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ABSTRACT

A cost effective alternative technique to increase the efficiency of photovoltaics is introduced. The design is
fabricated and validated through field testing. The output of a smaller scale solar panel is measured with different
reflector materials. Further the reflectors are strategically placed in a way that it would help cool down the solar
cells with the use of natural air flow. Temperature of the solar cell is also recorded at different wind speeds and
with each different reflector and is compared with each other. According to the results aluminium coated paper is
found to be the best option for reflector material. In compensation with the durability and performance, the
conventional mirrors are identified as the ideal option and further analysis is done based on the same. The
payback period analysis is conducted between a conventional design and the proposed design and it is found that
the proposed design gives a considerably short payback period and a strong price to performance ratio.

Key words. photovoltaics, reflectors

INTRODUCTION

Solar power market had a rapid expansion in theregears mainly due to the plummeting prices d&rsBV
panels [2]. But most of the PV panels only convess than 20% of the sunlight in to electricityth®lugh multi
junction concentration PV systems that has effcien as high as 40% exists the cost of productidinnsakes
them out of reach for small businesses and honjeJ figre has been numerous research papers publishthe
subject of increasing the efficiency of a solarglailotably in the paper, More efficient use of fwhmltaic solar
panel using multiple fixed directed mirrors or alaiom foils instead of solar trackers in rural gmstive of
Bangladesh [4] [11] [12] set out to find if the put of the PV panels increase with the use of cédies. But
focusing sunlight on to the small area via reflestends to cause other problems with the sun eéragkstem. And
the focused sunlight might also cause the PV pammiperature to elevate. In the paper Photo voltait
efficiency at elevated temperatures [5] [9] [14}alisses about the importance of keeping the temuperaf a
photo voltaic panel to ensure that the photo voltalls operates at the optimum conditions. Theepéipds that

higher temperature might even permanently damagesdlar cells. The final design will have to addrel these
issues.

The aim of this paper is to find the best valuetf@ money by implementing the most suitable metbiogolar
power installation. Since solar power installatisralready a significant investment, designing stesy that uses
the most out of a conventional photo voltaic paarehy by keeping them at their peak efficiency dsrlong as
possible was essential. Several methods are pro@osktested in this project that will allow the Pahel to work
at optimum conditions for a longer period of ting. [The investigation was more focused on develp@irdesign
that harnesses the power of wind to passively cdooin the PV panels. The output power and the P\elpan
temperature was recorded at different wind speadsaas finally compared to find out its effectivese

METHODOLOGY

The sunlight hitting on the surface of the solanglecan be intensified by the use of parabolic ebagflectors
and flat panel reflectors [7]. Since the manufaotyrcost of curved reflectors are higher than thfaflat panel
reflectors [6] the methods proposed in this sectidhutilize the use of flat panel reflectors. Arsihce the solar
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intensifier only works at a certain spot in a cerdirection the solar panels and the reflectoesiameed of a solar
tracker system. Although implementing such a sydtefocus the sunlight on to a smaller area wilisma rise in
the temperature and a separate cooling systenalsdl be needed. The concept will utilize two misratich will
be at fixed angles and they each would reflecttadil sunlight on to a half of the solar PV pariéhe cooling
will be done by a passive air cooling method. Agstrated in the Fig. 1 mirrors will be fixed on tioe frame
leaving a small gap between the solar panel amdf.iBy adding some wind deflectors on each side winole
structure will act as a giant funnel to direct tfeurally flowing wind in to the air gap thus cawlidown the solar
panel.

Although Sri Lanka being a country that is veryseldo the equator and the path of the sun doegetatery far off
to north or south as much as in northern or soatheuntries, having two separate automated traakieghanisms
to track the sun in both axis would dramaticallgrease the payback period of the whole system.éefdwer the
concept 3 will have a single automated axis sucking mechanism to track the sun west to east,aanthnual
(human operated) tracker to change the north-sangte every couple of weeks.

The mechanism for the manual adjustment of ther $lapanel (north-south wise) uses a threaded simafta nut
that runs along with it. When the thread shafimted by the handle the nut will run along thesdlor bar, raising
the arm that supports the PV assembly.
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Mirror 1 ¥ ] b ¥~ Mirror 2

fixed on the fixed on the
frame frame

Air gap between

the mirror and
the PV panel \{

«+—Frame of the

FaVa¥ o ¥ o T W Y e, assembly
Deflector 1 fixed Seolar PV panel fixed Deflector 2 fixed
on to the frame on to the frame on to the frame
Fig. 1 Design of the concept 3. Thisdesign exercises the fact that the client company issituated in a location wherewind resourcesare

plenty
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Fig. 2 A 3-D rendering of themirror, PV panel and the deflector assembly
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Fig. 3 A sideview of the solar panel assembly mounted on a threaded shaft
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Fig. 4 The mechanism that pivotsthe assembly (PV panel, mirrorsand the deflector s) which iscontrolled by a linear actuator, the front
view

The handle is only meant to turn once every coopleeeks as the angle of the sun rise graduallpgés over the

seasons in a calendar year. This unique desigralldllv an array of solar panels to be connectedttmy and they

all will be turned by a single thread shaft and @an The whole assembly will be pivoted as the suves from

east to west during the day with the use of a fimeator. The PV panel, mirrors and the wind defleetssembly is
pivoted through its centre of mass reducing thquemrequired to pivot the assembly.

ANALYSIS

The solar PV panel that will be subjected for tladcglations is IBC PolySol 250 GX. The basic diniens
are1654 mm x 989 mm x 40 mm. The panels are made out of polycrystalline salails which have and
efficiency of 15.6%. [15] [10].

The first step of the design is to add the mirtorfocus additional sunlight on to the solar pairethis design two
mirrors will be used, each reflecting sunlight orathalf of the PV panel. The original area thatdhnlight can be
collected is onlyl654mm X 989mm. Following are the diagram illustrates the utiiga of the mirrors to
maximise the solar panel output at a mirror anglé’oFollowing are the calculations carried out tadfthe angles
between the PV panel and the mirror and the reduéegth of the mirror, and to select the best engbnsidering
the cost of the mirror and additional effective thidhat the mirror creates. The sunlight hitting tdditional
effective area will be reflected on to a half of tAV panel (other half will be covered by the mima the opposite
side).

SinceACG=6, DGC=90°, DGA=86
since DGA and EGF are opposing angles
™ E EGF =16
\ since EGF and FGB are angles of the reflecting
! sunrays they also have to be euqal
therefore FGB = 0
FGB + BGC = 90
BGC=90-06
Considering the triangle @1GB;
. '«% _ BGC + GCB + CBG = 180°
Mirror b since BGC = (90° — 0),
and  GCB = (180° — 9)

\ \ Solar panel / (90° — 9) + (180° — 0) + CBG = 180°
. g x\) i / T CBG=A=26-90°
—~T— C B

And using the law of sins for the same triangle

Mirror

l.sink

';*‘%’ length (I)

+———  THalfofthePvy —* _
o 1 = -. Panel width (w/ mirror length (1) half of the PV panel width (%)
Additional effective 2) sin (26 — 900 Sin(90° — 6
width (I.cos8?) (989mm/2) mirr(()r length ()l) W ( )
Fig. 5 llustration for the geometrical calculation —cos(20) " 2cosH
—w cos(20)

mirror length (1) = e0s0
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Notice that thed always has to be between 45 and 90 degrees fdashequation to be true. By applying various
values forf the following table can be created. The widthtaf tirror which is equal to the length of the solar
panel which is 1654mm. The area of the mirror iswdated by multiplying(l)mm by the length of the solar panel
(1654mm) and the effective area of the mirror iEwated by multiplying additional effective widitx) mm by
1650mm.

With that information following graph can be platteith the cost values against the additional &naathe mirrors
provide. The cost threshold has selected to b@sthis application. And the correspondidigalue that is closest is
70° degrees and the length of the solar panel is 88t8n. The design will be carried forward with theatues.

L 089mm Additional
( X);fnm effective area
<+ — added by the
mirrors
1654mm
Mirror Solar PV Mirror
#2 panel #1

Fig. 6 Top view of the solar panel mirror assembly

Table -2 Calculation to Find the Effective Area of the Mirrors

a° {(mm) Additional effective width | Additional effective | Cost
achieved through the use of | area (m?) with the average
mirrors (x)= lcos@ lcosf X 1.654 price of US
(mim) $2.128 per
square metre

45 0 0 0 -

50 135.074 86.82 0.143 0.475

55 298.146 170.92 0.281 1.049

60 500.000 250.00 0.413 1.75

65 760.482 321.18 0.530 2.67

70 1119.88 383.02 0.633 3.94

75 1673.03 433.01 0.716 5.88

80 2705.73 469.84 0.775 9.52

90 o0 - - -

9.52

10

i 5.88
&
g ° 3.94
S 4 1.75

.
2 0.475 104 267
0
0 02 0.4 0.6 0.8 1

Effective area m?

Cost of mirros
Fig. 7 The cost of mirrorsplotted against their effective area, the selected cost threshold hasbeen marked at $4
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Following are the calculations for the mechanismadfust the tilt of the solar panel. Since the sses at different
angles year around, due to the tilt of earth’stiotal axis, the angle of the solar also has tangbayear around.
The tilt in the earth’s rotational axis is 23.5 desp [16] and that causes the path that the sueldraary by 23.5
degrees to the north and 23.5 degrees to the sghghout the year. In this mechanism this angigation is

achieved through the following design. The arm wihtrol the tilt of the PV panel. Rotating theetad shaft will

therefore tilt the PV panel to a desired tiltingykn Since this mechanism is being developed il.&nka the angles
have to be set according to the geological locadio8ri Lanka. Being situated at latitude of 7 dsggr north would
mean the variation of the rising angle of the silhbe 7 degrees off from the centre. This is iltased in the Fig. 9.

<+— A mirror
‘ﬂ-..._\_“_‘-*

Air gap

Solar PV panel

Arm that supports the PV 5

Pivoted points e
—

Handle Thread shaft Nut that runs alongthe

thread bar when it rotates
Fig. 8 Anillustration of the different tilt positions of the same solar panel

Variations in the angle of the

sunrise throughout the year
X
e — ] s
¢ o 23.5°
. 23.5 . 235
A B
A
F|g 9 Variationsof the ang|es of wnrisathroughout theyear’ Flg 10 Illustration of _the variation of the angleof the sunllght
Country on the equator (A) versusa country in the latitude of A, (B) observed from a latitude of 7 degrees throughout the year

Solar PV panel

23.50 4+ 70 — 30.5°
2359 — 79 = 16.5° |

Fig. 11 The dimensions of the mechanism that tiltsthe PV panel. The mechanical arm that connectsthe threaded nut that runsalong
the thread bar to the PV panel

Since Sri Lanka is situated at latitude of 7 degrée azimuth angles that are required for the arsm would
be as shown in Fig. 10. Therefore the dimensidhérparts of the tilting mechanism has to be devial.

h; = 1654mm X sin30.5 = 839.5mm, h, = 1654mm X sin16.5 = 469.8mm
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H = the gap between the pivoted PV panel end amdhtteaded shaft. This includes thevalue plus the height of
pivoted nut at minimum. This gap has to be highant, or the PV panel will collide with the thread shaft
certain angles. Length of the mechanical arm h&xt¢eed,; + h, minus the height of the nut that runs along the
threaded shaft.

length of the mechanical arm = 839.5mm + 469.8mm + ~10mm = 1319mm

Mirrors

T~

Air gap left between

Plastic deflectors to help : the mirror and the PV
funnel the air in to the gap panel

Fig. 12 A rendered model of the proposed design

Fig. 13 A rendered imae of thetilting assembly

A = Mirrors on either side of the PV panel
B = Bottom side of the PV panel
C = Screw thread that tilts the PV panel
D = The mechanical arm that links the nut (F) to the solar panel.
E = The railing frame that holds the whole assembly together.
F = Nut that is linked to the mechanical arm and runs along the screw shaft when the screw shaft rotates

Pivoted
through the
center of the

mass -
B

Fig. 14 lllustration of the pivoting mechanism for the system
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Since this design focuses the sunlight on to aiggearea it is required to keep the solar paneéhdathe sun at all
possible times. The pivoting mechanism is to folkim sun during the day time from dawn to dusk iahds to be
adjusted every couple of minutes. This is doneughoa logic controller and an electric motor. I timodel
however a programmed micro controller (Arduino)lwe used instead of a PLC. Finding the centre asof the
system and putting the pivoting axis through thati help reduce the torque required to roll thetesy. The Fig.
14 illustrates the pivoting mechanism in action.

C is a second thread shaft (mentioned as a linetarrpreviously) used in the same way as the thrgtad shaft and
connected to the solar PV assembly. Instead ofgithe panel this thread bar pivots the whole mg$g about the
point P. when the electric motor B turns the threhdft the nut at point A travels along the thrdead thus
pulling/pushing the whole assembly with it.

T

Fig. 15 The ode| durlngthteﬂin )

RESULTSAND OBSERVATIONS

The solar cell that was used for the experiment24.8 % efficieni25mm X 125mm monocrystalline “Sunpower
Maxeon” solar cell that has a rated maximum opecutdi voltage of 0.574V and a maximum rated shanduit
current of 5.83A [1] [13].
Therefore the maximum rated current possible = V.4 X I . (2)
= 0.574V x 5.83A
= 3.346W
This is generally unachieved in real world condifialthough it has to be mentioned that each I1BIg-8ol 250
GX’s power output of 250W is tested under lab ctads of1000Wm™2 radiation a25°C. [15]

Readings for the open circuit voltage and shoduiircurrent were taken every half an hour from@8@ 1700h
for 3 days, under the conditions in table 4. A tbservations are averaged by the readings fregparate days
with similar weather conditions.

Table -3 The Conditions Under Which The Solar Cell Was Tested

Cooling method
No aided Passive Active cooling with deflector
cooling cooling with Electric fan Electric fan Electric fan
method deflector 2m away 1m away 0.5m away
Power output with no solar tracking, no reflectars A B C D E
Power output with solar tracking with no F G H |
reflectors
Power output with solar tracking and
conventional mirrors K L M N ©
Pgwer output with solar tracking and aluminiym P Q R s T
foil used as reflectors
Power output with solar tracking and aluminiym U v W X v
coated paper used as reflectors

Power output calculations were done using the émudt The values can be found in the table Alhmappendix
A which are then used to plot the Fig. 16.
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Table-4 Calculated Total System Cost for the Proposed Solar Array

Quantity Unit Cost Total
IBC PolySol 250 GX 250 watt solar panels 400 | $ 138 $ 55,200
Sunny Mini Central 10000T 10| $ 1,378 $ 13,780
Mirrors 800 3.94| $ 3.152
Structure of the solar panels 20| $ 1,129 $ 22,580
Linear motor 20| $ 96 $ 1,920
Copper wire and junction box 20| $ 350 $ 7,000
Grounding wire 1| % 150 $ 150
System Cost Total $103,782

Table-Al The Power Output of the Model under Different Conditionsin the Table 4

(Watts) The condition of the experiment

No tracking with no reflectors Tracking with no reflectors Tracking with mirrors

Time of the day A B C D E F G H 1 J K L M
0800h 0.11 NA NA NA NA 1.19 1.28 1.17 1.31 23 1.44 1.54 1.53
0830h 0.34 NA NA NA NA 1.22 1.35 1.24 1.40 1.29 1.66 1.67 1.90
0900h 1.02 NA NA NA NA 1.80 1.67 1.80 1.78 1.92 1.89 2.02 2.20
0930h 1.33 NA NA NA NA 1.97 1.88 1.97 | 2.09 | 1.99 1.98 2.10 2.29
1000h 1.60 NA NA NA NA 2.34 2.43 2.34 2.53 2.50 2.57 2.65 2.44
1030h 222 NA NA NA NA 2.56 2.51 2.56 2.49 2.52 292 2.90 2.87
1100h 2.40 NA NA NA NA 2.80 2.88 2.75 2.86 | 2.83 311 312 2.95
1130h 2.65 NA NA NA NA 2.88 2.87 288 | 292 | 2.89 310 3.02 311
1200h 2.88 293 2.88 2.92 2.90 3.03 3.01 3.06 321 | 3.01 3.03 2.99 3.02
1230h 3.01 3.09 3.01 3.07 3.09 3.01 3.04 3.01 3.10 2.95 3.07 3.03 3.13
1300h 3.11 3.12 3.10 3.09 3.11 3.12 3.03 3.10 3.01 3.11 3.03 3.10 2.84
1330h 3.02 3.09 3.03 312 311 311 310 311 3.03 | 3.15 312 3.13 3.07
1400h 3.03 3.02 2.98 3.08 3.12 3.14 3.03 3.14 3.07 3.04 3.07 3.04 3.12
1430h 2.99 NA NA NA NA 3.03 3.02 3.00 3.04 3.08 2.98 3.05 3.08
1500h 2.67 NA NA NA NA 2.88 2.78 2.88 2.84 2.88 2.94 2.95 3.03
1530h 2.50 NA NA NA NA 2.86 2.80 286 | 256 | 2.78 2.86 3.02 245
1600h 2.30 NA NA NA NA 2.67 248 267 | 252 | 276 2.77 2.67 2.73
1630h 1.88 NA NA NA NA 2.01 222 2.01 222 | 216 2.44 2.56 222
1700h 0.44 NA NA NA NA 1.55 1.04 1.55 1.34 1.60 2.15 2.14 1.97
0800h 1.67 1.53 1.16 1.28 1.19 1.16 0.66 0.81 0.87 0.93 1.2 1.11
0830h 1.80 1.90 1.28 1.25 1.34 1.34 1.25 1.78 1.62 1.87 1.99 1.86

0900h 225 2.20 1.78 1.47 1.42 1.56 1.74 222 2.04 222 2.27 2.2
0930h 2.28 2.29 1.91 1.88 1.53 1.73 1.81 2.19 221 2.33 224 2.25
1000h 2.67 2.44 2.34 2.43 1.80 2.41 222 2.65 2.59 247 2.54 2.43
1030h 2.75 277 2.55 2.51 222 2.23 237 2.74 2.78 2.85 2.67 2.72
1100h 2.87 2.95 2.76 2.85 2.60 2.54 2.71 3.00 . 295 295 2.95
1130h 3.10 312 291 2.98 2.75 2.88 2.95 311 311 3.10 3.10
1200h 3.06 3.07 3.03 3.01 2.86 298 3.02 3.08 3.04 3.04 311
1230h 3.13 3.10 3.04 3.02 3.03 3.01 3.09 3.07 3.13 3.08 3.06
1300h 3.12 3.09 3.08 3.05 3.11 3.04 3.11 311 312 3.01 3.03
1330h 3.05 3.07 3.10 3.11 3.04 312 3.10 3.10 2.87 3.06 312
1400k 3.12 2.87 3.12 3.14 3.06 31l 3.07 3.08 295 3.10 3.06
1430h 2.98 3.03 3.05 2.90 2,97 3.01 2.85 3.07 3.08 297 3.03
1500h 3.03 3.02 3.04 2.84 2.69 2.84 2.81 2.93 3.03 3.01 2.99|
1530h 2.49 2.60 2.76 2.56 2.40 2.34 242 2.85 247 2.58 2.65
1600h 2.29 2.56 2.65 247 2.36 221 2.56 232 2.44 243 2.72 2.39
1630h 2.10 2.28 2.18 2.07 2.14 2.03 2.05 2.35 2.56 222 2.55 221
1700h 1.54 1.92 1.45 1.65 1.59 1.56 1.67 2.10 2.19 1.96 1.92 1.99
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In the Fig. 16 it can be seen that adding a reftetti an already sunlight saturated PV panel da¢smake any
difference, except increasing the temperature Fsgel8) which tends to reduce the lifespan ofsbkar cells. But
the objective of the reflector here was to keepsiblar panel at saturated levels even when theéghing not at its
peak is the benefit which it has achieved. (10@0h8&30h instead of 1115h to 1530h in graph 10)p$singly it
seems that having an aluminium foil as a refledtmes not make any significant difference at all ancaluminium
coated papers being a fraction of the cost of asgtairror, served just as well has a glass mitsslfi Building
upon these findings the effectively of the wind Ielefor calculations will be carried out only for mar and Al

coated paper reflectors using the data from theedabie A2 in the appendix.

Table -A2 Performance of the Solar Cell in the Mode under Different Wind Conditions

(Celsius) The condition of the experiment

No tracking with no reflectors Tracking with no reflectors Tracking with mirrors

Time of the day A B C D E F G H 1 I K L M
0800h 0.11 NA NA NA NA 1.19 1.28 1.17 1.31 | 1.23 NA 1.54 1.53
0830h 0.34 NA NA NA NA 1.22 1.35 1.24 1.40 | 1.29 NA 1.67 1.90
0900h 1.02 NA NA NA NA 1.80 1.67 1.80 1.78 | 1.92 NA 2.02 2.20
0930h 1.33 NA NA NA NA 1.97 1.88 1.97 2.09 | 1.99 NA 2,10 | 2.29
1000h 1.60 NA NA NA NA 2.34 2.43 2.34 2.53 2.50 NA 2.65 2.44
1030h 222 NA NA NA NA 2.56 2.51 2.56 249 | 252 NA 290 | 2.87
1100h 2.40 NA NA NA NA 2.80 2.88 2.75 2.86 2.83 NA 3.12 2.95
1130h 2.65 NA NA NA NA 2.88 2.87 2.88 2.92 2.89 NA 3.02 3.11
1200h 2.88 2.93 2.88 2.92 2.90 3.03 3.01 3.06 3.21 3.01 NA 2.99 3.02
1230h 3.01 3.09 3.01 3.07 3.09 3.01 3.04 301 3.10 | 295 NA 3.03 313
1300h 311 312 310 3.09 311 312 3.03 310 3.01 | 311 NA 310 | 2.84
1330h 62.3 3.09 3.03 3.12 3.11 3.11 3.10 3.11 3.03 3.15 NA 3.13 3.07
1400h 3.03 3.02 2.98 3.08 312 314 3.03 314 3.07 | 3.04 NA 3.04 312
1430h 2.99 NA NA NA NA 3.03 3.02 3.00 3.04 3.08 NA 3.05 3.08
1500h 2.67 NA NA NA NA 2.88 2.78 2.88 2.84 | 2.88 NA 2.95 3.03
1530h 2.50 NA NA NA NA 2.86 2.80 2.86 2.56 2.78 NA 3.02 2.45
1600h 2.30 NA NA NA NA 2.67 2.48 2.67 2.52 2.76 NA 2.67 2.73
1630h 1.88 NA NA NA NA 2.01 222 2.01 222 | 216 NA 2.5 222
1700h 0.44 NA NA NA NA 1.55 1.04 1.55 1.34 1.60 NA 2.14 1.97

Time of the day N 0] P Q R S T 18] v W X Y

0800h 1.67 1.53 NA 1.28 1.19 1.16 0.66 NA 0.87 0.93 1.23 1.11
0830h 1.80 1.90 NA 1.25 1.34 1.34 1.25 NA 162 1.87 1.99 1.86
0900h 2.25 2.20 NA 1.47 1.42 1.56 1.74 NA 2.04 222 2.27 2.20
0930h 2.28 2.29 NA 1.88 1.53 1.73 1.81 NA 221 2.33 2.24 225
1000h 2.67 2.44 NA 243 1.80 241 222 NA 2.59 247 2.54 2.43
1030h 2.75 2.77 NA 2.51 222 2.23 2.37 NA 2.78 2.85 2.67 2.72
1100h 2.87 2.95 NA 2.85 2.60 2.54 2.71 NA 3.08 2.95 2.95 2.95
1130h 3.10 312 NA 2.98 2.75 2.88 2.95 NA 312 311 3.10 3.10
1200h 3.06 3.07 NA 3.01 2.86 2.98 3.02 NA 3.06 3.04 3.04 3.11
1230h 3.13 3.10 NA 3.02 3.03 3.01 3.09 NA 3.11 3.13 3.08 3.06
1300h 3.12 3.09 NA 3.05 3.11 3.04 3.11 NA 3.12 3.12 3.01 3.03
1330h 3.05 3.07 NA 3.11 3.04 312 310 NA 311 2.87 3.06 3.12
1400h 3.12 2.87 NA 314 3.06 311 3.07 NA il1o0 2.95 3.10 3.06
1430h 2.98 3.03 NA 2.90 2.97 301 2.85 NA 3.05 3.08 2.97 3.03
1500h 3.03 3.02 NA 2.84 2.69 2.84 2.81 NA 297 3.03 3.01 2.99
1530h 2.49 2.60 NA 2.56 2.40 2.34 2.42 NA 2.77 247 2.58 2.65
1600h 2.29 2.56 NA 2.47 2.36 2.21 2.56 NA 2.44 243 2.72 2.39
1630h 2.10 2.28 NA 2.07 2.14 2.03 2.05 NA 2.56 222 2.55 221
1700h 1.54 1.92 NA 1.65 1.59 1.56 1.67 NA 2.19 1.96 1.92 1.99
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Fig. 18 Temperaturereadingsfor mirror and aluminium paper reflectors. Values were taken under passive and active cooling. Note:
the active cooling wind speed was approximately set to be as the same speed as the rooftop of the factory. The values can befound in
thetable A3 in the appendix A
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As it seen on the Fig. 17 the wind deflectors hataffected the power output of the solar panelny significant
manner either. But with the temperature data abklan the Fig. 18 and IBC PolySol 250 GX’s nomiopérating

cell temperature o£0°C [15] it is seems that the lower temperature inrtiwel that had Aluminium coated paper

would be the best technical option. But consideting longer lifespan of a glass mirror and its igbilo resist
extreme weather conditions far outweighs the acged of the aluminium coated paper.

Table-A3 Temperaturereadings from the solar cell in the model at different wind speeds

(Celsius) Conditions
Time of the day .\-“Iilrrc:-r Wit!l Mirror Wit.h Active Ir?alll)uellnalitllllnpca?ifg 4?)131;161111:111‘3: :;?:id
passive cooling cooling cooling cooling
0800h 294 28.1 29.8 27.2
0830h 43.6 34.5 34.6 28.5
0900h 442 40.4 384 31.8
0930h 49.4 42.6 42.7 34.4
1000h 56.6 432 46.3 36.6
1030h 63.9 46.1 53.6 37.5
1100h 66.1 47.9 57.3 39.3
1130h 71.1 49.7 59.5 398
1200h 74.3 51.4 62.8 40.5
1230h 76.4 49.1 64.9 41.5
1300h 79.2 51.2 64.7 41.9
1330h 80.5 47.4 64.8 42.5
1400h 78.2 47.6 63.3 41.8
1430h 76.8 458 61.1 40.2
1500h 72.9 439 57.3 38.7
1530h 68.7 41.5 53.5 36.6
1600h 56.5 36.6 48.5 353
1630h 54.4 354 45.7 358
1700h 531 342 43.2 34.4
Table -5 Payback Period Calculation for the Proposed System
Number of Panels 400
Watts Per Panel 250 W
Total watts per hour assuming optimum conditions 100,000 W
Number of hours that has adequate amount of sunlight* 7.0 h
Estimated kilowatt hours per day output 700 kWh
Number of days per month with bright day light estimated 20
Estimated kWh per month output 14000 kWh
Leaving 5% to power the tracking mechanism 13300 kKWh
Buying rate of a kWh in peak time
(from the grid) converted to USD 0.16 $
Money saved from an average month 2128 $
Total payback period of the system 48.77 months
Table -6 Calculated Total System Cost for a Conventionally Mounted Solar PV Array
Quantity Unit Cost Total
IBC PolySol 250 GX 250 watt solar panels 400 | $ 138 $ 55,200
Sunny Mini Centrall0000T 10| § 1,378 $ 13,780
Mirrors 0 394 | $ -
Structure of the solar panels 20| $ 321 $ 6,420
Linear motor 0| % 96 $ -
Copper wire and junction box 20| $ 350 $ 7,000
Grounding wire 1| $ 150 $ 150
System Cost Total $82,550
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Table -7 Payback Period Calculation for a Conventionally Mounted Solar PV Array

Number of Panels 400
Watts Per Panel 250 W
Total watts per hour assuming optimum conditions 100,000 W
Number of hours that has adequate amount of solar power* 43 h
Estimated kilowatt hours per day output 430 kWh
Number of working days per month with bright day light 20
Estimated kWh per month output 8600 kWh
Buying rate of a kWh in peak time

(from the grid) converted to USD 0.16 $
Money saved from an average month 1376 $
Total payback period of the system 75.42 months

*The number of hours is increased by the use déctdrs. The window of the maximum efficiency hademed.

The breakeven analysis was done using the priegingsnet metering pricings available in Sri Lankhae Elient has
an energy requirement of 1020kWh in peak hours@ftkWh in off peak hours per month and a peak ébadt
demand of 200kW (value taken from the backup géoerutput values, which was outdated and a datatshas
not available). The solar panels are set to ihjtiptoduce 50% of the company’s peak electricityndad which is
100kW. The inverter proposed for the solar systerSunny Mini Centrall0000T of which the maximun€ D
power input from the solar panels is 10350W anddadce tag of 1378f7-18] and therefore it is decided to use
10 of them along with 400 (250W) solar panels. phael array will be configured in 20 rows of 20 e&neach,
due to the narrow and long roof shape. Thereforee2® of proposed mechanical rails will be usea@hith 20
linear actuators.

CONCLUSIONS

Implementing a solar tracker mechanism does imptbeepower output of a conventional solar paneinduthe
morning and the evening hours. Adding a refleabonarness additional sunlight on to the panel makéi$ference
only when the solar panel has not yet reacheckeigk performance. The objective of the design whiak to widen
the window in of maximum power output has beenagtil. Adding a reflector increases the temperatiitee PV
panel and it seems that having a wind deflectdunmel the air in to the air gap and then ontogbkar panel does
seem to reduce the temperature marginally. Thedeatgre of the PV panel did not have an immeditiezon the
solar panel output. But the increased temperatughtnaffect the efficiency of the solar panel ire ttonger run.
Implementing the design has reduced the paybadkgerf the solar array. And based on the calcutetiche
redesigned array will continue to produce signiitta higher amount of power even after the paybpekiod.
Having a mechanised solar panel that tracks andwslthe sun instead of a fixed panel which doeshawe any
moving parts might introduce the chance of meclaracfailure. In a chance of a solar tracker failtlie power
output will plummet as the mirrors might cast adsha on the solar panel. And also the mechaniseat painel and
its almost vertical mirrors will not hold as much a permanently mounted solar array under extreeether
conditions and it might require some maintenanoe tio time.
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