Special report on Session 2 :   POWER QUALITY & EMC
A. Robert (Chairman), E. De Jaeger and J. Hoeffelman (Rapporteurs), Belgium

Session 2 was formerly entitled “Disturbances and Overvoltages”. The scope remains unchanged in 1999 but it was decided to explicitly mention the nowadays more popular concepts of Power Quality and Electromagnetic Compatibility (EMC). Although EMC is often considered as including Power Quality, it was preferred to separate the two concepts and to use EMC in the classical, more restricted sense, in order to avoid confusion and because experts are generally on one side only.

As already introduced in 1997, the session will be divided in four sections of 90 minutes: 1)  LF Disturbing Phenomena (harmonics, flicker, unbalance, dips), 2)  Power Quality, 3)  Electromagnetic Compatibility and Safety Problems, 4)  Improving Power Quality and managing Electromagnetic Fields. Each section will be divided in 3 parts of roughly 30 min: 1)  presentation of papers by authors, 2)  verbal presentation of written contributions, 3)  free discussion.

The aim of this special report is : 1)  to present a synthesis of the present concerns in each of the four sections, mainly based on the selected papers, 2)  to call for written contributions on particular points which appear in the papers or which are not covered by them, 3)  to stimulate the free discussion.

Call for written contributions. Several kinds of written contributions will be welcome :

-
activity reports from international working groups (CIRED, CIGRE, IEC, UNIPEDE, UIE, …) covering the domain of one of the sections ;

-
fresh information on particular points which appear in the papers or which are not covered by them ;

-
case studies (outstanding disturbance experiences, causes, solutions...) ;

-
significant contribution to help starting the free discussion ;

-
comments on a particular paper (“I agree/disagree with that result/conclusion”, "My own practical experience in the same field is...") ;

-
just plain questions to the author of a paper.

According to the successful experiment of CIRED 97, all written contributions will be made available to attendees at the entrance of the conference room. Furthermore, some of the most relevant ones will be selected for a verbal presentation (second part of each section).

General guidelines for authors of written contribu​tions :

-
language: English ;

-
starting with: title, name of author(s), affiliation, country, number of the relevant question in the special report or number of the commented paper ;

-
font: Arial or Times New Roman, minimum size: 10, margins: 2.5 cm top and bottom, 1.8 cm left and right, preferably two columns with 0.5 cm gap ;

-
maximum length: 2 pages, including both text and illustrations (this allows for a lot of information if a 2-column presentation is chosen) ;

-
deadline: preferably May 7 (possibly May 14 at the very latest) ;

· address: Alain ROBERT, CPTE / ELECTRABEL, Regent​laan 8, B-1000 BRUSSELS, Belgium, Fax: +32.2.518.6803, E-mail: alain.robert@cpte.be (the preferred way being to send your contribution as an attached file with an e-mail message).

2.1. LF disturbing phenomena (harmonics, flicker, unbalance, dips…)

Voltage and current waveform disturbances still receive much attention from the electricity suppliers, grid operators and related service companies. Intensive standardisation work has been dedicated in the last decade to these important Power Quality aspects. Within IEC, these works involved mainly the assessment of emission limits for disturbing equipment and installations (at LV, MV or HV level). The specification of suitable emission levels from disturbing consumers allows keeping the overall disturbance level in the networks within acceptable range and guaranteeing this way the electromagnetic compatibility. 

Complementary efforts are also dedicated today to measurement and evaluation techniques, including the assessment of network impedance (at power frequency as well as harmonic frequencies) and emission levels from a particular consumer.

Harmonics & interharmonics

Paper 2.01 (TU) deals with typical problems that can arise in commercial, office or even residential buildings, associated with high harmonic neutral currents. This is due to the proliferation of single phase distorting loads, producing high triple harmonic currents. These currents add up in the neutral conductor, leading to possible overloading of the conductor itself or, under certain circumstances, the transformers. Significant neutral conductor voltage drop with respect to ground can also appear, giving rise to common mode noise. Solutions to this question are discussed in the paper. They include taking the problem into consideration at the planning stage (e.g. using full-sized neutral components), transformers derating (use of the so-called K-factor) but also mitigation techniques such as filter installation.

Paper 2.02 (BE) focuses on one of the major disturbing effects related to supply voltage interharmonics, i.e. the fluorescent lamps flicker. This kind of light flicker is not detected by the UIE-IEC flickermeter as far as the involved frequency is greater than twice the power frequency.

The most annoying interharmonic frequencies have been experimentally found to surround odd harmonic frequencies by 10 to 15 Hz. Typical sensitivity curves are given in the paper, for various types of lighting devices and ballast. It is shown that the tested devices usually exhibit a quite great sensitivity for frequencies below 100 Hz (with interharmonic level down to 0,5%). Above this threshold, different behaviours have been observed: the low cost compact fluorescent lamps (CFL) remain rather sensitive for all the critical frequencies while devices with external electronic ballast perform better (Figure 1).
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Figure 1  -  Sensitivity curves for different types of lighting devices

The gain factor concept is introduced in order to allow an objective quantification of the phenomena and classification of lighting equipment. Also based on this concept, a possible approach for the determination of equivalent flicker measurements (in terms of equivalent Pst) is proposed.

Paper 2.05 (DE) describes a method for the estimation of LV network harmonic impedance, to be used, for instance, for planning purpose. The proposed method, using specialised neural networks, is particularly suitable for dealing with complex consumer topologies and appears as an alternative for conventional calculation based on discrete network elements. It is pointed out that the value of the harmonic impedance is in fact depending on time, location and phase (this is due to the possible complexity of consumer topology). A classification of LV network impedance relying upon 5 different basic types, together with a description of the most important influencing parameters (e.g. environmental influences and time period, consumer and network topologies) are described. Based on these concepts, the neural networks based forecasting algorithm (in two steps) is discussed. This approach eliminates the time and location dependence characterising the classical methods but still remains phase dependent. Practical results show that the forecast values are plausible, especially in the usually interesting harmonic ranks.

A method for the assessment of network Thévenin equivalents at the fundamental frequency is given in paper 2.06 (DE). The method relies upon transient recordings post-processing. (The used transients are caused by network disturbances or some loads switching.) The principle is to compare simultaneous voltage and current variations originated by the transient, in order to obtain the equivalent impedance of the network at the measurement point (Figure 2).

The detailed procedure is described in the paper (complex Fourier analysis done with a gradually shifted window, followed by the computation of the symmetrical components).
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Figure 2  -  Simultaneous voltage and current variations used to determine the network impedance at the fundamental frequency

There is actually no international standardisation of current emission limit in the frequency range from 2 kHz to 9 kHz. For the purpose of developing such works, detailed knowledge about the network impedance in this frequency range is indispensable. Extensive measurements on public LV networks were carried out and are discussed in paper 2.07 (DE). An invasive method, using an active current source, was used. The measuring points were selected to cover a widespread range of public LV network configurations and consumer types, excluding industrial zones.

Impedances of overhead supply lines are characterised by high-Q resonances. They appear to be a factor 3…5 higher than those of cable networks (they are also greater than the CISPR 16-1 standard impedance) and are likely to vary within a wide range during the day. Cable networks have to be classified into two groups: rural and urban areas. Rural areas are characterised by a lower load density and a greater average cable length, leading to significantly greater network impedances than in urban zones. Resonances are also even more likely, with an average Q-factor slightly higher than in urban networks (Figure 3).
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Figure 3  -  Phase-to-neutral impedances of some selected measuring points, compared to the CISPR 16-1 standard impedance.

The characteristics of impedance loci vary widely and are, in several cases, likely to differ even within the three phases of the same node. A probabilistic approach is thus proposed in order to find a reasonable value of impedance, which would probably not be exceeded in a specific case.

Question 1

1.1 What are the most frequently used methods for the measurement of harmonic impedances? Are there any experiences using the techniques discussed in the CIGRE/CIRED report presented at the last CIRED, in 1997 (“Guide for Assessing the Network Harmonic Impedance”, CIRED 1997, Session 2, Paper 2.3)? Are there experiences with other methods?

1.2 Are there practical measurement experiences of the harmonic emission level from a particular distorting consumer or load? How is this problem usually dealt with, from a practical point of view, for contractual purposes?

1.3 Are there any practical experiences of applying the IEC recommendations for the assessment of harmonic emission limits from distorting loads and/or consumers at LV level (IEC 61000-3-4) and at MV level (IEC 61000-3-6)? What are the major strong and weak points of the recommended approaches? What are the major difficulties linked to their application? Are other methods or approaches considered?

1.4 Limits are presently under consideration for interharmonics in standardisation committees.  Beside the flicker of fluorescent lighting equipment, are there any other disturbance cases related to interharmonics? Is there any quantitative information useful for the establishment of tolerable limits?

1.5 Are there disturbance cases caused by frequency components in the range 2 to 9 kHz? What kind of equipment was disturbed? What were the measured levels?

1.6 Paper 2.07 presents impedance measurement results in the range 2 to 9 kHz. Are there other similar experiences? What was the measurement method? Are the conclusions similar? 
1.7 Is there any other experience concerning the experimental determination of short-circuit level, by using (V/(I-type methods (such as explained in paper 2.06)? What was the method used? Did the results confirm the standardised values, computed according to IEC 909 standard?

Flicker

Paper 2.03 (ES) deals with the difficult problem of assessing the individual flicker contribution of a given fluctuating load (in this case, an electrical arc furnace), independently from the flicker generated simultaneously by other neighbouring loads. The described method relies on flicker measurements at the MV (30 kV) busbars feeding a single furnace. However, it has been verified experimentally that computing the HV (220kV) flicker from the measured MV value and the theoretical damping coefficient, corresponding to the theoretical (i.e. calculated) short-circuit power ratio, gives values much higher than actually measured. Errors up to 50% have been found. Therefore, a procedure is described for obtaining an average experimental value of the damping coefficient, based on simultaneous measurements at HV and MV levels. This coefficient is used to compute the HV flicker, from the MV measured values.

Flicker transfer to neighbouring MV distribution networks has also been experimentally studied (simultaneous measurements at HV and MV distribution level). It depends clearly on the loads: the ratio was found to fall to values around 0,75 for MV networks feeding domestic and small industrial consumers. It goes down to 0,6 for MV systems supplying medium and heavy industries.

Question 2

2.1 What are the most frequently used methods for the assessment of flicker emission level from a particular fluctuating load?

2.2 For the practical application of IEC standard 61000-3-11 (Limitation of voltage changes, voltage fluctuations and flicker in public LV supply systems, for equipment with rated current ( 75 A and subject to conditional connection), it may be necessary to specify the network impedance at the load connection point. Is this information usually easily available? What are (or will be, in the future) the common practices?

Voltage dips and short interruptions

The emergence of new electricity applications has increased the consumer sensitivity to voltage dips and short interruptions. These phenomena – being to a certain extent unavoidable in the normal exploitation of electrical networks - are by far perceived by today’s industrial consumers as the most harmful disturbances and, consequently, the most important Power Quality aspect.

Utilities all over the world are aware of this and assign important means in organising measurement campaigns or installing permanent monitoring systems in order to get an as accurate as possible knowledge of the behaviour of their network. In parallel, prediction methods, such as the use of simulation tools, are also considered. 

On the basis of the obtained information, statistical estimations are usually performed and the actual trend is clearly to include some clauses related to voltage dips in electricity supply contracts (as it is done since a longer time for outages). For this purpose, standardisation efforts are done today within IEC, in order to come to universally accepted measurement methods or procedures. The way of aggregating and counting events is also a sensible matter. Various aggregation procedures are generally considered, such as phase aggregation (i.e. grouping events occurring simultaneously on different phases), time aggregation (i.e. grouping events occurring sequentially, within a given time period) and location aggregation (i.e. grouping events measured at various service entrance of one single consumer). This is particularly crucial in the actual deregulation context.

Finally, it must be pointed out that mitigation techniques are also intensively studied and high technology solutions (able to desensitise industrial processes from several kW to some MW) are emerging in industrial environments. Utilities developing their customer-oriented approach are more and more involved in such projects, in partnership with their customers. 

Paper 2.04 (FR) presents the project undertaken by EDF towards customer satisfaction, concerning voltage dips and short interruptions. The aim of the project was to provide an integrated approach of the problem. This comprises the assessment of the major characteristics of the dips actually occurring in the networks, together with a better knowledge of the degree of sensitivity of equipment or industrial processes and, finally, the possible mitigation solutions that could be recommended.

As a conclusion of large-scale surveys in the French transmission and distribution systems, typical “signatures” or voltage dips profiles have been identified. On the other hand, a set of sensitivity tests has been carried out on miscellaneous industrial equipment. The most significant results are presented in the paper.

Proposals for standardised definitions and measurement methods are given. They rely upon r.m.s. values that should be computed with a time resolution of T/2 (T being the period corresponding to the power frequency), between two zero-crossings. In parallel, the concept of voltage dip at x% is introduced (by definition, a voltage dip at x% occurs when the voltage r.m.s. value drops below x% of the considered reference voltage). This concept provides a relatively accurate way of comparison with the actual equipment sensitivity characteristics.

Paper 2.P3 (US) describes the methods for collecting, characterising, storing and analysing r.m.s. voltage measurements during a distribution system power quality monitoring program (EPRI DPQ Project). The question of temporal event aggregation is discussed. It is suggested to choose an aggregation time period agreeing, for instance, with the definition of the minimum length of a sustained interruption. However, to consider the impact of voltage dips on industrial loads, 15 or 30-minute aggregation period (or even longer) may be sufficient. It is also pointed out that when combining results taken from different monitoring sites, it is vital that the total time that each monitor was available is taken into account.

The SARFIx index is introduced. It represents the average number of specified r.m.s. variation measurement events that occurred over the assessment period per customer served, where the specified disturbances are those with a magnitude less than x for dips (or greater than x for swells).

Question 3

3.1 What are the major lessons drawn from long duration voltage dips measurement campaigns (or permanent monitoring)? Are there any comments about detection and measurement methods? Are phase-to-phase measurements preferred to phase-to-neutral ones? What is the impact on event aggregation?
3.2 Is the classical characterisation method for voltage dips (depth / duration) satisfying? Should other characterisation techniques be preferred, in terms of predicting equipment sensitivity?
3.3 What are the actual practices of counting voltage dips and short interruptions for contractual purposes? Are there any comments or any significant experiences concerning the way of defining ‘events’ and the aggregation procedures?

3.4 On the other hand, what are the actual practices for system benchmarking purposes? Is the use of global indices (such as SARFIx presented in paper 2.P3) common practice? What kind of statistical processing is usually performed for system characterisation regarding voltage dips and short interruptions?

2.2. Power Quality

Regulation of quality

In the context of the competitive electricity markets, an important role to be played by national regulatory entities is paying attention to the supply quality aspects and guaranteeing a certain quality level. This is usually achieved by defining some criteria and setting up a system of sanctions against suppliers who would not meet the requirements. The sanctions may consist in discounting or crediting some amount of money in the billing of the affected consumers. 

These regulations result in putting the quality of supply (and particularly the continuity of service) at the top priority level of the utilities strategy. Moreover, they are deeply modifying the relationships between electricity providers and their customers.

Basically, the quality results from the supply continuity and the quality of the voltage itself. Both aspects should be taken into account in the definition process of the quality criteria. Quality indices (and the way of measuring them) are generally introduced, with corresponding permitted limits. The use of indices at individual level (i.e. for each consumer) facilitates the control. On the other hand, the calculation of global indices allows the distribution companies to track their global quality and its evolution, and helps them in managing the different actions towards amelioration.

The purpose of paper 2.12 (AR) is to expose the way the quality of electricity supply is regulated by the state, in Argentina, the chronology and some details of its implementation.

Continuity of service is characterised by the number and duration of power cuts, expressed through global indicators such as the mean frequency of interruptions per installed kVA (FMIK) or the total time of interruption per installed kVA (TTIK). Limits have been set up for the indicators, taking into account the differences existing between urban and rural areas and the corresponding quality demand. During the implementation process (planned over 4 years), these limits, which were initially defined at whole system level, have progressively changed towards an individual form of control for each customer. Economic sanctions - based on the calculation of energy not supplied due to interruptions (ENS) - are given to distributors who would exceed the acceptable limits. The way of calculating the sanctions has also evolved during the implementation of the regulation principles. It is important to notice that the distributor is always responsible towards his customers, whether the cuts are originated in the distribution network itself or in the higher level transmission system.

The product quality has been characterised up to now only by the slow voltage fluctuations (definition of permitted and not permitted voltage bands), for which global indicators are defined. A sanction system is also in force against distributors, in case of exceeding the tolerable ranges (on a statistical basis).

The introduction of other quality parameters (fast voltage changes, flicker, harmonics, voltage dips) is presently starting or is under consideration.

It is shown in paper 2.13 (AR) how some non-homogeneity problems can exist within quality models, such as the one developed in Argentina. The paper discusses the differentiation between the concepts of adequacy and security. The security is related to the ability of the system of reasonably managing possible contingencies without any load shedding, while the adequacy is linked to the prolonged availability (or unavailability) of generation and/or transmission means. The major inconsistencies in the actual Argentina model are pointed out.

There is no appropriate differentiation between adequacy and security problems in the sense that there is no differentiation between costs linked to ENS arisen out a series of short-term problems (related to security) and ENS arisen out a single long-term problem (related to adequacy). According to the authors, the sudden outage of a single component of the transmission network should not cause any load interruption. Actually, based on a strict economic approach, such an outage may cause interruptions, provided that the ENS costs be lower the reduction of the costs produced by operating the network this way.

An alternative quality model is proposed, in order to correct this situation. Moreover, distributors still would be penalised for all the supply interruptions, including those linked to transmission system security problems, but they would not be considered as responsible for outages originated by transmission or generation adequacy problems.

The Charters of Electricity Supply introduced by the government in Italy are described in paper 2.26 (IT). The different steps which led to the formulation of the Charters are explained.

These Charters, issued by the utilities, are aimed to inform the customers about the actual level of the provided service. They contain declared values (standards) that the companies should be able to assure. They were initially intended to be applied only to LV domestic customers and general supply services of residential buildings but they have been extended to all LV customers. In the future they also should concern MV customers.

In this context, the role of the Regulator is to ensure comparable definitions and methods of measurement and processing of indices, in order to allow statistical comparisons between declared and actually measured values as well as comparisons between different utilities.

The chosen indices characterising the service quality can be classified according several schemes. For example, general standards (concerning the average performances of a provider against all his customers) and specific standards (related to quality goals linked with each individual customer). Another classification takes into account the type of phenomenon concerned: some of them are considered to be more or less controllable by the provider while others are not (for instance indices concerning the continuity of supply, characterised by the number and duration of interruptions due to faults).

The standards concerning the continuity were classified as general standards rather than specific ones and it was allowed to indicate average values rather than maximum values (i.e. average number of interruptions per year and average duration of each single interruption). Different types of areas were also defined (urban, half-urban and rural).

After the first three years of application, some new actions are planned. Among others, not only long accidental interruptions will be considered in the future, but also short interruptions (> 1 sec and < 3 minutes).

Question 4

4.1 The quality levels that are imposed today by the regulators seem to be mostly characterised by indices related to service continuity. Is this a general trend? Should indices be added, concerning more precisely the voltage quality? Are there some proposals or concrete experiences in that field?

4.2 As far as service continuity is concerned, a differentiation is frequently made on the basis of the consumer’s location (urban, rural…). Is this justified and usually accepted by the consumers? Should a similar differentiation also be made for indices related to voltage quality?

4.3 What are the actual practices concerning the sharing of responsibilities between distribution companies and transmission grid operators, for guaranteeing quality levels?

Power Quality economics

Deterioration of supply quality in India is stressed in paper 2.08 (IND) and the most significant causes are analysed. Among others are the loss of supply (and the widening gap between energy demand and supply), the large deviations in voltage characteristics (voltage level, voltage distortion, frequency) leading to a lot of failures or malfunctions and a generally (felt as) unsatisfactory consumer service. Another mentioned typical problem is the theft of power.

A proposed way of solving these problems is to set-up rural co-operatives, for the management of the electricity supply.

Paper 2.09 (ES) presents a method for evaluating the costs of supply quality, in the context of the regulatory framework. The procedure is based on identifying the aspects that influence supply quality, determining which indices they act on (and to what extent), determining the time necessary for them to become effective and, finally, quantifying the cost of the associated actions. The regulatory framework will include economic indices associated with availability of supply (“zone quality”, defined for four different types of zones, ranging from urban to dispersed rural) and also product quality (i.e. wave quality). Threshold values are established for the indices in the different types of zone and exceeding any of these thresholds would automatically involve the obligation of the distribution utility to present improvement plans. Discounts in the billing of affected customers are also possible.

It is pointed out in the paper that supply quality is the result of the combination of several technological as well as organisational aspects. The costs of typical actions (concerning network planning, maintenance and automation) are discussed, together with the quantifying of their effects and some priority assignment.

The regulatory framework obviously contains the elements to create an incentive to maintain a certain level of quality. However, the associated costs should be adequately compensated by the billing system.

Paper 2.14 (CHI) provides some thoughts about the economic analysis of Power Quality. Various economic indices are introduced and described, in order to allow performing quantitative analyses and searching for optimisation. These indices are classified as indices for quality costs analysis (precaution costs, inspection costs, costs for internal and external failures) and indices for quality profit analysis, for electricity supply companies and the society as well.

Question 5

5.1 Papers 2.09 and 2.14 focus on the major economics aspects of supply quality. The related costs and the price of quality are particularly dealt with. On the other hand, what should be the price of (or the costs related to) “non-quality” of supply?
5.2 Do we have an idea about the price that customers are ready to pay specifically for supply quality?
Power quality measurement campaigns and power quality permanent monitoring

During the last decade, utilities have assigned important means in power quality surveys and they still do it today. The importance of such measurement campaigns is not to be discussed. They provide the necessary information and knowledge about the permanent disturbances levels (e.g. harmonics, voltage fluctuations, flicker, unbalance) and their time evolution, and also the frequency of occurrence of random-type disturbances (voltage dips, short interruptions). Statistical post-processing is generally performed and the data can be used for network planning and management purpose, as well as for customer information or system benchmarking.

Several papers deal with this question. Measurement procedures and devices, measurement sites selection methodologies and - last but not least - measurement results, are generally presented and commented. 

Paper 2.10 (RO) presents harmonics and voltage level measurement results, obtained in Romanian distribution systems. Harmonics measurements have been performed and statistically processed according to the IEC recommendations. It is seen that the voltage Total Harmonic Distortion (THD) remains within the admissible limits (measurements done at substations feeding a railway company), while individual limit may be exceeded for some frequencies (such as harmonic order 15, 21 or 27). Finally, another conclusion of the survey is that it appears that about 13% of the LV consumers are outside the tolerance range for the voltage level.

Paper 2.P1 (EG) shows the major investigation results about harmonic levels in Egypt. The reference measurement standard in this case is the IEEE 519. The levels at most of the sites meet the standard limits

Paper 2.P6 (CZ) gives a survey of the power quality in the Czech Republic (MV and 110 kV networks) and indicates the trends of individual parameters. The evaluation is performed mainly according to European Standard EN 50160 and the related UNIPEDE Guides. It is pointed out that even though the voltage unbalance remains within the EN 50160 tolerances (values up to 1,6% during 95% of one week), some higher values (up to 3,6%) have been found. The unbalance evaluation according to this standard is considered as inadequate by the authors. High flicker values are also frequent in the Czech networks. The 5th harmonic seems to be quite rapidly increasing at several places and, according to the authors, may exceed the EN 50160 limit values in the near future.

Power quality survey projects have also been carried out in Finland (LV networks, 78 sites) and are reported in paper 2.P8 (FI). Measurements were made according to EN 50160. As general conclusion, it is shown that the measured levels generally meet the standard requirements. Some occurrences have been found where the limits were exceeded namely for flicker (residential area with electrical heating, rural areas with farms), the 5th harmonic (public services and residential without electrical heating) and unbalance (blocks of flats and private service).

Paper 2.P11 (DK) describes some of the major results from the large Danish power quality survey, in the LV networks (200 sites). The measurements – according to EN 50160 - had a one-week duration, and they were repeated four times in each point, with a three-month interval, in order to investigate seasonal variations for selected parameters. There seems to be no problems with the voltage level and, surprisingly (according to the authors), the harmonic levels were far from alarming. Flicker appears to be the only parameter causing problems. More than 10% of all the data sets have Plt values which exceed the limit of 1 for more than 5% of the measuring time. From a general point of view, the highest values and the longest duration are found in rural areas.

Going one step further, power quality permanent monitoring has become common practice now in many utilities. Papers 2.P4 (SE), 2.P7 (BE), 2.P9 (IT) and 2.P10 (FR) are dealing with this important practical subject. The major topics discussed in these reports are the general requirements for such permanent monitoring systems (equipment necessary, telecommunication infrastructure…), the parameters to be measured, the normative context (the reference standards) and the management aspects (i.e. regular control of the measuring devices, collection of results and storage in a database…). The choice of monitoring sites is a crucial question. It seems to be unavoidable to monitor systematically at nodes where critical consumers are connected (This is even included in the supply contracts, in some case).

In paper 2.P4 it is also shown how the permanent monitoring device can be used to automatically warn (through a pager service) responsible people whenever a disturbance is recorded. This reduces the fault finding time and gives the utility the opportunity to assist the customers finding the cause of a disturbance as well as means to reduce its impact.

Finally, two papers are to be mentioned as specifically dedicated to power quality measurement techniques and devices (paper 2.P2 (SK) and 2.P5 (YU)). The use of DSP technologies is stressed as well as combined utilisation of processing softwares.

Question 6

6.1 What are the major lessons drawn from power quality permanent monitoring experiences? Is it justifiable to go from measurement campaigns to permanent monitoring? Which parameters is it desirable to monitor permanently? At which points in the network?

6.2 Procedures have been introduced within IEC for the assessment of voltage quality with relation to harmonics and flicker (IEC 61000-3-6 and 61000-3-7). Beside EN 50160, which standards and criteria are the most frequently referred to, for characterising the voltage quality? 

6.3 Are suitable power quality meters available for this task?

6.4 What are the usual power quality reporting practices with respect to customers?

6.5 Are there any experiences in using (or investigating) power quality state-estimation techniques as alternatives for systematic monitoring? For which application (planning, monitoring, benchmarking…)?

Power Quality problems solving

Because of the new highly competitive environment, the electric utilities are not only electric providers but they also have to become service providers. Power quality is a typical area where they can offer services to their customers. This is discussed in paper 2.11 (US) which also insists on the increase of power quality problems and the variety of their causes. Some typical problems are listed, mainly arising in rural areas and smaller towns. (On the reverse, it is also shown that in some cases, what is perceived as a power quality problem may have nothing to do with power quality supplied by the utility.) The importance of standards is emphasised (mainly for their role in the assessment of disturbances emission limits and the responsibilities establishment). However it is also stated that the currently available standards are difficult to read and understand by most practicing engineers at the smaller utilities. Moreover, what makes the matters worse, according to the authors, is the fact that the available power quality monitoring devices seem to be designed for experts only.

Question 7

7.1 Are the actual power quality standards really too complicated and difficult to apply, as stated in paper 2.11?

2.3.
Electromagnetic compatibility and safety problems

Three kind of phenomena will be discussed in this part: 

- Lightning overvoltages

- Radiated and conducted transients due to switching of breakers and disconnectors

- Temporary overvoltages and safety problems caused by faults in the MV networks

Most of these disturbances are not only an EMC concern (i.e. interference problem) but lead also to resistibility (damage to equipment) and safety problems.

Lightning

Overvoltages in LV networks are often caused by lightning overvoltages coupled on the MV network and transferred to the LV network either capacitively through the windings of the MV/LV transformers or conductively by flash over and earth potential rise.

In paper 2.18 (BR) a simple transformer model is proposed to evaluate this transfer.

From this study the capacitively transferred surges are evaluated between 0.5 and 2.5 % of the surge amplitudes on the MV side, depending of the load and earthing conditions of the LV network, which is in accordance with previous studies.

Transfer via the earthing of the transformer seems to lead to more severe surges at the LV side as it is also stressed by paper 2.19 (CA) which presents an interesting analysis of the situation in North America characterised by the quasi absence of LV network and by a global earthing approach involving the MV as well as the LV part of the network (Figure 4). 
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Figure 4  -  Typical MV/LV earthing arrangement in North America

Question 8

8.1 The existence of a global earthing ("Multigrounded neutral") extending from the MV network to the LV network and even to the customer (TN scheme) seems to be very efficient in reducing all kind of overvoltages. This is certainly true when a good equipotentiality of the customer's earthing can be achieved; but isn't there any risk of step or touch voltages in the vicinity of electrical appliances extending outside the equipotential area (e.g. lighting, lawn-mowers…) in case of earth faults in the MV network ?

8.2 Are there statistics available on the severity and the occurrence of lightning overvoltages in LV networks, and more particularly in underground networks which according to some previous studies (CIRED 97 paper 2.19 and 2.21) should not be underestimated ?

Transients due to switching of breakers and disconnectors

Two papers are dealing with transient phenomena in MV/LV substation. 

Paper 2.15 (IT) concerns EMC risks, mainly in compact prefabricated substations with integrated control equipment, due to the electromagnetic fields radiated during switching of breakers or disconnectors.

The authors, in particular, stress upon the fact that no (transient) emission or immunity tests have to be performed according to the existing standards.

Question 9

9.1 Many EMC specialists consider that the fast transient test (IEC 61000-4-4) and the ESD test (61000-4-2), which are mandatory within the scope of the European Directive, are also relevant to evaluate the immunity of equipment to transients fields thanks to the currents involved in these tests. What are the opinions on this question ? Could the UNIPEDE specifications (Ref: 230.05Ren9523) or the equivalent future IEC 61000-6-5 technical specification be a solution to this problem, taking into account that the oscillatory wave tests (IEC 61000-4-12 and 61000-4-10) are also foreseen in these recommendations ?

9.2 Transient EMC problems have abundantly been dealt within CIGRE WG 36-04. Are the authors of paper 2.15 or other persons of the opinion that these problems could be more acute in MV/LV substations ? Is there a possible risk of interference's on LV customers appliances ? What are the experiences in this matter ?

Paper 2.16 (FR) investigates transient overvoltages due to switching of LV capacitor banks in the vicinity of MV/LV transformers and proposes some mitigation method using pre-insertion resistors.

The resulting oscillatory overvoltage, although not higher than 2 Un, is presented as being a possible problem for the end user. (Figure 5)
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Figure 5 - Transient O.V. due to switching of LV capacitor banks

Question 10

10.1 It is a matter of fact that, at the present time, no basic immunity standard takes this type of phenomenon into account. The fast transient test has much less energy and is only applied phase to earth whereas the impulse test (which will become mandatory witin EC in 2001) and the oscillatory wave test concerns also transients of shorter duration. Does this mean that a relevant test standard should be proposed in IEC ? In a more general way, in order to improve the protection of the equipment and to get a more complete characterisation of the power quality, isn't there any need to better standardise the shape, amplitude, and energy content of the actual overvoltages (whatever there origin) appearing on the LV networks (between live conductors and with respect to earth) ?

10.2 Are there known cases where LV appliances have been disturbed or destroyed by this type of disturbance ? Can this phenomenon also be generated when the capacitor bank is not close to the transformer ? Can the very high currents associated with this phenomenon also be a source of EMC or resistibility problems (for instance for the energy meters) ?

10.3 What are the experiences in the different countries concerning other sources of overvoltages in LV installations, which can also be considered as "intermediate" between transient and temporary overvoltages, for instance, the non simultaneous reclosing of the neutral of LV breakers with respect to the other poles ?

10.4 Are the traditional LV Surge Protective Devices able to mitigate this kind of overvoltages ?

Temporary overvoltages and safety concerns

With four papers dealing with the subject it can be clearly stated that the problematic of overvoltages, step and touch voltages due to earth fault in the MV network remains, an important concern for all the utilities:

Paper 2.20 (BE) explains how, starting from the rigorous modelling of a whole underground MV network, some simple inferences can be drawn regarding global impedance and safety.

The "total (or global) earthing concept", extended to the LV network, like in paper 2.19, is also highlighted by the authors of paper 2.21 (NL) with a specific case study supported by measurements and calculations.

If the concept of global earthing is now widely accepted, there remains a lot of discussions about the pro and countra of respectively isolated neutral, Peterson coil earthing or impedance earthing. An interesting compromise keeping the advantages of arc suppression coils together with proper operation conditions for the protections is presented in paper 2.22 (PL) thanks to a parallel arrangement of resistance and Petersen coil.

The authors of paper 2.23 (CT) stress upon the contradictory advantages of earthing the MV neutral point by a low impedance (which leads to a reduction of the internal overvoltages together with higher step and touch voltages) and by high impedance (with the opposite results) and present a mathematical approach to assess the importance of internal overvoltages due to single pole short circuits in both rural and urban networks.

Question 11

11.1 Taking into account the international standard IEC 364-4-442 or the European harmonised documents HD 384.4.442 S1 and prHD 637 S1, is it possible to set up the practical criteria which should be fulfilled to meet the safety requirements when a global earthing concept is applied ?

11.2 Are there situations where, definitely, a public TN distribution system with a "multigrounded neutral" can be considered as being completely safe with regard to the above standards and hence, as being the best choise (no risk of neutral breaking, no need for differential protection, lower lightning overvoltages…)?

11.3 What are the main mitigation measures used or recommended by the utilities to reduce the importance of the overvoltages (transient and temporary) affecting LV electronic apparatus ?

2.4.
Improving power quality and managing electromagnetic fields

Technical solutions: active conditioners

As already stated, the growing concern about power quality comes from the simultaneous proliferation of load equipment producing disturbances (harmonics, voltage fluctuations) and, in the same time, load equipment with microprocessor-based controls and power electronics devices which are sensitive to many types of voltage disturbances. Typical devices, being concerned by both aspects (disturbance emission and immunity), are the adjustable speed drives (ASD). These are generally recommended and used in the context of increasing overall industrial process productivity.

In order to solve emission as well as immunity problems, innovative power electronics devices, relying on the PWM (Pulse Width Modulation) techniques, are emerging for a few years. The availability of these technologies – generally known as “active conditioners” - allows for customised solutions and a greater flexibility for the satisfaction of the technical as well as economical needs of the consumers.

Two reports are specifically dedicated to such solutions for power quality enhancement.

Paper 2.24 (BE) discusses the harmonic filtering performance that may be obtained under practical conditions with a modern, commercially available, active filter. The main requirement of this filter installed in an industrial plant is to attenuate the harmonics produced by the non-linear loads of the plant. The quality of filtration should be satisfactory regardless the impedance characteristic at the connection point and any interference with ripple control systems should normally be avoided. An additional benefit is that the user can select the ranks of the harmonics to be attenuated. Thus the active filter can be installed next to an already existing passive filter without interfering with its operation. 
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Figure 6  -  Operating principle of the shunt active filter

The presented filter meets all these requirements. Moreover it is able to operate up to sufficiently high frequencies (50th harmonic) and the harmonics to be filtered can be freely selected, together with the corresponding filtration level.

The described filter has a shunt topology  (Figure 6) i.e. it is connected in parallel with the load to be compensated. This topology is particularly interesting from the user’s point of view since it can easily be upgraded and cannot be overloaded. (In fact, when its limits are reached, it continues to operate at its maximum capacity without danger for overload.)

The filter can also act as a reactive power compensator and priority levels can be set to define the importance of the compensation with respect to harmonics filtering in case of full load operation.

Typical performance data obtained for industrial applications are presented in the paper.

Paper 2.25 (CH) presents some available technologies for the mitigation of Power Quality problems (an interesting matrix is proposed in Table 1, giving an  overview of Power Quality problems and possible related solutions).

Table 1  -  Power Quality problems and available mitigation devices
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Some applications and examples of such devices are described in the report.

For the mitigation of voltage dips, a dynamic voltage restorer (DVR) can be used. DVR are devices installed in series between the grid and the sensitive loads. They can respond within sub-cycles to fault on utility side. Therefore, they are usually capable of rapid control response and feature both an energy source and transformer for coupling the boosting voltages that provide the compensation. As long as the power supply conditions remain normal, the DVR operates in low-loss standby mode, with the converter side of the booster transformer shorted. When a voltage dip (or a swell) occurs on the utility side, the DVR responds by injecting AC voltages in series, compensating for the difference between faulted and prefault voltages (Figure 7).
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Figure 7  -  Mitigation of voltage sags with the DVR

The DSTATCOM can be used for voltage and reactive power control. It is a shunt connected device, based on PWM voltage source converters. Under normal supply conditions, it can act as a reactive power source and under voltage fluctuations conditions, the DSTATCOM responds by injecting currents having the proper phase angle and magnitude. Flicker attenuation is depicted in the paper (arc furnace operation; Figure 8).
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Figure 8  -  Arc furnace load compensation by means of a distribution static synchronous compensator (DSTATCOM)

Another system discussed in the paper is the solid-state transfer switch (SSTS) which is designed to replace conventional autotranfer equipment in order to switch loads from one feeder to another. Transfer can occur within milliseconds and with no adverse effect on the load. This is particularly interesting for the immunisation of very sensitive loads. Of course a secondary independent feeder with sufficient capacity is needed (Figure 9).
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Figure 9  -  Mitigation of voltage dips or interruptions by a solid-state transfer switch (SSTS)

The final question for a consumer facing power quality problems is to know which equipment provides the optimal solutions. A benefit/cost assessment procedure is proposed in the paper. It is pointed out that the application of power quality indices plays a major role in this assessment. This requires extensive voltage disturbance monitoring and acceptable knowledge of the equipment sensitivity to these quality variations. 

Question 12

12.1 Are there any experiences of using active conditioners for disturbances mitigation? Were these experiences always satisfying? Are partnerships usual between utilities and some of their customers for the installation and the management of such systems?

12.2 What are the methods for choosing the optimal solution (from the combined technical and economical point of view)?

12.3 Adjustable speed drives (ASD) belong to the most sensitive devices for voltage dips. Beside the mitigation techniques described here, are there any local desensitisation method specific for this type of loads? Are solutions based on the control of the drive proposed by manufacturers? How often are they used and what is their efficiency?

Prediction tools

Some utilities are developing and or using computer programs which can predict voltage dips in their network. Such a tool is presented in paper 2.28 (NL). The software was originally developed for the analysis of the MV grids configuration and their protection systems. The analysis is based on the systematic calculation of short-circuits in every part of the network taking the characteristic of the relays into account (so that their reaction can also be determined).

Calculated voltage dips are characterised by their duration and depth. Beside these classical characteristics, other data are furnished by the software. For example, the ‘sag value’ – i.e. the drop in r.m.s. voltage integrated over the duration of the dip – is calculated. This value gives an indication of the energy that is needed by sag mitigation devices to restore the voltage. In order to determine whether a specific node in the network is sensitive for the occurrence of dips, two more figures are also computed. The ‘critical distances’ (or fault positions) computation allows to see what the severity of a fault (depth and/or value of the dip) would be, should it occur on a particular spot in the system. A sort of map of the grid where short-circuit cause problematic dips can thus be created. The ‘sensitive length’ can also be calculated (length of all the part of the cables where short-circuit could cause a problem).

Short-circuits are simulated on every node and many times on every cable. For the determination of the occurrence probability, it is assumed that the fault probability in a cable is directly coupled with the length of the cable. This probability is known from the fault registration system of the utility. Failure of breaker or protection system is accounted for as well.

The described tool can finally be used for verifying the need for sag mitigation techniques or quantifying their effect.

Question 13

13.1 Are the results produced by such prediction (simulation-based) tools generally satisfying for contractual purposes? Are they well accepted by the customers?

13.2 Are such tools commercially available today? Are they widely used?

13.3 Are the simulation models considered as accurate enough? (For instance is the influence of the distribution loads modelled in a sufficiently accurate way?) Are there improvements under study? What are the future trends?

Electromagnetic fields

The question of LF electromagnetic fields and more particularly of 50 - 60 Hz magnetic fields continue to be an important concern for utilities and large companies, not so much due to their (very controversial) potential health effect, but due to the diffused anguish they produced on the people, their influence on PC screens and the contradictory national recommendations or regulations going from values as low as 0.2 (T in Sweden (cf paper 2.29) up to 100 (T in Germany (cf. paper 2.30) or even more according to the ICNIRP or to the CENELEC ENV 50166-1 recommendations.

Beside our classical household environment, which should probably be better known, one of the most typical source of EMF are the MV/LV substations and more particularly their LV cabling and switchboard

Different technical solutions are presented acting mainly on a better layout (cf paper 2.29 and 2.30) or on the shielding possibilities which are clearly highlighted in paper 2.31 (FR) (Figures 10).
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Figure 10a  -  Magnetic induction behind a substation wall in the vicinity of Peterson coils
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Figure 10b  -  Magnetic induction behind a substation wall with a deflecting shielding

Question 14

14.1 Are the technical approaches in other countries or companies similar to those presented in the three mentioned papers ?

14.2 In case of complaints coming from customers what are the attitudes of the utilities when the levels remain lower than the limits set by the regulations and/or recommendations ? What are the information and communication practices ?

14.3 Taking into account that there is presently no mandatory immunity requirement on cathode ray tubes concerning low frequency fields, are there manufacturers who, on a voluntary basis, propose economically acceptable solutions ? Can the LCD screens be considered as being the definitive solution for the near future ?
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Comparison between compact economic lamps and external ballasts







0.00







2.00







4.00







6.00







8.00







10.00







12.00







14.00







16.00







0







50







100







150







200







250







300







350







400







Frequency







Uih (%)







TL 58 W







with external







electronic







ballast







TL with







external







traditional







ballast







Traditional







compact







lamp (iron







ballast)







Electronic







compact







lamp












_986130431.doc
[image: image1.png]Voltage (pu)

16

12

o8

04

N

¢ 25 s

75 10 125 15 17520

tinoe (me)

b)Y







_984485239.doc
[image: image1.png]5 14,4 kKV/120 V1240 V

r—/1

I I
i
|

multigrounded
neutral

Ly -

R
T

14/%

L1

L2
PE

Figure 2 Distribution of the arrester current in the

grounding system (Iy =L+l +1,)















_984483093.doc
[image: image1.png]Map of the induction with shielding







