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Fig. 2 Effective factors on the PV-cell performance
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Fig. 3 The Tilt and azimuth of the PV cell (Thomas & Forham, 2001)
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Table 1: Different strategy for improvement of Pv cells performance in recent studies

Solar Thermo-

Goal Proposed solution Country Impact on performance
Iran +30%
Sweden +22%
Japan + 20-25%
Egypt +22%
Sweden Increase of performance
Flat Reflector USA + 40-45%

Increase of solar

intensity

Using flat reflector integrated with
a water cooler for PV-cell and light
intensifiers

Effect of shadow on

PV panels Effect of shadow on performance

Decrease of PV cell  photovoltaic panels cooled by water

temperature or air circulation

Production of solar electricity and
heat simultaneous

Pre-heating systems for PV panels
and electricity production with
glass cover and without it
Comparing the heat production with
electricity production separately
with a hybrid system

photovoltaics

Adding reflector on south and north causes 44% and
14% increase of performance in summer and winter, in

India respect. This amount is 44-56% for the west and 14-
26% for the east side.
Iran +50.4%
England 3 times increase of electron flow
Germany -20%
Germany Eastern shaders -4%
Vertical shaders -16.8%
Spain Decrease of performance
- +10-20%
Malaysia +10.2%
Malaysia +12%
England +1.5%
Iran +52-58%
(Total Performance)
Malaysia +37-80%
(Total Performance)
Azerbaijan +18%
Canada +16 — 20%
- +5-29%
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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

PV cell on the horizontal surface
with vertical mirror
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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
Measurement range: 2000 mA - 10 A

Digital multi- Voltage range: 200 mV - 1000 V

meter 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 (MclIntosh, 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  590.2 749.9 862.1 833.6 746.2 595.4  355.3
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Table 4: Electric current measurement
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(Bilal, Arbab, Afridi, & Khattak, 2016, p. 100)
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Mean electric current (mA) Hour
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 1236 1236 1337 13.60 1445 13,60 1337 1236 12.36
PV cell making E:z;/dell;[tllcoar: anglewithsolar 1569 1398 1457 1413 1479 1413 1457 1398 13.89
PV cells on the vertical southern wall affected 1, 65 1395 15220 1517 1595 1517 1522 13.96 12.62
by mirror reflection making 90 degrees
PV cell on horizontal surface 6.66 10.15 10.49 10.64 12.19 10.64 10.49 10.15 6.66
PV cells on the horizontal surfaces affected by 7 15 1156 1238 1220 1402 1220 1238 1156 7.3
vertical mirror
PV cells on the vertical southern wall affected
by mirror reflection on south-east making 90 1450 14.52 1525 1390 1445 1390 1525 1452 1450
degrees
Table 5: Electric power measurement
. Hour
Mean electric power (mW) 800 9:00 1000 11.00 12:00 13:00 14:00 15:00 16:00
PV cells on the vertical southern wall 3499 3563 3781 39.31 4191 39.31 3781 3563 34.99
PV cell making %elgt'f:n' angle with solar 4055 4122 4153 41.07 42.97 4107 4153 41.22 4055
PV cells on the vertical southern wall affected by 55 07 4577 4387 4468 4720 4468 4387 4077 3527
mirror reflection making 90 degrees
PV cell on horizontal surface 16.85 27.68 28.65 29.39 33.78 29.39 28.65 27.68 16.85
PV cells on the horizontal surfaces affected by 1797 3549 3464 3442 3056 3442 3464 3249 17.97
vertical mirror
PV cells on the vertical southern wall affected by -5 o7 4598 4204 3987 4191 3987 4404 4298 42.27
mirror reflection on south-east making 90 degrees
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IMPROVING THE EFFICIENCY OF ELECTRICITY-
GENERATING BUILDING ENVELOPES USING A HYBRID
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Chart. 1 Comparison of PV cell performance in different positions

Chart. 2 The increase of PV cell performance on the south wall in percentage
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PV Cell Xt Solar radiation at 900 am
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Fig. 5 Shadow of the eastern reflector atithe first day of the spring 9:00 am

azd)S ;L o 5k jlan YU zee 4 Gl o5l )0 audys5
M3 peai sLls; 10 (Lechner, 2015, p. 144) 555 o

b5 oy (B s (e agly il b
0559 slagyley ;o 1) (V)58 08 ngad a5y (IS oo Jge 8

el 0ol ools ioles A S yo Slel (pl ol y dsbo g8 Ll Slels oS Ll 51(F JSK) 0,9] cows 381 L

Flat Reflector i
- PVcell

Fig. 7 The optimum combination of PV cell and reflector Fig. 6 The diagram of solar radiation and its projection
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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. 9 Calculation method of solar radition by
geometry
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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%

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

ONOTR~WNE

Cowl oaid oalaiwl Jas 550 o yal) 5l as conl Sl 4y cod Glidl as s Jeax (o cude cuadle 1 jslaie YF

27. ls.: Short Circuit Current
28. V,.: Open Circuit Voltage
29. LED(Light Emission Diode)
30. Excel
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