Slovník:

Fotovoltaická (FV) elektrárna - Photovoltaic (PV) power plant

OZE (Obnovitelný zdroj energie) - RES (Renewable Energy Source)

Elektrizační soustava (ES) - Electric power system (EPS)

VN (vysoké napětí) - MV (medium voltage)

NN (nízké napětí) - LV (low voltage)

Na překlad:

Introduction

The Czech republic offers suitable conditions for construction of photovoltaic power plants (PV) at the moment, with respect to the return on investment. That results in the rapid growth of the installed capacity among these sources. However, according to the statement by the operator of the electric power system (EPS) in the Czech Republic, the safety threshold for this installed capacity has been exceeded, especially at wind and photovoltaic power plants. This threshold has been determined by the availability of control backup within the electric power system (EPS). The sum of all the installed capacity data from every projects completed defined by the number of applications for connection of the renewable energy sources (RES) to the system shows that the total exceeds the quota acceptable for safe and reliable operation of the EPS. 
The applicable law implies that the operator of the electric system in the Czech Republic shall be responsible for maintenance of balance between the production and consumption of electric power within the entire system as well as its safe and reliable operation. This condition, concerning especially the PV plants, has risen due to the legislation that set up too high purchase rates applicable to the electric power produced by PV plants and the unexpected decrease of investment costs required by construction of such projects. Unless the government of Czech Republic changes the rules amending the connection of non-controllable sources, the operator of the electric power system will have to put such sources out of order if needed (in order to avoid or solve emergency situations). That might jeopardize the investments into these sources.
Fig.1. Map of the Czech Republic showing the distribution of solar energy on the horizontal surface in kWh/m2 per year
Photovoltaic Power Plants (PPP) in the Czech Republic


The current situation in the Czech Republic, with respect to the renewable energy sources, is dramatic mainly due to the number of applications for connection of new PV plants into the electric power system. As of 31st January 2010 the electric power system (EPS) in Czech Republic admitted new plants with the total output equal to 487 MWp. Over the year 2009, these plants produced approximately 89 GWh of electric power. That was the year bringing the most significant increase in number of the PV plants constructed, which is documented by the graph in Figure 3 below. The values for the period of 2010 and 2011 have been estimated using the number of applications for power plant projects approved. PV plants in the Czech Republic are operated almost solely in the “on-grid” mode, i.e. connected into the EPS.

Fig.3. The progress of installed capacity and the number of PV plants operated in the Czech Republic 


The data urging the operator of the electric power system in the Czech Republic to ask the distribution companies to suspend approval of application for connection of new PV projects into the EPS in the year 2010 were obtained from the number of applications approved before 31st January 2010. The total installed capacity of projects within these applications added up to 5,277 MWp. The installed capacity of PV plants in the Czech Republic will probably reach the level of 2,000 MWp, rising to approximately 5,700 MWp by the end of this year.



The electric power produced by PV plants is currently purchased at the rate of approx. 0,4 EUR/kWh exceeding the market price of regular electric power. This fact is associated with issues that need to be resolved, which can be classified as follows, with regard to the situation in the Czech Republic:

· increasing impact on the EPS, especially by PV plants
· rising pressure from the business sector focused on installation of new PV plants
· increase of fees paid by electric power end users for using the RES
· the efforts towards maximum utilisation of PV plants in the electric power production process 
Impact of RES on EPS



If there is a new source (power plant) linked directly into a 110 kV centre or into a MV centre switch house, its production will be only projected into the superior network. However, if the MV switch house is linked to the source with an uncontrollable unit with fairly high fluctuation (PV or wind power plant), whereas the load on such output is comparable with the output produced by the source, the network voltage might be difficult to control. Branching on MV/LV transformers are fixed, with no option for automatic control. Any fluctuation of output from the source, which is obviously not relevant o demands from power consumers and their electric power demand diagram, may cause problems due to the failure to maintain the allowed threshold of voltage within MV and LV networks. The quality of electric power supply to end users could then show deterioration and failure to adhere to the required parameters.



There have been no significant requirements imposed in relation with compulsory control over these sources and the only threshold values defined refer to the limit values concerning parameter changes, which cannot be interfered with by any output values of the generators linked to distribution channels. The said parameters comprise especially the details outlined below:

· Allowed change in voltage at the place of supply
· Flicker, i.e. periodical and substantial changes to the voltage level causing unacceptable oscillations of light sources and affecting other devices utilised by the electric power consumers 
· The asymmetry of voltage, when the voltage within network does not show uniform absolute values in every phase and does not have to be shifted at the necessary angle equal to 120°

· Harmonic distortion, i.e. development of currents representing multiples of the basic frequency values 
· The supply of direct current affecting the saturation and heating of transformers and motors that might cause production of harmonics on higher levels 
Business Investments into RES


The business sector in the Czech Republic sees the PV plant scheme as an amazing investment opportunity compared to the uncertainty regarding production in other industries of the national economy. The fixed and guaranteed rates applied to electric power make the return on investment period as short as 8 years, whereas the P plant life period of 25 years ensures 100% sure profit gain. The amount of specific investment at current PV plants is approximately 2.750 EUR/kW. 


The essential criterion for every decision making about investments is the Net Present Value (NPV) of all the expenses and revenues related to the project within the evaluation period, calculated using the formulas (1) and (2) below.  
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where: CFt – cash flow in year “t” within the evaluation period (EUR), Th – the length of evaluation period (years), rn – nominal rebate, t – year “t” within the evaluation period (-), Pt – revenues during year “t” (EUR), cmin t – the minimum price of one unit produced within the year “t” (EUR/unit of production), Qt – sales of electric power in MWh, Vt – expenses in year “t” within the evaluation period (EUR)

RES Subsidy Financial Instruments in the Czech Republic
The system in Czech Republic makes use of the so called “feed-in tariff” mechanism combined with the so called “green bonus” system. These tariffs and bonuses per RES valid for the year 2010 can be reviewed in the graph in 4.

Fig.4. Rates of purchase applicable to electric power from RES and Green Bonus values valid for the year 2010
Purchase Rates Principle


The Act No. 180/05 Coll. (The Renewable Sources Utilisation Subsidy Act) implies the obligation for the operator of a electric power transmission or distribution system to connect a photovoltaic system into the system and buy out all the electric power produced. The energy is purchased at rates determined by the Energy Control Bureau for the particular year. This rate is fixed as the minimum purchase price for the period of the following twenty years. It can never drop, yet it shall be increased according to the PPI index, i.e. industrial production price index (industrial rate of inflation).


The current purchase rate tariff applied to electric power (EUR/kWh) defined for PV source units with the installed capacity of 1MWp to 2MWp in selected European countries can be seen in Figure 5.
Fig.5. Purchase rates applied to electric power produced by PV sources with the installed capacity of 1MWp to 2MWp in selected European countries
Green Bonus Principle


Yet every investor building a PV unit may opt for another subsidy scheme, the so called “Green Bonus”. This is an amount increasing the rates applicable to electric power purchase with regard to the reduced damage to the living environment using RES. This system is more compliant with the liberalised market. The producer (investor) must search the market for a trader, to whom the electric power will be sold at market rates. The rates are lower compared to the conventional electric power as it needs to respect the unstable production conditions, and this rate would be different depending on RES type. At the moment of sale, the producer is granted the so called Green Bonus or bonus from the electric power system operator. The Energy Control Bureau will set the bonus at such level that the producer sells every unit of the electric power produced at a rate slightly higher compared to the fixed purchase price system, i.e. the “feed-in tariff”.

Comparison of PV Plants to Other RES

Table 1 shows benchmark of particular RES parameters with respect to the average period associated with utilisation of their maximum installed capacity throughout the year. The values in this table prove that PV plants are the least effective units compared to other RES in the Czech Republic.
Table 1.  Average period of utilisation of the maximum of unit´s installed capacity
Share of particular RES on the total amount of electric power produced in the Czech Republic in per cent is shown below
Fees Imposed on RES Utilisation


The rise of costs associated with production of electric power using ecological resources, which include the photovoltaic systems, has had impact on the uniform national contribution payable by end user of electric power to cover the subsidy provided. The total of these contributions will amount to EUR 350 million in the year 2010. This item represents a substantial factor affecting the total increase of electric power prices in the Czech Republic.



Thanks to their random ability to supply electric power into the electric power system, PV plants incur further costs associated with the control over the entire system and establishment of backup units. These costs are then covered by payments from all the electric power consumers, once again, by means of the fee collected for the so called “system services”. 

The structure of price (share of particular price elements) attributable to supply of electric power to Czech end users at the LV level in the year 2010 is depicted in the Figure 6.
Regular electric power, Electric power distribution, Transmission of electric power, Decentralised production, System services, Electric power market operator.
Development of Support to RES in the Forthcoming Period


The year 2010 should bring the amendment to the Renewable Sources Utilisation Subsidy Act applicable within the Czech Republic. The amendment shall allow for reduction of rates by more than 5% per year applicable to assemblies launched into operation after 1st January 2011. The estimated decrease of purchase at PV plants should be up to 30%. Such conditions will result in the extension of the period for return on investment to 15 years in case of new PV plants. There may be similar trend expected in other countries subsidising the construction of RES. That should bring motivation towards development of more efficient technologies and reduction of costs associated with their production.


The said amendment to the above mentioned act was submitted to the president of the Czech Republic, Mr. Václav Klaus,  for signature via the Senate at the time this article has been completed.
Conclusion



According to the National Action Plan, the target condition of the electrical power engineering shall result in production of electric power using every type of RES to amount to 9,5 TWh before the year 2020. Any production from RES featuring intermittent production of electric power shall be supplemented with the necessary number of control backup units in order to ensure sufficient backup supply to cover for fluctuations of the amount of electric power produced or consumed within the system. The installed capacity of RES with supply of electric power variable and unreliable over time has been assigned the threshold values by means of technical study conducted by the EGÚ Brno, AG, company. [11] Threshold value for the Czech Republic: 1,650 MW in the years 2010 to 2012 and 2,000 MW in the years 2013 to 2015.



These threshold values are intended to limit the maximum production utilising RES bearing in mind the particular level of consumption and export while maintaining the overall balance within the entire electric power system in the Czech Republic. There will be certain legislation changes required in the field of subsidies for the RES system (with the final approval pending at the time this article has been completed), the business model and the rules applied to operation or transmission and distribution systems. The sustainable development of uncontrollable RES in the Czech Republic will be subject to compliance with the above mentioned conditions. Potential solutions to issues caused by operation of PV plants within the electric power system of the Czech Republic might concern accumulation of the electric power produced by these sources. These electric power accumulation systems have been described in other articles by these authors.



The economic consequences of development of PV plant are also attributable to the subsidy provided, which is further projected into the price of electric power paid by the end user. Frankly speaking, the rule implies that every new 100 MWp of installed capacity of PV plants in the Czech Republic will incur the need for further contribution equal to EUR 40 million to be paid by electric power consumers over the next 20 years. With the estimated installation and operation of 2,000 MWp (by the end of the year 2010), the total contribution to be paid by Czech electric power consumers will amount to approx. EUR 800 million per year.
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