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Chapter 3

Prototype Design and Construction of an Asymmetric
Compound Parabolic Photovoltaic Concentrator System
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3.1 I ntroduction

At solar noon the maximum and minimum solar al&uaingle of 61.45and 14.55 respectively,
correspond to the latitude of 92 (London, UK) and daylight hours/day vary from abd8 to 8 hours.
There is thus a large variation in daily availabtdar energy between June and December. Because of
winter longer nights and cold weather, the averagergy requirement in the winter is much higher
compared to the summer. Non-imaging Asymmetric Gmmp Parabolic Photovoltaic Concentrators
(ACPPVC) designed for the UK climate and latituderevanalysed using the ‘comprehensive unified’
model (Eames et al., 2001). The ACPPVC'’s were fatet (Rabl, 1985) to reduce reflector material and
thus initial cost.

3.2 An Asymmetric Compound Parabolic Concentrator for PV Application

Asymmetric non-imaging concentrators as an alteraab symmetric compound parabolic concentrators
have the following advantages (Mills and Giutronit878):

* Increased design flexibility. Asymmetric concerdratcan be tailored to compensate for cyclical

climatic or demand variations.

* Increased operational flexibility. If a sudden dechavere to require an increase in output, more
frequent tracking could be used to achieve suliatBngreater concentrations. This cannot be

done with symmetrical non-imaging concentrators.

» Collection of diffuse radiation. An asymmetric centrator can accept a wide range of the diffuse
component of incident solar radiation compared sgrametric CPC.

Because of these advantages and its angular ancepfanctions (as detailed in Chapter 2) the

asymmetric compound parabolic concentrator is thet [suitable candidate for building integrated

photovoltaic applications as proposed in Chaptdivwg proposed systems were:

1. ACPPVC-50: 50° truncated acceptance half-angle asstnic compound parabolic photovoltaic

concentrator having concentration ratio of 2.0.

2. ACPPVC-60: 60° truncated acceptance half-angle awmtnic compound parabolic photovoltaic
concentrator having concentration ratio of 1.71.
The ACPPVC-50 was design and fabricated for indoat outdoor experimental characterisation due to

its concentration ratio is 14.5% higher compared@»PVC-60.

3.3 System Truncation

An asymmetric compound parabolic concentrator kas different parabolic reflectors determined by
their focal points and parabolic axis as showrigare 3.3.1. Parabola SP refers to the upper teflemd

parabola RQ refers to the lower reflector and theis are at RRand SSrespectively, PQ is the aperture
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of the system. All solar rays incident within thecaptance range on the aperture PQ are reflected by
either reflector and reach the absorber RS. Théemsydas two asymmetric acceptance-half angles

denoted bygs andB,. For the system studie@=50° and8,=0° i.e. the lines MN and SQ are parallel.

S
Axic of Upper reflector
parabola QR >
Aperture
Truncation
//ﬁ¥tne
S
S 7 (3
Absorker
6, =0
/ 6.
Mpr— e\
Q/ Axis of poarabola SP
) /
R =R

W

ower reflector

Figure 3.3.1 Asymmetric compound parabolic coneatifor building integration in the U
with acceptance-half angles of 0° and 50°.

Asymmetric compound parabolic concentrators catrunecated to reduce the material used and thus the
manufacturing cost (Rabl, 1985). The vertical tatian line PO is shown in figure 3.3.1. A 54%
truncation of the reflector RQ has been made figrAICPPVC-50 system. For this truncation of 54%, th
concentration ratio decreased by 15% to give aamnation ratio of 2.01. The adopted truncationthas
following advantages over the untruncated system

» significant reduction in reflector material and $haverall system cost

» overall increase in the diffuse solar radiatiorlexiion

» flat fagade is produced that reduces accrual dfaus salt deposits.
3.4  Design and Construction of the Prototype ACPPVC-50 System

The basic design consideration for any system digpen the materials selected for different comptsen

and the individual component design and constroctithe components of the ACPPVC-50 are the
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aperture, reflectors, the PV absorber, a back-glatea support frame. The individual componentgiesi

and construction details are described in this t&rap

34.1 Aperture Design and Construction

Aperture material transmittance is a function othbtihe wavelength and solar incidence angle ofrsola
radiation. Low iron glass contains less®gand therefore absorbs less incident solar enavgypared
with high iron content glass (Duffie and Beckma@91). A 4 mm thick low iron glass sheet with an
extinction coefficient of 4.1 th has been considered for the aperture glass coitbram effective

transmittance of approximately 0.92. The dimensmfrthe aperture cover are illustrated in figuré. B.1.

Low iron glass 7\ 3

1050 mn
Figure 3.4.1.1 Aperture cover specification for 8@PPVC-50 system.

3.4.2 Reflector Design

A computer program “acpct.pas” was written in PASC# calculate the data points for the two

reflectors. The parametric equations used were:

X = (at2 - a)cosé?+ 2atsing
_ (3.4.2.1)
y= (at2 - a)smH— 2atcosd
where “a” is the photovoltaic absorber length dmeltalue of “t” varies as
(1-sing) i< (1+sind) 3422
cosd -~ = cosd (34.2.2)

for the angular value®=0° and0=50°.

Data points calculated by “acpct.pas” were trametémto “Tecplot” (Anon, 2001a) to generate refitec
profiles as shown in figure 3.4.2.1. Once the untated reflector profile was completed, the (x,§) ¢
ordinates were determined for the truncation liepehding on the level of concentration required.tfe
untruncated reflector the concentration ratio w82 2hown in figure 3.4.2.1 (a). The concentrateiio

was 2.01 when the reflector was truncated as shiofigure 3.4.2.1(b).
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Figure 34.2.1 Computer generated asymmetric compound plcateflector profile (a
untruncated system (pointing out the truncation)lifib) truncated system.

34.21 Reflector Substrate

A 0.15 mm thick stainless steel reflector substmtevided a heat conducting fin to dissipate hewt a
thus reduce solar cell temperature. To one sidbeofeflector substrate was attached 61-68 midnamk t
self-adhesive mirror reflector, to the other sider26 mm thick aluminium reflector supports were
attached for indoor and outdoor experimental ctiaresation respectively as shown in figure 3.42.1.
The computer generated data points were transfesredUTOCAD” (Anon, 2001b) to draw the profile
in a “dxf” format to enable construction of the leefor support using a CNC machine. A thermally
conductive adhesive bonded the aluminium reflesigoport to the stainless steel reflector substrate
(Anon, 2001c). In figure 3.4.2.1.1 two M4 holes warsed to clamp the aluminium reflector support
during CNC machining. A lower hole just below tHarmainium back plate kept the system in its original
position along with the adjacent reflector supgbrough an M4 aluminium bar. The reflector support
modified for outdoor experimental characterisatias shown in figure 3.4.2.1.2) was attached by M3

screws to the rear aluminium substrate.
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Figure 34.2.1.1 Aluminium reflectc Figure 34.2.1.2 Modified reflectc
support for theasymmetric compour support design for outdoor experimel
parabolic photovoltaic concentrator. characterisation of the ACPPVC-50.
3.4.2.2 Reflecting Material

Self adhesive “Radiant Mirror VM2000” (Anon, 2002as chosen for the reflecting material due to its
guoted reflectivity being greater than 0.98. Th#enting material is a multi-layer polymer film, éh
outside layer being polyethylenenaphthalate witho 9&sible light specular reflection. Being metaddrit

is non-corroding and non-conductive. VM2000 is thalty stable with a maximum continuous use
temperature of up to 130 with low levels of shrinkage. The physical anermical properties of the

reflector material used are shown in table 3.412&non, 2001d).

77



Tapas Kumar Mallick

Test Method Units Typical Value
Optical: Luminous ASTM E1164-94 | % >98
Reflectivity ASTM E387-95
Colour 3MTM alb | .oca /b <o
Bandwidth (>90% 3M TM nm (400-415)-(775-1020)
Luminous Reflectivity) nm (®*-80° aoi)
Transmits Wavelengths 3M TM nm >775 and <1020
é Absorbs Wavelengths 3MTM nm <400
g’_ Usage Angle 3MTM degrees 0-90
o | Physical Thickness 3MTM microng 61.0-68.6
Tensile Strength ASTM D-882 Kgm | >625
Elongation @break ASTM D-882 % >60
Modulus ASTM D-882 Pa >0.08
Heat Shrinkage,15C, | SMTM % <1
15min. MD CW
Yield m/kg 11.2

Table 3.4.2.2.1 Physical and chemical propertiRaafiant Mirror VM2000 reflector film (Anon, 2001d)

34.3 PV Absorber Design

A material with high thermal conductivity is regedr to transfer heat efficiently away from the salelts
to the ambient surroundings, cooling the solar aetl thus leading to improved PV performance. TWe P

absorber design is divided into two componentgckiplate and the PV.

3431 PV Solar Cell Absorber

The solar cells used in this work were monocnysiall'BP SATURN” half-size solar cells (Anon,
2001e). The metallisation process used for the faature of laser grooved, buried grid “SATURN”
solar cells (Eager et al., 2002) is based on @lests chemical plating. The electrical charactiegstf ten
sample solar cells are presented in table 3.4.3Thd average solar cell efficiencies are all dv&o with

fill factors of 75% and higher. These measurememie reported at nominal operating cell temperature
(NOCT) conditions (Eager et al., 2002).

! Manufacture specified test method
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Current (A)| Ve (V) lsc (A) Fill factor (%) | Efficiency (%)
1 3 0.607 5.225 76.2 16.4
2 3 0.604 5.161 77.5 16.4
3 3 0.606 5.218 75.7 16.2
S 4 1 0.605 5.090 77.9 16.3
'% 5 0.7 0.605 5.202 77.9 16.3
o
n 6 2.1 0.607 5.203 77.9 16.7
3 7 21 0.608 5237 76.6 16.6
8 2.1 0.606 5.041 77.6 16.1
9 0.7 0.607 5.173 78.1 16.7
10 0.7 0.608 5.241 78.1 16.9

Table 3.4.3.1.1 Electrical test results for teth $ide Saturn solar cells (Eager et al., 2002).

344 Back Plate Design and Construction

A 3-mm thick aluminium plate was used to provideaae for the photovoltaic solar cells. The backepla
designed for indoor experimental characterisatisrshown in figure 3.4.4.1. 1.5-mm deep slots betwe
two consecutive reflector supports provided spaceébéick electrical connection of the solar cellsolvh
allowed the cells to rest flat against the backepl&he 2-mm thick reflector supports were fittatbi40-
mm rectangular slots to hold the reflector supporgace as shown in the cross-sectional view thiree

trough reflector support in figure 3.4.4.2.
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Figure 3.4.4.1 Back plate design for indoor expernital view of back plate and three
characterisation of an ACPPVC-50 system. trough reflector suppo

A plan view of the modified design of the aluminiuback plate used for outdoor experimental
characterisation is shown in figure 3.4.4.3. Twm@ thick aluminium sheets were required for the rea
aluminium back plate (the vacuum chamber used ¢asulate the EVA could not accommodate the size
if constructed in a single plate). A cross sectioaw of the two plates along with a five trougéflector
support is shown in figure 3.4.4.4. The two platese screwed together at the space provided between
two consecutive reflector supports. The nodes eféfiector support base were 10 and 15-mm apart fr
the central line. A short circuit between more th&a points at the solar cell back will cause ohtogses

and may create hot spots and reduce the maximurerppoeint (Partain, 1995). Two 1.5-mm deep slots
between two consecutive reflector supports ensthat the back connectors position prevented any

electrical contact with back aluminium plate.
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Figure 3.4.4.3 Top view of rear aluminium plateled ACPPVC-50 used for outdoor experimental charesation.
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345 Supporting PV Reflector System Enclosure and Frame

Direct exposure of the EVA encapsulated solar cafid the reflector material to solar radiation may
effect the system in the following ways;

* The UV component of direct sunlight may degrade @daaage the reflecting material.

» Direct exposure of the EVA to sunlight can caudéoyweng (Komp, 1995). This does not change
the spectral response of the photovoltaic solds teit it reduces the incident solar radiation that
can reach the solar cells. This lowers the powgsuiwf the system and thus the efficiency of the
PV module.

* The PV material, EVA and reflecting material maydsgected by moisture and salt accrual that
scatters incident direct solar radiation (Rauchehp#980).

To avoid such problems the glass aperture covecritbesl previously was used, placed within an
adjustable wooden supporting frame shown in figBwe5.1. The base frame was screwed to the rear
aluminium back plate as shown in figure 3.4.5.1(de gaps between the reflector end and glass cover
could be set to 10, 20, 30 or 40-mm. Two rubbekeg@swere used at either end of the frame andoihe t

frame was screwed to the base frame. Any gaps fillm@ with silicon sealant to prevent moisture or

water penetration.

(c) 20—-mm Qap
(> 30-mm gap

e
1] aluminium back
o) plote

(o) base frame

Figure 3.4.5.1 Adjustable wooden supporting fraordtie ACPPVC-50 systenia) base frame (I
top frame with 10-mm gap between reflector end glads cover (c) top frame with 20m gag
between reflector end and glass (d) top frame &@hmm gap between reflector end and g
cover.

35 Assembly of Different Components and Fabrication of System
One system was fabricated for indoor experimentatacterisation and two systems were constructed fo

the outdoor experimental characterisation. For bulbor and outdoor systems the fabricating procesiu

were similar with only the system design differing.
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351 Fabrication of the Reflector Mould

The reflector mould was fabricated using the sameputer generated profile as the reflector. The
reflector mould shown in figure 3.5.1.1. was usedngintain the reflector profile during the attaemn

of reflector support to the reflectors. This istfar discussed in section 3.5.5.

\

N\
\

\

Top reflector mould

Figure 3.5.1.1 Top and bottom reflector mould.

35.2 Fabrication of Reflector Supports

The reflector support was fabricated based on #sgd shown in figure 3.4.2.1.1 and figure 3.42.1.
The computer generated data points were transfeoredlUTOCAD” which was then used to cut 2-mm
and 6-mm thick aluminium plate to the profile ragdi. Aluminium 2-mm thick was used for the reflecto
support for the indoor experimental characterigsatiod 6-mm thick aluminium was used for the refiect
support for the outdoor experimental system chareetion as described previously. A fabricated
reflector support is shown in figure 3.5.2.1. Twalds were required to clamp the aluminium platerdur
machining to achieve the desired accurate asymergdriabolic reflector geometry. Two tapped holes in

the bottom of the reflector support allow attachtrterthe rear aluminium back plate.

L i
|~ Reflector support

=i

\ i

| Tapped holes to
screw to aluminium
back plate

Figure 3.5.2.1 A 6-mm thick aluminium reflector popt.
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353 Construction of the Rear Aluminum Back Plate and Placement of the Reflector
Supports

Two 3-mm thick aluminium plates were used for tearrof the ACPPVC-50. The upper plate was
divided into four and joined together with the battplate. The constructed rear aluminium back ptate
shown in figure 3.5.3.1. There were two 6-mm widd &.5-mm deep slots between consecutive reflector
supports. Each slot provided space to pass the dx@akector from one solar cell to the next avoiding
electrical short circuits between any solar cetl #me metal plate and allow the solar cells to agstinst

the aluminium back plate. M3 holes enabled theeotdir support to be screwed to the rear aluminium

back plate. Figure 3.5.3.2 shows the placemenaadt endividual reflector support on the aluminiuack

plate. The reflector support is placed on the ahdaminium back plate as shown in figure 3.5.3.3.

Reflector 'suppon ,

Figure 3.5.3.1 Construction of threar aluminiun
back plate. Four aluminium plates 8mm thick
were screwed to a single aluminium plate.

Aluminium \\
back plate C B B \
S ‘._.-.-\-—- -

Figure 3.5.3.2 Locating reflector supports on to
the rear aluminium back plate.

=

- Aluminium
3-mm thick aluminium back plate back plate A

Figure 3.5.3.3 Reflector supports placed on theakeninium back plate.
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354 Solar Cell Soldering and I nterconnection

Solar cells can be connected in a number of wagerd#ng on the output requirement as follows:

» Series connection to increase the output voltagpikg same output current. This minimised the
ohmic power losses through connecting cables peavitktween the PV panel and load as shown
in figure 3.5.4.1(a).

» Parallel connection to increase the output curkeeping the same output voltage as shown in
figure 3.5.4.1(b).

* A combination of series and parallel connectionstwease both current and voltage depending

on the number of solar cells connected in serigmaallel as shown in figure 3.5.4.1(c).

‘ —ve
—e Ve -ve -ve
\[ L LLL\\:LL\E&HE Eg@LLLtLL@L@: E@LLLELLL i\[ LLLLLL\[LLLL\[\[
el celh] [Seteen cely Folaen eal [ofh et
| Y [
‘ +ve ‘ +ve +ve +ve
‘ +ve
(> parallel connection
|-ve
=Vve -ve
—ve LilLbbLlLLLL [ I
Soterticatt] Folar-celt
tttﬁ\@b}[tt{téﬁt Y Y Y
ELLLLLLELELLEL +ve +ve
+ve 1-ve —ve
\[ @LLLELLL l]k: \[§\%?LLL\[LL\@%(L@:
CEHEE Pt
(o) series connection ‘
+ve +ve
‘+ve

(c) combination of series
and parallel connections

Figure 3.5.4.1 Solar cell connections (a) serigsetion to increase voltage (b) parallel connec

to increase current (c) combination of series ardlfel connections to increase current and voltage

BP solar cells (Anon, 2001e) are designed to hamacts soldered to them. The back contacts amdl fro
fingers are applied to the cells in a number of syapcluding electroless, nickel plating, vacuum
metallizing and silk-screen printing. Low temperatisolder was used for tabbing the solar cells. The
chemical composition, and physical characterigifidhe solder are given in table 3.5.4.1. The ddew
temperature solder with a 0.65 mm diameter resire ¢dnon, 2001f) provided a good electrical
connection between the tabbing strips and the selés. A fiber brush was used to clean the ceflase

and provide a key for soldering. The main purpdssotwlering solar cells were as follows:

* To increase the effective current produced at tilar cells. In solar cells, with interaction of
incoming photon flux (incident solar radiation) etigenerated electrons may recombine before
reaching the cell fingers. Soldered connectiormnablh better flow of electrons and increases the

power outpult.
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» Toincrease the current or voltage as requiredsimgle solar strip. The electron transport inside
semiconductor is poorer than in the metal condudtihough soldering the front surface may
increase the series resistance and may createdavshan the solar cell surface, it effectively

increases the electron transport and thus poweub(Partain, 1995).

Chemical composition: (wt %)

Composition Sn Pb Bi Sb Cu Zn Fe Al As Cd
Standards 42~44 | Bal| 13~13 <0.3 <0.05 | £0.003| <0.03 | =0.005| <0.03| <0.005
Physical properties

Solidus ¢C) 135

Liquidus (C) 165

Specific gravity 9.1

Flux content (%) 3.0+ 0.5

Chloride & Bromide 0

Insulation resistance) >1x10"

Spreadability (%) >80

Dryness Chalk powder should be easily removed feanh test piece.
Solution resistanc&) cm) >50,000

Table 3.5.4.1 The physical and chemical properdfeshe low temperature solder used (Anon
2001f).

The following procedure was used for solderingdblar cells:

» The solar cells were cleaned with a fiber brusbptfrand back to remove the copper oxide

allowing better contact between the busbar-linetaadront connection.

» The tin/lead coated copper tab was cleaned anthdot 152-mm lengths, ensuring that each of

the connectors between the solar cells were straigh

» Masking tape was used either side of the cell famnection to ensure no spreading of flux

residue onto the active surface area of the selar c
» The soldering iron was heated to 230°C for soldgttie front connections of the solar cell.

* Only a small amount of solder was used on one aidbe prepared tin/lead coated copper tab.
Precautions were needed to avoid excess use dadrsoidthe tab that might increase the series

resistance of the solar cell.
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Temperature controlled
soldering iron

Low temperature ®%%
solder

Front connection

BP half size s cer (Ref Anon, 2001e)

Figure 3.5.4.2 Soldering of front connection ofesalells.
» Placing the soldering tab on top of the front contand dragging the solder iron along it as shown
in figure 3.5.4.2. This procedure completed thelswhg and the tabing of the negative terminal

of solar cell.

* Solar cells were located on to the rear aluminidatepbetween each reflector support with their
back connections upwards to allow each individedll to be located accurately between the two

reflectors.

* The solder iron was heated to 230°C and a tin/tzeded copper tab placed on top of the back
contact.

» The soldering iron was slowly dragged over the esotdb to connect the negative terminal of the
first solar cell to the positive terminal of thecead solar cell.

* The same procedure was repeated for five solas celinected in each string as shown in figure
3.5.4.3, eight such strings were made for eacltesy$bd provide the option to make either series

or parallel connections.

» The interconnected solar cells were encapsulatél Ethylene Venyl Acetate (EVA) to avoid

any short circuits.

Reflector support Solar cells are in series
= Low temperature solder
o amy |

i

Back side of BP solar cell

Figure 3.5.4.3 Alignment and interconnection ofiwdlal solar sells in series. The solar ¢
were located between two reflector supports dusmidering to ensure their accurate positioning.
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355 Attachment of Reflector onto the Reflector Supports

Self adhesive “Radiant VM2000” (Anon, 2001d) reftacfilm was attached to a 0.15 mm thick stainless
steel substrate to produce the system reflectdng. ifidividual reflectors were then bonded to the
aluminium reflector supports using “Output-315”" @m 2001g) adhesive, the physical properties of
“Output-315” are presented in table 3.5.5.1.

Property Value
Tensile shear strength 7 N.ifim
Coefficient of thermal expansion 1.1X10C
Thermal conductivity at 30°C 0.815 WAC"
Outgassing 4.5% TLM
Operating temperature -55°C to 150°C

Table 3.5.5.1 Chemical properties of “Output-31&rimally conductive adhesive (Anon, 20019).

The major features of this adhesive are:

» high thermal conductivity
* rapid room temperature cure

* self-shimming properties ensured a consistent @ntd gap (This provides uniform electrical
insulation between bonded components).

The adhesive was applied to the aluminium refleciopports and the activator placed on to the
corresponding region of the stainless steel raftestibstrate. When the reflectors were placed en th
reflector support, the reflector mould shown inufig 3.5.1.1 was positioned to allow an even pressur
across the reflector surfaces to ensure accuratersyprofile. The attachment procedure for the anirr
reflector on the reflector support is shown in fg3.5.5.1. Three to four hours were required te the
adhesive. The same procedure was repeated fahell eflectors. Figure 3.5.5.2 shows the ACPPVC-50
with the reflector attached to the aluminium balzt

Aluminium back plate

Figure 3.5.5.1 Attachment of mirror reflector te tfeflector support. Tt
mirror was attached to a 0.0003 m thick stainléssl dack plate.

2 Manufacturer specified test method
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1.5 mm slot for back connectionf§ (\ <)

Top Reflector! / / L
Bottom
reflector

- M3 clear holes for
~ sensor placement

Figure 3.5.5.2Asymmetric compound parabolic photovoltaic concot
with mirror reflectors attached to the rear alumimiback plate.

3.5.6 Encapsulation of Solar Cells

The solar cells were encapsulated in Ethylene \iwgdtate (EVA) (Anon, 2001h) to avoid;
» short circuiting between the solar cells and théaiigack plate.
» direct exposure of the cells to the environmendilegto solar cell damage (Komp, 1995).
» cracking of the very fragile solar cells.

The physical and chemical properties of EVA usethis work are shown in table 3.5.6.1.

Specific Density (kg ) 0.93
Water Absorption Rate (%) 0.07
Elongation (%) 800
Tensile Strength (Pa) 0.292
Compression strength (Pa) 0.2103
Flexural Strength (Pa) 0.203
> |Flexural Modulus (Pa) 1.2615
g". Hardness: R4C°
o Deflection Temperatur€C) at 9.57x10° Pa: | 63
0.038 Pa 35
Utilisation Temperature®C) Min: 25
Max: 55
Melting Point ¢C) 80
Coefficient of Expansion (fiC™) 0.00009

Table 3.5.6.1 Physical and chemical properties\A EAnon, 2001h).

% Manufacturer specified test method
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The following procedures were used for encapsulaticthe solar cells:

The aluminium back plate surface was cleaned wstetpne wipes.

A single layer of EVA was placed on the aluminiuatk plate and placed in a vacuum chamber.
The pressure inside the vacuum oven was reduced tmbar to remove air trapped between the
EVA and the back plate.

The back plate and EVA were heated at 120°C faniffutes to bond the EVA to the back plate.
The aluminium back plate was taken outside the wacoven and solar cells placed on top of the
EVA coated aluminium back plate. A second layerEdfA was applied as shown in figure
3.5.6.1. Care was required to ensure that no sellr moved from their original position.

The whole back plate coated in EVA was put bacldanthe vacuum chamber as shown in figure
3.5.6.2.

The vacuum oven pressure was reduced to 0.5 mkhartemperature was set to 120°C where it
remained constant for 75 minutes.

The air inlet valve was opened and the vacuum allewed to cool for 6 hours to ambient.

A similar procedure was repeated for all other gpasf the aluminium back plate until

encapsulation was complete.

Aluminium tra

Electrical leads

— T e—

e
Aluminium back plate

Solar cells Top layer of EVA

Figure 3.5.6.1 Line up of solar cells on the alummmback plate.rdividual solar cell
are connected in series.
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'VVacuum chamber]

Solar cells are in position

Temperature
Controller

Figure 3.5.6.2 Encapsulation of solar cells withAEM a vacuum oven.

After encapsulation the solar cells were testedskart circuits. One solar cell was found to haverted
with the aluminium back plate in the first systefhe solar cell was replaced as shown in figure6335.
To prevent reoccurrence of this problem a thindafeplastic was positioned between the solar aedbd

and the back plate during fabrication in the seceyslem, otherwise the same fabrication procedase w
used.

+ve connection

Figure 3.5.6.3 Solar cells encapsulated on to thmiaium back plate
clearly showing the replaced solar cell.
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357 Reflector Placement on to the Encapsulated Solar Cells

The reflector troughs were placed on the aluminipamk plate with the encapsulated solar cells ag/isho
in figure 3.5.7.1. Insulating tape was used atstharp edges of the reflector to prevent contadt e
front connection of the solar cells. Transparerd gallow heat shrink was used to coat the external

electrical leads to avoid short circuits. The canged ACPPVC-50 system without the wooden frame or

cover glass is shown in figure 3.5.7.2.

Bottomaggflector Top r@r' Solar ce X\\\\\\
o 9 Y

| & =
4 B p; -
- b, 1

Bottom back plate

Figure 3.5.7.1 Placement of detachable reflectmugis on the aluminiurback
plate with the encapsulated PV cells.

Reflector
supports

Figure 3.5.7.2 The ACPPVB0 system used for outdoor experime
characterisation without the wooden frame or colass.
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358 PV Reflector System Frame

A supporting frame shown in figure 3.4.5.1 was maoehold the 4-mm thick glass cover for the
ACPPVC-50 as shown in figure 3.5.8.1. A rubber gagkevented water or moisture ingress into the
system, and thus damage to the EVA or solar c&lklicon sealant was applied to all joints and gap
the ACPPVC-50. The internal electrical connectiaresshown in figure 3.5.8.2.

Reflector

Top side

Rubbergasket

Bottom side

Wooden frame

Electrical conection

-

Reflector Solar cell Insulating tape “

—

-

Figure 3.5.8.2 Internal electrical connections ofas cells through thevooden frame. Eac
series of solar cells are connected individuallgach electrical connector.
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3.6  TheFinal Specification of the ACPPVC-50 Systems Fabricated

36.1 The Prototype ACPPVC-50 Used for Indoor Experiments

The number of solar cells required and the physibaracteristics of the prototype ACPPVC-50 system
used for indoor experimental characterisation drews in table 3.6.1.1. The constructed system is
illustrated in figure 3.6.1.1. Three solar cellesch of two rows were connected in series witlh botvs

connected in series externally to increase thegelteveloped.

System dimension (Module) 0.25m x 0.30m

Single solar cell dimension 50mm x 125mm
Type of solar cell Rectangular
No of solar cells 6

Table 3.6.1.1 Physical characteristics of protot@#PVC-50
system used for indoor experimental characterisatio

Aluminium back plate

EVApoly{ )

.

=W |
== f

Electrical
connection

Figure 36.1.1 Fabricated asymmetric compound parabolic gaudtaic
concentrator used for indoor experimental charesztton.

3.6.2 The Prototype ACPPVC-50 Used for Outdoor Experiments

The physical dimensions of both the outdoor systaraspresented in table 3.6.2.1. Five solar cediseew

connected in series in each of the strings, easteisyhaving eight strings that can be connectéereit
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series or parallel combinations externally. Diffargiews of the ACPPVC-50 used for the experimental
characterisation are shown in figures 3.6.2.1 aBb22. The side view of the first system is shdwn
figure 3.6.2.3 and a plan view of the constructe@PRVC-50 used for outdoor experimental
characterisation shown in figure 3.6.2.4. To perthé experimental investigation of the effect oé th
width of the air gap between the reflector tip @ahd glass cover on the convective flow inside the
concentrator, the gap between the adjustable woldete could be changed to 20, 30 mm. In the second

system alternative electrical connections were aseshown in figure 3.6.2.5

System 1 System 2
System dimension (Module) 1.110m x 0.615m 1.11@6%5m

Single solar cell dimension 50mm x 125mm 50mm a5

Type of solar cell Rectangular Rectangular

Number of solar cells 40 40

Table 3.6.2.1 System dimension for outdoor expemntalecharacterisation
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Figure 3.6.2.1 Top view of the ACPPVC-50 systenduse outdoor experimental characterisation.

3.7 Conclusions

A suitable design and fabrication process has loeseloped to produce concentrating PV panel. The
fabrication of this system indicates the potenfm mass manufacture of multi-trough asymmetric

concentrators to be mounted vertical facade inJkeThe designed system with a concentration raftio
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2.01 requires 50% less photovoltaic material coembdo a similar flat PV panel. The Aluminium back
plate provided a heat sink for the hot solar ceiisreasing the heat loss coefficient to ambientsth
effectively reducing the solar cell operating tenaperes. Although a glass aperture cover mounteal in
wooden frame is shown to decrease the heat loss fhe system, it is necessary to prevent dust

accumulation and/or any deformation of the refles;tin order to maintain system optical performance

Interconnectors

Ad justable
wooden frame

Figure 3.6.2.2 The full Asymmetric compound parabphotovoltaic
concentrator system.

Adjustable Y,\/ooden frame 4-mm glass cover

Figure 3.6.2.3 Side view of thesymmetric compound parabolic photovol
concentrator used for outdoor experimental chariaeton.
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Adjustable
braqgel

Bottom
reflector

Figure 3.6.2.4 The plan view of thasymmetric compound parabc
photovoltaic concentrator used for outdoor expenitalecharacterisation

4-mm glass /\ Bonon] sidem - Bracket

Temperature
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e A Bt o e s ppm———
rtx v—1—I* v —r—F T_‘“‘F~— 1tr | B e

A | ‘A | ‘ v | -
e e —
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|

) \ \
\_/ Reflector Top side

Interconnection \

Figure 3.6.2.5 The plan view of th& 2CPPVC-50 with temperature sensors inside theegyst
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