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The article deals with one part of more complex problem, which is the algorithm for calculation of thermal power
needed for specified object, selection of heating device and its alternative energy sources and calculation of its opera-
tional expenses for 25 years. In this paper, we assume that we already have the object specified, values for needed ther-
mal power are obtained, and the heating device considered is the electrical cauldron. First part of the article describes
the algorithm for selection of proper device and calculation of its expenses, where al the variables are explained, and
second part deals with measured results of renewable energy sources and consideration about their usage. Final part is
the conclusion and explanation of further steps not presented here due to limited space.
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BucBiTiieHo 07HY 31 CKJIaJOBUX KOMITJIEKCHOI MPoOIeMH BU3HAUCHHS alTOPUTMY OOYHMCIEHHS TETIOBOI €HepTii, sKa
moTpiOHa a7 06irpiBy BU3Ha4eHOTo 00’ €KTy, BUOOPY 00irpiBarouoro mpUCTpOIO Ta HOro albTepHATUBHUX JUKEPEIT HKH-
BJICHHSI, 8 TAKOXK OOYMCIICHHS EKCIUTyaTalllifHUX BUTPAT Ha YTPUMaHHs 00’ €KTy B po3paxyHKy Ha 25 pokis. [Ipuiinsro,
10 BU3HAUEHO 00’ €KT O0IrpiBy, BiZOMi 3HaUEHHS HEOOXiTHOI TEMJIOBOI €HEeprii, OCKIIBKH AK 00IrpiBalOYMi MpUCTPIl
00paHO eNeKTPUYHMN KOTel. Y Teplii 4acTHHI poOOTH ONHCYETHCS aJrOpUTM BHOOPY 00IrpiBarouoro MpUCTPOIO Ta
PO3paxyHOK eKCIUTyaTallifHIX BUIATKIB, KOJHU BCi 3MiHHI BU3HAYEHO. Y IPYTii YacTHHI MPOaHATI30BaHO BUMIpSHI JaHI
TIOHOBJTIOBAHUX JKEPEI €Hepril Ta pO3IIIAAETHCS MOXKIIMBICTh IX BUKOPUCTaHHS. Y KiHIEBIH YacTHHI Ha/laHO BUCHOB-
KH Ta HaIpsIM HACTYIMHUX KPOKIB OCHIKCHHS, HE HABEICHNUX Y JaHiil poOOTi y 3B’ A3KY 3 JIMITOBAHUM OOCSATOM.

KirouoBi ciioBa: HarpiBaHHS, eHepris, (OTO ranpBaHiKa, allTOPUTM, EICKTPHKA.

PROBLEM STATEMENT. Selection of proper heat- to be found and the cauldron needs to have its thermal
ing device and calculation of its operating expenses is an power higher than this Qobjmax value. The agorithm
uneasy task due to amount of information available for goes straight through the database of devices (which be-
customer. Much of these information are vague and con- cause is made in MS Excel can be easily edited by user)
tradictory. The program is an attempt to make things and compares the values until it finds the value which
clear and provide user with user friendly and understand- meet the condition.
able platform for calculating the thermal energy needed The agorithm then loads few needed variables which
for his house, selection of heating devices, caculation of are related to the chosen cauldron and needed for further
their operating expenses for 25 years and determine caculations. These variables are the price of the device
whether aternative sources of energy like photovoltaic (Caexkotan), €l ectrical input of the selected device in kWh
and wind are viable option for selected device. As men- (Prneexkota)), price of electric energy in €/kWh (Cgg) and
tioned above, due to limited space, only a portion of the finally the coefficient of electric energy price increase,
program is presented here, the part which calculate and as we assume, that the price of energy in following
select the electrical cauldron and calculates its aternative years will increase, due to limited fossil fuel sources and
sources of energy. It will be assumed, that the previous rather negative public opinion on nuclear power (Kge).
parts of the program were completed, which means, that Because the upper mentioned variables are pretty
the object was specified, therma resistances of walls self explanatory, only the coefficient Ky« should be
were calculated as well as the thermal energy needed for explained. This coefficient was calculated from histori-
every month. cal prices per kWh of electrical energy, according to

EXPERIMENTAL PART AND RESULTS Tab. 1.

OBTAINED. As mentioned above, severa agorithms In order to estimate the future progress based upon
will be presented in this section. First algorithm presented historical data the MS Excel FORECAST function was
(Fig. 1) is for sdlection of suitable model of electrica used. The FORECAST (X, known_y's, known_x's) func-
cauldron (similar algorithms not presented here deal with tion returns the predicted value of the dependent varia-
gas cauldron and therma heat pump). Because the pro- ble (represented in the data by known_y's) for the spe-
gram considers all months of a year, therefore 12 values cific value, x, of the independent variable (represented
of needed thermal power Qobj are obtained. Only the in the data by known_x's) by using a best fit (least
values which have positive value are considered, because sguares) linear regression to predict y values from x
right now only the heating is considered. Negative ther- values.

mal energy vaues are obtained during summer months, The graphical representation of the data with regres-
which mean that the cooling instead of heating is needed. sion curveis pictured on Fig. 2.

From these positive Qobj values, maximum Qobjmax has
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Table 1 — Estimated prices of electrical energy ¢
Y ear Eur/kWh Y ear Eur/kWh Load the value of
1993 0,033 2015 0,099632 se I’e)(r:itceed Cc::::irgan?s
1994 0,033 2016 0,10169 ¢
1995 0,035 2017 0,103781
Load the value of
1996 0,037 2018 0,105903 e'TCt;iC;' in Pllét of
selected cauldron
1997 0,043 2019 0,108052 (kW h)
1998 0,056 2020 0,110227 P E'ikkw
1999 0,073 2021 0,112425
2000 0,083 2022 0,114644 mliassliasalis (o
2001 0,096 2023 0,116884 Coiok (€/kW )
2002 0,106 2024 0,119141 ¢
2003 0,108 2025 0,121416 Load the c_oefficie nt
2004 011 2026 0,123707 O
2005 0,12 2027 0,126012 el
2006 0,126 2028 0,128332
2007 0,129 2029 0,130664 S
2008 0,132 2030 0,133009 month
where Q,pjis < -OA
2009 0,145 2031 0,135366 positive
2010 0,146 2032 0,137734 Vaie
2011 0,159 2033 0,140112
2012 0,093702 2034 0,142501 FARSAL A
2013 0,095634 2035 0,144899
2014 0,097612 ¢
///—'\ For RZZ 1to e —B
| start subalgoritm D
A 4
For each Calculate the price of used electric
morgzc(;an' energy Ceg, in selected month of
VA— Cor = Dmer* 24+ Prusston Cotet Ko ™R)
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value Qqp;find the
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store it asQopjmax
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Figure 1 — Algorithm for cauldron selection
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Price of electric energy
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Figure 2 — Graphic representation of prices

As can be observed the increase is the linear, and
when the regression curve y = 0,0075x + 0,0178 is de-
rived, the resulting Kge = 0,0075, which is the coeffi-
cient used for calculations.

The R variable which is used in calculation repre-
sents the year, from 1 to 24 and is multiplied by coeffi-
cient of priceincrease in order to reflect the rising prices
of energy and for more precise results.

Because it is impossible to calculate the exact ex-
penses, for the future, we can only consider the worst
case scenario when the cauldron is running at its nomi-
na power by 24 hours every day during the months
when the heating is needed (months with positive Qobj)
value. The resulting number can be then compared with
results obtained with analogica method used for gas
cauldron and/or thermal heat pump.

It is obvious that, the electrical cauldron has very
high electric input, therefore the resulting operating
expenses will be very high, therefore, there is a question
whether known alternative sources of energy like the
photovoltaic and/or wind energy can provide power to
the cauldron (or heat pump). It is very important to note,
that the calculations and measurements were made for
Kosice region, which unfortunately has unfavorable
conditions for wind energy and photovoltaic’s during
winter months.

In order to better photovoltaic understanding, the V-
A (Fig.3) characteristics of module are needed to be
explained a bit.

Wl Charateshics al selar mectile and e

Cuiment (4]

Figure 3 —V-A characteristics of photovoltaic module

This V-A characteristics clearly shows that the max-
imum power is directly proportional to the intensity of
sunlight. When the intensity decreases, the maximum
obtainable power decreases as well. It is worth noting

the few key values for every datasheet. The rated power
for the module which was measured was P, a 200W.
Voltage at Py iS 26,3 V. This voltage is referred as
Vmp- The V-A characteristics shows that the V ,, value is
the same regardless of sunlight intensity. This is the
value of voltage when the maximum power can be ob-
tained. Current at P, is 7,61A. This current is referred
as |mp. Short-circuit current (lsc) is 8,12 A and open—
circuit voltage (Vo) is 33,4 V for intensity of 1000W/m?

of sunlight.

The red line represents the load which was used for
measurement. The load was resistor with the value of
4,3 Q, therefore the linear line. The results from meas-
urements were only values on the red line, however as
can be seen from the V-A characteristics (Fig. 2) with
properly dimensioned load, the maximum power for
every value of intensity can be obtained.

Program EasylLog was used for measurement of
voltage. This voltage was measured every day in minute
intervals. With such intervals 1440 values of voltage per
every day of year were measured and stored to file. Be-
cause the value was known, the current was calculated
using Ohm’s law:

I = U/R. Q)

With the voltage and load known, the obtained pow-
er could be easily caculated using the equation for
power in DC circuits whichiis:

P=UYR. 2

As can be seen from the V-A characteristics
(Fig. 3), especialy in case of lower intensities, the val-
ues of current and power were quite low, however this
was caused by the load which was chosen. It is im-
portant to look at P values at Vo, (26,3V) because
these are the value which can be obtained.

With the known currents, next step was the determina-
tion of maximum obtainable power. As can be seen
from the picture, although the power can be calculated
as.

P=UL ©)

In order to obtain the real values the calculated cur-
rent has to be lowered by a specified amount, because
the line is not straight, but with increased voltage it is
decreasing. This decrease is more significant in higher
intensities, as can be seen.

This decrease of current for V,, voltage was calcu-
lated as.

K= lmpfls, 4

For the intensity of 1000W/m? this decrease is K =
7,61/8,12 = 0,94.
Therefore the maximum obtai nable power is calculat-
ed as:
Prax = Vimp 10,94 (5)

Upper mentioned equation (5) is valid for currents
from range 6,6 to 8,12 A, which are for range band 800-
1000 W/m?. The same procedures were made for ever %/
remaining ran ange bands (800 600 W/m?, 600-400 W/m’,
400-200 W/m?, 200-0 W/m?).

The level of decrease is different in every range band,
in the last 200-0 W/m? the coefficient of decrease was
only 0,97.
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One of the gods of the work is to evaluate the per-
formance of photovoltaic panel especially during winter
months, as the question is, whether it can provide
enough energy for domestic heating system, which can
be for example electrica cauldron or therma heat
pump, which is much better option, despite higher initial
investment.

Fig. 4 and 5 represents the graphical representation of
average daily values of obtained power and obtainable
power P

Drecember 2010 obtained power vs obtainable
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Figure 4 — December 2010 power graph
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Figure 5 — December 2010 average daily voltage

The graphs show clearly that in the month of De-
cember, when the amount of solar energy is lowest in
year, the photovoltaic panel measured in Kosice region
is absolutely useless. However it is fair to note, that this
statement is completely true only for December 2010,
because the weather cannot be exactly predicted, De-
cember 2011 was different, weather in December 2012
can be/won’t be different.

Fig. 6 and 7 show the results for January 2011. The
situation in January is getting better towards the end of
the month, however if 200W rated panel for 300€ can
provide only 15 watts of power (which cannot be grant-
ed because are subject to weather), the result is unsatis-
factory. The measurements prove that especially during
winter months photovoltaic is unreliable source of ener-
gy and cannot be considered as a primary source in the
Kosice region.

Wind energy can be very effective source of energy
when the right conditions are met. Small wind turbines
with diameter about 2 meters can provide 500-1500 W
of power for a very reasonable price, comparable with
photovoltaic panels. These turbines are small enough to
be mounted on houses and widely used. They generate
alternating current and need charging regulator to pre-
vent from overcharging of batteries.
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Figure 6 — January 2011 power graph
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Figure 7 — January 2011 average daily voltage

In order to be effective they need to be mounted high,
at least 10 meters above ground and more importantly,
they need the specified wind speed to operate effective-
ly. For better understanding, the power curve of the typ-
ica (HAWT — horizontal axis wind turbine) turbine is
pictured in figure (Fig. 8).
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Figure 8 — Power curve of typical HAWT turbine

For most turbines the cut-in speed which is the speed
when wind turbine begins to generate energy is 2-3 m/s.
The nominal wind speed, when the turbine reaches its
nominal power output is mostly 10-14 m/s based upon
turbine type. Shut off speed is about 18-20 m/s and
more, this is speed, when there is danger of physical
damage, therefore the turbine locks itself using the
brakes.

Fig. 8 clearly shows that in order to get at least 50%
power from the turbine, constant wind speed at least 5-6
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m/s is needed. This wind speed is common in coastal
areas where the turbines are mostly used.

Fig. 9 shows the average monthly wind speed in
Kosice city in years 2009-2011.

Average monthly wind speed in Kodice region
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Figure 9 — Average monthly wind speed in Kosice

The graph (Fig. 9) clearly shows that the monthly av-
erage wind speed is about only 3 m/swhich isbarely the
cut-in speed for most of the small HAWT turbines. With
such speed, maybe 10-15% of nomina power is ob-
tained, which is again very low to consider as a primary
source of electric power. Unfortunately only few areas
of Slovak Republic are suitable for utilizing wind ener-
gy, where the wind energy reaches high speeds con-
stantly. Another problem, which prevents the wider us-
age in cities is the amount of wind blasts between block
of flats, turbulences and wind tunnels because of which
the turbine must be mounted high, which is often not
possible.

CONCLUSIONS. The results of measurements indi-
cate that in current state of technology, the renewable
energy sources are not suitable for utilization in Kosice
region. The wind energy would be interesting to consid-
er in case, that the new turbine with lower nomina wind
speed requirement can be manufactured. Measurement
of photovoltaic panel proves that the panels are more

suitable for different region with where the Sun’s inten-
sity is higher. On the other hand, the panels were con-
sidered for the winter months, which are mostly cloudy,
therefore low power output is expected. During the
summer months, the panel provided 70-80% of its nom-
inal power, therefore the question of accumulating ener-
gy and its proper storage for utilization during winter
monthsis gtill valid and worth considering.
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OcgenieHa 07jHa U3 COCTABIISAIOMINX KOMIUIEKCHOM MPOoOJIeMBl ONpeAeICHUs alropiuT™Ma pacyéra TEIIOBOM YHEPTUH,
HEoOX0oANMOH 1711 00orpeBa ONpeneNiéHHOro 00BEeKTa, BBIOOpa 000TPEeBAONIET0 YCTPOWCTBA M €T0 albTepHATUBHBIX
HCTOYHHMKOB YHEPTUH, a TaKKe pacuéra SKCIUTyaTallMOHHBIX PAacXOOB Ha CojepaHue oObekTa B pacuére Ha 25 jer.
[TpunsTo, uro onpenenéH odorpeBaeMblii 00bEKT, M3BECTHBI 3HAYECHUSI HEOOXOJMMOH TETIJIOBON YHEPIHH, M B KaUuecTBE
000rpeBaroIIero yCTpoicTBa BEIOpaH 3JIeKTpHUeCKuil KOTéN. B mepBoif gacTu paboThl OMMCHIBAETCS aNTOPUTM BBIOOpa
000rpeBaroIero yCTPOWCTBA M pacdET HKCILIYaTAllHIOHHBIX PAcXOJ0B IIPH BCEX M3BECTHBIX IIEPEMEHHBIX. Bo BTOpOI —
BBITIOJTHEH aHAJIN3 U3MEPCHHBIX JTaHHBIX BO300HOBJIIEMBIX HCTOUHHKOB OHEPIrun U pacCMOTPCHA BO3ZMOXHOCTb UX HC-
N0JIb30BaHus. B mocnenHelt yacTi npuBeAeHB! BHIBOIBI U HAIPABJICHUE NAJIBHEHIINX HCCIIEIOBAHUN, HE TPUBEAEHHBIX

B JAHHOW paboTe BBHIY OTPaHHYEHHOIO 00BEMA.
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