

Andalucίa, Spain

Abengoa Solar

PS10 (Solúcar Platform)

11

2007

Nevada, USA

Acciona Energy

Solar One

64

2007

Source: Compiled by Jonathan G. Dorn, Earth Policy Institute, June 2008, with SEGS from National Renewable Energy Laboratory, U.S. Parabolic
Trough Power Plant Data, electronic database, at www.nrel.gov/csp/troughnet/power_plant_data.html, updated 8 May 2007; PS10 from Abengoa Solar,
"PS10: The First Commercial Tower of the World," at www.abengoasolar.com/sites/solar/en/nproyectos_ps10.jsp, viewed 15 April 2008; Rhone Resch
and Noah Kaye, “The Promise of Solar Energy: A Low-Carbon Energy Strategy for the 21st Century,” UN Chronicle, vol. XLIV, no. 2 (2007); Solar
One from Acciona Energy, "CSP - 64 MW Plant in the United States," at www.acciona-energia.com/default.asp?x=0002020401, viewed 15 April 2008.
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World's Top-Ten Largest Proposed CSP Projects as of
June 2008
Location

Company

Project

Power Capacity (MW) Year of Initial Operation

California, USA

Solel Solar Systems, Ltd.

Mojave Solar Park

553

2011

California, USA

Stirling Energy Systems

Solar One

500 (850)

2011

California, USA

BrightSource Energy, Inc.

Ivanpah Solar Electricity
Generating System

400 (900)

2011

California, USA

Stirling Energy Systems

Solar Two

300 (900)

not set

Andalucίa, Spain

Abengoa Solar

Solúcar Platform

300

2013 2

Florida, USA

Ausra, Inc.

n.a.

300

2011

Arizona, USA

Abengoa Solar

Solana

280

2011

California, USA

Beacon Solar, LLC

Beacon Solar Energy Project

250

2011

California, USA

Harper Lake, LLC

Harper Lake Energy Park

250 (500)

2010

Ramat Negev, Israel 3

n.a.

n.a.

250

2011

Notes: n.a. = not available. At the Clinton Global Initiative annual meeting in September 2007, Ausra, Inc. committed to building 1,000 megawatts of solar
thermal power, including the project listed here, over the next five years in the United States
1

Power capacity lists proposed size with possible expansions noted in parentheses.

2

Some CSP projects such as the Solúcar Platform are modular and part can come online before the total project is complete. Currently almost 4 percent of
the Solúcar Platform is operational (the PS10 Tower came online in 2007), with additional capacity incrementally coming online over the next several years.
The entire project is expected to be completed by 2013.

3

Israel's Ministry for National Infrastructures issued a tender in early 2008 for 250 megawatts of CSP.

Source: Compiled by Jonathan G. Dorn, Earth Policy Institute, June 2008. References available upon request.
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Contact Us
For more information on Solar Technology and Business Considerations, please contact us.

Jere “Jake” Jacobi
Partner and
Sustainability Practice Leader

ScottMadden, Inc.
Ten Piedmont Center
Suite 805
Atlanta, GA 30305
Phone: 404-814-0020
Mobile: 262-337-1352
jjacobi@scottmadden.com

Prepared by : Quentin Watkins & Jere Jacobi
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