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Abstract-- Service quality provided to the customers in transmission, distribution and supply of electricity is becoming an important issue. Policy and standards regulating service quality, as well as supporting measurement and monitoring systems are being introduced in order to stimulate companies to improve service quality in line with customers’ requirements and affordability.

Service quality monitoring and regulation comprises a large number of different aspects. Apart from the traditional technical aspects, namely voltage quality and continuity of supply, commercial quality is being monitored and regulated as well.

Main aspects of quality of service are discussed in the paper. Also, general characteristics of methods used in quality of service regulation focusing on pros and cons of each method used are covered.

Actual regulatory framework for quality of supply monitoring and regulation in Serbia as well as obligations of energy entities and institutions in that respect are described in the paper. Finally, possibilities for development of quality of service monitoring and regulation system in Serbia will be shown as well as possible obstacles and necessary preconditions for its implementation.
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I.   Introduction

T
HE processes of deregulation and restructuring of the electricity sector with the aim of the liberalization of electricity markets, which were conducted the last decades throughout the world, have led to major changes in the way of organization and functioning of the traditional vertically integrated electric power companies in which activities of production, transmission, distribution and supply of electricity to customers were performed. In the process of deregulation and restructuring, electricity-related activities have been divided into monopoly activities (those that are natural monopolies) and market activities (those that have the potential to develop competition), as well as legal, financial and functional separation of these activities within the enterprises has been done. Transmission and distribution of electricity are natural monopolies, while production and supply are competitive activities that require a market to be established. Accordingly, new institutions such as regulatory agencies need to be established within the electricity sector. General activities of regulatory agencies include the regulation of monopoly business, i.e. transmission and distribution, in order to ensure safe, reliable and quality electricity delivery to the transmission and distribution system users. On the other hand, regulatory agencies have the task to enhance the development of markets in activities that are capable of competition. Until the market is fully opened, when all customers will be able to acquire the status of the eligible customer, that is the right to choose their suppliers, the activity of supply of tariff customers has to be regulated, too. From the consumers’ point of view, the consequences of the separation of regulated and market activities is that an eligible customer selects suppliers on a free market, while purchased electricity is delivered through transmission and/or distribution system, at regulated prices.

Whether the electricity company performs the activity of transmission, distribution or supply, the quality of services provided to the network users, i.e. consumers of electricity should be in accordance with the needs and requirements of users and their readiness to pay for such service. However, experience has shown that under conditions of the competitive market electric power companies tend to achieve higher profits at the expense of service quality, which in some cases leads to fall below the level of quality that is acceptable to users. Decrease of the service quality in the monopolistic activities is the result of regulatory agencies' switching from traditionally applied rate of return method of price regulation to the incentive-based price regulation methods. Incentive-based methods are introduced in order to stimulate companies to run business more efficiently and to reduce costs by enabling them to earn any savings resulting from an increase in efficiency as profit the company may then freely expend. Many countries have shown that companies tend in practice to achieve efficiency improvements and cost reductions through a decrease in service quality. In order to achieve the optimal level of quality and balance between the growing needs of consumers for service quality and companies' aiming to reduce costs and increase profit, the regulatory agencies in recent years paid considerable attention to monitoring and regulation of the service quality in the electricity delivery and supply, development of methods and standards which encourage companies to raise the quality of services. Experience in countries with long-standing regulatory practice has shown that strong incentive for companies to achieve the prescribed level of quality is being achieved by the introduction of financial mechanisms to reward companies in the case of reaching required quality level, and penalize when service quality does not meet the expected level. Therefore, there is a tendency of all regulatory agencies in Europe to introduce incentive-based service quality regulation methods, in line with the implementation of the incentive-based price regulation methods.
II.   Service quality
Service Quality which companies provide in the electricity delivery and supply includes a large number of different aspects that are important for the users of their services. Users are very sensitive to the quality of supplied electricity, in terms of voltage quality and continuity of supply, and to the responsiveness of companies to their requests and needs. Accordingly, the quality of service delivery and supply is being monitored and regulated in the various aspects, which are grouped into three basic categories:

1.
Commercial quality

2.
Reliability (continuity) of supply

3.
Voltage quality

whose characteristics and indicators are defined in [1,2,3].

Each service quality aspect whose indicators can be clearly defined and precisely measured can be regulated by using various methods. Regulatory agencies most frequently apply following methods of regulation: 

1.
Performance Data Publication

2.
Minimum Quality Standards

3.
Incentive-based Methods 

4.
Premium Quality Standards

whose basic characteristics, as well as advantages and disadvantages of each method are presented in [1,2,3].

Despite this categorization, experience has shown that applied indicators, standards and methods of registering, monitoring and regulation of service quality considerably vary among countries, which makes it difficult to compare service quality between countries and among different companies within the same country. Since this problem has been recognized within EU, in the last couple of years a lot of work has been done on the harmonization of service quality monitoring and regulation systems. According to that, Working Group for Quality of Electricity Supply within Council of European Energy Regulators (CEER) has published benchmarking reports on quality of electricity supply in member countries for 2001, 2003, 2005 and 2008 [4,5,6,7]. These reports identify major trends in monitoring and regulating service quality aspects. 

III.   Service quality monitoring and regulation in Serbia
A.   Legal framework
The legal framework governing monitoring and regulation of service quality in performing activities of transmission, distribution and supply of electricity in Serbia is the Energy Law (Official Gazette of the Republic of Serbia No. 84/04) and the Decree on Conditions for Electricity Delivery (Official Gazette of the Republic of Serbia No. 107/05). The Energy Law stipulates that transmission and distribution system operators, with the consent of the Energy Agency of the Republic of Serbia, shall adopt the rules on the transmission and distribution system operation, namely the Grid Code and Distribution Code. The Grid Code (Official Gazette of the Republic of Serbia No. 55/08) issued by the Serbian Transmission System Operator “Elektromreža Srbije“, regulates certain aspects of the service quality, namely technical elements such as voltage, frequency and continuity of supply to network users. In addition to these documents in force, the Distribution Code is expected to be adopted. According to the Energy Law, Distribution Code is to regulate some aspects of service quality, such as technical and other conditions for safe operation of the distribution system and to ensure reliable and continuous delivery of electricity to network users.

Some aspects of voltage quality are regulated by the Decree on Conditions for Electricity Delivery, which prescribes the obligations of the transmission and distribution system operators to deliver electricity at the nominal voltage and frequency levels. Decree defines that allowed deviation from the nominal voltage cannot be more that ±10% at all voltage levels below or equal to 110 kV. It also defines ±0.5 Hz allowed frequency deviation from the nominal frequency in the network. Grid Code defines allowed voltage deviation in the transmission network at 400 kV and 220 kV voltage levels, which is in the range of 380-420 kV for 400 kV network, and 200 kV to 240 kV for 220 kV network. Permissible frequency variation in the transmission network is defined in accordance with UCTE rules. Taking into account the fact that the quality of voltage in the network is affected by the activities of the transmission system operator, as well as by activities of all users who are connected to the transmission network, the Grid Code defines technical requirements that users' facilities have to meet in the process of connecting to the transmission network in order to ensure prescribed voltage quality. Technical requirements that facilities have to meet in a case of voltage and frequency deviation in the network, as well as the allowed values of overvoltages, current asymmetry and harmonics which may be caused in the network by the user's facility are defined in the Grid Code. Obligations of Distribution System Operators and distribution network users are expected to be defined in more details in terms of distribution network voltage quality in the Distribution Code, which is about to be adopted in the course of 2009. 

Commercial quality is in some parts of mutual relations of the transmission/distribution system operators and customers regulated by the Energy Law and the Decree on Conditions for Electricity Delivery through certain standards which regulate the mutual obligations, primarily the deadlines that energy entities and users have to respect in the procedures of connection to the system, suspension of electricity supply, disconnection from the system, meter testing and inspection, resolving disruptions in the delivery, meter reading, billing and collection and informing of the users. For example, the Energy Law and the Decree on Conditions for Electricity Delivery stipulate the minimum standards guaranteed in terms of the time frames that companies must respect in the process of connecting users to the transmission and distribution network. The time within which the company has to decide application for connection is set at a maximum of 30 days after the submission date of the request by the legal or physical persons. It is also defined that the time in which the energy entity is obliged to connect the customer, provided that the customer has fulfilled the obligations established by the approval for connection and that the customer's facility meets all technical and other prescribed requirements, shall be within 15 days, at the maximum, after the date of concluding the supply contract. Failing of the company to comply with these standards is followed by financial consequences for the company in the form of a fine that can range from 10,000 to 100,000 dinars. Procedures for suspension of electricity supply, users' complaints about suspension, and continuing of the delivery after the reasons to suspend delivery ended, are also defined by the Decree on Conditions for Electricity Delivery. The Energy Law and the Decree on Conditions for Electricity Delivery prescribe the minimum standards in terms of time frames that have to be respected in case of technical and other disruptions in the electricity delivery. If the customer reports technical or other disruptions in delivery not caused by the customer's facility, the energy entity is obliged to resolve the disruption in delivery within 24 hours or in two days at the latest after receiving notice. In the case of technical or other disruptions in the delivery which are caused by the customer's facility or when the customer fails to perform contractual obligations, prior to the suspension of delivery, energy entity is obliged to submit to a customer a written warning specifying the time limit for resolving of irregularities, which can not be shorter than 3 days and longer than 30 days after the delivery of notice. In the case when the customer claims that electricity delivery was improperly suspended, he may lodge an appeal, and the energy entity is obliged to decide the appeal within three days after receiving the appeal. If customer's appeal is justified, the energy entity is obliged to provide the conditions for continuing of delivery as soon as possible and not later than 24 hours after it was identified that the delivery was unjustifiably suspended. Mutual relations and obligations of the transmission/distribution system operators and customers in the case of meter inspection, disappearance, disruption or damage of the meter are established by standards prescribed in the Decree on Conditions for Electricity Delivery. Thus, for example, energy entity and the customer may require special meter inspection, which must be conducted within 10 days after the request. The costs of special meter inspection are born by the party that requested inspection, if inspection proves that the meter is not faulty. According to the Decree on Conditions for Electricity Delivery, the energy entity is obliged to resolve malfunction of the meter within two days of receiving notice, take appropriate measures and ensure accurate measurement. 

The basis for the regulation of reliability (continuity) of supply is given in the Energy Law and the Decree on Conditions for Electricity Delivery, while detailed arrangement of this area is expected to be defined through secondary legislation. The Energy Law stipulates that the Grid Code and Distribution Code have to determine the technical and other conditions for ensuring safe and secure functioning of the system, namely continuous delivery of electricity to customers. The Decree on Conditions for Electricity Delivery determines that transmission/distribution system operator may, without notice, temporarily restrict or suspend the delivery of electricity to customers, caused by malfunctions in the transmission or distribution network, failures of transformers, switchyards and power plants, sudden overload of power system elements and other unexpected events, if the fault lasts two hours at the maximum. Exceptionally, the network operator may limit or suspend delivery without notice to customers if the fault lasts longer than two hours in cases of force majeure and other unforeseen circumstances that network operator was unable to predict or whose consequences can not be resolved. In this case, the network operator shall appropriately inform users without delay about the reasons of temporary restriction or suspension of the electricity delivery. The temporary restriction or suspension may last 72 hours, at maximum, from the time delivery interruption occurred. Grid Code defines that in the points of connection to the transmission system a total duration of interruptions in delivery resulting from causes in the transmission system may not exceed: 2 hours for the connection point of generation unit, 4 hours for the connection point to transmission network at 400, 220 and 110 kV voltage levels, and 6 hours for the connection point to voltage levels below 110 kV. 

According to the existing legal framework, electric power inspectors, the Energy Agency of the Republic of Serbia and transmission/distribution system operators are recognized as directly or indirectly responsible institutions for monitoring service quality in the electricity delivery. The Energy Law stipulates that the electric power inspector has the right and obligation to check regularity of electricity delivery and quality of electricity delivered to customers. In accordance with the Energy Law, the Energy Agency of the Republic of Serbia performs the following tasks:

· gives consent to the Grid Code and Distribution Code,

· collects and processes data on energy entities relating to the performance of energy activities,

· enhances and directs development of the electricity market,

· coordinates activities of energy entities to provide a regular electricity supply and services to customers

· decides appeals against the act of the transmission/distribution system operator refusing access or connection to the network, i.e. him failing to pass a decision on submitted application for connection to the system

· protects consumers and ensures their non-discriminatory position,

through which indirect role of the Energy Agency in monitoring and regulation of service quality is recognized. The Energy Law does not directly define the obligation of the transmission/distribution system operator to monitor the realized quality of performance, but it comes from their obligations to ensure safe and continuous supply of electricity, as well as maintenance, operation and development of systems in compliance with the needs of customers. To perform these roles, the system operator must regularly monitor service quality in the electricity delivery, and the needs and requirements of network users in this regard.

Competencies in the field of service quality regulation are not precisely and completely defined by the existing legal framework. The Energy Agency has the possibility to regulate service quality by introducing overall standards and financial incentives or penalties for the companies in case of fulfilment or failure to meet overall standards, through methodologies and tariff systems for the use of electricity transmission and distribution systems. Under the existing legal framework the Energy Agency has no jurisdiction to introduce financial fines for companies in the case of not complying with the standards. By issuing the Grid/Distribution Codes and approving them the opportunity is given to transmission/distribution system operators and the Energy Agency respectively to indirectly regulate certain aspects of service quality. 

B.   Present situation and development prerequisites

So far, service quality indicators have been individually analyzed by the Energy Agency when deciding users' appeals against refusal of connection to the transmission/distribution network rather then collecting or monitoring them on a regular basis. On the other hand, the electricity transmission/distribution entities register and analyze the performance achieved and accordingly have data available for the calculation of service quality indicators. However, systems for registration of data and calculation of service quality indicators are not harmonized among different network companies resulting in incomplete, inconsistent and non-comparable data that cannot meet the requirements of successful benchmarking of companies' performances depending on their quality level reached. Accordingly, before the service quality monitoring and regulation system is implemented by the Agency, the following shall be in place first: 

1. competent teams for service quality monitoring within    companies, 

2. unique rules for data registration, 

3. unique rules for calculation of service quality  indicators, 

4. quality standards, 

5. necessary metering and acquisition systems 

6. information systems and databases. 

In order to implement the service quality regulation system, first of all it is necessary to implement amendments to the Energy Law, which would clearly define the responsibilities of individual institutions within the area of regulation of service quality. Implementation of quality standards, accompanied by compensation payments in the event companies fail to meet prescribed standards, is not possible without modifying the Energy Law. The Energy Law does not define responsible institutions for the introduction of these standards, nor a document in which the standards are to be defined. Apart from changes to the legal framework, a period of several years of continuous monitoring of quality indicators based on rules harmonized among companies must precede the implementation of the system for quality regulation.

C.   Information Code

As of January 1, 2009 the Energy Agency has introduced information rules for the registration of data and calculation of service quality indicators in the activities of transmission, distribution and supply of electricity based on: 

· the existing legal framework, 

· international practice in monitoring and regulation of service quality,  

· existing companies’ practices with regard to data collection,  

· informal monitoring of the needs and demands of users/customers, 

aimed at:

· harmonizing of rules for recording data and calculation of service quality indicators 

· continuous monitoring of service quality indicators. 

Continuous application of these rules in the following years should allow for:  

· creation of complete and consistent database of quality indicators, 

· companies’ performance benchmarking depending on the quality and performance achieved,

· regulation of service quality in electricity delivery and supply.

Information Code represents a set of Excel tables which define the type, scope and format of data on technical and commercial aspects of service quality that companies must follow, as well as deadlines within which the collected data must be submitted to the Energy Agency. 
Information rules for monitoring the continuity of supply include rules for: 

1.
registration of interruption, and 

2.
calculation of continuity of supply indicators. 
Rules for registering interruption define which data on interruption have to be registered and by what criteria. Based on that, for any interruption that lasts longer than three minutes a company has to register the date and the staring and ending time, duration of interruption, the number of customers without supply (for each voltage level), type of interruption depending on whether the interruption is planned (notified to customers) or unplanned (not notified to customers), and the cause of interruption. In case of a planned interruption it is necessary to specify whether the cause of the interruption is due to works in one's own network, users' facility or neighbouring network. For unplanned interruptions it is required to register if an interruption occurred because of: network operator's activities, activities of the other network operator, third party, animals, force majeure or of unknown causes. Based on the data collected in this way indicators of continuity of supply are calculated. For interruptions in the transmission network, continuity indicators AIT and ENS are calculated, while for interruptions in the distribution network, continuity indicators SAIDI, SAIFI and CAIDI are calculated. 
Information rules for monitoring commercial quality are based on collecting data on: 

· the number of requests from users/customers  

· the number of company's responses to requests of the users/customers within the prescribed period and 

· average response time of the company to user/customer request,

in providing: 

· one-time services  

· deciding request for connection to the transmission or distribution network
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connection of the user's facility to the transmission or distribution network  
· regular services 

· billing and collection  

· occasional services  

· suspension of electricity supply  

· disconnection from the system  

· resolving metering problems

· resolving voltage problems  

· response to users/customers questions and requests. 

Information rules for monitoring the voltage quality are based on collecting commercial data on: 

· number of customers' voltage complaints  

· response time to customers' voltage complaints

· number of justified customers' voltage complaints

· number of resolved voltage problems. 

Main obstacle to monitoring technical indicators of the voltage quality is the lack of appropriate metering systems that would register and monitor voltage characteristics in the network. 

The type and flow of information between the distribution system operator (DSO), users/customers and the Energy Agency of the Republic of Serbia (AERS) in the process of registering and monitoring indicators of service quality in electricity distribution and supply, in line with the Information Code issued by the AERS, is shown in Figure 1.

IV.   Conclusions


International experience in the monitoring and regulation of service quality has shown that the introduction of systems for monitoring and regulating service quality is the long-term process that requires gradual implementation in accordance with the knowledge of the regulatory agencies and energy entities, development of metering and information systems, databases and relevant legislative framework. Given the complexity of this process, the implementation of a system for monitoring and regulation of service quality must take place through active participation and cooperation of all relevant institutions both within countries and internationally.
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Fig. 1.  Data registering and service quality indicators’ monitoring procedure
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