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Study on PV Systems with p-Si and CIS Modules
— Qutput Characteristics of Array Different Aspect —
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Abstract

The crystal silicon solar modules have been widely u

sed in photovoltaic (PV) systems to generating electric power.

But the new solar modules such as thin film CulnSe, (CIS) will be used in the PV systems in the future. We constructed

the PV systems that are mixed with poly crystal silicon p-

with east 5°and west 5° of the tilt angle individually.

Si array and CIS array. Both p-Si and CIS arrays are separated

We researched characteristics of p-Si array, CIS array and the PV systems. The main findings are as follows: The

conversion efficiency of CIS array is about 9.83%, p-Si array is about 12.95%. The temperature of CIS module is 21.5%

higher than that of p-Si module, the temperature coefficient of CIS module is about -0.30%/°C, and p-Si module is about

-0.39%/°C. Though the temperature coefficient of CIS module is lower, the temperature on the back of CIS module rise

higher, the output of CIS module is not expected much higher than that of the p-Si module. Additionally, it was found

that there are not plural peak points at parallel connected P-V curves when the tilt angles of array are set with east and

west by 5° individually.
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Table 1  Specifications of PV modules and PV arrays.

Technical Data p-Si CIS
Maximum power Pm(W) 180 70
Maximum power voltage Vpm (V) 23.8 37.6
Maximum power current Ipm (A) 7.57 1.85
Open circuit voltage Voc (V) 294 54
Short circuit current  Isc (A) 8.21 2.2
Number of modules in array 32 72
Effective area of array ( m?) 40.87 | 57.00
Series/parallel 8§X4 | 6X12
Pm,a (kW) 5.76 5.04
Vpm,a (V) 1904 | 225.6
Ipm,a (A) 30.3 22.2
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Table 2 Installed data acquisition equipment and sensors.
Data Equipment Manufacturer Model Class
(Sensor)
A/D Data logger | CAMPBEL CR1000 0.1
Irradiance | Pyranometer | Field Pro | LP-PYRAQ3D| 2.0*
Ambient .y o ometer| Field Pro | HD9009TRII | 0.1
temperature
Temperature Type T
of PV "l;l;en?: Field Pro (copper — 1.0
module up constantan)
DC Volt Transducer |WATANABE WAP—DlZ-99A_ 0.1
DC Current | - 30 Iywaranapg| WAPDZATA| )
Transducer 1
TOYO
AC Watt | Transducer KEIKI EGM-32 0.5
Power Power | yvOCERA | PVN-403 | —
Conditioner
I-VCurve | I-V Checker EKO MP-170 1.0
*ISO 9060 SECOND CLASS
Vol.35, No.6
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Fig.3 Irradiance and ratio of irradiance (2009.3.15).
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Fig4 Temperature and time (2008.4.15).
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Table 3 Ratios of temperature of CIS array to p-Si array.

Module temperature East (%) West (%)
25°C (air 14°C) 12.7 17.8
40°C (air 19.6°C) 15.1 215
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Table 4 Characteristics of temperature of p-Si and CIS arrays.

p-Si CIS (CIS) - (p-S)
aCh -0.0039 -0.0030 0.0009
Te () 444 516 72
a(Te-25) -0.076 -0.080 -0.004
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Table 5 The comparison of maximum output power.

Technical Data p-Si CIS
A 1 Nominal maximum output 576 | 5.04
B : Maximum output
(Vpm, Ipm of maker's test data) 5811527
Ratio (B-AYA (%) 0.87 | 4.56
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Fig.13 The [V and P-V curve of East and West array with

East/West tilt angle of 5° (2009.6.23).
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Fig.14 The I-V and P-V curve of parallel array with East/West
tilt angle of 5° (2009.6.23).

Table 6 Data of I-V and P-V curves of p-Si and CIS array.

Technical p-Si CIS
Data East | West | parallel | East | West | parallel
Voc (V) 210.5 12107 2122 |300.21307.2| 3129
Isc (A) 741 | 957 17.43 596 | 7.61 13.87
Pm (kW) 112 | 142 2.64 1.14 | 1.50 2.73
Vpm (V) 169.71168.9 | 1679 |228.1 2326 236.9
Ipm (A) 6.62 | 8.43 1572 | 5.01 | 6.44 11.51
FF 0.72 | 0.71 0.71 0.64 | 0.64 | 0.628
Irr (kW/ m?) 0452 |0.564| 0.526 [0451)|0.565| 0.528
Area 204 | 204 40.9 28.5 | 285 57.0
Efficiency (%) | 12.1 | 123 12.3 8.85 | 9.33 9.11
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Fig.16 Monthly output of arrays.
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