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Introduction

“A major change to the concept of traditional network operation has arisen dur​ing last few years as consequence of having to provide a highly quality product to a more demanding customer in an ever more competitive world.” and

“In modern society customers are more sensitive to outages. Therefore more efficient methods for fault location, supply restoration and high quality customer service, which reduce the overall costs, are required”.

Two sentences, selected from two of the contributions, their statement mentioned similar in more or less all papers, show the main problems of today’s distribution situation and are addressed especially to operation and protection themes. 

42 contributions from 19 countries will report in session 3 about new installed systems, new developments and experiences in the field of distribution operation, control and protection. Unfortunately 2 reports for the session and one for poster session have been withdrawn. Thus 31 reports will be presented and discussed in the plenary session and 8 contributions shown in the poster session and can there be discussed in close contact with the authors.

Under the two main topics ‘operation‘ and ‘network control’, CIRED 1999, Session 3, deals with  6 subject groups

Operation

· Reduction of interruption duration, fault management

· Maintenance strategies

Network Control (monitoring, protection, control)

· Earth fault treatment (location)

· One feeder - one relay

· Documentation system (SCADA incl. GIS ...)

· Power line carrier

The session will start with the final report of Working Group 03 ‘Fault Management’ which had to collect, analyse and compare information and solutions in different countries. First results, comparing network structures in different countries, fault indication and location solutions and practices had already been submitted in CIRED 1997. The increasing dependency of consumer on a reliable energy supply on the one side and the experience of severe blackouts, caused by atmospheric influence, maloperation or component problems on the other side show the importance of efficient fault management and the necessity of comparing information to this subject, as the final report of the Working Group 03 will give. 




The second part of the introduction will be the report 3.01 ‘Review of a Central Business District Distribution Network in the Light of Auckland Experience’. The experience and knowledge, gained by an inquiry on the Auckland blackout will be reported and particular topics, like supply security and planning standards, network investment criteria, staff training etc. will be discussed. The report will illustrate the steps which should be taken, to deliver supply security in an economic manner. 

Questions 3.10 : 

Can the authors briefly summarise the main system conditions and principal failure developments?

What other security standards are used for important metropolitan areas and what special contingency planning measures are taken in other major urban areas around the world?

What outage costs resulted and/or have to be considered for similar conditions?

Which are priorities of most important consequences to be taken for avoiding similar mishaps?

Reduction of interruption duration, fault management. 

10 contributions deal with this first part of the discussion session, 7 will be discussed in session and 3 presented in the poster session. Fault location, outage mapping, telecontrol of substations, substation automation and restoration strategies are the subjects to meet this goal. Furthermore, the new operation centre at Brussels will be presented and experiences with integrated control systems for substations reported. This topic is close related with the later subject of earth fault treatment and vice versa.

Report 3.02 (S/NL) describes an algorithm of the distance to fault calculation as well as EMTP simulations together with real test results and their comparison. Examples for a MV utility network are given.

Report 3.03 (SF/S) is concerned with the special problem of intermittent earth faults in compensated cable networks, impacts of different cable types and improvement strategies, as well as field tests and mentions fault statistics , resulting in 5 – 10 times lower specific fault rates for XLPE as compared to paper insulated cables. The question of cable replacement is discussed.

Report 3.04 (UK) describes the practical experiences of operation, gained after installation of over 1000 remotely controlled ring main switchgear. 

Optimal location of ring main units as well as telecommunication and control system is discussed. 

Report 3.05 (I) illustrates a protection system for Low Voltage installations, capable of very fast fault detecting, combined with simple but effective system communication among circuit-breakers. In comparison with traditional solution, considerable savings on installation components are expected.

Report 3.06 (D) presents a new method to calculate reliability of supply of individual substations depending on network structure, telecontrol system and organisation of the fault locating crews by simulation and optimisation of the restoration strategy.

Report 3.07 (NL) describes a solution to monitor Ring Main Units in the distribution networks, which indicates the fault location by means of short-circuit indicators, placed on medium voltage switchgear, being connected to the system by optical fibre cables.

Report 3.08 (CH) demonstrates the possibilities of substation automation in terms of interaction between protection and control, dynamic load shedding and shows the need and trends of monitoring including an example of internet  based monitoring at Hongkong New Airport.

Postersession 1 (B) presents the new operation centre in Brussels and discusses design aspects.

Postersession 2 (USA) describes a methodology how fault detection and outage mapping can be automated.

Postersession 3 (UK) shows methods for incipient fault detection and locating in cable system from LV to 132 kV.

Questions 3.11  : 
What experiences are available for relation between measured and calculated zero-sequence impedance values for cables resp. o/h-lines?

Is the accuracy for fault location of ( 500 m considered sufficient in view of shorter substation distances in cable networks?

What statistics for intermittent earth faults in compensated underground cable networks are available? What about consecutive double line to ground faults?

What figures can be indicated for cost/benefit analysis using early fault detection and prevention equipment, resp. optimising the restoration strategy in combination with telecontrol in MV networks?

Which value of outage costs would have to be assumed for compensating additional expenses?

What additional practical experiences are available?


Maintenance strategies. 

Main subject of the 6 selected contributions for discussion session is the changeover from time based intervals of maintenance and replacement of components to reliability centred activities, taking in consideration the actual network situation. Savings of costs and man power are expected together with a better maintenance policy.

Report 3.09 (RO) presents two methods to optimise the maintenance of network components, the first based on cost minimisation with failure risk limitation while the second is on basis of a complex objective function, considering preventive and corrective maintenance costs as well as interruption costs to consumers.

Report 3.10 (BRA) shows the methodol​ogy and software developed and the different aspects, taken into consideration. Maintenance control uses a GIS-system, which integrates in one database cartographic and network data. 

Report 3.11 (CDN/USA) discusses the benefits of predictive, condition-based maintenance and names the areas in substations which should be prime focus for real time monitoring and predictive maintenance as transformers and circuit breaker. The integration of diagnostic monitoring in the substation communication infrastructure is shown.

Report 3.12 (UK) prescribes the experiences, gained during the field trial of data collection for over 800 substations, the steps which are taken to manage the risk of change and the benefits which have been gained from the system. The need for a new asset database and the next step of a central asset register database system is mentioned.

Report 3.13 (I) describes the reasons and the need of re-powering of existing transformers due to drastic changes in the Italian market. One specific case is discussed in detail including the question of refurbishment at supplier factory or at customers site. Cost ratios are given.

Report 3.15 (D) discusses the different strategies of maintenance activities i.e. corrective, time-based, condition-based or reliability centred maintenance and the influence on system reliability. The required data are listed. A comparison to previous practice is made.

Questions 3.12: 
Do other utilities consider it convenient to use different maintenance strategies and what risk limit is considered suitable?

What practical experiences are avail​able for the influence of reduced mainte​nance on reliability?

Is North American age profile for 65 % of transformers older than 25 years also representative in other countries?

To what extent are other practical experiences available for use of monitoring devices including effective analysis?

Are more experiences available about condition-based resp. reliability centred maintenance?

Are loss values indicated for Italian transformers and 20 year lifetime only in line with other utility experiences?

Earth fault treatment (location). 

In medium voltage networks, a high share of interruptions is caused by earth faults. Duration and extent of interruption depend on the type of system grounding, system configuration and the duration of fault clearing. Adequate neutral earthing and earth fault protection together with efficient fault location is of decisive importance for a reliable supply. 5 contributions discuss this subject.

Report 3.16 (YUG) presents results of the initial phase of harmonic analysis for different cases of earth faults. The goal of the investigations is to determine pattern of transient and permanent earth faults. Further developments are also discussed.

Report 3.17 (F)  gives the reasons, which led to the development of new algorithms for detecting resistive earth faults on compensated neutral MV-networks. The algorithms are described and advantages and disadvantages are given.

Report 3.18 (A) reports about another method using the fifth harmonic in resonant grounded networks where the capacitive component is aprox. 25 times the inductive component and also the residual component. Testing during last 2 years indicates satisfying experiences.

Report 3.19 (D) deals with experiences and tests resulting in connection with trials, when changing from resonant-grounded to impedance-grounded MV network, limiting max. earth fault current to 2 kA by ohmic resp. inductive neutral impedances, comparing these methods for different type of network such as overheadline, cable and mixed ones.

Report 3.20 (D) describes the first operating experiences with an earth fault protection system, based on the admittance method for fault location. The results show an possible mean accuracy of 5%. With further development an accuracy of 1% might be realised.

Questions 3.21:

What essential advantages does resonant grounding offer for cable networks, where insulation is not of the self-healing type like on overhead lines and what are average values of operation time under permanent earth fault conditions vs. double line to ground fault risk? 

Do the overall resulting costs including fault clearing costs give a clear indication of the most economic method? Which cost comparisons are available for different strategies?

What are the lowest current limits considered adequate and achievable for uncomplicated and faultless E/F detection in case of impedance grounded networks?

What are reasonable limits of additional fault resistances occurring in cable resp. overhead line networks?

Which are consequences resulting of medium voltage earth faults for LV secondary voltages in case of different neutral treatments?

To what extent do harmonic levels vary for different network types, such as urban cable resp. industrial; as well as also during working days resp. weekends and consequently require adequate modification for protection purposes?
One feeder - one relay.  

Modern switchgear protection and control becomes more and more integrated due to microprocessor based devices, which cover the whole range of feeder functions required to meter, protect and control.  6 reports in the plenary session and 1 contribution in the poster session discuss modern components, experience and feedback from existing installations together with an analysis of the reliability of digital protection. Proposals for new standards of data communication will be made and a test system presented. 

Report 3.21 (B) present a combined relay and control unit which provides most standard functions for system protection, control and metering. It replaces three, separate function-dedicated equipment components.

Report 3.22 (USA) describes a new universal protective relay using modular hardware and software components that can be combined into numerous configurations. The protection designs between traditional electromechanical or static relay and microprocessor based relays are compared.

Report 3.23 (UK) presented on behalf of IEC TC57 (Power Systems Control and Associated Communications) Working Group (WG) 14 provides an overview of the actual situation in defining international recognised standards for system interfaces for distribution management system.

Report 3.24 (F) explains the strategic aims of the project and the advantage of the digital technology in detail in terms of architecture, configuration, functions and test. The project should reach its conclusion towards the year 2001 with different control packages..

Report 3.25 (F) presents the need for experience feedback in terms of reliable and methodical gained data. Systematic and detailed fault analysis allows a comparison between operational results and those predicted theoretical. The impact of maintenance and possible reduction of spare parts stock is discussed.

Report 3.26 (D) describes a new concept in the design of protection and control devices on the basis of modern 32bit hardware components and modern object orientated software design and engineering technology. The user requirements are reported.

Postersession 5 (D) discusses the technical demands, the problems and experience of present introduction of substation control and protection systems.

Questions 3.22: 
Since Report 3.23 presents new standards for interfaces, what is the opinion of other participants about their needs and necessities?

What are experiences available with integrated protection, metering, control devices from different users?

What range of cost benefit ratios can be indicated?

Is high percentage of numerical relays > 40 % indicated for a German utility also found in other distribution networks?

To what extent is 32 bit technology already used in utilities?

What maintenance strategies will be followed? 

Documentation system (SCADA incl. GIS ...). 

Due to the high number of components, a particular characteristic of distribution systems, a large amount of system data have to be handled for operation and control purposes. Furthermore, distribution systems depend highly on the geographic situation and the load requirements of the consumer. Powerful distribution management systems (DMS) and geographical information systems (GIS) exist already. They are continuously further developed according to experiences, gained in the daily work and in view of new demands. 3  reports  will be discussed in the plenary session and 4 contributions presented in the poster session, dealing with new installations, including support of business processes and improved customer service, as well as integration of DMS and GIS.

Report 3.27 (E) discusses the three main elements involved in operating a network, i.e. organisation, electrical network and management system. The requirements are discussed in view of the major changes that have arisen during the last few years in terms of quality, consumer demand and costs.

Report 3.28 (F) presents two experiences for implementing technical information systems in EDENOR, supply company for northern sector of Buenos Aires and EDF. System configurations and operations are discussed and conclusive recommendation are given.

Report 3.29 (N) discusses in general the problem of integration various information technology systems and gives an example of integration between SCADA, CIS and NIS. The NIS system could be used as tool for advanced supervision and management in the lower voltage levels. The contribution will promote the discussion in this field.

Postersession 6 (B) focuses on power system analysis and functions and their environment. 

Postersession 7 (F) deals with interoperability of distributed applications.

Postersession 8 (CH) describes the integration of GIS, Distribution Management system and SCADA

Postersession 9 (D) shows in two examples that the implementation of an integrated IT solution has to be stepwise to use cost saving in an early project state.

Questions 3.23: 
What are priorities assigned and ranges of economic values suitable for nonsupplied energy, dependability, losses, quality?

What philosophies about outsourcing in the field of network operation are followed by other utilities and where are suitable limits?

In view of considerable manpower required for preparation and completion of consistent database indicated as 100 man-years for 2.2 million customers what is done by other utilities to avoid duplication.

Is separation of geographical environment from network design also followed by others?

What experiences are available for multisite oeration of distribution control centres?

Power line carrier. 

Operation and control of the widespread distribution systems require a reliable and efficient datacommunication and transmission. Datatransmission via the medium and low voltage system is one of the solutions. 2 contributions will be discussed in plenary session to this subject, dealing with the characteristics of the network for transmitting frequencies from DC to 2 MHz and with newly developed components for power line carrier systems.

Report 3.31 (DK) describes research activities concerning high frequencies in the range of 0 – 2 MHz in the electrical distribution network used as a basis for data communication. Better high frequency models of the network are needed.

Report 3.32 (CH)  describes the automation scheme being presently implemented and the innovative distribution line carrier technology which provides the communication for the automation of a high density highly meshed cable network. Test results are reported.

Questions 3.24: 
Where are most critical values of frequencies, when considering 0 – 2 MHz range and what are most essential differences as compared to power frequency?

In view of intensive efforts to use powerlines for communication also, what other experiences can be reported, concerning e.g. reliability, errors, costs? 

Conclusion

The topics and the selected contributions are of high interest for operation and control of distribution system and all participants are invited to report about their experience, their knowledge and new ideas. 

The discussion at the main session and postersession with the opportunity of direct contacts with the authors should serve for information and comparison as well as new development producing further questions and considerations. Participants should however not hesitate to 

mention also other topics not expressively covered, for reaching a lively and informative discussion.
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