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Summary 

In this chapter of the Strategic Research Agenda (SRA) research and 
development tasks in the field of Concentrating Photovoltaics (CPV) are 
discussed. The technology of CPV which has a long history on small 
laboratory and testing scale has recently gained a lot of commercial interest. 
A number of companies world wide have started or are preparing the 
production of CPV systems on medium size scale. 

The most important benefit of this technology is the possibility to reach 
system efficiencies beyond 30% which cannot be achieved by any other 
photovoltaic technology. In this chapter the past and present status of CPV 
will be outlined and R+D tasks in this field in the frame of short-term (2008-
2013), mid-term (2013-2020) and long-term (>2020) developments will be 
described. The goal of CPV is to reach cost targets which lie well under the 
costs of “flat module” photovoltaic systems. 

 

1 Introduction to Concentrating Photovoltaics 

1.1 What is and why CPV ? 

The idea of photovoltaic power generation using concentrated sunlight is 
about as old as the first activities in terrestrial photovoltaics. Concentrating 
the sunlight by optical devices like lenses or mirrors reduces the area of 
expensive solar cells or modules, and, moreover, increases their efficiency. 
One disadvantage of concentrating photovoltaics (CPV), namely the 
necessity to track the sun’s orbit by moving the system accordingly, is partly 
compensated by a longer exposition time of the cells during the day. 

As is discussed in the following sections CPV technologies played a distinct 
but minor role in R+D of photovoltaics for more than 25 years. It was only 
recently that a number of companies started to commercialise CPV systems. 
The main reasons for this development are the following: 

1 PV production and application has grown into a size where larger 
systems are desirable. 

2 Solar cells made of III-V semiconductor compounds offer the option of 
very efficient systems with efficiencies of 35 % and in the future maybe of 
40 % or larger. 

 
So it is believed that the more PV grows in volume into an order of 
magnitude where it can deliver a measurable contribution to world’s energy 
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production, the more important CPV will become. Concentrating 
photovoltaics (CPV), therefore, belongs to the Strategic Research Agenda 
(SRA) of the EU PV platform as an important building stone. 

 

1.2 Organisation of this paper 

This paper is one chapter of the Strategic Research Agenda (SRA). “The 
SRA describes the main research issues to be addressed in order to realise 
the vision detailed in the report “A Vision for Photovoltaic Technology” by 
PV-TRAC�  in 2005. This SRA is neither a specific research program nor a 
work program. It is rather a set of principles, issues, requirements and 
research areas which should inspire all stakeholders when they develop their 
own activities or programmes in the PV research sector”2.  

The paper is structured in four sections. Section 2 gives a short overview of 
achievements of CPV in the past. In section 3 technical options of CPV 
systems are outlined and the present status of commercialisation is 
presented. Sections 4 and 5 describe the most important issues of a SRA in 
the field of CPV. Whereas section 4 addresses the short term research 
(2008 to 2013), the aspects of mid-term research (2013 to 2020) and long-
term research (> 2020) are presented in section 5. In the Appendix some 
additional material concerning CPV is added.  

 

 

2 Short History of CPV  

The first concentrator system was developed in the mid 70’s of last century 
by Sandia Labs in the USA. It was a 1 kWp system with a reported efficiency 
of 12.7 % at a concentration of C=50 suns. At about the same time, 
Spectrolab (USA) under contract to Sandia Labs developed a 10 kWp 
system with a reported efficiency of 10.9 % at 25 suns. Prototypes in France, 
Italy and Spain with designs similar to the one of Sandia, immediately 
followed. Since then several concentrator systems have been installed the 
details of which are given in figure 2.1 and in table I.  

                                                
�  PV-TRAC Photovoltaic Technology Research Advisory Council 
�  Quoted from the EU Commissions report  “A Vision for PV Technology”, 2005 p 33 
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Figure 2-1: Size of selected CPV systems that have been installed between 1976 and 2005. 
Some Details are given in table I. 

 

The early examples of CPV systems were test developments which were 
set-up to test the concepts and the elements of CPV. Commercialisation of 
CPV started not before the end of the 90’s as is discussed in section 3. 

Concentrator solar cells are the key elements of CPV systems. In figure 2.2 
the efficiencies of a number of high efficiency concentrator cells are listed 
which were fabricated between 1987 and 2005. Some technical details of 
these cells are given in table II. The early cells of the eighties and early 
nineties show remarkable efficiencies, but were normally singular examples 
of small size which were not ready for the production in larger quantities for 
commercial systems. The recent examples of concentrator cells, however, 
have come close to mass production. 

 

 

 

 

 

Dot Lab Power
KWp

Eff
(%)

X
(suns)

1 Sandia 1 12.7 50
2 Spectrolab 11 10.9 25
3 IES-UPM

(Ramón Areces)
1 10* 40

4 U. Tolouse
(Sophocles)

1 10* 40*

5 Ansaldo
(PCA)

1 10* 40*

6 Saudi Arabia –
Martin Marietta 360 10 40*

7 Entech (USA) 300 16.5 22
8 IES-UPM /BP Solar

(EUCLIDES)
480 18.5 30

9 ARCO ( Carrizo
USA)

1500 - -

10 Amonix (Glendale,) 100 - -
11 Solar Systems

White Cliffs
100 - -

12 Martin –
Marietta/Sandia

10 9 40
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Figure 2-2: Efficiencies of selected concentrator cells as published between 1987 and 2005. 
Some details of these cells are listed in table II (*: original efficiencies reported prior to 1991 
and measured at Sandia Labs. have been divided by 1.05).  
 

Figure 2-3 shows a picture of the first 1 kWp system developed at Sandia 
Labs in 1976. It is a Fresnel lens (C=50) based 2-axis tracking system. It is 
interesting to see that this early system has a fairly high similarity with 
modern systems (see section 3) 

Figure 2-3: The Sandia Labs 1kWp 
concentrator system of 1976.  

 

id Laboratory Eff
(%)

X
(suns)

Comments

1 Varian/Stanford
Sandia 29.6 330 GaAs/Si

4-terminals mech.stack

2 Boeing 32.6 100 GaAs/GaSb
4-terminals mech. stack

3 Spire 27.6 255 GaAs
4 NREL 30.2 333 GaInP/GaAs,

2-terminals monolithic
13 Fraunhofer 31.1 100 GaAs/GaSb

4-terminals mech. stack
5 Fraunhofer 30.1 300 GaInP/GaInAs

2-terminals monolithic
6 IES-UPM/IOFFE 26.2 1000 GaAs
7 Spectrolab 34.7 333 GaInP/GaAs/Ge

 2-terminal, monolithic
8

Spectrolab 39.0 236
GaInP/GaInAs/Ge

 2 terminals low-AOD
spectrum

9 Fraunhofer/RWE 35.2 600 GaInP/GaInAs/Ge
2-terminal, monolithic

10 SunPower 26.8 96 Si- back-contact
11 UNSW 24.0* 102 mg PESC
12 Amonix 27.6 92 Si-Back point contact
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3 Present Status of Concentrating Photovoltaics  

3.1 Introduction 

The basic concepts and ideas of photovoltaics using concentrated sun light 
(CPV) have been published and patented in the 70’s and 80’s of last century 
(see section 2). So they are about as old as the basic principles of flat panel 
PV technology. But whereas the crystalline silicon based module industry 
has reached a production volume of more than one GWp/y and thin film 
module PV industry a fabrication of about 70 MWp/y the production of CPV 
systems lies far back in the <1 MWp/y range. There are three main reasons 
for the slower market development of CPV, and it is important to discuss 
them shortly in order to be able to describe the future potential of CPV. 

 

CPV is not well suited for small industrial applica tions  

In the beginning of terrestrial PV applications, about 30 % of solar cell 
production were used in industrial and consumer products like watches, 
pocket calculators, traffic applications, solar home systems etc., where often 
only a few Wp are necessary for electric powering and where tracking is not 
possible. So while these applications were historically a strong motor for the 
growth of PV production, CPV could not take part in this market section.  

 
CPV is not well suited for grid connected roof syst ems 

The application of PV modules in grid connected systems of a few kWp size 
mounted on or integrated in the roof surface of private homes was and still is 
one of the biggest stimulus of the PV market due to support of several 
government programs world wide. Here again the small size of systems and 
the necessity of tracking ( i.e. of moving parts) makes CPV not a good 
option3.  

 

                                                
�  On large industrial flat roofs the situation is different, and CPV might be a very good option (see below). 
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CPV offers such a large variety of technical possib ilities  

that R+D is still in the state of finding the best options. This is a 
disadvantage with respect to a fast development towards industrial 
applications but it is, on the other hand, a big pool for future improvements. 

In spite of these obstacles, CPV systems promise a number of advantages if 
they are built with a size > 10 kWp and at big enough fabrication volume 
(> 10 MWp/y) as will be described below.  

In the following section 3.2 the technical options of CPV systems will be 
discussed in some detail. 

 

3.2 Technical Options of Concentrating Photovoltaic s (CPV) 

The basic idea of CPV is to save system costs by focussing the sunlight onto 
solar cells of area Fc through an optical devices of area Fo that is less costly 
than the solar cells (see Figure 3-1).The concentration ratio C is 
approximately C= Fo / Fc and it is clear that the cost saving increases with C. 

 

solar radiation

lens F 0

  solar cell F c

heat transport  
 
Figure 3-1: Principle arrangement of a PV-concentrator. Here a Fresnel lens is used to 
concentrate the sunlight to a small solar cell. Not shown is the tracking part of the CPV 
system. 
 
 

The advantage of saving solar cell area allows to use high or very high 
efficient cells which are too expensive for the use in flat plate modules. 
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Indeed, there is for the time being no other way for PV to reach an efficiency 
range of 30 % and above than CPV (see 
Figure 3-2). It results from  

1 the use of small sized (mm² to cm²) dual-, triple- or multi-junction solar 
cells processed of III-V compound semiconductor and  

2 from the fact that the efficiency rises about with the logarithm of C.  
3 Furthermore, in regions with high direct sun light insulation, the solar 

“yield” during the course of the day and year is higher due to the tracking 
of the sun’s orbit4.  

 

1982 1986 1990 1994 1998 2002 2006
15

20

25

30

35
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Spectrolab 39.0 @ 236x
Sharp Co.  37.2 @ 498x
FhG-ISE    35.2 @ 630x

  III-V Multijunction Cells
  Silicium Concentrator Cells
  Silicium One-sun Cells

E
ffi

ci
en

cy
 [%

]

 
 
Figure 3-2: Historic development of efficiencies of III-V compound solar cells. Also shown are 
crystalline Si one-sun and concentrator solar cells. 

 

Several studies have shown that the energy payback time and the costs of 
CPV electricity generation may be lower than for flat plate based PV systems 
if the production volume is big enough (> 10 MWp/y). As an example, the 
energy payback time of a C=500 concentrating system using III-V multi-
junction solar cells (FLATCON-type5 ) was calculated to be in the range of 8-

                                                
�  On the other hand only the direct radiation can be used in CPV, whereas flat plate modules use the global spectrum. This 

reduces the efficiency dependent on the insolation spectrum at the operation site. 
�  G.Peharz, F. Dimroth, Prog. in Photovolt: Res. Appl. 2005, 13, 627-634 
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16 months depending on the site of operation. For CPV technology the most 
important part in respect of energy payback time is steel used for the tracker 
and not the solar cell, see Figure 3-3. 

Transport:
10%Balance of 

System:
6%

Tracker
41%

Module
19%

Cellchip
9%

Cell
15%

 
 
Figure 3-3: Contribution of the main process steps and components to the energy payback 
time of the FLATCON system. Percentage share of the FLATCON energy main components. 

 

The most important difference between non-concentrating “flat” modules and 
CPV is the necessity to adjust the concentrating device with respect to the 
sun’s orbit such that the focus of the sun light does not move outside the cell 
area. This is achieved by tracking systems. 

The elements of a CPV system are thus (i) the concentrating optical 
elements, (ii) the solar cells (in some systems mounted on a heat dissipating 
base) and (iii) the tracking system including electronic control. 

CPV systems can be designed in a number of ways as described in the 
following. Figure 3.4 a – c summarise the most important design options. 
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a) Concentration Factor C

I
Small

C = 2 to 100

CIS or c-Si cells

III
Middle to Large
C = 200 to >1000

Preferably III-V
compound cells

II
Middle

C = 100 to 300

Preferably c-Si cells,
Back contact  

b) Type of Concentrating 
Element

A
Reflective (Mirror)

Double Mirror (Cassegrain)
1 to 100 m²

B
Refractive (Lenses or Fresnel Lenses)

Also with secondary concentrator
Combined refractive + reflective

 elements
cm² to m²

C
Other, e.g.

Fluorescence 
collectors

 

c) Tracking System

1
1-axis for low C< 100

2
2-axis for C>100

3
Other, e.g.

Static concentrator,
 1-axis + secondary  

 
Figure 3-4: Schematics of CPV systems (see text). 

 

Concentration factor C 

The first design criterion is the concentration factor C. In practical systems it 
can lie between C = 2 and C > 1000. In Figure 3-4a C is divided into three 
classes: 

I: concentration small, C = 2 to ~ 100. 

II: concentration middle, C = 100 to ~ 300 

III: concentration middle to large, C = 200 to > 1000. 

In class I solar cells have only to be modified with respect to series 
resistance in order to carry the higher current, but the change of design is 
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not drastic so that the fabrication procedure is about the same as for C =1 
solar cells. CIS or Crystalline silicon can well be used as cell material.  

In concentration class II solar cells have to be specifically designed for their 
respective concentration factor. For example, high efficiency cells like 
specially designed c-Si cells (back contacted cells) are used6.  

In concentration class III solar cells also have to be specifically designed for 
their respective concentration factor. Since saving of cell material increases 
proportional to C it is advisable to use tandem or triple junction cells made of 
III-V semiconductor compounds. This is in particular true for the highest 
concentrations of C = 500 to 1000 (see section 4). 

 

Type of concentrating elements 

In Figure 3-4b four types of concentrators are listed: 

A: Reflective elements. These may be plane or concave mirrors or 
combination of mirrors like Cassegrain optics (convex+concave). The mirrors 
can be made of coated glass or coated or polished metal foils. 

B: Refractive elements like lenses or Fresnel lenses. Fresnel lenses may be 
plane, cylindrical or dome shaped. They are made of glass or polymer 
material. 

C: Lenses or Fresnel lenses in combination with secondary concentrating 
elements like CPC7.  Also hybrid concentrators using refraction and total 
internal reflection in one device are fabricated. Again glass or polymers or a 
combination of both may be used. 

D: Other concentrators like fluorescence collectors which are based on 
optical excitation of fluorescence light in combination with total internal 
reflection.  

 

                                                
�  With larger C silicon works in the high injection region which leads to additional internal losses. 
�  CPC: Compound parabolic concentrator, based on refraction and total internal reflection. 
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Size of concentrating elements 

Once the concentration ratio C and the type of concentration elements are 
defined there is still one more degree of freedom namely the size of the 
concentrating elements. In existing systems mirrors vary between 1 m2 and  
about 100 m2, lenses or Fresnel lenses between a few cm2 and a few m2 
(see section 3.3). 

Tracking systems 

In order to focus the light of the moving sun to the solar cells tracking 
systems are used. It is essential that the accuracy of the tracking system is 
higher the larger the concentration ratio C is. For highest concentrations 
C ~ 1000 the tracking accuracy lies normally below 0.1 degrees. However, 
sometimes a secondary optical concentrator is used to relax the demand of 
tracking accuracy to 1 degree at C ~ 1000. 

Tracking systems can be divided into 3 classes (Figure 3-4c): 

1: One-axis tracking for small C. The solar cells are e.g. mounted in a linear 
array in the focal line of a parabolic mirror. If the mirror’s extension L is much 
longer compared to its focal length f, (i.e. L >> f) and mounted in east-west 
direction, then only the sun’s declination is tracked by an east-west 
extending axis whereas it’s azimuthal position can be neglected. Likewise 
the linear tracker may be mounted in north-south direction, thus tracking the 
sun’s azimuth in east-west direction. 

2: Two-axis tracking systems for higher concentration. A great manifold of 
mechanical constructions for trackers have been proposed. The axes are 
usually arranged either as (i): one vertical axis and one horizontal axis 
mounted on and rotating with the vertical axis, or (ii): one axis horizontal, 
mounted in east-west direction and one axis pointing north-south (elevation) 
mounted on the horizontal axis.  

But other two-axis tracking schemes are also possible. 

3: Others like static (not moving) concentrators for low C or one-axis tracking 
in combination with secondary concentrators for azimuth tracking. 

 

Using this schematics each CPV system can roughly be categorised. For 
instance the system of the US company AMONIX (to be discussed below) is 
a system of type IIB2, i.e. middle concentration, Fresnel lens concentrator, 2-
axis-tracking. 
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3.3 Present status of CPV  

In the following section some of existing CPV developers and their systems 
are listed. The list cannot be complete but provides a good overview8. 

 

European developments  

R+D institutions 

ENEA (I) 

ENEA, the Italian National Agency for New Technologies, Energy and 
Environment is the main operator involving in PV R&D activities in Italy. The 
PhoCUS (Photovoltaic Concentrators to Utility Scale ) project was launched 
in order to investigate the photovoltaic concentrators technologies. It is an 
integrated project, covering all the aspects from the devices to the system: 
the R&D activities have been focused on the development of a solar cell, 
based on high efficiency c-Si, and of the components not yet available on the 
market, that is the optical device, the C-module and the tracking system.  

Web: www.ene1.portici.enea.it 

Fraunhofer ISE (D) 

The Fraunhofer Institut für Solare Energiesysteme (ISE) in Freiburg, headed 
by Prof. J. Luther, is working in the field of high efficiency cells and systems 
since the 80’s of last century and have presented several record cells made 
of silicon and III-V compounds. The institute is also active in the calibration 
of concentrator solar cells and in CPV system development. In the 
framework of numerous national and EU projects they co-operate with many 
companies and R+D institutions. In particular the co-operation with the 
company Concentrix Solar in the field of concentrator modules for high 
concentration (C= 500) with tandem and triple cells of III-V compounds 
(“FLATCON”) should be mentioned.  

Web: www.ise.fhg.de and www.III-V.de 

 

                                                
�  Part of the material of  this section was taken from Photon International 7 /2005 p. 50 ff 
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IES-UPM (SP) 

The Instituto de Energia Solar, Universidad Politécnica de Madrid (IES-
UPM), headed by Prof. A. Luque, is the institution with the longest expertise 
in the R+D area of CPV. Indeed they were among the pioneers in this field in 
Europe and have contributed a great number of books, patents, publications 
and demonstration systems. In particular they have developed concentrating 
optics for highest concentrations like the RXi and the TIR-R-concentrator for 
C=1000. Furthermore they develop high efficiency solar cells of Si and III-V 
compounds. They co-operate with all important “players” in this field within 
numerous national and EU research projects. In particular they have a tight 
co-operation to Isofoton SA and Inspira SL in Spain. 

Web: www.ies.upm.es 

 

Ioffe (Ru) 

The PV group of the Ioffe Physico-Technical Institute in St. Petersburg, 
headed by Prof. V. Andreev, has contributed pioneering work in the field of 
III-V solar cell technology for space and for CPV applications and are active 
in the development of optical concentrator systems and trackers. They co-
operate with many other R+D institutions world wide and are partner in a 
number of EU projects. 

Web: www.ioffe.rssi.ru 

 

ZSW (D) 

The Zentrum für Sonnenenergie- und Wasserstoff-Forschung (ZSW) in 
Stuttgart, headed by Prof. Th. Schott, is a leading center for the development 
of thin film technologies. In particular the CI(G)S solar cell and module 
technology has been transferred from the lab to industry production. 

In CPV the ZSW has a long tradition in the development of low-C 
concentration systems, in thermohydraulic tracking systems and in long term 
testing of PV systems. 

Web: www.zsw-bw.de 
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Industry 

The European CPV industry is presently (2006) in the state of preparation of 
fabrication, product testing and formation of alliances. It is expected that a 
number of new companies and products will enter a – hopefully – rapidly 
growing market during the next years. 

In the following, only a short keyword on the present status is given for each 
company and a reference to the internet homepage where more information 
can be found. 

 

Amonix / Guascor Foton SL (SP) 

This is a joint venture of the USA based company Amonix (see below) and 
the Spanish engine and power plant producer Guascor. They plan to 
produce the Amonix high concentration system (C=250, 25 kWp, type IIB2, 
see Figure 3-5) in a plant near Bilbao (SP). 

Web: www.amonix.com 

 

Figure 3-5: CPV systems of Amonix Inc. in Glendale USA. 

 

CESI (I) 

CESI SpA and CESI Ricerca are developing GaAs terrestrial concentrator 
cells on the basis of the technology developed for manufacturing space solar 
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cells. CESI has experimented concentrator cells in space, on board of the 
European Retrievable Carrier (EURECA) platform, in 1992. For the terrestrial 
application, single junction cells are available up to a concentration ratio of 
1000 suns. Triple junction cells are also under development and in particular 
the tunnel diode behaviour is under investigation. These cells have a 
conversion efficiency above 30% but the maximum concentration ratio is 
presently in the range of 150 suns.  

 

Concentrix Solar GmbH (D) 

Concentrix was founded in 2005 as a spin-off of Fraunhofer ISE to 
commercialise CPV systems based on the FLATCON�  concentrator module 
technology (Figure 3-6). This is an all-glass module with 4x4 cm2 Fresnel 
lenses (type IIIB2, C=500) using tandem and triple junction III-V solar cells. 
The company is located in Freiburg, Germany. 

Web: www.concentrix-solar.de 

 

Figure 3-6: CPV cell and module of Concentrix GmbH (FLATCON). 

 

Inspira SL (SP) 

Inspira is specialised on sun trackers and in particular on electronic control 
units for high precision trackers. 

Web: http://www.inspira.es 
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Isofotón SA (SP) 

Isofotón is Spain’s largest PV company, situated in Malaga and producing 
17 % of Europe’s PV modules (corresponding to 4.2 % of world production). 
In CPV they are co-operating with IES-UPM and Inspira to develop a 
concentrating system (Type IIIB2, C~ 1000) with III-V high efficiency cells. 
Figure 3-7 shows a Isofoton CPV system with C=1000 concentrating optical 
elements. 

Web: www.isofoton.com 

 

 

Figure 3-7: CPV cells and part of module by Isofoton S.A. 

 

RWE-SSP (D) 

The company Space Solar Power (SSP) in Heilbronn which belongs to the 
RWE trust is the leading European manufacturer of III-V-based space PV 
cells. In the future they will use their experience in high efficiency III-V space 
cells to fabricate concentrator cells. They have a strong co-operation with 
Fraunhofer ISE and other R+D institutions and are partners in numerous 
German and European projects. Figure 3-8 shows a carrier with 4-inch 
wafers each with 1000 III-V triple junction concentrator solar cells. 
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Figure 3-8: A carrier with 4-inch Ge-wafers each with 1000 triple junction 
concentrator solar cells.  

Web: www.rwe.com/en/ 

 

Solucar Energia SA (SP) 

The Spanish company Solucar Energia is establishing a production line for 
V-trough mirror concentrating systems (type IA2, C=2, see Figure 3-9) using 
c-Si modules. 

Web: www.solucar.es 

 

 

Figure 3-9: CPV system of Solucar SA. 
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Sol3g SL (SP) 

The Valldorein based company Sol3g prepares the production of a high 
concentration system (type IIIB2, C=450) designed for flat roof applications 
(see Figure 3-10). The very high efficient multijunction III-V solar cells will be 
delivered by Spectrolab, USA and RWE SSP, Germany. 

Web: www.sol3g.com 

 

 

Figure 3-10: CPV system of Sol3g SL. 

 

Whitfield Solar Ltd. (UK) 

Whitfield Solar, a spin-off of Reading university, work on a concentration 
system of type IB2, using c-Si cells under C=40 to be tested in Spain. 

Web: www.whitfieldsolar.com 
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Figure 3-11: CPV system of Whitfield Solar Ltd. 

 

Non-European developments 

Amonix Inc. (USA) 

Amonix is the first company that was founded exclusively for the 
commercialisation of CPV systems. The Amonix CPV array is of type IIB2 
with C= 260 and high efficiency c-Si cells. Figure 3-12 shows two arrays on 
a test site. They are composed of 5 (right) and 7 (left) large modules of 3.4 x 
13.7 m2 with an aperture area of 35 m2 each and a power of 5 kWp. So the 
total array power is 35 kWp or 25 kWp, respectively. About 600 kWp have 
been installed in the USA. Amonix has founded a joint venture with the 
Spanish company Guascor Foton to produce the CPV systems in Spain (see 
above). In the future they may use III-V solar cells and a higher 
concentration C. 

Web: www.amonix.com 
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Figure 3-12: Two different size CPV systems of Amonix Inc. 

 

Solar Systems Pty Ltd. (AUSTR) 

The Australian company Solar Systems has developed a system based on a 
large reflective dish concentrator (type IIIA2, C=500) with c-Si cells (the use 
of III-V cells is planned). Each dish array has a mirror area of 130 m2 and a 
receiver area of 0.23 m2. The output power of each array is 24 kWp (in the 
future with III-V cells 35 kWp). Solar Systems has installed systems of about 
1 MWp total power (plan for end of 2005). Figure 3-13 shows a system with 
10 arrays. 

Web:www.solarsystems.com.au 

 

 
Figure 3-13: CPV array field of Solar Systems Pty Ltd. 
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Concentrating Technologies LLC (USA) 

Concentrating Technologies has developed a system of type IIIA2 which 
consists of an array with 8 x 8 concave mirrors (“microdish”) which focus 
light to individual, passively cooled receiver cells (III-V cells of Spectrolab, 
C=500, see Figure 3-14). 

 

 

Figure 3-14: CPV system of Concentrating Technologies LLC 

 

Energy Innovations (USA) 

Energy Innovations, based in Passadena, has developed a system for flat 
roof application. 25 flat mirrors mounted close to ground are individually 
tracked to reflect their light onto a common receiver area of the same size. 
So C=25 (type 1A2, see Figure 3-15) The system uses c-Si cells. 

Web: www.energyinnovations.com 
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Figure 3-15: CPV system of Energy Innovations 

Entech Inc. (USA) 

Entech company, Keller, Calif., has many years of experience with Fresnel 
lens CPV systems and with space PV systems. Recently they announced a 
Fresnel lens based CPV system of C= 100 using III-V solar cells. 

Web: www.entechsolar.com 

 

Emcore Corp. (USA) 

Emcore is also developing a Fresnel lens based system for C= 450 with III-V 
cells. 

Web: www.emcore.com 

 

JX Crystals Inc. (USA) + SRS Engineering 

The CPV system of JX Crystals is composed of small cassegrain type optical 
elements (type IIIA2, C> 500 (estimated)) using high efficiency III-V solar 
cells. 

Web: www.jxcrystals.com 
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MicroPV Inc. (USA/ China) 

Their system is based on Fresnel lens optics with C= 250 to 500 and c-Si 
cells (III-V cells planned). 

Web: www.micropv.com 

 

Sharp Corp./ Daido Steel Co. Ltd (Jap) 

They plan a rooftop system with dome Fresnel lenses and C= up to 550 
using III-V cells (type IIIB2), see Figure 3-16. 

Web: daido.co.jp/english 

 

Figure 3-16: CPV system of Daido Steel. 
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4 R+D demands for the Future  
(Short Term Research 2008 – 2013) 

It is expected that many of the companies mentioned in section 3.3 will enter 
the market in the next years and – hopefully – will grow fast enough that by 
2013 the cumulated installations lie in the 100 MWp range. For this hope to 
become true a lot of R+D work has to be done and, of course, the political 
conditions must stay favourable. 

It was mentioned that CPV is characterised by a great manifold of 
technologies. For a successful commercialisation it is very essential that 
intensive work on norms and standard has to be done. 

Moreover R+D projects have to focus on specific issues of CPV. The 
following section is structured according to the main elements of a CPV 
system and provides the basis for the R+D goals. The basic essentials of the 
text are based on the results of a questionnaire that was sent to a number of 
important CPV stakeholders. A compendium of the answers to the 
questionnaire is given in the Appendix in tabular form. 

 

4.1 Concentrator solar cells 

Crystalline silicon 

There are good reasons to use the very best solar cells available for CPV9. 
For concentrations under C~100 crystalline silicon is a good choice. Single 
crystalline Si solar cells of PERL-type10 made of FZ-silicon11 have reached 
24 % on small area under 1 sun illumination. Under concentration of C = 92 
a silicon point contact cell12 has recently shown 27.6 %. This efficiency is not 
far from the theoretical limit, so there is not much place for improvements. It 
is, however, important to come close to these results in large industrial 
production with high yield and reduced costs. 

                                                
	  In applications of very small concentration (C<4) also thin film cells made of CI(G)S have been proposed 
�
  PERL: passivated emitter and rear, locally diffused. This cell was developed at UNSW in Sydney Australia 
��  FZ-Si: floating zone grown silicon 
��  A point contact cell has emitter and base contacts on the rear side. 
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FZ silicon is to date the best material on the market but also more costly 
than Cz-silicon13 the single crystalline material that is widely used in industry 
and shows smaller efficiencies. So for the future of CPV it is necessary to 
bring down the costs of FZ-Si and/or improve the efficiency of Cz-Si cells. 
Furthermore the thickness of Si cells should be reduced to < 150 µm to save 
material costs. 

Numerous high efficiency cell designs for c-Si have been proposed and 
demonstrated. For concentrator cell applications designs with no contact 
shadowing on the front side, as e.g. point contact cells or wrap-through cells, 
are the preferred choice (see Figure 4-1). 
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a) b) 
Figure 4-1: Schematic design of (a) a point contact cell and (b) a wrap-through cell. 

 
 

Multi-junction III-V compound solar cells 

Concentrator solar cells of silicon were the preferred technology for the first 
CPV systems which were set-up in the 70’s and 80’s of last century. At 
present a clear technology change towards higher concentration (C ³  500) 
and towards tandem and multi-junction cells processed of III-V 
semiconductor compounds is observed. These cells are composed of fairly 
complex layer systems that are epitaxially grown by MOVPE14 in a computer 
controlled semiautomatic process. As an example Figure 4-2 shows a 

                                                
��  Cz-Si Czochralski-grown silicon 
��  MOVPE: metal organic vapor phase epitaxy 
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schematic layer system of a GaInP/GaInAs/Ge triple cell grown on a Ge 
substrate. 
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Figure 4-2: Schematic layer system of a GaInP/GaInAs/Ge triple solar cell on 
Ge substrate. 

 

Recently triple junction cells of GaInP/GaInAs/Ge have shown efficiencies of 
35.2 % at C=600 (ISE/RWE) and of 39 % at C= 236 (Spectrolab), 
respectively. It is generally believed that these numbers can be surpassed 
by far by optimising the technology and/or by adding further junctions to the 
cells. This is certainly not a short-term goal. 

For short-term research a realistic aim is to produce multi-junction cells with 
efficiencies of 36 % (depending on C) in large enough quantities with high 
yield at reduced costs. A reasonable cost target is 0.3 to 0.5 Euro/Wp until 
2013. The goal for efficiencies of laboratory cells is 40 %. 

The development of solar cells with very high efficiencies is a complex and 
expensive task: it involves cell design, simulation of cell performance, 
material research and cell technology as well as material and cell 
characterisation. In particular the long term stability (20 years) of 
concentrator cells and modules is an important goal. It demands for 
accelerated testing procedures and long-term outdoor testing. Co-operation 
of the European expert institutes is highly desirable. 



 
 

 

Error! Style not defined.   

 Fraunhofer ISE 
CPV 29

 

4.2 Optical Concentration System 

As shown in section 3 a great variety of optical systems have been 
introduced and tested: plane and concave mirrors, lenses and Fresnel 
lenses and combination with secondary concentrators. So here the task is 
not so much to develop new devices but to find reliable, long-term stable and 
low-cost solutions. In addition standardised solutions and test procedures 
are mandatory. It is not yet clear which concentration range will bring the 
optimal solution but the tendency today goes towards systems with C ~ 300 
to 1000, see figure 4-3.  

For this concentration range the optical systems must be fairly precise with 
good surfaces and/ or surface coatings. In particular Fresnel lens type 
elements must be fabricated with very sharp borders of the ring segments in 
order to show optical efficiencies > 90%. Refracting elements must have low 
absorption and good anti-reflection coatings. Reflecting elements must have 
a stable coating with reflection of > 90%. These elements must be produced 
in a material saving, automated and cost effective way. Cost targets are 
0.3 – 0.5 €/Wp until 2013. 

Accelerated climate tests and long term outdoor testing are also necessary 
steps in the development of optical elements. 

 

Figure 4-3: Photo of an advance C = 1000 concentrator optical element 
(Courtesy Isofoton). 
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4.3 Module Assembly 

The optical elements work in a fixed geometry with the concentrator solar 
cells. This mounting must be made fully automated with high speed and 
precise placing of the cells, a task where a lot can be learned from 
microelectronic and optoelectronic device fabrication, e.g. “pick and place”- 
techniques (see e.g. Figure 4-4). In many cases the cells are mounted on 
heat dissipating elements. They also must be integrated in the fabrication 
process. 

In some cases optical elements and solar cells are enclosed in a weather-
proof module box. In this box the solar cells are interconnected in serial or 
parallel strings. These concentrator modules must be mechanically stable 
and long-term tight against humidity, condensation and rain water. It is also 
important to find the optimal module size with respect to long term stability, 
fabrication costs and mounting costs. Again, standardisation and test 
procedures need to be developed. 

 

Figure 4-4: Photo of a part of a CPV module assembly tool which is 
comparable to a microelectronic pick-and-place machine. 

 

4.4 Trackers and Installation 

A considerable part of the cost of a CPV system amounts to the tracker, the 
largest part are the costs of the steel. It is obvious that engineering R+D 
must find here a potential for cost reductions. Tracker constructions must be 
optimised with respect to size, load-capacity, stability, stiffness and material 
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consumption. This demands for a close co-operation with engineers for 
industrial load carrying constructions. Maybe know-how from other technical 
branches (like bridges, cranes, large tents, ships) can be used. 

Cost targets till 2013 for trackers are 100 to 150 €/m2. 

A second important issue is the tracking accuracy under outdoor conditions 
like temperature cycles and wind load. The accuracy demand depends on 
the concentration C. With growing importance of high- concentrating 
systems the tracking accuracy must be better than 0.5 degree which is a real 
challenge for the mechanical construction as well as for the electronic control 
system. 

A great number of construction for trackers have been demonstrated as can 
be seen from the figures in section 3. This great manifold must and will 
certainly converge towards a more standardised layout of CPV trackers. 

 

4.5 Inverters and System Engineering 

To date the inverter market is dominated by the flat module PV applications, 
so for CPV systems standard “flat module inverters” are used. With growing 
importance and size of CPV installations inverters particularly suited for 
application in CPV systems should be developed. Their input signal could be 
used for tracking control. An integration of tracking control and inverter into 
one system can save costs considerably. Target costs are 0.3 to 0.5 €/Wp. 

The electronic control of CPV systems should also include routines to 
analyse faults quickly and automatically. 

 

4.6 Costs and Quality and Performance Assurance 

For a technology like CPV that is almost a newcomer in a very active PV 
market it is essential that the competitiveness or non-competitiveness 
becomes evident very soon. So a good documentation of cost and reliability 
issues is mandatory. Also a long term evaluation program for CPV systems 
and components should be established. 

Tools for the calculation of costs of CPV systems must be developed. They 
include sheets for the calculation of the installation of the system and for its 
operation (harvesting times and power, weather conditions, failure times 
etc.). Specifically the weather data base is currently incomplete. Spectral 
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data as well as measured direct normal incidence data from different sites 
are not available. It would be good if some of these data could be collected 
and evaluated at a central institution in order to define weaknesses and 
strengths of CPV. Furthermore a special conference or seminar should bring 
together all the important  R+D institutions and companies to discuss 
problems of mutual interest and to stimulate co-operations. 

 

 

5 Mid- and Long-Term Research 

In 2013 CPV installations will have reached such a volume that the role 
which CPV can play in midst of “flat plate” PV technology becomes evident. 
But in 2013 PV in general will still be in a state that it’s contribution to world’s 
energy production will just slowly become visible. So all PV technologies 
must become more cost-effective along their “learning curve15” until they are 
cost competitive with other energy technologies without subvention. Some of 
the important R+D issues of CPV technology will be outlined in the following 
(as much as one can predict technological developments). 

 

5.1 Mid-Term Research (2013-2020) 

Multi-junction concentrator solar cells with 3 to 5 junctions should be 
developed that reach efficiencies of 40 to 45 % at C= 500 to 1000. Target 
costs are <0.2 €/W. 

Silicon cells for C<300 and efficiencies of 28 % shall be developed. 

Optical systems with higher efficiency (>85 %) and lower costs (<0.3 €/W) 
will be developed. Ultra-high concentrating systems with C<  10 000 shall be 
available. 

Concentrator module efficiency will exceed 30 % and will be processed fully 
automated with target costs  of <0.8 €/W. 

                                                
��  The learning curve for PV in the last decades was: 18%  reduction of production costs for  doubling the production volume or 

50% reduction for an increase of production volume by a factor 10. 
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Trackers which work for 30 years almost maintenance free will be produced 
for target costs of <100 €/m2. Likewise inverters will reach target costs of 
<0.3 €/W. 

CPV systems will be much more standardised than today. Only 2 or 3 types 
of systems will be produced however in big quantities and high 
automatisation. 

System lifetimes should reach 30 years or more and the energy pay back 
time will be less than one year.  

Costs of CPV systems will be low enough (2 €/Wp) to install them in large 
quantities in third world countries for village electrification, water pumping 
and cleaning etc.  

 

5.2 Long-Term Research (>2020) 

It is fairly impossible to plan or foresee R+D items for a time span which lies 
15 years ahead. We do e.g. not know if present R+D programs concerning 
so called “Third generation” PV systems will be successful or not. Whatever 
the high efficiency concept will be, it will likely be also a high-technology 
device, expensive at the beginning, and with its cost getting reduced as it 
effectively goes into mass production. Concentration technology can provide 
also the means for these new concepts to enter the market. If by 2020, the 
concentration technology is fully developed and problems like those related 
to tracking, installation, and reliability issues are well solved, changing one 
type of cell for another, will be cost effective.  

What we do know today, however, is that fossil fuels will be much more 
expensive than today thus making a change of energy supply more and 
more urgent and thus stimulating further R+D in renewable energies and 
also in CPV. 

Efficiencies of III-V-based concentrator solar cells may reach 50 % with an 
increased number of junction layers and very high concentration (C>1000). 
These cells will work with high voltage and low current density so they are 
well adaptable to high concentration. Furthermore at such high 
concentrations the cooling problem will be reduced (for 100 % efficiency no 
cooling is necessary!). 

Cells, optical elements and tracking systems will be produced fully 
automated and highly integrated. They work in a “mount and forget” way, i.e. 
with low maintenance and high sun yield. 
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Very large CPV systems in the multi-MW range may become 
commercialised, like central solar tower systems with C>10 000 based on 
large mirror fields. They may work in double use of PV electricity and heat 
engines, such increasing the efficiency even higher. These systems may be 
installed using large areas in deserted parts of the world. A world wide web 
of low-loss high-voltage direct-current (HVDC) power lines will interconnect 
these large PV fields thus reducing the need of energy storage. On the other 
hand CPV is an ideal option to combine the use of solar energy with 
hydrogen production and storage technologies.  
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6 Appendix 

6.1 Table of R+D Activity Demands 

In preparing this document questionnaires have been send to European 
stakeholders in the field of CPV. The 15 returned answers are comprised in 
the following tables. They give an educated perspective of the current status 
and future of CPV.  

Current situation  

 Current situation Current research activities 

Solar cell 

· Si-cells > 24% under concentration (200 suns). 
· III-V-cells (Si-, Ge-substrate) between 25% (single-

junction) and 35% (multi-junction) under 
concentration. 

· Concentration factor in a range of 2x-10x (CIS-cells) 
up to max. 500x-1000x (III-V-cells). 

· The present production capacity for space can be 
partially re-converted to terrestrial concentrator cells 
as a function of market needs. 

· Better efficiency and long-term stability. 
· Research to fit the cell design for the terrestrial solar 

radiation and the used materials of the optical systems. 
· Calibration of multi-junction solar cells 
· Simulation of electrical performance 

Optical system 

· Point and line concentrating systems. 
· Fresnel-lens-primary-systems (2D, 3D, material: 

acrylics, silicones, glass, films) with and without 
secondary optical systems. Optical quality in a range 
of 65% up to max. 90% efficiency. 

· Mirrors (Thin glass and Al-sheet, parabolic mirrors, 
etc.). 

· Concentration factor in a range of 2x and 2000x. 

·  Better optical efficiency and long-term stability (> 20 
years) of the optical systems. 

· Higher angular acceptance (-> secondary) and 
concentration factor (in accordance to the solar-cells). 

· Modelling of the optical design in accordance to the 
solar radiation and the materials. 

· Measurement and monitoring systems for indoor-
characterisation (solar simulator for concentrator optics). 

· Evaluation of alignment problem (receiver-lens and 
lens-solar beam) in manufacturing  point focus system. 

Module assembly 
and fabrication 

method of 
concentrator 
modules and 

systems 

· Housing made of glass, plastic or metal. 
· Different module sizes (< 0,7 m²) and weights 

(< 30 kg). 
· Mainly manual production-methods. 

· Innovative concepts (material, fabrication methods) for 
the housing. 

· Research activities to learn of and transfer “Pick and 
Place”- fabrication methods. 

· Long-term stability of the modules. 
· Impermeability of the modules. 
· Measurement and monitoring systems for indoor-

characterisation. 

Tracker and 
installation 

· One and two axis tracking systems. 
· Size: Apertures ranging from the 2 m2 for laboratory 

trackers, to 35 m2 for concentration applications and 
70 m2 for flat plate panels. 

· Economical: < 700 €/m², Foundations and trackers 
are currently not cost efficient enough. 

· Tracking accuracy < +/- 0,2° is reached with two-ax is 
tracking-systems. 

· Research in fabrication methods. 
· Better tracking accuracy. 
· Mechanical stability, stiffness, static. 
· Workings on differential tracking and ecliptic tracking. 
· Calibration models and techniques for tracking control 

(Auto-calibrated tracking control units, sun tracking 
accuracy monitoring systems). 

· Analysis leading towards the industrialisation of tracker 
and tracking control unit. 

Inverter and 
power plant 
engineering 

· The inverter market is dominated by the PV flat plate 
application. 

· Mainly standard flat plate inverters are used. 

· Field testing. 
· Power plant deploy and infrastructure. 
· Communication between inverter and tracking field (one 

inverter for each tracker or one inverter for the whole 
tracking field). 

Quality assurance  

· Field testing and accelerated tests in progress. 
· Development of specific equipment and 

measurement procedures for characterising solar 
cells, optics, modules, tracking and whole system. 

· International co-operation to define standards. 

· Indoor and outdoor characterisation, including the 
ageing and stability, of the single components, the 
modules and the whole system. 

· EU-certification- and product- standards. 
· Long-time monitoring for modules and systems. 
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Short-Term Research (2008-2013) 

 Aims Measures to reach these aims 

Solar cell 

· Efficiency increase (triple junction cell, with 38 % at 
1000 x and 36 % at 2000 x ). 

· Target costs 0,3 €/W - 0,5 €/W until 2013. 
· Increase stability and lifetime 
·  Process optimisation for terrestrial application.  
·  Concentrator cells optimised for different types of 

systems and optics. 

· Activities to have a cell structure/design for terrestrial 
application. 

· Long term reliability in field operation 
· Encapsulation in order to reach low cost process steps 

and increase stability and lifetime. 
· Increasing the concentration ratio above 500 suns to 

become economically convenient. 

Optical 
system 

· Increase efficiency (>80% average/year), stability 
(>20 years) and acceptance angle of the optical 
systems and so of the whole system. 

· Low cost materials with high optical efficiency, 
reproducible antireflective treatment. 

· Target costs 0,5 €/W or <20 €/m², secondary 
<0,20 €/piece until 2013. 

· Process automation, high production output. 
· Co-operations with companies for lens-
manufacturing. 

· Development of primary- and secondary- (to be integrated 
with the cell carriers) optics for medium and high 
concentration with wider acceptance angle. 

· Foils and coatings should be tested and improved. 
· Fixes for the alignment problem (receiver-lens and lens-

solar beam) in manufacturing point focus optical systems. 
· Development of production process for primaries and 

secondaries. Deep drawing for secondary optics. 

Module 
assembly and 

fabrication 
method of 

concentrator 
modules and 

systems 

· Long-term stability (impermeability) of the modules 
>20 years. 

·  Target costs 0,7 €/W - 0,9 €/W. 
· The module assembly (size, internal contact, 
misalignment between cell and optics, etc.) should 
cause an additional loss of max 1% in comparison with 
the nominal efficiency of the cell-optic-system. Target > 
25% module efficiency in total.  

· Low cost and process automation for the single parts 
(optics parquet, solar receiver assembly, housing, 
cabling, etc) and the whole module. 

 

· Demonstration sites. 
· Learning from chip industry wherever possible (Pick and 

Place, leadframe, etc.). 
· Development of encapsulation technologies (target: long-

term stability, lower thermal resistivity, effective heat 
removal). 

· Fixes for the alignment problem. 
· New concepts for cheaper heat sink and solar cell 

assembly.  
· Optimisation of module installation. 
· Increase of module area. 

Tracker and 
installation 

· Increase and stabilisation of tracking accuracy 
(<0,2°). 

· Target costs 100 €/m² - 150 €/m². 
· Design optimisation, maximise area, easy 
transportation and installation for utility applications. 

· Fast routine for detection of failure 
 

· Optimisation of mechanical part of the tracking system 
and tracking algorithm. 

· Implementation of low cost materials with good stiffness. 
· Differential tracking and ecliptic tracking. 
· Working towards dedicated production facility able to 

produce serial units.  
· Development of instrumentation to measure tracking 

efficiency and the effect of its performance on that of the 
concentrator system. 

 

Inverter and 
power plant 
engineering 

· Increase of inverter efficiency 
· Target costs 0,3 €/W - 0,5 €/W. 
· Co-operation between inverter and tracking in order 
to attain further integration within these two pieces of 
equipment. 

· European or international co-operation should be 
encouraged to deploy inverters especially for 
concentrators. 

· Development of a fast installation- and field infrastructure- 
design. 

Quality 
assurance 

· Definition of routines applicable to concentrators for 
characterisation and long term stability demonstration of 
the single part, the modules and the systems. 

· Develop a production quality plan. 
· Increase of yield. 
· Development of a recycling process. 

· Development of specific equipment and measurement 
procedures for characterising solar cells, optics, modules, 
tracking and whole system. 

· Standards and QM-concepts have to be designed and 
integrated. Co-operation in this area between CPV-
players is necessary. 
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Mid-Term Research (2013-2020) 

The cost target can be reached only by an international co-operation 
between R&D organisations, industries and test houses and co-ordinated 
standardisation activities. Critical masses are needed to move fast along the 
learning curve.  

 Aims Measures to reach these aims 

Solar cell 

· Target costs: <0,2 €/W 
· III-V multi-junction solar cells with efficiency 

beyond 40%. 
· Make silicone cells for moderate concentration 

and moderate climates available at lower cost 
(thin-films with light-recycling) 

· First 5/6-junction cells are available for terrestrial 
application. 

· Development of new solar cell structures. Growth on Si-
substrates 

· Development of monolithic dense arrays 
· III-V material studies and solar cell modelling. Application of 

manufacturing techniques derived from microelectronic 
technology for mass production. 

 

Optical system 

· Target costs: <0,3 €/W 
· Design and material able to reach 85% optical 

efficiency. 
· Development of optical systems for hybrid 

(thermal and electrical) applications.  
· Test films and coatings extensively on plastic and 

glass. 
· Ultra-high concentration >10.000 suns 
· Solve thermal problems 

 

· Optimisation of industrial process and production.  
· Optimisation of reflective surfaces 
· High precision optic-designs need to be transformed in highly 

automated assembly procedures for high volumes.  
 

Module 
assembly and 

fabrication 
method of 

concentrator 
modules and 

systems 

· Target costs: <0,5 €/W 
· Increase of module efficiency >30%. 
· Complete process automation. 
· Easy to be installed. 
· The first recycling concepts are needed 

· Application of manufacturing techniques derived from 
microelectronic technology for mass production. 

· Module assembly can only be inexpensive when using low 
cost materials with housing designed with embedded 
contacting devices or other gear. 

Tracker and 
installation 

· Target costs: <100 €/m² 
· Maintenance free, low energy consumption, high 

reliability, performance stability. 
· High stiffness reducing weight of steel 
· Designed for recycling or remounting 
· Durable > 30 years 

· Continued research in co-operation with other labs and the 
industry 

Inverter and 
power plant 
engineering 

· Target costs: <0,3 €/W 
· Full-scale grid integration. 
· Uniformed and normalised power plant 

engineering. 
·  

· Continued research in co-operation with other labs and the 
industry 

Quality 
assurance 

· Implementation of a standard a QA-procedure for 
testing and qualifying the module components. 

· Automated testing in real time during 
manufacturing. 

· Co-operations! 
· Every new step in cell and/or module development, calls for 

characterisation to keep up with these developments. 
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6.2 Example of cost calculation for a CPV system 

 

As describe in the main text, a huge variety of CPV systems are 
conceivable. On the other hand, a clear tendency for two groups of systems 
can be observed: 
i. A low concentration system using Si standard solar cells and mirrors (see 
for example the system of Solucar) and  
ii. High concentration systems using III-V based multi-junction solar cells 
(see for example the Isofoton and Concentrix system).  

In the following text the cost structure of the latter system approach is more 
detailed. The analysis is based on the Concentrix FLATCON system (see 
figure 3-6) and the information provided by Concentrix. It is justified within 
some uncertainties that the evaluated cost structur e is similar for all 
high-concentration CPV systems.  

 

 

Introduction 

CPV technology using high efficiency III-V based multi-junction solar cells 
are one of the most promising new technologies with a significant potential to 
reduce PV system costs  to below 1,5 €/Wp at a 200 MW/a production 
level as will be shown below.  

In general, low production cost can only be reached at high production 
volumes. This is a challenge for any new PV technology because high sales 
volumes can only be reached with competitive prices. The concentrator 
technology can overcome this chicken egg problem since it can take 
advantage from the fact that production technologies for concentrating PV 
are well established in other applications: Concentrator cells are very similar 
to III-V space solar cells and production technology for positioning and 
electrical connection of the cells can be realised with standard pick-and-
place machines used for assembly of printed circuit boards. This is why cost 
assessments for III-V concentrator systems are very promising even for 
relatively low production capacities compared to the standard Si flat plate 
technology.  

The cost reduction potential of concentrator systems is exemplified at the 
FLATCON®-technology. This technology is based on the simple principle of 
directing sunlight onto high-efficiency solar cells using Fresnel lenses with a 
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concentration factor of 500. The used solar cells are based on III-V multi-
junction cells with an efficiency of up to 35%. The modules are mounted on a 
dual axis sun tracking system. The module efficiencies are above 25 % 
under realistic operation conditions. A cost analysis and calculations of 
levelised electricity costs (LEC) in comparison to conventional flat plate PV 
modules have been carried out and are presented on conferences16. For 
large systems at sites with high direct solar radiation the FLATCON® 
technology is expected to have a clear competitive advantage. 

 

Cost Analysis for the FLATCON ®-Technology 

Target markets for concentrators are large-scale (100 kW to multi-megawatt) 
photovoltaic power plants located in sunny regions of the world. For the 
FLATCON system a thorough analysis of production cost based on an 
engineering approach was carried out for a 20 MW production line16. The 
following assumption were made: 

· module efficiency 28 % (at 25°C, 850 W/m²) 

· depreciation for machines 7 years, for infrastructure 13 years 

· maintenance costs: 5 % per year of the investment cost 

· yield factor 95 % 

· averaged personal costs: 30 €/h 

The central outcome of the cost analysis is that in a production line with 
20 MW annual production capacity , the module and tracker cost  can be 
at 1,72 €/W. Already for a production capacity of 200 MW the module and 
tracker production costs  can be at 0,87 €/W. The results are summarised 
in table 6.2.I. In addition, in Figure 6-1 the partition of the cost for the 
200 MW scenario is shown. 

                                                
��  H. Lerchenmüller et al, Proc. 3rd. Int. Conf. on Solar Concentrators for the Generation of Electricity and Hydrogen, Scottsdale, 

Arizona, 2005, NREL-CD 520-38172 
A. Bett et al, Proc. 20th European PVSC, Barcelona, 2005, p. 114-117 
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Production costs in €/Wp
Solar cells 0,17 €/Wp
Solar cell assembly 0,20 €/Wp
Lens 0,07 €/Wp
Module assembly 0,14 €/Wp

Power Inverter 0,15 €/Wp

Tracker 0,29 €/Wp

Installation 0,05 €/Wp
Electronics /  BOS 0,20 €/Wp

200 MW
0,46 €/Wp
0,41 €/Wp
0,16 €/Wp
0,24 €/Wp

0,33 €/Wp

0,45 €/Wp

0,07 €/Wp
0,40 €/Wp

20 MW

Module costs and tracker 0,87 €/Wp1,72 €/Wp

 

Table 6.2.I: Result of the cost analysis (only direct cost) based on an annual 
production capacity of 20 MW and 200 MW.  

 

200 MW

0,17

0,2

0,07

0,14

0,29

0,15

0,05

Solar cells

Solar cell assembly

Lens

Module assembly

Tracker

Power Inverter

Installation

 

Figure 6-1: Production costs of a FLATCON CPV system assuming an 
annual production capacity of 200 MW. 
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Comparison to Flat Plate PV 

A cost comparison of CPV and flat plate technology is a critical issue. CPV 
uses tracker and only direct sunlight (DNI) whereas flat plate technologies 
uses the global sun spectrum. Thus the only meaningful comparison can be 
done on levelised electricity costs which in turn is site dependent. However, 
to perform a comparison on module level�� , the cost for the tracking is added 
to the cost of the concentrator module and this value can be compared with 
the costs of Silicon flat plate modules. For a 20 MW production capacity 
costs of 1,72 €/W were determined whereas for a 200 MW production the 
costs were calculated to be at 0,87 €/W (see table 6-2-I).   

For the comparison of these values to the well known price curve of flat plate 
Silicon PV the following assumption was made. To get from the costs in 
table 6-2-I to prices a 50 % mark-up was assumed for profit and indirect 
costs such as management costs and expenses for R&D. This leads to 
prices of 2.58 €/Wp at a 20 MW production level. This value is included in 
Figure 6-2 which shows the price-learning curve for Si modules. 

100 101 102 103 104 105
1

10
 Si
 III-V

€/
W

p

cumulated power [MW
p
]  

Figure 6-2: Price curves for flat plate silicon PV modules and for 
concentrator modules including the tracking. The dashed line indicates costs 
of 2,5 €/Wp. 

 

                                                
��  The prices for Si module are well known, see also Figure 6-2. 
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Each new technology has its own price-learning curve and starts at low 
shipment values. Provided that concentrator PV can realise high growth 
rates this technology is very interesting from an economic point of view, see 
Figure 6-2. Hence concentrators may have a bright future in the utility scale 
PV market in countries with high solar radiation. Today many companies 
have started or intensified work on concentrator PV systems. 

 

Turning Point in 2010 

To assess the potential of the technology, a cost comparison between flat-
plate PV and the FLATCON® concentrator system was carried out also for 
the levelised electricity cost (LEC). This comparison is determined by the 
annual depreciation for the initial investment into the PV power plant�� , the 
operating and maintenance costs (O&M) and the annual energy output. As a 
fully automated production line is not available today, the comparison was 
made with assumptions for the year 2010, calculating with 2,5 €/Wp as a 
system price  of the FLATCON®-System. By then system price for flat-plate 
PV will be around 3,1 €/Wp. Since the CPV system uses moving parts, the 
O&M-costs were doubled for the FLATCON® system. For flat-plate PV 1 % 
per year and for the CPV system 2 % per year of the initial investment was 
considered to cover the O&M costs. Further assumptions for the calculation 
were: discount rate: 6 %, lifetime 20 years, insurance cost: 1 % per year of 
the initial investment costs, performance ratio 0.78 and 0.8 for the CPV and 
flat-plate, respectively. The results of these calculations are shown in Figure 
6-3. The LEC calculations show that for sites with moderate solar resources 
like Munich, Freiburg or Paris the flat-plate system is superior, whereas at 
sites with high direct solar radiation the FLATCON® technology is expected 
to have an advantage over flat-plate systems: 15 % lower LEC for good sites 
in Spain and 20 % for sites in Arizona or northern Africa.  

 

                                                
��  Here a value of  
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Figure 6-3. Comparison of LECs for flat-plate PV systems with a fixed tilt of 
30° and FLATCON systems (assumptions for the calcul ation see text). 
Different sites in Europe have been considered. GHI means Global 
Horizontal Irradiation. The time horizon for the system costs (2.50 €/W and 
3.10 €/W) is the year 2010.  

 

Summary 

It has been shown that for large systems at sites with high direct solar 
radiation the concentrator technology is expected to have a clear competitive 
advantage, compared to flat-plate silicon based PV. Already for a 20 MW 
production line, a plant size which is rather small compared to current and 
future silicon based wafer and module factories, the concentrator systems 
can be cost competitive. Further cost reduction for large scale production 
was analysed, going to higher concentrations, with improved solar cells and 
reasonable cost reduction for components due to mass production, the total 
cost reduction potential is impressive: Total costs for the system far below 
1,5 €/Wp can be obtained in a large scale production enviro nment with 
reasonable technical improvements.  This demands for further R+D to 
achieve this technical improvements. Since production capacity for 
concentrator systems can be increased very fast, the learning curve for 
concentrator modules can be realised in quite a short time resulting in a fast 
cost reduction. 


