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USING THE APPLICATION INTEGRATED WITH
A 2 kWp PHOTOVOLTAIC INSTALLATION

1. Purpose & range of the exercise

The exercise aims to familiarize students with the following topics:
• Working with the application connected to a photovoltaic plant.
• Calculating the electric parameters of a photovoltaic plant under actual operating conditions.
• Analysis of energy generated by a photovoltaic plant in relation to data obtained from PV-GIS.



2. Scope of exercise

The principle of solar cell operation is based on photovoltaic effect, namely direct conversion
of solar radiation energy to electric energy. Semiconductor material  absorbs photon energy, which
results in releasing electrons from interatomic chemical bonds. However, not all of the semiconductors
can be used in photovoltaic cell production. It is primarily dependent on energy gap,  Eg . Lower

values of Eg  permit wider solar spectrum to be absorbed, but at the same time it is linked to lower
photovoltaic  voltage generation [1][2].  Appropriate  adjustment of  solar  battery’s  spectral  sensitivity
to spectral radiation characteristics is an extremely important aspect. Nowadays, around 90% of Polish
market consists of silicon based mono- and polycrystalline first generation modules, while the rest
belongs to second generation amorphous silicon (a−Si), copper indium selenide (CIS) and copper
indium  gallium  selenide  (CIGS)  [3].  The  scheme  of  the  photovoltaic  cell  structure  is  presented
in Figure 1.

Fig. 1. Silicon based photovoltaic cell layout [4]

The primary element of solar cell is p-n junction, as shown in Figure 2. In the silicon based
solar battery electron and hole conductivity are obtained by doping the material with phosphorus and
boron respectively. At room temperature it may be assumed that all acceptor dopants nA  in type

p semiconductor  and donor dopants  nD  in  type n semiconductor  are ionised.  Then,  there are
grounds for applying such an approximation that equates concentration of majority carriers to their
dopants. Once p-n junction is formed, there is a high carrier concentration gradient on the border area,
which allows for electron and hole diffusion and depletion layer formation. Therefore, space charge
of thickness  d  is created – positive on the n site, because electrons diffuse into p region, and
negative on the p site, following the same relation. The resulting potential difference between area
p and n is called diffusion voltage, Ud .
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Fig. 2. Asymmetric p-n junction in silicon based material: a) connection between p and n

semiconductor type, b) acceptor concentration nA=1⋅10
16

cm-3 and donor concentration

nD=2⋅10
16

cm-3, c) free carrier concentration, d) volume charge density, e) potential curve [5]

While  illuminating  p-n  junction  with  the  correct  wavelength,  photons  are  absorbed  and
electron-hole pairs are generated (Figure 3a). The field separates both carriers in such a way that
electrons reach n region and holes – p region (Figure 3b). It results in a potential difference, polarizing
the  junction  in  the  conducting  direction.  The  current-voltage  characteristic  is  given  by  the  diode
equation, in which  I  is a current that would flow through p-n junction under the influence of the
photoelectric voltage U .

I=I 0[exp (
eU
kT

)−1 ]                                                          (1)

Fig. 3. Photovoltaic voltage generation after illuminating p-n junction [5]
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Set of experiments for the study:

A. Drawing up balance sheets based on power and efficiency calculated for the photovoltaic
installation

B. Comparing data received from the photovoltaic installation with PV-GIS data

3. Description of the experimental station

The measuring unit  consists of  8 photovoltaic  modules located on the south-east  building
facade  of Chemistry  C  Gdańsk  University  of  Technology,  inverter  and  data  recorder  Fronius
Datalogger  Card  with  Sensor  Box,  which  enables  data  transfer  to  Fronius  Solar.web  application.
Device  sensors  register  solar  radiation,  module  temperature,  ambient  temperature,  generated
electricity,  DC and  AC voltage  and  current.  The  whole  system is  designed so  that  it  is  possible
to expand it and add components, as presented in Figure 3.

Rys. 4. a) Inverter equipped with Fronius system, b) terminal resistor, c) data exchange wire,
d) data recorder, e) Sensor Box placed in the external encasement [6]

3A. Photovoltaic installation

The measuring unit comprises of 8 silicon based monocrystalline photovoltaic modules BEM-
250 Bruk-Bet Solar.  Technical  specification as well  as the current-voltage characteristic  are given
in Table 1 and Figure 5.

Tab. 1. Electrical and physical properties of BEM-250 Bruk-Bet Solar photovoltaic module [7]

Electrical properties

Maximum power [PMAX ] 250 Wp

Short circuit current [ I sc] 9,20 A

Open circuit voltage [UOC ] 38,80 V

Maximum power current [ IMAX ] 8,80 A

Maximum power voltage [UMAX ] 28,45 V

Module efficiency 15,51 %

Power tolerance 0 + 4,99 Wp

Temperature coefficient current 0,03 %/°C

Temperature coefficient voltage -0,31 %/°C

Temperature coefficient power -0,39 %/°C

NOCT (800 W/m2, 20°C, AM 1.5, 1 m/s) 43±2 °C
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Physical properties

Number of solar cells 54

Type Monocrystalline

Length 1634 mm

Width 986 mm

Thickness 8 mm

Mass 27 kg

Junction box IP67

Number of bypass diodes 1

Reverse current protection 15 A

Fig. 5. Current-voltage charecteristic for BEM-250 Bruk-Bet Solar photovoltaic module
at different intensity of solar irradiation [7]

3B. Application

Fronius  Solar.webb internet  application  allows  for  monitoring  the  condition  of  photovoltaic
installation.  The  view  for  installation  mounted  on  Gdańsk  University  of  Technology  Chemistry
C building facade is  seen  after  choosing “Application  commands”  in  the top  left-hand corner  and
clicking on “Solar.webb” icon. Both of those elements are marked red in Figure 6.
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Fig 6. View on the choose menu and application commands

The main application Solar.webb site gives the insight in the ongoing work of photovoltaic
installation,  meaning  its  power,  energy  balance,  income  and  carbon  dioxide  emission  reduction
(Figure 7). In addition, overview of the current day and week weather conditions is included.

Fig. 7. Main window in Solar.web application

Other bookmarks include data possible to obtain  from photovoltaic  modules.  In “Analysis”
bookmark there are sensor card sources for the installation (Figure 8) and more detailed look at the
various parameters.
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Fig. 8. Current view for photovoltaic installation

Daily,  monthly  and  annual  data  sets  can  be  obtained  by  the  means  of  above  described
application. In order to do that, a desired device and channel need to be chosen (Figure 9). After
approving the selected options application plots the relations (Figure 10).

Fig. 9. Channel and device choice for photovoltaic installation
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Fig. 10. Graphic representation of the obtained relationships

“Energy balance” bookmark is  further  broken down into  two parts.  “Production”  bookmark
allows to obtain data about energy sent back into the grid in daily, monthly, annual and total summary
(Figure 11). 

Fig. 11. Energy sent out to grid: a) daily, b) monthly, in April 2019
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Additionally, .xlsx reports can be generated, although it should be born in mind that detailed
information with a particular time-frame breakdown are generated as “Custom” report type. For daily,
weekly and monthly balances data are saved every 5 minutes. There is a possibility to acquire balance
for other time-frame, however it needs to be chosen manually in calendar attached to “Generate new
report”  application option  (Figure  12).  Data  generated  for  photovoltaic  installation include,  among
others, solar irradiation, ambient temperature, module temperature, energy, voltage and current, which
gives the basis to draw up suitable relations. All of the daily, weekly and monthly rapports are in the
“Reports” folder on the desktop.

Fig. 12. View for “Reports” bookmark

4. The course of exercise

A.  Drawing  up  balance  sheets  based  on  power  and  efficiency  calculated  for  the
photovoltaic installation

In the “Production” bookmark for Solar.web application a daily data set should be considered
for a month chosen by the teacher. Determine which day exhibits the highest energy sent out to grid.
Next, download reports from “Reports” folder on the desktop – daily report for the above mentioned
day with maximum energy yield (Figure 13), as well as weekly and monthly reports.

Fig. 13. Example of the daily rapport view (15.04.2020)
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Draw a graph from the obtained data, representing changes in solar irradiance and energy
sent back into the grid (Figure 14) as a function of time. In the second graph plot weekly overview for
the same parameters – data should be taken from weekly report (Figure 15).

Fig. 14. Solar irradiance (red colour) and energy sent out to grid (black colour) as a function of time.
Graph drawn up from daily rapport data for 15.04.2019

Fig. 15. Solar irradiance (red colour) and energy sent out to grid (black colour) as a function of time.
Graph drawn up from weekly rapport data for time-frame 15 – 21.04.2019
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Further part of this exercise includes monthly analysis of generated energy, power, as well as
efficiency for both PV installation and inverter. Data from monthly report containing daily sums should
be plotted as irradiation and generated energy values as a function of time for each day of the month
(Figure 16). On the basis of formula (2) calculate the efficiency  η for the whole PV installation and
present it as graph (Figure 17). Additionally, 

η= E
G⋅S⋅n

⋅100 %                                                                 (2)

P= I ⋅ U                                                                             (3)

CR=
PDC
PAC

⋅ 100 %                                                                  (4)

gdzie: 

E – generated energy [Wh], 

G – energy from solar irradiation [Wh/m2], 

S – area of one PV module [m2],

.n – number of modules in PV installation [-].

Fig. 16. Solar irradiation (red colour) and energy sent out to grid (black colour) as a function of time.
Graph drawn up from monthly report data for April 2019
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Fig. 17. Whole PV installation efficiency graph drawn up from monthly report data for April 2019

Fig. 18. Power generated on the DC (red colour) and AC site (black colour) drawn up from monthly
report data for April 2019
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Fig. 19. Inverter efficiency graph drawn up from monthly report data for April 2019

B. Comparing data received from the photovoltaic installation with PV-GIS data

By using  the  internet  geographic  information  system website  for  photovoltaic  installations
(PV-GIS), collect data for average daily and monthly energy possible to generate by the PV installation
integrated with Chemistry C building (Figure 20, Figure 21).

Fig. 20. Parameters entered into the PV-GIS system in order to calculate average monthly energy
possible to generate by photovoltaic installation
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Fig. 21. PV-GIS system data set of average monthly energy possible to generate by photovoltaic
installation

Based on data presented in table in Figure 22 assume average monthly solar irradiation for the
exact month appointed by the teacher.

Fig. 22. Monthly change in solar irradiation calculated by the PV-GIS system
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By using the value of average daily irradiation H(90), calculate average monthly and daily
energy  produced  by  the  photovoltaic  installation,  including  10%  all-year-long  efficiency.  It  should
be noted that data from the example given below concern 2 kWp installation, and n means the
number of days in chosen month.

EM=H (90)⋅S⋅30⋅10%

ED=
EM
n

EM=3680
Wh

m2⋅day
⋅12,89m2⋅30 days⋅10%=142305.6 Wh=142.31kWh

ED=
142.31 kWh

31
=4.74 kWh

Then, the same values should be calculated based on data received from the monthly rapport
from Fronius application. In order to do that values from the “Irradiation” and “Energy” column should
be summed and converted into kWh/m2 and kWh (Figure 23).

Fig. 23. Calculation example for April based on data received from Fronius application 

All of the obtained results – from Fronius application, PV-GIS system and calculations, are
presented in table with a distinction being made between 2 kWp and 1 kWp installation.

Tab.  2.  Average  daily  (H(90))  irradiation,  maximum daily  (ED)  and  monthly  (EM)  energy  produced
by photovoltaic installation in April

For 2 kWp installation For 1 kWp installation

Fronius PV-GIS Calculations Fronius PV-GIS Calculations

H(90) [Wh/(m2·day)] 3504,36 3860,00 3860,00 3504,36 3860,00 3860,00

EM [kWh] 117,78 141,77 142,31 58,89 70,89 71,16

ED [kWh] 3,93 4,73 4,74 1,96 2,36 2,37
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