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At a glance 
 
 
This report is meant to provide an overview of the various technologies of Concentrated Solar Power 
(CSP) and give a glance at current developments, as well as perspectives of future plans. 
 
“What a source of power! I’d put my money on the sun and solar energy. I hope we don’t have to wait 

until oil and coal run out before we tackle that.” 
 

—Thomas Edison, 1847-1931 
 
In contrast to photovoltaics, CSP technologies do not produce electricity directly through solar 
radiation, but use concentrated solar energy to indirectly generate heat and power. This heat is then 
used to generate steam and operate a turbine in a conventional power cycle. Important features of 
most solar thermal technologies are their capacity for bulk power generation and their viability in a 
wide range of plant sizes from a few kilowatts to several hundreds of megawatts. [15] 
 
Locations that have been primarily targeted as suitable for CSP solutions are those with high sun 
exposure and low cloud coverage, such as southern states of the United States, Mexico, 
Mediterranean sea region, Middle East, south Africa, parts of China, Pakistan, India, Australia and 
parts of South America (e.g. Brazil and Chile). [1] 
 
The potential for installed capacity of CSP applications is estimated at 30 GW by 2020 in Europe 
alone. Other countries, most notably the United States, have showed interest in CSP for years. The 
potential market size is not fully established yet, as some technologies are still in development phase 
and it is hard to determine which technology will be the most efficient one and will succeed in 
commercialization. Compared to photovoltaics, CSP technologies are economically competitive. To 
some extent, market size can be compared with that of PV technologies. 
 

 
 
Figure 1 – List of recent CSP plant developments (Source: 
http://en.wikipedia.org/wiki/List_of_solar_thermal_power_stations) 
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As we will show later, every technology has its strengths and drawbacks. While all have entered pre-
commercialisation phase with demonstration plants operating around the world, some have gained 
first-mover advantage and have already been in commercial use since 30 years. 

1. Solar power tower 

1.1. How does it work? 
The solar power tower consists of a number of heliostats on the ground that “capture” (or more 
precisely, redirect) solar rays to the top of the solar tower, where they meet at the receiver. Heliostats 
are basically large mirrors equipped with sun tracking mechanisms. Combined rays are used to heat a 
liquid, which subsequently powers the steam turbine. [1] Early designs used these focused rays to heat 
water in boiler, and used the resulting steam to power a turbine. However, designs using liquid sodium 
in place of water have been demonstrated. Sodium is a metal with high heat capacity, which can be 
used to store the energy before using it to boil water to drive turbines. These designs allow power to 
be generated when the sun is not shining (typically working at night). [3] 

In a molten salt (liquid sodium) solar power tower, liquid salt at 290°C (554°F) is pumped from a “cold” 
storage tank through the receiver where it is heated to 565°C (1,049°F) and then on to a “hot” tank for 
storage. When power is needed from the plant, hot salt is pumped to a steam generating system that 
produces superheated steam for a Rankine-cycle turbine/generator system. From the steam 
generator, the salt is returned to the cold tank where it is stored and eventually reheated in the 
receiver. [2] 

1.2. Environment and economics 
Despite claims that solar thermal power plants are big and use a lot of land, when one looks at 
electricity output versus total size, these plants use less land than hydroelectric dams (including the 
size of the lake behind the dam) or coal plants (including the amount of land required for mining and 
excavation of the coal). All power plants require land and have an environmental impact, therefore the 
best locations for solar power plants are on land such as deserts, for which there are few other uses. [3] 
 
More importantly, with few actual projects running and still many unknowns, there are no precise cost 
estimates available. Current technology allows for continuous electricity production for only 1 hour 
without direct sunlight, but industry players are targeting 50 MW solutions that would be able to store 
energy and produce electricity around the clock, so the effective operational power would be 25 MW. 

1.3. Recent developments 
The Solar Projects Solar One, Solar Two and Solar Tres are power plants based on solar thermal 
energy in the United States and Spain. 

1.3.1. Solar One 
Solar One was a pilot solar-thermal project built 
in the Mojave Desert in California and completed 
in 1981. The method of collecting energy was 
based on concentrating the sun's energy onto a 
common focal point to produce heat to run a 
steam turbine generator. It had hundreds of 
heliostats tracking the sun, reflecting the solar 
energy onto a tower where a black receiver 
absorbed the heat. High-temperature heat 
transfer fluid was used to carry the energy to a 
boiler on the ground where the steam was used 
to spin a series of turbines, much like a 
traditional power plant. Solar One was 
operational from 1982 to 1986. 
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1.3.2. Solar Two (formerly ‘Solar One’) 
In 1995 Solar One was converted into Solar Two, by adding a 
second ring of 108 larger 95 m² heliostats around the existing Solar 
One, totalling 1,926 heliostats with a total area of 82,750 m². This 
gave Solar Two the capability of redirecting the equivalent radiation 
of 600 suns and the ability to produce 10 MW. Solar Two used 
molten salt, a combination of 60% sodium nitrate and 40% 
potassium nitrate, as an energy storage medium instead of oil or 
water as with Solar One. This helped in energy storage during brief 
interruptions in sunlight due to clouds. The molten salt also allowed 
the energy to be stored in large tanks for future use such as night 
time. Solar Two was decommissioned in 1999. [3] 

1.3.3. Gemasolar (formerly ‘Solar Tres’) 
Solar Tres, renamed Gemasolar after the company that took over the project, is a 17 MW unit. It 
consists of a 260,000 m2 solar field, from 2,750 heliostats situated in concentric rings around a 120-
meter high central tower. The heliostats concentrate the solar radiation on a receiver at the top of the 
tower. Molten salts are pumped from a 'cold' tank, at 290°C, through the tower receiver, which heats 
the fluid to around 600°C. Part of the molten fluid is then pumped to a heat transfer unit to create 
super-heated steam. The rest is pumped to a hot tank where it is stored and subsequently released to 
generate steam when the sun does not shine. Storage enables the plant to generate higher earnings 
not only from increased production but also from more predictable production. Predictability facilitates 
accurate forecasts on the electricity market and so helps avoid penalties for imbalances between 
daily-programmed production and actual production. [2] 

1.3.4. PS10 solar power tower 
Europe's first commercial concentrating PS10 (Planta Solar 10) solar 
power tower is in operation near the southern Spanish city of Seville. 
The plant took four years to build with construction finishing at the end 
of 2005. It began operations in March 2007 and has cost so far EUR 
35 million. [5,7]  
 
The PS10 is the first of a series of solar electric power generation plants to be constructed in the same 
area that will total more than 300 MW by 2013 (planned). When completed in the year 2013, the 
Sanlucar la Mayor Solar Platform will produce enough energy to cover the consumption of some 
180,000 homes, equivalent to the needs of the city of Seville, using the CSP plant and other 
technologies. When complete, the Sanlucar la Mayor Solar Platform will prevent the emission of more 
than 600,000 metric tons of CO2 into the atmosphere each year. Partly financed with European Union 
funds, the entire project requires an investment of EUR 1.2 billion. [6] 
 

 
Figure 2 – PS10 schematic, Abengoa Solar company presentation. 
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For the time being, the 11 MW solar power tower produces electricity with 624 heliostats. Each of the 
mirrors has a surface of 120 m2 and concentrates the sun rays on the top of a 115-meter high, 40-
storey tower where a solar receiver and a steam turbine are located. The turbine drives a generator, 
producing electricity. The PS10 solar power tower stores heat in tanks as pressurized steam at 50 
bars and 285°C. The steam condenses and flashes back to steam, when pressure is lowered. Storage 
is for one hour. It is suggested that longer storage is possible, but that has not been proven yet in any 
existing power plant. [3] 

1.3.5. PS20 solar power tower 
The PS 20, next project commissioned by Abengoa Solar with capacity of 20 MW near Seville at a 
cost of EUR 80 million, was completed in January 2009. 

2. Solar updraft tower 

2.1. A bit of history… 
In 1903, Isidoro Cabanyes published the idea in the magazine “Electrical Energy”, a proposal for a 
solar chimney. In 1982, the German Ministry of Investigation and Technology, in collaboration with 
Spanish Power Company Union Fenosa, promoted and financed the construction of a solar tower 
prototype. The project was based on Isidoro Cabanyes principle and was built 150 km south of Madrid.  

This medium-scale working model had a height of 195 metres 
and a diameter of 10 metres, with a collection area 
(greenhouse) of 46,000 m² (about 244 metre diameter) obtaining 
a maximum power output of about 50 kW. During operation, 
optimisation data was collected on a second-by-second basis. 
This pilot power plant operated for approximately eight years, 
but "encountered severe structural instability close to the tower 
due to induced vortices", and was decommissioned in 1989. [2 

2.2. Technology 
The design is based on three well-known and robust thermal principles:  

1. The sun can easily heat a large body of air (greenhouse effect lets light in, direct and diffuse, 
but does not let heat out);  

2. Hot air rises (as through a chimney); and  
3. Movement of air as can be used to drive large turbines to generate electricity.  

The reinforced concrete chimney will cover approximately one square kilometre at its base and will be 
surrounded by a "greenhouse" of glass, polycarbonate and polymer. The tower is hollow in the middle 
like a chimney. The sun’s radiation is collected and trapped under the transparent canopy, creating a 
massive force of hot air, roughly 5°C than ambient temperature. 

This large body of hot air moves at 15 metres per second towards the cold air at the top of the tower, 
which is located in centre of the canopy. The heated air mass moves as a powerful updraft, forcing air 
through 32 large turbines to generate electricity, located at the foot of the tower. A solar thermal power 
station using Solar Tower technology creates conditions to cause hot wind to flow continuously 
through its turbines to generate electricity. [2] 
 
A video clip displaying simulation of the model can be viewed here:  
http://www.youtube.com/watch?v=0tWlP0knKQU 

2.3. Economics 
Carbon dioxide is emitted only negligibly while operating, but is emitted more significantly during 
manufacture of its construction materials, particularly cement. Net energy payback is estimated to be 
2-3 years, which can be considered short.[2] A 200 MW solar tower would cost over a billion dollars to 
build, or EUR 5 million per MW. According to a 2005 industry report, this would imply power 
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generation costs of about USD 0.10 per kWh, which is near grid-parity and represents roughly a third 
of the cost of electricity from current solar cells. [4]  
 
A solar updraft tower1 power plant would consume a significant area of land if it were designed to 
generate as much electricity as is produced by modern power stations using conventional technology. 
Construction would be most likely in hot areas with large amounts of very low-value land, such as 
deserts, or otherwise degraded land. [3] 

3. Dish Stirling 

3.1. Technology 
Solar concentrator (in a form of round, concave mirror) 
redirects solar rays to cavity solar receiver (similar 
concept to parabolic trough, only here rays are 
concentrated in one point) where the working liquid is 
heated up to 750˚C. Systems use various types of 
reflector designs to concentrate solar radiation onto a 
collector. Typically, the collector is the “hot” side of a 
Stirling engine (a Stirling engine converts heat into 
mechanical energy, which in turn is transformed into 
electricity by an electrical generator directly connected to 
the engine’s crankshaft [9]) or the inlet of a Brayton2 
turbine. The collector transfers solar radiation energy to the working fluid within the engine/turbine, 
which is then used to generate electricity. 
 
One of the greatest advantages to dish Stirling systems is that their thermoelectric conversion 
efficiency is higher than other technologies (25% efficiency compared to a maximum of 17% 
otherwise)3. However, these systems are typically only used for small-scale applications. [7] 

3.2. Economics 
In southern Europe, a levelized electricity cost of EUR 0.20 per kWh is to be expected, and on very 
favourable sites, EUR 0.12 – 0.15 per kWh or even lower, assuming large-scale series production of 
the units. [9] Some companies such as the US company Infinia target urban locations as suitable for 
this technology. The biggest advantage of dish Stirling system is that it consists of stand-alone units, 
which allows for many various applications and is also easily scalable. 

3.3. Recent developments 
Despite claims that dish Stirling technology is only suitable for small scale applications, the US 
company Stirling Energy Systems is currently developing two projects in California; one “300 MW with 
expansion options to 900 MW” and second “500 MW with expansion option to 850 MW”, both secured 
with 20 year PPAs. [8] There are currently only couple of demonstration sites in operation, mostly of 
which are publicly funded. 

4. Parabolic trough 

4.1. Technology 
A parabolic trough power plant's solar field consists of a large, modular array of single-axis-tracking 
parabolic trough mirrors. Many parallel rows of these mirrors span across the solar field, usually 
aligned on a north-south horizontal axis. [20] Sunlight received by parabolic mirrors is redirected 
towards the parallel receiver (absorber) tube, which is filled with liquid (high density, usually oil), which 
in turn is transported to the power bloc, where the heat is used to produce high-pressure steam to 
                                                        
1 Solar updraft tower is not a CSP technology per se; authors decided to include it as an interesting alternative to remaining 
technologies. 
2 The Brayton turbine is a gas turbine engine based on the thermodynamic cycle (e.g. jet engine). 
3 Boeing-Spectrolab claims 41% efficiency using high concentration PV (HCPV). 
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produce electricity. [1] Solar parabolic trough technology has evolved to a point where the efficiency is 
around 21% in terms of conversion of direct solar radiation into grid electricity. 
 

 

Figure 3 – Example of a typical parabolic trough power plant (Source: Ausra) 

4.2. Economics 
Current application sites size range from 50 to 400 MW, with current costs of electricity production 
between EUR 0.15 – 0.25 per kWh. [1] The technology was developed in 1980s, was applied on large 
scale in projects mainly in United States and Spain. In the future, it may face tough competition from 
linear Fresnel technology (see next section). 
 

 
Figure 4 – Scheme depicting the construction of typical parabolic trough power plant (Source: 
www.globalgreenhousewarming.com). 
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4.3. Recent developments 

4.3.1. Solar Energy Generation Systems 
Solar Energy Generating Systems (SEGS) is the largest parabolic trough facility in the world. It 
consists of nine power plants in California's Mojave Desert, where solar insolation is among the best 
available in the United States. FPL Energy operates and partially owns the plants. The SEGS power 
plants were built by Luz Industries, and commissioned between 1984 and 1991. 
 
The plants have a 354 MW installed capacity, making it the largest installation of solar plants of any 
kind in the world. The average gross solar output for all nine plants at SEGS is around 75 MW — a 
capacity factor of 21%. In addition, the turbines can be utilized at night by burning natural gas. 
Approximately 90% of the electricity is produced by the sunlight. Natural gas is only used when the 
solar power is insufficient to meet the demand from Southern California Edison, the distributor of 
power in southern California. [3] 

4.3.2. Nevada Solar One 
Nevada Solar One is the third largest concentrated solar power plant in the world, with a nominal 
capacity of 64 MW and maximum capacity of 75 MW. All of the plant’s electricity production is being 
sold to Nevada Power Company and Sierra Pacific Power Company under long-term PPAs. The 
project required an investment of USD 266 million, “financed through an innovative leveraged lease 
structure” according to the developer. 
 
It was built by Acciona Solar Power, a partially owned subsidiary of Spanish conglomerate Acciona 
Energy. Nevada Solar One is unrelated to the Solar One power plant in California. [3, 21] 

4.3.3. Andasol 1 
The Andasol 1 solar power station is Europe’s first parabolic trough commercial power plant with a 
capacity of 50 MW, located in the province of Granada, Spain. The Andasol 1 power plant went online 
in November 2008, and has a thermal storage system, which absorbs part of the heat, produced in the 
solar field during the day. This heat is then stored in a molten salt tank. A turbine produces electricity 
using this heat during the night, or when the sky is overcast. This process almost doubles the number 
of operational hours at the solar thermal power plant per year. 

4.3.4. Andasol 2 and 3 
The commissioning of Andasol 2 will follow in spring 2009 and Andasol 3 is scheduled for February 
2011. These are also 50 MW solar thermal power plants. [3] 

5. Linear Fresnel 

5.1. Technology 
The linear Fresnel CSP technology derives its name from a type of optical system that uses a 
multiplicity of small flat optical faces, invented by the French physicist Augustin-Jean Fresnel who, 
while Commissioner for Lighthouses, invented the segmented lighthouse lens. [16] 
 
Flat moving reflectors follow the path of 
the sun and reflect its radiation to the 
fixed pipe receivers above. Molten salt 
or other operating liquid is in turn stored 
or powers a steam turbine. The 
technology itself is simple, the hardest 
challenge is setting mirrors to track the 
sun and reflect rays effectively. Flat 
mirrors are much cheaper to produce 
than parabolic ones. Another advantage 
of Compact Linear Fresnel Reflector 
CLFR is that it allows for a greater 
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density of reflectors in the array. [11] In addition, Fresnel technology is not sensitive to wind loads and 
allows parallel land use to a large extent. [12] 
 
Ausra, whose chairman David Mills helped to develop the technology over past 30 years, is the 
leading company in the field of linear fresnel, using CLFR technology (www.ausra.com/technology/).  
 
For detailed information on the Fresnel technology, you can pay an interesting visit to the University of 
Sydney, School of Physics website at: 
http://ww.physics.usyd.edu.au/app/research/solar/clfr.html. 

5.2. Economics 
Planned commercial applications are estimated at a size from 50 to 200 MW. Linear Fresnel 
applications are mostly on experimental stage. Companies working in the field claim higher efficiency 
and lower costs per kWh than its direct competitor, parabolic trough, due to high density of mirrors.  
 
Fresnel mirror is available at little more than EUR 7 per m2 [16]. According to Ausra, this technology can 
generate electricity for EUR 0.10 per kWh now and under EUR 0.08 per kWh within next 3 years. [13] 
 
The Fraunhofer Institute has contributed greatly in making the key components such as the absorber 
pipe, the secondary reflectors, primary reflector array and their control ready for operation. Based on 
theoretical investigations and the specific conditions found in sunny climates, Fraunhofer researchers 
have calculated that the electricity production costs will not rise above EUR 0.12 per kWh. [12] 

 

 
 
Figure 5 – U.S. Energy Generation Costs (Source: Ausra Presentation in Hannover on April 24, 2008) 
 
Linear Fresnel technology is still on early stage, but there are few important factors that can make it 
more competitive economically: 

 More effective land use than rival technologies; 
 Low visual impact on landscape; 
 Lower infrastructure costs due to its design; 
 Lighter base, less steel used, flat instead of curved mirrors; 
 Less sensitive to wind conditions, and 
 Easily scalable and; 
 Fast rollout.  
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With Ausra’s new purpose-built factory as well as progress being made by about a dozen industry 
players we may see new developments in next few years measured in hundreds of megawatts. 

5.3. Recent developments 
Ausra, considered a leader in this technology, has built its first American plant “Kimberlina” in 
Bakersfield, California, which became operational at the end of 2008. The plant has size of 5 MW with 
further 20 MW planned for future installation. Moreover, the company is developing a 177 MW solar 
thermal power plant under long-term contract with Pacific Gas and Electric Company (PG&E). [18] 

MAN Ferrostaal Power Industry GmbH has built its first demonstrator thermal solar power station. It is 
collaborating with the Solar Power Group, the German Centre for Aerospace and the Fraunhofer 
Institute. Its demonstration plant is in Almeria in Spain, with output of 1 MW. [16,17] 

6. Environmental impacts 
 
In general, CSP solutions are considered to be environmentally friendly. However, like all power 
plants, they have some impact on the area of operation: 
 

 As the technology is based on use of the mirrors, the terrain before installation needs to be 
equalized. 

 Mirrors do not require much maintenance, once installed, however they must be cleaned at a 
small cost (water and workforce) 

 The plants are almost neutral for landscape except for solar towers and dish/stirlings, which 
stick higher above the ground.  

 The noisiest part of system is steam turbine/stirling engine, but the plants as a whole are quiet. 
 During operation, there are no greenhouse gas emissions (e.g. carbon dioxide or methane).  
 Production of mirrors when compared to PV cells is less energy-intensive and more 

environmentally friendly. 
 Dish/Stirling solution may have occasional spilling of oil from the gearbox, but this is negligible. 

7. The challenge of energy storage 
 
One of the weak points of CSP systems has been inability to produce electricity for reasonable amount 
of time without direct sunlight. Traditionally CSP technologies are not able to generate base-load 
electricity like geothermal, hydro or fossil fuel-fired power plants. 
 
However, the site of Andasol 1 in Andalucía, Spain, seems to address at least part of the problem. 
With a new energy storage solution, a 50 MW steam turbine can be powered for up to 7.5 hours from 
stored capacity from massive tank storing 28,500 tons of molten salt. This comes not only as boost to 
reliability of solar plant, but also helped to cut the cost of produced electricity as compared to similar 
plant without the energy storage –dropping from EUR 303 to 271 per MWh.  
 
Andasol 1 will generate 178,000 MWh of renewable electricity per year, whereas the same field of 
solar collectors and turbine would turn out just 117,000 MWh without storage – a difference worth 
more than EUR 24 million per year at today's power prices. [14] 
 
For more detailed information on energy storage, you may consult the December 2007 research report 
by Mora Associates Ltd. “Overview of energy storage methods”. 
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Conclusions 
 
Five approaches to harnessing sun energy have been presented in this report. All things considered, 
CSP technologies exhibit major differences in technology, production cost and development stage – 
ranging from prototypes on paper to large-scale CSP plants already in operation. 
 

Technology Typical plant size Production cost Industry players 
Solar power tower 50 – 100 MW EUR .010 per kWh Abengoa Solar 

eSolar 
SolarReserve 
BrightSource Energy 

Solar updraft tower 
(hypothetical) 

200 MW USD 0.10 per kWh EnviroMission 

Dish Stirling 10 – 50 kW (usually 
25 kW) per unit 

EUR 0.12 – 0.20 per kWh Infinia 
Stirling Energy Systems 

Parabolic trough 50 – 400 MW EUR 0.15 – 0.25 per kWh SkyFuel Inc. 
Solar Millennium AG 
Solel 
FPL Energy 
Acciona 

Linear Fresnel 50 – 200 MW (easily 
scalable) 

EUR 0.08 – 0.10 per kWh Ausra 
HelioDynamics 
MAN Ferrostaal 

 
As these technologies have not received as much media coverage as solar photovoltaics or wind 
energy, they are not readily recognized by general public and are thus treated, by some, with 
scepticism and caution. 
 
We believe that CSP is an interesting energy source in the renewable mix in regions with high solar 
insolation – i.e. not in most EU countries. However, there are still some challenges to the development 
of large-scale CSP plants. 
 

 First, most CSP technologies have a visual impact (especially solar towers and dish/Stirling 
solutions). They require a lot of land, but as sites can be located in desert areas, this can be 
easily solved. This may lead to another technical problem – grid connection. 

 
 Second, if we are to look at CSP as large-scale solution for Southern regions of the world, 

there is a need for reliable and stable electricity supply, and, in turn, demand for new and 
innovative energy storage solutions. Andasol 1 already uses tank storage solution on a small 
scale, but much bigger projects require different solutions. 

 
 Third, to compete with traditional energy sources, future CSP power plants need to be scaled 

in size and should have production capacity of hundreds of megawatts. 
 
More importantly, the industry is on the rise and starts to attract a lot of financing, so the competition 
within CSP market is about to get more intense. This may lead to emergence of winning technology. 
Ultimately, whether or not CSP will prevail depends on cost competitiveness compared to other 
renewable energy sources, but with falling production costs and fewer unknowns, concentrated solar 
energy is most likely on its way to become a significant player in our renewable energy mix. 
 
In our opinion, CSP potential was underestimated for a long time and has been catching up over the 
last couple of years. It is worth to look out for projects going online within next 3-5 years. 
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