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SUMMARY
The security and quality of electricity supply are the two of the most essential goals on the liberalized electricity market. From the consumers point of view the lower quality of supply could decrease or curtail the operation of its devices. Due to the liberalization the roles of production, supplying and trading of electricity have been completely separated. Whereas the electricity trading can be more or less competitive the competition in the transmission and distribution of the electricity can not be ensured by market principles. These naturally monopolistic activities have to be monitored and regulated by the independent state bodies.

The liberalization has introduced the economic aspects into the pure technical industry. This approach is also stated in the definition of the reliability of supply formulated by Council of European Energy Regulators (CEER): “Ensuring of the electricity supply with requested volume, time schedule, parameters and with the lowest prices.” The legislative and supporting services should be considered in order to ensure the reliability and security of electricity supply at the same time. 
The paper is intended as a description and introduction into the approaches which have been introduced in the Czech Republic in order to ensure the requested quality and reliability of supply. The paper describes the role of the Ministry of Industry and Trade (Ministry), regulatory authority (ERO – Energy Regulatory Office), transmission system operator (ČEPS) and market operator (OTE) regarding this issue. 

The Ministry of Industry and Trade is the central body of the government administration involved for example in the national industry policy, trade policy and the use of mineral resources, energy, gas and heat production. Energy Regulatory Office is the state authority responsible for supporting of the competition in the energy industry, supporting of the use of renewable and secondary energy sources and the protection of the consumers’ interests in the areas of the energy industries, in which competition is not feasible. The principal mission of the transmission system operator is to guarantee the continuity and security of the power supply and to properly coordinate the production and consumption at any time. The specific role of the market operator is to organize the short-term markets and balancing market with regulating energy in cooperation with the transmission system operator and evaluation and settlement of the imbalances between the agreed and the actual electricity supplies and the consumption. 
The roles of these authorities in order to ensure the reliability and quality of supply are relatively close and the common goal is to minimize the regulated electricity prices. The paper also describes the parameters defining the requested quality and reliability of supply and services related to the regulated activities in power industry in all-European scope. Czech Republic as a member of the European Union has to observe the European legislation. Its recommendation should let to the increase of the quality of supply, quality of power system operation and reduction of the number and duration of the outages of the supply for the end-consumers. 
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1. Introduction

The basic principles of electricity trading in the Czech Republic were laid down in the late 1990s, closely following the European Union (EU) legislation, on the Common Rules of the Internal Market in Electricity and liberalization of the energy sector. As a result, the Czech Republic adopted the Energy Act. The right to change an electricity supplier and the right to have access to networks were adopted as the key conditions.

Before such change due to liberalization there was one entity that set the price – it was the state. In addition, state owned all of the electricity companies as well and state was responsible for reliability and security of electricity supplies – there were only technical indicators to follow. In comparison, price is set by the market nowadays and state doesn’t own the electricity companies (i.e. producers, traders). In this situation it’s hard to decide who is responsible for reliability of supplies. 

Thus, the liberalization has introduced the economic aspects into the pure technical industry. This approach is also stated in the definition of the reliability of supply formulated by Council of European Energy Regulators (CEER): “Ensuring of the electricity supply with requested volume, time schedule, parameters and with the lowest prices.” The legislative and supporting services should be considered in order to ensure the reliability and security of electricity supply at the same time. 
The electricity market is composed of electricity supplies between market participants based on contractual relationships, regulated access to networks for real supplies of electricity, and ensuring a regulating energy.

Currently, the electricity market includes producers of electricity, transmission system operators providing regulating energy and supporting services, electricity traders, and customers consuming electricity. All consumers have been now considered authorized customers entitled to access the transmission system and distribution systems in order to choose their electricity supplier. For the deregulated system of electric power system management of the Czech Republic see Figure 1.
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The problems with quality, security supply and dependability of electric energy have been highly actual, due to some exceptional situations in the Electric Power Systems (EPS) in last years, and can cause considerable financial losses in the user’s and producer’s sectors and as a result it upsets household contentment and tertiary sphere.

Ensuring Required Quality of Electricity

Quality of electric power is determined by values of operation parameters of such nodes of the EPS from which consumers of electricity are supplied. 

The main operation parameters used to evaluate quality of electricity are frequency and voltage. Other decisive operation parameters are the proportion of higher harmonics in the voltage curve and voltage symmetry.

To ensure the required quality of supplied electric power, we must control both the frequency of the EPS and voltage at selected nodes. For this reason limits of acceptable values of frequency and voltage are defined.
Frequency is a system-wide quality parameter, during stabilised operation of the EPS it is the same in all parts of the system. Voltage may have different values at different points of the grid. Quality of electric power is determined by the voltage value of the EPS nodes or possibly other parameters, in the Czech Republic e.g. defined by the ERO Public Notice No. 540/2005 Coll.
Brief summary of basic quality characteristics of supplied electric power in the Czech Republic
Mains voltage:

Nominal frequency of the supply voltage is 50 Hz. The mean value of the basic harmonic frequency must be within the following limits:

- in systems with synchronous connection to the UCTE interconnected system

50 Hz ± 1% (i.e. 49.5 ... 50.5 Hz) during 99.5% of a year 

50 Hz + 4% - 6% (i.e. 47 ... 52 Hz) during 100% of time 

- in systems without synchronous connection to the interconnected system (i.e. island supply systems)

50 Hz ± 2% (i.e. 49 ... 51 Hz) during 99.5% of a year 

50 Hz ± 15% (i.e. 42.5 ... 57.5 Hz) during 100% of time 

Voltage value:

The value of the supply voltage is determined by the nominal grid voltage (Un).

Standardized nominal voltages are defined by the ČSN IEC 38 standard – IEC standardized voltages IEC

LV grids – for three-phase four-conductor mains  

Un = 230 V between the phase and neutral conductor 

Un = 400 V between the phase conductors  

HV grids – for three-phase mains (in general with three conductors) – with the frequency of 50 Hz 

Un = 3, 6, 10, 22 and 35 kV 

VHV grids  

Un = 110 kV

Voltage at transmission system nodes 

400 kV±5%; 220 kV±10%; 110 kV±10%

The paper is intended as a description and introduction into the approaches which have been introduced in the Czech Republic in order to ensure the requested quality and reliability of supply. The paper describes the role of the Ministry and Trade, the regulatory authority (ERO – Energy Regulatory Office), transmission system operator (ČEPS) and market operator (OTE) regarding this issue. Their activities in the Czech Republic are based on the energy act which defines the conditions of business and duties of the states’ authorities in the energy industry.

2. Ministry of Industry and Trade

The Ministry of Industry and Trade (Ministry) is the central body of the government administration involved for example in the national industry policy, trade policy and the use of mineral resources, energy, gas and heat production. 

The Ministry is the authority responsible for developing the national energy policy (i.e. The State Energy Concept), observing international commitments and treaties, and granting the State’s consent to the building of new capacities in the electricity industry and the heat supply industry, and the State’s consent to the building of direct lines and selected gas facilities in the gas industry, in accordance with the conditions laid down in a special part of the law. Under the Czech law, the Ministry of Industry and Trade carries out the competencies in the energy sector stipulated in the law. In addition, the Ministry of Industry and Trade is a state administration authority to be, in case of a need, responsible for tendering processes for the construction of new energy capacities.

The State Energy Concept is a strategic document with an outlook for 20 years that expresses goals of the energy management in accordance with the needs of economic and social development. These goals are also in agreement with protection of the environment in the particular period. The document was approved with a resolution of the Czech Government at the beginning of 2004 (you will find the whole text at www.mpo.cz), and now it is in process of updating. 

The main strategic goals of the energy concept are as follows:

•
Determining the basic concept of the long-term development of the energy industry;

•
Determining the necessary legislative and economic environment

Energy policy is closely related to the economic and raw-material policy of the state and it is based on the same principles as the energy policy of the EC. This means that it stresses requirements for ensuring goals of environmental protection and respecting the principles of sustainable development. It also deals with security of power supply and support of the competitive ability of the economies in the long-term view.
3. Energy Regulatory Office

The Energy Regulatory Office was set up on 1 January 2001 by the Energy Act, as amended, as an administrative authority in charge of regulation in the energy sector.

Energy Regulatory Office is the state authority responsible for supporting of the competition in the energy industry, supporting of the use of renewable and secondary energy sources and the protection of the consumers’ interests in the areas of the energy industries, in which competition is not feasible.

In the Czech Republic the requested level of quality is issued by Energy regulatory authority by means of the Public Notice No. 540/2005 Coll. on the quality of electricity supplies and other services in the electricity industry.

This document specifies the requested level of quality and services related with the regulation activities in energetic including the amount of compensation in case of not keeping the standards, deadlines for applying these compensations and further procedures for reporting. 

Continuity of Supply Indicators
The approach to the setting of continuity supply standards assess the impact the interruption according the number of customers impacted by interruption. It is possible to assess the impacts of interruptions according the lapsed power or numbers of substations. However these parameters are not so much used. 

The continuity of supply standards is possible to divide differently; one of the possibilities is separating to the planned and unplanned continuity standards of the whole distribution network. Further, it is possible to divide the standards on the level continuity of supply indicators but this would bring the difficulty in reporting and the lower possibility to comparison among distribution companies.

System indicators are calculated according formulas mentioned below. One event in the distribution network can bring several interruptions. These interruptions would impact all initially impacted customers and sometimes other customers too. Hence, there is necessary to consider every relevance interruptions and theirs impact to the customers in the calculation. The methodology of the indicators calculation and the related rules and documents are issued in the Distribution codex (supplement 2).

· SAIFI - Frequency of interruptions in electricity distribution, determined as the number of interruptions in electricity distribution per calendar year; frequency of interruptions is expressed as interruptions/year/customer
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· SAIDI - Total duration of all interruptions in electricity distribution, in minutes per calendar year; the total duration is expressed as minutes/year/customer
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· CAIDI - Average duration of one interruption in electricity distribution, in minutes per calendar year; average duration is expressed as minutes/interruption
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where the summation is taken over all incidents, either at all voltage levels or only at selected voltage levels.

tnj (min) gives the restoration time for each incident,

nnj (-) gives the number of customers interrupted by each incident,

NS (-) gives the total number of customers in the system for which the index is calculated.
	Continuity of Supply Indicators – System

	Indicators
	DSO 1
	DSO 2
	DSO 3
	Czech Rep.

	SAIFI
	2,68
	2,02
	0,85
	2,27

	SAIDI
	251,32
	342,66
	47,84
	248,81

	CAIDI
	93,74
	170,05
	56,49
	109,39


Tab. 1: Continuity of Supply Indicators (2008)
In the Czech Republic there are three distribution system operators (DSO1, DSO2, DSO3). Due to the differences in the networks of individual DSO, the indicators are not comparable. The DSO profile is important to differentiate between each other.

	DSO Profile – Summary 2008

	DSO
	Voltage level
	Number of consumption places
	Wiring length
	Cable %

	
	
	
	[km]
	

	DSO 1
	LV
	3.481.661
	94.102
	0,43

	
	HV
	13.358
	50.136
	0,18

	
	VHV
	93
	9.540
	0

	DSO 2
	LV
	1.454.669
	38.837
	54,3

	
	HV
	7.565
	21.904
	14,5

	
	VHV
	42
	3.914
	0,04

	DSO 3
	LV
	724.512
	7.678
	99

	
	HV
	1.850
	3.670
	96

	
	VHV
	4
	196
	36


Tab. 2: Profile DSO (2008)
Figure 2 shows the number of accidental and planned interruptions in 2008 (month).
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Figure 2: Interuptions of Distribution Supply (2008)
The requested level of continuity of supply and related services and quality parameters are expressed by means of standards of power supply described in the Public Notice No. 540/2005 Coll. mentioned above:

a) Guaranteed standards of electricity transmission or distribution sets the level of quality of transmission or distribution and the power supply which has to be kept in every individual case. These standards are published in § 5 up to § 20.  

b) Overall standards of electricity transmission or distribution (published in § 21) is used for comparison of performance as well as the (time) trend of the performance among transmission or distribution companies.

According to the Energy Act, if the guaranteed standards are not kept the Public Notice determines compensation. Monitoring and evaluating the level of reliability and continuity of supply for transmission and distribution companies is done by ERO based on keeping the overall standards.

There is a needed to establish the regulation of continuity of supply in the Czech Republic as it is done in some group in surroundings countries. One of the possibilities is to establish the limits for overall system indicators of continuity of supply. In case of not keeping standards the distribution company would be penalized. Conversely, in case of good level of standards it is possible to establish bonus system. The robust data series and mainly monitoring parameters for certain time period and creating the robust data set is needed for setting these parameters. But, it is not possible to create the same limits for all distribution companies with respect to big differences in structure of networks and category of customers. That’s why the regulatory authorities must objectively evaluate the situation and set the limits individually for every company and then cover observing standards to the finances of the company.

The methodology of setting the penalty or bonus system

Setting of the penalty or bonus system methodology is possible to determine in several ways. Distribution companies that reached low level of reliability (very often is used SAIFI and SAIDI parameter) are penalized according given function dependency adjusted by regulator. In case of reaching good quality level of reliability the distribution company receives a bonus that can be understood like a motivation. The character and parameters are changed by regulator according the aims which is needed to be reached.
4. Electricity Market Operator
Czech Electricity Market Operator, company Operátor trhu s elektřinou, a.s. (also referred to as OTE or market operator) is a join stock company with one owner - Czech state; OTE is discharged by Czech Ministry of Industry and Trade. In terms of OTE’s duties it is important and necessary for OTE to be neutral considering other electricity market participant in the Czech Republic. Simplified communication scheme between OTE and market participants is shown at Figure 3. It’s clear that OTE performs the role of information (informational clearinghouse) and financial intermediary in terms of liberalized electricity market.
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Electricity Market Operator contributes to the reliability of electricity supply by two main activities:

•
Organizing the electricity market;

•
Supporting the long and medium-term balance by certain activities.

Organizing the electricity market – settlement of imbalances
Electricity in the Czech Republic is traded through:

· bilateral trading;

· organized short-term market 

· block market;

· day-ahead spot market;

· intra-day market;

· balancing market
 with regulating energy.

The block market allows trading with fixed electricity blocks over a longer time period than one day before delivery. On the day-ahead market it was possible to anonymously offer or demand electricity for every hour of the 24-hour trading day. The results were electricity trades in volumes and at prices set for every trading hour of the trading day. The intra-day market allows to offer or demand electricity anonymously (in the form of a “notice board“) on the current day, up to 90 minutes before the realization of the trade. This resulted in trades with the firmly fixed volume of electricity at bid prices for every accepted bid.
In addition, OTE has other obligations that help to operate the market in the Czech Republic – evaluation and settlement of imbalances between the contracted and real values of electricity supplied to and consumed by individual market participants, financial settlement of organized short-term markets and balancing market, preparation and ensuring of data exchange via its information system and the provision of technical backup for change of electricity supplier. All the financial settlement methodology is created with the aim to increase motivation of the market participants to minimize their imbalance. The last chance to adjust the market position of the market participant is to trade on balancing market with regulating energy, where any market participant can place and accept bids, but Czech TSO must always be one party.

For retail end-customers there are applied load profiles.

Supporting the long and medium-term balance

OTE prepares yearly regular report on expected consumption of electricity and on ways it was covered by electricity sources, and on the expected development of the electricity market. In this document there is presented a basic picture of the anticipated operation the electric power system of the Czech Republic for next 20-30(40) years for long-term balance and 5-20 years for medium-term balance from the point of view of electricity generation, transmission, distribution and trading. The document’s development alternatives (scenarios) focused on the main results of assessment of output and energy balance between electricity generation and consumption, on setting expected electricity trades between the electric power system of the Czech Republic and the neighbouring systems, on checking the main operational parameters of generation sources and electricity networks and, last but not least, on verifying the operability of the system and identifying the main operational risks. 

Figure 4 shows electricity consumption development scenarios until 2050. This figure was created in March 2009 and reflects the global financial crisis in last months. The comparison with the anticipated scenarios at the end of 2008 is shown as well. These scenarios are updated yearly.
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Figure 4: Electricity consumption development scenarios of the Czech Republic until 2050
5. Transmission System Operator
Czech Transmission System Operator, company ČEPS, a.s., is also a join stock company. This company is responsible for the operation of transmission system facilities and the dispatch of generation within the Czech Republic, as well as for parallel operation with the electric power systems of neighbouring countries via cross-border tie-lines under UCTE rules. The principles of ČEPS’s activities in its capacity as the operator of the transmission system, a natural monopoly, are set out in the Grid Code which is in line with EU legislation.

ČEPS needs a licence for electricity transmission for it’s operation. Transmission system operator may not be a licence holder for electricity trading, distribution nor production. The company provides safe and reliable electricity transmission for users of the Czech transmission system within European interconnected power systems.

Main operational pillars of the TSO – company ČEPS, see Figure 5.
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Figure 5: Main operational pillars of the Czech TSO

Transmission System Operator contributes to the reliability of electricity supply by two main activities:

· Ensuring system services for electric power system on the transmission level;

· Managing the short-term and operational electricity balance

Ensuring system services

TSO ČEPS is liable for ensuring system services for electric power system on the transmission level. It purchases ancillary services from ancillary services providers for covering the system services. 

TSO hand in hand with OTE are operating balancing market (see above). This market is established for market participants who have electricity surplus even before the realization hour. The TSO provides regulating energy by enabling ancillary services, purchases on the balancing market with regulating energy and purchases abroad on the basis of the market mechanism. 
By the system services TSO manages quality and reliability of the electric power supply. These services are paid by all end-customers. The exact amount of the system services is done by ERO.

Technical-organizational tools for ensuring system services are as follows:

· The maintenance of the summary power reserve for frequency primary control;

· Secondary f/P control;

· Tertiary active power control;

· Use of the dispatcher reserve;

· Secondary voltage and reactive power control;

· Tertiary voltage control;

· Ensuring transmission stability;

· Restoration of operation after partial blackout (loss of supply);

· Restoration of operation after full blackout (black start);

· Ensuring the quality of the voltage sine wave.

Managing the short-term and operational electricity balance

There are several studies made regarding the short-term electricity balance made by TSO. The longest one is yearly electricity balance and its prediction. This prediction sets the anticipated consumption for next year in breakdown to individual months, days and hours. Electricity import, export and transit have significant impact on the electricity balance. The input parameters for such prediction are information about anticipated weather character (long-term course), non-working days in year and some other anticipated events (GDP course, development, development abroad, etc.). 

Dynamic control and operating of the balance for next couple of days or weeks needs short-term prediction of consumption that is subsequently compared with the anticipated available power production in the system (all power plants have to send the anticipated production for selected period and planned outages). It’s usual to predict the daily-load curve (24 hours or 48 half-hours values are evaluated), total daily load with respect of the actual meteorological data (temperature, sun shine, etc.) and maximum and minimum daily value of consumption.

As it was introduced above, ČEPS and OTE are supplementing each other. Still, there is a space for ČEPS and OTE to cooperate more in order to ensure sustainable reliability of electricity supplies. This is wide area that is not in the scope of this article. It‘s a opportunity to the future work.

End of text

BIBLIOGRAPHY
[1] Transmission System Operation Rules – TS Code, ČEPS, a. s.; Prague; URL <http://www.ceps.cz>

[2] ČSN EN 50160 (33 0122): Characteristics of electric power voltage supplied from a public distribution system, Czech Standardisation Institute, Prague 2000
[3] Public notice on the quality of electricity supplies and other services in the electricity industry, No. 540/2005 Coll., 2005
[4] 4th Benchmarking Report on Quality of Electricity Supply, CEER report, 2009

[5] The Czech Republic’s National Report on the Electricity and Gas Industries, Energy Regulatory Office, 2005-2007
[6] ČSN EN 50160 (33 0122): Characteristics of electric power voltage supplied from a public distribution system, Czech Standardisation Institute, Prague 2000
[7] Act No. 458/2000, the Energy Act
[8] Tůma, Martínek, Tesařová, Chemišinec: Security, Quality and Reliability of Electrical Energy, 2006
[9] L.V Sbértoli, Sigla S.A.: The state and the Market in the Power Sector Planning, IEEE, Power Engineering Society General Meeting, 2006. Digital Object Identifier 10.1109/PES.2006.1708978






21, rue d’Artois, F-75008 PARIS	      		104					GUILIN 2009


http : //www.cigre.org		                      








� EMBED MSPhotoEd.3 ���





Figure 3: Simplified communication scheme between OTE and electricity market participants





Figure � SEQ Figure \* ARABIC �1�: Structure of the liberalized electricity market in the Czech Republic
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