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LENS REFRACTING COST EFFECTIVE PHOTOVOLTAIC SOLAR
ENERGY CONCENTRATING SYSTEMS

The overall cost reduction task is studied for photovoltaic (PV) solar energy systems. For
that purpose, a new, cost effective lens refracting system is developed. The concentrating
system consists of Fresnel lenses placed under different facet angles refracting the sun light
onto the solar cells placed along a line. The developed photovoltaic concentrating system uses
the mathematical model of Fresnel lens concentrating optics for photovoltaic systems used to
optimize the system by cost. A computer program FLCPVSys2.1 for the new concentrating
system is developed allowing to design a photovoltaic system of the required power with the
minimum cost. The program can be used for designing a cost effective photovoltaic solar
concentrating system.
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Introduction. The high cost of photovoltaic (PV) modules makes the use of
concentrators desirable and very demanded, because concentrators decrease the total
cost of PV modules. Optical concentration offers an excellent and effective approach
to the reduction of the PV system’s high cost by substituting the solar cells by
concentrator area. At present, different types of sun concentration systems are used to
reduce the high cost of flat PV modules. For concentration, solar energy designers can
use either light refraction (using Fresnel Lens) or light reflection (using mirrors). The
Fresnel lens can either be circular lens to focus the sun light on a single cell, or linear
lens to focus sun light on a row of cells. Amonix (US, California) uses an array of
point-focus Fresnel lens [1, 2], Fraunhofer ISE (Freiburg, Germany) and Loffe institute
(St. Petersburg, Russia) also use point-focus Fresnel lens in the concentrator PV syste-ms’
design [3]. The US company ENTECH has developed line-focus Fresnel lens modules
[4]. Each module uses rows of silicon cells operating at 20-suns concentration.

Besides the use of lenses, it is also possible to use mirrors to concentrate the sun
light. Solar systems in Australia have developed a dish concentrating PV systems [5].
The EUCLIDES concentrating array consists of a mirror reflecting parabolic trough
tracking the sun around the horizontal axis [6].

All the previously mentioned designs are different having various structures,
concentrating optics, concentrating ratio, tracking system, solar cells’ cooling designs
and also they have a wide variety of designs. It is worth to mention that the cost
reduction of PV concentrating systems is a must because most existing PV
concentrating systems are still expensive, moreover concentrating systems are very
clean, noiseless and belong to Green technology.
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Structure of Photovoltaic Concentrating Systems. The basic disadvantage
while dealing with solar energy is to efficiently collect this energy and cost effectively
convert it into electricity. The existing solar generating systems are still too expensive.
Electricity from solar electric systems is more expensive than that produced by
conventional electric generation systems. For this reason and not only, it is extremely
important to develop cost-effective solar electric systems. The structure of the new
cost effective photovoltaic (PV) concentrating system is a lens refracting linear focus
type. The concentrating system consists of Fresnel lens placed under different Fresnel
facet angles which are refracting the sun light onto the solar cells mounted along a
line. The Fresnel lens is placed at a specific distance from the cell called focus
distance. To design the new Fresnel lens refracting cost effective photovoltaic system
with different powers, a special computer program is developed. The program allows
to optimize the concentration ratio and to design a cost effective photovoltaic system
having an optimized cost.

Computer program for optimization and a cost effective PV system design.
In order to develop a computer program capable of designing an optimized and cost
effective PV concentrated system, we need to develop a mathematical model
competent of giving the computer program the ability to calculate the Fresnel lens
facet angles based on the given parameters [7].

In addition to the mathematical model, and in order to determine the optimal
concentration rate of Fresnel lens refracting linear focus PV concentration system, a
cost optimized algorithm is also developed. The algorithm is based on optimal
concentration rate needed in order to get most effective and minimal cost. The
algorithm passes through many calculation iterations to determine the cost of the
concentration system by increasing the concentration by 2 facets per iteration, starting
from one sun.

By increasing the number of facets by 2, we are increasing the concentration rate,
and, at the same time, the cost of the concentration system starts decreasing, and after
some iterations, the cost starts to increase due to the ineffective addition of the facets
due to the total internal reflection which will not be able to refract the sun light
effectively to reach the solar cell, this causes an increase in the concentration system
cost, without being effective. Realizing the fact of the cost change from a low cost to a
higher one will help to determine which cost to select, which is the main goal of this
article. The effective cost of Fresnel lens linear focus PV concentrating system picks
up one iteration before the cost starts increasing. To realize this optimization and the
automated design of PV system, the computer program FLCPVSys2.1 is developed.
The home page of the computer program is presented in Fig. 1.

For the given values of generated electric power, temperature (ambient and
permissible working temperature of the solar cell), solar radiation (based on the
location of the solar concentrating system’s manufacturing), parameters of the solar
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cell, focus distance, constructive material; transportation; solar array installation; heat
sink; Fresnel lens manufacturing prices in addition to many other parameters, the
computer program calculates the costs of the concentrating system by changing the
concentration rate and shows the value of concentration rate when the minimum cost
is obtained.

FLCPVSys Automated System
Fresnel Lens Concentrating PhotoVoltaic Solar Energy Systems

Main Params | Cell Specs | Amay/Lens Params | Others | Inverter|

Solar Radiation(w/m2): 1000 Load

Requested Power(w): 1000

]

Facets Number:
Minimum Cost($):

Fig. 1. Computer program home page
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Fig. 2. Dependence of the PV concentrator system cost on the concentration rate and all the
required data (Current option)
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As an example, the concentration rate optimization curve obtained for the 1 kW
photovoltaic system in addition to all details needed for manufacturing the Lens
(Facets number, Facet width, Refraction angles), the number of cells needed to
generate the required power, cost per watt, and heat sink temperature change are
presented in Fig. 2.

For solar array manufacturing, installing and transporting convenience the solar
cells implanted per solar array does not cause the array to be very long so that it
should be used for both small (home) and large (company) efficiently. Based on these
facts each solar array will consist of 20 solar cells only. The developed program is not
cost affected while determining the optimal facet refraction angles of the Fresnel lens
(based on the focus distance) by the critical angle of the Fresnel lens because the
program finds the critical angle of incidence which causes total internal reflection
causing no more concentration but cost. Therefore finding the critical angle helps to
determine the cost effective photovoltaic system.

The computer program does not only calculate Fresnel lens refracting PV solar
energy concentrating system optimized cost based on the required power, but also
gives the designer an opportunity to get a more optimized cost per watt based on
implanting the missing solar cells in the last solar array. This technique will reduce the
c ost per watt generated as shown in Fig. 3 and Tables 1, 2.
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Fig. 3. Better dependence of the PV concentrator system cost on the concentration rate and all
the required data (Better option)
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Table 1

Dependence of the required and generated powers on the cost per watt when the last solar
array misses solar cells

Required Power Solar cells . Cost per watt Power Generated
(KW) required Lens Width (m) ($/w) (KW)
1 25 0.226 1.649 1
2 35 0.271 1.249 2
10 97 0.379 0.971 10
12 111 0.391 0.962 12
15 128 0.412 0.939 15
Table 2

Dependence of the required and generated powers on the cost per watt when the last solar
array is saturated

Required Solar cells Lens Width Cost per watt Power Generated
Power (kW) required (m) ($/w) (kW)
1 40 0.226 1.168 1.6
2 40 0.271 1.125 2.28
10 100 0.379 0.946 10.31
12 120 0.391 0.9 12.97
15 140 0.412 0.869 16.41

The program allows to determine the optimal concentration rate which provides
the minimum cost of Fresnel lens refraction linear focus PV concentration system.

It is obvious from tables 1, 2 that the Fresnel lens refraction linear focus PV
concentration system cost per watt decreases with increasing the required power of the
system, and that the cost per watt calculated by FLCPVSys2.1 program is competitive
in comparison with other well known PV concentration systems as shown in Table 4.

All input parameters and some results obtained from the computer program are
presented in Table 3.

Table 3

Input Parameters and obtained results

Required Power (kW) 1 10 100
Solar Radiation (W/m?) 850 850 850
Solar cell efficiency (%) 25 25 25
Max. Allowable solar cell temp. (Cent.) 60 60 60
Ambient solar cell temp. (Cent.) 40 40 40
Cell Price ($) 15 15 15
Lens Price (%) 20 20 20
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Table 3(continued)

Array Installation ($) 25 25 25
Array Transportation ($) 20 20 20
Array Fabrication ($) 25 25 25
Constructive Material ($) 100 100 100
Inverter Price ($) 50 50 50
Convertor Price (%) 150 150 150
RESULTS OBTAINED |
Cost/watt ($/W) 1.168 0.946 0.866
Power Produced (KW) 1.604 10.31 100.74
Array Width (m) 0.226 0.379 0.477
Concentration rate 23 77 155
Cells required 40 100 680
Arrays required 2 5 34

The program allows not only to determine the optimal concentration rate, but also
determine the heat sink area needed to keep the solar cells per array in their best
efficiency, moreover, the program determines all the necessary parameters to
manufacture the Fresnel lens per solar array. In addition, the program gives the
designer all details per one solar array (solar cells cost, Fresnel lens area and cost, the
power produced and the total array cost).

Table 4

Results for cost per watt of FLCPVSys2.1 compared to well known PV concentrating systems

Required Solar Focus Costof | FLCPVSys2.1
Software/Institute Povx?er (W) Radiation Distance watt cost of watt
(W/m?) (m) ($/W) (/W)
CPVCAD/
SEUA [8] 500 1000 0.3 2.88 1.168
PVCsystl1.2/
SEUA [8] 1000 850 0.5 1.48 0.920
Germany Spain 1000 850 05 2.02 0.920
Project [9]

The results obtained in Table 4 by the new cost effective Fresnel lens refraction
type PV solar energy concentration system FLCPVSys2.1 (costs in red) under the
same conditions of temperature, solar radiation, constructing materials cost, and focus
distance are competitive compared to the projects mentioned.

Conclusion. At present, several companies have developed and installed reliable
PV concentrating solar energy systems. The price of the existing PV concentrating
systems is high. The developed new cost effective Fresnel lens refraction type PV
solar energy concentration system has several advantages in comparison with the well
known systems.
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The developed optimized method, algorithm and computer program allow to
design cost effective Fresnel lens refracting linear focus PV solar energy systems.
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4.U. OPLUYL8UL

ULBIUSPL ELEPQbPUSE NUNLSUYUSHL SUSEUUNEU TULUYMES $NSAELEUSMUYUL
YNL3ELSrUSNruUshL ZUUUYU et

Munidtwuhpduws Ewpluwghtt nnnkEjunpuut tukpghinhy hwdwlwupgtph pighwinigp
huptwpdtph hotigdwt punhpp: Upwlyt) E unp, wpynibwdbn nuyiywluhtt hwdwlwupg:
Nuuyuwljuyht Ynbugknpunnpp juqudus L nwuppbp wilnibibpny mbnunpgus $pkubjuyght
nuyywlukphg, npnup phjnud & wplh fwnwquyptbpp ntyh ninhy gényd nbknupwpqus
wpbuwghtt dwpunyngubpp: Uowjdus nnnbikjunpulut §nughtnpunnpught hwdwlwupgh
hhupnud puyws E dpkubjuyhtt nuybyuljubph oyunpluljut hwdwlupgh dwpkdwnhijuluh
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Unnkip, nptt oqgnuugnpéqus k npytu huiptiwpdtph oyinhdwjugdwt ninnjws hhltmlw gnp-
Shpwuheng: Unughinpuinnpuyhtt tnp hwdwlwupgh hwdwp dowlyt) k pndihynippught spw-
qhp, npp pnyp | nnwjhu twjuwgst] nnnhEjnpuljuwt wpynitwdtn hwdwlupg' wuhwig-
nn LEjunpulwh hgnpnipjudp b bjuqugny hupttwpdtpny: Opwughpp Jupny b oginugnps-
Jt munbtuwybu swhwybn $nunnkjEjunpujui wphuwyhtt Bubpghuyh Ynugknpunnpuyghe
hwdwljupgbp twhiwgstint hwdwp:

Unwbgpughll punkp. dnuinnbjkljinpuljub, §nightinpunnp, nuyyuly, pknud, ghli, wipn-
ity

I''A. MTMJIAB/UKAH

JIMH30BBIE 9QKOHOMHWYECKH D®PEKTUBHBIE ®OTO3JEKTPUYECKHUE
KOHIEHTPATOPHBIE CUCTEMbBI COJTHEYHOM SHEPT UM

HccnenoBana 3ajjada CHIDKEHHSA 001Iel ce0ecTOUMOCTH (POTOIIEKTPUUCSCKUX CONHEYHBIX
sHepreTyeckux cucteM. C 9TOM 1enbio pa3paboTaHa HOBasi, SJKOHOMHYECKU dPPEKTUBHAS JTUH-
30Bast cucrema. KOHIIEHTpaTopHasi CHCTEMa COCTOMT M3 PAaCMOJIOKEHHBIX IOJ Pa3IHYHbIMU
yriamu JuH3 OpeHens, KOTOpble IPeoMIIAIOT CONMHEYHBIH CBET Ha COJHEYHbIe OaTapeH, pacio-
JIO)KCHHbIE BIONb JHHUU. B pa3zpabotaHHO#l (HOTOIIEKTpHUYECKON KOHLCHTPATOPHOU CHCTEME
UCIIONB3YeTCs MaTeMaTH4ecKas MOAENb ()PEHENbHOHW JMH30BOWH KOHIIEHTPAaTOPHOH ONTHKH,
KOTOpas MO3BOJIIET ONTHMH3UPOBATh CUCTEMY IO cebecTouMocTH. Paspaborana xommbroTep-
Has IPOrpamMMa JUIsl HOBOH KOHLIEHTPATOPHOW CHCTEMBI, O3BOJIAIOIIAs CIIPOSKTHPOBATh (HOTO-
9NIEKTPUYECKYIO CUCTEMY AaHHOW TpeOyeMOl MOIHOCTH ¢ MHHUMAaJIbHOW cToMMOCThI0. [1por-
paMMa MOXeT OBbITh UCIIOJIb30BaHA JIJIsl IPOSKTHPOBAHUS IKOHOMHUUYECKH (P PEeKTUBHBIX (oTO-
ANEKTPUUECKHUX COJTHEYHBIX KOHLEHTPATOPHBIX CUCTEM.

Knrouesvie cnosa. HOTOINEKTPUUECKUHA, KOHIECHTPATOp, JIMH3a, NpEIOMIICHUE, LICHa,
3¢ G EeKTUBHBIH.
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