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Abstract

Highly efficient concentrator photovoltaic systems (CPV) use an optical concentrator to concentrate the
solar radiation onto muHunction solar cells (MJC) based on-Wl semiconductors. Such cell have a
record efficiency of 4% under concentration. In order to exploit the high cell efficiency a careful
optimisation of the whole CPV system has to be undertakencentrix is manufacturing and installing
FLATCON® concentrating photovoltaic CPV systenis. this paper, the most reat results ofthe
FLATCON® CPV technology are presented as well as field data over more than onELEBEON®
modules are based on-M triple junction cells, a Fresnel lens array and a glass cover and bottom plate.
In 2008, Concentrix installed single trackersystemand two power plants in Spain. Thimgletracker
systemwith an aperture area of 28.8 m2 showedanualsystemAC energyefficiency of 2% based on

the aperture with maximusystem AC power efficiency values 28%. Similar systems istalled in 2009

and equipped with theurrentFLATCON® module CX75 achieved system AC power efficiencies of
25%. Finally, it is shown that the high efficiency FLATCONCPV systems resulin very low levelized

cost of electricity in sunny areas like Souétfrica.

1. INTRODUCTION

Concentration of solar radiation on photovoltaic cells allows for outstanshingpvoltaic conversion
efficiencies which are a prerequisitéor competitive levelized cost of electricity(LCOE). In a
concentrator photovoltaic (CB\Vmodule, the direct solar radiation is focused by means of an optical
concentrator onto highly efficient solar ce{Sala and Luque 2007High concentration CPV modules
convert the direct solar irradiation only and use a tracker to track the sunedtm®lbgy is therefore
suitable for regions with high direct solar irradiatidhe most common CPV module design uses Fresnel
lenses andnulti-junction solar cell§MJC) based on IHV semiconductorsvhich were already used for
space applications for datws and became commercially available for terrestrial applications during the
last yearsUnder concentrated sun irradiation the current world record for the conversion efficiency of
such solar cells is at 41%Dimroth et al. 2007) Commercially availableMJCs have conversion
efficienciesvery few percents below 40% and enabled several CPV companies to enter the photovoltaic
market. TheFLATCON® CPV technology was developed in the 1990°s by Fraunhofer ISE in Freiburg,
Germany, together with the IOFFE inst# in St. Petersburg, RusgRumyantsev et al. 2000)

Its unique features are a cowvamnd bottom platenade out of glass and a relatively small 4 x 4 cm?
aperture of the primary lens which is assembled in an array. In case of this primaeydiemsie heat
spreader made out of a metal with a satisfying thermal conductance is suffarietie thermal
managementAn identity element of &LATCON® moduleconsisting of a primary lens, a solar cathd

a heat spreaddthe cell mounted on the heat spreatleing called solar cell assembly SG#&xketched

in Fig. 1.
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Figure 1. Sketch of aidentity element of &LATCON® module

bottom plate

In 2005 the company Concentrix Solar was founded which commercializes the FLATCON
technology(Bett and Lerchenmiller 20D7Until summer 2008 more than one million Solar Cell
Assemblies (SCA) were produced on a pilot production line jointly designed and operated with
Fraunhofer ISE. In 2008 Concentrix Solar inaugurated a highly automated 25 MW production
line for FLATCON® modules in Freiburg. During the last 4 years the module developments
included the upscaling of the number of identity elements per module from 48, over 150 to 200.
The current module generation €% hasan aperture area of 3262 and a height of 83mm

(Fig. 2). These modules have a nominal output power 75 W when flashed at an irradiation of 850
W/m2and above 70 W at operating temperatures and at the same irradiagdmgh fill factor

of the FV curve of a FLATCON CX-75 moduleindicates the very nasw distribution of high

lens and cell quality (see Fig.3).

Figure2. Photo of &&LATCON® CX-75 module
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Figure 3. IV curve of &LATCON® CX-75 module

In this presentation, we report on the field experience RithTCON® CPV systems which are
equipped with the current module generation and the previous one which was built from early
2007 totheendof 2008.0Outstanding maximum AC power efficiencies of 25% have been
achieved as well a8C energy efficiencies above ZDover a whole yeaFurthermore, \& will
highlight the commercial aspec@PV has the potential to provide the lowest LCOE for all PV
technologies in regions with a very high direct solar irradiation, e.g. South Africa

2. SYSTEM TECHNOLOGY

A FLATCON® CPV system consists of tieodules the tracker, the inverter, auxiliaries, and the
control and monitoringpardware and softwarén 2008, trackeraereinstalled with 120

modules of 150 lenses resulting in a totaldule aperture of 28.8 rper trackerDepending on

the evolution of the wdule efficiency themominal power of these trackers at a direct normal
irradiation (DNI) of 850 W/m2is 5,4 5,6 kW. Installations were made at i8&OCsite

(Instituto de Sistemas Fotovoltaicos de Concentration) at Puertollano, Spain, and at sesite clo
to Seville, Spain. The tracker hasracking accuracy determined to be better thanviitih’a
proprietary control systenktach of the trackers has its own inverter which serves also as the
control system of the mechanical tracking and as communigadianvith own IP address. This
very innovative inverter for CPV systems was developed by Fraunhofer ISE in cooperation with
Concentrix and has currently an efficiency of 96%. A photo of the described CPV system is
shown in Fig. 4.

In 2009, the same traakbas been installed but with 90 modules-CXof200 lenses (Fig. 2)
resulting in the same aperture area per tracker of 2§RBm3 left). Due to thevery good and
homogeneous quality of the module @& which is the first CPV module produced on dyful



automated production line, tineeasuredystemefficiency everoutperformed the expectations

For this type of tracker a DC system efficiency of 26% was measured (Fig. 6). The AC system
efficiency and the respective AC power were determined to be 28%. arkW at a DNI of 850
W/m2. The modules CX75 were also installed on a new tracker with a nominal AC power of
13,3 kW (Fig. 5 right).

For control and monitoring, each installation includes two DNI sensors, two GNI sensors and
two wind sensors. Their ttaare temporarily stored industrial personal computers on site and
transferred to the central data management system via internet, e.g. during the night. This
architecture allows for both: the productivity of the power plant independent of temperakint
availability and also almost real time data whenever the internet connection is available. A block
diagram of the control and monitoring system on site is shown in Fig. 7. An example of the
internet based information on actual data from the powet @ahown in Fig. 8.
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Figure 4. Photo of ELATCON® CX-6P systemwith modules of 150 lenségeneration 1)



Figure5. Phote of aFLATCON® CX-P6system(left) and a CXA15 system(right) both with CX75
modules(generation 2)
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Figure6. IV curve ofa FLATCON® CX-P6systemwith CX-75 modules
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Figure7. Block diagram of the control and misering system on site
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Figure8. Example of a web page with online data from a power plant



3. FIELD EXPERIENCE

A system CXP6 asshown in Fig. 4 was put into operation at a site close to Seville, Spain, end of April
2008. This system has an availability of 99% over the 15 months of operation before writing this
publication. The averaggystemAC power efficiency at a DNI of 850 W/nfér all data collected during

one year for this DNI is 22.8%. In Fi§. the daily DNI energy (blue bars) and the daij}stemAC
energy efficiency (black dots) are shovincan be seen thainly in case of a low daily DNI eneyghe
system efficiency dnos (mainly in wintertime)whereas during summertime when most of the electrical
energy is gained low system efficiency data are rare. As a resulintibalsystem AC energgfficiency

is 20%.

Two power plants of 100kW were grid connected end of Septe?ili8, one at a site close to Seville the
other one at the ISFOC site in Puertollano. Both power plants have produced several hundrealda\Wh
electricity since.The technology has been proven to operate reliable in relatively hot climates for which
CPVis well suited due to a very low temperature coefficfenthe efficiency. At theespectivesites the

daily maximum temperatures reach or exceed 40°C on many days in diman&s can be seen in Fig.

10, thedaily maximum power plant A@fficienciesare not affected by the ambient temperature increase
from May to Jly which is for both sites in the range of 10Ke slight scatter of the data is mainly due

to different atmospheric condition¥he higher values of the Seville site are due to differeatédse MJ

cells used in the moduleshe MJ cell generation used in Puertollano did not have an optimized spectral
response yet.

Figure9. Daily DNI energy (blue bars) and daily system AC energy efficiency (black dots) of a system
operating sincend of April 2008 at a site close to Seville, Spain



