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Table 1: Different strategy for improvement of Pv cells performance in recent studies

Goal Proposed solution Country Impact on performance
Iran +30%
Sweden +22%
Japan +20-25%
Egypt +22%
Sweden Increase of performance
Flat Refl
Increase of solar i Rellector USA . *40-45%
intensity Add.lng reflector on south and north causes 44% anq
India 14% increase of performance in summer and winter, in
respect. This amount is 44-56% for the west and 14-
26% for the east side.
Using flat reflector integrated with Iran +50.4%
a water cooler for PV-cell and light England 3 times increase of electron flow
intensifiers Germany -20%
Eastern shaders -4%
Effec}t){)/f shadlow on Effect of shadow on performance Germany Vertical shaders -16.8%
panels Spain Decrease of performance
- +10-20%
Malaysia +10.2%
Decrease of PV cell  photovoltaic panels cooled by water Malaysia +12%
temperature or air circulation England +1.5%
Iran +52-58%
(Total Performance)
0,
Production of .solar electricity and Malaysia (To tarlzz:;?(?rr/rolance)
heat simultaneous Azerbaijan +18%
Pre-heating systems for PV panels
Solar The“Tlo' and electricity production with Canada +16 —20%
photovoltaics . .
glass cover and without it
Comparing the heat production with
electricity production separately - +5-29%

with a hybrid system
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PV cell on the horizontal surface
with vertical mirror

PV cell on the southern vertical wall
with horizontal mirror

PV cell on the southern vertical wall with
vertical mirror on eastern side
Fig. 4 PV cells performance test integrated with reflector
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Table 2: Different components of the study to find out the optimum tilt

Components Properties
Educational PV-cell with short Circuit and open-circuit battery (A 60 ma, 5V, Size : 5*5 cm)
PV cells .
Made in Iran
Flat mirror with 90% reflectivity
Flat Reflector Size: 10¥10 cm (The mirror is 2 times bigger than PV cell to cover all of it)
Made in Iran
Digital multi- Measurement range: 2000 mA - 10 A
meter Voltage range: 200 mV - 1000 V
Made in China
Max V:3.3
LED lamp Max I: 20 mA
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Table 3: Solar radiation on southern side of the building (w/m2) at 26th Dec in 34.47 latitude (McIntosh, Abbott,
& Sudbury, 2011)

Hour 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00  16:00

Solar Intensity  346.4  590.2 749.9 832 862.1 833.6 746.2 5954 3553
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Table 4: Electric current measurement

. Hour
Mean electric current (mA) 8:00 9:00 10:00 11:00 12:00 13:00 1400 15:00 16:00
PV cells on the vertical southern wall 12.36 1236 13.37 13.60 1445 13.60 1337 1236 12.36

PV cell making a vertical angle with solar
radiation
PV cells on the vertical southern wall affected 1, ) 1306 1520 1517 1595 1517 1522 13.96 12.62
by mirror reflection making 90 degrees

PV cell on horizontal surface 6.66 10.15 1049 10.64 12.19 10.64 1049 10.15 6.66
PV cells on the horizontal surfaces affected by 7 1311 56 1238 1220 1402 1220 1238 1156 7.13
vertical mirror
PV cells on the vertical southern wall affected
by mirror reflection on south-east making 90 1450 1452 1525 1390 14.45 1390 1525 1452 1450
degrees

13.89 1398 1457 14.13 1479 14.13 1457 1398 13.89

Table 5: Electric power measurement

Mean electri (mW) Hour
can electrc powet (m 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00
PV cells on the vertical southern wall 3499 3563 3781 3931 4191 3931 37.81 3563 3499

PV cell making a vertical angle with solar
radiation
PV cells on the vertical southern wall affected by 35 57 4077 4387 4468 4722 4468 4387 4077 3527
mirror reflection making 90 degrees
PV cell on horizontal surface 16.85 27.68 28.65 29.39 33.78 2939 28.65 27.68 16.85
PV cells on the horizontal surfaces affected by 17 97 3549 3464 3442 39056 3442 3464 3249 17.97
vertical mirror

PV cells on the vertical southern wall affected by
mirror reflection on south-east making 90 degrees

40.55 41.22 41.53 41.07 4297 41.07 41.53 4122 40.55

4227 4298 44.04 39.87 4191 39.87 44.04 4298 4227
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IMPROVING THE EFFICIENCY OF ELECTRICITY-
GENERATING BUILDING ENVELOPES USING A HYBRID
SYSTEM OF FLAT CONCENTRATOR & PHOTOVOLTAIC
PANELS (FCPV) IN SOUTH FACADE
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== PV cell on southem wall

~#- PV cell making vertical angel with
solarradiation

~~ PV cellon vertical southem wall
with horizontal mirror

~— PV cell on horizontal surface

=== PV cell on horizontal surface with
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‘mirror on south east wall
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Chart. 1 Comparison of PV cell performance in different positions
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Chart. 2 The increase of PV cell performance on the south wall in percentage
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Fig. 5 Shadow of the eastern reflector at the first day of the spring 9:00 am
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Fig. 6 The diagram of solar radiation and its projection

Fig. 7 The optimum combination of PV cell and reflector
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Fig. 8 The Azimuth of solar radiation in different season from 9:00 am to 3:00 pm
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Fig. 10 The calculation method of coverage area of shadow of two eastern and western reflector at 9 am in solstice
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Table 6: Covering measurement of PV cell by reflectors on eastern and western sides in solstice and equinox

The covering percentage of reflection based on the depth of the

Time proportion of flat rectangular mirror and height of the PV cell on
south wall (D/L)
Hour Day D/L=0.25 D/L=0.5 D/L=1.0 D/L=1.5
22 Dec 54% 56% 62% 62%
9:00 am 21 March and Sep 55% 74% 80% 80%
’ 21 Jun 95% 95% 95% 95%
Coverage Percentage 68% 75% 79% 79%
22 Dec 30% 55% 88% 100%
12:00 21 March and Sep 60% 93% 100% 100%
pm 21 Jun 100% 100% 100% 100%
Coverage Percentage 66% 78% 86% 88%
1008 _/.
=
)
: /
8 L —e=DA:02S
\g E o ~a-0ne0s
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Chart. 3 The comparison of reflection covering for different proportions of L and D in solstice and equinox
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Building Envelope or Building Shell
Energy Efficient

Building Integrated Photo Voltaic (BIPV)
Photovoltaic Panel (PV)

Flat Concentrators or Flat Mirrors (FM)
International Energy Agency(IEA)
Renewable Energy Sources

PV Modules

9. System

10. Dynamic Architecture

11. Static Facades

12. High-performance Facades

13. Pilot Study

14. Tilt

15. Azimuth

16. Concentrating Photo-Voltaic System (CPV)
17. Building Integrated Photovoltaic/Thermal Systems
18. Solar Tracking Systems

19. Spiral

20. ANSYS14

21.Photovoltaic/Thermal Collectors
22.Exergy efficiency

23. Sheet- and-Tube
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27.1,: Short Circuit Current
28. V,: Open Circuit Voltage
29. LED(Light Emission Diode)
30. Excel
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