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Concentrator photovoltaics (CPV) could be an important avenue for solar electricity to
become economical in mass production. It shares the technology of solar concentration with
the solar thermal industry, and the technology of photovoltaic (PV) solar conversion with
the conventional non-concentrator PV industry. Drawing from and combining the best from
both industries creates an opportunity to further diversify the sources of solar electricity.

The book Concentrator Photovoltaics covers some of the work being contributed to the
development of CPV. Many different forms are under development including central re-
ceiver-heliostat fields, parabolic dishes, Fresnel lens concentrators and linear concentra-
tors. Location of CPV systems can be anywhere that has a high proportion of direct beam
sunlight. In particular, concentrators allow the economical use of highly efficient ( albeit
expensive) solar cells. At the Australian National University our focus is on the use of
highly efficient silicon solar cells at the focus of linear micro concentrators for the produc-
tion of both solar heat and solar electricity on the building roofs. Hence, in Chapter 3 1
wrote about “Silicon Concentrator Solar Cells”.

CPV is developing very fast, and we see many researchers and entrepreneurs joining
this field. Substantial demonstration systems are being established in China, Australia,
Spain, the USA and elsewhere, and products and companies are emerging. China, with
its vast sunny arid regions in the west, has excellent prospects for CPV. This potential is
reflected in the rise of Chinese research and commercial engagement in CPV. However,
Chinese language guidebooks and references are very limited. So, when Dr. Li Zhu, the
translator of this book, asked me to support her in providing the Chinese language version
of Concentrator Photovoltaics, 1 gave my full support since this would be a great contribu-
tion to the development of CPV in China. The addition of one more chapter addressing the
development of CPV in China is significant. The Chinese version of Concentrator Photovol-
taics will inform Chinese readers of the history, state-of-the-art, and development trends in
CPV. It will also give more knowledge of CPV system and components to Chinese readers.
The great progress made in their own country is summarized in the new chapter “CPV in

China” will encourage and attract Chinese researchers to devote time and energy to CPV



work.

I have known Li since our first collaboration in an Asia-Pacific Partnership on Clean
Development and Climate project in 2006. We have further collaborated through the China-
Australia Special Fund project. Her enthusiasm for CPV makes me believe that this transla-
ted version will be a good guidebook for Chinese researchers and entrepreneurs, and worth
the considerable translation effort. 1 hope that Li’s efforts in providing the translated version

of Concentrator Photovoltaics can make contributions to the development of CPV in China.
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Concentrator photovoltaics have been developed for over 30 years since the first mo-
dern PV concentrator was made at Sandia National Laboratories. After several times fluc-
tuation caused by oil market, now the concentrator photovoltaic seems ready to take off and
grow rapidly because of policy support and technology breakthroughs like very high effi-
ciency III-V multi-junction cells. European Commission has been very active in supporting
the development of CPV since it is an effective way solving the problem of silicon feedstock
shortage being faced by flat PV panels. Because of its sunny climate, Spain has worked on
photovoltaic concentration technology since 1976 and the country has attained an outstan-
ding and well regarded position for this work. Our center IES-UPM has been devoted to
the development of concentrator since a very early time. Some of the relevant work was
given in Chapter 13 “The EUCLIDES Concentrator” , the first and biggest CPV demonstra-
tion project in the world and funded by EU. Now we are continue working on CPV systems
with higher efficiency solar cells and better concentrating technologies.

China has achieved its dominant role on flat PV panels since 2009. It already took
the first place of manufacture and installation of flat PV. However, for a long time, China
has been quiet in CPV. Fortunately, thanks to the government support and researchers’
enthusiasm, CPV in China now meets its special moment for fast development. Positive
factors have come together to promote the launching of industrial and commercial activity.
Concentrator solar cell efficiency has reached over 38% in Chinese domestic market. Sev-
eral companies are already entering the market and others have announced their forthcom-
ing presence. MW scale HCPV demonstration stations have been constructed. World fa-
mous CPV companies such as EMCORE, AMONIX, SOITEC and ISOFOTON have en-
tered Chinese market, and formed some local new companies producing solar cells and
concentrator systems. All these show the prosperous development of concentrator product
in China.

As a pioneer and advocator of CPV, I am very happy to see these positive changes in
China, since this will make great contribution to the world status of CPV. But the shortage

of Chinese reference books on CPV may decrease the enthusiasm of interested people, and



then hinder the development of concentrator technologies. So, it’s a wise thing to translate
the book Concentrator Photovoltaics into Chinese. Dr. Li Zhu is a very dedicated person to
the things she is interested in, so I believe that the efforts she made will make the Chinese
version a good guide book to Chinese CPV people.

Madrid, January 1™, 2012

Gabriel Sala
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Although the discovery of the photovoltaic effect is attributed to Alexandre Edmond
Becquerel, who in 1839 presented to the Academy of Sciences of Paris a study on the
effects of the light on the electric currents going through an electrolyte with a separating
membrane, Prof. William G. Adams and his student, Richard E. Day, presented to the
Royal Society of London in 1877 the experiments that led them to unequivocally conclude
“a current could be started in the selenium by the action of the light alone’. These expe-
riments had already been carried out under concentrated light.

After the oil crisis of 1973, when photovoltaics was considered as the best chance to
get inexhaustible energy from the sun, the option of using concentrators was examined.
Important technological developments took place then, but the subsequent assimilation of
the oil-crisis effects reduced the interesting photovoltaics in general and, more acutely, in
concentrated photovoltaics. The driving force of photovoltaic development has been, since
then, the wish of sustainability. This has been a powerful driving force that has led the
photovoltaic industry to be one of the fastest-growing industries —33.4% per year as com-
pared with the 6.2% of the semiconductor industry between 1996 and 2004 —and a much
more appropriate one for the rhythm of the development that this new technology can with-
stand.

This scenario has been inappropriate, however, to promote concentrator solutions. It
has been based on home applications, often attributed to the aesthetics of the building, or
other small and isolated applications where concentrated photovoltaics is not practical.

Despite the tremendous potential of the present photovoltaic solutions, however, it is
doubtful if they can reach the coveted exploitation of the sun’s resources in a massive form.
Prices in photovoltaics are decreasing too slowly. That is why researchers are looking for a
breakthrough that will permit prices to decrease faster. According to Sharp, the biggest
silicon solar cells producer that manufactures 25% of all the cells in the world, this break-
through has already arrived. It is the novel super-high-efficiency solar cells which have
reached an efficiency of 39% and are attempting to go further. Publicly funded programs
to develop other super-high-efficiency concepts are starting to flourish.

Under these circumstances a number of companies, both established and start-ups,
are declaring that they are ready to put their products on the market. A large-scale (16.2

million Euros ) demonstration program is being funded by one Spanish public



administration ( Region of Castilla La Mancha) in order to install photovoltaic concentrator
plants.

At this challenging moment the editors, who in 1979 presented simultaneously, but
independently, two pioneering books on photovoltaic concentration (in English and Rus-
sian) , are revisiting the subject but are giving the floor to various authors who have con-
tributed to the development of our present knowledge concentrated photovoltaics, and to
those who are getting involved in the challenging endeavour of industrializing and commer-
cializing it.

For this purpose, the book is therefore organized as follows:

The book consists of three sections: °introduction’ , * Concentrator Foundation’ and
¢ Commercial Concentrator Systems and Components’ . The section ‘introduction’ presents
a historical survey o PV concentrator developments together with the recent situation in this
field and the reasonable future of the PV concentrator technology. An unambiguous answer
to the question ‘ Why CPV?’ is also given. Despite feasible new discoveries and inven-
tions, the authors give a detailed analysis of the material availability and manufacturing
potential for extending the present technologies for mass production of solar cells and ar-
rays.

In the second section, the chapter ‘ Silicon Concentrator Solar Cells’ is the only
chapter in the book which deals with Si solar cells. Requirements for obtaining high-effi-
ciency cells and their use in point-focus and linear-concentration systems are discussed.
The feasibility of applying such cells in a multijunction cell stack together with -V solar
cells is also considered. A comparative analysis of Si and Il[-V multijunction cells is pre-
sented.

In the chapter ‘ Multijunction Concentrator Solar Cells’ the authors show that the effi-
ciency of a concentrator ll[-V solar cell can be drastically increased by the use of tandem
heterostructures. They present an overview of development of such multijunction cells and
describe their manufacture and characterization. New solar cell concepts are discussed as
well.

The chapter ‘ Very-High-Concentration Challenges of M-V Multijunction Solar
Cells’ focuses on the problems which IlI-V multijunction solar cells encounter when oper-
ating at very high sunlight concentrations under real conditions, and how those problems
can be circumvented. An approach to develop II-V multijunction cells capable of operat-
ing at least at 1000 x concentration and a cost analysis of PV installations are presented.

In the chapter ¢ Concentrator Optics’ consideration is given to design and performance
of different types of optical sunlight concentrators aimed to obtain high-flux PV systems.

Problems of commercialization are considered as well.



The chapter ‘ Solar Cell Cooling’ deals with the ways of heat removal from a cell
which has resulted from excess solar energy, and which is not converted into electricity,
including their performance, cost and reliability.

In the chapter ‘ Terrestrial PV Concentrator Systems’ concentrator module design, in-
door characterization of the modules and sun trackers are described. Data on indoor and
outdoor measurements of concentrator modules are presented as well.

Chapter * Solar Thermophotovoliaics * concerns solar thermophotovoltaic system re-
search and development. Detailed consideration is given to solar concentrators, emitters
and TPV cells for such systems. Efficiency potentialities of solar TPV systems are dis-
cussed.

The chapters of the section ‘ Commercial Concentrator Systems and Components pre-
sent detailed description and discussion of R&D of concentrator photovoltaic systems and
sun tracking carried out in the firms and research institutions in the United States ( Spec-
trolab Inc. , Amonix Inc. ), Spain ( Inspira SL, Instituto de Energia Solar) , Germany
(Concentrix Solar, GmbH ) and Japan ( Toyota Technological Institute, Daido Steel
Corp. , Sharp Corp. ).

Madrid Antonio Luque
St. Petersburg Viacheslav Andreev
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