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Abstract:
A 36W PV module has been installed on the building of Solar Energy Lab in Sofia. The purpose
of this demonstration is to determine practically the amount of energy can be produced for a fixed
period of time and to assess the opportunity for solar power application in small utility systems in
Bulgaria. This paper reports the results of testing a module over spring and summer time when
solar insolation reaches its maximum. The data measured include operation weather variables, DC
and thermal performance of a module. These data were analyzed to calculate average PV-
generated energy for a sunny day and for a whole month ( April 1995 ). Empirical thermal
dissipation coefficient for the developed module assembly is also extracted from the data.

1. Introduction

The PV system allows the energy from the output of die PV module to be
dispatched for battery charging or lighting and electrical tests to be carried out
simultaneously. The peak shaving results are registered and analyzed. The PV
system on the roof-top, schematically shown in Figure 1, was completed at the
beginning of this year. During the time since its installation, we have been able to
collect and analyze a great deal of data about various PV modules. This paper
summarizes our major findings.

2. System Description and Operation

The PV module was manufactured in the Solar Energy Lab from 36 connected in
series 4" monocrystalline silicon solar cells each of them with cell efficiency of
more than 12%. The cells were fabricated by multilayer metallization [1] suitable for
easy soldering and interconnection. High transparent tempered glass and high
thermoconducting aluminum plate are used for front and back side, respectively.
The final assembling is accomplished by silicon rubber encapsulates. The active
module area is 0.28 m2. The as-prepared pre-tested and pre-wired module was roof-
top mounted. The charge controller and the battery are placed in the measuring
room. The PV system is equipped with a data acquisition system which uses HP
3478A Multimeter, Keithley 177 Microvolt DMM and HP 6034A Programmable
Voltage-Source. In one hour intervals module performance (voltage and current,
module tilt angle, module temperature ) and ambient weather conditions ( ambient
temperature, global solar insulation ) were recorded.



3. System Performance

Figure 2 illustrates the measurements of falling power ( solar radiation ) and PV-
generated power for two module planes: horizontal and tilted (45°C)
sun-tracking, during one day of May ( 09.05.1995 ). For a clear sunny day with
ambient temperature of 22°C the incident solar radiation is 6.56 kWh/m2 for
horizontal plane and 8.31 kWh/m2 for tilted sun-tracking plane. The module
performance is 240 Wh and 299 Wh respectively.
The bargraphs in Figure 3 illustrate the PV-generated power per a whole month
(April 1995) at the site of Sofia. The monthly average power is calculated to be
7.174 kWh when the measured solar radiation is 376.5 kWh/m2.
It's known from the theory that the open-circuit voltage depends on cell temperature
and the most proper time for photovoltaic conversion is a cold, clear, sunny day
with moderate wind speed. The peak power measured during the whole spring and
summer time is 47 Wp .
Different module constructions exhibit different thermal dissipation and thus
different temperature of operation. Practically, the cell temperature is elevated in
comparison with ambient one by 30 - 40 °C at max. solar power. For simplicity, the
thermal behavior of PV module can be empirically expressed by die following
dependence:

where Tc is cell temperature [°C]; T, is ambient temperature[°C]; I is solar radiation
[ mW/cm2 ] and k is thermal dissipation coefficient. Figure 4 shows the thermal
behavior of a test module with implanted Pt thermoresistor at the back of a cell and
second thermosensor at the front side of the module. At real conditions, for one day
measurements the calculated value for thermal dissipation coefficient is 0.36. For
example, at 90 mW/cm2 solar radiation and Ta = 21°C the measured value of Ta is
54°C.

4. Conclusions

A PV system has been installed and tested on roof-top of Solar Energy Lab in Sofia.
The 36W/12V module can generate more than 240 Wh per day and more than 7
kWh per month. Since the light intensity is high during the whole day PV system
without battery can be used from 8 a.m. until 6 p.m. with no problem. The power
generation capability is sufficiently high for small-scale applications in farms or for
out door works as: lighting, TV and radio receiving, water pumping, electric fence
guard, ventilation etc.

References:
1. P.Vitanov, N.Tyuryundzhiev, P.Stefchev, B.Karamfilov "Low cost solar cell
metallization" Proceedings of Renewable Energy Congress, Sept 1994, vol.5,part
III,Reading,Great Britain. Pergamon Press.

Mil

/T77

Module

Current
meter

T
Variable load

simulating
block

Rr=r>-oo

i
Voltage

meter

Programmable
voltage
source

Fig. I. PV system under test



Module 36W/12V

09051995

Legend-

Solar radiation - horizontal plane

Solar radiation - tilted plane

Horizontal module - energy

Tilted module - energy

o

JO
•o
CB

EC

in
ow

100 —i

80 —

60

40 —

20 —

—I 100

i 1 - - - .-i
..• . i . . , : . .-I
• ' t t • - • .

I I I I I I I I I I
8 9 10 11 12 13 14 15 16 17 18 19

Hour of Daytime

Fig.2. Solar Radiation and Module Performance
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Fig.3. Monthly PV- generated Energy



120 —

u

1
o
35
o
M

_c

o
CO

80 —

40 —I

- B -
._-
- * -

Legend-

Solar Radiation

Ambient Temperature

Calculatsd Cell Temperature

Measured Cell Temperature

100

90

80

70

60

50

40

30

20

10

0

10 11 12 13 14 15 16 17 18 19
Hour of Daytime

20

2
&
E

Fig.4. Thermal Behavior of a PV- module during Daytime Operation


