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The technologies for concentrating solar radiation:
current state-of-the-art and potential for improvem ent

Eduardo Zarza Moya
CIEMAT-Plataforma Solar de Almeria
P. Box: 22 Tabernas. 04200 Almeria (Spain)
e-mail: Eduardo.zarza@psa.es

Of all the renewable energies, solar and wind energies have the greatest potential for
long-term supply of the world’s energy demand. The amount of solar energy reaching the
Earth’s surface in ten days is equivalent to all the energy resources of all the currently
available fossil fuels (e.g., crude oil, coal and natural gas) put together. The fact that solar
energy received by just 1% of the Earth’s arid zones would be enough to meet the world
energy demand clearly points out the great potential of solar energy to play a key role in the
sustainable growth of mankind.

This is why development of efficient technologies for converting solar radiation into
electricity has been the goal of many R&D projects during recent decades. This effort has led
to the availability of several solar technologies that can produce electricity at a reasonable
cost. Solar plants producing electricity by means of solar thermal concentration of beam
radiation are called Solar Thermal Power Plants. The main difference between photovoltaic
plants and solar thermal power plants is that solar radiation is directly converted into electricity
by the PV panels of a photovoltaic plant, while in a solar thermal power plant beam solar
radiation is concentrated and converted into thermal energy and the thermal energy thus
produced is then used to produce electricity with a thermodynamic cycle (e.g., Rankine,
Brayton or Stirling cycles). Nowadays there are four different technologies available for solar
thermal power plants. These four technologies are:

- Parabolic trough collectors

- Central receiver systems

- Stirling dishes, and

- Fresnel Linear concentrators

All these four technologies are mature enough to start their commercial deployment.
However, the technology of parabolic trough collectors has a greatest experience and most of
the projects for solar thermal power plants currently under promotion will use this technology.
Table 1 makes a comparison of these four technologies.

Table 1: Comparison of the four technologies for solar thermal power plants

Parabolic Central Parabolic Linear

Troughs Receiver Dishes Fresnel
Unit Power 15-200 MW 15-200 MW 9-25 kW 15-200 MW
Temperature range 390 °C 575 °C 750 °C 390°C
Peak Efficiency (solar-eléct.) 20 % 23 % 30 % 18
Net yearly efficiency 11-16 % 7-20 % 12-25 % 13
Commercial situation Available Demonstration Prototypes- Prototypes-

demonstrationl demonstration

Technological risk Low Medium High Medium
Thermal storage available Yes Yes Yes Yes
Hybrid designs Yes Yes Yes Yes
Installation cost ( /W) 6,5-4 6,5- 4 11 3,5-2,5




The strong political and financial support for photovoltaic systems in many countries
during recent years has caused a rapid drop in the cost of this technology. On the other hand,
less public support has been given the development and improvement of solar thermal power
plants, and the commercial deployment of these plants has thus been delayed. This situation
has recently changed and tax incentives or feed-in tariffs are now available in many countries
for solar thermal power plants. The feed-in tariff in Spain and the tax credits in USA for solar
thermal power plants are good examples of these recent incentives that are boosting the
commercial deployment of these plants.

In this conference, the basic working principles, the main components, advantages and
constraints of the four technologies currently available for solar thermal power plants (i.e.,
Parabolic trough collectors, Central receiver systems, Stirling dishes and Fresnel Linear
concentrators) will be explained, and the main R+D activities currently underway worldwide will
be shown to point out the great potential of solar thermal power plants to meet a significant
portion of the world electricity demand. Profitability of solar thermal power plants in Spain,
USA and other countries has increased the R+D activities to reduce the cost of electricity
produced by these solar plants. So, significant cost reduction and efficiency increase are
expected in a medium term

Though current cost of electricity generated by solar thermal power plants is still high
and these plants are not yet profitable without public incentives, the cost of these
technologies is expected to go down following the typical “learning curve” associated with the
commercial deployment of any new technology. Since there is a large potential for cost
reduction, it is expected that public incentives can be reduced in a short term without
stopping the commercial deployment of these renewable energy power plants.

Current technology for high-voltage DC power lines makes possible the transmission of
electricity from one country to another, even for distances over 3000 km with a energy loss of
10%. This efficient way to transport huge amounts of electricity from countries with good solar
radiation conditions to other countries with low solar radiation opens the door to a more
sustainable energy market in a long term. MENA countries have a good solar radiation level
and they could export electricity to the rest of Europe, thus getting a mutual benefit. Figure 1
shows how most of the countries in the world are within a 3000 km distance for countries with
good solar conditions, thus making it possible to meet a significant portion of the world
electricity demand using solar thermal power plants.

3000 km

Figure 1: World map showing distances from sunny countries to the rest of the world

The European DESERTEC initiative to install solar thermal power plants in North Africa
countries to export electricity to Europe will be also mentioned in this conference.
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The Plataforma Solar de Almeria (PSA) pertains to the Department of Energy of the Centro
de Investigaciones Energéticas, Medioambientales y Tecnoldgicas' (CIEMAT), a public
research center, dependency of the Spanish Ministry of Science and Innovation. The PSA is,
without doubt, the largest concentrating solar radiation research, development and test
center in the world. Only two other facilities, the Weizmann Institute of Science in Israel and
Sandia Laboratories in Albuquerque, New Mexico (USA), have similar capacities in some of
the concentrating solar technologies, but neither has the variety or features of the PSA.
Thus Spain, and in particular, the PSA as the center of excellence, receives visitors and
researchers in such systems from all over the world.

Aerial view of the Plataforma Solar de Almeria

The unique character of the PSA is the consequence of a combination of “historical”
coincidences and the opportunity presented by its absolutely privileged site at 37°05'27.8”
latitude North and 2°21'19” longitude West in the Desert of Tabernas, province of Almeria in
southeastern Spain. It has a direct annual insolation above 1900 kWh/m? and the average
annual temperature is around 17<C.

The PSA offers researchers a location with climatic and insolation characteristics similar to
those of developing Sun Belt countries (where the solar energy potential is the greatest), but
with all the advantages of the large scientific facilities of advanced European countries,
making it a privileged site for the evaluation, demonstration and transfer of solar
technologies.

As mentioned, in addition to its location in the Desert of Tabernas, its historical background
has also contributed to placing the PSA in the privileged position it now occupies. The PSA
took root in the late seventies with the construction of two demonstration projects to prove




the technical feasibility of generating electricity by concentrating solar thermal systems.
(These have come down to us as “First generation solar thermal power plant systems.”) The
first of these two projects was called the SSPS (Small Solar Power Systems), and was
sponsored by the International Energy Agency (IEA) with the participation of nine countries
(Germany, Austria, Belgium, Spain, the United States, Greece, Italy, Sweden and
Switzerland). It consisted of the design, construction and testing of two 500-kW solar thermal
power plants, the first of which was based on the tower, or central receiver, technology and
the second on the parabolic-trough collector technology. The second project, known as the
Central Electrosolar de Almeria-I (CESA-I), was sponsored by the Spanish Ministry of
Industry, Commerce and Tourism and was of entirely Spanish design and technology. It
consisted of the design, construction and testing of a 1-MW rated power central receiver
solar thermal power plant. Evaluation of both projects was completed in 1984.
From 1985 to 1987, the CESA-I project served as a test bed for an ambitious technology
program called the GAST, a Spanish-German project for the design, construction and testing
of components for a second-generation air-cooled plant. During that same period, Spain
negotiated with the International Energy Agency the transfer to Spain of all the SSPS project
capital and with Germany the signature of a bilateral collaboration agreement for the joint use
of the PSA as a center of concentrating solar thermal technology research, development and
demonstration. The two centers that assumed that agreement were CIEMAT for Spain and
the DLR (German Aerospace Agency) for Germany.
The Spanish-German Agreement became effective in 1987 and continues active to date. In
a first phase, from 1987 to 1998, CIEMAT and DLR shared the basic PSA operating and
maintenance budget and its joint management equally. As of January 1999, collaboration
with DLR continues as strong and as fruitful as ever, but by mutual agreement of both
parties, the scientific management of the PSA is now wholly responsibility of CIEMAT and
the framework of collaboration with DLR is based on specific projects.
In the international sphere, the PSA participates in the International Energy Agency’s
SolarPACES program Tasks I, Il and Ill, where information is exchanged and project costs
are shared with similar centers in the USA, Germany, Switzerland, Australia, Israel, France,
etc. At the present time, this is the only network of experts in solar thermal concentrating
systems and technology (www.solarpaces.orq).
At present, the main test facilities available at the PSA are:
- The 7-MW; CESA-1 and 2.7-MW, SSPS-CRS central receiver systems.

The 1.2-MW,; SSPS-DCS parabolic-trough collector system, with associated

thermal storage system and water desalination plant.

The 1.8-MW, DISS test loop, an excellent experimental system for research in two-

phase flow and direct steam generation for electricity production.

The HTF test loop, with a complete oil circuit for evaluation of new parabolic-

trough collector components.

The 6-unit DISTAL dish/Stirling facility.

The 60-kWt solar furnace for thermal treatment of materials.

The versatile solar detoxification facility: a two-axis-tracking parabolic-trough loop

and three CPC photoreactors for different types of trials.

The Laboratorio de Ensayo Energético de Componentes de la Edificacion?

(LECE).

A meteorological station, member of the international BSRN? network.

New ‘feed-in’ law in Spain and other countries’ mea  sures: shaking the energy market

The high initial investment required by early commercial plants (3000-4000 $.kw™) and the
restricted modularity generally motivated by the expensive thermodynamic cycle, combined
with the lack of appropriate power purchase agreements and fair taxation policies, have led




to a vicious circle in which the first generation of commercial grid-connected plants becomes
difficult to implement without market incentives. After two decades of frozen or failed
projects, approval in the past few years of specific financial incentives and feed-in tariff
systems in Europe, the US, Australia and elsewhere, paved the way for the current launching
of the first commercial ventures.

The case of Spain: The first ever solar thermal premium was established in March 2004 with
the publication of the Royal Decree (RD) 436/2004. This feed-in tariff made solar thermal
power projects again bankable.

Those feed-in tariff regulations were refined with the Royal Decree 661 from 2007.
Basic change with respect to RD 436 was the decoupling from the market reference price,
which increased with oil price increases and automatically increased renewable tariffs with
the oil price.

A fixed tariff of 0.269375 Euro/kWh is granted for CSP plants up to 50MW for 25 years,
increasing yearly with inflation minus 1 percent point. The CSP target was increased to
500MW by 2010.

The case of the USA: The Western Governors’ Association (WGA) Clean and
Diversified Energy Advisory Committee had established task forces on Advanced Coal,
Biomass, Energy Efficiency, Geothermal, Solar, Transmission and Wind with the guidelines,
to develop a roadmap for implementation of 30,000 megawatts of new clean and diverse
energy generation by 2015, 20 percent increase in energy efficiency by 2020 and build-up of

adequate transmission capacity for the region
over the next 25 years.

The case of Algeria: Algeria has now
taken on its own domestic commitment, with
the aim of increasing the solar percentage in its
energy mix to 5 % by 2010. But beyond this,
Algeria is looking for a close partnership with
the European Union so that Algerian plants can
help deliver the green energy needed for
Europe to meet its targets.

In order to promote the production of
solar electricity with integrated solar combined
cycles, the Algerian Government published on
March 28, 2004, in the Official Journal of
Algeria Number 19 the “Decret Executif 04-92"
corresponding to the diversification cost of
electricity production. In June 2005, NEAL
launched a BOT bid round for building,
financing, exploitation, maintenance and
transfer of a hybrid solar/gas power plant of 150
MW, located in Hassi-R'mel, Wilaya of
Laghouat, as well as the marketing of the
produced electricity and this in accordance with

The Abengoa’s PS20 plant in Seville the provisions of the decree n°04-92.

Those above are the most outstanding
examples, but deployment activities are also taking place in Morocco, Portugal, Greece, Italy,
Germany, China, Israel, South Africa, and Australia.



