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Legislative and economic tools of photovoltaic poweupport in Slovakia

Katarina Culkov&, Lucia Domarack# and Maria Muchov&

At present, the photovoltaic power is subject tmenber of discussions in domestic, as well asdarstudies and expert publications.
Despite the conditions of the sunshine in the &Idvepublic, which are better than in the Czech Ripwr Germany, Slovakia keeps
relatively behind current trends in the construntiof photovoltaic power plants. The goal of the tdbation is, therefore, to present
methods and tools that can present support for @eon evaluation of photovoltaic power plants. Wedusnainly the Monte Carlo
simulation for the analysis of investment risk witle aim to increase the quality of the decisianapplying the Monte Carlo method
for the amount of produced energy and inflatione ttumulative balance of production and current reated exceeds expectations
in the future were predicted.
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Introduction

At present, renewable energy sources and theictafémess are subject to a number of discussions
in domestic, as well as foreign studies and expettlications. Using the energy from RES has its big
perspective for the future, but energy from RESsi#l rather financially demanded, comparing with
conventional energy sources. There is much efforsdarch possible photovoltaic power use by anadyzi
the effectiveness of investment to this chosen RBSng of photovoltaic power achieves more and more
importance. Such source brings a real alternative®hventional sources, which stocks are limitedi gradually
spending. Photovoltaic power has the minimal infee to the climax, but despite some conveniences,
development of photovoltaic power plants is stther slow and limited.

Despite the fact that conditions of the sunshingh@Slovak Republic are better than in the CzegpuRlic
or Germany, Slovakia keeps relatively behind curteends in the construction of photovoltaic povadants.

It is because the legislation to promote renewah&rgy sources (RES) in Slovakia was adopted rgcent

There are still presuppositions that photovoltanstalling and their development are exceedingly
not effective and costly since we have availabkaelacheaper conventional sources. However, théel@m
of photovoltaic development is also the legislateomd economic system, acting according to the jmiec
.cheaper production, faster achievement of high fifiro Photovoltaic development, its financial
and environmental return, last for some periodigans that results cannot be expected immediathgrefore,
it is necessary to invest in photovoltaic with thien to achieve broader space and time for techiedog
and innovation improving, and consequently it Wéihd to higher effectiveness of energy transmitasgwell
as shorter payback period.

Present state of photovoltaic power using in EU an8lovakia

The European Union as a whole is dependent onntiperi of primary energy sources — around 50 %.
Member state in the EU had agreed on increasingger@oduction from RES in 2009. Its goal is to iavk
a 20 % rate of RES till 2020. In 2011, its rate veatimated at the level of 134 that presented a growth
of about 0.9 %. Europe is investing considerablseimewable energies for a sustainable future, bath Iberian
countries (Portugal and Spain) significantly proimptnew hydropower, wind, and solar plants. (Jestal,
2013) The potential of solar energy is higher taanther renewable source, although several limtitt @Aste,
et.al, 2013). For example, the effect of technalabéevolution on the overall performance of phottaio power
generation or establishing performance benchmamksnfich larger variety types of photovoltaic povéants
and technologies.

On the other hand, developed countries are goog ftarkness to darkness in the field of electripiyer
sector, which presents one of the chronic problemd, they encounter a huge and serious problenmefie,
for example in Yemen, renewable energy sourcescansidered as one of optimal solutions for the powe
sector, mainly solar energies. (Alkholidi, 2013)n8ostudies prove that solar photovoltaic power tgldrave
great potential and high-cost effectiveness for tmgethe energy demand. (Chandel, et.al, 2014aks also
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confirmed by studies of Zhang et.al, (2014) thatope has the potential of photovoltaic energy, wtargoing
photovoltaic development increases the contributiddnsolar energy exponentially. Within this sigo#nt
potential, it is important for investors, operatoand scientists alike to provide answers to theharism,
advantages and evolution of photovoltaic techn@sgi

Moreover, for example in Greece, the law of phottaio was provided for the first time in 2006, apfieg
feed-in tariff incentives for photovoltaic. Two sdmuent laws formed an even more attractive investm
and licensing context, both for photovoltaic insttdbn. Photovoltaic capacities exceeded the natidarget
for 2020 and caused continuously tremendous delBlys. effectiveness of this legislative frameworkrat
be judged solely by the response of prospectivestors, but also effective provisions as well ashite-
economic assessment. (Karteris, Papadopoulos, 20h8je is necessary to assess also market chistcse
(e.g. electricity price and production cost) thaflience photovoltaic policy strength. There wasved
the interaction of photovoltaic policy design, ef@ity price, and electricity production cost thiata more
important determinant of photovoltaic developmduaint policy enactment alone. (Jenner, et.al, 2018) Knez
and Jereb (2013) proved the use of alternativewabke energy sources and registered successfutmeats
in the field of solar power plants in Slovenia. Hower, whether or not such projects present a piét
investment - individuals, as well as companiesghavdeal with it. (Knez, Jereb, 2013)

In Slovakia, the electrical energy is provided rhaly nuclear and heat power stations, with theaiecher
being produced in hydroelectric power stationsthiis sector, renewable energy sources (RES) sfilfasent
a minimal share in Slovakia. (Rybar, et.al, 201®2nhstheless, the years 2009 and 2010 specificghesented
a turning point in legislation promoting RES, witte introduction of a guaranteed repurchase pdaobuying
electricity produced by photovoltaic power. Thisuked in a greater interest of investor in thelding
of energy sources for the production of heat amdtgtity including those derived from photovolta{d@aus,
TauSova, 2009)

As a member state of the EU, Slovakia is bound bedive 2009/28/EC on the promotion of the use
of energy from renewable sources to increase theesbf used RES to 14 percent of the final grossgn
consumption and 10 % in transport. The National iokctPlan for Energy from RES anticipates
that the proportion of RES used in gross energysaomption will, in fact, be 15.3 percent. (Decree. No
225/2011).

The present trend in Slovakia in the searched &rethe so-called G-component that has a negative
influence onthe economic result of the companyhvilie retrospective effectwivw.sapi.sk. It presents
payment for reservation of performance of energdpcer with the effect from*January 2014. G-component
influences mostly and mainly producers, producingrgy from solar energy. In the frame of RES suppor
of equipment for solar energy production, connedtedhe distribution net in 2010 and 2011, obtaictdm
of rather generous support. Act about RES suppapparts energy producers by an additional payment
for 15 years. Through G-component, there is pogsisl decreasing of higher mentioned support, wias
a negative influence on the profitability of invesint for construction of equipment for electrigitypduction.

Methods of economic evaluation

Decisions, whether to invest to RES, are made dowprto a number of economic indicators.
These indicators evaluate the yield (return) of thsources invested. Several methods are useckithdory
and practice of investment evaluation with the &rmcrease the efficiency of investment projeéiso, a cost-
effectiveness analysis can be used for photovolgistems by households (Burtt, Dargusch, 2015),
with an annual payback period calculation and regjom of these against the actual uptake of theeptevalue
of associated emission reductions, creating aioakstip by sensitivity analysis. At the whole sqtawer plant,
multi-criteria decision-making methods are very aripnt, where the risk of investment is one offdetors.

Risk analysis is part of all investment projectseventhe factor of risk and uncertainty plays a kalg.
One of the tools of risk analysis for providing amreased quality of decision making is a Monte I&€ar
simulation. The principle of Monte Carlo simulati@onsists of generating an extensive file containin
scenarios, for which the recalculation of monitofetancial indicators of the investment projectngde.
The output provides the obtaining of statisticadreltteristics and metrics that serve as the basthé decision
to adopt respectively refuse the investment projedior optimizing and control of the process. Tenefits
and costs of increasing solar electricity genematiepend on the scale of the increase and onntleeftame over
which it occurs. (Baker, et.al, 2013)

Financial analysis, as an element of technical eswhomic study, presents an essential tool forsitove'
decisions. It means, first of all, the decision atbwhich project to invest in (investment decisioay well
as the decision about the amount of resourcesnffiah decision). The basis for the realization ctual
investment and financing decisions present criteriaeconomic efficiency, which measures the return
on invested capital. They can be divided to traddi criteria, such as average profitability angthzeck period.
The second group of criteria consists of criterd@dd on discounting: net present value, interrtal sareturn
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and profitability index. However, the Monte Carlonslation presents a further tool for analysis mfastment
risk with the aim to increase the quality of theidmn. The Monte Carlo simulation consists ofdeling steps:

1. Creation of mathematical model

The model is presented concerning the calculatfaihe cumulative balance after 15 years of investme
project service. 15 year period is chosen dueddited repurchase prices of electric power thatqararanteed
during the given period.

2. Determination of risk factors

Risk factors present variables that enter into tadculation of the cumulative balance according
to calculation in the first step. The real valudagitors is not known in present time. The volurhéhe influence
of risk factor changes to the change of monitorgctdr — mainly the cumulative balance in a certgar,
and determines the sensitivity of the model. Kestdes are changed through analysis of sensitiaihd their
uncertainty is regarded in the Monte Carlo simaolatiThe choice of division type of risk factors agetting
up of their parameters depends on expert evalyatioknowledge, obtained from historical data. Camiy,
normal and triangle division are used. The normugisobn is defined by an average value and a stahda
deviation. Triangle division obtains defined loveard upper level, except the most probable valugskffactor,
and this level should be overstepped by pessimistioptimistic scenario. Casual choice presentsrancon
way for the choice of values from specified divisiduring simulation.

3. Determination of statistical dependence of facte

Risk factors used in the model can be dependeneawh other. Linear relations can be detected
by correlation. Theoretically, there are infinitatyany possible forms of dependence. The problemmutiial
interdependence is reflected in the multiplicatminrandom variables, where also covariance, reismbgt
correlation, between the factors is taken into meration. In addition to dependence on factorgreh
is necessary to identify dependence of one varigbla time sequence. If there is such dependefces, i
not possible to ignore it in the simulation.

4. Monte Carlo simulation

During 4" step, there are determined factors — indexes, bighathe simulation will be carried out,
and there is also determined the number of scendhat will be generated by the simulation. Theglsin
simulation creates a set of combinations of defimaellies according to given parameters of the distion
and choice. For each combination representing oerasio, an analysed variable — indicator thahésgubject
of searching is calculated. In our case, it reprissthe cumulative balance. In this step, the cdermupport has
its use, and it provides realization of simulatwith a range of one million observations lastinfgw seconds.

5. Results of simulation

Simulation output presents the probability of cuative balance division for the given year
and the statistical characteristics determining theerage, variance, minimum, maximum and selected
percentiles. When determining the payback periog.5gpercentile or a minimum value of cumulativéabae
is considered, which is compared to a zero instéamtdmparing the mean value to zero. The calculetguabcted
value of the cumulative balance in a given yearlmmdetermined by an interval of probable values.

Results of analysis of legislative tools and econd@support of photovoltaic energy using

Act No. 309/2009 Coll. about the support of RES adepted on *1 September 2009, and it specifies
that the distributor has an obligation to conndw source to the network and guarantee the purghwse
of produced electric power for 15 years from thmetiof power plant establishment. The price is deitezd
by the Regulatory Office for Network Industries (Rpand for specific years, it is determined by R@cree
No. 7/2009.

The price of electricity for the equipment of produ reconstructed or upgraded befote January 2010,
entered into service beforé January 2010 or put into service in 2010, is enddg §8 Decree in the Act No.
225/2011. The price of electricity produced fronofavoltaic power for equipment of its producer,tatied
to operation in 2010 is determined by direct deteation of the fixed price in euros per megawattihaf solar
power with a total installed capacity of the progiucf electricity (see Table 1).

The price of electricity for the equipment of proeu, installed into operation froni' January 2011 to 30
June 2011, is dealt in § 9 of the Decree of Act M5/2011. The price of electricity produced frohotovoltaic
power in the producer’s equipment placed into djmerdrom I January 2011 to 30June 2011 is determined
by direct determination of the fixed price in eunear megawatt hour of solar power with a total atet
capacity of electricity producer. The price of &fmity for equipment of producer, installed intgeration
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from 1% July 2011 to 3% December 2011 is dealt in §10 of the Decree of Mot 225/2011. The price
of electricity produced from photovoltaic source thre producer's equipment, installed into operafi@m
1% July 2011 to 3% December 2011, is determined by the direct deteatiin of the fixed price in euros
per megawatt hour of solar power with a total ileth capacity of 100 kW, which is located on thefro
or on the outer wall of a building, connected te ¢ound by a solid foundation, as € 259.17 / MWh.

The price of electricity for equipment of producémstalled into operation from®1 January 2012
to 30" June 2012 is dealt in §11 of the Decree of Act. N84/2011 dated 22 June, amending
and supplementing Decree of the Regulatory OffareNetwork Industries No. 225/2011, establishingriae
regulation in the electric-power industry, as aneshtty Decree No. 438/2011 from solar energy witotal
installed capacity of power producer up to 100 kMdjch is located on the roof or the outer wall dfwdlding
connected to the ground by a solid foundation. pitiee of electricity for the facility of the eleatity producer
installed into operation from*1July 2012 to 31 December 2012 is dealt in §11 of the Decree of Mot
184/2011
from solar energy with a total installed capacitypower producer up to 100 kW, which is locatedtloa roof
structure or the outer wall of a building connediethe ground by a solid foundation.

The price of electricity for the facility of theesdtricity producer installed into operation frorfi January
2013 is dealt in 811b of the Decree of Act No. 284/1 of solar energy with a total installed capeoitpower
producer up to 100 kW, which is located on the retrficture or the outer wall of a building connécte
to the ground by a solid foundation.

Tab. 1. The price of electric energy, producedfiRES [EUR /MWHh].

Installed performance of ) ! )
Year Period equipment from producer of Fixed price of electric energy
per MWh
energy

To 100 kW including 430,72 EUR/MWh

2010 1.1.2010-31.12.2013 Over 100 kW 425,12 EUR/MWh

To 100 kW 387,65 EUR/MWh

2011 1.1.2011-30.6.2011 Over 100 kW including 382,61 EUR/MWh
1.7.2011-31.12.2011 To 100 kW 259,17 EUR/MWh
2012 1.1.2012-30.6.2012 To 100 kW 194,54 EUR/MWh
1.7.2012-31.12.2012 To 100 kW 119,11 EUR/MWh
2013 Since 1.1.2013 To 100 kW 119,11 EUR/MWh

By the Monte Carlo method, a simulation in the phottaic plant in the chosen Slovakian quarry, whic
was put into operation in 2010, was realized. Tinalysis was based on a three-year history. Values
of production corresponding to 1kWp were obtairt@dugh the share of specific production kWh / yeaning
the period 2010-2012 and installed capacity of pholtaic power. Specific production of the 1kWp
for individual years was 1 242.936 kWh / year - @01 219.243 kWh / year - 2011, and 1 241.833 k\iat -
2012. In the simulation, an average value of 1 &B4,kWh / year and range 23.6928 kWh / year were
considered. In the determination of the distribwtmf specific production per 1kWp, a standard déie—
the integral part of the range was used.

Tab. 2. Resulting intervals of the cumulative bhatin individual situations in the 15th year gblzotovoltaic power plant lifetime.
Regarding performance degradation of photovoltaic pnels
(annual decrease by 1%)

The 15th year of lifetime

Situation 1 3812 275€ 3240433,75 €
Situation 2 3 807 864€ 3236 684,40 €
Situation 3 3783 562€ 3216 027,70 €
Prediction 2709 252,67€ 2302 864,77 €

In the application of Monte Carlo method for thecamt of produced energy and inflation, predicted
cumulative balance after 15 years of operation wélich a value of at least 3 783,562 € (after pesdioce
degradation — 3 216 027,7 €). This value correspaadhe lower margin of the estimated range oLiations,
where 10% deviation from the mean value of the ghe@roduced during the first three years of thenpta
operation was chosen. Compared with the originatdicted yield value in f5year - 2709 252, 67 € (after
degradation — 2 302 864, 77 €), the current pessimmestimation exceeds expectations by more thhmélion
€.

The mentioned development of prices of electricrgyadill 2013 and cumulative balance is connected
to the evaluation of the specific operated poweanplwith the negative influence of legislative chas
to the economic prognosis of business in the afeme@rgetics. For example, Slovakia is a member wfimber
of double or multiple agreements that also include protection of investments. In simple words, hsuc
agreements have to protect an international invesjainst later changes of laws, as well as agamsttaxes,
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which could threaten his investment. By this wdye tnternational arbitral procedure has a completédar
expectation of success.

Conclusion

At present, there is necessary to invest to phdtmes since such source brings a real alternative
to conventional sources, which stocks are limited gradually spending. However, the legislatiomesfewable
energy sources (RES) in Slovakia was adopted adgntly lacking proper support, and also the ecdacam
evaluation still needs an improvement. In particulais necessary to assess other characteristics/estment
to photovoltaics (e.g. electricity price and protifue cost). The Monte Carlo simulation presentstl@otool
for analysis of investment risk with the aim toriease the quality of the decision. This method iste®f 5
steps, according to which investors can make agordgcision, bringing positive results in the fetur

The Monte Carlo method was used for simulatiorhn photovoltaic plant in the chosen Slovakian quarr
with the aim to provide a scheme for evaluationsimilar conditions. In the simulation, average ‘ealu
and a standard deviation - the integral part of thege, were considered. Resulting value correspond
to the lower margin of the estimated range of satiohs, which was further compared to the originall
predicted value and estimated current expectations.
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