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PREFACE

Hochschule Bremen, Fachbereich Elektrotechnik, Bremen (Germany) and Faculty of Electrical Engineering in Osijek
(Croatia) started from 1984 year with organization a joint scientific colloquium every year. In 1996 Fachhochschule
Wiirzburg-Schweinfurt from Germany as well as "Kando Kalman" Polytechnic - Budapest and "Pollack Mihaly" College
of Engineering - Pecs from Hungary joined this scientific colloquium, in 2003 Polytechnic Engineering College of Subotica
joined the group, too. The main topic of the conference was research, teaching and new technologies in electrical engineering
and computer science. In 2008, new university partners joined us.

26th conference held in Osijek and organized by the Faculty of Electrical Engineering, J.J. Strossmayer University
of Osijek. The conference provided a platform for researchers and practitioners interested in the theory and practice of
electrical engineering, computer science, automation, robotics, as well as interdisciplinary research and applications of
the mentioned disciplines with mathematics, physics, mechanical engineering, medicine, etc. Submitted and reviewed
papers are fully developed results or on-going work. The general theme of SiP 2008 was “Modern Computer Systems in
Engineering Applications”.

At the conference 72 authors, form seven countries, presented 35 papers in the following five sessions: (a) Research
and project management, b) Power engineering and electrical drives, (c) Automation, robotics and industrial applications,
(d) Computer systems and applications and (e¢) Computer systems and applications. With presented papers our faculties
provided contributions to the development of new technologies and the knowledge economy in our countries which moves
to the knowledge society - new civilizational and the development paradigm of European Union.

Osijek, September 2008
Editors



Application of a Solar Power Calculator in
Power Engineering Education

Dalibor Bulji¢, Damir Sljivac, Hrvoje Glavas
Faculty of Electrical Engineering
University of Josip Juraj Strossmayer

Osijek, Croatia
{dbuljic, dsljivac, hglavas}@etfos.hr

Abstract — Due to the need for a practical explanation of
the solar energy exploitation, Solar Power Calculator has been
created in this paper. Based upon measured results obtained
by the Energy Institute Hrvoje PozZar, the annual database for
the year 2006. has been created for Split, Osijek, Zagreb and
Rijeka. Using the created database, the algorithm and a user
interface have been created for calculation of the total solar
energy absorbed as well as direct financial benefit in the case
of practical realization of the solar collector. A thorough ap-
plication of the solar power calculator has been explained in
this paper as well.

Keywords — solar energy, solar cells, power, calculator

I. INTRODUCTION

Due to the need for a practical explanation of solar energy
exploitation, Solar Power Calculator has been created and
described in this paper. Based upon measurement results
obtained by the Energy Institute Hrvoje Pozar, the annual
database for the year 2006 has been created for Split,
Osijek, Zagreb and Rijeka.

Using the created database, the algorithm and a user
interface have been created for calculation of the total
solar energy absorbed as well as direct financial benefit
in the case of practical realization of the solar collector. A
thorough application of the solar power calculator has been
explained in this paper as well.

II. SOLAR POWER CALCULATOR
APPLICATION IN EDUCATION

2.1. Input data

When the program starts, a dialog box opens up in
which you select a year for which calculation is done or the
data are saved in the database after measurements. After
selecting the year, the data are read by clicking the mouse
on the key read (Figure 1.). The database holds the data
referring to total insolation for the four cities in the Republic
of Croatia, i.e. Osijek, Zagreb, Rijeka and Split. The dialog
box given in Figure 1. shows the insolation data referring to
every single month and every city individually.

By selecting certain total insolation for a particular
city we can see the total data for every day, interval and
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insolation value within the month (Figure 2.). The first,
second, third, fourth and fifth column refer to year, month,
day of the month, interval (in hours) and insolation value in
W/m2 , respectively.
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Figure 2. Total insolation for a particular city per months, days, hours
and insolation values

2.2. Graphical representation of annual insolation

This dialog box represents graphically the data about
the total insolation intensity during one year (per individual
months) for the four cities in question (Figure 3.).

Below this graphical representation of annual insolation
within the same dialog box there follow the data about
mean monthly insolation intensity. By selecting a city, the
data referring to average values of insolation intensity for
every month are given (Figure 4.).
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Figure 3. Graphical representation of annual insolation
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Figure 4. Data about mean insolation for every month

2.3. Solar cells

By selecting the Solar Cells menu on the menu bar, there
appears a drop-down menu with the following options:
Enter New Cell and Delete and Change Solar Cell (Figure
5.). If you want to enter a new cell, the option Enter New
Cell must be selected, as shown in Figure 5. If you want
to delete a certain cell that has already been entered, or
change the saved cell, the option Delete and Change Solar
Cell must be selected.

™ ETF Osijek-Elektroenergetski Solarni Kalkulator
Program | Solarni paneli | About

Unos novog solarnog panela

Ulazni
— Brisanje i promjene solarnog panela etst
Godina:
Godina v Ucitaj

Figure 5. Solar cells

Data input for a certain solar cell of certain characteristics
is done by selecting the Solar Cells menu. The following is
to be entered: cell name, peak power, short-circuit current,
open-circuit voltage, maximum power voltage, maximum
power current, battery’s rated voltage current, NOCT,
voltage change due to temperature, wind power or surface
pressure, hail resistance, operating temperature and storage
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temperature, maximum voltage of the system, dimensions
and weight of the solar cell. When the necessary data are
entered, they should be saved or in case we do not want to
save them, they should be deleted.

‘™ Unos novog solarnog panela

]
ViSna snaga I:I w]
Struja kratkog spoja I:I [A]
Napon praznog hoda I:I ™M
Napon max. snage I:I ™M
Struja pri max. snazi I:I Al
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Swopsen [ |1y
naponu akumulatora

(125V)

NOCT €
(Nominal operating cell temperature)

Promjena napona zbog temperature :

Snaga vietra ili pritisak povrsine I I

S E—

Radna!emperatunaj ) | | ©
Maksimalni napon sustava \:I

Dimenzijel I Format: VxSxD
s [ [k

Figure 6. Input of a new solar cell

As can be seen from Figure 6., and based upon
considerations outlined in previous theoretical sections,
minimum requirements for the input of a new cell are as
follows:

Cell name — cell name provided by the manufacturer
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Figure 7. Power engineering calculation

* Peak power — cell power by maximum insolation [W]

e Short-circuit current — current that occurs at short-
circuited cell terminals [A]

* Open-circuit voltage — cell terminal voltage in an
unloaded condition [V]

*  Maximum power voltage — cell terminal voltage by
maximum power [V]

*  Maximum power current — current along cell terminals by
maximum power [A]

* Battery s rated voltage current (12.5 V) — current value that
can be obtained if a battery is installed in the system [A]

* NOCT - nominal operating cell temperature [C]



o Voltage change due to temperature — voltage change at
terminals due to temperature variation [mV/C]

e Wind power or surface pressure — cell resistance to
pressure

* Hail resistance — maximum dimension and speed of hail a
cell can stand

e Operating temperature and storage temperature — cell
operating and storage temperature [C]

*  Maximum voltage of the system — maximum cell
breakdown voltage [V]

* Dimensions — cell dimensions
(height, width, length) [mm]
o Weight — cell weight [kg]

2.4. Calculation of power and the number of
solar cells on the given area from power
engineering viewpoint

Selection of Power Engineering Calculation from the
toolbar causes a dialog box to open in which a solar cell is first
selected and then read. After that the area is selected in which
the cell should be mounted (Osijek, Zagreb, Rijeka, Split).
Then, by selecting the period (either annual or monthly) for
which calculation should be done the program automatically
shows the following: average daily insolation, highest sun
intensity, level of cell efficiency, average daily power per
unit of area, average daily energy per unit of area, average
daily power per cell, and average energy per cell. Data that
are subject to change i.e. that can be entered individually are
the highest sun intensity (about 1353 W/m2) and the level of
cell efficiency. A dialog box referring to power engineering
calculation is presented in Figure 7.

* Area where the cell is mounted — geographical position,
selection of the city with the cell

e For period — time interval for which calculation is done

e Average daily insolation — insolation value for a selected
time interval

* Highest sun intensity — maximum insolation value

o Level of cell efficiency — percentage of transformation of
solar energy into electrical energy

*  Average daily power per unit of area - average daily
power per unit of cell area expressed in W/m?

* Average daily energy per unit of area - average daily
energy per unit of cell area expressed in kWh/m?

e Average daily power per cell - average daily power per
cell expressed in W

e Average daily energy per cell - average daily energy per
cell expressed in kWh

* Available area for mounting a cell — area that can be used
for mounting a cell (roof, yard)

e Number of cells per given area — value obtained
after entering the available area and pressing the key
“Calculate®, and it represents the maximum number of
cells that can be installed

e Expected power of a photovoltaic module - expected
power of a photovoltaic module for the given area

e Expected energy of a photovoltaic module - expected
energy of a photovoltaic module for the given area
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* Price — price on the basis of which financial gain is
calculated. The required format is kuna-+lipa.

» Expected gain on a daily basis for the observed period —
financial gain expected on a daily basis for the given area,
region and period.

The data about the area available for solar cells and
the price for kWh are entered in the second part of the
dialog box. After that, by clicking on the key Calculate,
calculation is done. Calculation provides values referring
to the number of cells on the given area, expected power of
a photovoltaic module, expected energy of a photovoltaic
module and the expected financial gain for the observed
period (Figure 7.). Expected financial gain on a daily basis
for the observed period is the product of the expected energy
of a photovoltaic module and the market price of a kWh.

C; = Cum -Wp (1)

c, - expected financial gain on a daily basis for the

observed period [kn]
C.y, — market price of a kWh [kn]

W, - expected energy of a photovoltaic module for the
observed period [kWh]

2.5. Education, help and the toolbar

Dialog box Education contains explanations of
necessary notions concerning solar energy and provides
additional information regarding this renewable energy
resource (Figure 8.).

Dialog box Help offers a graphical example explaining
how to use a solar power calculator (Figure 9.).

On the toolbar there is a part giving an explanation of
the program entitled Program. Solar cells and About give
the data about the program and persons who helped creation
of the program, respectively.

o] e [Pt ]

[Uamipodess

1.UVOD

Sunce je nama najbliza nvijezda e, Zemlji. Sunéeva ¢e od muklearnih
reakcija u njegovom srediét, gdje temperatura doscze 15 milijuna °C. Radi se o fuzif, kod koje spajanjem vodikovih atoma nastaje heli, uz oslobadanje
velike koliéine energife. Svake sekunde na ovaj nacin u helj prelazi oko 600 miijuna tona vodika, pri emu se masa od nekih 4 milijuna tona vodika pretvori
u energiju. Ova se energija u vidu svjetlosti  topline iri u svemir pa tako jedan njezin mali dio dolazi i do Zemlje. Tako je sunteva energija uzrotaik veéine
izvora energije, u ovom poglaviju koncentriat u se na direktno iskoristavanje sunéeve energije. Pod optimalnim uvjetima, na povisini Zemlje mo%e se dobiti
1 kWim?, a stvama vrijednost ovisi o lokaciji, godiénjem dobu, dobu dana, vremenskim wvjetima itd. U Hrvatskoj je prosjeéna vrijednost dnevne insolacije
na horizontalm plobu 3-4,5 kWhim?. Energija sunca je dostupan, a istovremen i ekologki izvor energije. Ako zanemarimo ulaganja u opremm, sunéeva

izvor gotovo

energija je gotovo besplatna, dugoroéno gledano siguma i mo?e bif koristena kao energent koji ne ispusta opasne stvari u atmosferu. Glavi problem je
prikupljane i pretvorba energije sunca koja bi bila tehno-ekonomski isplativa, ito je ujedno i djelomiéno obradeno u ovom diplomskom radu.

Zahvaljujui danatinjoj solamoj tehnici moguée je dak i u najsjevernijim dijelovima zemlje koristiti sungevu energifu. Zemlje kao ito Danska i Svedska
najbolji su primjeri za to, oni koriste solarmu energiju vec godinama, a potrainja za solarmim sustavima je i dalje u porastu. Zbog ito bolje iskoristivosti

suneve energie u nasim Sat éu ovim diplomsk

ljude da investiraju u ovaj oblik energije.

Figure 8. Education Menu
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Figure 9. Help Menu



2.6. An example of using a solar power calculator

In this section we will explain usage of a solar power
calculator on a family house. The house is located in Osijek,
with available roofing area of 12x5 m2. The program will
determine energy and economic gain that would be acquired
if photovoltaic installations were installed.

In the first dialog box, year 2006 is selected and then
confirmed. Read whatever can be seen in Figure 10.

Godna:
B

W Cm)

Ukupro zracenje - Split

Figure 10. Help Menu

Ulszni podac | Grafic = Eenia | Gun | lzobrazba | Pomoc
‘Solami pane:
Tehnicke karakteristie solamog panela Podrugje montate ploga Za razdoblie:

Iabomik v
Vigna snaga w w i 2 0 Z%]
Singa kratkog spoja ] Nejadintenztet sunca: [ 1000 | MW/m'2)
Nepenpramoghoda | 21| o0

Neponmamxanage [ 7| M [ 0 ] W'
Sje p Gl z = o ()
Sjapa @ Prosedna dnevnasnagapopanels: | 0| w]
noponu skumistora
ki Froséna drevoacneiapopms [ 0| o)
NocT ® ©
e e el e ODREDIVANJE POTENCIJALNE SNAGE | BROJA SOLARNIH PANELA
o coltsapertivs) NAZADANU POVRSINU
e e
Promjens napons zhog temperaure v} = v 0 w2 [Clomis ]
il ML ~ I
pomod pe % 2im 2 80k OBskivana snaga fotonaponskih mod: 0 ] w1
Radwtemportel [ gz |
= od 40do +/-90 © Oskivana en. fotonaponskh moda: [ KWk
Haksinainapon sustava m
Gt -
[
P ——— R Y R
Tetina 14 | kel

Figure 11. Dialog ox with cell reading

Then, the next dialog box named Power Engineering
Calculation is opened, where it is possible to select a
corresponding cell (H-1500), which is later on read
(Figure 11.).

After that, the area is selected where the cell is to be
mounted (Osijek) which is given by Figure 12. as well as
the annual period shown by Figure 13.

We select the highest sun intensity that equals 1350 W/
m?2 and the level of cell efficiency. Then the data referring to
the available roofing area of 12x5m (60 m2) is entered into
the dialog box. As the last step in calculation, the price of a
kWh of 0.61 kn is entered and calculation is confirmed.

A solar power calculator shows us an average daily
insolation for the observed annual period which is 216.04
W/m2.

Figure 12 show total calculation results of the program
referring to the annual period, the period for March, July
and December, as well as calculation results for an available
area of a family house of 60 m? (12x5m).
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Figure 12. Dialog box with calculation for July

According to data explained in sections 2.3. and 2.4. the
program has calculated the following:

TABLE 1. Calculated data

Average daily power per unit of area 25.92 W/m?
Average daily energy per unit of area 0.62 kWh/m?
Average daily power per cell 27.37W
Average daily energy per cell 0.66 kWh
Number of cells per given area 56 pieces
Expected power of a photovoltaic module 1555.56 W
Expected energy of a photovoltaic module 37.33 kWh
Expected financial gain for the observed period 22.77 kn

I1I. CONCLUSION

Solar Power Calculator proved to be very helpful when
it comes to teaching and revision of issues concerning the
usage of solar energy in the course Renewable Energy
Resources. It is also used in other courses dealing with
generation of energy to get a feeling of the financial benefit
such investment of using the Sun’s potential might result
in. According to its abilities, the program is rather modest,
but a feedback coming from users i.e. students makes it a
valuable tool in studying solar energy, especially relative to
energy and financial benefit it offers. Authors are proud of
the fact that a particular product of a graduation paper has
been used practically and that it will be useful to generations
of students to come.

[11  Petar Kulii¢, Jadranka Vuletin, Ivan Zulim. SUNCANE
CELIJE. Skolska knjiga, Zagreb, 1994.

[2]  Vladimir Poto¢nik, Vladimir Lay. OBNOVLJIVI IZVORI
ENERGIJE 1 ZASTITA OKOLISA U HRVATSKOJ.
Ministarstvo zastite okoliSa i prostornog uredenja RH,
Zagreb, 2002.

[31  BozoUdovi¢i¢. ELEKTROENERGETSKI SUSTAV. Kigen,
Zagreb, 2005.

[4]  Energetski instiut HRVOJE POZAR. SUNCEVO
ZRACENJE ZA PODRUCJE REPUBLIKE HRVATSKE.
Energetski institut HRVOJE POZAR, 2006.

[5] Damir Sljivac. DOPUNSKI ENERGETSKI IZVORI. Lecture
notes, Faculty of Electrical Engineering, Osijek, 2007.

[71  http://www.oelmeteo.hr
[6]  http://www.solaris-hr.com/h/p_hr.htm

- 66 -



The List of Scientific Conferences
"Science to Practice"

1984............ I. Colloquium in Bremen

198S............ II. Colloquium in Osijek

1986............ III. Colloquium in Bremen

1987........... IV. Colloquium in Osijek

1988. ... V. Colloquium in Bremen

1989............ VI. Colloquium in Osijek

1990............ VII. Colloquium in Bremen

1991............ VIII. Colloquium in Bremen

1992............ IX. Colloquium in Bremen

1993............ X. Colloquium in Osijek (Because of the war chain of

events and dangers in Osijek - Conference has not been kept)

19%............ XI. Colloquium Budapest
1995............ Because of the war chain of events and dangers — Conference has not been kept
1996............ XII. Conference in Osijek and Pecs
1997............ XIII. Conference in Schwemfurt
1998............ XIV. Conference in Osijek
1999............ XV. Conference in Bremen
2000............ XVI. Conference in Budapest,
2001............ XVII. Conference in Schweinfurt
2002............ XVIII. Conference in Pecs
2003............ XIX. Conference in Osijek
2004............ XX Conference in Subotica
2005S............ XXII Conference in Budapest
2006............ XXIII Conference in Pecs
2007............ XXIV Conference in Bremen

2007............ XXV Conference in Schweinfurt
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