
4th Benchmarking report 

on Quality of electricity Supply

2008

 
 

 
 

 
 

 







Issued by

Council of European Energy Regulators ASBL

28 rue le Titien, 1000 Bruxelles

Arrondissement judiciaire de Bruxelles

RPM 0861.035.445



4Th BEnChMARking REPoRT 
on QuALiTy of ELECTRiCiTy SuPPLy 2008

Ref: C08-EQS-24-04
10 December 2008





 4th Benchmarking Report on Quality of Electricity Supply v

from its inception, the Council of European Energy Regulators (CEER) has included quality of supply 
as one of its main activities. This 4th Benchmarking Report on Quality of Electricity Supply aims to con-
tribute to a better understanding of quality of supply levels and policies in place in Europe, clarifying 
several aspects which are essential to the electricity sector as well as making information available and 
contributing to well-balanced rules on quality of supply. To this end, we examine here the three types 
of electricity quality: the availability of electricity (continuity of supply), its technical properties (voltage 
quality) and the speed and accuracy with which customer requests are handled (commercial quality).

Liberalisation of electricity markets has brought freedom of choice to consumers, who are able to 
choose their own electricity supplier. Due to the nature of the infrastructure for electricity networks, 
transmission and distribution system operators are natural monopolies. A move towards incentive-
based regulation for natural monopolies implies important consequences for quality of supply. in or-
der to ensure that quality is not compromised at the expense of company cost reduction measures, 
regulators include quality factors in their regulatory framework. in this context, the evolution of network 
regulation has seen the development of regulatory frameworks aiming to strike a balance between cost 
efficiency and quality of supply. in order to advance the understanding and experience in this area, 
CEER regulators regularly exchange good practices on how to manage this delicate balance, keeping 
in mind regulators’ core objective to find solutions benefiting society as a whole including taking into 
account all public and private interests.

The CEER periodically surveys and analyses the quality of electricity supply in its member countries. 
These surveys and analyses take the form of CEER Benchmarking Reports on Quality of Electric-
ity Supply. The first report was issued in 2001, followed by the second and third editions in 2003 
and 2005, respectively. This 4th instalment, along with the previous reports, is freely available at  
www.energy-regulators.eu.

We hope you will find the information and analysis contained in this report useful and invite you to  
contact the CEER or your national energy regulator for greater insight into these complex issues.

LoRD Mogg
CEER President
Brussels, December 2008
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service provider)

vQ voltage quality
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 4th Benchmarking Report on Quality of Electricity Supply - introduction 1

1 inTRoDuCTion

The Council of European Energy Regulators (CEER) periodically surveys and analyses the quality 
of electricity supply in its member countries. This 4th Benchmarking Report on Quality of Electricity  
Supply addresses the three major aspects of electricity quality, namely continuity of supply, voltage 
quality and commercial quality. 

Electricity is expressed in terms of currents and voltages and has several characteristics which define 
its technical quality, i.e. its availability and usefulness. in a “perfect world”, electricity supply would 
always be available, voltage magnitude and frequency would be equal to their nominal values and the 
voltage waveform would be a non-distorted sine wave. Similar ideal properties can be defined for the 
current, but this report only addresses the supply voltage. in the real world, however, electricity supply 
is not always available, voltage magnitude and frequency deviate continuously from their ideal value 
and the voltage waveform is often distorted.

Chapter 2 of the report deals with continuity of supply, which concerns the availability of electricity; one 
of the three main factors affecting the quality of supply mentioned above. When electricity supply is not 
available, this is referred to as an “interruption of supply” (or an “interruption”). The fewer the instances 
of interruptions and the shorter these interruptions are, the better the supply is from the viewpoint of 
the customer. The design and operation of the power system should be such that the number and 
duration of interruptions is acceptable to most customers, without incurring unacceptably high costs. 
finding a compromise between “reliability” and “costs” has been a subject of discussion for several 
decades now and will likely continue for years to come. The “optimal supply” can be different for 
different regions (urban versus rural) for different customers (industrial versus domestic) and will cer-
tainly evolve with time as end-user equipment, customer requirements and investment costs change. 
Chapter 2 contains information about continuity of supply in general as well as monitoring, indicators, 
analysis of interruption data received from the CEER member countries and information about on-site 
audits carried out in each country. Chapter 2 also contains information about existing definitions and, 
where available, regulations in use in various European countries as regards the concept of “Excep-
tional Events” (c.f. section 2.7).

Chapter 3 concerns voltage quality, which refers to the usefulness of electricity when there are no inter-
ruptions. When the voltage quality (the usefulness) is very poor, several problems may arise in the use 
of electrical appliances and electrical processes; e.g. malfunction, breakdown, trip, damage, reduced 
efficiency, flickering lights and even explosion and fire. in simple terms, voltage quality can be de-
scribed by deviations from nominal values for voltage frequency and voltage magnitude and by distor-
tions of the voltage wave shape. These can be further divided into several more parameters or voltage 
disturbances. Due to the nature of electricity, voltage quality is affected by all the parties connected 
to the power system. When voltage quality is too poor, a key question is whether the disturbance (e.g. 
a harmonic disturbance) from a customer’s installation in to the power system is too big or whether 
the power system (the short circuit power) at the point of connection is too weak. The aim should be 
to have an electromagnetic environment where electrical equipment and systems function satisfac-
torily without introducing intolerable electromagnetic disturbances to other equipment. This situation 
is referred to as electromagnetic compatibility (EMC). Chapter 3 contains information about voltage  
quality in general, work done by CEER in this area, results from national surveys on costs related to poor  
voltage quality and information about existing and planned monitoring systems and data.



2 introduction - 4th Benchmarking Report on Quality of Electricity Supply

Chapter 4 focuses on commercial quality, which relates to the nature and quality of customer services 
provided to electricity consumers. in a liberalised electricity market, the customer concludes either a 
single contract with the supplier or separate contracts with the supplier and the distribution system  
operator (DSo), according to national regulation. in both cases, however, commercial quality is an 
important issue. Commercial quality is directly associated with transactions between electricity com-
panies (either DSos or suppliers, or both) and customers, and covers not only the supply and sale of 
electricity, but also various forms of contacts between electricity companies and customers. There are 
several services that can be requested by customers, such as new connections, starting and terminat-
ing supply, meter verification, and so on, and each of them is a transaction that involves some commer-
cial quality aspects. The most frequent commercial quality aspect is timeliness of services requested 
by customers. Chapter 4 contains information about commercial quality and how it can be regulated, 
the main results of benchmarking commercial quality standards and the challenges for commercial 
quality following full electricity market opening. 

overall, this report aims to present an overview and analysis of current practices in CEER member 
countries, as well as an assessment of areas where a move towards harmonisation could further im-
prove quality of service and consequently electricity markets in Europe as a whole. in this context, it 
is important to note that quality of supply is an important element of market regulation as a whole and 
the regulator’s role in ensuring the proper functioning of the market, including making information avail-
able, protecting worst-served customers and promoting quality improvements. Quality of supply is also 
closely linked to security of supply. in a climate where investment and market decisions are based on 
economic priorities, it is important to ensure that the quality of the product, electricity, is not negatively 
affected by the economic decisions taken by market participants. 

Detailed conclusions and recommendations are provided in sections 2.8, 3.10 and 4.5 for the continuity 
of supply, the voltage quality and the commercial quality chapters, respectively. in addition, the report 
provides recommendations regarding the need to implement the various tools used to measure and 
monitor quality of electricity supply, as well as the importance of open and continuous dialogue with 
stakeholders.
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2 ConTinuiTy of SuPPLy

2.1 introduction

in a “perfect world”, electricity supply would always be available, voltage magnitude and frequency 
would be equal to their nominal values and the voltage waveform would be a non-distorted sine wave. 
Similar ideal properties can be defined for the current, but this report only concerns supply voltage.

in the real world, electricity supply is not always available, voltage magnitude and frequency deviate 
continuously from their ideal value and the voltage waveform is distorted. Continuity of supply con-
cerns the first of these properties of supply. When the electricity supply is not available, this is referred 
to as an “interruption of supply” or in short “interruption”. The fewer the interruptions and the shorter 
these interruptions are, the better the quality of supply from the viewpoint of the customer. The design 
and operation of the power system should be such that the number and duration of interruptions is 
acceptable to most customers without incurring unacceptably high costs. An acceptable compromise 
between “reliability” and “costs” has been a subject of discussions for several decades, which will 
continue for years to come. The “optimal supply” can be different for different regions (urban versus 
rural) for different customers (industrial versus domestic) and will certainly evolve with time as end-user 
equipment, customer requirements and investment costs change. it should also be noted that the exist-
ing power system is often the result of historical developments and decisions that were made long ago.

Continuity of supply relates to these interruptions and is the subject of this chapter. The aim of this 
chapter is not to find the “optimal supply”, but to provide information on the existing level of continuity 
of supply in different European countries, as far as continuity measurements are available and compa-
rable and to provide an overview of the existing practices for monitoring continuity of supply in Europe-
an countries, including the definitions of indicators to quantify the number and duration of interruptions 
for individual customers and for groups of customers when measuring the continuity of supply.

The other properties of voltage - magnitude, waveform etc. - fall within the realm of “voltage quality” 
and will be discussed in Chapter 3 of this report.

2.1.1 Interruptions

An interruption is a situation where the supply is not available for one or more customers. When col-
lecting continuity data and using indicators to measure continuity, it is important to define clearly when 
supply is considered to be interrupted. There are two, slightly different definitions of an interruption. 
While the result is, in most cases, the same, they assess interruptions from different sources.

The first definition uses the voltage at the point of connection between the customer and the network. 
if the voltage magnitude is zero or close to zero, this is referred to as an interruption. The advantage 
of this definition is that it measures continuity from the customer’s perspective. Monitoring continuity 
using this definition would require monitoring the voltage of all, or the majority of, customers. using 
existing technology, this would require investments beyond what is deemed reasonable.

The second definition of “interruption” uses the galvanic connection between the customer and the 
network. if there is no galvanic connection between the customer and the main part of the network, 
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this is referred to as an interruption. The start and end of the interruption corresponds to the opening and 
closing of an interrupting device, like the opening of a circuit breaker or the closing of a load switch. This 
definition does not directly correspond to customer requirements, but it makes it much easier for the sys-
tem operator to gather continuity data. in most practical cases, the two definitions are equivalent.

Even when voltage is used in the definition of an interruption, the collection of continuity data is based 
on the opening and closing of interrupting devices. As the opening takes place automatically with most 
interruptions and is not always recorded, for the lower voltage levels, it is often the manual closing 
of interrupting devices that forms the basis for continuity statistics. The start of the interruption is, in 
many cases, only estimated. for interruptions due to incidents in the low voltage network, some sys-
tem operators still rely on customers reporting the occurrence of an interruption. for the higher voltage 
levels, data-acquisition systems like SCADA (supervisory control and data acquisition) or EMS (energy 
management system) are used to record the beginning and the end of interruptions.

2.1.2 Continuity indicators

Quantifying the continuity of electricity supply requires continuity indicators, typically referred to as 
“continuity indices” or also “reliability indices”. for benchmarking purposes, and also to be able to 
reproduce and interpret the statistics, it is important that the indices are defined in a transparent and 
unique way. This is a non-trivial task as there are still different definitions and methods being used in 
different countries. in section 2.3, an overview is given of the different continuity indicators that are 
used in the countries that took part in the survey.

The basis for the calculation of continuity indicators is the collection of information on individual inter-
ruptions. An individual interruption is described by its duration and by the size of the interruption. The 
duration is expressed in minutes or hours; there are different methods in use for quantifying the size. 
This may be done by counting the number of customers that are interrupted, or by counting the amount 
of power that is interrupted. Both methods are in use but, as shown in the following paragraphs, the 
number of customers is the most difficult parameter to quantify for sizing the interruption.

from information on all individual interruptions that took place during the reporting period in the system 
that is being monitored, a number of system indices are calculated. The majority of indices in use pro-
vide a measure for the average number of interruptions that took place or for the average time during 
which electricity supply was not available. 

The disadvantage of system indices is that they only provide information for the average customer, not 
for any individual customer. An individual customer is, in principle, only interested in the interruptions 
that impact its point of connection. Suitable indicators for individual customers are the number of inter-
ruptions experienced by the individual customers during a given year and the number of minutes that 
electricity supply was not available for the individual customer.

however, it is not practical to publish indices for each individual customer. This is one of the reasons 
why, typically, only system averages are published (another important reason is related to the way in 
which the data is collected). Some indices are available that give more information than just the aver-
age number or duration of interruptions of all customers.

An intermediate step, used by some regulators and system operators, is to calculate the continuity 
indicators for each individual feeder. in that way, a better impression is obtained of the difference in 
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performance between different parts of the system. Some DSos or regulators are also using indicators 
on a geographical level for areas with equivalent characteristics, e.g., rural and urban networks.

2.1.3 Planned and unplanned interruptions

Most interruptions are due neither to programmable nor predictable events, but rather to unforeseen 
events like component failures, lightning strikes, excavation activities, or incorrect switching actions. 
Those interruptions are referred to as “forced interruptions” or “unplanned interruptions”.

in some cases, an interruption is due to the system operator intentionally opening an interrupting de-
vice to de-energise part of the network, including one or more customers. Such measures are typically 
used to enable maintenance on existing network components or to build new parts of the network. 
These interruptions are referred to as “planned interruptions” or “scheduled interruptions”. 

Planned interruptions are, in most cases, part of efforts to improve the continuity of supply. Therefore, these 
should be treated separately from unplanned interruptions, which do not serve any purpose for customers.

Another reason for treating planned interruptions separately is that customers can take action to limit 
the consequences of the interruption if they are notified in advance. Therefore, most regulators set 
rules about the type of information to be given to customers in advance and the timelines to do so in 
order for the interruption to be deemed a planned interruption in the continuity of supply statistics. Any 
interruption not considered to be a planned interruption is counted as an unplanned interruption.

it should be noted that in meshed networks, maintenance does not necessarily result in an interruption. 
Planned interruptions are, however, unavoidable when repair or maintenance is conducted in parts of 
the network that are radial, without backup supply paths, unless mobile generators are used or live- 
line maintenance work is carried out. The earlier-mentioned compromise between reliability and costs 
results in some parts of the network not having any backup supply paths. installing such paths for all 
customers would result in excessive costs.

The difference between planned and unplanned interruptions will be discussed in more detail in  
section 2.4.6.

2.1.4 Long, short, and transient interruptions

A distinction is often made between the types of interruptions, based on their duration. in most Euro-
pean countries, an interruption is referred to as a “short interruption” if it lasts 3 minutes or less. A long 
interruption is an interruption that lasts more than 3 minutes. These definitions are in accordance with 
the European standard En 501601.  Even though this document only applies to distribution voltages up 
to 35 kv, several of its definitions are applicable to higher voltage levels as well. 

The reason for this distinction has to do with the way in which continuity data has traditionally been 
collected. The event that has traditionally been recorded by the system operator was the manual re-
connection of the supply. The start of the interruption, when due to the automatic opening of a piece of 

1 EN 50160, Voltage characteristics of electricity supplied by public distribution networks, CENELEC, Brussels, 2007. 
CENELEC standards can be obtained from the national standard setting organisation. It has been decided that a new draft 
will be sent for vote in the near future; see also section 3.4 in this report.
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switchgear (typically a circuit breaker triggered by a protection relay), was not recorded in some cases, 
or was recorded only by the data-acquisition system and not included in continuity statistics. Also, the 
end of the interruption was not recorded if the interrupting device was closed automatically (in prac-
tice referred to as “autoreclosing”). The collection of data for these interruptions requires automatic 
registration, either of voltages at the customer connection or of switching actions in the network. As 
the duration of interruptions terminated by autoreclosing is much shorter than interruptions terminated 
manually, the former are referred to as “short interruptions”.

Apart from the difficulties in recording automatically-terminated interruptions, there are other reasons 
for treating these interruptions differently. The aim of the autoreclosing scheme is to prevent customers 
from experiencing long interruptions with durations of several hours or more. instead, the customers 
experience short interruptions, with durations between a few seconds and a few minutes. in many 
cases, the autoreclosing scheme is such that the customer experiences more short interruptions with 
the scheme than long interruptions without the scheme. Traditionally, for many customers, the impact 
of a 1-minute interruption is negligible or at least, much less than the impact of a 1-hour interruption. 
The result of the autoreclosing scheme has therefore traditionally been a reduction of the total incon-
venience for customers. Due to a number of developments, beyond the scope of this report, the situ-
ation has changed.

however, the impact is strongly dependent on the type of customer, with industrial and commercial cus-
tomers typically being impacted more than domestic customers. for a growing number of customers, 
especially industrial customers, even 1-minute interruptions are of similar concern as a longer interrup-
tion. Therefore, the need has arisen for information on the number and duration of short interruptions. 

in some countries, a further distinction between short interruptions and transient interruptions is made, 
where the transient interruptions are interruptions of up to a few seconds. The reason for this distinc-
tion is partially due to the difference in origin between short and transient interruptions and partly due to 
the difference of the impact of the interruptions on customers. The impact of transient interruptions is 
typically less, but in cases of large motor loads a transient interruption may lead to equipment damage 
when there is insufficient coordination between the motor protection and the autoreclosure scheme. 
Also, damage to electronic equipment due to transient interruptions has been reported.

2.1.5 Component outages, incidents and supply interruptions

When studying continuity of supply, it is very important to consider the difference between “component 
outages” (in short: outages) and “supply interruptions” (in short: interruptions). As mentioned earlier, a 
supply interruption is a situation where a customer is without electricity. An outage is a situation where 
a component in the power network (e.g., a cable or a transformer) is disconnected from the rest of the 
network. This may be due to a fault resulting in the removal of the component, due to a component 
failure resulting in an open circuit, due to an unintended switching operation (i.e. human error) or even 
due to an intended switching operation.

Supply interruptions are, in all cases, due to component outages. however, not all component outages 
result in supply interruptions. The start of an interruption is typically due to the start of an outage (a 
“component failure”). The end of an interruption may be due to a switching operation or the end of a 
component outage (component restoration, repair or replacement). 

An outage that results in an interruption for one or more customers is referred to as an “incident”. it is 
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important to distinguish between the incident, which takes place in the network, and the interruption, 
which takes place at the customer’s connection point. The majority of customers are connected to the 
low voltage network, but a substantial number of the interruptions experienced by low voltage custom-
ers is due to incidents that occur at higher voltage levels. for most low voltage (Lv) and medium voltage 
(Mv) customers, the majority of interruptions are due to incidents that occur at medium voltage level.

in radial networks (typically at low or medium voltage in remote locations) there is only one supply path 
to the customers. The outage of a component will immediately result in an interruption and the inter-
ruption will only end when the component is restored. in that case, the interruption exactly corresponds 
to the outage. The duration of the interruption is equal to the time needed to restore, repair or replace 
the failed component.

in more complex networks (most of the remainder of low and medium voltage networks), an alternative 
path exists but is not used during the operation. Such networks are sometimes referred to as “radial 
operated meshed networks”. The start of an interruption corresponds with the start of an outage, but 
the interruption can be ended (electricity restored) through a switching action (“back feeding”). This is 
referred to as “redundancy through switching”.

in sub-transmission and transmission networks and in important medium voltage networks, the alter-
native path not only exists but is also used during the operation. The electric power flows through both 
paths and after an outage in one of the paths, the other path takes over immediately. The customers 
will not experience any interruption. This is referred to as “redundancy through parallel operation”.
The presence of redundancy significantly improves the continuity of supply, but it can also significantly 
increase the costs.

2.1.6 Exceptional events

Some interruptions are considered to be due to exceptional events and therefore are either not con-
sidered in the statistics or are treated separately. Different countries use different criteria to decide if 
an interruption should be treated as an exceptional event. The underlying reasons for the decision also 
differ between countries, but in general, are based on the consideration that it is not possible to design 
a power system that can cope with any situation. 

Exceptional weather or other circumstances can result in component failure even if the components are 
designed correctly, using reasonable safety margins. Such outages are often considered to be outside 
of the control of the system operator. This may be, for example, intentional damage to network com-
ponents, like vandalism, or very extreme weather conditions.

it should be noted, however, that weather circumstances that occur occasionally should not be con-
sidered as exceptional events. for example, snowstorms are not an exceptional event in Sweden, but 
could be seen as an exceptional event in southern greece. Similarly, very hot temperature for sustained 
periods of time is not an exceptional event in greece, but could be considered so in Sweden. Lightning 
should not be treated as an exceptional event anywhere in Europe.

The second situation that is considered exceptional is when external circumstances result in a large number 
of component outages during a short period of time. The normal redundancy present in the system will be 
far from sufficient. The number of repair crews will not be sufficient to quickly repair all components. This 
is typically the case with exceptional weather, such as hurricanes. At the same time, the high winds, heavy 
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snow, flooding or other extreme weather conditions, will make it impossible to repair the components.

Exceptional events will be discussed in more detail in section 2.7.

2.1.7 Use of continuity data

The way in which continuity data is used is important in determining what data should be collected, 
which indices should be calculated using the data, and how the results should be presented. 

Continuity data can be used in a number of ways, most of which are outside of the scope of this report. 
Examples of the use of continuity data are:

finding an absolute value of the performance of a given network during a given year. for example, •	
to compare the performance with a performance target;
giving information to individual customers or groups of customers on the level of continuity that can •	
be expected;
Detecting trends in network performance by making year-by-year comparisons of the continuity •	
indices;
Comparing different groups of customers or different parts of the network;•	
giving feedback to the system operator for maintenance planning and investment decisions;•	
Comparing the performance of different types of networks, different system operators or different •	
countries;
Providing information which can be used in incentive-based regulation.•	

in this report, the comparison will be made by using continuity indices that may have been developed 
for other purposes than for benchmarking between countries. Different countries have different report-
ing rules, somewhat different definitions of interruption, various definitions and treatment of exception-
al events and also use somewhat different indices. This explains, in part, the difficulty in quantitatively 
comparing results from different countries. Part of the difference is also due to geographic and cli-
mate differences between countries: customer density and weather influences show large differences 
throughout Europe. in addition, different methods for design, grounding, operation and maintenance 
result in differences in continuity indices.

The fact that many system operators collect data on continuity of supply for their own internal use 
shows the usefulness of this data for purposes other than reporting to a regulator. The collection of this 
kind of data long precedes its use for regulatory purposes.

2.2 Main Conclusions from Previous Benchmarking Reports on Quality of Electricity 
Supply

The main features of continuity of supply, across several surveyed countries, are described in the 
1st (April 2001), 2nd (September 2003) and 3rd (December 2005) Benchmarking Reports on quality of 
electricity supply2.

2 All previous Benchmarking Reports are freely available on the website: www.energy-regulators.eu.
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in brief, the 1st Benchmarking Report identified the two main features of continuity of supply regula-
tion as (1) guaranteeing that each user can be provided with at least a minimum level of quality and (2) 
promoting quality improvement across the system. The comparative analysis of available measurement 
and continuity of supply regulation in the 1st Benchmarking Report shows that regulators have gener-
ally approached continuity issues by starting with long interruptions affecting low voltage customers, 
treating planned and unplanned interruptions separately. in several countries, both the number and the 
duration of interruptions are available, but the choice of the indicator used varies by country. in many 
countries, short interruptions are or will be recorded as well. Different approaches to continuity of sup-
ply regulation, and in particular the different continuity indicators and standards adopted, recording 
methodologies used, combined with different geographical, meteorological and network characteris-
tics, make benchmarking of actual levels of continuity of supply difficult.

in the 2nd Benchmarking Report, the number of countries included in the comparison was extended and 
the comparisons were more detailed. Distinctions were made between planned and unplanned inter-
ruptions, different voltage levels and load density areas as well as a classification of the interruption by 
its cause. it was noted that further harmonisation of data and definitions between regulators remained 
necessary.

for unplanned interruptions, it was shown that some countries with historically high levels of continu-
ity of supply were experiencing more and longer interruptions. on the contrary, some countries with 
historically lower continuity of supply showed significant improvements. 

The 2nd Benchmarking Report also concluded that no relevant signals of quality of supply decreases 
were emerging in European countries, even after the privatisation of utilities, increasing supply compe-
tition, price-cap regulation for monopolistic activities and legal unbundling of businesses. 

A number of encouraging trends were observed in the 3rd Benchmarking Report:

The duration of unplanned interruptions showed (for most countries) a significant downward trend;•	
The number of unplanned interruptions showed (for most countries) a downward trend;•	
Excluding exceptional events from unplanned performance figures highlighted the significant im-•	
provements being made by many European countries in terms of both the duration and the number 
of interruptions;
Countries with previously low levels for the duration and number of interruptions have made further •	
improvements; and 
The number of short interruptions has generally not risen, despite an increased move towards auto-•	
mation and remote control techniques.

2.3 Continuity of Supply Monitoring

The continuity of supply is monitored in all countries that replied to the survey. The kind of interruptions 
monitored and the level of detail being reported varies significantly between countries. An overview of 
these differences is presented in this section.

not all countries replied to the survey. for some of those countries, we are aware of detailed monitoring 
programmes. for other countries, we are not aware of such programmes.
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2.3.1 Types of interruptions monitored

Table 2.1 shows the kinds of interruptions that are monitored in the different countries. unplanned 
interruptions of long duration are monitored in all countries even if not all countries monitor these in-
terruptions at all voltage levels (see section 2.4.2); planned interruptions are not monitored in Belgium 
(federal). The only system operator this applies to is the Belgium transmission system operator (net-
works with nominal voltages of 30 kv and higher). 

TABLE 2.1 TyPES of inTERRuPTionS MoniToRED in ThE DiffEREnT CounTRiES

Country
Long  

interruptions
Short  

interruptions
Transient  

interruptions
Unplanned 

interruptions
Planned  

interruptions

Austria x x x

Belgium  
(Brussels region)

x x x

Belgium  
(flemish region)

x x x x

Belgium  
(Walloon region)

x x x

Belgium (federal) x x x

Czech Republic x x x

Denmark x(4) x(4) x x

Estonia x x x

finland x x x x

france x x x(2) x x

germany x x x

hungary x x x x x

italy x x x x x

Lithuania x x x x

Luxembourg x x x

the netherlands x x x(3)

norway x x x x

Poland x x x x

Portugal x x(1) x x

Romania x x x

Slovenia x x x

Spain x x x x

Sweden x x x

united kingdom x x x x

(1) in Portugal, all interruptions (including short ones), are monitored at transmission level. But in accordance with the quality of service code, 
only long interruptions are reported.

(2) in france, the TSo monitors transient interruptions, but does not calculate any specific indicators for transient interruptions.
(3) in the netherlands, planned interruptions are only monitored from 2006. 
(4) in Denmark, all interruptions lasting 1 minute or more are monitored.
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Short interruptions are recorded by 12 of the 24 respondents (Belgium gave four different replies);  
3 countries record transient interruptions separately, but only 2 countries (hungary and italy) calculate 
indices for transient interruptions. The definitions regarding the duration of long, short, and transient 
interruptions which are monitored are reported for different countries in Tables 2.2a and b. 

TABLE 2.2A DEfiniTionS of Long, ShoRT AnD TRAnSiEnT inTERRuPTionS

Country Transient interruption Short interruption Long interruption

Austria T>3 min

Belgium (Brussels region) T>3 min

Belgium (flemish region) T≤3 min T>3 min

Belgium (Walloon region) T<3 min T≥3 min

Belgium (federal) T<3 min T≥3 min

Czech republic T≤1 sec 1 sec <T≤3 min T>3 min

Denmark T≤3 min T>3 min

Estonia T>3 min

finland T≤3 min T>3 min

france T<1 sec 1 sec ≤T<3 min T≥3 min

germany T>3 min

hungary T≤1 sec 1 sec <T≤3 min T>3 min

italy T≤1 sec 1 sec <T≤3 min T>3 min

Lithuania 1 sec ≤T<3 min T≥3 min

Luxembourg T>3 min

the netherlands T>1 min

norway T≤3 min T>3 min

Poland T≤1 sec 1 sec < T ≤3 min T>3 min

Portugal T≤3 min T>3 min

Romania T≤1 sec 1 sec <T≤3 min T>3 min

Slovenia T≤3 min T>3 min

Spain T≤0.5 sec 0.5 sec <T≤3 min T>3 min

Sweden T≤3 min T>3 min

united kingdom T<3 min T≥3 min
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TABLE 2.2B DEfiniTionS of Long, ShoRT AnD TRAnSiEnT inTERRuPTionS

Country Transient interruption Short interruption Long interruption

Austria
Belgium (Brussels region)
Estonia
germany
Luxembourg

T>3 min

Belgium (flemish region)
Denmark
finland
norway
Portugal
Slovenia
Sweden

T≤3 min T>3 min

Belgium (federal)
Belgium (Walloon region)
Lithuania
united kingdom

T<3 min T≥3 min

Czech republic
hungary
italy
Poland
Romania

T≤1 sec 1 sec <T≤3 min T>3 min

france T<1 sec 1 sec ≤T<3 min T≥3 min

the netherlands T>1 min

Spain T≤0.5 sec 0.5 sec <T ≤3 min T>3 min

2.3.2 Voltage levels monitored

in different countries, incidents at different voltage levels are monitored, as shown in Table 2.3. inci-
dents at the Mv level are monitored in all countries. The regulation in Belgium (federal) only applies to 
high voltage (hv) and transmission networks. incidents in the hv network are monitored in all countries, 
with the exception of Belgium (Walloon region) and Slovenia. incidents in the Lv network are monitored 
in 16 of the 21 countries. incidents in the transmission network are monitored in 14 of the 21 countries. 
incidents at all voltage levels are monitored in 12 countries.

The lack of monitoring at Lv level could result in a significant underestimation of the number and du-
ration of interruptions experienced by low voltage customers, especially in urban areas, but even at 
national levels. indeed, even if each incident in Lv will affect much fewer customers than each incident 
in Mv and higher voltage levels, incidents at Lv cannot be neglected, as the resulting interruptions 
often last longer than interruptions due to incidents at higher voltage levels and are also important 
in number. for instance in italy, from 1999 to 2007, on average 7% of SAifi and 22% of SAiDi3  were 
due to incidents at Lv level. in hungary from 2003-2006, 19% of SAifi and 30% of SAiDi were due to 
incidents at Lv level. for the united kingdom from 2003-2006, the contribution from Lv was 13% of 
Cis and 28% of CML.

3 See definitions, section 2.4
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TABLE 2.3 voLTAgE LEvELS MoniToRED in ThE DiffEREnT CounTRiES

Country LV MV HV Transmission

Austria x x

Belgium (Brussels region) x x

Belgium (flemish region)

Belgium (Walloon region) x

Belgium (federal) x x

Czech Republic x x x

Denmark x x x x

Estonia x x x

finland x(1) x x x

france x x x x

germany x x x x

hungary x x x x

italy x x x x

Lithuania x x x x

Luxembourg x x

the netherlands x x x x

norway(2) x x x

Poland x x x x

Portugal x x x x

Romania x x x x

Slovenia x

Spain x x x

Sweden x x x x

united kingdom(3) x x x

(1) in finland, only the number of interruptions is monitored at Lv.
(2) in norway, all interruptions due to incidents in networks with voltage levels above 1 kv are included in the statistics. This includes also the 

effects on end-users connected to Lv. further the voltage level of the incident is reported.
(3) in the united kingdom, unplanned incidents are monitored up to 132 kv; planned incidents up to 66 kv. 
 The regulator further monitors the following incidents:
 •	incidents on the systems of one of the TSos;
	 •	Incidents	on	the	systems	of	distributed	generators;	and
	 •	Incidents	on	any	other	connected	systems	–	which	should	be	identified.

2.3.3 Level of detail in the calculated indicator

Continuity of supply indicators can be calculated for a country or region as a whole, for each system 
operator, for each feeder, or even for each individual customer. The practice varies strongly between 
different countries, as shown in Table 2.4 and the associated notes. Most countries present the results 
for the whole country and per system operator (DSo/TSo). Belgium (Brussels Region) has only one 
system operator. in Belgium (federal), the regulation only applies to the TSo.
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in a small number of countries, the indicators are calculated per region, per feeder or per customer. 
further distinctions can be made based on the voltage level at which the incident takes place or on the 
cause of the incident. A distinction based on voltage level is made in 18 of the 21 countries. information 
on the cause of the incident is given in 10 countries. however, the classifications used for the voltage 
levels and causes are significantly different between the different countries.

7 countries give separate indicators for rural and urban areas; 5 countries distinguish between under-
ground and overhead (“aerial”) networks. Also here, different countries use different classifications.

The questionnaire to regulators further asked if data was available for the continuity of supply in large cities. 
Such data is available from the following regulators: Belgium (Brussels region); finland, germany, italy,  
Luxembourg, norway and Sweden.

TABLE 2.4 LEvEL of DETAiL in ThE PRESEnTATion of ThE inDiCAToRS in ThE 
DiffEREnT CounTRiES

Country National System
Operators

Region Feeder Customer Voltage 
level

Causes Urban/ 
rural

Cable/ 
aerial

Austria x x x(10) x

Belgium  
(Brussels region)

x x(34) x(16)

Belgium  
(flemish region)

x x(6) x

Belgium  
(Walloon region)

x x(17) x

Belgium (federal) x x x(7) x(18)

Czech Republic x x x x x(11)

Denmark x x x(38) x(38) x(39) x(40) x(41)

Estonia x x(33)

finland x x x(3) x(32) 

france x x x x(1) x(2) x(19)

germany x x(8) x

hungary x x x(12)

italy x x x x(26) x x(9) x x(22) x(26)

Lithuania x x x(35) x(36) x(37)

Luxembourg x x(28)

the netherlands x x x(30) x

norway(5) x x x x x(13) x(20) x(27)

Poland x x

Portugal x x x x x(29) x(23)

Romania x x x(4) x

Slovenia x x x x(31)

Spain x x x x(14) x(24)

Sweden x x

united kingdom x x x x(15) x(21) x(25) x(25)
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Footnotes to table 2.4

(1) in france, continuity indicators are monitored at single-customer level, for each kind of customer, especially following contractual commit-
ments of industrial customers, railway operators and distribution operators. 

(2) in france, the following classification is used:
 for the TSo: from 50 kv to 400 kv; 

 Ehv: 400 kv;
  hv: 225 kv, 150 kv, 90 kv and 63 kv.
 for the DSos: at 50 kv or less;
  Mv: 20 kv and 15 kv;
  Lv: 400 v and 230 v.
 however, in certain cases, the DSo is in charge of certain lines of hv grid.
(3) in finland, continuity indicators are monitored at Mv transformer district level. 
(4) in Romania, continuity indicators are recorded according to the following classification of voltage levels:
	 •	 LV,	up	to	and	including	1	kV;
	 •	 MV,	above	1	kV	and	up	to	110	kV;
	 •	 HV,	110	kV;
	 •	 Transmission,	above	110	kV.
(5) in norway, the interruption data is collected at a single-customer level where customers are divided into 27 different groups. The indicators 

are then calculated and reported based on customer category, DSo/TSo, region (county) and for the whole country.
(6) in Belgium (flemish region), a distinction is made between hv and Mv.
(7) in Belgium (federal), a classification is made according to the voltage at the point of delivery:
	 •	 MV;
	 •	 30-70	kV;
	 •	 150-380	kV.
(8) in germany, the following classification is used of the voltage level at which the incident took place:
	 •	 EHV:	above	125	kV;
	 •	 HV:	above	72.5	kV	up	to	and	including	125	kV;
	 •	 MV:	above	1	kV	up	to	and	including	72.5	kV;
	 •	 LV:	1	kV	or	lower.
(9) in italy, the following classification is used:
	 •	 Transmission;
	 •	 HV	(above	35	kV);
	 •	 MV	(above	1	kV);
	 •	 LV	(up	to	1	kV).
 incidents with transformers are attributed to the lower voltage level if the incident does not cause an interruption for the higher voltage level.
(10) in Austria, the voltage level of the incident is classified according to:
	 •	 EHV:	above	110	kV;
	 •	 HV:	above	36	kV	up	to	and	including	110	kV;
	 •	 MV:	above	1	kV	up	to	and	including	36	kV;
	 •	 LV:	1	kV	or	lower.
(11) in the Czech Republic, a distinction is made between
	 •	 LV:	less	than	1	kV;
	 •	 MV:	between	1	kV	and	35	kV;
	 •	 HV:	between	35	kV	and	400	kV.
(12) in hungary, distinction is made between 
	 •	 LV:	0.4	kV;
	 •	 MV:	10	up	to	35	kV;
	 •	 HV:	120	kV;
	 •	 Transmission:	220	up	to	750	kV.
(13) The following classification is used in norway in the interruption statistics as regards which voltage level the incidents occur:
	 •	 1	<	U	≤	22	kV;
	 •	 33	≤	U	≤	110	kV;
	 •	 132	kV;
	 •	 220	≤	U	≤	300	kV;
	 •	 420	kV.
(14) in Spain, a distinction is made between distribution (up to 220 kv) and transmission (220 kv and higher).
(15) in the united kingdom, the following classification is used of the voltage level at which the incident took place:
	 •		 Transmission	(275	and	400	kV);
	 •	 132	kV;
	 •	 66	kV;
	 •	 33	kV;
	 •	 22kV;
	 •	 20	kV;
	 •	 11	kV;
	 •	 1kV	to	6.6	kV;
	 •	 400	V.
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(16) in Belgium (Brussels region), interruptions are classified in the following categories based on the cause:
	 •	 HV	or	MV	cable	not	caused	by	a	third	party;
	 •	 HV	or	MV	cable	caused	by	a	third	party;
	 •	 HV	or	MV	overhead	line	in	normal	weather	conditions;
	 •	 HV	or	MV	overhead	line	as	a	result	of	bad	weather	conditions	or	caused	by	a	third	party;
	 •	 HV	station	or	MV	transformer	station	of	the	DSO	at	the	HV	or	MV	side;
	 •	 HV	station	or	MV	transformer	station	of	a	grid-user;
	 •	 Fault	on	another	electricity	grid	not	managed	by	the	DSO.
(17) Most DSos in Belgium (Walloon region) use the following classification:
	 •	 Electrical;
	 •	 Weather;
	 •	 External	intervention	(subcontractors);
	 •	 External	component;
	 •	 External	influence;
	 •	 Technology,	building	method;
	 •	 Operations;
	 •	 Others.
(18) The following classification is used by the TSo (the only company under the federal regulator in Belgium) for reporting to the regulator: 
	 •	 Fault	on	a	cable	connection	operated	by	the	TSO,	all	causes	except	cable	rupture	by	third	parties;
	 •	 Fault	on	a	cable	connection	operated	by	the	TSO	caused	by	third	parties;
	 •		 Fault	on	a	HV	line	operated	by	the	TSO,	all	causes	except	weather	conditions;
	 •	 Fault	on	a	HV	line	operated	by	the	TSO	caused	by	weather	conditions;
	 •	 Fault	on	a	HV	substation	operated	by	the	TSO;
	 •	 Fault	in	an	external	network,	in	the	customer’s	installations;
	 •	 Fault	in	an	external	network,	located	in	a	distribution	or	transmission	system	that	is	not	operated	by	the	TSO.
(19) The following classification is used by the TSo in france:
	 •	 Atmospheric	events	(lightning,	snow,	wind…);
	 •	 Hardware	events	(line,	substation…);	
	 •	 Vegetation	contact;
	 •	 Human	operation	cause;	
	 •	 Customer	installation	cause;	
	 •	 Third	party	cause;
	 •	 Non-identified	cause.
(20) The following main classification after cause is used in norway. These main categories are further divided into subcategories:
	 •	 Surroundings;	
	 •	 People	(staff);
	 •	 People	(others);	
	 •	 Operational	stress;	
	 •	 Technical	equipment;	
	 •	 Design/installation;
	 •	 Others.
(21) The uk regulator requires the network operators to report interruptions according to the following causes:
	 •	 Lightning;
	 •	 Rain,	snow,	sleet,	blizzard,	freezing	fog,	frost	and	ice;
	 •	 Wind,	gale,	growing	trees,	falling	trees	and	wind-borne	materials;
	 •	 All	other	causes	due	to	weather	and	environmental	causes	plus	birds,	animals	and	insects;
	 •	 Company	and	manufacturer	causes;
	 •	 Third	party;
	 •	 Any	other	causes	(including	unknown	and	unclassified).
(22) in italy, data is reported separately for 300 districts, where a classification is made between:
	 •	 Urban:	high-density	municipalities,	more	than	50,000	inhabitants;
	 •	 Semi-urban:	medium-density	municipalities,	between	5,000	and	50,000	inhabitants;
	 •	 Urban:	low-density	municipalities,	less	than	5,000	inhabitants.
(23) in Portugal, data is reported separately for rural, semi-urban and urban areas based on the following rules:
	 •	 Urban:	zone	A,	main	cities	and	localities	with	more	than	25,000	customers;
	 •	 Semi-urban:	zone	B,	localities	with	2,500	to	25,000	customers;
	 •	 Rural:	zone	C,	localities	with	less	than	2,500	customers.
(24) The following area classification is used in Spain:
	 •	 Urban	area:	all	those	municipal	districts	in	a	province	with	more	than	20,000	customers,	including	provincial	capital	cities	even	though
  they do not reach 20,000 customers;
	 •	 Semi-urban	area:	all	of	the	municipal	districts	in	a	province	with	a	between	2,000	and	20,000	customers,	excluding	provincial	capital	cities;
	 •	 Rural	area:

- Concentrated rural area: all those municipal districts in a province with between 200 and 2,000 customers;
- Scattered rural area: all those municipal districts in a province with fewer than 200 customers as well as the customers located outside 

the population centres that are not industrial or residential.
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 At the request of the distribution company affected, the Ministry of Economy may redefine the areas.
(25) The uk regulator collects physical characteristics and performance information for each Mv circuit for each distribution company. These cir-

cuits are then divided into 22 circuit groups with physically similar characteristics. The groups are defined so that differences in the percent-
age of overhead line, circuit length and number of connected customers are minimised and that no group is dominated by a single company. 
The regulator compares and benchmarks the performance within each circuit group.

(26) in italy, data on cable and aerial networks is collected per single Mv feeder but not published.
(27) in norway, data is reported separately for: 
	 •	 Distribution	network	-	overhead	lines	(more	than	90%	of	the	feeder	km	is	overhead);
	 •	 Distribution	network	-	cables	(more	than	90%	of	the	feeder	km	is	underground);
	 •	 Distribution	network	-	mixed;
	 •	 Regional	grid;
	 •	 Central	grid.
(28) in Luxembourg, a distinction is made between:
	 •		 LV:	1	kV	and	less;
	 •		 MV:	above	1	kV	but	less	than	65	kV.
(29) in Portugal, the following voltage levels are distinguished
	 •		 LV:	1	kV	or	less	(in	practice:	400	V);
	 •		 MV:	higher	than	1	kV	up	to	and	including	45	kV	(6,	10,	15	and	30	kV);
	 •		 HV:	above	45	kV	up	to	and	including	110	kV	(60	kV);
	 •		 EHV:	above	110	kV	(130,	150,	220	and	400	kV).
(30) in the netherlands, continuity indicators are recorded according to the following classification of voltage levels:
	 •		 LV:	≤	1	kV;
	 •		 MV:	>	1	kV	and	<	35	kV;
	 •		 HV:	≥	35	kV	and	<	220	kV;
	 •		 EHV:	≥	220	kV.
(31) The following area classification is used in Slovenia:

•		 Urban	settlements	are	all	settlements	in	Slovenia	that	have	more	than	3,000	inhabitants;
•		 Urban	settlements	are	settlements	that	have	between	2,000	and	2,999	inhabitants	and	a	surplus	of	workplaces	over	the	number	of	per-

sons in employment;
•		 Urban	settlements	are	centres	of	municipalities	that	have	at	least	1,400	inhabitants	and	a	surplus	of	workplaces	over	the	number	of	per-

sons in employment;
•		 Urban	settlements	are	also	settlements	in	urban	areas	that	are	determined	on	the	basis	of	a	combination	of	criteria;
•		 All	other	areas	are	classified	as	rural	areas.

(32) in finland, interruption data is collected from the DSo (mostly at Mv level in 10 and 20 kv and only the total number of interruptions in the 
Lv level in 0.4 kv) and from the so-called area network companies and from the TSo (both the area network companies and TSo at 110 kv, 
220 kv and 400 kv level). furthermore, Lv level is up to 1 kv, Mv level is up to 70 kv. 110 kv can be part of the hv- or transmission network 
depending of the usage of the power line. 220 kv and 400 kv are the transmission network lines.

(33) in Estonia, continuity indicators are recorded according to the following classification of voltage levels:
	 •		 110	kV	and	lower	(in	practice	0.4	to	35	kV);
	 •		 Higher	than	110	kV.
(34) in Belgium (Brussels region), a distinction is made between hv and Mv; in the future also Lv will be reported separately. 
(35) in Lithuania, the following classification is used:
	 •		 Transmission	(110	kV	and	higher);
	 •		 MV	(above	1	kV	up	to	35	kV);
	 •		 LV	(up	to	1	kV).
 incidents with transformers are attributed to the lower voltage level if the incident does not cause an interruption for the higher voltage level.
(36) The following classification is used by the TSo and DSo in Lithuania:

•		 “force	majeure”	causes	(for	instance:	extreme	weather	conditions,	fire,	war,	terrorist	act	and	extreme	conditions	which	could	be	attributed	
to “force majeure” according to legal acts provisions);

•	 External	(or	third	party)	causes;
•	 Causes	attributable	to	System	operator	responsibility;	
•	 Non-identified	causes.

(37) in Lithuania, data is reported separately for each DSo, where a classification is made between:
•	 Urban:	cities,	small	towns	and	all	compact	settlements	that	have	more	than	500	inhabitants	or	have	described	indication	(according	to	

legislation) of small town or township;
•	 Rural:	all	other	areas.

(38) in Denmark, Lv interruptions are monitored at radial level, Mv, hv and transmission interruptions are monitored at delivery point level  
(10-20/0.4kv distribution transformer). Regulator has in some cases made an exemption for some DSos, so that the DSo is allowed to  
estimate the number of customers under each delivery point (10-20/0.4 kv transformer) and/or under each Lv-radial. SAiDi and SAifi are 
calculated for each voltage level based on the number of customers on each voltage level.

(39) The following classification is used for voltage levels in Denmark:
	 •	 Transmission	(>170	kV);
	 •	 HV	(25-70	kV	and	70-170	kV);
	 •	 MV	(6-25	kV);
	 •	 LV	(up	to	1	kV).
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(40) in Denmark interruptions are divided into the following causes:
	 •		 Meteorology;
	 •		 Other	External;
	 •		 Operation	and	Maintenance;
	 •		 Materials;
	 •		 Other.
(41) in Denmark, interruptions are monitored for underground cables (including sea cables) and aerial lines.  

Data is registered in the EL-fAS fault statistics. These categories are not included in the Danish regulators guide for monitoring interruptions 
and therefore not reported to the regulator.

2.4 Continuity of Supply indicators 

2.4.1 Indices for distribution systems

At distribution level, the following indices are in use in the countries that replied to the questionnaire.

SAIDI, or System Average interruption Duration index, gives the average amount of time per year that 
the supply to a customer is interrupted. it is expressed in minutes per customers per year and calcu-
lated by using the following expression:

SAiDi = 
∑ Ni x ri

 
i

  NT

where the summation is taken over all incidents, either at all voltage levels or only at selected voltage 
levels; ri gives the restoration time for each incident; ni gives the number of customers interrupted by 
each incident; nT gives the total number of customers in the system for which the index is calculated. 
(note that the restoration time is different for different groups of customers involved in the same inci-
dent; therefore, the sum must be extended to each group of customers experiencing the same restora-
tion time).

SAIFI, or System Average interruption frequency index, gives the average number of times per year 
that the supply to a customer is interrupted. it is expressed in interruptions per customer per year and 
calculated using the following expression:

SAifi = 
∑ Ni

 
i

  NT

CAIDI, or Customer Average interruption Duration index, gives the average duration of an interruption. 
it is expressed in minutes per interruption and calculated using the following expression:

CAiDi = 
∑ Ni x ri 

 
i

  ∑ Ni

 
i

it can also be obtained as the ratio of SAiDi and SAifi.

These three indices (SAiDi, SAifi and CAiDi) are the main indices used in the majority of countries. 
These indices are defined among others in iEEE Std.1366, where weighting based on number of cus-
tomers is used. With both SAifi and SAiDi, a reduction in value indicates an improvement in the con-
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tinuity of supply. With CAiDi this is not the case: a reduction in both SAiDi and SAifi could still result 
in an increase in CAiDi. Whereas CAiDi remains a useful index, it is not suitable for comparisons or for 
trend analysis. 

The above expressions for SAiDi, SAifi and CAiDi hold for weighting of the interruptions based on 
number of customers. As shown in Table 2.6, several other weighting methods are also in use. in that 
case the expressions (in the equations) change somewhat.

for weighting based on interrupted power, n•	 i gives the amount of rated or contracted power inter-
rupted by each incident; nT gives the total rated or contracted of the system for which the index 
is calculated. The “rated or contracted power” may be the rated power of transformers (typically 
distribution transformers) or the contracted power of Mv or hv customers.
for weighting based on undelivered energy, n•	 i gives the amount of active power interrupted by 
each incident; nT gives the total active power consumption of the system for which the index is 
calculated.
for weighting based on number of distribution transformers, n•	 i gives the number of distribution 
transformers interrupted by each incident; nT gives the total number of distribution transformers in 
the system for which the index is calculated.
for weighting based on the number of delivery points, n•	 i gives the number of delivery points inter-
rupted by each incident; nT gives the total number of delivery points in the system for which the 
index is calculated.
for weighting based on annual energy consumption, n•	 i is the annual energy consumption of the 
customers interrupted by each incident; nT gives the annual energy consumption of the system for 
which the index is calculated.

CI, or Customer interruptions, is used in united kingdom instead of SAifi. it is calculated in the same 
way as SAifi but expressed as the number of interruptions per 100 customers per year.

CML, or Customer Minutes Lost, is used in united kingdom as synonym for SAiDi.

ASIDI, or Average System interruption Duration index, gives the average duration of an interruption, 
weighted by the rated or contracted power rather than by the number of customers affected. it is ex-
pressed in minutes per year, and calculated using the following expression:

ASiDi = 
∑ Li x ri

 
i

  LT

where the summation is taken over all incidents, either at all voltage levels or only at selected voltage 
levels; ri gives the restoration time for each incident; Li gives the rated or contracted power interrupted 
by each incident; LT gives the total rated or contracted or interrupted power in the system for which the 
index is calculated. The “rated or contracted power” may be the rating of a distribution transformer, the 
contracted power of an Mv or hv customer, or the transformer rating in a delivery point.

T-SAIDI, or Transformer SAiDi, is used in finland for SAiDi weighted by the annual energy consumption.

T-SAIFI, or Transformer SAifi, is used in finland for SAifi weighted by the annual energy consumption.

ASIFI, or Average System interruption frequency index, gives the average number of interruptions 
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weighted by the rated or contracted power rather than by the number of customer affected. it is ex-
pressed in number of interruptions per year and calculated using the following expression:

ASifi = 
∑ Li

 
i

  LT

CAIFI, or Customer Average interruption frequency index, gives the average number of long interrup-
tions during a given year for those customers that experience at least one long interruption during that 
year. Like SAifi, it is expressed in interruptions per customer per year. The value of CAifi is equal to 
one or larger. it is calculated using the following expression:

CAifi = 
∑ Ni

 
i

  CN

with Cn, the total number of customers that have experienced at least one interruption during the re-
porting year. 

CTAIDI, or Customer Total Average interruption Duration index, gives the total amount of time per year 
that the supply is interrupted for those customers that experienced at least one interruption during the 
reporting year. Like SAiDi, it is expressed in minutes per customer per year. it is calculated by using the 
following expression:

CTAiDi = 
∑ Ni x ri 

  
i

  CN

ENS, or Energy not Supplied, gives the total amount of energy that would have been supplied to the 
interrupted customers if there would not have been any interruptions. it is calculated by adding the 
non-supplied energy due to each incident:

EnS = ∑ Ei 

  
i

with Ei the energy not supplied due to each incident. 

TIEPI, or “equivalent interruption time related to the installed capacity”, is used in Spain and Portugal 
to quantify the average time during which the supply to a customer is interrupted. TiEPi is calculated 
by using the following expression:

TiEPi = 
∑ Si xri

  
i

  ST

where Si is the sum of the rating of all interrupted Mv/Lv transformers plus the contracted power of 
all interrupted Mv and hv customers, and ST the total rating of all Mv/Lv transformers plus the total 
contracted power of all Mv and hv customers connected to the system. 

NIEPI, or “equivalent number of interruptions related to the installed capacity”, is used in Spain as an 
alternative for SAifi to quantify the average number of supply interruptions. niEPi is calculated using 
the following expression:

niEPi = 
∑ Si 

  
i

  ST
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END, or Energy not Distributed, is used in Portugal. it is calculated using the following expression:

EnD = ET x TIEPI
 T

with ET the total inflow of energy into the distribution network during the reporting year, and T the 
number of hours during the reporting year (8760 or 8784).

in italy, a new method for recording the number of interruptions experienced by customer category 
has been introduced from 2008. Each distribution system operator must provide the data indicated in 
Table 2.5.

TABLE 2.5  DiSTRiBuTion of nuMBER of inTERRuPTionS foR inDiviDuAL 
CuSToMERS uSED in iTALy fRoM 2008

number of long interruptions

0 1 2 3 4 5 6 7 8 9 >9

no. of Lv customers

no. of Mv customers

number of long + short interruptions

0 1 2 3 4 5 6 7 8 9 >9

no. of Mv customers

Separate tables are required, per territorial district, for:

Lv customers and Mv customers (separately): number of long unplanned interruptions (all voltage •	
levels, excluding force majeure and third party damage).
Mv customers (only): number of long and short unplanned interruptions (all voltage levels, exclud-•	
ing force majeure and third party damage).

2.4.2 Indices for transmission systems

in addition to the indices mentioned in the previous section, the following indices are used to quantify 
the continuity of supply at transmission level.

AIT, or Average interruption Time, is a measure for the amount of time that the supply is interrupted. it 
is expressed in minutes per year and calculated by using the following expression:

AiT =
 60 x ∑ Ei

 
i

  PT

where PT is the average power supplied by the total system (in MW) and Ei the non-supplied energy  
(in MWh) for each incident. 
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AIF, or Average interruption frequency, is a measure for the number of times per year that the supply is inter-
rupted. it is expressed in interruptions per customer per year and calculated by using the following expression:

Aif =
 ∑ Pi

 
i

  PT

with Pi the power interrupted by each incident (in MW). 

AID, or Average interruption Duration, is a measure for the average duration of an interruption. it is 
expressed in minutes per interruption and calculated by using the following expression:

AiD =
 60 x ∑ Ei

 
i

 ∑i Pi

SARI, or System Average Restoration index, is used in Portugal to quantify the average duration of an 
interruption. it is calculated separately for the transmission network considering the interruption in the 
delivery points by using the following expression:

SARi =
 ∑ ri

 
i

 NI

where NI is the total number of interruptions and ri is the duration of each interruption i.

END, is used as a synonym for EnS at transmission level in Lithuania.

2.4.3 Indices for short interruptions

MAIFI, or Momentary Average interruption frequency index, gives the average number of times per 
year that the supply to a customer is interrupted for a duration of 3 minutes or less. The term “momen-
tary interruption” is used in north America as a synonym to short interruption. The upper limit of the 
duration of a short interruption varies between different countries from 1 minute through 3 minutes.
The expression for calculating MAifi is the same as the one for calculating SAifi:

MAifi =
 ∑ Ni

  
i

 NT

where the summation is taken over all incidents resulting in short interruptions. Like SAifi, MAifi is 
expressed in number of interruptions per year. The discussion on different weighting methods, given 
before, can also be applied to MAifi.

When calculating MAifi, the so-called time-aggregation rules are very important. Multiple interruptions 
during a 3-minute period, due to automatic reclosing actions, may be counted as one event for MAifi 
or as multiple events. This choice could significantly impact the value of MAifi.

The terms AIF, (Average interruption frequency), SI (Short interruptions) and SAIFIk (“SAifi short”) are 
used as synonym for MAifi. 

MAIFItransient is used in italy to express the number of transient interruptions. it is defined in the same way as 
MAifi and SAifi, but the summation is only taken over those incidents that result in transient interruptions.
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SAIDIk, or “SAiDi short”, SAIFIk or “SAifi short”, CAIDIk, or “CAiDi short”, CTAIDIk, or “CTAiDi short”, 
and CAIFIk, or “CAifi short” are used in norway as the short interruption equivalents of SAiDi, SAifi, 
CAiDi, CTAiDi and CAifi. The definitions are the same as of the equivalents for long interruptions, but 
the summation only takes place over those interruptions that result in short interruptions.

2.4.4 Long interruptions

An overview of the different indices used in the different countries to quantify the number of long inter-
ruptions is given in Table 2.6. The definitions of the different indices are given in section 2.4.1 for distri-
bution systems and in section 2.4.2 for transmission systems. The table also gives information on the 
weighting method used and on the rules used for measuring the duration of interruptions and number 
of customers involved. SAiDi and SAifi are the most commonly-used indices with weightings in most 
countries based on the number of customers.

TABLE 2.6 inDiCES foR QuAnTifying Long inTERRuPTionS uSED in 
ThE DiffEREnT CounTRiES

Country Index Weighting (n.a. for ENS) Rules for measurements

Austria ASiDi, ASifi, EnS interrupted power, amount of 
energy not supplied.

The system operators are 
responsible for collecting the 
data. The regulator is only 
doing a plausibility check 
after receiving it. in practice 
SCADA is commonly used.

Belgium (Brussels region) SAiDi, SAifi, CAiDi Mv: number of distribution 
transformers. An 
improvement factor of 0.85 is 
used for transformer stations 
with a relatively high load.
hv: amount of energy not 
supplied.

All hv customers are 
equipped with automatic 
meter reading.

Belgium (flemish region) SAiDi, SAifi, CAiDi Mv: number of distribution 
transformers. An 
improvement factor of 0.85 is 
used for transformer stations 
with a relatively high load.
hv: amount of energy not 
supplied. 

All hv customers are 
equipped with automatic 
meter reading.

Belgium (Walloon region) SAiDi, SAifi, CAiDi number of customers  - 
Belgium (federal) AiT, Aif, AiD interrupted power SCADA is used to determine 

opening of interrupting 
devices and duration of 
interruptions.

Czech Republic SAiDi, SAifi number of customers  - 
Denmark SAiDi, SAifi, EnS number of customers 

EnS collected only for 
incidents above 100 kv

The Regulators guide for 
monitoring interruptions for 
distribution and regional 
transmission companies  
(3rd edition, March 2008).

Estonia SAiDi, SAifi, CAiDi number of delivery points.  - 
finland SAiDi(2)  - 

T-SAiDi, T-SAifi Annual energy consumption.
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TABLE 2.6 inDiCES foR QuAnTifying Long inTERRuPTionS uSED in 
ThE DiffEREnT CounTRiES

Country Index Weighting (n.a. for ENS) Rules for measurements

france SAifi, EnS, AiT SAifi: number of delivery 
points
EnS; AiT: interrupted power.

TSo: Logging of circuit-
breaker opening and closing, 
registered by SCADA.
DSo: The interruptions 
information system is 
connected with the Mv and Lv 
customers information system.

germany SAiDi, SAifi Lv: number of customers
Mv, hv: nominal power.

 - 

hungary SAiDi, SAifi number of customers At Mv and hv; SCADA 
should be used. At Lv, 
estimating the number of 
customers interrupted is 
allowed.

italy Distribution: SAiDi, SAifi(3)

number of interruptions per 
single Mv customer
Transmission: EnS, AiT 
SAiDi, SAifi, (3)

number of Lv customers.
individual indicators, not 
weighted
number of transmission 
network users (final large 
customers, distributors, 
generators).

Connectivity models are 
required for all customers (1)

Lithuania Distribution: SAiDi, SAifi

Transmission: EnS, AiT 

number of customers

EnS, AiT - interrupted power

At hv and Mv SCADA should 
be used. 
At Lv, estimating the number 
of customers interrupted is 
allowed.

Luxembourg SAiDi, SAifi, EnS SAiDi, SAifi: number of 
customers
EnS: interrupted power

 

the netherlands SAiDi, SAifi, CAiDi number of customers
norway SAiDi, SAifi, CAiDi, CTAiDi, 

CAifi, EnS
SAiDi, SAifi, CAiDi, CTAiDi 
and CAifi are weighted on 
customers (end-user).
EnS is calculated as a total 
value (4).

Standardised system for 
registration and reporting 
(fASiT) (5) applies for all 
companies. The network 
companies know exactly how 
many customers (end-users) 
are supplied from a reporting 
point (which is either a 
distribution transformer or an 
end-user connected above 
1 kv).

Poland SAiDi, SAifi number of customers  - 
Portugal Transmission: EnS, AiT, 

SAifi, SAiDi, SARi
SAifi, SAiDi: number of 
delivery points.
EnS, AiT: interrupted power.

Mv, hv, Ehv: SCADA should 
be used.
Lv: information is available 
on customer connectivity, but 
without phase information. 
for single-phase and 
two-phase interruptions 
the number of customers 
interrupted is estimated.
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TABLE 2.6 inDiCES foR QuAnTifying Long inTERRuPTionS uSED in 
ThE DiffEREnT CounTRiES

Country Index Weighting (n.a. for ENS) Rules for measurements

Mv: EnD, TiEPi, SAiDi, SAifi SAiDi, SAifi: number of 
customers
EnD, TiEPi: interrupted power.

Lv: SAiDi, SAifi number of customers Lv: information is available 
on customer connectivity, but 
without phase information. 
for single-phase and 
two-phase interruptions 
the number of customers 
interrupted is estimated.

Romania Distribution: SAiDi, SAifi, 
EnS, AiT
Transmission: EnS, AiT

number of customers  - 

Slovenia SAiDi, SAifi number of customers Connectivity models and 
SCADA

Spain TiEPi, niEPi Capacity of the Mv/Lv 
transformers plus contracted 
power of Mv customers.

Connectivity models are 
required for all customers.

Sweden Distribution: SAiDi, SAifi
Transmission: EnS, AiT

number of customers  - 

united kingdom Ci, CML number of customers Connectivity models are 
required for all customers.

(1) for italy, starting from 2000 and until 2007 an estimation method was permitted for Lv customers: 
 a) for interruptions with origin on Transmission, hv and Mv network: number of Lv users affected = number of Mv/Lv 

transformers affected multiplied by the average number of Lv users per Mv/Lv transformer (calculated at municipality 
level, taking account of different density areas); 

 b) for interruptions with origin in the Lv network: number of Lv users affected = number of Lv lines affected multiplied by 
the average numbers of Lv users per Lv line (calculated at municipality level, taking account of different areas). 

 Starting from 2008, distribution companies are obliged to record the actual number (and the list) of Lv customers involved 
in each long interruption. in order to meet this obligation, they are allowed to use information systems (e.g. SCADA and 
giS) or smart meters and Automated Meter Management AMM systems. As from 2000, distribution companies must 
record the actual number (and the list) of hv and Mv customers involved in each interruption (long, short and transient).

(2) in finland, for Lv incidents only the total number of the unexpected interruptions is collected and there is no weighting method used.
(3) in italy, every distribution company reports the number of long unplanned interruptions during the reporting year for each 

Mv customer. from 2008, distributions of number of interruptions will be reported in italy, see section 2.4.5 for details. 
from 2008 the distribution system operators are obliged to record for each long unplanned interruption the number and 
the list of all low-voltage customers involved.

(4) in norway, Energy not supplied is calculated separate for 27 different end-user groups. in the statistics EnS is given as a 
total value and per energy supplied, per end-user group, per end-user, per voltage level incidents occuring, per network 
level customers are connected at, etc.

(5) in norway, a standardised system for registration and reporting of faults and interruptions called fASiT is used. it takes 
into account information about the network topology (niS), customer information system (CiS), circuit breaker operations 
(e.g. from SCADA), load measurements and temperature data.

2.4.5 Short and transient interruptions

A number of countries that replied to the questionnaire gather data on short and transient interruptions. in-
formation on the indices for short and transient interruptions used in these countries is summarised in Table 
2.7. Definitions of the various indices are given in section 2.4.3. The number of short interruptions per year 
(MAifi) is used in all countries, with the exception of Belgium (flemish region), but under different names. 
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Some countries give separate indices for short and transient interruptions, others exclude transient inter-
ruptions; and some give one index covering short and transient interruptions. in Belgium (flemish region), 
short interruptions are only included in the statistics when they result in complaints from customers.

Most countries use the SCADA system to measure short and transient interruptions. Local substation 
logging and counter readings on reclosing relays are also used.

no information was requested on aggregation rules used for counting long and short interruptions. in 
a parallel study, not reported in this document, large differences between European countries were ob-
served. for short interruptions in particular this will result in significantly different values for the number 
of interruptions per customer.

TABLE 2.7 MoniToRing AnD inDiCES foR ShoRT AnD TRAnSiEnT 
inTERRuPTionS in ThE DiffEREnT CounTRiES

Country Index Duration of short interruptions Measurement method
Belgium (flemish region) number of complaints. T≤3 min  - 

Belgium (federal) Aif T<3 min SCADA

Denmark (3) SAiDi and SAifi T≤3 min Typically SCADA; otherwise 
manually

finland Average annual weighted 
frequency and duration of 
interruptions.

T≤3 min Data is only available for 
automatic reclosings.

france MAifi for short interruption. 1 sec≤T<3 min Local substation logging.

hungary MAifi, weighted by number 
of customers; separate 
indices for short and transient 
interruptions.

1 sec<T≤3 min SCADA

italy MAifi, weighted by number 
of Lv customers for short 
interruptions.
MAifitransient, weighted by 
number of Mv customers for 
transient interruptions

1 sec<T≤3 min SCADA integrated with 
telecontrol in Mv/Lv 
substations 

Lithuania MAifi, weighted by number 
customers for short 
interruptions.

1 sec<T<3 min SCADA

norway SAiDik; SAifik; CAiDik; 
CTAiDik; CAifik one index 
covering both short and 
transient interruptions.

T≤3 min SCADA, time-logging of 
some automatic reclosing 
systems, or manually.

Poland MAifi for short interruptions 1 sec<T≤3 min SCADA, connectivity models 
and counter readings on 
reclosing devices.

Portugal T≤3 min (1)

Spain T≤3 min (2)

united kingdom Si (short interruptions): 
number of short interruptions 
per 100 customers per year.

T<3 min SCADA or counter readings 
on reclosing devices.

(1) in Portugal, short interruptions are monitored and reported by the DSo but it is not obliged to do so according to the Quality of Service Code.
(2) in Spain, only short interruptions are monitored. no monitoring system is in place for transient interruptions.
(3) in Denmark, all interruptions lasting 1 minute or more are monitored.
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2.4.6 Planned and unplanned interruptions

Most countries use separate indices for planned and unplanned interruptions. A planned interruption 
is defined in En 50160 (the term “prearranged interruption” is used) as an interruption for which cus-
tomers are informed in advance, to allow the execution of scheduled works on the distribution system. 
Most countries use this definition: advance notification is sufficient for an interruption to be classified 
as a planned interruption. Some more detailed descriptions are used in Poland, Belgium (Brussels Re-
gion and flemish Region) and Portugal. 

in Belgium (Brussels and flemish Regions), the system operator has the right, after consulting the •	
customer, to interrupt the access to the Lv, Mv, or hv grid if the security, the reliability or the ef-
ficiency of the grid or the connection requires this. 
in the Czech Republic, a planned interruption is defined as an interruption necessary for planned •	
operation, maintenance, reconstruction, revision, repair or enhancements to the transmission or 
distribution networks.
in Lithuania, a planned interruption is defined as an interruption whereof the customer was informed •	
on time and in a manner defined in legal acts or in the agreement.
in Portugal, three reasons for planned interruptions are distinguished: interruptions for reasons of pub-•	
lic interest; interruptions for service reasons; and interruptions for which the customer is responsible.

Whereas there is general agreement on the definition of a planned interruption; the requirement for ad-
vance notice varies strongly between countries. The requirements are summarised in Table 2.8. Some 
countries (Sweden and finland) have not issued any rules. for the other countries, the advance notice 
requirement varies between 24 hours and the 15th day of the previous month. 

Different indices that are used in order to calculate the frequency or duration experienced by the cus-
tomers due to planned interruptions are reported in Table 2.9. in Belgium (federal), planned interrup-
tions are not monitored since they are very uncommon (mainly because all networks are meshed).

TABLE 2.8 REQuiREMEnTS on ADvAnCE noTiCE foR PLAnnED inTERRuPTionS

Country Advance notice required

Austria 48 hours
Belgium (Brussels region) Except in case of emergency, the system operator informs hv and Mv customers at least 5 working 

days in advance of the start and duration of the interruption. on the Lv grid, the period for announcing 
the interruption is 2 days. An exception is made for planned interruptions lasting less than 15 minutes.

Belgium (flemish region) Mv, hv: 5 working days, except in case of emergency / Lv: 2 working days, except in case of emergency.
Belgium (Walloon region) TRDE art 142 and 143.
Czech Republic 15 days
Denmark At least 48 hours notice. notice by letter/by poster or by SMS/e-mail if the customer has accepted 

electronic notice. notice hours/minutes before the interruption is accepted, if the notice is given in 
person (face-to-face).

Estonia for voltage levels up to 110 kv, the system operator must inform the customer at least 7 days 
before the start of the interruption. Customers connected at levels above 110 kv should be 
informed in writing latest by the 15th day of the month preceding the start of the interruption.

finland no rules issued by the regulator.
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TABLE 2.8 REQuiREMEnTS on ADvAnCE noTiCE foR PLAnnED inTERRuPTionS

Country Advance notice required

france Rules are included in the contractual commitments for the TSo. for Mv customers, the DSo must 
agree on a date for the planned interruption at least 10 days before the interruption (except in case 
of emergency).

germany no rules issued by the regulator.
hungary a) Customers less than 200 kvA power must be informed 15 days before the planned interruption 

according to the local practice, e.g. leaflet.
b) Customers above 200 kvA power must be informed 30 days before the planned interruption in a 

personal letter if there is no other agreement between the parties.
italy 24 hours until 2007: from 2008: 24 hours in case of planned interruptions following a fault; 2 

working days in other cases.
Lithuania 10 days.  A shorter period  is allowed when this has been agreed with the customer.
Luxembourg it is foreseen by law that customers are informed as early as possible by an appropriate means of 

the date and time for a planned interruption.
The details of the procedure may be fixed by the regulator after a public consultation.

norway The grid companies shall inform the affected grid customers about the timing and duration of 
interruptions a reasonable amount of time prior to the work commencing. The information shall be 
provided in an appropriate manner.

Poland The regulator has issued rules with respect to the notice to the customers.
Portugal interruptions for reasons of public interest: 36 hours. interruptions for service reasons: Agree the best 

moment with the affected customers. if  agreement is not possible, the interruptions must occur, 
preferably, on Sundays, between 05:00 hours and 15:00 hours, with a maximum duration of 8 hours 
per interruption and 5 Sundays per year, per customer affected. The system operator must inform the 
customers affected with a minimum advance notice of 36 hours. interruptions for which the customer 
is responsible: 8 days. if the customer installation causes disturbances to the network, the operator 
establishes, in accordance with the customer, a time period for solving the problem.

Romania The advance notice should normally be given 15 days in advance. in critical conditions, but when 
the start of an interruption can be delayed, at least 24 hours notice is required.

Slovenia The customer must be informed, using written form or any other suitable form, in a timely manner. 
if the interruption will affect a greater number of customers, the customers must be informed by 
public notification at least 48 hours before the start of the interruption.

Spain 24 hours.
Sweden According to law, a “reasonable amount of pre-notice” is needed. no further rules are issued by the 

regulator.
united kingdom 48 hours. A shorter advance period is allowed when this has been agreed with the customer.

TABLE 2.9 MoniToRing AnD inDiCES foR PLAnnED inTERRuPTionS 
in ThE DiffEREnT CounTRiES

Country Voltage levels Indices Details

Austria Mv and hv ASiDi, ASifi and EnS
Belgium (Brussels region) Mv SAiDi and SAifi
Belgium (flemish region) Mv CAiDi and SAifi
Belgium (Walloon region) Mv and Lv frequency and duration Estimates of frequency and 

duration are available per 
delivery point

Belgium (federal) All (36 kv and up) Data is available per delivery 
point.
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TABLE 2.9 MoniToRing AnD inDiCES foR PLAnnED inTERRuPTionS 
in ThE DiffEREnT CounTRiES

Country Voltage levels Indices Details

Denmark All SAiDi and SAifi plus EnS 
(>100 kv)

Estonia Lv, Mv, hv Duration
finland Mv, hv, T Mv T-SAifi, Mv T-SAiDi hv and Transmission number 

of interruptions and interruption 
time for connection point for 
different voltage levels

france All frequency and duration
germany All SAiDi and SAifi
hungary Lv, Mv, hv SAiDi and SAifi
italy All SAiDi and SAifi for each of the 300 districts
Lithuania Lv, Mv SAiDi and SAifi
Luxembourg
norway incidents above 1 kv, 

customers at all voltage levels
SAiDi, SAifi, CAiDi, CTAiDi, 
CAifi, EnS, interrupted power

Poland
Portugal All
Romania Lv, Mv, hv SAiDi, SAifi The data will be available from 

2009
Slovenia Mv SAiDi and SAifi
Spain All TiEPi, niEPi
Sweden Lv customers, incidents at all 

voltage levels
united kingdom All frequency and duration

2.4.7 Discussion of the different indicators

from the tables shown above, it becomes clear that a range of indicators is in use in different countries. 
The use of multiple indicators to quantify the continuity of supply results in more information being 
available and more possibilities to observe trends. The norwegian regulator uses SAifi, SAiDi, CAiDi, 
CTAiDi, CAifi and EnS for this purpose. The italian regulator will, from 2008, require information on the 
number of Lv customers experiencing numbers of interruptions (i.e., the distribution of the interruption 
frequency for individual customers); since 2006, individual indicators on the number of interruption 
experienced are monitored and regulated with guaranteed standards for Mv customers.

SAifi and SAiDi are the basic indices, reported in almost all countries, albeit under different names and 
with different methods for weighting the interruptions. The method of weighting impacts the results 
and results in different biases towards different types of customers. When weighting is based on the 
number of customers, each customer is treated equally, independent of its size and independent of 
their consumption levels.

When weighting is based on interrupted power or energy not supplied, an interruption gets a higher 
weighting when the total interrupted power is higher. This might be because larger customers are inter-
rupted or because the interruption takes place during a period of higher consumption. Weighting based 
on contracted power, rated power or annual power consumption makes the contribution of an incident 
during high load the same as an incident during low load.
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Any weighting based on power or energy is biased towards larger customers. As larger customers 
typically suffer fewer and shorter interruptions, this is expected to result in somewhat lower values for 
frequency and duration of interruptions than weighting based on number of customers.

Weighting based on number of distribution transformers is biased towards customers served from 
smaller distribution transformers. As smaller transformers are typically used in rural networks, where 
the number of interruptions is higher, weighting based on the number of distribution transformers is 
expected to result in somewhat higher values for frequency and duration of interruptions than weight-
ing based on number of customers.

indices like EnS or EnD give a somewhat better indication of the consequences of an interruption than 
SAifi or SAiDi. it should be kept in mind, however, that the underlying assumptions are an extreme sim-
plification of the actual consequences of interruptions. it is not possible to exactly measure the energy 
not supplied, as there is no energy consumption during the interruptions. 

There are several methods to estimate the amount of non-supplied energy; one may multiply the active 
power just before the interruption with the duration of the interruption; alternatively one may estimate 
the non-supplied energy from the consumption at the same time 1 day or 1 week before the interrup-
tion. An accurate estimate of the energy not supplied is made in norway: 11 different standardised load 
profiles have been established for different customer categories to be used for end-users connected to 
22 kv or less. network companies are obliged to have established individual load profiles for end-users 
connected at 33 kv or above. Standardised load profiles are developed through research projects, 
while individual load profiles are based upon hourly-metered values of energy supplied over a period of 
more than 1 year. The calculation also uses the amount of energy supplied during the previous year to 
correctly adjust the standardised or individual load profile for a given year, and also takes into account 
measured temperature data on the time of the interruption.

in Portugal, EnS is estimated using the value of the load diagram before the interruption. for interrup-
tions longer than 30 minutes, it uses the load diagram of the delivery point for an analogous day. The 
EnS is estimated when an incident in the transmission network causes an interruption for one or more 
customers. The EnS published is determined taking account of the period of time between the begin-
ning of the interruption and the transmission network connection (EnS1). The TSo also takes the last 
period into account, plus the time that the distribution network needs to connect the clients. This time 
is established by the transmission network and the distribution network for each delivery point.

it should further be noted that the value of EnS depends on the annual energy consumption and cannot 
be used for comparison purposes when considering the actual value in MWh. however, by calculat-
ing the energy not supplied relative to the energy supplied, a comparison can be made given that the 
energy not supplied has been calculated using the same method.

Two of the indices used in norway, CAifi and CTAiDi, give a better impression of the continuity of 
supply as experienced by those customers that actually experience at least one interruption. The dif-
ference in value between SAifi and CAifi, and between SAiDi and CTAiDi, give an impression of the 
spread in number of interruptions between different customers. The distribution of number of interrup-
tions experienced by each individual customer gives this information in a more direct way, but results 
in more indicators, making comparisons and trend analysis more complicated.
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2.5 Analysis

As can be seen from Table 2.6, different countries use different indicators and different weighting meth-
ods. in this section, the values of the most important indicators are compared over a number of years. 
Even though different countries use different names and different calculation methods, the results are 
shown in the same diagrams.

The following two groups of indicators are presented: “minutes lost per year” (SAiDi, CML, ASiDi,  
T-SAiDi or TiEPi) and “number of interruptions per year” (SAifi, Ci, ASifi, T-SAifi or niEPi). When inter-
preting the results and especially when comparing between countries, the differences in calculation of 
the indices and in the voltage levels at which incidents are monitored, should be considered.

2.5.1 Unplanned long interruptions, excluding exceptional events

The system indices (“minutes lost per year” and “number of interruptions per year”) for the different 
countries and years are compared in figure 2.1 and figure 2.2. Details of the calculation of the indices 
are given in section 2.4. Details on the methods used for removing exceptional events are given in 
section 2.7. Significant care has to be taken when comparing the values between countries, as every 
country has its own methodology for determining what constitutes an exceptional event.

figure 2.1 shows the minutes lost per year where interruptions due to exceptional events have been 
excluded from the statistics. The curves per country show a smooth trend, being in general decreasing 
or constant. The decreasing trend in minutes lost (i.e. improving service quality) that was visible from 
1999 through 2004 (and mentioned in the previous benchmarking report) is no longer obvious. indeed, 
increases in minutes lost have been observed in a few countries.

Comparing the performance between different countries is further challenged as not all countries  
include incidents at all voltage levels in their statistics. The values for the united kingdom, italy and 
Portugal contain interruptions for low voltage customers only, but these incidents are at all voltage 
levels, transmission included. Austria covers incidents at medium voltage and high-voltage only. Spain 
does not include transmission. in france, the report for the regulator contains statistics on the Mv and 
Lv customers concerned with unplanned interruptions that exceed 6 hours.

The improvement in the continuity of supply in Portugal has stabilised in the last 3 years and the value 
for minutes lost is now within the same range as for the other countries. The range in values for min-
utes lost among the countries that provided data is between 50 and 150 minutes per year. keeping in 
mind the large differences in data gathering, in calculation of indices and in the definition of exceptional 
events, this range is not very large.

figure 2.2 shows the number of interruptions per year, where interruptions due to exceptional events 
have been excluded from the statistics. This indicator shows the same trends as for minutes lost in the 
previous figure. 

The improvement in continuity of supply for Portugal has continued also for the number of interrup-
tions, giving Portugal a value within the same range as the other countries. The range in values for 
number of interruptions among the countries that contributed data is between 0.5 and 2.5. This range 
is somewhat larger than for minutes lost (a factor of 5 versus a factor of 3), but still reasonably small 
considering the various differences discussed before.
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To be able to better analyse the trends, the average and standard deviation have been calculated for each of 
the years over all reporting countries. The results are shown in figure 2.3 and figure 2.4. The middle curve 
represents the non-weighted average over all reporting countries. The upper and lower curves represent aver-
age plus or minus one standard deviation. The values for Portugal have been removed from the analysis, as 
the improvement obtained in that country would dominate the result. The trends in both minutes lost and in 
number of interruptions are clearly visible for Portugal from the above figures. Before 2001, values for number 
of interruptions were only available for 2 countries; values before 2001 have therefore been removed in figure 
2.4. The trend in minutes lost per year continues to show an almost continuous decreasing trend, whereas 
the average number of interruption per year seems to be somehow constant since 2002. Both figures show a 
reduction in the standard deviation during the last years that can be the interpreted as a rapprochement of the 
continuity level in European countries, especially regarding the minutes lost per year.
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2.5.2 Unplanned long interruptions, all events

Data was also obtained about the continuity of supply indicators including all events, i.e., without re-
moving exceptional events from the statistics. figure 2.5 shows the minutes lost per customer per year, 
with all interruptions included in the statistics. The values show much larger year-to-year variations 
than the filtered values in figure 2.1. The blackout on 28 September 2003 and the load shedding on 26 
June 2003 caused the high value for minutes lost in italy. finland shows a high value for minutes lost in 
2001 (due to autumn storms) as does hungary in 1999. The high value for Sweden in 2005 is due to a 
severe storm that resulted in extremely long interruptions in the southern parts of the country. 

if we remove the values for Portugal before 2004 and the high values for hungary in 1999, finland in 
2001, italy in 2003 and Sweden 2005, the range of values for minutes lost over the countries that con-
tributed with data ranges between 50 and 250 minutes per year.
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figuRE 2.5 unPLAnnED inTERRuPTionS inCLuDing ALL EvEnTS;  
MinuTES LoST PER yEAR (1999 - 2007)

The voltage level (Lv, Mv, hv) is related to where the incidents occur. 

figure 2.6 shows the number of interruptions per year, with all interruptions included in the statistics. The 
year-to-year variation in the number of interruptions is less than for minutes lost: extreme events result in 
longer interruptions more often than in more interruptions. The number of interruptions for 2003 in italy is 
about 1 interruption higher than the value for neighbouring years (because the 28 September blackout af-
fected almost all italian customers); the minutes lost are, however, 450 minutes higher than in neighbour-
ing years. The exception is 2001 in finland, where the number of interruptions is 3.5 interruptions more 
than in 2000 or 2002; the minutes lost are about 350 minutes higher than in 2000.

if we remove the values for Portugal before 2004 and the high values for finland in 2001, 2005 and 
2006, the range of number of interruptions over the countries that contributed data is between 0.5 and 
4 interruptions per year.
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The voltage level (Lv, Mv, hv) is related to where the incidents occur. 

2.5.3 Planned interruptions

The minutes lost per year due to planned interruptions, for the reporting countries, are presented in 
figure 2.7. The value shows a very wide spread between the countries, between less than 10 minutes 
per year and 200 minutes per year. no trends are visible in the figure; the minutes lost due to planned 
interruptions remain more or less the same during the observation period, although some countries 
show a minor reduction.

The differences between countries may be due to the way in which the distribution network is designed 
(with or without redundant supply paths) and the amount of maintenance and building in the distribu-
tion network. A temporary high level of planned interruptions could be a sign of investments in the dis-
tribution networks, aiming at reducing the number of unplanned interruptions in the future. high levels 
of planned interruptions can also be due to replacement and repair of components that were provision-
ally restored after a major storm and due to a widespread replacement of energy meters.

not all countries include interruptions due to planned maintenance at low voltage in the statistics. 
Radial networks without redundancy, where planned interruptions are necessary for maintenance, are 
more common at low-voltage levels. not including incidents at low voltage may significantly underes-
timate the number and duration of planned interruptions. incidents at Lv are not included in the values 
for Austria, finland and norway.

The number of planned interruptions per year is shown in figure 2.8. Like minutes lost, the 
number of interruptions also varies significantly between countries and there is no clear trend  
visible. note that Portugal has shown a reduction in both planned and unplanned interruptions.
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The voltage level (Lv, Mv, hv) is related to where the incidents occur. The french values in the figure are lower than the reality.
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The voltage level (Lv, Mv, hv) is related to where the incidents occur.

2.5.4 Comparison of rural and urban networks

in some countries, a comparison is made between the continuity of supply in rural, suburban and urban 
networks. Data was available for 6 countries, Belgium, france, italy, Lithuania, Portugal and Spain as 
shown in figure 2.9 for duration of interruptions and in figure 2.10 for the numbers of interruptions.
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The overall conclusion is that the continuity of supply improves when moving from rural to suburban to urban 
areas. The values for the numbers of interruptions for the three areas are similar in Spain and italy. The values 
for the duration of interruptions are however systematically higher in Spain than in italy. improvements in 
continuity of supply have taken place in italy in all areas, but most in the urban and suburban areas. The dif-
ference in number and duration of interruptions between the areas has decreased during the years.

TABLE 2.10 DEfiniTionS of uRBAn, SuBuRBAn AnD RuRAL AREAS in uSE in 6 
EuRoPEAn CounTRiES

Country Areas Definitions 

Belgium urban Brussels region

france urban towns with more than 100,000 inhabitants and Paris area

suburban towns and surroundings with more than 10,000 inhabitants

rural towns and villages with less than 10,000 inhabitants

italy urban municipalities with more than 50,000 inhabitants

suburban municipalities with less than 50,000 and more than 5,000 inhabitants

rural municipalities with less than 5,000 inhabitants

Lithuania urban cities, small towns and all compact settlements that have more than 500 inhabitants or have described 
indication (according to the Law) of small town or township

rural all other areas, which can not be attributed to urban

Portugal urban Zone A: (2001-2002) locality with more than 25,000 of clients / (since 2003) main cities and localities 
with more than 25,000 of clients

suburban Zone B: (2001-2002) locality with less than 25,000 and more than 5,000 of clients / (since 2003) locality 
with less than 25,000 and more than 2,500 of clients

rural Zone C: (2001-2002) locality with less than 5,000 of clients (since 2003) locality with less than 2,500 of clients

Spain urban Supplies > 20,000 (capital cities included)

suburban 2,000 < Supplies < 20,000

rural Supplies < 2,000
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figuRE 2.9 CoMPARiSon of unPLAnnED inTERRuPTionS vALuES BETWEEn 
DiffEREnT AREAS in 6 CounTRiES;  
DuRATion of inTERRuPTionS PER yEAR (1999-2007)

The voltage level (Lv, Mv, hv) is related to where the incidents occur.
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2.6 on-Site Audits on Continuity Data

in this section, only on-site audits are included, it is however expected that all regulators carry out desk-
top audits in order to assure the most correct data for the statistics of continuity of supply as possible.

As reported in Table 2.11, less than half of the surveyed countries regularly conduct on-site audits on 
continuity data provided by the companies; namely hungary, italy, Lithuania, the netherlands, norway, 
united kingdom, Portugal, and Spain. 3 countries are interested in implementing audit procedures in 
the near future; namely finland, Romania and Sweden. in addition, an audit was performed by an ex-
ternal auditor in Belgium flemish region in 2006.

on-site audits can be conducted by different authorities: by the regulator (as in hungary, italy, Lithua-
nia, the netherlands and norway), by consultants on behalf of the regulator (as in the united kingdom) 
or by consultants on behalf of the companies (as in Spain and Portugal). 

TABLE 2.11 on-SiTE AuDiTS on ConTinuiTy DATA

Auditing authority Country 

By the regulator hu, iT, LT, nL, no

By consultants on behalf of the regulator uk

By consultants on behalf of the companies
(results are submitted to the regulator, and if necessary the 
regulators can do an inspection)

ES, PT

under consideration fi, (from 2009) Ro (from 2008), SE (from 2008)

no on-site audits AT, BE, CZ, DE, Dk, EE, fR, Lu, Po, Si 
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Carrying out on-site audits can vary significantly across the surveyed countries, as reported in Table 
2.12.

Most of the countries perform annual audits (iT, LT, no, uk and ES). in hungary, it is performed •	
twice per year; the first audit is for the recorded data and the second audit is for the recording pro-
cedure. in Portugal and the netherlands, the audit is performed biennially. 
generally, both the recorded data and the recording procedure are audited for most countries (hu, •	
iT, LT, nL and uk). The recorded data that is audited also varies. in italy long and short interruptions, 
in particular the unplanned ones, are audited. in Spain incidents, index calculations, and informa-
tional systems are audited. in Portugal, the recording procedure and criterion used to determine 
the quality of continuity indicators are audited. in hungary, planned and unplanned interruptions 
are audited from the point of view of the start and end of interruptions and the customers affected. 
in norway, the requirements in the regulations concerning quality of supply (including continuity of 
supply) and how the companies comply with them are audited. in the united kingdom, long inter-
ruptions and data accuracy of reporting short interruptions are audited. 
generally, there is a roadmap to follow when auditing the companies (hu, iT, no, uk, and ES). in •	
Spain, the roadmap is specified in order ECo/797/2002. in hungary, the hungarian Energy office 
has published a roadmap for audits. The auditing procedures are different from one country to 
another. in italy, a checklist is sent to the distribution companies to be inspected some days in ad-
vance of the audit. Through this checklist, the companies declare their adopted procedures for the 
registration of the interruption. in the united kingdom, the auditing company, ofgem, informs the 
distribution companies in advance of what indices will be audited.
generally, the audits result in fines in the cases of non-compliance with the roadmap.•	

TABLE 2.12 AuDiTing PRACTiCES

Country How often What is audited Road 
map

On-site audited 
companies  
(of total 
companies)

Audit’s result/effect

hungary Biannually Recorded data 
and recording 
procedure

yes 100% (of 6) fine for wrong data at repeated audits

italy Annually Recorded data 
and recording 
procedure.  
on- site audit.

yes 15% - 25% 
(of around 300 
districts)

validate continuity data and penalty in 
case of inadequate recording

Lithuania Annually Recorded data 
and recording 
procedure. 

no 100%  
(of 4)

validate continuity data.  
from 2008, penalty in case of inadequate 
recording

the netherlands Biennally Recorded data 
and recording 
procedure. 

yes 100%  
(of 10)

non-compliance with the Ministerial 
Regulation on Quality Aspects of network 
operation Electricity and gas is reported 
to the Minister of Economic Affairs and 
can result in a penalty.
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TABLE 2.12 AuDiTing PRACTiCES

Country How often What is audited Road 
map

On-site audited 
companies  
(of total 
companies)

Audit’s result/effect

norway Annually Recording 
and reporting 
procedures.

yes 10 audits 
annually  
(of a total 
of 135 
companies) 

non-compliance with the regulation on 
quality of supply in the power system 
will result in an individual decision by the 
regulator. if the negative results are not 
rectified within a given time limit (e.g., 
change of procedures), compulsory fines 
(running) can be issued (e.g., daily) until 
the negative results have been rectified. 
A violation fine for having breached the 
regulations can also be issued.

united kingdom Annually Recorded data 
and recording 
procedure. on-
site audit.

yes 100%  
(of 14 license 
areas)

Penalty for failure to meet the minimum 
data accuracy level.

Portugal (1) Biennially The systems and 
the procedures.

no 15%  
(of 13)

nA(1)

Spain Annually The systems and 
the procedures. 

yes 100%  
(of 320)

Penalty in case of non-compliance with 
order ECo/797/2002 (the road book)

(1) in Portugal mainland there are one TSo, one hv and Mv DSo, and 11 Lv DSo. The main distribution company in Lv distributes 99.5% of 
the electrical energy. The audits are carried out by the TSo, the hv and Mv DSo and the main Lv DSo.

2.7 Exceptional Events

As explained in section 2.1.6; exceptional weather conditions and other exceptional circumstances 
can affect the continuity of supply. interruptions due to exceptional events can be very long, even 
if they are quite rare. This section contains information on existing definitions and, where available, 
regulations in use in various European countries regarding the concept of “exceptional events”. The 
term “exceptional events” will be used as a collective term in this section; including several different 
“exceptional” situations. The different kinds of exceptional events in use, their definition, the entity that 
classifies situations as exceptional events, whether exceptional events are visible in the interruption 
statistics and whether they are excluded from any compensation payment are presented for different 
countries. The information collected from the CEER member countries shows, however, that there is 
no harmonisation in place, and perhaps harmonisation is neither feasible nor envisaged, because of 
the inherent differences in climate among European countries. The lack of harmonisation as regards 
exceptional events will, however, affect the comparison of interruption data between various countries. 
As it was not possible to neutralise the consequences of these differences between countries, it was 
considered important to analyse and report how exceptional events are considered in the interruption 
statistics of each country. Also, some practices taken at national level in order to minimise the effects 
of exceptional events and to protect customers under these special circumstances are reported.

in Table 2.13, the definitions of different kinds of exceptional events for the various countries are  
presented, the entity that classifies situations as exceptional events, whether exceptional events are 
visible in the interruption statistics and whether they are excluded from compensation payments. 
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TABLE 2.13 DiffEREnT kinDS of ExCEPTionAL EvEnTS in vARiouS EuRoPEAn 
CounTRiES

Country Designation Concept Who classifies 
the exceptional 
events?

Are continuity of supply 
indicators reported both 
including and not-including 
interruptions due to 
exceptional events?

Are exceptional 
events 
excluded from 
compensations 
payment?

Austria natural 
disaster

natural disaster takes 
place if a crisis situation is 
declared by a local authority 
and/or if the federal or 
provincial government 
takes measures aimed at 
providing financial support 
(e.g. catastrophe funds). in 
these cases it is necessary 
to give detailed descriptions 
of the natural disaster for 
the failure and disturbances 
statistics of electricity 
networks.

Local authority 
(crisis 
management 
group) such as 
the mayor and/
or if the federal 
or provincial 
government 
takes measures 
aimed at 
providing 
financial support 
(e.g. catastrophe 
funds). 

yes.  
Continuity of supply 
indicators are published 
without exceptional 
events. in addition the 
value of the indicator for 
exceptional events is 
published.

There are no 
compensation 
payments in 
Austria.

Belgium
(Brussels 
region)

force Majeure
Emergency 
situations as 
a result of a 
force majeure 

Belgium
(flemish 
region)

force Majeure
Emergency 
situations as 
a result of a 
force majeure 
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Country Designation Concept Who classifies 
the exceptional 
events?

Are continuity of supply 
indicators reported both 
including and not-including 
interruptions due to 
exceptional events?

Are exceptional 
events 
excluded from 
compensations 
payment?

Belgium 
(Walloon 
region)

force Majeure The emergency situations 
justifying the intervention 
of the system operator, 
can occur, among others, 
in following unforeseen or 
extraordinary situations: 
1.° natural disasters, 2.° 
a nuclear or chemical 
explosion and their 
impact; 3.° a computer 
virus, computer crash for 
reasons other than old age 
or the lack of maintenance 
of this system, 4.° the 
temporary or continuing 
technical inability for the 
grid to exchange electricity 
because of disturbances 
within the control area 
caused by electricity flows 
which are the result of 
energy exchanges within 
another control area or 
between two or several 
other control areas and of 
which the identity of the 
market participants involved 
at these energy exchanges 
is not known and cannot 
reasonably be known by the 
system operator, 5.° inability 
to use the system because 
of a collective dispute, 
giving rise to a unilateral 
measure of the employees 
(or groups of employees) or 
each other labour dispute, 
6.° fire, explosion, sabotage, 
terrorist actions, actions 
of vandalism, damage by 
criminal actions, criminal 
coercion and threats of the 
same nature, 7.° a state 
of war, declared or not, a 
war threat, an invasion, an 
armed conflict, blockade, 
revolution or insurrection, 8.° 
’’fait du prince’’ (action by 
government unhampered by 
legal considerations).

The government 
(in some cases 
the nRA lists 
events that are 
classified as 
exceptional).

yes. 
SAiDi is calculated with 
and without exceptional 
events at DSo level. 
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Country Designation Concept Who classifies 
the exceptional 
events?

Are continuity of supply 
indicators reported both 
including and not-including 
interruptions due to 
exceptional events?

Are exceptional 
events 
excluded from 
compensations 
payment?

Belgium 
(federal)

force majeure it is a Civil law concept but 
as such has no specific 
regulatory definition. 
The Access contract defines 
force majeure as follows: all 
reasonably unforeseeable 
situations, occurring after 
the conclusion of this 
contract and not caused by 
one of the parties, which 
make the implementation 
of the contract temporarily, 
or definitively, impossible. 
Situations of force majeure 
are, amongst others, the 
emergency situations as 
defined in the grid code.

The parties to 
the regulated 
contract

no yes.  
in case of 
emergency 
situation 
or force 
majeure, the 
performance 
of the 
contractual 
obligations is 
suspended.

Czech 
Republic

The concept 
of exceptional 
event does 
not exist.

Denmark Exceptional 
event

hurricanes and floods. The 
concept is established in
§ 20 in Executive order 
1520 of December 23, 2004 
concerning income cap.
The Regulators guide for 
monitoring interruptions for 
distribution and regional 
transmission companies 
(3rd edition, March 2008).

The regulator. yes There are no 
automatic 
compensation 
payments in 
Denmark.

Estonia Exceptional 
event

When interruptions are 
caused by events of long 
duration (e.g.: natural 
disaster, heavy winds or 
glazed frost that exceeds 
design norm, war).

yes yes. 
Company 
has to pay 
compensation 
only in cases 
where the 
interruption 
time that 
exceeds the 
limits does 
not include 
exceptional 
events.
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Country Designation Concept Who classifies 
the exceptional 
events?

Are continuity of supply 
indicators reported both 
including and not-including 
interruptions due to 
exceptional events?

Are exceptional 
events 
excluded from 
compensations 
payment?

finland The concept 
of exceptional 
event does 
not exist.

no. 
Compensation 
due to 
interruptions 
exceeding 
12 hours 
apply for all 
interruptions, 
irrespective of 
the cause.

france Exceptional 
event

Breadth of occurrence 
(simultaneous interruption 
for more than 100,000 end-
users)
occurrence probability of 
this kind of climatic event 
on the concerned area (less 
than 1 / 20 years), according 
to meteorological data.

TSo and DSo yes.  
Continuity of supply 
indicators are published 
with and without 
exceptional events.

yes. 
Contractual 
commitments 
of TSo 
exclude “force 
majeure” 
events, so 
there is no 
compensation 
for damage 
occurring from 
these events.
no. 
But there is 
a tariff rule 
concerning 
very long 
interruptions 
(duration > 6 
hours), with 
a 2% tariff 
discount 
applied on the 
fixed part of 
the tariff for 
each 6-hour 
period.
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Country Designation Concept Who classifies 
the exceptional 
events?

Are continuity of supply 
indicators reported both 
including and not-including 
interruptions due to 
exceptional events?

Are exceptional 
events 
excluded from 
compensations 
payment?

germany force majeure in rulings from the highest 
court, force majeure is 
construed as an event 
brought about externally, as 
a result of elemental natural 
forces or an action by a 
third party, which cannot 
be foreseen using sensible 
standards of judgment, 
which cannot be prevented 
or rendered harmless with 
economically reasonable 
means even with the utmost 
care that could reasonably 
be expected in the 
circumstances, and which 
also cannot be regarded as 
acceptable for the operating 
company on the grounds of 
frequency. (BghZ 7, 338, 
339; Bgh, urteil vom 15. 
november 1966 - vi ZR 
280/64 - versR 1967, 138, 
139 m.w.n., Bgh, urteil vom 
15. März 1988, Az: vi ZR 
115/87).
force majeure includes, 
but is not limited to, natural 
disasters of an exceptional 
nature, strikes, legal and 
official orders, terrorist 
attacks and war.

Jurisdiction, nRA

in case a DSo 
claims an outage 
is due to force 
majeure the DSo 
needs to give 
more details on 
the event. The 
nRA verifies it ex 
post.

yes.  
The german Regulator 
calculates the continuity 
of supply indicators with 
and without exceptional 
events.

There are no 
compensation 
payments in 
germany.

hungary Exceptional 
event

System continuity indicators: 
system collapse, terror 
attacks and “other event” 
classified by the nRA.
guarantees standards: 
outage of 50,000 customers 
if the designed criterion is 
fulfilled by DSo.

DSo according 
to the rules, 
except for 
system continuity 
indicators: in the 
case of ”other 
event” it is 
classified by nRA

yes. 
There is a 3-year 
averaging of all 
interruptions, set by the 
regulation. Therefore, 
report includes all 
events for the preceding 
calendar year plus a 
3-year rolling average 
of all such events. 
upon claim from the 
DSo subsequent to an 
exceptional event the 
regulator may (i.e. if 
pre-set criteria are met) 
grant an exemption.

yes. 
Events are 
excluded if 
interruptions 
affected more 
than 50,000 
customers 
and the 
designed 
criteria are 
fulfilled by 
DSo.
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Country Designation Concept Who classifies 
the exceptional 
events?

Are continuity of supply 
indicators reported both 
including and not-including 
interruptions due to 
exceptional events?

Are exceptional 
events 
excluded from 
compensations 
payment?

italy Exceptional 
condition 
periods

Based on a statistical 
exploration of the 
distribution companies 
records of the single 
electrical service faults. 
According to this analysis, 
a simple computational 
algorithm identifies for 
the reference year the 
exceptionality threshold as 
a function of the average 
number of faults in a 6-hour 
time interval as observed in 
the three year time period 
preceding the reference 
year.

it’s up to the 
DSo to apply 
the rules and 
the statistical 
algorithm set 
by the nRA. 
The nRA does 
not approve 
each single 
exceptional event 
but can conduct 
ex-post audits.

yes.  
Both series of data are 
published.

yes as a 
general 
rule, but 
compensation 
payments 
for very long 
interruptions 
are envisaged 
even when 
exceptional 
events occur.

Luxembourg force majeure Common understanding for 
force majeure: All normally 
unforeseeable events which 
are external to the party 
invoking it, and which can’t 
be surmounted by the 
deployment of reasonable 
efforts to which this party 
is bound. There are no 
predefined events which 
would always be considered 
as force majeure.

Jurisdiction, nRA 
(via approval of 
contracts)

not yet. There are no 
automatic 
compensation 
payments in 
Luxembourg.

the 
netherlands

force majeure 
(or extreme 
situation)

incidents which occur so 
infrequently that it would 
be uneconomical to take 
these into account in the 
regulatory system and 
which are also beyond the 
control of the grid manager 
(e.g., powerful earthquakes, 
major floods, wars). This 
usually relates to incidents 
which cause exceptional 
and/or extensive damage 
to the facility, which affect 
a substantial number of 
consumers and the repairing 
of which takes significantly 
longer than usual.

TSo or DSo has 
to prove force 
majeure based 
on applicable 
legal opinion

no. 
But exceptional events 
are excluded from 
SAiDi for calculating 
the q-factor in quality 
regulation.

yes.

highly 
critical power 
situations

Load shedding to preserve 
system integrity in case of 
severe supply-and-demand 
imbalance.

nRA via System 
Code
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Country Designation Concept Who classifies 
the exceptional 
events?

Are continuity of supply 
indicators reported both 
including and not-including 
interruptions due to 
exceptional events?

Are exceptional 
events 
excluded from 
compensations 
payment?

norway Extraordinary 
situations

Defined in each individual 
case

TSo and DSo no. 
indicators are 
reported including all 
interruptions, even if 
interruptions are due to 
incidents categorised as 
extraordinary situations 
or highly critical power 
situations.

not in general. 
But the 
companies 
are able to 
apply to the 
regulator for 
an exception 
in each 
individual 
case.

highly 
critical power 
situations

normally related to tight 
energy balance situation

nRA based on 
advice from the 
TSo

Poland force majeure The sudden event, 
unpredictable and 
independent from will of the 
parties, which makes it 
impossible to meet 
contractual obligations, 
wholly or partly, permanently 
or temporarily and whose 
effects cannot be 
anticipated, even with the 
due care of the parties.
The manifestations of the 
force majeure are in 
particular: natural disasters, 
including fire, flood, drought, 
earthquake, hurricane, hoar 
frost, the acts of state, 
including martial law, 
emergency state, 
embargoes, blockades, etc. 
acts of war, the acts of 
sabotage, acts of terrorism, 
general strikes or other 
social unrests, including 
public demonstrations, lock-
outs.
The above definition is given 
in the Transmission grid 
Code.

TSo and DSo. 
The customer 
can appeal the 
decision to the 
nRA.

not yet.  
Continuity of supply 
indicators will be 
reported both including 
and excluding 
interruptions due to 
exceptional events 
beginning in 2009.

yes
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Country Designation Concept Who classifies 
the exceptional 
events?

Are continuity of supply 
indicators reported both 
including and not-including 
interruptions due to 
exceptional events?

Are exceptional 
events 
excluded from 
compensations 
payment?

Portugal force majeure At the same time 
unpredictable, irresistible 
and external to the network.

TSo and DSo. 
for Portuguese 
mainland, every 
interruption with 
EnD greater than 
50 MWh must 
be reported to 
nRA. for the 
archipelagos, the 
EnD limits differ 
from island to 
island.

yes.  
The TSo and the DSo 
publish the indicators 
determined with and 
without exceptional 
events.

yes.  
All interruptions 
caused by the 
following are 
excluded:

fortuitous  -
reasons or
force  -
majeure”,
public interest, -
service  -
reasons,
safety  -
reasons,
agreements  -
with the client,
facts  -
attributable to 
the customer.

Security 
situations

The supply must be 
interrupted because it may 
be a danger to the safety of 
people and goods.

Romania force majeure incidents, beyond the 
control of the parties, and 
certified by competent 
authority in accordance with 
the law, such as strikes, 
wars, embargo, revolutions, 
earthquakes, fires, floods or 
other natural disasters. 

it must be 
confirmed by 
the Chamber 
of Commerce, 
industry and 
Agriculture

yes.  
Continuity of supply 
indicators are published 
with and without 
exceptional events.

yes.

Slovenia force majeure More severe than the 
network requirements.

nRA not yet, however, the 
data will be published 
starting with 2008 in 
terms of indicators 
SAiDi/SAifi.

There are no 
compensation 
payments in 
Slovenia.

Spain force majeure incidents accepted by 
competent administration 
or decided by Regional 
government or national 
government decisions or 
Civil Protection Service 
decisions and also all 
extraordinary atmospheric 
phenomena (not statistically 
common) which exceed 
limits established in Royal 
Decree 300/2004. An 
incident cannot be classified 
as force majeure if it can 
be considered normal in a 
certain geographical area, 
according to available 
statistical data.

Competent 
administration 
or decided 
by Regional 
government 
or national 
government 
decisions or 
Civil Protection 
Service

yes. Both series of 
data are published 
(including and 
excluding interruption 
out of the control of 
distribution companies 
it is subdivided by force 
majeure and third part 
causes).

yes
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Country Designation Concept Who classifies 
the exceptional 
events?

Are continuity of supply 
indicators reported both 
including and not-including 
interruptions due to 
exceptional events?

Are exceptional 
events 
excluded from 
compensations 
payment?

Sweden Exceptional 
event

Events outside the DSo’s 
control. This does not apply 
for nominal voltage levels 
above 220 kv.

System operator.
The customers 
can appeal the 
decision on 
court.

no. Exceptional events 
are included in the 
statistics.

yes.
Customers are 
automatically 
compensated 
if the 
interruption 
is within the 
DSo’s control. 
Apply to 
voltage up to 
and excluding 
220 kv.

united 
kingdom

Exceptional 
event

Weather related - as a fault that 
results in more than eight times 
the daily average fault rate on 
higher voltages
non-Weather related - events 
outside of the DSos control 
that result in more than 25,000 
customers interrupted and/or 
2 million customer - minutes 
lost

The nRA 
classifies events 
as exceptional. 
The system 
operators must 
file a claim for 
the event to be 
considered as 
such.

yes.  
indicators are published 
including and excluding 
exceptional events.

Some 
situations. 
Exceptional 
events are 
quantified. The 
interruptions 
excluded from 
the com pen-
sa tions are by 
cause.

2.7.1 The concept of exceptional events 

The concept of exceptional events is widely used all over Europe, but it is used for classifying very  
different situations. According to the responses received from 20 countries; the Czech Republic and 
finland are the only 2 countries which do not consider the concept of exceptional events or other 
similar concepts related to situations having a specific treatment in their national quality of supply 
regulations. for the other 18 countries answering the questionnaire, the concepts of different kinds of 
exceptional events are defined as described in Table 2.13 and can be grouped as follows:

Exceptional	events/	Extraordinary	situations;	 •	 Multiple	incident	situations;•	
Force	majeure;	 •	 Security	situations;•	
Emergency	situations;	 •	 Highly	critical	power	situations.•	

The answers received indicate that countries using the designation of force majeure employ it not only 
for quality of supply regulation application but also, in a more general way, in civil law. These situations 
can be classified based on their causes or on their impact on network performance.

The causes of the incidents identified by the different countries as justifying a specific treatment in 
quality of supply regulation are described in Table 2.13 and can be summed up as the following:

System collapse, terror attacks and “other events” classified by the national regulatory authorities •	
(nRA), for system continuity indicators purpose;
At the same time, being unpredictable, irresistible and external to the network;•	
generation inadequacy; •	
Strikes with external causes;•	



52 Continuity of Supply - 4th Benchmarking Report on Quality of Electricity Supply

natural disaster;•	
incidental and uncontrollable 3•	 rd party damages (fire, explosion, plane crash...);
voluntary destructions (war, riots, terrorism...), order by public authority (for instance for safety reasons);•	
More severe conditions than the ones considered at the network design requirements;•	
Emergency situations justifying the system operator intervention, occurring among others in follow-•	
up of unforeseen or extraordinary situations;
Events where the supply has to be interrupted for safety reasons.•	

it is noted that the above referenced situations are generally classified as force majeure. however, the 
definition of exceptional events is often related to the impact on network performance. for example, 
the responses received indicated that an exceptional event takes place due to:

Breadth of the occurrance (simultaneous interruption for more than 100,000 end-users);•	
occurrence probability of a certain kind of climatic event in the concerned area (less than 1/20 •	
years), according to meteorological data. (This kind of approach requires the availability of a data-
base with statistical information on climate events).

in Estonia, hungary, italy and the united kingdom, the classification of an exceptional event considers 
both the cause and the impact on network performance.

in Estonia, an exceptional event is declared as an interruption caused by events of a long duration •	
(example: natural disaster, heavy winds or glazed frost that exceeds design norm, war) that could 
not be foreseen (prevented) by the network operator. The interruption must be eliminated within  
3 days after the end of the event.
in hungary, for the application of the minimum guaranteed standards, the classification of an excep-•	
tional event is used for an interruption of more than 50,000 customers, if the guaranteed standards 
are fulfilled by the DSo.
in italy, exceptional events are identified when the number of faults on Mv networks or Lv networks •	
over the course of 6-hours exceeds a function of the historical average number of faults in a 6-hour 
time period as observed in the prior 3 years.
in the united kingdom, the exceptional events are split into two different categories: weather-related •	
and non-weather related.

Severe weather exceptional events are defined as the ones resulting in a fault of more than eight •	
times the daily average fault rate on higher voltages. 
non-weather exceptional events are defined as events outside the DSo’s control that results in •	
more than 25,000 customers interrupted and/or 2 million customer-minutes lost.

in norway, two different terms exist - extraordinary situations and highly critical power situations.  
Extraordinary situations are defined in each individual case, i.e., a single definition does not exist. 
highly critical power situations are normally related to tight energy balance situations.

Table 2.13 summarises, inter alia, the different terms used in various countries, their definitions and the 
entity that classifies them. This table shows the wide differences on the classification of various kinds 
of exceptional events that are given specific treatment in quality of supply regulation. These terms are 
dependent on country-specific environmental characteristics, weather conditions, network character-
istics and the characteristics of the electricity generation plants within the countries.

The classification of an incident as an exceptional event is of utmost importance when studying con-
tinuity of supply data if exceptional events are visible in the statistics. Whether exceptional events are 
included or excluded from the interruption statistics varies between the various countries.
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generally, the classification of events is done by the TSo/DSos or by the nRA. however, due to the 
nature of these events and the existing information asymmetry between the system operators and the 
nRA, a direct or an indirect intervention of other entities to clarify or state the exceptional nature of 
each one of the events is necessary.

Also, there is the assumption that the system operator is responsible for network management, which 
means that the system operator is usually the entity that must justify the classification of each event.

The evolution of the force majeure concept in italy, described in Additional information A 2.1 below, sets 
out the difficulties related to this concept definition in practice and how a statistical approach to the clas-
sification of exceptional events is justified by the simplification of the quality of supply regulation. 

Additional information A 2.1 - The evolution of the exceptional event concept in Italy

As regards continuity of supply regulation, in the first regulatory period (2000-2003), a force majeure event was declared 

when a natural disaster or severe weather condition occurred and only if network design requirements were exceeded. 

The DSo had to justify the exceptional nature of the event classified as “force majeure”, collecting written technical or ad-

ministrative evidence. for instance, when a DSo wanted to attribute the classification of a force majeure event to an inter-

ruption, a formal declaration of calamity given by the government or wind speed measurements made by an independent 

weather centre, or other credible evidence had to be presented to the regulatory authority for inspection.

The “documentation” procedure turned out to be rather burdensome for both companies, which had to collect con-

tinuity data and related written evidence for force majeure events, and for AEEg (the italian regulator) that controlled 

the documentation provided. in addition, a few controversial cases, where the exceptional nature of the event was 

claimed by the companies, but could not be formally proven, generated various disputes. 

in 2003, for the second regulatory period (2004-2007) and in order to simplify the “documentation” procedure, AEEg 

introduced a statistical method to define “major event days” and distribution companies could choose to apply 

this statistical methodology (called “EPR”) that was based on a two-step statistical analysis of the daily values of 

continuity indicators CAiDi (=SAiDi/SAifi) and SAiDi. The EPR method considered the days in which these indica-

tors presented both an abnormally high daily value as “major event days”. The interruptions occurring during “major 

event days” were excluded from the calculation of the incentive-based regulation. This method was employed on 

a voluntary basis in the period 2004-07. Companies that opted for the EPR statistical method could not invoke the 

application of force majeure classification even if they could collect written evidence of the situation.

for the third regulatory period (2008-2011), AEEg developed a new statistical methodology for the identification of ex-

ceptional events. The new methodology for the identification of “exceptional condition periods” is based upon a statisti-

cal exploration of the distribution companies’ records of each single electrical service fault. According to this statistical 

analysis, a simple computational algorithm identifies the exceptionality threshold as a function of the average number 

of faults in a 6-hour time interval as observed in the last three years. Each 6-hour time interval is considered exceptional 

(exceptional period, EP) if in the given 6 hours a number of faults higher than exceptionality threshold is observed.

for Mv faults, the exceptionality threshold is equal to 2.3+9.4*avgMV, where avgMV is the historical average value 

of number of Mv faults calculated as explained above.

for Lv faults, the exceptionality threshold is equal to 3.5+7.1*avgLV, where avgLV is the historical average value of 

number of Lv faults calculated as explained above.

The exceptionality test is applied separately for Lv and Mv voltage levels, for each province, for provinces where 

more than one distribution company operates the test is applied to each distribution company. This new methodol-

ogy is no longer adopted on a voluntary basis; it is compulsory. however, companies can claim force majeure event 
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classification if they suffer damages to the network components due to weather conditions beyond the network de-

sign requirements only for cases when the method is not able to detect a single, localised cause of interruption that 

is not big enough to trigger the exceptionality test (for example, avalanches or strong winds for which DSos must 

provide appropriate documentation proving that design limits have been exceeded).

2.7.2 Exceptional events visibility in the interruptions statistics 

Previously, we concluded that the concept of exceptional events reflects the unique characteristics 
of each country’s electricity sector and the impact of severe weather conditions in each country.  
however, it is important to understand how the exceptional events are taken into account in the inter-
ruption statistics in order to understand the meaning of the various countries’ interruption indices, how 
these events affect the interruption level experienced by customers and what the system operators’ 
responsibilities are in each country. Table 2.13 presents, inter alia, whether exceptional events are vis-
ible in the interruptions statistics or not, i.e., whether exceptional events are included in the interruption 
statistics, excluded or simply are presented separately in the statistics.

As has already been mentioned in this section, continuity of supply indicators present information on 
grid performance at the delivery points. if all interruptions are considered in the indicators calculation, 
they will provide information on the continuity of supply as seen by the customers, which is important 
in evaluating the impact of the exceptional/force majeure events in terms of continuity of supply. 

As an example, the continuity of supply data from two countries was analysed, and the contributions 
of exceptional/force majeure events was assessed. one country considered exceptional events in the 
interruption statistics (Austria); the other country considering force majeure in the interruption statistics 
(Portugal). The next 4 figures show the interruption data analysed for this purpose.
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Interruptions attributable 
to force major events
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The previous figures highlight the distinction between the exceptional event and the force majeure event concepts in the two countries.

Even though Austria’s exceptional event classification is not based on a statistical definition, the excep-
tional event classification has not been applied during half of the analysed years. in the years that the 
concept has been applied, it has been applied to only one specific incident. During the analysed years, 
the causes that justified the classification of exceptional events where:
 

2002 - August, flood (Danube)•	
2005 - August, flood (Salzburg, Tirol)•	
2006 - 4•	 th november (uCTE interruption)
2007 - 19•	 th January, storm (kyrill)

from figure 2.11 and figure 2.12 we can see that these exceptional events represent from about 20% 
to 58% of the total ASiDi value and from 2% to 23% of the ASifi value. 

on the other hand, in Portugal, incidents that are classified as force majeure occur every year, several 
times per year. from figure 2.13 and figure 2.14 we can see that the annual contribution of force 
majeure events is from 25% to 37% of the SAiDi value and from 19% to 28% of the SAifi value, both 
evaluated on Lv customers. 

This example shows the impact of the incidents classified as exceptional/force majeure events on the 
level of the continuity of supply in each one of the analysed countries. it also shows the differences for 
the values of the continuity of supply indicators that are reported when the exceptional/force majeure 
events are excluded.
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2.7.3 Exceptional events and compensation payments

Table 2.13 shows whether different exceptional events in use in various countries are excluded from the cal-
culation of any compensation paid to customers. The information gathered from the CEER member coun-
tries shows that no compensation is paid in many countries. however, in other countries it is considered that 
even when the interruptions are due to exceptional events, the affected customers must be compensated. 

Table 2.14 gives 2 examples on how exceptional events are considered in the continuity of supply 
standards related to the maximum yearly duration of long interruptions.

TABLE 2.14 ExCEPTionAL EvEnTS in ConTinuiTy of SuPPLy STAnDARDS in uSE in 
iTALy AnD uniTED kingDoM

Country
Standard: maximum yearly duration of long interruptions

Amount Exclusions or exceptions

Normal conditions Exceptional events

italy Standard applied even in exceptional conditions.
Lv
high density area: 8 hours
Medium density area: 12 hours
Low density area: 16 hours
Mv
high density area: 4 hours
Medium density area: 6 hours
Low density area: 8 hours
(low density: municipalities with less than 5,000 
inhabitants; medium density. between 5,000 and 
50,000 inhabitants; high density: more than 50,000 
inhabitants)

The value depends on the 
customer type (domestic 
or non-domestic), the 
installed power, the voltage 
level and the duration of 
the interruption.
for example, for 
domestic customers, the 
compensation is equal to 
€ 30 plus € 15 for each 
further period of 4 hours.

All events are included 
(even transmission-related 
events and exceptional 
events) Sole exclusion: 
evacuation of the 
population (for instance 
after an earthquake): in 
this case no compensation 
is due (in case of forced 
evacuation it is not 
meaningful to restore 
supply quickly)

united 
kingdom

18 hours(normal 
weather conditions)

intermediated events:  
24 hours
Large events: still 48 hours
very large events: more 
than 48 hours

£ 50 (domestic customers) 
or £ 100 (non-domestic 
customers), plus £ 25 for 
each further 12 hours up 
to maximum of £ 200 (all 
types of customers)
intermediated events, 
large events and very large 
events: £ 25 plus £ 25 for 
each further 12 hours up 
to maximum of £ 200 (all 
types of customers)

More than 500,000 
customers affected per 
DSo

islands: orcadi/Shetland 
and highlands

Exclusion of non-weather 
conditions

Exception for “delay of 
clock”

The system operator is always responsible for a technical and economically efficient answer to the 
consequences of the occurred exceptional events. This premise is included in the procedures adopted 
in all countries; examples from 2 countries are presented below. 

in Estonia, when an interruption is caused by an event of long-duration (example: natural disaster, •	
heavy winds or glazed frost that exceeds design norm, war ...) that could not be anticipated by 
the system operator, the event is declared an exceptional event. however, the system operator is 
obliged to act to restore service within 3 days of the end of the event. if the period of 3 days is ex-
ceeded, the system operator must compensate customers from its own profits.
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in italy, as a general rule DSos are responsible to compensate customers for interruptions that ex-•	
ceed standards for maximum duration of interruptions. for interruptions due to exceptional events, 
reimbursements are not paid by the utilities; in these cases, the costs are socialised and paid by a 
general interest fund. The general interest fund reimburses the distribution company under one of 
the three following situations:

 
for interruptions occurring during an exceptional period (EP) or caused by force majeure (in this •	
last case, only if network components have been damaged; the distribution company must have 
written evidence that network design criteria have been exceeded);
for the period of time called “suspension of clock” when the “clock” counting the interruption •	
duration may be suspended because the utility considers that it is not safe for repair teams to 
carry out the necessary work to restore the supply;
interruptions due to external causes: (damages from third parties, interruptions caused by customers).•	

This general interest fund has been created with contributions from customers and regulated utilities. 
Customer contributions are part of the distribution tariff. Distribution companies contribute with pay-
ments that are a function of the number of their Lv customers affected by interruptions longer than 8 
hours in the previous year.

2.7.4 Measures adopted to minimise the occurrence of exceptional events and its impact 
on the network 

Being conscious of the impact of exceptional events on the network performance and operation, sys-
tem operators tend to adopt measures to minimise their occurrence or their impact on the network, 
adopting namely contingency plans and insurance contracts. 

in many countries, there are two levels of contingency plans: a system operator contingency plan and 
a national contingency plan.

Additional information A 2.2 - Contingency plan in France

in france, the system operator contingency plan concerns the impact of exceptional events on the network and, 

in a general way, its aim is to reduce the interruption time, to minimise the energy not supplied/distributed and to 

minimise the number of affected customers. 

As an example, in france, the contingency plan consists of a special emergency procedure including equipment, 

logistical organisation, cooperation planning between operators (sharing information and equipment...). The plan is 

established with the objective of restoring “normal” service within 5 days. Any major event due to extreme climatic 

conditions is followed by feedback from the DSo/TSo to the Ministry, making it possible to revise the technical 

rules (insulation distance, resistance to wind). These new rules apply to the new network elements. for the existing 

elements, an update programme is set up. This programme enables the DSo/TSo to carry out an inventory and to 

identify the modifications required to make the network meet these new standards. for example, following the storm 

in 1999, a plan for mechanical security was set up in order to reinforce the network in case of storms of similar inten-

sity. it was financed by the use of system tariff for a total value of € 100 million per annum over 15 years. 

in the german case, there is no national contingency plan in force. The existence of company contin-
gency plans depends on the size of the DSo.

in some other countries, contingency plans are established explicitly by law and regulation. in Luxem-
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bourg, both national and company contingency plans are required by law. in italy, distribution compa-
nies must prepare a contingency plan (emergency plan) for responding to exceptional events, following 
the guidelines issued by CEi - Comitato Elettrotecnico italiano on behalf of the regulatory authority. The 
aim of the emergency plan is to ensure that the duration, geographic extent and consequences of the 
interruption is kept to a minimum for the effected customers.

in most countries, the national contingency plan is related to security situations that involve a group of 
national security bodies in addition to the system operators.

This separation between network contingency plans and the national contingency plan contributes to 
the distrinction between the two types of exceptional events in norway:

in the “contingency plans”, the grid companies should focus on actions to be taken to prevent or •	
to reduce the consequences of “Extraordinary situations”. This might include investment in reserve 
material or other reserve capacity. 
The “highly critical power situations” should be considered in the national power system planning. •	
The energy and power balance should be analysed and actions taken to reduce the consequences.

The operators may adopt procedures and systems with the objective of reducing the time / number 
of occurrences or to minimise the impact of these incidents on the network. After the major incidents 
that occurred in the last few years, the use of the Dispatcher Training Simulator (DTS) has been recom-
mended for use by the system operators. This computer-based training system allows network simula-
tions, which help train the system operator technicians to act in crisis situations. This type of simulation 
system is implemented in Portugal, hungary, norway, finland and Luxembourg. A similar system is in 
an advanced stage of implementation at the national Power Dispatcher of Romania. in france, the TSo 
has a training programme for crisis situations.

insurance contracts are also used to provide coverage for the consequences of an exceptional event. By 
law, the system operator normally has an obligation to offer insurance contracts supporting its activities. 

The Portuguese transmission operator has two types of insurance policies. one of them is imposed by 
law and concerns the civil responsibility against third party losses. The other one is optional and is an 
“all-risk” insurance against damages in the network (breakdown equipment in all substations). The in-
surance contract no longer covers line damages, as the premium was raised after the 1999 incidents in 
the french network, making the insurance uneconomic. Since 2004, in order to respond to emergency 
situations in lines, the Portuguese transmission operator has a “kit of emergency lines” (up to 400 kv), 
that can be rapidly installed for lengths between 6 and 8 km.

2.7.5 Main findings on exceptional events

in accordance with the responses received to the CEER questionnaire, the concept of exceptional 
events is commonly used, but it is applied with different designations and meanings. Therefore, it is 
not possible to derive a clear conclusion on situations where the concept is applicable and on how to 
distinguish between “exceptional events” and “normal interruptions”.

Most of the analysed countries use the classification of force majeure. in many cases, the definition of force 
majeure is established in the civil law that is applied in a general way for many activities; it is not restricted 
to the electricity sector and continuity of supply regulation. in this context, the definition of force majeure is 
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normally related to the system operator’s responsibilities. While this is a factor that must be taken into ac-
count, it does not mean that a force majeure event should be summarily excluded from the quality of supply 
regulation. Moreover, the force majeure event classification is usually related to the causes of the incidents. 
nevertheless, when an incident is classified as a force majeure event, the lack of quality (namely number 
and duration of interruptions) due to that incident is dependent on actions taken by the system operators. 
it is important that this aspect of the event is not overlooked. The classification of a situation as a force ma-
jeure event should only be accepted when the incident is well-justified and the relation between the causes 
and the effects of the continuity of supply performance has been proven. The required procedures for clari-
fying these situations are generally burdensome for the system operators and for the nRA.

As shown in this section, the exceptional event concept is used in most countries related to an unlikely 
occurrence, based on statistical methods. Statistical methods can be based on the level of exceptional 
impact of the weather conditions or it can be based on criteria such as the number of customers inter-
rupted or the duration of the interruption.
 
Some countries have adopted a list of situations which would be considered exceptional events. in 
these cases, the definition should be sufficiently clear, such that there are no ambiguities when the 
classification is applied; borderline situations should be minimised. in some countries, regulators take 
decisions on a case by case basis, using general guidelines.

Despite the conceptual differences, various types of exceptional events have been identified because 
they are in use in different countries and have different impacts on the continuity of supply regulation 
in force in different countries. understanding the meaning of these situations in each country and 
their influence on interruption statistics is of significant importance in a benchmarking study. ideally, it 
would be desirable to have a harmonised definition. however, it is recognised that there are some en-
vironmental conditions and structural network characteristics that make this impossible. for example, 
within Europe, the climate conditions are very different between regions, making it difficult to set out 
a European definition of exceptional events using criteria based on weather conditions. The criteria 
based on statistical approaches could be more easily standardised all across Europe. 

Some countries include exceptional events in their interruption statistics, while others do not. Some 
countries include separate numbers for exceptional events and interruption data, both with and without 
exceptional events. These aspects are of paramount importance when evaluating a benchmarking on 
continuity of supply and must always be taken into consideration. 

it is recommended that any publication of continuity of supply data includes information about the 
interruptions that are excluded and included, together with information about those situations that are 
treated specifically. it is also recommended that each country use the definitions as set out in their own 
regulation. The use of expressions, like exceptional events, with an apparent intuitive meaning, but 
without a clear definition of the manner in which it is being used can result in misinterpretation.

The system operator is responsible for the network management and all the procedures to be taken, in 
order to minimise the effects of events that are outside the control of the system operators. 

2.8 Conclusions and Recommendations on Continuity of Supply

Monitoring schemes for continuity of supply are in place in at least 21 European countries. The CEER is 
aware that several countries that have not replied to the questionnaire also have a monitoring scheme 
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in place. The presence of a monitoring scheme for continuity of supply, controlled by an independent 
entity, like a regulator, is seen as an essential condition for a well-functioning electricity market.

Short interruptions are monitored by approximately half of the countries that replied to the question-
naire. it is strongly recommended that some type of monitoring scheme for short interruptions is in 
place as customers have placed increased importance on fewer and shorter interruptions. The CEER 
is aware that additional costs may be associated with such a scheme. This will, inter alia, depend upon 
the registration and reporting scheme that is currently being used for long interruptions. A decision on 
the implementation of such a scheme and the required accuracy of the resulting statistics can only be 
made at the national level. furthermore, it is necessary to develop a clear aggregation rule for short and 
long interruptions that occur within a short timespan.

only 2 countries collect statistics on transient interruptions. The usefulness of these statistics is recog-
nised. however, a decision on this should be taken at a national level. The CEER offers no recommenda-
tions on this issue. The costs for implementing such a scheme should be considered in the decision. 

Most countries collect some information on the cause of interruptions. This information is important for 
the regulators and is essential to enable system operators to improve the continuity of supply. Such 
information should be, and probably is, collected by system operators, in as much detail as possible. 
The CEER does not deem it important to harmonise the types of causes that are collected among the 
European countries.

The same reasoning holds, to a somewhat lesser extent, for information on the voltage level at which 
an incident took place. Different voltage levels may be operated by different companies, making this 
information relevant for regulatory purposes only.

only a limited number of countries consider incidents at all voltage levels in the continuity of supply 
statistics. The absence of incidents at Lv is seen as a serious limitation. Although incidents at Mv pro-
vide the main input to SAifi and SAiDi, incidents at Lv cannot be neglected even for low voltage cus-
tomers; the resulting interruptions often last longer than interruptions due to incidents at higher voltage 
levels. All countries are encouraged to include incidents at Lv in the continuity of supply statistics. if 
the duration of those interruptions and numbers of affected customers are estimated, the additional 
costs are limited. A decision at national level is needed about automated methods for determining the 
duration of incidents at Lv and number of affected customers. The costs of such a scheme should be 
considered in that decision.

Countries that do not monitor incidents at Lv are encouraged to investigate the use of electronic en-
ergy meters (known as “smart meters”) in an automated scheme for logging interruptions. Additional 
advantages of such a scheme are that short interruptions can be recorded without extra costs and that 
weighting is automatically calculated based on the number of customers affected.

The use of different weighting methods for indices with the same term (SAifi, SAiDi) makes comparison 
difficult. it is recommended to reserve the terms SAifi and SAiDi for weighting based on the number of 
customers. other terms should be used when other weighting methods are used. The use of different 
terms for the same index (SAifi/SAiDi versus Ci/CML) can also be somewhat confusing, but it is not 
seen as a significant concern. 

The use of common definitions for SAiDi and SAifi for all countries, as well as common rules for ag-
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gregation, weighting, etc., would certainly allow better comparisons of the continuity of supply among 
different countries.

it is also recommended that standards organisations, like CEnELEC and iEEE, provide common defi-
nitions to reduce the confusion. The ongoing revision of iEEE Std.1366 and similar activities ongoing 
within CEnELEC should be used as an opportunity to define the indices used in the different European 
countries in a standardised way.

no information was requested on aggregation rules used for counting long and short interruptions. in 
a parallel study, not reported in this document, large differences between European countries were 
observed. This will result in significantly different values for the number of interruptions per customer, 
especially for short interruptions. harmonisation of aggregation rules is strongly encouraged.

in some countries no clear aggregation rules exist. The CEER recommends that these countries define 
such rules, preferably in harmonisation with other countries, especially for short interruptions. 

The different rules and definitions used by different countries make it difficult to do a direct comparison 
of the continuity of supply in different countries.

A number of European countries have shown significant improvements in continuity of supply  
during the last 10 years. An inventory of the means by which this improvement was achieved would be 
useful information for other countries. implementing these improvements in other countries could result 
in the next round of improvements in the continuity of supply.
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3 voLTAgE QuALiTy

3.1 introduction

voltage quality was extensively covered in the 3rd Benchmarking Report on Quality of Electricity Supply. 
issues related to nRAs’ requirements for voltage quality, individual verification and market mechanisms 
for improving voltage quality in the various countries have not undergone major changes since the 3rd 
Benchmarking Report. in this chapter on voltage quality, the parts regarding these issues are based 
on the 3rd Benchmarking Report and upon amendments reported from the countries in 2008. The 
comparison of different voltage quality monitoring schemes has been extended in this edition of the 
Benchmarking Report. for the first time, it includes data on actual voltage quality levels submitted by 
the CEER member countries.

This chapter begins with a general introduction to the subject, explaining what voltage quality is, how it 
is affected and what it affects; further, standards and requirements in general are described. The main 
conclusions from the 3rd Benchmarking Report have been drawn up and there is a description of the 
CEER work on voltage quality matters in Europe since the 3rd Benchmarking Report was published 
in December 2005. The chapter also contains a comparison of voltage quality regulations (including 
requirements) and monitoring schemes running in the CEER member countries and data on actual 
voltage quality levels submitted from those countries, where such are available. Results from surveys 
conducted into costs due to poor voltage quality are presented from a few countries.

Table 3.1 presents the countries that provided information about one or several aspects of voltage 
quality regulation and voltage quality levels. The table gives an indication of what kind of information 
was provided.

TABLE 3.1 inDiCATion of WhAT kinD of voLTAgE QuALiTy infoRMATion hAS 
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Austria yes yes yes
Belgium yes yes yes yes yes yes
Cyprus yes
Czech Republic yes yes yes yes yes
Denmark yes
Estonia yes
finland yes
france yes yes yes yes yes (3) yes yes yes yes
germany yes (1)

greece yes yes
hungary yes yes yes yes yes
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ireland yes
italy yes yes yes yes yes yes yes
Latvia yes yes
Lithuania yes
Luxembourg yes
the netherlands yes yes yes yes yes yes
norway yes yes yes yes yes yes yes yes
Poland yes yes
Portugal yes yes yes yes yes yes yes
Romania yes yes yes
Slovenia yes yes
Spain yes yes
Sweden yes (2)

united kingdom yes
(1) in germany, power quality contracts are optional on a contractual basis.
(2) The Swedish regulator submitted the information regarding the customer survey in Sweden but the survey was not performed by the nRA. 
(3) in france, for the DSos only.

3.2 voltage Quality in general

Electricity consists of currents and voltages and has several characteristics which determine its tech-
nical quality, which means its availability and usefulness. in this report, the availability is dealt with in 
the chapter on continuity of supply. The usefulness of electricity when there are no interruptions is 
described by the level of the voltage quality. voltage quality is becoming an important issue in many 
countries due to, inter alia, an increase in the sensitivity of end-user equipment over the past 20 to 30 
years, and therefore it is of increasing concern to network companies, electricity end-users and elec-
tricity regulators.

in order to decide whether the voltage quality is good or poor, it is necessary to have stated criteria. The 
voltage quality is evaluated against these criteria and expressed with respect to them. Such evaluation 
criterion should consist of the parameter to be measured, the measurement period, the index to be 
calculated and the limit with which the index is to be compared. however, important items have to be 
considered during the development of such criteria, which will function as minimum requirements.

iEC4 standards, which are worldwide standards, define an electromagnetic disturbance as any electro-
magnetic phenomenon which, by being present in the electromagnetic environment, can cause elec-
trical equipment to depart from its intended performance. in this report, the term voltage disturbance 

4 IEC = International Electrotechnical Commission (www.iec.ch)
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will be used for the characteristics of the voltage. Different voltage disturbances are listed and defined 
in several international standards, but they are not always defined in the same way. Different voltage 
disturbances may be grouped according to the voltage frequency, RMS5 value and wave shape, as 
presented in Table 3.2.

TABLE 3.2 voLTAgE DiSTuRBAnCES gRouPED ACCoRDing To ThE DEviATion 
in ThE fREQuEnCy, ThE RMS vALuE AnD ThE WAvE ShAPE 

Voltage characteristics

voltage frequency frequency and time deviation

voltage RMS value Slow voltage variations

Rapid voltage variations voltage dips

voltage swells

Rapid voltage changes

voltage fluctuations (flicker)

voltage wave shape harmonic voltages harmonic voltages

interharmonic voltages

Subharmonic voltages

Transient over-voltages

Mains signalling superimposed on the supply voltage

3.2.1 Continuous phenomena versus voltage events

from a regulatory point of view, it is useful to group the different voltage disturbances mentioned above 
into continuous phenomena and voltage events. for each quality parameter to be regulated, it is impor-
tant that it can be observed, quantified and verified.

Continuous phenomena•	  are voltage variations that occur continuously over time. Continuous phe-
nomena are mainly due to load pattern, changes of load or nonlinear loads. They occur continuously 
over time and can often be satisfactorily monitored during measurement over a limited period of 
time, e.g. 1 week.
Voltage events •	 are sudden and significant deviations from normal or desired wave shape or RMS 
value. voltage events are typically due to unpredictable events (e.g. faults) or to external causes. 
normally voltage events occur only once in a while. To be able to measure voltage events, continu-
ous monitoring and the use of predefined trigger values are necessary.

The voltage disturbances listed above can be grouped into continuous phenomena and voltage events 
as shown in Table 3.3 (brackets for some disturbances indicate that due to different causes they can 
be categorised partly as both).

5 RMS = root mean square
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The perfect voltage quality would be provided by a supply voltage with a perfect sine wave that had a 
nominal magnitude, angle between line voltages and frequency; see figure 3.1 (only for a single phase). 
Any deviation causes a reduction in the voltage quality with respect to the perfect voltage quality. Many 
factors may reduce the voltage quality, e.g. short circuits and earth-faults, lightning, switching of capaci-
tor banks, load variations, nonlinear loads (frequency converters, rectifiers), electronic equipment and the 
direct online start of large motors. To what degree the current flowing through the system will influence 
the level of the voltage quality at one point in the system will depend upon the system impedance or in 
other words the short circuit power6 in that particular point in the system. Most electrical equipment is de-
signed to tolerate some deviation from the perfect sine wave. it is not necessary and would not be socio-
economically defensible to aim at a completely perfect voltage quality in the public electricity supply.

TABLE 3.3 voLTAgE DiSTuRBAnCES gRouPED inTo ConTinuouS 
PhEnoMEnA AnD voLTAgE EvEnTS

Continuous phenomena Voltage events

frequency and time deviation voltage dips

Supply voltage variations voltage swells

voltage unbalance Transient over-voltages

harmonic voltages (including interharmonics and subharmonics)

Mains signalling superimposed on the supply voltage

flicker (due to voltage fluctuations)

Rapid voltage changes  

(voltage dips) (frequency and time deviation)

(voltage swells) (Rapid voltage changes)
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6 The short circuit power (Ssc) is given as Ssc = √3.UN.Isc = UN
2/Zsys, where Zsys is the system impedance consisting of the total 

impedance in generators, motors, transformers, cables, lines, etc. seen from a particular point in the power system.
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Small continuous variations will always occur in the system. Still, system operators can do a lot to keep 
continuous variations within reasonable limits which eventually may lead to more efficient network 
management, e.g. lower power losses. Continuous phenomena outside predefined limits may lead to 
severe problems for connected customers. voltage events may lead to an interruption in the processes 
within a customer’s installation or to equipment damage; hence large costs for the customers can be 
involved. voltage events may also result in equipment damage. voltage events occur very randomly 
over the year and must be approached stochastically. System operators may introduce some measures 
in order to reduce the scope of voltage events, but voltage events can never disappear completely. 
furthermore, it is important that customers are aware of the kinds of voltage events and the possible 
diffusion that may occur, and are therefore able to introduce appropriate counter-measures.

3.2.2 Influence on the voltage quality

voltage quality is a complex and multi-dimensional issue, affected by several factors. Due to the nature 
of electricity, the voltage quality is affected by all the parties connected to the power system: network 
companies (DSo/TSo), power producers and end-users.

voltage quality is influenced by the current flowing through the power system. The system impedance, and 
hence the short circuit power, is therefore of imperative importance regarding how different events and dif-
ferent load patterns influence the voltage quality. for example, the effect on the voltage quality due to cus-
tomers’ withdrawal of current will depend on the short circuit power at the point of connection. A key ques-
tion when the voltage quality is too poor is whether the disturbance (e.g. a harmonic disturbance) from a 
customer’s installation is too big or whether the short circuit power in the point of connection is too weak. 

network management is very important for voltage quality. network design and operation, protection strategy, 
relaying and grounding, etc., are all key points for disturbances related to voltage quality. The role and actions 
of grid companies - both distribution and transmission operators - are therefore of paramount importance. 
Tasks relating to standards and regulations, amongst others, define the different parties’ responsibilities.

3.2.3 Requirements for and regulation of voltage quality

The aim must be to have an electromagnetic environment where electrical equipment and systems func-
tion satisfactorily without introducing intolerable electromagnetic disturbances that would affect other 
equipment. This situation is referred to as electromagnetic compatibility (EMC). in order to achieve this, 
it is necessary to limit specific voltage disturbances in the public supply voltage, taking into account in 
particular international EMC standards issued by the iEC regarding immunity and emission limits. The 
EMC framework is applicable to continuous phenomena but has not yet been developed for voltage 
events. in the book “Service Quality Regulation in Electricity Distribution and Retail”7 more information 
can be found about possible regulatory instruments regarding quality of supply.

in Europe, the most important norm regarding voltage characteristics of electricity supplied by public 
distribution networks is the CEnELEC8 norm En 501609. This norm defines, describes and specifies 

7 This book has been the collective effort of scholars and practitioners of the Florence School of Regulation (FSR) and the 
CEER. The authors are E. Fumagalli, F. Delestre and L. Lo Schiavo. Available for purchase from www.springerlink.com, 
ISBN: 978-3-540-73442-0.

8 European Committee for Electrotechnical Standardization (www.cenelec.org). CENELEC norms are available from 
CENELEC and from the different national standards organisations (national members of CENELEC).

9 EN 50160:2007 Voltage characteristics of electricity supplied by public distribution networks.
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the main characteristics of the voltage at a network user’s supply terminals in networks with voltage 
levels below 35 kv. The limits in En 50160 are mainly given for only a percentage of the time and often 
softened by using “should” instead of “shall”. The original scope of the En 50160 was to only define 
and describe the characteristics, which is part of the reason why the limits are not yet satisfactory for 
regulatory use. En 50160 is currently under revision; see section 3.4 for further information. 

Regarding standardised methods for measurements of voltage quality, the most important norm world-
wide is the iEC norm 61000-4-3010, which is also adopted by CEnELEC without corrections and func-
tions as a CEnELEC standard En 61000-4-30. The table below lists the voltage disturbances given in 
the present edition of En 50160, the new draft En 50160 under consultation and in the iEC 61000-4-30. 
Throughout the rest of this chapter, the terms in the new draft En 50160 will be used when referring to 
different voltage disturbances.

 

TABLE 3.4 voLTAgE DiSTuRBAnCES LiSTED in ThE noRMS En 50160 AnD  
iEC 61000-4-30.

Voltage disturbances listed in the present  
EN 50160

Voltage disturbances listed in the new draft 
EN 50160

Voltage disturbances listed in  
IEC 61000-4-30(1)

Power frequency Power frequency Power frequency

Magnitude of the supply voltage Magnitude of the supply voltage Magnitude of the supply voltage

Supply voltage variations Supply voltage variations Supply voltage variations

flicker flicker flicker

Supply voltage dips voltage dips Supply voltage dips

Temporary power frequency 
overvoltages between live conductor 
and earth(2)

voltage swells(2) Supply voltage swells

Transient overvoltages Transient overvoltages Transient voltages

voltage unbalance voltage unbalance Supply voltage unbalance

harmonic voltage harmonic voltage voltage harmonics

interharmonic voltage interharmonic voltage voltage interharmonics

Mains signalling voltage Mains signalling voltage Mains signalling voltage on the supply 
voltage

Single rapid voltage change Single rapid voltage change Rapid voltage changes

(1) iEC 61000-4-30 gives definitions without giving the threshold values.
(2) in the present En 50160, temporary overvoltages are only defined between live conductors and earth and without any threshold values or 

minimum and maximum durations. in the new draft En 50160, it is proposed to define voltage swells both between live conductors and 
earth and between live conductors, and also with threshold values and minimum and maximum durations. The new definition is in accord-
ance with the definition in iEC 61000-4-30.

Any minimum requirements for voltage disturbances should be based upon (not in a prioritised order):

Aim whether to uphold or to increase today’s level of quality;•	
The consequences or impact that each voltage disturbance will have on society in general, and the •	
single grid customer in particular;
The level of disturbances that leads to interference with electrical equipment. This will, inter alia, •	
include damage, malfunction, changes in equipment lifetime and visual annoyance;
Which voltage disturbances may easily be monitored and followed up in a suitable manner;•	

10 IEC 61000-4-30:2003 Electromagnetic compatibility (EMC) - Part 4-30: Testing and measurement techniques - Power quality 
measurement methods.
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Provisions that apply for 100% of the time under normal operating conditions unless exemptions •	
are granted;
Compatibility with other standards, including international EMC standards.•	

voltage quality is affected by all parties connected to the power system, because of the nature of 
electricity; see also section 3.2.2. Attention must therefore be paid to transmission and distribution 
companies, power producers and end-users.

furthermore, it is important not to look upon any kind of minimum requirements as being the same 
as design criteria (planning levels). The system should be designed (planned) for a better quality than 
stated by minimum requirements, in order to ensure being able to fulfil the minimum requirements. 
Such planning levels may form internal quality objectives, aimed at managing customer emission levels 
and system characteristics, in order for the minimum requirements to be met.

3.3 Main Conclusions from the 3rd Benchmarking Report

voltage quality was extensively covered in the 3rd Benchmarking Report on Quality of Electricity Supply is-
sued in December 2005. one of the main findings in that report was the complexity of voltage quality and 
that good knowledge of the real situation is a preliminary step towards any kind of regulatory intervention. 
Already then, a significant number of the CEER member countries had installed, or were about to install in the 
near future, a monitoring system on voltage quality. further, it was found that in most countries customers are  
generally entitled to have a verification of actual voltage quality levels at the point of connection. 

Another main finding was that in some countries minimum requirements for voltage disturbances differ 
from the ones stated in the European norm En 50160. This applied especially for continuous phenom-
ena and was due to the fact that En 50160 was found to be unsatisfactory both by regulators and by 
customers. it was further stated in the report that “some regulators think that stricter voltage quality 
standards are required or are actually engaged to prepare more constraining standards because they 
are not happy with En 50160”. The reasons for this view were stated but have been further elaborated 
in an ERgEg consultation11 paper of December 2006 and an ERgEg conclusions12 paper of July 2007. 

furthermore, it was found that in some countries power quality contracts can be entered into between 
companies and customers in order to agree upon contractual quality levels, extra-revenue for the dis-
tribution companies and payments to the customers if the quality levels are not met. only in france and 
italy was this regulatory tool developed with some ex-ante intervention of the regulator.

The 3rd Benchmarking Report on Quality of Electricity Supply gave three main recommendations for 
future work on voltage quality:

it was highly recommended that En 50160 be revised by CEnELEC in cooperation with the CEER •	
and other stakeholders, taking into account both the actual levels of voltage quality in European 
transmission and distribution networks, the evolution of customers’ needs and the voltage quality 
measurements issues.

11 E06-EQS-09-03 ERGEG consultation paper: Towards voltage quality regulation in Europe, on consultation between 21st 
December 2006 and 22nd February 2007, www.energy-regulators.eu, see also section 3.4 below.

12 E07-EQS-15-03 ERGEG conclusion paper: Towards voltage quality regulation in Europe, ERGEG July 2007,  
www.energy-regulators.eu, see also section 3.4 below.



70 voltage Quality - 4th Benchmarking Report on Quality of Electricity Supply

it was strongly recommended that at least the most critical voltage disturbances be monitored and •	
that results be published, in order to determine, in a first stage, the actual performance of networks. 
it was recommended that this was done over several years (at least 3), in order to draw out signifi-
cant trends.
it was highly advisable to undertake further research and to obtain further information on power •	
quality contracts, which can result in an efficient way to satisfy special quality needs without in-
creasing general tariffs.

These recommendations, and especially the first bullet point, have formed part of the work programme 
for the CEER in the years 2006, 2007 and 2008.

3.4 Work done by the CEER and ERgEg on voltage Quality after the 3rd Benchmark-
ing Report

in 2006, the European regulators started cooperation with CEnELEC in order to revise the En 50160. 
Representatives of the CEER attended a meeting of the CEnELEC Technical Committee no 8x on 18th 
May 2006, and gave a presentation of the CEER and the European regulators’ initial view on the En 
50160. The CEER was then further invited to attend meetings of the relevant working group (TC8x/Wg1) 
inside CEnELEC dedicated to the development of the norm En 50160. The CEER representatives have 
participated actively in the work of this working group in order to revise the En 50160 in a consensual 
way, according to CEnELEC procedures.

on 29th September 2006, CEER organised a technical workshop on “voltage quality standards and 
regulations” in Milan, italy. The workshop gathered representatives of CEnELEC, EuRELECTRiC and 
EiCTA, together with academics and representatives from the research environment and from the 
CEER. The different stakeholders presented their views on voltage quality standards and regulations. 
The CEER presented preliminary statements on aims and needs for the regulators regarding voltage 
quality standards and regulation, and preliminary proposals for useful improvements in En 50160 in 
order to reach such aims and needs. This workshop was an important step for further cooperation 
between stakeholders regarding revising the En 50160.

following a wide consultation process held by ERgEg between 21st December 2006 and 22nd february 
2007, the ERgEg Conclusions Paper “Towards voltage Quality Regulation in Europe” was published 
on 18th July 2007. The ERgEg paper contains the European regulators’ position on several aspects 
of En 50160 in need of improvements and identifies gradual steps in order to achieve such improve-
ments.

The decision from the CEER to participate in the process for a revision of the En 50160 is based on a 
widely-supported understanding that when available and suitable, international technical norms can 
be the best tool to complement national regulations. Therefore, the position stated in the Conclusions 
Paper “Towards voltage Quality Regulation in Europe”, is that En 50160 can be used as a basis for 
national voltage quality regulations only if certain improvements are made. The only alternative to using 
proper international standards is for nRAs to issue national requirements on voltage quality, which a 
few countries have already done.
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The afore-mentioned consultation paper contained seven recommendations to CEnELEC about revis-
ing the En 50160, namely:

improve definitions and measurement rules;1. 
Limits for voltage variations - Avoid “95%-of-time” clause and avoid long time interval for averaging 2. 
measured values;
Enlarge the scope of En 50160 to high and extra-high voltage systems;3. 
Avoid ambiguous indicative values for voltage events;4. 
Consider duties and rights for all parties involved;5. 
introduce limits for voltage events according to network characteristics;6. 
Develop the concept of power quality contracts.7. 

ERgEg received 27 written responses to the consultation paper within the deadline for sending replies, out of 
which 14 came from utilities or utility associations, and 10 came from voltage quality professionals, single ex-
perts, academics or research institutes. only 1 response came from a customer association and 2 responses 
arrived from manufacturers. After the deadline for replying to the consultation, a response was received from 
a European association organising both utilities and customer organisations within European countries. All of 
the responses were appreciated and have been very valuable in the process of revising the En 50160. 

however, ERgEg notes that the consumers’ views have not been adequately represented in the con-
sultation process and in the CEnELEC work (through active participation). This can ultimately lead to 
underestimation of the benefits of revising voltage quality norms or over-evaluating costs that might be 
incurred by new norms. it is important to have a sound balance between all of the relevant stakeholders 
in the “world of standardisation”.

Based on the recommendations from the European regulators, several ad-hoc task forces have been 
launched, within Wg1 of the CEnELEC TC 8x, in order to explore possible solutions to the issues 
raised by the afore-mentioned Consultation and Conclusions Paper. These task forces have the follow-
ing names and scopes:

voltage dips and swells (Tf1)•	
Enlarging En 50160 scope to hv/Ehv networks (Tf2)•	
Limits for supply voltage variations (Tf3)•	
Long and short interruptions (Tf4)•	

Each of these task forces has contained or still contains representatives from EuRELECTRiC, manu-
facturers, the research environment and the CEER. Such mini-task forces seem effective in order to 
reach possible compromises between different stakeholders. And in 2007 and 2008 effective work 
was carried out by these mini-task forces. The outputs of the first three mini-task forces have formed a 
new draft En 50160 that was sent for consultation among national standardisation committees (mem-
bers of CEnELEC) at the beginning of April 2008 with a deadline for comments of 5th September. The 
CEnELEC secretariat received quite a few comments on the draft. A meeting of the TC8x/Wg1 on 23rd 
and 24th September 2008 decided upon amendments to the draft in order to try to reach a positive vote 
from the national norm committees. The TC8x decided, in a meeting on 22nd october 2008, that the 
new draft En 50160 is mature enough for a vote. The output of the mini-task force on interruptions is 
aimed at forming a new technical report in the near future.
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The Wg1 meeting on 23rd and 24th September decided to close Tf1, Tf2 and Tf3, and some new Tfs 
were established:

Short circuit power (Tf5)•	
Create the final voting document (Tf6)•	
Limits for faster phenomena (Tf7)•	

The members of the mini-task forces Tf5 and Tf7 will only be decided at the next meeting of TC8x/Wg1 
which it is assumed will take place in May 2009, and the work will fully start only after that.

from the recommendations from the regulators to CEnELEC mentioned above, numbers 1 to 4 were 
considered to be the most important and easiest to deal with in the short term. The new draft En 50160 
sent for consultation at the beginning of April contains some improvements within all of these 4 areas.

The CEER and CEnELEC will sign a Memorandum of understanding between the two organisations on 
13rd January 2009, which formalises the already ongoing cooperation between the CEER and CEnELEC 
and opens the possibility also to cooperate within other fields.

Through the work with revising En 50160, the CEER and EuRELECTRiC have also discovered the need 
for bilateral meetings regarding some quality of supply topics. 

further in 2006, the CEER, together with the florence School of Regulation (fSR), developed a book 
regarding Service Quality Regulation13. This book includes important information, in particular for regu-
lators, on how to develop regulatory instruments within one or several fields of quality of supply, and 
for anyone wanting to learn more about public regulation of quality of supply.

finally, the CEER representatives have given several presentations in different fora about the results of 
the 3rd Benchmarking Report on Quality of Electricity Supply and the regulators’ view regarding voltage 
quality regulation.

3.5 voltage Quality Regulation

As stated in section 3.2.3, the terms used in the new draft En 50160 will be used throughout this report. 
The voltage disturbances in the new draft En 50160 are listed in table 3.4.

Power frequency is however not considered in this report, as the power frequency is monitored and 
managed by the interconnected European transmission system operators and international system 
operation agreements. 

for the purpose of this section regarding requirements in the En 50160, we refer to the 2007 edi-
tion (latest in force). En 50160 is applicable in all Eu and EEA countries for low and medium voltage  
networks up to 35 kv. however, the use of En 50160 in national quality of supply regulations varies 
between countries. in almost all countries, previous editions of the En 50160 have been translated. 

13 This book has been the collective effort of scholars and practitioners of the Florence School of Regulation (FSR) and the 
CEER. The authors are E. Fumagalli, F. Delestre and L. Lo Schiavo. Available for purchase from www.springerlink.com, 
ISBN: 978-3-540-73442-0.
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3.5.1 National regulations that differ from EN 50160

En 50160 sets mandatory values for compliance, which are stated for only a few voltage disturbances 
under normal operating conditions and only for a given percentage of time and mean values over long 
time intervals (typically 95% of the time and the 10 minute mean RMS values):

Supply voltage variations (95% and 10 minute mean values);•	
flicker (95% and 2 hour values);•	
harmonic distortion of voltage waveform (95% and 10 min. mean values);•	
Mains signalling voltage (99% and 3 second mean values). •	

over the years, some regulators have introduced voltage quality limits that are different from those 
indicated in En 50160. Table 3.5 lists the countries where national regulations differ from En 50160, 
although in some cases these regulations or standards have not been set by the regulator. The list is 
separated into each type of voltage disturbance (excluding power frequency variations). More details 
can be found in Annex 2.

According to En 50160, supply voltage variations shall, for 95% of the time during 1 week, be within 
±10% of the nominal voltage un for Lv (or the declared voltage uc for Mv) measured as 10 minute mean 
values. only for Lv, 100% of the 10 minute mean values during 1 week shall be within the +10%/ -15% of the 
nominal voltage. Although this limit is among the few enforceable ones set by En 50160, some coun-
tries have introduced different, more restrictive limits for this voltage disturbance. The restrictions affect 
the “95% of time intervals”, the time aggregation intervals and the tolerance band; see Table 3.5.

TABLE 3.5 nATionAL voLTAgE QuALiTy REguLATionS oR STAnDARDS 
ThAT ARE DiffEREnT fRoM En 50160

Voltage characteristics in EN 50160 Countries with a different regulation or standard

Supply voltage variations ES, fR*, hu, no (only for Lv customers), 
PT (only for Ehv-hv customers)

flicker no (requirements for both Pst and Plt), 
PT (only for Ehv-hv customers),
nL (maximum limit for Plt)

voltage dips no, fR* (customised engagement on request only for Mv and 
hv customers)

voltage swells no, fR*

Transient overvoltages fR*

voltage unbalance fR*, no, nL

harmonic voltage fR*, no, PT (only for Ehv-hv customers),
nL (maximum limit for ThD, 5th and 7th harmonic)

interharmonic voltage none

Mains signalling voltage none

Single rapid voltage changes no

(*) in france, the voltage quality limits are set in the contracts between the customer and the distribution/transmission operator; the regulator 
surveys the contracts but does not set standards.

Some of the differences are elaborated below; please find further details in Annex 2:

france: •	
Contracts for Mv customers contain the voltage variation limit u•	 c ±5% for 100% of the time, 
where uc must be in the range ±5% around un for 100% of the time;
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Concerning voltage variations on Mv and Lv networks, as from December 2007 (decree from the •	
24th December 2007), 10 minute mean values of voltage variations shall be within ±10% of the 
corresponding nominal value;
from october 2006 (decree from 6•	 th october 2006), there are new standards in force relevant to 
connection points between the transmission network and distribution networks; 
The threshold between interruption and dips is 8% of the contractual voltage.•	

hungary:•	
for Lv networks, 10 minute mean values of the supply voltage variations shall be within u•	 n 
±7.5% for 95% of the week and within un ±10% for 100% of the week;
for Lv networks, each 1 minute mean value of supply voltage variations shall not be above u•	 n 
+15% and not below un -15%.

Portugal: •	
for Ehv and hv networks, the Quality of Service Code establishes that the value of u•	 c shall be 
within the range of un ( 7%). under normal operating conditions, during each period of 1 week, 
95% of the 10 minute mean RMS values of the supply voltage shall be within the range of uc 
±5%.

the netherlands:•	
for Lv and Mv networks, supply voltage variations shall be within u•	 n ±10% for 95% of the 
week and within un + 10/ -15% for 100% of the time with no exceptions for long lines or non-
interconnected areas.

norway: •	
for Lv networks, the network companies shall ensure that supply voltage variations at the points •	
of connection are within un ±10% for 100% of the time, measured as 1 minute mean values. See 
also Table 3.7 for more information.

Spain: •	
for Lv and Mv networks, supply voltage variations in the points of connection shall be within u•	 c 
±7% for 95% of the time;
for supplies to distributors who are fed through 1-36 kv networks, the tolerances above shall •	
be reduced to 80%.

Penalties are foreseen in only a few countries for cases in which the voltage quality limits are not met. 
in france, through contract conditions, customers can receive compensation payments on request if 
voltage quality contractual levels are not met. for instance, a customer with a customised contractual 
level on voltage dips can receive compensation if the operator does not respect this standard. This is 
also valid for En 50160, when this is referred to in contracts. in other countries (like hungary and Ro-
mania), in cases in which the voltage quality standards are not met, a financial penalty may be applied 
by the regulator. in germany, financial penalties are negotiated individually, in the framework of bilateral 
agreements between customers and system operators. in others still, the distribution company must 
take appropriate steps to rectify the causes of the inadequate voltage quality within a given time (e.g. 
in Spain and in the united kingdom the period is 6 months for voltage variations outside prescribed 
limits). Regulations and standards related to the companies’ handling of voltage quality complaints 
and timeliness for restoring normal voltage quality limits on a local basis is a key regulatory measure. 
further information about this is available in the chapter on commercial quality.

in some countries, the voltage quality regulation is also applicable to networks with voltage levels high-
er than 35 kv. Regulatory frameworks and provisions vary from country to country. Table 3.6 presents 
countries, where to some extent, the regulator has issued some rules relevant to voltage quality for 
networks with voltage levels higher than 35kv.
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The most interesting case for voltage quality regulation is norway, where in 2005 the regulator introduced 
a new regulation with some requirements stricter than En 50160 (see Additional information A 3.1). The 
regulator decided to set limits for voltage disturbances after becoming very familiar with the subject. 
national research projects had provided several years of continuous monitoring, giving knowledge 
about actual voltage quality levels, and knowledge about when different voltage disturbances cause 
problems for end-users (above which level). This information was a good basis for introducing a better 
and a more detailed public regulation on quality of supply. it was focused on those voltage disturbanc-
es that it is possible (easiest) to prevent from exceeding their limits. The previous schemes for continu-
ous monitoring that were achieved through national research projects depended also upon voluntary 
contributions from norwegian distribution companies for more than 12 years.

TABLE 3.6 CounTRiES WhERE ThE voLTAgE QuALiTy 
REguLATion iS APPLiCABLE To nETWoRkS > 35kv

Country Voltage quality regulation applicable to networks > 35kV

AT, PL As a consequence of the general terms and conditions of system operators
BE (flanders region) up to 70 kv
BE (federal and Walloon region), CZ, Lu, SE it applies, but no specific information applicable
iE, no, PT, Ro All voltage levels > 35kv  

(for norway and Portugal find more information below and in Annex 2)
DE, fR As a consequence of  bilateral agreements or quality contracts signed 

between customers and system operators
Si TSo have to maintain such a voltage quality level in the network to enable the 

DSo to supply the quality according to En 50160
hu, nL Regulated by the grid Code

Additional information A 3.1 - Regulations on Quality of Supply in Norway

The norwegian regulator (nvE) put into force a new regulation on quality of supply from January 1st 2005. Some modifi-

cations entered into force in 2006 and some in 2007. The purpose of the regulations on quality of supply is “(...) to con-

tribute to ensure a satisfactory quality of supply in the norwegian power system and a social rational operation, expan-

sion and development of the power system. This includes taking into account public and private interests affected.”

The following were the aims of developing a national regulation in norway with specific requirements for the quality 

of supply (not in order of priority):

To obtain a quality of supply that is beneficial for society as a whole, and not only to cause a general improvement •	

in the power quality; 

To define what level of quality is regarded as a satisfactory quality of supply. The actual level of the quality of •	

supply in today’s system was generally regarded as satisfactory. Requirements were therefore aimed primarily to 

describe today’s quality level;

To prevent an undesirable deterioration of the quality of supply due to an overall reduction in companies’ costs •	

after the introduction of incentive-based financial regulation (revenue caps);

To improve the companies’ knowledge about the actual power quality being supplied to the customers. Realistic •	

reference levels are needed in order to at least allow customers to adopt their own counter-measures if they have 

special requirements for power quality;

To provide a good basis for handling disputes between network companies and between companies and customers;•	

To improve the end-users’ legal rights regarding quality of supply, and to focus on the network companies’ ability •	

to supply services and electricity of a satisfactory quality.
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When developing the norwegian regulations, nvE noted the importance of compatibility between different regula-

tions and (international) standards. hence, the norwegian requirements take into account both emission and immu-

nity levels given in international standards. international standards were however found to be not satisfactory enough 

to refer to limits, although for measurement methods, relevant standards from CEnELEC and iEC are referred to.

The regulations on quality of supply define requirements for (in short):

 

A minimum acceptable level of voltage disturbances at the point of connection;•	

Continuous monitoring of voltage quality;•	

Registration and reporting of short and long interruptions;•	

information to customers about historical power quality levels and future power quality levels to be expected;•	

Time limits for handling and solving customers’ complaints relating to power quality;•	

Restoration of supply and rectification of violated limits without undue delay.•	

Regarding voltage quality, minimum requirements have been introduced for power frequency, supply voltage varia-

tions, voltage swells (exceptions for some causes), voltage dips (exceptions for some causes), rapid voltage changes 

(exceptions for some causes), flicker, voltage unbalance and harmonics.

The regulation embraces everyone that is connected to the power system, i.e. network companies, end-users and 

power producers. Due to the nature of electricity, it was considered important to have requirements for all parties 

that are connected to the power system. in more detail, the regulation applies to “those who wholly or partially own, 

operate or use electrical installations or electrical equipment that are connected within the norwegian power system, 

and those who pursuant to the norwegian Energy Act are the designated transmission system operator.”

The regulation further points out that power quality shall be a part of the network contract between the network 

companies and their customers. Such a contract can be an important instrument to limit disturbances generated by 

customers so that the voltage quality requirements at all supply terminals can be managed.

The main differences between the norwegian regulation on quality of supply and En 50160 are given in Table 3.7. 

TABLE 3.7 CoMPARiSon BETWEEn En 50160 AnD ThE noRWEgiAn 
REguLATionS on voLTAgE QuALiTy PARAMETERS

Quality aspects EN 50160 The Norwegian regulations on quality of supply

voltage level  [0,1] kv <1,35> kv  [35,∞> kv [0,1] kv <1,35] kv <35, ∞> kv
Supply 
voltage 
variations

230v ± 10%   
(10 min mean 
95% of the week)
230v±10/-15% 
(all 10 min mean 
values)

uc ± 10%  
(10 min mean 
95% of the week)

none 230v ± 10%
(all 1 min mean 
values)

none none

Rapid voltage 
changes 
(RvC)

indicative:
generally < 5%
up to 10%

indicative:
generally < 4%
up to 6%

none Maximum 24 
per 24 hour
- Δusteadystate ≥ 3%   
- Δumax ≥ 5%
Exception for 
some causes.

Same as Lv Maximum 12 
per 24 hour
- Δusteadystate ≥ 3%   
- Δumax ≥ 5%
Exception for 
some causes.
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TABLE 3.7 CoMPARiSon BETWEEn En 50160 AnD ThE noRWEgiAn 
REguLATionS on voLTAgE QuALiTy PARAMETERS

Quality aspects EN 50160 The Norwegian regulations on quality of supply

voltage 
swells

indicative:
< 1.5kv
(phase to earth)

generally
< 1.7 x uc 
(earthed)
generally 
< 2.0 x uc  
(isol./resonant.)

none Same as RvC Same as Lv Same as RvC

voltage dips indicative:
few tens up to 
one thousand

Same as Lv none Same as RvC Same as Lv Same as RvC

flicker Plt ≤ 1 
(95% of the 
week)

Same as Lv none Pst ≤ 1,2 
(95% of the 
week)
Plt ≤ 1   
(100% of the 
time)

Same as Lv Pst ≤ 1 
(95% of the 
week)
Plt ≤ 0,8   
(100% of the 
time)

voltage 
unbalance

≤ 2% 
(10 min mean 
95% week)
≤ 3% occur in 
some areas

Same as Lv none ≤ 2% 
(all 10 min mean 
values)

Same as Lv Same as Lv.

harmonic 
voltage, ThD

ThD ≤ 8% 
(10 min mean 
95% of the week)

Same as Lv none ThD ≤ 8% 
(all 10 min mean 
values)
ThD ≤ 5% 
(all mean week 
values)

Same as Lv <35, 230] kv:  
ThD ≤ 3% (all 10 
min mean values)
<230, ∞>:  
ThD ≤ 2 % (all 10 
min mean values)

harmonic 
voltage, 
individual

En 50160  
Table 1  
(10 min mean 
95% of the week)

Same as Lv none Same as table 1 
in En 50160 but 
for 100% of the 
time. Plus general 
limits above 25th 
order. (all 10 min 
mean values)

Same as Lv Limits for all 
harmonic orders. 
general limits 
above 25th order.
(all 10 min mean 
values)

only voltage disturbances where the norwegian regulation contains specific limits are included. for other voltage disturbances the regulator can 
also specify limits.

Voltage quality regulation might also do well to consider the problem of disturbing customers’ 
plants. in Portugal, for instance, the Quality of Service Code imposes maximum levels of disturbance 
concerning voltage quality for installations connected to, or having applied for connection to, the net-
works. if one installation connected to the network has levels of disturbance greater than the limit, the 
system operator must notify the party in charge of the installation. The system operator must advise 
clients connected to its network on the best way to mitigate the pollution caused by their installations. 
But if the pollution due to a client damages the voltage quality, the system operator has to contact 
the client and agree on a deadline by which to solve the problem. if they fail to agree, the decision is 
submitted to the regulator (ERSE). if at the end of that time the problems remain or are causing serious 
damage, for instance related to the safety of other customers’ equipment, the entity responsible for 
the network can disconnect the polluting installation. This situation must be communicated both to the 
regulator (ERSE) and to the governmental offices (DggE).
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Similar solutions are adopted in Spain and in france to ensure that consumers establish a set of 
measures to minimise the risks stemming from lack of quality. for these purposes, the distribution 
companies must inform the consumer in writing of the steps to be taken to achieve this risk minimisa-
tion. Defining allowed emissions to customers is a very complex matter that still needs to be studied 
profoundly, as it involves both the customer installations and the network characteristics, in terms of 
short circuit power at the connection point.

in norway, everyone that is connected to the power system is covered by the quality of supply regula-
tion, as already described above. if a customer’s plant generates disturbances so that the limits set for 
voltage quality are exceeded at the point of connection for other customers, then the disturbing cus-
tomer is obliged to rectify the problem without undue delay. further, if a customer experience incidents 
in its own plant that are likely to generate voltage quality deviations above the limits set for each point 
of connection, the customer is obliged without undue delay to inform the network company to which 
the customer is connected. however, in an individual case it might be difficult to decide whether the 
disturbances from the customer are too high or whether the short circuit power of the power system is 
too low. if the network company and the customer do not agree on who is responsible for rectifying the 
situation, the case can be brought before the regulator (nvE). The regulator’s decision can be appealed 
to the Ministry of Petroleum and Energy (oED).

in italy, a Technical Standard (CEi 0-16) issued by the national standardisation body (CEi) sets the 
maximum inrush current for Mv customers connected after September 2008 and the corresponding 
level of short circuit power to be assured by DSos, in order to guarantee a maximum variation (5%) for 
rapid voltage changes.

3.5.2 Individual voltage quality verification

Although voltage quality monitoring systems are very useful for getting a general picture of actual levels 
of voltage quality, for a single customer it is more important to have a specific measurement of volt-
age quality levels at its own connection point. The reason is that one disturbance will cause different 
changes in the voltage quality levels (for instance, the depth of voltage dips) from one point to another 
even along the same circuit. 

in most countries, customers who experience problems due to voltage disturbances can request a 
individual voltage quality verification for their connection point, although the distribution companies 
are not legally required in all countries to install a voltage quality recorder for a given time period; some 
details are presented in Table 3.8. generally, costs are paid for by the requesting customer. how-
ever, sometimes costs are paid by the customer if the voltage deviations comply with regulations and 
standards in operation, and by the company if they don’t (see also Additional information A 3.2), and 
for some countries the costs are always paid by the company if the request is due to, or a result of, a 
voltage quality complaint.

in a few countries, customers have the right to install their own voltage quality recorder instead of ask-
ing for it from the distribution company. generally, the voltage quality recorder owned by the customer 
must comply with technical standards to be accepted by the distribution company. in some countries, 
the voltage quality recorder owned by the customer has to comply with several technical criteria,  
defined by the operator.
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TABLE 3.8 inDiviDuAL vERifiCATion of voLTAgE QuALiTy

Regulatory framework for individual verification Country

Distribution companies compelled to provide voltage quality 
individual measurements when requested by the customer or 
after complaints.

AT, BE, Cy, CZ, DE, EE, fi, fR, hu, iT, LT, Lv, no, PL, Ro, PT

Proposal stage SE

no legal obligation ES, uk, EL, Lu, SL

Additional information A 3.2 - Individual verification of Voltage Quality in Portugal 

When a client complains about voltage quality and the distribution operator does not have enough information to 

typify the waveform in the client delivery point, the operator has to make additional measurements. After the monitor-

ing, the distributor has to give the client the following information:

Monitoring period;•	

Type of equipment that was used in the monitoring;•	

Type of perturbations that have been registered;•	

Analysis of the regulated values or limits fulfilment;•	

Entity responsible for the disturbances;•	

Deadline by which to solve the detected problem in cases in which code levels are not met.•	

The limits for voltage disturbances at the delivery point are established in nP En 50160 (translation of the European 

Standard En 50160) for Lv and Mv networks, and in the Complementary instructions published by the Ministry 

(DggE) in accordance with Quality of Service Code for hv and Ehv networks. if actual results reveal that waveform 

characteristics are in accordance with the code values, or if they are not in accordance with the code values for 

reasons attributable to the client, then the client has to pay the costs related to the extra measurements. The amount 

that the client has to pay in this situation is limited to a figure established and published each year by the regulator 

(ERSE). Table 3.9 presents the amount published by ERSE for 2007.

The client can install equipment to measure the voltage quality. if the equipment is installed and sealed after a written 

agreement with the distribution operator, its measured values are valid as proved in a claim.

TABLE 3.9 ThE MAxiMuM AMounT PAiD By inDiviDuAL CuSToMERS in 
PoRTugAL DuE To voLTAgE QuALiTy vERifiCATionS WhEn 
MEASuRED vALuES CoMPLy WiTh ThE CoRRESPonDing 
STAnDARD

Client (voltage level) Amount (€)*

Lv (n) (low voltage with contract power up to 41,4 kvA) 20

Lv (S) (low voltage with contract power higher than 41,4 kvA) 176

Mv 1,560

hv 5,253

Ehv 5,253

These values are published by ERSE for 2007.
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in norway, upon a customer complaint the network companies are obliged to carry out the necessary 
investigation and measurements in order to detect whether the regulations are being violated or not, 
and if so, to detect the cause of the violation. necessary measurements may include power frequency, 
slow voltage variations, voltage dips and swells, rapid voltage changes, flicker, voltage unbalance, har-
monics and transient over-voltages. Costs related to such measurements shall be paid by the compa-
nies. upon request from a customer with no present problem related to voltage quality, the companies 
are obliged to carry out measurements as requested (all vQ parameters). in latter cases, the companies 
may transfer the costs involved to the customer who requested the measurements. 

As for individual voltage quality measurement, one case deserves special attention. in france, both the 
Transmission System operator (RTE) and the main distribution company (ERDf) offer their customers 
customised contracts with assigned voltage quality levels (“commitments” or contractual levels). if the 
customer claims better contractual levels than the normal ones, he can ask the operator for customised 
contractual levels in his contract, paying an extra charge. Customers who have customised contractual 
levels must have a monitoring recorder installed (it can be owned by the customers themselves or by 
the system operator). The existence of voltage quality contracts has led to a high diffusion of voltage 
quality recorders installed on the connection points of single customers: in distribution networks, about 
16% of Mv customers have a voltage quality recorder installed; in the transmission network, the figure 
is about 12% of Ehv-hv customers.

3.5.3 Market mechanisms for improving voltage quality

in some countries, the customers can negotiate with the distributor to get a higher level of quality (both 
voltage quality and continuity of supply); this is generally called a “power quality contract”. in most 
cases, this is possible through the connection contracts: for example, it may involve having a dual con-
nection with automatic changeover. 

Power quality contracts are rarely monitored by the regulator. in the majority of the cases where con-
tracts are foreseen, the regulator has no role in market mechanisms for quality, as presented in Table 
3.10. “interruptible” contracts, more widespread than power quality contracts, are not considered. 

TABLE 3.10 PoWER QuALiTy ConTRACTS

Regulatory framework for power quality contracts Country

Power quality contracts with some ex-ante intervention of Regulator fR, iT

Power quality contracts with only ex-post intervention of Regulator Si

Power quality contracts with no intervention of Regulator CZ, DE, ES, uk, Lv, PT, Ro

The regulator has a specific role ex-ante in the setting of power quality contracts in only two cases.

in france, both the transmission and distribution companies offer all customers the possibility to •	
contract for extra quality requirements. if the customer needs better standards than the normal 
ones in the contract, it can ask for customised contractual levels from the operator. The customer 
will have to pay for them, depending on the necessary works to reach these new standards. The 
regulator has to receive a copy of every new contract. Even if it has no real power, the regulator 
has a great influence on contract models. The regulator’s comments on those models are usually 
taken into account by the operator. When a customer wants customised contractual levels in the 
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contract, the operator makes a technical and financial proposal, which describes the necessary 
works on the network to reach the levels of quality wanted by the customer, and the related costs. 
if the customer accepts, the works will be at the customer’s expense. With customised contractual 
levels, the operator has to provide an annual or biannual report to the customer describing the 
quality performance of the site. The report should especially focus on the customised contractual 
levels. This situation, which existed before the regulator was established, has led to a wide usage 
of power quality contracts in france: in Mv networks, in 2003, around 1,000 Mv customers (out of 
more than 100,000) had customised contractual levels for continuity of supply (maximum number 
of unplanned interruptions per year), and 92 customers had customised contractual levels on volt-
age quality (voltage dips or other voltage disturbances). Moreover, around 12% of the customers 
directly connected to the transmission network have customised contractual levels (see also Ad-
ditional information A 3.3).

in italy, the regulator (AEEg) explicitly provides power quality contracts and sets some minimum •	
criteria for these. Each power quality contract must contain at least three elements: contractual level 
of quality, yearly premium, and penalty for non-compliance. Exclusions are possible if agreed by the 
parties. AEEg deemed it preferable not to require power quality contracts be submitted for prelimi-
nary approval and to limit regulatory activity to establishing a few general rules to be observed by 
the distribution company in offering power quality contracts: (i) the contractual level of quality shall 
be expressed as a threshold applied to one or more indicators of continuity of supply or voltage 
quality; (ii) the duration of the contract may be no less than 1 year and no more than 4 years; (iii) 
contracts can be differentiated according to the level of voltage and every other electrical parameter 
relating to supply, including the actual level of quality recorded at the delivery point. Contracts are 
totally voluntary, both for customers and for distribution companies (or the transmission system 
operator). for the system operators, the additional revenues coming from power quality contracts 
are treated as a service excluded from the company’s revenue control. Suppliers can be involved, 
especially to “federate” more than one consumer interested in quality improvement in the same dis-
tribution area; the cost (and the benefits) of power quality contracts can be shared among several 
customers. Beyond the ex-ante criteria, distribution companies are supposed to communicate to 
the regulator the number and contents of power quality contracts. The rules for power quality con-
tracts were issued in 2004 and no such contracts have been signed so far (2008).

Power quality contracts are still at a starting phase but they can be seen as an efficient solution for 
improving voltage quality without imposing excessive costs on general tariffs. Anyway, these contracts 
require that customers requiring better voltage quality have a clear willingness to pay for it. Still, mini-
mum quality levels have to be achieved for all customers regardless of such contracts.

Additional information A 3.3 - Customised voltage dip arrangements in France 

voltage quality standards defined in the En 50160 document are respected in france for distribution networks, 

even if this norm is not obligatory. Moreover, distribution and transmission grid access contracts contain voltage 

quality commitments (arranged contractual levels). These commitments are more demanding than standards set in 

En 50160 and concern supply voltage variations, power frequency, voltage swells and transient overvoltages and 

voltage unbalance. They concern only customers connected to distribution networks at Mv level and to the transmis-

sion network. for Lv customers, such contractual conditions are not yet established.

Currently, customers connected to distribution networks at Mv level or to the transmission network can ask for cus-

tomised commitments on the maximum number of voltage dips they might suffer per year.
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At transmission level (63 kv and above), the arrangement is 5 voltage dips per year. only voltage dips deeper than 

30% and longer than 600 ms are counted by the operator. it does not take into account voltage dips occurring less 

than 1 second after an interruption (short or long). voltage dips due to a fault in the customer’s installation are likewise 

not taken into account. if the site is supplied in 225 kv or 400 kv networks, only the duration of the fault elimination is 

counted as a voltage dip when the origin of the voltage dip is a fault on one phase of the main feeder. in this case, the 

automatic reclosure operating time (single phase operation of circuit breakers) is not taken into account. 

At Mv level, this commitment is determined depending on the local conditions of the site’s alimentation. Since the com-

mitment at transmission level is automatically 5 voltage dips per year, the distribution operator can not take a better one. 

Thus, a customer connected at Mv level can not have a commitment of less than 5 voltage dips per year. As is the case 

for transmission, only voltage dips deeper than 30% and longer than 600 ms are taken into account by the operator. 

At transmission level, the customer can ask the operator for other customised arrangements concerning voltage 

quality. The operator answers such requests with either a motivated rejection, or a technical and financial proposal. 

if the customer accepts this proposal, the cost of the necessary studies and works on the network are at the cus-

tomer’s expense. When customers ask for customised arrangements, they pay an annual fee to operators.

3.5.4 NRAs’ requirements or recommendations about the use of VQ monitoring devices

only a few countries have introduced requirements or recommendations for the use of voltage quality 
monitoring devices. in all cases, they refer to the monitoring device itself and not to current or voltage 
transducers that are used when the measurements are performed at voltage levels higher than Lv.

in Belgium, the Technical grid code for Distribution of Electricity specifies the minimum performance in 
terms of accuracy of the devices.

in italy, customers can install a voltage quality monitoring instrument, or require it from the DSos. The 
instrument must be compliant with iEC 61000-4-3014; however no particular measurement class is re-
quired. Even class B is considered enough if properly specified.

in the netherlands, the instruments must comply with the iEC 61000-4-30. The DSos (Lv and Mv) 
bought new instruments in 2008 which comply with class A in iEC 61000-4-30.

in norway, measurements of quality of supply shall be carried out in accordance with the relevant 
standards prepared by iEC or CEnELEC. The instruments used shall be calibrated in accordance with 
the instrument suppliers’ specifications with respect to frequency and methodology. The calibration 
traceability for the individual measurement parameters shall be documented. The precision and limita-
tions of the measuring equipment shall be stated in the documentation of the measurement results. The 
measurement results plus uncertainties shall be within the limits specified in the regulations. 

in Portugal, the Quality of Service Code established that the monitoring instruments must be of class 
A specified in iEC 61000-4-30 to verify the fulfilment of the regulatory limits and contractual disposals 
and of class B for statistics purposes, for Lv delivered points and for disturbances research. 

14 IEC 61000-4-30:2003 Electromagnetic compatibility (EMC) - Part 4-30: Testing and measurement techniques - Power quality 
measurement methods.
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3.6 Results from Surveys done on Costs due to Poor voltage Quality

The CEER agrees in principle that setting voltage quality (vQ) standards requires a correct balance between 
the different perspectives assumed by customers, system operators and manufacturers of electrical appli-
ances. The CEER notes, however, that the consumers’ views are not adequately represented in the CEnELEC 
TC8x Wg1 work for revising En 50160. This can ultimately lead to prejudicial underestimation of the benefits 
of revising power quality norms and overestimation of costs that might be incurred because of new norms. 

Similarly, in the ERgEg Conclusions Paper “Towards voltage Quality Regulation in Europe” (July 2007), 
European energy regulators expressed concern about the underestimation of benefits of changes in 
voltage quality standards given by En 50160, due to non-active participation of an important class of 
policy actors: customers’ associations. Some parties who contributed to the ERgEg public consulta-
tion (especially distribution operators’ associations) suggested a cost/benefit analysis. ERgEg invited 
interested parties to provide cost and benefit elements useful for such analysis, recommending that the 
elements are based on evidence and facts, like for instance vQ monitoring system results, customer 
surveys and other technical and economical methodologies. further, for a better understanding of the 
very technical issues related to vQ, collaboration with experts, from both universities and research 
centres, should be improved. This can be achieved also by means of a stricter cooperation with inter-
national research groups already active in the subject (e.g. CigRE and CiRED study committees).

Any cost/benefit analysis to be carried out must be with reference to today’s voltage quality levels and 
not with reference to existing limits in standards. When existing voltage quality levels are better than 
the limits described in standards, it will also imply costs if one allows today’s level to decline towards 
the limits described in standards. Evaluating benefits for new limits is probably the most difficult part 
of the proposed cost/benefit analysis. nonetheless, some surveys have attempted to evaluate the 
costs borne by customers due to poor voltage quality. Many of these surveys are publicly available: for 
example, recent research conducted by Leonardo Power Quality initiative (LPQi) estimates a total cost 
due to poor power quality, in Europe, in excess of € 150 billion per year15 (CiRED, 2007, paper 0263). 
The LPQi projection of costs at the European level is based on a limited number of observations and, 
of course, further research is needed. 

Research projects have been conducted recently in some countries (e.g. norway and italy), in this di-
rection with the commitment of the regulators or with their cooperation, in order to assess customers’ 
costs for poor power quality, with special reference to voltage events like short and transient interrup-
tions and voltage dips.

The CEER strongly believes in the need for conducting independent research about customers’ costs 
resulting from poor power quality, which can be used as a basis for assessing the benefits of new 
limits. Priority should be given to voltage events like dips and swells. in this perspective, European 
energy regulators think that CiRED and CigRE’s efforts in this direction should be encouraged as a 
pre-normative research phase. in particular, some regulators have already shared with CigRE-CiRED 
JWg C4.107 “Economic framework for Power Quality” the results of the studies that they have com-
missioned. further liaison has been established with CigRE-CiRED-uiE JWg C4.110 “voltage dip 
immunity of equipment in installations”. The CEER considers these joint working groups as the most 
appropriate places where costs and benefits can be discussed and compared.

15 Targosz, R., Manson, J., 2007. Pan European LPQI power quality survey. In: 19th CIRED (International conference on elec-
tricity distribution) Proceedings, Vienna, Austria.
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3.6.1 Norway (2002) survey on customers’ costs due to interruptions and a few selected 
voltage disturbances

A nation-wide survey financed by the Research Council of norway, the regulator (nvE), utilities, a utility 
association and large consumers was carried out in 2001 and 2002, related to customers’ costs due to 
interruptions and a few voltage disturbances. The overall aim was to obtain better knowledge of cus-
tomers’ costs related to these phenomena in order to aim at a socially efficient operation, expansion 
and development of the power system. The survey provided cost estimates that have been included in 
the regulation on continuity of supply.

The survey was directed at all kinds of customers, aggregated into 6 different customer groups:

industrial•	
Trade and service•	
Agricultural•	
Residential•	
Public service•	
Wood processing and energy-intensive industries•	

norwegian customers’ costs related to short and long interruptions have been estimated to be of the 
order of 4-500 Mnok and 5-600 Mnok respectively annually.

Regarding voltage disturbances, the survey was limited to voltage dips with 50% residual voltage with 
1 second duration for the entire above customer categories, except for the residential group. Results 
are presented in Table 3.11.

TABLE 3.11 noRWAy, SuRvEy (2002) RESuLTS: noRMALiSED CoSTS (DiRECT 
WoRTh ESTiMATE) on voLTAgE DiPS (50% RESiDuAL voLTAgE,  
1 SEConD DuRATion), CoST LEvEL 200217

Customer group N Normalised cost NOK/kW Standard deviation NOK/kW

industrial 123 30.4 47.1

Trade and service 128 22.1 50.5

Agricultural 83 13.6 38.9

Residential - - -

Public service 86 1.6 6.8

Wood processing and energy-intensive industries 13 5.6 8.5

norwegian customers’ costs due to voltage dips have been estimated to be of the order of 170-330 
Mnok annually. 

further, the processing industry, which is part of the customer group of wood processing and energy-
intensive industries, was asked about various depths and durations of voltage dips, transient overvolt-
ages and supply voltage variations. however, due to the low number of respondents and the uncer-
tainty in the data, they are not presented here.

16 Source: IEEE Transactions on power systems, Vol. 23, No. 3, August 2008, G. Kjølle, K. Samdal, B. Singh and O. A. Kvitastein.
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3.6.2 Sweden (2003) surveys on customers’ costs due to short interruptions and voltage dips

in Sweden, a research project initiated by Elforsk (Swedenergy) was finished in 2003 and estimated 
annual costs for industrial customers related to short interruptions and voltage dips at about € 157 M 
(actual costs) per year.

it must, however, be emphasised that this study has been relatively limited and that only theoretical 
effect analysis has been performed, as well as a small number (~ 20) of sample interviews. The normal-
ised cost (€/kW per event) for interruptions in production varied from 0 to 110 €/kW, for material costs 
it varied from 0 to 25,000 €/kW and for equipment costs it varied from 0 to 130 €/kW. 

further references can be found through:

“Elkunders störningskostnader”, in Swedish, Elfork rapport nr 04:42, 2003;•	
“Elöverföring av god kvalitet”, in Swedish, Elforsk rapport 06:81, 2006.•	

The regulator did not initiate or participate in the mentioned studies.

3.6.3 Italy (2006) survey on customer costs for “micro-interruptions”

in italy, the energy regulator (AEEg) commissioned in 2006 a research project from the Politecnico di 
Milano (Dep. of Management, Economics and industrial Engineering) to estimate the costs of voltage 
quality for industrial users. The project had two objectives:

to estimate the costs of voltage disturbances at plant-level, focusing on two specific events: transient 1. 
interruptions (shorter than 1 second) and voltage dips (hereafter ‘micro-interruptions’); 
and to estimate the significance of these costs for the italian economy. 2. 

More generally, the purpose of the work was to provide guidance in the current debate regarding volt-
age quality regulation in italy. The italian survey had three distinctive features:

the precondition for an industrial user to be included in the study was the availability of a power quality •	
recorder at the user’s bus bar. This condition was essential to correctly attribute costs to the voltage 
events of interest (micro-interruptions) and not to other phenomena. At the same time, this condition 
limited the number of potential respondents. As a consequence, the observed sample is not stratified in 
line with the italian economy. This does not significantly affect the results of the analysis in terms of cost 
indicators at plant-level; however, it weakens the robustness of the projection to the italian economy;
the methodology developed for the estimation of direct costs was not based on contingent valu-•	
ation, but on an original instrument developed during the project start-up phase, and called the 
‘journal of events’: the interested customers registered in the journal the actual costs17 that were 
incurred due to process trips that occurred due to actual micro-interruptions;
the journal did not request direct cost estimations from the respondents; it required the end-users •	
to provide a structured description of ‘what happened’ at the production site during the voltage dis-
turbance, together with per-unit economic data (for instance, hourly wages). Costs were calculated 
by the research group according to a standard procedure.18

17 Poor voltage quality related costs include both economic losses experienced in the event of a micro-interruption as well as 
investments costs sustained for protecting the working facility. In fact, given the large installed capacity of manufacturing 
plants, only a percentage of the load is normally protected with UPS or similar equipment.

18 Direct costs were evaluated with reference to 3 types of costs:  
1) Lost production or production recovered through overtime; 2) Wasted production, defined as work in progress that has to 
be discarded or recycled; 3) Replacement or repair costs for damaged equipment and devices. Indirect costs were approxi-
mated by UPS yearly depreciation and maintenance costs.
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The study provided clear answers in terms of the research objectives19. With reference to the first ob-
jective, multiple and fine-grained direct cost indicators were derived for the industrial sectors explored. 
As illustrated in Table 3.12, the median (mean) of direct costs per event per kW over the entire sample 
is 0.8 €/kW/event (2.8 €/kW/event). The range of values goes from a minimum of 0 €/kW/event to a 
maximum of 30 €/kW/event. Excluding the observations with zero direct costs (due to the presence in 
the sample of customers that are not sensitive to micro-interruptions), the median (mean) has a value of 
1.1 €/kW/event (3.3 €/kW/event). in general, significant differences in direct costs have been observed 
between firms in the same sector and, above all, between sectors. These differences remain quite large 
even when comparing normalised indicators (per kW) or costs per event (not affected by the frequency 
of the events). This result is explained by the wide range of production processes included in the sam-
ple. for instance, in the paper sector, the project managed to observe several plants producing tissue; 
in this case, results for these plants were not dissimilar. however, the paper sector included also plants 
producing technical papers and/or paperboard. for the latter, cost figures turned out to be quite differ-
ent. Taking into account the unavoidable differences in the ways in which the surveys were conducted, 
the italian survey results are in line with the figures given by the existing national and international litera-
ture. in particular, the field survey confirms the high sensitivity to micro-interruptions in the production 
of: food products, textiles, paper, chemicals and man-made fibres, plastic, glass, ceramic and metal 
products and electrical equipment, as well as auto and components.

TABLE 3.12 iTALy, SuRvEy (2006) RESuLTS: DiRECT CoSTS DuE To MiCRo-
inTERRuPTionS- [€/kW/EvEnT]

Customer category
Entire sample (sub-sample)

Mean Median Interval
Auto and auto components 2.9 2.9 0.7	–	5.0

Plastic products 2.2 1.8 0.1	–	4.2

Textiles 3.2 3.2 3.2

Paper 0.9 (1.0) 0.8 (0.9) 0.1	–	2.2

Refined petroleum products 13.3 13.3 13.3

Metal products 3.3 (4.9) 1.1 (4.9) 0	(1.1)	–	8.7

glass and ceramic products 0.9 0.8 0.1	–	2.3

food products 5.9 0.6 0.2	–	30

Chemicals and man-made fibres 0.5 (0.7) 0.6 (0.7) 0	(0.6)	–	0.8

Electrical equipment 10.6 9.3 0.1	–	22.4

All sectors 2.8 (3.3) 0.8 (1.1) 0 (0.1) - 30

The figures in brackets exclude observations with 0 values

As far as the second objective is concerned, the study estimated the total (direct and indirect) annual 
costs of voltage quality for the national economy, within a lower and an upper bound.

for the lower bound, the study assumed that direct costs are sustained only by the observed Sensi-
tive Sectors (oSS). These are the sectors, among those classified as sensitive by experts and in the 
literature, for which at least one completed questionnaire was available.

19 Fumagalli, E., Garrone, P., Grilli, L., Redondi, R., 2007. Service quality in electricity supply: the customer’s costs. In:  
P. Garrone (editor), “Investments and service quality in the electricity industry”, Milano, Franco Angeli (2007). A second 
paper was submitted for consideration to IEEE Transactions on Power Delivery.
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Median value of the total annual costs for the whole italian production system: 464.6 M €/year (with •	
the inclusion of nation-wide annual indirect costs, estimated to be approximately 196.8 M €/year).

The upper bound was estimated assuming that direct costs are sustained also by unobserved Sensi-
tive Sectors. These sectors were labelled as sensitive by experts and by the literature. nonetheless, no 
completed questionnaires were available for any of them. 

Median value of the total, annual costs for the whole italian production system: 780.2 M €/year (with •	
the inclusion of nation-wide annual indirect costs).

The conclusions can be summarised in three points:

first, direct costs caused by micro-interruptions are highly concentrated. Taking the median values of 
the lower and upper bound estimations, the study finds that, for every € 1,000 of sales (added-value), 
a generic italian firm sustains a total annual cost for micro-interruptions that is comprised between 
0.20 €/year (0.81 €/year) and 0.34 €/year (1.36 €/year). By contrast, the study estimated that for every 
€ 1,000 of sales (added-value) a firm in the oSS experiences a direct cost of 1.5 €/year. These costs are 
more than four times higher than those borne by firms in a generic sector. in other words, direct costs 
are significant for the industrial sectors that experience them; however, these sectors represent a small 
portion of the whole italian economy (16.97% in terms of sales).

Second, the study also found that indirect costs due to investments in protection equipment (197 M €/
year) are significant (the median value of the direct costs for oSS is 268 M €/year) and, more importantly, 
that they are rather diffused in many sectors of the italian production system (not only oSS).

Third, this analysis highlighted that the average italian firm is unlikely to suffer significant costs because 
of micro-interruptions. At the same time, it is possible to assert that a small but non-negligible number 
of production units bear a considerable amount of costs due to the phenomenon. 

3.6.4 Further research on customer costs due to poor voltage quality and development of 
power quality contracts

Several European countries have estimated customers’ costs related to short and long interruptions 
over the past years and decades. A large consensus exists regarding the methodology for assessing 
customer costs for long interruptions20 and the available empirical work is rich in applications21. on the 
contrary, the economics of voltage quality is not yet a consolidated subject.

When voltage quality has been included in customer surveys, in general only the costs of a few volt-
age disturbances have been investigated. Consistent with the fact that the most dangerous voltage 
disturbances are voltage events, available surveys focus on voltage dips and interruptions. Even the 

20 CIGRE (2001), Methods to consider customer interruption costs in power system analysis, Technical Report, Task force 38.06.01.
21 The following papers describe the application of customer cost surveys for interruptions: for Italy, Bertazzi A., Fumagalli E.,  

Lo Schiavo L. (2005), “The use of customer outage cost surveys in policy decision-making: the Italian experience in regulating 
quality of electricity supply” in: 18th CIRED (International conference on electricity distribution), Turin, Italy, June 2005; for Nor-
way, Samdal K., Kjolle G., Singh B., Trengereid F. (2003), “Customers’ interruption costs: what’s the problem?” in: 17th CIRED 
(International conference on electricity distribution), Barcelona, Spain, June 2003; for the United Kingdom, Ofgem (2004), 
“Electricity distribution price control review - Appendix - Consumer expectations of DSOs and WTP for improvements in service 
report”, Consultation document 145f/04, available from: www.ofgem.gov.uk; for Sweden: Carlsson F., Martinsson P. (2005), 
“Willingness to pay among Swedish households to avoid power outages”, Elforsk rapport 05:04, available from: www.elforsk.se.
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identification of sensitive users is not straightforward. Several factors need to be considered: endog-
enous factors, such as the type of equipment and the production process, and external factors, such 
as the design of the distribution network, and the environment.

Economic indicators are extremely important elements of a regulatory decision, in particular when, as 
in this case, the decision concerns a new area, where the instruments of regulation have not yet been 
employed. Specifically, economic measures may indicate whether or not regulatory intervention is nec-
essary for the scope of customer protection and, if regulatory action is deemed necessary, they may 
indicate what types of instruments are best suited for the scope. given the distribution of customers 
affected by some vQ disturbances (like for instance micro-interruptions), a regulatory measure that is 
designed for the protection of all consumers from voltage disturbances might not be the only possible 
solution. The results of available studies seem to indicate that ‘individual’ regulatory instruments, like 
power quality contracts, might be another reasonable choice.

Power quality contracts are still at a starting phase but they can be useful for revealing customer prefer-
ences for quality, especially for customers with the greatest need for continuity of supply and voltage 
quality. These contracts require that customers needing better voltage quality have a clear willingness 
to pay for it. This does not mean that regulators should not provide incentives and minimum require-
ments to companies for improving the vQ of their networks, as far as reasonable benefits are achiev-
able; see also section 3.5.3. 

3.7 Actual voltage Quality Monitoring Systems and Data

over the years, a growing number of European countries have commissioned monitoring systems 
which are currently in operation. Systems have been quite different since the conception phase as no 
harmonisation requirements have been introduced by regulators and in some cases the initiative to put 
into operation monitoring systems has been taken autonomously by operators. furthermore, reasons 
that push the implementation of these systems vary from country to country. This has led to different 
choices with respect to:

voltage levels involved in the monitoring;•	
type of network to be monitored;•	
number and percentage of network points to be monitored and criteria of selection of network •	
points under monitoring;
voltage quality disturbances to be monitored; and•	
type of monitoring: continuous, rolling, etc.•	

As a consequence, voltage quality data suffers as well from this lack of harmonisation, both in terms of 
classification and aggregation criteria. finally, the publication of voltage quality data doesn’t fulfil com-
mon rules and so the way in which data is published, if any, differs from country to country.

3.7.1 Voltage quality monitoring systems in operation

There are systems in operation in 11 countries. The following table summarises the countries where 
systems are running, the period of monitoring and the number of monitoring units, differentiated per 
voltage level. Additional information about criteria adopted from Belgium, france, italy and the nether-
lands for the selection of monitoring sites is reported below in Additional information A 3.4.
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TABLE 3.13 MoniToRing SySTEMS in oPERATion: nuMBER of MEASuRing 
uniTS AT DiffEREnT voLTAgE LEvELS

Country Period of monitoring Number of measuring units installed
EHV and HV MV LV total

Belgium federal
Belgium flemish
Belgium Wallonia
Belgium Brussels

not available 223
nd
0
-

5
nd
137

-

0
nd
0
-

228
nd
137

-
Czech Republic Transfer points TS/DS since 1/1/2006

Delivery points 110 kv since 1/1/2007
20 at 220/110 kv
42 at 400/110 kv

62

Denmark Since 2007 8
france Since 1995 636  

(of which 3% in Mv)
About 
30,000

About 
30,636

greece Since 2008 500 500
hungary Since 2003 400 400
italy Mv since february 2006

hv and Ehv since January 2007
165 600 765

Luxembourg Depends on system operator as previously  
(prior to new electricity act) not mandatory.

nd nd nd

the netherlands Since 2004 (Ehv and hv)
Since 1996 (for all DSos)

8 (220-380 kv)
20 (50-150 kv)

60 (1) 60 (1) 148 (1)

norway Since 2006 (2) nd (2) nd (2) (2) nd (2)

Portugal 2006 (3) 64 90 131 285
(1) Several monitoring instruments to perform yearly at least 60 measurements of 1 week each at both the Mv and Lv network.
(2) in norway, a previous voluntary monitoring campaign was also carried out 1993-2003; see Annex 3 for more information.
(3) in Portugal, the number of units has been increasing since 1999; the first year that ERSE received information about voltage quality characteristics.
nd not declared - it means that there are instruments working, but it is not known how many there are.

in Belgium; the figures in Table 3.13 correspond to: 228 units working (April 2008) on Ehv and hv sys-
tems operated by the TSo (ELiA), and 137 units installed on the Mv side of hv/Mv substations oper-
ated by DSo in the Walloon region. Continuous monitoring is performed at Ehv and hv. At Mv, either 
continuous or rolling monitoring is performed.

Below are the start dates from which there was continuous monitoring of voltage quality in the Czech 
Republic for different kinds of points. The list proceeds from the Czech Distribution grid Code.

Transfer points TS/DS continuously monitored (since 1/1/2006)•	
Delivery points 110 kv continuously monitored (since 1/1/2007)•	 22

Substations output voltage 110 kv/Mv continuously monitored (since 1/1/2010)•	 23

Delivery points Mv  selection•	 24

Substations output voltage Mv/Lv selection•	 24

Delivery points Lv  selection•	 24

22 As for delivery points 110 kV, these parameters are monitored and archived from 1 January 2007 if recognised values of 
some of the guaranteed parameters exceed 50% of limit values for the given delivery point during the preliminary weekly 
monitoring (repeated every 2 years). The permanent installation can be avoided if the distribution system operator is able 
to document level of these characteristics by way of measured values of neighboring delivery points or transfer points of 
transmission/distribution system.

23 As substations output voltage are monitored and archived since 1-1-2008 if recognised values of some of guaranteed pa-
rameters exceed 50% of limit values for the given point during the preliminary weekly monitoring (repeated every 2 years).

24 Delivery points MV are monitored in cases of litigations, claims for connection of users with sensitive technologies or accord-
ing to the experiences of the DSO.
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in Denmark, there is a small system running in a large city, installed in March 2007, that consists of 8 
measurement units (3 at 30 kv and 5 at 10 kv). Measurements are performed according to En 50160 
and with instruments according to iEC 61000-4-30, class A performance. The system was autono-
mously installed by the DSo for statistical and research purposes, in a joint project with the Danish 
Energy Association. The 10 kv measurement sites were chosen on the basis of the supplied load type 
(iT industry, residential areas, supply of electrical trains). furthermore, under normal operating condi-
tions, the selected 30 kv sites supply the selected 10 kv sites.

in france, measuring units in Ehv and hv networks are mostly located next to customers’ delivery 
points. The TSo (RTE - gestionnaire du Réseau de Transport d’Electricité) intends to ensure redundancy 
of measurements on each system so a few other network points are equipped. Most of the systems are 
operated at fixed (stationary) point of the network. if necessary (i.e. upon a customer complaint), provi-
sional systems can be implemented. Concerning Mv customers (around 30,000), about 30% of them are 
equipped with a remote metering device (especially customers with subscribed power > 250 kvA).

in greece, a monitoring programme was launched in late 2007 consisting of 500 power quality analys-
ers. The installation was completed in february 2008 and data recording was initiated for each of the 
500 points at the time of installation. out of the 500 instruments; 120 are connected to 3-phase Lv lines 
and 380 to Lv single phase lines.

in hungary, customer connection points are chosen randomly and monitored over a period of 6 months. 
After that period, the measuring units are installed at other points chosen with the same criterion.

in italy, continuous monitoring is running in Mv networks (from 6.6 kv up to 30 kv, typically 20 kv) and 
in transmission and hv distribution networks (380kv, 220kv, 150kv, 132kv, 60kv).

in norway25, all voltage levels above 1 kv are involved in continuous monitoring. new quality of sup-
ply regulation required monitoring systems to be in operation from 1st January 2006. Every network 
company is obliged to continuously carry out monitoring on characteristic areas of their Mv, hv and 
Ehv network. important elements to consider when dividing the network into different characteristic 
areas are inter alia underground cables versus aerial lines, system earthing, extension of the network, 
customer categories connected, climatic differences, short circuit power, etc. The companies must de-
cide by themselves how many instruments are necessary in order to create trustworthy statistics. Each 
network company must have at least one instrument installed in each different characteristic area.

in Portugal, data reported in Table 3.13 refers to the monitoring system that exists on the mainland. 2 other 
similar systems are working in the Archipelagos of Açores and Madeira. in principle, the 3 monitoring systems 
are identical but adapted to the reality of each region (basically, some standard values applied are different). 
The quality of survey codes in force in each region are basically the same except for frequency limits. The data 
reported in the table above is related to the main distribution company (that distributes 99.5% of the electrical 
energy) and to the transmission system operator. The quality of service code establishes that every transmis-
sion network delivered point in the hv and Ehv must be monitored within a period of 2 years. The same code 
establishes that, in a period of 4 years, monitoring must be carried out on the voltage quality in all hv/Mv 

25 Please note that the current monitoring scheme laid down in the regulation on quality of supply is somewhat different from 
the previous voluntary monitoring scheme carried out from 1993 to 2003. Actual voltage quality data presented in this report 
from Norway is only with basis in the previous monitoring scheme. The regulator (NVE) has, as yet, no data available from 
the current monitoring scheme. Please find further information in section 3.7 and in Annex 3.
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substations (in Mv bus bar) and at least 2 power transformer stations of each municipality (in Lv), in a distribu-
tion network. The monitoring duration in each point must be in accordance with the standards in force. 

Additional information A 3.4 - Selection of monitoring sites

Belgium: 

The number of running monitoring devices operated by the TSo is shown in the following table for each voltage level.

TABLE 3.14 BELgiuM: nuMBER of MoniToRing 
DEviCES oPERATED By ThE TSo

Voltage level Number of monitoring devices

30 kv 5
36 kv 52
70 kv 65
150 kv 87
220 kv 11
380 kv 8
Total 228

France:

The following figure shows the way the 636 monitoring units are divided (in percentage) among the different voltage 

levels of Ehv and hv networks.

62-90 kV
72%

225 kV
22%

400 kV
3%

Others
3%

figuRE 3.2 voLTAgE LEvELS, To WhiCh voLTAgE QuALiTy 
MoniToRing uniTS ARE ConnECTED in fRAnCE. 

others (3%) are at 45 or 42 kv (former network voltage) or at secondary (20 or 15 kv) of some hv/Mv transformers 

(none at Lv).

Italy:

MV network monitoring system:

in italy, the Mv distribution network is characterised by the following figures:

Around 1,800 hv/Mv substations that normally have two Mv bus-bars. under normal operation, bus-bars are •	

separated and each one is fed through a hv/Mv transformer. The total number of Mv bus-bars is around 3,700. 

They feed only networks that are radially operated. 

Around 360,000 km of lines at rated voltage 10 kv, 15 kv or 20 kv. 40% of the lines are underground cables while •	

60% are aerial with bare conductors.
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The system feeds approximately 330,000 Mv/Lv substations; 100,000 of them are dedicated to Mv customers. 

140,000 pole mounted Mv/Lv transformers are installed for rural Lv distribution. A total of 600 measuring units were 

installed in different sites of the Mv networks chosen with the criteria described below. Around 400 Mv bus-bars in hv/

Mv substations (corresponding to 11% of the Mv networks) chosen to statistically represent as far as possible the 

complete italian territory and its environmental conditions. in each region, the Mv networks were chosen to be statis-

tically representative of the following parameters that were judged as the most relevant from the vQ point of view:
 

total length of the lines connected to the Mv bus-bar;•	

type of Mv lines (aerial with bare conductors, cable, mixed);•	

type of neutral operation of the Mv network (isolated neutral, compensated neutral);•	

number of Mv customers;•	

density, per square kilometre, of Lv customers fed by the Mv network.•	

Around 200 Mv PCCs along the Mv lines freely chosen by Mv customers (around 70 installations) and by DSos 

(around 130 installations), giving priority to the options of the customers. These 200 points do not form a statistically 

representative sample; however they are useful at system level for comparing measurements in the bus bars with 

measurements in the PCC.

EHV and HV networks monitoring system:

in italy, there are voltage levels that belong partly to the transmission and partly to the distribution: this happens for 

220 kv, 150 kv and 132 kv. 380 kv belongs entirely to the transmission, 60 kv belongs entirely to the distribution.

107 monitoring devices are installed on a sample of hv bus-bars of Ehv/hv stations of the TSo (Terna), with the 

main objective to monitor around the 20% (about 100) of the total number of hv bus-bars of the Transmission net-

work, all over the italian territory. Criteria taken into account for the selection of the bus-bars were:

short circuit power on the bus-bar;•	

power of the Ehv/hv transformer;•	

type of network fed by the Station;•	

type of loads and of generators.•	

A further 58 monitoring devices were installed on hv distribution networks. in the following table the total number of 

monitoring devices that are currently monitoring the Transmission and the hv distribution network are shown:

TABLE 3.15 iTALy: nuMBER of SiTES MoniToRED in 
Ehv AnD hv nETWoRkS

Voltage level Transmission HV Distribution Total

380 kv 7 0 7

220 kv 10 6 16

150 kv 23 23 46

132 kv 67 27 94

60 kv 0 2 2

Total 107 58 165

the Netherlands:

in the netherlands, from the start of the monitoring scheme the selection of network points under monitoring (1 week) 

was based on a random selection of ZiP-codes. As from 2004, all customer connection points in the Ehv network 

are monitored, and at the hv network; 20 customer connection points are randomly selected to monitor the voltage 

quality continuously. As from 2008, the random selection of 60 network customer connection points at both the Mv 

and Lv is based on EAn-codes instead of ZiP-codes.
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voltage disturbances monitored in the different countries are presented in Table 3.16. 

TABLE 3.16 voLTAgE DiSTuRBAnCES CuRREnTLy ConTinuouSLy MoniToRED 
in DiffEREnT EuRoPEAn CounTRiES

Voltage disturbance Belgium
Czech 

Republic
France Greece Hungary Italy

the 
Netherlands

Norway Portugal

Power frequency (1) hv hv Ehv, hv Lv Ehv, hv All
Supply voltage 
variations

hv, Mv hv Ehv, hv, Mv Lv Lv Ehv, hv, Mv All All

Single rapid voltage 
changes

hv Lv Ehv, hv, Mv All Ehv, hv, Mv

flicker hv, Mv hv Ehv, hv Lv Ehv, hv, Mv All All
voltage unbalance hv hv Ehv, hv Lv Lv Ehv, hv, Mv All All
harmonic voltages hv, Mv hv Ehv, hv Lv Lv Ehv, hv, Mv All All
voltage dips hv hv Ehv, hv, Mv Lv Lv Ehv, hv, Mv Ehv, hv, Mv All
voltage swells hv hv Mv Lv Lv Ehv, hv, Mv Ehv, hv, Mv
Transient 
overvoltages

hv Lv

interharmonic 
voltages

hv Lv

Mains signalling 
voltages

hv Lv

(1) in all countries, the power frequency is monitored and managed by the interconnected European transmission system operators and international 
system operation agreements. This table only refers to what is monitored by voltage quality instruments in place for continuous monitoring.

in france, two generations of measuring instruments are present. The “first generation” measuring 
instruments were installed since 1995 and the “new generation” instruments with 161 units that were 
commissioned in 2006. only the “new generation” includes also frequency and flicker.

The following table shows the institution that promoted the initiative for the monitoring scheme, e.g. 
Regulatory Authority, Ministry, TSos or DSos. The purposes for monitoring are also reported.
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TABLE 3.17 iniTiATivES foR vQ MoniToRing AnD PuRPoSES  
(WhEn noT DuE To CoMPLAinTS)

Country Initiative Purposes

Belgium hv TSo Provide measurements to hv customers sensitive to 
voltage dips, in case of incidents. Monitor the vQ in 
substation where disturbing grid users are connected 
(producing flicker, harmonics or voltage unbalance).

Belgium Mv
- flemish region
- Brussels region
- Wallon region

DSo - Regulation
- Statistics and regulation
- Statistics

Czech Republic TSos and DSos Archiving, statistics, planning of development of 
distribution systems, research

Denmark DSo Statistics and research
greece Regulator obtain a sample of reliable data on all voltage characteristics 

of En 50160, in order to gain a rough idea of the existing 
supply quality level. Results are to be considered in setting 
parameters of a quality regulation scheme.

france TSo and DSos Analyse disturbances related to the contractual 
commitments or provide information on quality level 
expected.Statistics

hungary Regulator Statistics and research
italy Regulator Regulation and statistics (see below)
Lithuania TSos and DSos network management and monitoring
Luxembourg TSos and DSos network management and monitoring
the netherlands TSos and DSos Regulation and statistics
norway Regulator Regulation and statistics
Portugal Quality and Service Code issued by 

general Directorate of Energy and geology
Regulation and statistics

in italy, monitoring on Mv networks has the following objectives:

knowledge of the performances of the Mv distribution networks;•	
correlation of the measured vQ parameters to the type of the networks;•	
promotion of individual measurements and vQ contracts through a voluntary participation of cus-•	
tomers in the campaign;
verify the possibility of introducing measurement obligations for DSos and then financial regulation •	
of some vQ indicators;
confirm or revise limit values of vQ indicators so that they can reflect the characteristics of the ital-•	
ian electrical system.

Monitoring of transmission and hv distribution networks is performed in order to verify the possibility 
of introducing financial regulation of some vQ indicators.

in Portugal, since the publication of a new Quality of Service Code in 2006, the verification of the 
voltage waveform must be done with the objective of characterising the quality of the entire grid and 
identifying zones that require an improvement of its quality.
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3.7.2 Data available from voltage quality monitoring systems in operation

in this section, data reported by 6 countries (france, hungary, italy, the netherlands, norway26 and 
Portugal) is presented. only data for voltage dips has been included below; additional data concerning 
other voltage disturbances is reported in the Annex.

A voltage dip can be defined as a temporary reduction of the voltage magnitude at a point in the elec-
trical system below a threshold, c.f. iEC 61000-4-30. The figure below shows a typical voltage change 
characteristic during a voltage dip.
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Due to the already mentioned lack of harmonisation between countries regarding monitoring of voltage 
quality, the data on voltage dips are only partly comparable both for residual voltage and duration. And 
indeed voltage dips have been classified in different ways:

in france, a voltage dip is defined as a sudden drop of supply voltage (u•	 f) to a value between 90% 
and 1% of the contracted voltage (uc ), followed by the restoration of voltage after a short period 
of time. A voltage dip can last 10 milliseconds to 3 minutes. TSos’ commitment takes the form of 
thresholds according to the same principles as for interruptions of supplies, and the voltage dip 
is characterised by its depth and duration. The TSo undertakes for a voltage dip whose depth is 
greater than 30% of uc (ripple < 0.7 uc ) for a period of more than 600 msec. The commitments of a 
DSo are the same as that of a TSo.
hungary has adopted the definition given in En 50160 and developed their own classification table.•	
italy reported dips related to Mv bus-bars in hv/Mv substations according to the new classifica-•	
tion table proposed in prEn 50160:2008.27 and dips related to the Ehv and hv networks monitoring 
system according to the uniPEDE28 classification;
the netherlands reported dips according to the classification developed by uniPEDE.•	

26 The data from Norway refers to the previous voluntary monitoring campaign (1993-2003) and do not include data from the 
current monitoring scheme. The statistics were produced in 2004.

27 Voltage dips related to MV bus-bars in HV/MV substations currently reported by the QUEEN web site are classified accord-
ing to the UNIPEDE table.

28 UNIPEDE = International Union of Producers and Distributors of Electrical Energy.
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norway reported dips from the previous voluntary monitoring campaign based on the definition of •	
a voltage dip given in En 50160 and the tabulation developed by uniPEDE with reference to iEC 
61000-2-829, see also footnote27. Regarding the current scheme, voltage dips are defined in the 
norwegian regulation on quality of supply, and it is planned to do classification according to the 
classification tables presented in the new draft En 50160.
Portugal reported dips based on the definition given in En 50160 and the classification of tables •	
presented in iEC 61000-2-8. 

France
The 246 delivery points referred to in Table 3.18 correspond to: 199 industrial customers connected at 
63 or 90 kv; 46 industrial customers connected at 225 kv; 1 industrial customer connected at 400 kv.

TABLE 3.18 fRAnCE: AvERAgE nuMBER of voLTAgE DiPS DuRing 2007 
AMong 246 DELivERy PoinTS of hv inDuSTRiAL CuSToMERS  
(A ToTAL of 9,089 voLTAgE DiPS)

Residual voltage u Duration t (ms)
(%) 20 < t ≤ 200 200 < t ≤  500 500 < t

90 > u ≥ 80 23.6 1.1 0.4

80 > u ≥ 70 6.2 0.2 0.2

70 > u ≥ 40 4.0 0.2 0.3

40 > u ≥ 8 0.5 0.1 0.1

Hungary

TABLE 3.19 hungARy: AvERAgE nuMBER of voLTAgE DiPS in 6 MonThS DuRing  
2005-2007 AMong 2,400 DELivERy PoinTS of ThE Lv nETWoRk

Residual 
voltage u

Duration t (ms)

(%) 20 < t  
≤ 120 

120 < t  
≤ 200 

200 < t  
≤ 1,000 

1,000 < t  
≤ 2,000 

2,000 < t  
≤ 5,000 

5,000 < t  
≤ 10,000

10,000 < t   
≤ 60,000

90> u ≥ 70 469.44 184.13 41.02 78.04 17.77 13.13 6.37

70> u ≥ 40 6.78 8.32 3.28 1.81 0.29 0.18 0.15

40> u ≥ 20 3.44 2.80 0.85 0.86 0.13 0.21 0.08

20> u ≥ 10 2.67 1.64 0.20 0.30 0.07 0.06 0.04

10 > u 0.78 1.52 0.64 2.33 3.90 1.16 0.48

Italy (voltage dips related to EHV and HV networks monitoring system) - Tables 3.20 and 3.21
Data reported in the following two tables:

refer to the period 01/01/2007 - 30/12/2007 (52 continuous weeks);•	
refer to the entire italian network at 380 kv-220 kv and at 150 kv-132 kv;•	
are compliant with En 50160 and En 61000-4-30;•	
refer to the aggregation of the total number of monitoring points, which is 23 for 380 kv-220 kv •	
network and 138 for 150 kv-132 kv network;
refer to the total number of the equivalent monitoring points (due to more than one reason, for some •	
monitoring points, vQ data in some weeks are not available) in the considered period (01/01/2007-
30/12/2007), which is 21.2 for 380 kv-220 kv network and 131 for 150 kv-132 kv network.

29 IEC TR 61000-2-8: Electromagnetic compatibility (EMC) - Environment - Voltage dips and short interruptions on public elec-
tric power supply systems with statistical measurement results.
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Italy (voltage dips related to MV bus-bars in HV/MV substations) - Table 3.22
Data reported in the following table:

refer to the period 01/01/2007 - 30/12/2007 (52 continuous weeks);•	
refer to the entire italian territory, to all type of networks (cable, aerial, mixed), to both type of neutral •	
operation (isolated, grounded through impedance), and include different distribution networks for 
extension, nominal voltage level, installed power of hv/Mv transformers;
are compliant with En 50160 and En 61000-4-30;•	
refer to the aggregation of the total number of monitoring points, which is 404;•	
refer to a total number of the equivalent monitoring points (see above), which is 369.9.•	

TABLE 3.20 iTALy: voLTAgE DiPS RELATED To 380 kv - 220 kv nETWoRk 
MoniToRing SySTEM (AvERAgE nuMBER of voLTAgE DiPS PER 
PoinT, PER yEAR, ACCoRDing To ThE uniPEDE CLASSifiCATion)

Residual voltage u Duration t (ms)

(%) 20 < t ≤ 100 100 < t ≤ 500 500 < t ≤ 1,000 1,000 < t ≤ 3,000 3,000 < t ≤ 60,000 Total
90 > u ≥ 85 19.0 1.5 0.1 0.0 0.0 20.6

85 > u ≥ 70 24.2 3.5 0.3 0.0 0.0 28.0

70 > u ≥ 30 13.6 2.4 0.6 0.1 0.0 16.7

30 > u ≥ 10 0.5 0.3 0.0 0.0 0.1 0.9

10 > u 1.8 0.5 0.1 0.0 0.0 2.4

Total 59.1 8.2 1.1 0.1 0.1 68.6

TABLE 3.21 iTALy: voLTAgE DiPS RELATED To 150 kv - 132 kv nETWoRk 
MoniToRing SySTEM (AvERAgE nuMBER of voLTAgE DiPS PER 
PoinT, PER yEAR, ACCoRDing To ThE uniPEDE CLASSifiCATion)

Residual voltage u Duration t (ms)

(%) 20 < t ≤ 100 100 < t ≤ 500 500 < t ≤ 1,000 1,000 < t ≤ 3,000 3,000 < t ≤ 60,000 Total
90 > u ≥ 85 25.5 6.9 0.9 0.4 0.1 33.8

85 > u ≥ 70 24.4 6.3 0.6 0.2 0.0 31.5

70 > u ≥ 30 12.6 4.7 0.3 0.2 0.0 17.8

30 > u ≥ 10 1.1 0.9 0.1 0.1 0.1 2.3

10 > u 1.9 0.6 0.1 0.0 0.1 2.7

Total 59.1 19.4 2.0 0.9 0.3 88.1

TABLE 3.22 iTALy: voLTAgE DiPS RELATED To Mv BuS-BARS in hv/Mv SuBSTATionS 
(AvERAgE nuMBER of voLTAgE DiPS PER PoinT, PER yEAR, ACCoRDing To 
DuRATion/RESiDuAL voLTAgE CLASSES CoMPLiAnT WiTh prEn 50160:2008)

Residual voltage u Duration t (ms)

(%) 20 < t ≤ 200 200 < t ≤ 500 500 < t ≤ 1,000 1,000 < t ≤ 5,000 5,000 < t ≤ 60,000 Total
90 > u ≥ 80 37.7 5.5 1.1 0.9 0.1 45.3

80 > u ≥ 70 19.9 4.1 0.5 0.2 0.0 24.7

70 > u ≥ 40 38.8 6.6 0.6 0.2 0.1 46.3

40 > u ≥ 5 12.5 2.6 0.3 0.1 0.0 15.5

5 > u 0.3 0.0 0.0 0.0 0.0 0.3

Total 109.2 18.8 2.5 1.4 0.2 132.1
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the Netherlands

TABLE 3.23 ThE nEThERLAnDS: ExAMPLES of RESuLTS fRoM voLTAgE DiP 
MEASuREMEnTS in ThE nEThERLAnDS

Residual voltage u Duration t (s)

(%) 0.01	–	0.02 0.02	–	0.1 0.1	–	0.5 0.5	–	2.5

90 > u ≥ 80
0; 0; 0; 0 2.5; 11; 43; 14 0.8; 3; 14; 7

0.1; 1; 1; 1

80 > u ≥ 70
0.2; 1; 3; 3

70 > u ≥ 50
0; 0; 0; 0 1.3; 9; 23; 7 0.2; 2; 3; 2

50 > u ≥ 40
0.2; 3; 3; 1

40 > u ≥ 1 0; 0; 0; 0 0.5; 4; 9; 5 0.9; 9; 15; 4

The numbers represent, from the left hand side: 
(1) average number of dips at one location, 
(2) the highest number of dips at one specific location, 
(3) total number of dips at all locations and 
(4) number of locations where this type has been monitored.

Norway, data collected during the period from 1993 to 200330

TABLE 3.24 noRWAy: AvERAgE nuMBER of voLTAgE DiPS PER yEAR in Lv 
nETWoRkS WiTh REfEREnCE To MEASuRing SiTES

Residual voltage u Duration t (ms)

(%) 20 ≤ t ≤ 100 100 < t ≤ 500 500 < t ≤ 1,000 1,000 < t ≤ 3,000 3,000 < t ≤ 20,000 20,000 < t ≤ 60,000
90> u ≥ 85 17 14 4 3 0 0

85> u ≥ 70 9 2 2 0 0 0

70> u ≥ 40 10 3 0 0 0 0

40> u ≥ 1 6 1 0 0 0 0

1 > u 3 4 1 0 0 0

TABLE 3.25 noRWAy: AvERAgE nuMBER of voLTAgE DiPS PER yEAR in Mv 
nETWoRkS WiTh REfEREnCE To MEASuRing SiTES

Residual voltage u Duration t (ms)

(%) 20 ≤ t ≤ 100 100 < t ≤ 500 500 < t ≤ 1,000 1,000 < t ≤ 3,000 3,000 < t ≤ 20,000 20,000 < t ≤ 60,000
90> u ≥ 85 13 9 3 1 0 0

85> u ≥ 70 5 2 1 0 0 0

70> u ≥ 40 7 2 0 0 0 0

40> u ≥ 1 4 0 0 0 0 0

1 > u 1 2 1 0 0 4

30 In the period from 1993 to 2003, network companies reported on a voluntary basis actual voltage quality data to SINTEF Energy 
Research (Norwegian national research institute), who structured the data and published statistics, last one in 2003, as part of a 
national R&D project. This voluntary campaign included both continuous monitoring and random measurements, including even 
trouble shooting (customer complaints). In December 2003, the VQ database at SINTEF Energy Research contained measure-
ment results from a total of 671 measuring points (NOTE: not all continuous monitored during the period). 39 out of 482 LV meas-
urement sites are due to voltage quality complaints. Results are published with the permission of EBL Kompetanse AS.
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TABLE 3.26 noRWAy: AvERAgE nuMBER of voLTAgE DiPS PER yEAR in hv 
nETWoRkS WiTh REfEREnCE To MEASuRing SiTES

Residual voltage u Duration t (ms)

(%) 20 ≤ t ≤ 100 100 < t ≤ 500 500 < t ≤ 1,000 1,000 < t ≤ 3,000 3,000 < t ≤ 20,000 20,000 < t ≤ 60,000

90> u ≥ 85 9 6 2 0 0 0

85> u ≥ 70 3 1 1 0 0 0

70> u ≥ 40 4 0 0 0 0 0

40> u ≥ 1 1 0 0 0 0 0

1 > u 1 1 0 0 0 1

TABLE 3.27 noRWAy: AvERAgE nuMBER of voLTAgE DiPS PER yEAR in Ehv 
nETWoRkS WiTh REfEREnCE To MEASuRing SiTES

Residual voltage u Duration t (ms)

(%) 20 ≤ t ≤ 100 100 < t ≤ 500 500 < t ≤ 1,000 1,000 < t ≤ 3,000 3,000 < t ≤ 20,000 20,000 < t ≤ 60,000
90> u ≥ 85 3 2 1 0 0 0

85> u ≥ 70 1 1 0 0 0 0

70> u ≥ 40 1 0 0 0 0 0

40> u ≥ 1 0 0 0 0 0 0

1 > u 0 0 0 0 0 1

Portugal
Portugal has reported voltage dips based on the following:

The definition of dip is in accordance with the En 50160;•	
in the transmission network, the information is related to the delivery points that were monitored •	
during the entire year: 5 points in 2006 and 5 points in 2007;
in the last years, there is no dip information available for a complete period of 1 year in the distribu-•	
tion network. 

TABLE 3.28 PoRTugAL: nuMBER of voLTAgE DiPS in TRAnSMiSSion 
DELivERy PoinTS AT 60 kv - 2006

Residual voltage u Duration t (s)

(%) [0,01; 0,1] [0,1; 0,25] [0,25; 0,5] [0,5; 1] [1; 3] [3; 20]
[10,20] 105 (1.6) 40 (0.6) 17 (0.3) 6 (0.1) 7 (0.1) 0 (0)

[20,30] 32 (0.5) 27 (0.4) 7 (0.1) 5 (0.1) 4 (0.1) 0 (0)

[30,40] 10 (0.2) 11 (0.17) 5 (0.1) 2 (0) 2 (0) 1 (0)

[40,50] 7 (0.1) 6 (0.1) 4 (0.1) 0 (0) 2 (0) 0 (0)

[50,60] 3 (0) 7 (0.1) 2 (0) 1 (0) 1 (0) 0 (0)

[60,70] 4 (0.1) 0 (0) 2 (0) 0 (0) 2 (0) 0 (0)

[70,80] 6 (0.1) 0 (0) 4 (0.1) 1 (0) 0 (0) 1 (0)

[80,90] 2 (0) 2 (0) 2 (0) 2 (0) 0 (0) 1 (0)

[90,99] 0 (0) 0 (0) 3 (0) 4 (0.1) 1 (0) 0 (0)

in brackets is the average number of dips per measuring unit
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TABLE 3.29 PoRTugAL: nuMBER of voLTAgE DiPS in TRAnSMiSSion 
DELivERy PoinTS AT 60 kv - 2007)

Residual voltage u Duration t (s)

(%) [0,01; 0,1] [0,1; 0,25] [0,25; 0,5] [0,5; 1] [1; 3] [3; 20]
[10,20] 122 (1.9) 31 (0.5) 14 (0.2) 4 (0.1) 3 (0) 0 (0)

[20,30] 23 (0.4) 18 (0.3) 7 (0.1) 1 (0) 1 (0) 0 (0)

[30,40] 30 (0.5) 12 (0.2) 2 (0) 1 (0) 1 (0) 0 (0)

[40,50] 23 (0.5) 2 (0) 1 (0) 0 (0) 0 (0) 0 (0)

[50,60] 15 (0.2) 1 (0) 3 (0) 1 (0) 0 (0) 0 (0)

[60,70] 22 (0.3)  0 (0) 1 (0)  0 (0) 0 (0) 0 (0)

[70,80] 14 (0.2)  0 (0) 0 (0) 1 (0) 0 (0) 0 (0)

[80,90] 3 (0) 1 (0) 0 (0) 0 (0) 0 (0) 0 (0)

[90,99]  0 (0)  0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

in brackets is the average number of dips per measuring unit

3.7.3 Publication of voltage quality data

voltage quality data collected through the monitoring systems presented in the previous paragraphs 
are made available in different ways. Table 3.30 summarises the media that are currently in use in vari-
ous countries.

TABLE 3.30 PuBLiCATion of voLTAgE QuALiTy DATA

Belgium 
(HV)

Czech 
Republic

France Greece Italy (MV)
Italy 

(HV and 
EHV)

the 
Netherlands

Norway Portugal

Web free  
(aggregated results)

x

Web through 
password 
(aggregated results)

x

DSos, TSos and 
customers that own 
measuring units 
(detailed results)

x x

Annual report of the 
Regulatory Authority

x x x

on request of users, 
regulatory authority 
and in case of 
litigation

x x x
(current 
scheme)

Sensitive customers 
every year  
(voltage dips)

x
(1)

Plan to publish 
a report after 
a full year of 
measurements

x

(1) only for the customers having subscribed to a tariff option.
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in france for Ehv and hv customers, results related to voltage dips are put in an annual report, includ-
ing information on interruptions as well, provided by the TSo to each customer. furthermore for Mv 
and Lv customers with non-adequate voltage quality levels, an internal report, made available in the 
regulator (CRE) annual report as well, is published.

in italy, data relevant to monitoring on Mv networks are available and published on a Web system called QuEEn. 
The access to QuEEn (http://QuEEn.ricercadisistema.it) is available to two different categories of users:

The owners of the monitoring devices have access to the detailed measurement results (time of oc-•	
currence and characteristics of any single disturbance) and to statistics of disturbances recorded 
by their monitoring devices over selected intervals of time. The access is made through a password 
that allows the non-disclosure of proprietary information.
The public may access the QuEEn and request the processing and reporting of the data collected •	
by the monitoring system aggregating the results in groups of monitoring devices.

Detailed results available to the monitoring device owners are organised in tables that report the list 
of the characteristics of the given vQ parameter as a function of time (in case of parameters continu-
ously recorded as voltage variations, harmonics, flicker, etc.) or as sequence of events (in case of dips, 
interruptions, rapid voltage changes etc.). for parameters continuously recorded, the user can obtain 
graphs representing them as a function of time. in case of events, the user can download original wave-
shapes recorded by the monitoring device in an interval of time triggered by the event occurrence.

Aggregated results may be obtained by the public over groups of monitoring devices chosen on a 
spatial criterion (the italian regions or the entire country) and groups of monitoring devices chosen on 
the basis of electrical characteristics (nominal/declared voltage level, insulated neutral or compensated 
neutral networks, rated power of the hv/Mv transformer, etc.). The results are organised in tables that 
report the statistics of the vQ parameters over time intervals.

Both in cases of detailed and aggregated results, the vQ parameters exceeding the limits indicated by 
En 50160 are indicated by coloured flags.

Data relevant to monitoring on Ehv and hv networks is available and published on a Web system 
called MoniQuE. The access to MoniQuE (http://procedure.terna.it/monique) is possible only with a 
password for both detailed and aggregated results (produced in the same way as those of the monitor-
ing system in Mv networks). Aggregated results are available per spatial criterion (the italian regions or 
the entire country), per relevant zone of the transmission system and per voltage level.

in norway, upon enquiries from customers (or possible future customers) grid companies shall provide 
information about the continuity of supply and the voltage quality in their own grid. The information shall 
be provided within 1 month. The following is the minimum the companies shall be able to provide:
 

nominal value for the supply voltage in connection points and voltage quality limits;•	
Results of fault analyses carried out pursuant to the regulations relating to the system responsibility;•	
Results of continuous monitoring of voltage quality;•	
Estimated historical and expected number of short interruptions in the connection point, based on •	
historical data collected;
Estimated historical and expected number and duration of long interruptions in the connection •	
point, based on historical data collected;
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Estimated number of historical and expected voltage swells and voltage dips in the companies’ own •	
supply areas, based on historical data recorded through continuously monitoring;
Calculated minimum and maximum short-circuit power for connection points above 1 kv. Signifi-•	
cant changes in the short circuit power shall be notified to affected customers; 
Special conditions in the grid that may have an effect on the quality of supply, in order to prepare grid •	
customers for conditions that might arise. Examples of these include: particular risk of phase interrup-
tions in coil earthed networks or transients over-voltages, use of automatic reconnection, etc.

in Portugal, the operator has to send the regulator, ERSE, information about voltage quality 45 days 
after the end of each quarter. The operator sends ERSE a sample of the registered information in each 
monitoring point, normally the values of a representative week and the values of the weeks in which 
some limits were not fulfilled. it has not established a methodology to select the representative weeks. 

3.8 Planned voltage Quality Monitoring Systems

Some countries are planning new schemes or extensions of current schemes on voltage quality monitoring.

The Austrian regulator plans to permanently monitor the voltage quality according to En 50160: 

Measuring vQ at Mv-level will be done area-wide by technical/scientific or mathematical models. •	
Measuring vQ at Lv-level will be carried out punctually.•	

Based on the Electricity-Statistics Regulation from 2007, the data collection period runs from 1st Janu-
ary 00:00 until 31st December 24:00. The data has to be announced for the first time for the calendar 
year 2008; a complete announcement has to be done for 2010.

in Belgium, ELiA plans to install 50 to 100 additional vQ monitoring devices in the coming years at volt-
ages between 30 kv and 380 kv.

Mentioned below are the start dates from which there was (or will be) continuous monitoring of voltage 
quality in the Czech Republic for different kinds of points. Planned voltage quality monitoring system 
can be found as well.

Transfer points TS/DS continuously monitored (since 1/1/2006)•	
Delivery points 110 kv continuously monitored (since 1/1/2007)•	 31

Substations output voltage 110 kv/Mv continuously monitored (from 1/1/2010)•	 32

Delivery points Mv selection•	 33

Substations output voltage Mv/Lv selection•	 33

Delivery points Lv selection•	 33

31 As for delivery points 110 kV these parameters are monitored and archived from 1 January 2007 if recognised values 
of some of guaranteed parameters exceed 50% oflimit values for the given delivery point during the preliminary weekly 
monitoring (repeated every 2 years). The permanent installation can be avoided if the distribution system operator is able 
to document levels of these characteristics by way of measured values of neighboring delivery points or transfer points of 
transmission/distribution system.

32 Substations output voltages have been monitored and archived since 1-1-2008 if recognised values of some of guaranteed 
parameters exceed 50% of limit values for the given point during the preliminary weekly monitoring (repeated every 2 years).

33 Delivery points MV are monitored in case of litigation, claims for connection of users with sensitive technologies or according 
to the experiences of the DSO.
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in france, for Ehv and hv monitoring system, this issue is being studied at the moment and the evolu-
tion of the deployment will probably soon be reconsidered. 50% of Mv customers should be equipped 
with monitoring devices by 2010.

in the netherlands, all new connection points in the Ehv network will be monitored. furthermore, at 
specific locations where voltage quality problems have arisen, or are expected to arise, the voltage 
quality will be monitored. 

Additional information A 3.5 - Innovative Monitoring Through Smart Meters

in france, with the development of Automated Meter Management (AMM) systems, it will be possible to measure inter-

ruptions and the voltage quality; date and duration of long and short interruptions, and the date and duration of supply 

voltage variations that are outside predefined thresholds. The AMM will measure supply voltage variations on an average 

interval of time adjustable (at first, the time will be 10 minutes). in case of excursion of the voltage out of an average range 

defined by 2 thresholds parameters (at first, the thresholds will be +10% and -10% in accordance with the decree of 

24th December 2007), the meter will record the value of this voltage and the dates of the event’s beginning and end item 

averaged. This will all be measured at each Lv customer premises. With the experimental AMM project, 300,000 smart 

meters will be installed by the end of 2010. The voltage level will be then measured at the Lv customers concerned.

in italy, starting from 2009, all smart meters for Lv customers must be able to record and collect measurements relevant to 

slow voltage variations according to En 50160. it has still to be put under consultation how the monitoring campaign shall 

be done (for instance: samples of smart meters selected per different criteria: at the end of long Lv lines, aerial/cable Lv 

lines, etc.). furthermore, a “one off” incentive has been introduced for DSos that will use smart meters and AMM systems, 

as from 2010, in order to record the number and the list of Lv customers involved in each long unplanned interruption.

in the netherlands, the netbeheer nederland has, in close cooperation with the TSo and DSos and kEMA34, defined 

several requirements for smart meters that are related to power quality. These requirements are not mandatory by law, but 

are used in the tenders for smart meters. in the netherlands, it will be possible to perform voltage quality measurements 

with all new smart meters. however, the TSo or every DSo can decide whether to monitor the voltage quality or not.

in norway, it has been decided that smart meters shall be installed for all end-users by around 2013. During 2008, the 

regulator (nvE) sent a new regulation to a public hearing. nvE is currently in the process of considering requirements for 

such smart meters; hence it is yet not decided whether to require quality of supply monitoring.

in Spain, only certain recommendations about the capabilities of new smart meters to collect quality parameters have 

been considered in actual regulation (Royal Decree 1110/2007). Some distribution firms have declared their intentions to 

follow this recommendation and are going to introduce equipment that is not only able to record and collect measure-

ments but that also has features to register the duration for which the voltage is beyond the thresholds and continuity.

3.9 Main findings on voltage Quality

voltage quality is the most technical and complex part of the quality of electricity supply. voltage quality 
can be affected by all the parties connected to the power system and can be divided into several dif-
ferent voltage disturbances. voltage disturbances can be grouped into voltage events and continuous 
phenomena for which the latter can be most easily regulated in European norms or national regulations 
by minimum requirements. A good knowledge of the real situation is a preliminary step towards any 
kind of regulatory intervention; hence monitoring schemes are of vital importance. 

34 Consulting company - www.kema.com
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in Europe, the most important norm regarding characteristics of the voltage is the CEnELEC norm En 
50160. in several countries, requirements have been introduced other than the ones stated in this norm 
which is due to dissatisfaction with the current edition of the En 50160. following a wide consulta-
tion process by ERgEg between 21st December 2006 and 22nd february 2007, the Conclusions Paper 
“Towards voltage Quality Regulation in Europe” was published on 18th July 2007. The ERgEg paper 
contains the European regulators’ position on several aspects of En 50160 needing improvements and 
identifies gradual steps that can be taken in order to achieve such improvements. in parallel, since the 
year 2006 the CEER has participated actively in the work of the CEnELEC’s specific working group TC 
8x Wg1 in order to revise the En 50160 in a consensual way, according to CEnELEC procedure, where 
several experts are deeply involved.

however, the European regulators note that the consumers’ views have not been adequately repre-
sented in the consultation process and in the CEnELEC work (through active participation). This can 
ultimately lead to underestimation of the benefits of revising voltage quality norms or over-evaluating 
costs that might be incurred by new norms. it is important to have a sound balance between all the 
relevant stakeholders in the “world of standardisation”.

Customers requiring verification of actual voltage quality levels on their own connection point are gen-
erally entitled to have their request satisfied. The regulator can either put an obligation on distribution 
companies or regulate the customer’s right to measure voltage quality with its own voltage quality re-
corder; in the latter case, in order to assure that measurements are valid for the distribution company, 
the voltage quality recorder must comply with requirements from the regulator, national or international 
norms or technical criteria set by the operator.

in some countries, customers and distribution companies have the opportunity to agree upon a special 
contract with contractual quality levels and extra-revenue for the distribution companies; only in a few 
countries do regulators have the scope to intervene in this market mechanism. Where the regulator in-
tervenes in power quality contracts, his role can be either ex-ante, determining the general form of the 
contracts, or ex-post, monitoring the diffusion and actual application of power quality contracts.

Surveys carried out in 3 different countries show significant large costs for affected end-users due to 
poor voltage quality. Surveys have been carried out in norway, Sweden and italy. More details can be 
found in section 3.6.

The monitoring schemes for voltage quality developed in different countries show no harmonisation 
among countries. The lack of harmonisation concerns devices, voltage levels and voltage disturbances 
to be monitored, number and localisation of instruments, classification of dips and swells and report-
ing and publication of results. in particular concerning dips, the majority of countries report in their 
classification table the average number of dips per measurement point in a given time period. other 
countries report the summation of the number of dips registered in each measurement point in a given 
time period. 

The lack of harmonisation includes also regulatory recommendations about the use of voltage quality 
monitoring devices and current/voltage transducers for both monitoring campaigns and contractual 
purposes. 

finally, smart meters, because of their scarce deployment and lack of regulatory requirements, seem to 
not yet constitute a suitable tool for monitoring voltage quality, even for a few parameters.
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3.10 Conclusions and Recommendations on voltage Quality

Despite the work done by CEER over the years and the deployment of significant monitoring systems, 
voltage quality still remains a new issue for many regulators. A few regulators have still not introduced in 
their regulation the idea of individual verification for customers. 11 countries reported to have monitoring 
systems running or planned; only in 5 of those cases have the monitoring initiatives been promoted by the 
regulators. Therefore, the following aspects should be carefully taken into consideration:

Countries should consider monitoring voltage quality continuously and publish results regularly. it •	
is further recommended that CEER member countries disseminate experience among themselves 
and that an effort is made in order to consolidate the European view on voltage quality monitoring.
The obligation for system operators to provide individual verification of voltage quality to customers •	
upon their request should be adopted by all countries, even in the absence of a former complaint by 
the requesting customer and in the absence of power quality contracts as well.

CEER recommends that in the near future a workshop on voltage quality monitoring should be organ-
ised between relevant stakeholders. The workshop could be an excellent opportunity for disseminating 
experiences and views on voltage quality monitoring between regulators and other stakeholders. The 
aim of the workshop could be to reach recommendations regarding how to perform (harmonised) con-
tinuous monitoring of voltage quality in different European countries.

harmonisation between countries should include the accuracy of the whole measurement chain (moni-
toring devices and current/voltage transducers) for both statistical and contractual purposes.

it is recommended that there is a continuation of the cooperation between CEER and CEnELEC in 
order to further revise the technical norm En 50160. This process should include representatives from 
all relevant stakeholders, including customers, manufacturers of end-use equipment, system operators 
and the manufacturers and suppliers of measurement equipment 

Due to the limited use of market mechanisms aimed at improving quality, further research and informa-
tion are welcome on power quality contracts which can result in an efficient outcome to satisfy special 
quality needs without increasing general tariffs.

The CEER also recommends investigating whether it is feasible to use smart meters for measuring volt-
age quality parameters in an efficient way in the future.





 4th Benchmarking Report on Quality of Electricity Supply - Commercial Quality 107

4 CoMMERCiAL QuALiTy

4.1 What Commercial Quality is and why it is important to regulate it

Commercial quality relates to the nature and quality of customer services provided to electricity con-
sumers. in a liberalised electricity market, the customer concludes either a single contract with the 
supplier or separate contracts with the supplier and the DSo, according to national regulations. in both 
cases, however, commercial quality is an important issue. 

Commercial quality is directly associated with transactions between electricity companies (either DSos 
or suppliers, or both) and customers, and covers not only the supply and sale of electricity, but also 
various forms of contacts established between electricity companies and customers. There are several 
services that can be requested by customers, such as new connections, starting and terminating sup-
ply, meter verification, and so on, and each of them is a transaction that involves some commercial 
quality aspects. The most frequent commercial quality aspect is timeliness of services requested by 
customers.

There are lots of question marks and debates on the necessity of regulating commercial quality. The 
most frequently asked question is whether it is really necessary to regulate the licensee’s perform-
ance, by setting up incentives and creating regulations and requirements, in a competitive market 
where competition itself is supposed to force companies to perform above a certain minimum level. it 
is commonly known that regulation may contribute to competition in terms of some network activities 
(e.g. metering) although this is not a practice applied in all CEER member countries. While competition 
is well developed in supply, where new market entrants variegate the overall picture, in many cases 
competition does not apply equally to all customer groups (e.g. to residential customers). Moreover, 
it is important to have quality regulation in place for the incumbent electricity companies which have 
exclusive rights to some activities (traditional monopolies). 

Another debated aspect is incentive regulation for network charges. This price-regulation method 
(price/revenue cap, price formula, pricing period) provides network companies with strong incentives 
to reduce their overall costs - this includes also operational expenditure and capital expenditure - (in 
order to increase efficiency). A reduction of operational expenditure may result in a decline of actual 
quality levels of network services or at the very least in no improvement in line with customers’ expec-
tations. This may easily be the result in countries where the principle of incentive-based regulation in 
network price regulation is either just being developed or could be adopted in the near future, while no 
service quality standard exists or is supposed to be issued only at a later stage. 

There is also a question as to whether it is appropriate to maintain minimum standards with regard 
to supply when competition is fully developed, such that companies compete in providing standards 
which exceed these minimums. The fact is that some commercial quality aspects (e.g. times for con-
nections) relate to distribution networks and therefore, given their monopolistic nature, they should still 
be regulated. 

Commercial transactions between an electricity company and a customer are traditionally classified 
as follows:
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Pre-contract transactions,•	  such as information on connection to the network and prices associ-
ated with the supply of electricity. These actions occur before the supply contract comes into force 
and incorporate actions both by the DSo and the supplier. generally, customer rights with regard to 
such actions are set out in codes (such as Connection Agreements and the general Conditions of 
Supply Contracts) and are approved by the regulatory authority or other governmental authorities.
Transactions during the contract period,•	  such as billing, payment arrangements and responses 
to customer queries, complaints and claims. These transactions occur regularly, like billing and 
meter readings, or occasionally, e.g. when the customer contacts the company with a query or a 
complaint. The quality of service during these transactions can be measured for example by the 
time the electricity company needs in order to provide a proper reply. These transactions could re-
late to both the DSo and the supplier and could be regulated for quality according to the regulatory 
framework of the particular country.

important factors in analysing how a company interacts with and responds to the needs of customers 
include the presence or absence of a complaint handling procedure, how the complaint is handled and, 
in case it is settled satisfactorily, what corrective action is to be taken by the company. 

one of the most effective ways to ensure that regulation will result in a well-functioning customer serv-
ice is the existence of commercial quality rules and standards. This has been more or less achieved 
in all countries through the use of regulations or codes, performance standards, the publication of 
information on commercial quality of the companies, as well as through strategies to encourage cus-
tomer participation. The involvement of customers and their representatives can make an important 
contribution to quality regulation; further, customer surveys can reveal both customer expectations and 
satisfaction with the current level of service. 

4.2 Main Aspects of Commercial Quality

Commercial quality involves so many aspects that it is hard find out how many commercial quality indi-
ces exist. further, attention must be placed on many details in defining each commercial quality indica-
tor. hence, one has to be careful when comparing the commercial quality indices of different countries, 
because of the differing interpretations of the same indicator definitions by the responding regulators. 

The difficulties in defining, homogenously, commercial quality indicators were already underlined in 
the 3rd Benchmarking Report. 25 commercial quality indices were included in the questionnaire back 
in 2005. During the data collection phase for the 4th Benchmarking Report, 24 new indicators (applied 
specifically in a single country) were added by the regulatory authorities who had indicated the original 
25 indicators. The resulting picture was very diverse and the outcome of the answers to the question-
naires was difficult to assess. 

The uncertainty mentioned above was further increased by a new interpretation problem: which sort of 
operator the commercial quality relates to. former (regulated) traditional supply companies have been 
replaced by traders acting under competitive conditions (theoretically, in an efficient retail market). 
Meanwhile, the DSo still performs a monopoly activity which is regulated in detail; in most countries, 
the distribution activity is supposed to be separated from the supply activity. At the same time, DSos 
may perform other activities (like grid maintenance, repairs, restoration of supply, etc.) that involve 
commercial aspects to a high degree. The term “commercial quality” cannot strictly be linked to the 
term “trade”, and thus other activities must also be included in the commercial quality assessment. 
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4.2.1 How to regulate commercial quality

There are mainly two types of quality standards for commercial quality:

guaranteed Standards (gSs) refer to service quality levels which are set by the regulator and which •	
must be met in each individual case. if the company fails to provide the level of service required by 
a gS, it must compensate the customer affected, subject to certain exemptions. 
overall Standards (oSs) refer to a given set of cases (for instance, all customer requests in a given •	
region for a given transaction) and must be met with respect to the whole population in that set. 
oSs in commercial quality are mainly expressed through a percentile; e.g., at least 90% of cases for 
connecting a new customer, when the connection calls for complex works, must be carried out in 
less than 30 days. This kind of oS establishes the minimum percentage of transactions (90%) that 
must be carried out within a certain time limit.

There is not a single rule for choosing how to regulate commercial quality aspects; it is up to the regu-
lator to choose between gSs and oSs. gSs give an effective protection to customers, as customers 
are entitled to be compensated if the gSs are not met (subject to certain exemptions). on the other 
hand, oSs are preferred with respect to aspects of service for which the regulator does not consider it 
appropriate to impose individual guarantees, but for which customers in general should expect com-
panies to deliver pre-determined, minimum levels of service quality. in contrast to the case of a gS, no 
compensation is paid to customers for breach of an oS, but the regulator can take measures against a 
company that systematically fails to apply oSs.

in addition to gSs and oSs, regulators can set requirements in regulation in order to achieve a certain 
quality level. These quality levels can be set according to what the regulator deems appropriate, e.g. a 
minimum level which must be met for all customers at all times. if the requirements set by the regula-
tors are not met; in most cases the regulator can issue sanctions, e.g. financial penalties. Such kinds 
of requirements are referred to as “other Available Requirements” (oARs).

in order to identify the most frequently used indicators for each group, during the preparation of the 
questionnaire used for this Report the indicators considered in the 3rd Benchmarking Report were re-
viewed, looking at the number of countries that gave actual values for commercial quality standards in 
2005.

Table 4.1 shows the number of commercial quality standards for each country, separated by gSs, oSs 
and oARs. The table shows clearly that regulators make more use of gSs than of oSs. however, in 
many countries requirements applicable to each single transaction are applied as well, albeit without 
compensation to the customer when this kind of requirement is not respected. from the customer 
protection point of view; the most efficient tools are gSs, or minimum requirements set by the regulator 
where sanctions can be issued. The experience of CEER member countries with advanced commercial 
quality regulation shows that oSs have been decreasing or disappearing while more and more gSs 
have come into force over time; this process is likely to continue in other countries in the near future.
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TABLE 4.1 nuMBER of CoMMERCiAL QuALiTy STAnDARDS foR EACh 
CounTRy (REQuiREMEnTS foR MARkET oPEning ARE noT 
inCLuDED in ThE CALCuLATion)

Country
Guaranteed standards 

(GSs)
Overall standards (OSs)

Other available 
requirements (OARs)

Total

Austria 10 1 11
Belgium-flemish 8 8
Belgium-Walloon 6 6
Cyprus 10 3 13
Czech Republic 11 11
Estonia 4 3 7
germany 1 1
hungary 16 4 20
italy 8 4 4 16
Latvia 1 15 16
Lithuania 12 12
Luxembourg 9 9
norway 12 12
Poland 8 8
Portugal 7 4 1 12
Romania 12 12
Slovenia 6 2 9 17
Spain 9 2 11
Sweden 4 4
united kingdom 6 1 7
Total 73 49 91 213

4.2.2 Main groups of commercial quality aspects

in order to simplify the approach to the complex issue of commercial quality, indicators relating to com-
mercial quality have been grouped into four main groups (Table 4.2), divided as shown in Table 4.3.

TABLE 4.2 gRouPing of CoMMERCiAL QuALiTy ASPECTS

I. Connection
II. Customer care
III. Technical service 
IV. Metering and billing 



 4th Benchmarking Report on Quality of Electricity Supply - Commercial Quality 111

TABLE 4.3 nuMBER of CounTRiES WhERE CoMMERCiAL QuALiTy STAnDARDS 
(gS, oS oR oAR) ARE in foRCE, PER gRouP AnD PER CoMPAny TyPE

Group Standard DSO SP USP Total

I. Connection

Cost estimation for connection 12 12
Time between signing contract and the start of supply 10 10
Time for response to customer claims for network connection 13 13
Time for connecting new Lv customers 11 11

II. Customer 
care

Punctuality of appointments with customers 7 7
Response time to customer complaints in writing 12 6 8 26
Response time to customer queries in writing 10 10
Response time, queries on costs and payments 10 10

III. Technical 
service

Time for answering a voltage complaint 12 12
Time until restoration following failure of DSo fuse 11 11
Time for giving information on a planned interruption 13 13

IV. Metering 
and billing

Time for meter inspection in case of meter failure 7 7
Time from notice-to-pay until disconnection 15 8 8 31
Time for restoration of power supply following disconnection due 
to non-payment

14 7 8 29

yearly number of meter readings by the designated company 11 11

The results of the benchmarking are described in section 4.3 using the four groups as a reading 
guide.

4.2.3 Monitoring actual levels of commercial quality 

There are two ways to monitor the actual level of commercial quality:

Monitoring the average value of the indicator, for instance average time for connection;•	
Monitoring the percentage of cases in which the maximum time allowed is respected, i.e. the actual •	
performance time is below (or above) the standard.

it is important to note that the first type of measurement of actual levels does not depend upon stand-
ards and is therefore comparable between countries (assuming that requests of the same type are 
considered); while the second measurement, also called compliance percentage, is not meaningful 
without knowing the standard which is referred to.

unfortunately, monitoring the actual levels of commercial quality is not very widespread; only a few 
countries regularly monitor the average times or the percentage in respect of the maximum allowed 
times for commercial quality transactions. in the questionnaire for this Report, data on the actual levels 
for 2007 were requested. in the end, some countries could not provide data for 2007 but were able to 
provide data for 2006. The actual values submitted from various countries are presented in Annex 3.

4.2.4 Data availability for benchmarking

in preparing this 4th Benchmarking Report, a questionnaire was distributed among national regulatory 
authorities. Compared with the questionnaire used for the commercial quality chapter of the 3rd Bench-
marking Report, significant changes have since taken place in the electricity industry (liberalisation, 



112 Commercial Quality - 4th Benchmarking Report on Quality of Electricity Supply

unbundling). hence, it was decided to revise the structure of the questions, separating questionnaires 
related to commercial quality for DSos, and for suppliers. for suppliers, a distinction is made between 
“ordinary” suppliers (SP) which operate in the free market and universal suppliers (uSP), which in some 
countries exist in order to supply domestic and small customers who do not choose a SP in the free 
market or who rely on their supplier of last resort (in cases when the SP fails to supply electricity for a 
variety of reasons). 

21 regulators provided detailed or partial answers to the questionnaires. Responses are included in 
Table 4.4 below.

TABLE 4.4 DATA AvAiLABiLiTy foR CoMMERCiAL QuALiTy in ThE 4Th 
BEnChMARking REPoRT. (BELgiuM gAvE 2 RESPonSES fRoM 
DiffEREnT REgionS)
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Respondents 
with available 
standards/ 
requirements

19 7 7 16 10 1 3 13 10 3 5 10

Not available 2 6 5 0 4 3 2 1 3 4 2 2
No answers 1 9 10 6 8 18 17 8 9 15 15 10
Total number of 
respondents

22 22 22 22 22 22 22 22 22 22 22 22

As shown in Table 4.5, the majority of regulatory authorities apply standards for DSos, although actual 
values and compensation were missing in some cases. in the category of SPs and uSPs, a lower re-
sponse was observed, especially for standards for SPs. This is a clear indication of a regulatory policy 
of setting only a few standards for supply, as this is a free market activity. it can also be an indication 
that in these cases regulation concerning SP/uSP have not yet been developed, as full market opening 
is quite recent. in most cases, answers for SP and uSP questions were very similar.

Based on this data, the role of the regulatory authorities seems to cover mainly the activity of the DSo 
operating in a monopoly, whereas there is about half as much regulation concerning market players like 
SPs and uSPs. The number and the distribution of the standards for the latter two types of suppliers 
do not differ significantly; however SPs are less regulated than uSPs. in the rest of this section, the 
statements regarding SPs and uSPs are introduced jointly.

it should be noted that, without a detailed analysis of the definitions of the individual commercial quality 
indicators, one must be very cautious when comparing data. The general experience of quality regula-
tion can be used for an analysis of existing trends and expectations.

As far as compensation due in case of mismatching gSs is concerned, a great variety of applications 
was evident from the replies received. Most typically, standards can be classified by the type of pay-
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ment, e.g. automatic or upon request or voluntary or bilateral agreements when compensations are 
not set by regulators but companies are recommended to set some compensation, like in Austria, as 
shown in Table 4.5.

TABLE 4.5 CoMPEnSATionS DuE if CoMMERCiAL QuALiTy guARAnTEED 
STAnDARDS ARE noT fuLfiLLED

Country Automatic Upon customer’s  
request

Voluntary or 
bilateral 

agreements
Austria x

Cyprus  x  

Czech Republic  x  

hungary x x  

italy x  

Portugal x  

Slovenia  x (proposal)  

Spain x  

united kingdom x  

Automatic compensation, or other available regulatory requirements where sanctions can be issued, 
are generally prefered in order to guarantee an effective customer protection. in Annex 3, a lot of infor-
mation is available on the amounts of compensation; this can vary, according to each CEER member 
country - by the consumer sector (residential or not), or by the voltage level (Lv, Mv etc.) or depending 
upon the delay in executing the transaction according to the standard.

4.3 Main Results of Benchmarking Commercial Quality Standards 

4.3.1 Group I: Connection

As mentioned earlier, this group concerns commercial quality standards that are applicable to DSos 
and are applied by a large proportion of respondent regulators. The reason is two-fold: on one hand, 
both speedy clarification of the network access conditions and timeliness of concrete connections 
are of high priority for customers; on the other hand, connection is mainly related to distribution and 
is therefore strictly related to monopoly regulation (although in a few countries this activity can be per-
formed by independent operators).

There are four main commercial quality indicators used for setting standards related to connections 
(the corresponding detailed table in Annex 3 is indicated in brackets):

Time for response to customer claims for network connection (Table CQ 1.1);•	
Time for cost estimation for simple works (Table CQ 1.2);•	
Time for connecting new Lv customers to the network (Table CQ 1.3);•	
Time between signing contract and the start of supply (Table CQ 1.4).•	
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As can be easily seen, the above listed four quality indicators represent the whole process for con-
nection; first there is the request for connection, to which there are two possible responses (feasibility 
response and estimation of costs); then, when the estimated cost is accepted by the customer, there 
is the work for realising the connection; last, there is the activation of the supply (only in this last step 
can the supplier be involved).

TABLE 4.6 CoMMERCiAL QuALiTy STAnDARDS foR ConnECTion-RELATED ACTiviTiES

Quality indicator (Group I)
Countries  
(grouped by type of standard)

Standards(1) 
(median value and range)

Compensation(2) 
(median value, 

only GS)

Company 
involved 

Time for response to 
customer claims for network 
connection

GS: Cy, CZ, ES, hu, Si(3)  
OS: AT, BE(Walloon), EE, Lv, 
Ro 
OAR: LT, Lu, no

14 working days (range 8-30) € 30 DSo

Time for cost estimation for 
simple works

GS: Cy, hu, ES, iT, Si(3), uk 
OS: AT, BE(Walloon), EE, PT  
OAR: BE(flemish), no 

14 working days (range 5-90) € 30 DSo

Time for connecting new Lv 
customers to the network

GS: Cy, ES, iT, LT, Si(3) 
OS: AT, BE(fle), PT 
OAR: BE(Wal), Lu, no

15 working days (range 6-30) € 30 DSo

Time between signing 
contract and the start of 
supply

GS: hu, ES, iT, Si(3) 
OS: AT, BE(Walloon), PT 
OAR: DE, Lv, no

6 working days (range 2-14) € 30 DSo, SP/uSP

Legend: GS guaranteed standards; OS overall standards; OAR: other available requirements
Notes
(1) when differentiated, only standards for Lv customers have been considered
(2) when differentiated, only compensation applicable to household customers has been considered
(3) regulatory proposal, currently under consultation

Table 4.6 shows a synthesis of the commercial quality standards for connection-related activities. it is 
important to remember several aspects in detail:

Standards for connection-related activities often have a complex structure, depending upon the •	
complexity of the work to be done; just as an example, Table 4.7 gives the diverse standards in 
Spain for the maximum time to connect Lv and hv customers to the networks. A similar structure is 
adopted in other countries, more often dividing “simple works” from “complex works” (though the 
division is not the same in all countries).
Compensation when guaranteed standards are not fulfilled can have a more complex structure as •	
well; in many countries compensation depends upon voltage level, or the type of customer (house-
hold or business customer). in italy, for instance, compensation is € 30 for domestic customers, 
€ 60 for business Lv customers and € 120 for business Mv customers.
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TABLE 4.7 SPAniSh STAnDARDS foR MAxiMuM TiME foR ConnECTion, 
DiffEREnTiATED ACCoRDing To voLTAgE LEvEL AnD TEChniCAL 
CoMPLExiTy of ThE WoRk

Task Type of supply Criteria Obligation

Completion of the works 
needed for the new 
connections

Supply at low voltage

Whenever it is not necessary 
to carry out any expansion of 

the low network
5 working days

Whenever solely the low 
voltage network needs to be 

expanded
30 working days

Whenever several 
transformer centres need to 

be built
60 working days

Supply at high voltage

Mains connection to a single 
customer with a nominal 

supply voltage equal to or 
less than 66 kv

80 working days

other high voltage supply

Deadlines determined in 
each case in line with the 

importance of the work to be 
done

4.3.2 Group II: Customer care

While in group i (connection) the most important actors are the DSos, for customer service activities 
(group ii) the most important actors are suppliers (SP/uSP; see section 4.2.4). This explains why the 
number of standards is lower in group ii than in group i, considering that supply is a free market (com-
petitive) activity.

There are many issues related to customer service, according to the different ways customers can 
contact the supplier: in written form through letters (fax or e-mail), or through customer centres or, more 
frequently, through call centres. 

The most developed area for standards relates to answering customer letters. Table 4.8 gives a synthe-
sis of the commercial quality standards for this type of customer service activity. Standards related to 
DSos and to SPs/uSPs have been distinguished, in order to have more homogeneous benchmarking.
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TABLE 4.8 CoMMERCiAL QuALiTy STAnDARDS foR CuSToMER SERCiCE ACTiviTiES

Quality indicator  
(Group II- Answering customer letters)

Countries  
(grouped by type of standard)

Standards(1) 
(median value and range)

Compensation(2) 
(median value, 

only GS)

Company 
involved 

Response time to customer 
queries in written form

GS: Cy, ES, hu 
OS: iT, PT, Ro 
OAR: LT, Lv, no, Si

15 working days (range 5-30) € 20 DSo

Response time to customer 
complaints in written form

GS: Cy, CZ, ES, hu, PT  
OS: iT 
OAR: BE(flemish), no, LT, 
Lv, Si, uk

15 working days (range 5-30) € 20 DSo

GS: CZ, hu 
OS: iT, Ro
OAR: LT, Lv

15 working days (range 5-30) € 20 SP

GS: CZ, hu, PT  
OS: EE, iT, Ro
OAR: LT, Lv

15 working days (range 5-30) € 20 uSP

Response time, queries on 
costs and payments

GS: Cy, ES, hu, uk 
OS: AT, Si, Ro 
OAR: no, LT, Lv

15 working days (range 2-30) € 20 DSo

GS: hu
15 working days 
(only 1 country)

€ 20 SP/uSP

Legend: GS guaranteed standards; OS overall standards; OAR: other available requirements
Notes
(1) when differentiated, only standards for Lv customers have been considered
(2) when differentiated, only compensation applicable to household customers has been considered

As far as answering client letters is concerned (for details see Annex 3 ,Tables CQ 1.5, CQ 1.6, CQ 1.7 
and CQ 1.8), standards used for responding to other customer queries, complaints and claims are 
relatively homogenous. for some countries, it must be noted that:

The professional and prompt handling of complaints is of great importance since customers experi-•	
encing unsuccessful attempts for settlement may switch companies. however, maintaining regula-
tion on complaint handling is advisable even in countries with full market opening. The prominent 
example of the united kingdom is interesting because, in a country with a fully developed competi-
tive market, SPs are obliged to have an effective remedy procedure, instead of having to comply 
with a specific time limit for answering complaints.
in norway, only client letters requesting historical and expected future data on voltage quality and •	
continuity of supply are included in the regulations, with an exact limit of 1 month. if this limit is not re-
spected, the regulator can issue a violation fine or issue compulsory fines until the letter is answered. 
it should be recognised that the responding-to-complaints standard might not be perfectly fulfilled (i.e. •	
100%), as in some cases it is impossible to provide a meaningful response in the given timeframe. in 
these situations, customers should be notified of the reasons for delay and the expected reply date.
As regards the time for providing a response to questions in relation to costs and payments, it must •	
be noted that rules are quite heterogeneous: in a few countries standards are imposed on DSos, 
and in other countries upon SPs and uSPs or only upon uSPs. in any case, it is of great importance 
that customers receive an answer before notices-to-pay are sent or disconnections occur. The 
standards applied on SP/uSP show a more homogenous picture than in the case of DSos. Licen-
sees have to respond to queries regarding costs and payments within 5 to 15 days. Presumably, 
customers make enquires because they would like to switch supplier.
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A new area is becoming trickier for regulators; i.e. customer service through call centres. So far, only a 
few regulators have standards for this relatively new matter. 

Both for DSos and SPs/uSPs, the two most important indicators for call centres are average holding 
time and service level index. it is not possible to attach a customer compensation for these indicators, 
but in a few cases (such as hungary and the united kingdom; and italy since 2008) a significant penalty 
can be imposed by the regulator upon companies with the worst performing call centres. it is important 
to state that:

* Average holding time is not always recorded in the same manner: some regulators do not count the 
time for “navigation” within the “interactive voice responder” (ivR), whilst others do count this time in 
the average holding time; this explains why existing standards are not easily comparable.
* Service level index can be calculated in at least two ways: as the percentage of calls to which a re-
sponse has been given in a given time (normally excluding the ivR navigation time) or as the percent-
age to which a response has been given at all.

The issue of monitoring the waiting time for customers who visit customer centres in person is put into 
practice only in a couple of countries (hungary and Portugal), in both cases as oSs. 

Lastly, a very important issue is that of appointments with customers. Some operations require the 
presence of the customers; regulators can impose standards (mainly on DSos and mainly gSs) in or-
der to assure punctuality in setting appointments and meeting with customers. Table 4.9 illustrates the 
situation: the maximum time band for punctuality varies between 2 and 4 hours in most countries; the 
levels of compensation payments range between € 18 and € 80 (higher compensation relates to the 
weakest standard). See Table CQ 1.9 in Annex 3 for more details.

TABLE 4.9 CoMMERCiAL QuALiTy STAnDARDS foR PunCTuALiTy of 
APPoinTMEnTS WiTh CuSToMERS

Quality indicator (Group II)
Countries  
(grouped by type of standard)

Standards(1) 
(median value and range)

Compensation(2) 
(median value and 

range)

Company 
involved 

Punctuality of appointments 
with customers

GS: Cy, CZ, hu, iT, PT, Si(3), 
uk 

3 hours 
(range 2,5 - 4 hours)

€ 25 
(range 18-80)

DSo

Legend: GS guaranteed standards; OS overall standards; OAR: other available requirements
Notes
(1) when differentiated, only standards referred to Lv customers have been considered
(2) when differentiated, only compensation applicable to household customers has been considered
(3) regulatory proposal, currently under consultation

4.3.3 Group III: Technical service

This group includes indicators related to technical service:

Time for giving information on a planned interruption (Annex 3, Table CQ 1.10);•	
Time until restoration following failure of DSo fuse ( Annex 3, Table CQ 1.11);•	
Time for answering voltage complaint (Annex 3, Table CQ 1.12).•	

of course, all the listed indicators relate to distribution activities, therefore standards of group iii mainly 
refer to DSos. only hungary has a standard on SP/uSP in case a customer is erroneously disconnect-
ed by the DSo due to false instructions of SP/uSP on customers without debts to be disconnected.
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Regulation of the time for giving information on a planned interruption is the most prevalently used indi-
cator out of the 25 indicators involved in this analysis. in every country, some deadline requirements are 
applied, but this deadline is not classified as a commercial quality standard in all countries (e.g. in italy 
it is not a quality standard but a regulatory requirement). in a few countries (hungary and Cyprus), the 
time for giving information on the planned interruption is very long (with 15 days and 20 working days, 
respectively).in most countries, a deadline between 1 and 2 days is applied. Sometimes, this deadline is 
differentiated according to the type of work requiring planned interruptions or per voltage level. The aim of 
notifying an interruption in advance is to give the end-user the possibility to implement proper measures 
in order to reduce the negative consequences of the interruption. The necessary time in advance will vary 
between different end-users and in particular between end-user groups, i.e. industrial versus residential. 
The negative consequences of an interruption will also vary between different groups of end-users.

Among other indicators of group iii, the most widely applied is the time for restoration following a fail-
ure of the DSo fuse (or, in italy where the fuse is not owned by the DSo, the standard applied in case of 
failure of the meter if it provokes an interruption). in some cases, this standard depends on the custom-
ers’ geographic location, the voltage level, the time of call (daytime or night-time) and on whether the 
customer possesses any electronic medical device needed for survival.

Coping with voltage complaints normally involves two steps: the first step in the remedy of voltage 
complaints is to verify, through necessary measurements and investigations, whether any regulations 
or standards in force have been violated. The second step of the remedy is the correction of voltage 
problems through appropriate works on the networks.

it is important that any customer problem related to voltage disturbance is rectified without undue de-
lay (i.e. as soon as possible). Part of this includes implementing temporary measures when and where 
appropriate. The exact time needed to rectify the problem or to implement temporary solutions will vary 
a lot and depends upon the complexity of the given situation. (See also Chapter 3 on voltage quality for 
more information about regulations and standards in force in different countries). for this reason, the 
voltage complaint second-step indicator is not reported in Table 4.10.

TABLE 4.10 CoMMERCiAL QuALiTy STAnDARDS foR TEChniCAL CuSToMER SERviCE

Quality indicator (Group III)
Countries  
(grouped by type of standard)

Standards(1) 
(median value and range)

Compensation(2) 
(median value, 

only GS)

Company 
involved 

Time for giving information 
on a planned interruption

GS: Cy, CZ, ES, hu, uk 
OS: AT, BE(Walloon), EE, Si 
OAR: iT, LT, Lu, Lv, no

2 days 
(range: 1-20)

€ 20 DSo

Restoration time in the case 
of failure of DSo fuse

GS: Cy, CZ, hu, iT(3), PT, uk,  
OS: BE(Walloon)  
OAR: BE(flemish), LT, Lv, 
no, Si

4 hours  
(range: 2-24)

€ 20 DSo

Time for answering voltage 
complaints

GS: Cy, CZ, hu, iT(4), PT, uk, 
OS: Ro
OAR: BE(flemish), LT, Lv, 
no, Si

15 working days 
(range 8-120)

€ 20 DSo

Legend: GS guaranteed standards; OS overall standards; OAR: other available requirements
Notes
(1) when differentiated, only standards referred to Lv customers have been considered
(2) when differentiated, only compensation applicable to household customers has been considered
(3) applicable to failure of the meter if it provokes an interruption of supply
(4) enforced as gS from 2008; oS until 2007
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4.3.4 Group IV: Metering and billing

group iv includes a set of commercial quality indicators related to metering and billing. The following 
indicators have been considered:

Time for inspection in case of meter failure (Annex 3, Table CQ 1.13);•	
yearly number of meter readings by the designated company (Annex 3, Table CQ 1.14);•	
Time from notice-to-pay until disconnection (Annex 3, Table CQ 1.15 and CQ 1.16);•	
Time for restoration of power supply following disconnection due to non-payment (Annex 3, Tables •	
CQ 1.17 and CQ 1.18).

Table 4.11 summarises responses on commercial quality indicators of group iv that refer mainly to 
DSos for metering and to SP/uSP for billing. other indicators are in use in individual countries (for 
instance, time for correction of prepayment meters and the allowed proportion of meters with expired 
calibration). 

in general, only a few regulators dictate standards in connection with meters. Regarding the duration 
of an inspection of a meter failure, the typical standard in use is between 5 and 10 days. The stand-
ard duration for the correction of prepayment meters is set in only two cases. it should be taken into 
consideration that with the proliferation of smart meters the authentication time will be shortened and, 
mainly in the start-up period of the change over, the frequency of meter failures might increase. The 
licensee should be prepared for quick corrections to avoid paralysis in invoicing. 

in most cases, the typical number of annual meter readings is one, although there are significant dif-
ferences depending on the size of the customer. for instance, in norway the regulator has set out in 
regulations that meters shall be read at least once a year, but as regards end-users with an annual con-
sumption above 8,000 kWh, meters shall be read monthly, bi-monthly or quarterly (periodic readings). 
furthermore, the meters shall be read at every turn of the year. in Spain, at least six readings must be 
done. This indicator will be important until the inflow of smart meters. With the roll-out of smart meter-
ing, the licensee will have the opportunity to make out invoices based on the monthly data read from 
the smart meters.

for group iv, the standard for the time for restoration of power supply following disconnection due to 
non-payment attracted the most attention among the responding nRAs. This standard is closely con-
nected to the availability of the service. Consumers who have settled their debts and paid all fees in 
connection with the disconnections can demand to be reconnected to electricity as soon as possible. 
This right is respected by the regulators, i.e. this is one of the most prevalently used indicators with an 
overly small (short) expected value.
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TABLE 4.11 CoMMERCiAL QuALiTy STAnDARDS foR METERing AnD BiLLing

Quality indicator (Group IV)
Countries  
(grouped by type of standard)

Standards(1) 
(median value and range)

Compensation(2) 
(median value , 

only GS)

Company 
involved 

Time for meter inspection in 
case of meter failure

GS: hu, iT(4), Si(3), 
OS: Ro 
OAR: BE(flemish), EE, LT, PL

10 working days  
(range 5-23)

€ 20 DSo

yearly number of meter 
readings by the designated 
company

GS: PT 
OS: AT, ES, hu 
OAR: Cy, iT, no, PL, SE, Si(3)

at least 1 reading/year  
(range: 1-12)

€ 18 DSo

Time from notice-to-pay until 
disconnection

GS: none 
OS: AT, ES, hu, Ro  
OAR: BE(flemish), Cy, iT, LT, 
Lu, Lv,  no, PL, PT, SE, Si

14 working days  
(range 2-90)

n/A DSo

GS: none 
OS: AT, hu, Ro  
OAR: EE, iT, LT, Lu, Lv, PL, 
SE, Si

14 working days  
(range 8-90)

n/A SP/uSP

Time for restoration of 
power supply following 
disconnection due to non-
payment

GS: CZ, hu, ES, iT, PT  
OS: AT  
OAR: BE(flemish), Cy, LT, 
Lu, Lv, PL, Si

2 days  
(range 1-5)

€ 25 DSo

GS: CZ, hu
OS: Ro  
OAR: AT, EE, Lv, Lu, PL, Si

2 days  
(range 1-5)

€ 20-40 SP/uSP

Time for solving billing 
complaints

GS: hu, iT, Lv
15 days 

(range 15-90)
€ 20-30 SP

GS: hu, iT, Lv, PT 
OS: EE

15 days 
(range 15-90)

€ 25 uSP

Legend: GS guaranteed standards; OS overall standards; OAR: other available requirements
Notes
(1) when differentiated, only standards referred to Lv customers have been considered
(2) when differentiated, only compensation applicable to household customers has been considered
(3) regulatory proposal, currently under consultation
(4) enforced as gS from 2008; oS until 2007

4.4 The Challenge for Commercial Quality due to full Market opening

This section describes full market opening from the commercial quality point of view; an issue not 
covered in previous benchmarking reports. nRAs were asked to reply whether there are any standards 
for routine procedures to switch supplier or to amend a contract (DSos and SPs, as well as uSPs are 
handled separately in this analysis). Respondents were also requested to briefly explain their answers, 
for both negative and positive answers. in the sections below, there is a summary of the findings, to-
gether with some statistics on the answers. 

4.4.1 Statements concerning Distribution System Operators 

The most frequent requirement for standard procedures to switch supplier or to amend a contract is the 
transfer of information from the DSo to the new SP. This is the only requirement valid for the majority 
of DSos. This requirement is monitored using the time elapsed until a customer’s notice on switching 
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supplier is replied to and the time elapsed until disconnection upon supplier’s request due to custom-
er’s non-payment. About a third of the respondents stated that the option to choose between network 
tariffs (at DSos) was also a requirement. Almost all responding regulators reported that (in the case of 
DSos) debt handling in the context of supplier switching is not regulated by standards.

TABLE 4.12 REQuiREMEnTS RELATED To MARkET oPEning uPon DSos

Standards Applied - DSO
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v. 20. Response time, notice ● ● ✓ ● ● ✓ ● ✓ ● ● ✓ ● ● ● ✓ ✓ 6 10
v. 21. non-payment patience ● ● ● ● ✓ ● ● ✓ ● ● ✓ ✓ ✓ ● ✓ ✓ 7 9
v. 22.a. Debt handling ● ● ● ● ● ● ● ● ● ● ✓ ✓ ● ● ● 2 13
v. 22.b. information transfer ✓ ● ✓ ● ● ✓ ● ✓ ● ✓ ✓ ✓ ✓ ● ✓ ✓ 10 6
v. 22.c. Tariff options ● ● ✓ ● ● ● ● ✓ ● ✓ ✓ ● ● ✓ ● 5 10

yES, Total 1 0 3 0 1 2 0 4 0 2 4 3 3 0 4 3 30  
no, Total 4 5 2 5 4 3 5 1 5 3 0 1 2 5 1 2  48
✓ means yES,  ● means no and empty cells mean “no answer”

4.4.2 Statements concerning Supply Providers

Based on the respondents’ reports, the most prevalently applied requirements for standard procedures 
to switch supplier and/or to amend a contract are the publication of tariffs by suppliers and meter read-
ing. information transfer from the DSo to the new SP and the time until disconnection due to custom-
er’s non-payment can be perceived as well-standardised requirements as well. Similarly to the results 
derived from replies concerning DSos, debt handling in cases of supplier switching is not a standard-
ised requirement. in general, there is no requirement that is applied by the majority of countries.
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TABLE 4.13 REQuiREMEnTS RELATED To MARkET oPEning uPon SPs

Standards Applied - SP
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v. 20. Response time, notice ● ✓ ● ● ● ✓ ● ● ● ● ✓ 3 8
v. 21. non-payment patience ● ● ● ● ✓ ● ✓ ✓ ✓ ● ✓ 5 6
v. 22.a. Debt handling ● ● ● ● ✓ ● ● ● ● 1 8
v. 22.b. information transfer ✓ ✓ ● ● ● ✓ ● ✓ ● ● ✓ 5 6
v. 22.c. Tariff publication ✓ ✓ ✓ ✓ ✓ ✓ ● ✓ ● ✓ ● ✓ 9 3
v. 22.d. Termination time ● ● ✓ ✓ ✓ ● ● ● ● ● 3 7
v. 22.e. Termination day ● ● ✓ ✓ ● ● ● ● 2 6
v. 22.f. Meter reading ✓ ✓ ● ● ✓ ● ● ✓ ● ✓ ● ✓ 6 6

yES, Total 3 4 1 2 5 6 0 3 1 3 1 0 5 34  
no, Total 5 1 7 5 3 2 6 5 5 0 0 8 3  50
✓ means yES,  ● means no and empty cells mean “no answer”

4.4.3 Statements concerning Universal Service Providers

The responses received show that publication of tariffs by suppliers is the only standardised requirement 
in standard procedures to switch supplier or to amend contract valid in the majority of the uSPs.

TABLE 4.14 REQuiREMEnTS RELATED To MARkET oPEning uPon uSPs

Standards Applied - USP
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v. 20. Response time, notice  ✓ ● ● ✓ ● ● ● ● ● 2 7
v. 21. non-payment patience  ● ● ● ✓ ✓ ✓ ✓ ● 4 4
v. 22.a. Debt handling  ● ● ● ● ● ✓ ✓ ✓ ● 3 6
v. 22.b. information transfer ✓ ✓ ● ● ✓ ● ● ● ● 3 6
v. 22.c. Tariff publication  ✓ ✓ ✓ ● ✓ ● ✓ ✓ ✓ ● 7 3
v. 22.d. Termination time  ● ✓ ✓ ● ● ● ✓ ● 3 5
v. 22.e. Termination day  ● ✓ ✓ ● ● ✓ ● 3 4
v. 22.f. Meter reading  ✓ ● ✓ ● ● ● ✓ ✓ ● 4 4

yES, Total 1 4 1 1 3 6 1 2 4 6 0 29  
no, Total 0 1 7 2 5 2 6 4 4 1 8  39
✓ means yES,  ● means no and empty cells mean “no answer”
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4.5 Conclusions and Recommendations on Commercial Quality

4.5.1 Summary of benchmarking results

Table 4.15, Table 4.16 and Table 4.17 below integrate the information given in the tables from sections 4.1, 
4.2 and 4.3 of the report. They show the number of countries where each commercial quality standard is 
in force per type of standard, for DSos (Table 4.15), for SPs (Table 4.16) and for uSPs (Table 4.17).

Standards for DSos are in force in a minimum of 7 countries (Punctuality of appointments with cus-
tomers, time for meter inspection in case of meter failure) up to a maximum of 15 countries (time from 
notice-to-pay until disconnection).

for SPs and uSPs, only three standards are in force (the same standards for both SPs and uSPs) in 
around 15-25% of the countries.

TABLE 4.15 nuMBER of CounTRiES WhERE CoMMERCiAL QuALiTy STAnDARDS ARE 
in foRCE PER TyPE of STAnDARD (DSos)

Standard for DSOs
Guaranteed 

standard
(GS)

Overall standard 
(OS)

Other  available 
requirement 

(OAR)
Total

Cost estimation for connection 6 4 2 12
Punctuality of appointments with customers 7 7
Response time to customer complaints in written form 5 1 6 12
Response time to customer queries in written form 3 3 4 10
Response time, queries on costs and payments 4 3 3 10
Time between signing contract and the start of supply 4 3 3 10
Time for meter inspection in case of meter failure 3 4 7
Time for response to customer claims for network 
connection 

5 5 3 13

Time for connecting new Lv customers 4 3 4 11
Time from notice-to-pay until disconnection 4 11 15
Time for answering the voltage complaint 6 1 5 12
Time for restoration of power supply following 
disconnection due to non-payment

5 2 7 14

Time until restoration following failure of DSo fuse  6 1 4 11
yearly number of meter readings by the designated 
company 

1 3 7 9

Time for giving information on a planned interruption 5 4 4 14

TABLE 4.16 nuMBER of CounTRiES WhERE CoMMERCiAL QuALiTy STAnDARDS ARE 
in foRCE PER TyPE of STAnDARD (SPs)

Standard for SPs
Guaranteed 

standard (GS)
Overall standard 

(OS)

Other  available 
requirement 

(OAR)
Total

Response time to customer complaints in written form 2 2 2 6
Time from notice-to-pay until disconnection 3 5 8
Time for restoration of power supply following 
disconnection due to non-payment

2 1 4 7
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TABLE 4.17 nuMBER of CounTRiES WhERE CoMMERCiAL QuALiTy STAnDARDS ARE 
in foRCE PER TyPE of STAnDARD (uSPs)

Standard for USPs
Guaranteed 

standard (GS)
Overall standard 

(OS)

Other  available 
requirement 

(OAR)
Total

Response time to customer complaints in written form 3 3 2 8
Time from notice-to-pay until disconnection 2 6 8
Time for restoration of power supply following 
disconnection due to non-payment

2 1 5 8

4.5.2 Final conclusions and recommendations

1. Quality Regulations and Content of Indicators

Based on the responses to the questionnaire, a first conclusion is that nRAs devote great attention 
to the commercial quality of the services provided for customers. At the same time, it is apparent that 
there are significant differences between member countries concerning the nature and the number 
of indicators applied. At the time of the 3rd Benchmarking Report, there were hardly any commercial 
quality parameters regulated in the same way across the CEER member countries. The present survey 
revealed that the number of identical (or at least partially identical) regulation concerning these stand-
ards has grown considerably. Before the next Benchmarking Report, some terms should be clarified; 
otherwise analysis may easily lead to erroneous conclusions. 

2. Ways of regulating commercial quality 

Commercial quality indicators can be used by regulators in three ways: the regulator has the option 
either to define oSs, that normally are not linked to economic effects (aside from some countries where 
the regulator can impose sanctions, in the form of penalties or price reductions, upon companies not 
fulfilling the oSs); or to use gSs, by which customers receive direct compensation if standards are not 
met. The third way is to determine regulatory requirements (oARs) and in case they are not met sanc-
tions can be imposed by the regulator. Regulators’ activities show that there is a general trend over 
time to move from oSs to gSs for those countries using oSs and gSs. CEER recommends member 
countries consider the usefulness of gSs tied to direct automatic compensation for quality parameters 
or other regulatory requirements with the possibility to impose sanctions for non-compliance, wherever 
information on the particular parameter makes it possible.

3. Ensuring the Availability of the Service 

for all types of licensees, it is clear from this benchmarking that the most frequently applied standards 
are aiming at either restoring the supply as fast as possible after a disconnection due to non-payment 
or at connecting new customers as fast as possible. The CEER finds this regulatory priority meets cus-
tomer expectations as its purpose is to maximise the availability of the service. 

4. New Fields of Regulation upon Technological Development

During recent years (due to the development of the telecommunications sector), a restructuring of the 
ways for maintaining contact with customers (mainly mobile communication) could be observed. in the 
place of personal and written contacts, major relevance is taken by call centres, and there is a growing 
need for the possibility of on-line administration.
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Concerning this new issue, regulations are still in their infancy. Customer service does not only mean 
answering and settling of phone complaints in a timely manner; it also means getting in touch with the 
customer service agent without repeated phone calls and, in any case, having a short waiting time. The 
CEER recommends that nRAs consider developing procedures capable of measuring the performance 
of call centres, and monitor the performance of the licensees in order to establish regulations that fall 
within their legal powers.

5. Exploiting the Opportunities Provided by Technological Development

having accurate billing, based on the actual, measured consumption even if it is preliminary, is becom-
ing more and more important both for customers and licensees. Recognising this need, many countries 
have launched programmes aiming at collecting monthly (or even more frequent) meter data without 
‘bothering’ customers with readings. Smart meters are being put in practice in a number of countries. 
This technical development might contribute to decrease the billing complaints and can ease and 
shorten the procedure of supplier switching. 

from the viewpoint of improving commercial quality, CEER welcomes the spread of smart meters. it 
allows increasing productivity, such that DSos can dispense with scheduling meter reading appoint-
ments for most works that require access to the meter, when the meter is inside the customer’s house. 
Remote control systems allow the DSo to obtain readings without visiting the customer, to increase or 
decrease connection power and finally to interrupt the supply in case of non-payment and to restore 
it quickly after payment. Customers can further benefit from the introduction of smart meters as they 
can inter alia get information on their consumption profile or guidance regarding the off-peak (cheaper) 
supply periods.

6. Effects of Unbundling

from the responses received, it is evident that the division of energy companies into DSos and SPs/
uSPs (unbundling) is complete. in countries where competition works properly, the regulatory au-
thorities monitor distributors’ activities in a much larger proportion than suppliers’ activities: the CEER 
regulators apply fewer standards for SPs and uSPs than for DSos. furthermore, in countries with 
stated requirements, these are identical for both types of licensees. Where markets work properly and 
efficiently, we find that for the SP only limited regulation is reasonable in the long run, while in con-
nection with the uSP the level of service provided for the authority-regulated price has to be defined 
accurately. 

7. The Regulation of Market Opening

This was the first time the regulation of activities regarding market opening and supplier switching was 
surveyed with regard to commercial quality with a separate and thematic group of questions. it is clear 
that the importance of the availability of information has increased with liberalisation. in a well-function-
ing market, it is indispensable that all participants have enough and credible information - taking both 
advantages and drawbacks into consideration - as this is the only way that well-supported decisions 
can be made. As we have seen in the world of telecommunications, a licensee can raise a number of 
administrative barriers when a customer wishes to leave (switch). in brief, it is important to have valid 
regulations that define the exact conditions of supplier switching.
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AnnExES

Annex 1: Annex to Chapter 2 on Continuity of Supply

Tables CoS 2.1-CoS 2.10 contained in this Annex correspond to the figures (with the same numbering) 
in Chapter 2 on Continuity of Supply. Tables CoS 2.11 - CoS 2.12 correspond to the figures (with the 
same numbering) in this Annex.

TABLE CoS 2.1 unPLAnnED inTERRuPTionS ExCLuDing ExCEPTionAL EvEnTS;  
MinuTES LoST PER yEAR (1999-2007)

Country 1999 2000 2001 2002 2003 2004 2005 2006 2007
Austria hv, Mv 35.23 38.44 30.33 31.35 48.07 45.50
Czech Republic
Denmark hv, Mv 22.20 21.70

Estonia hv, Mv, Lv 12.13
finland Mv (20kv)
france hv, Mv, Lv 52.00 46.00 39.00 40.00 51.00 50.70 52.20 71.50 57.70
germany hv, Mv, Lv 21.53
hungary hv, Mv, Lv
iceland hv, Mv, Lv 127.98 105.05 78.57 51.09 49.69 54.71 127.18 106.17 77.93
italy hv, Mv, Lv 138.57 108.88 96.88 76.52 65.74 53.84 52.47
Latvia hv, Mv, Lv
Lithuania hv, Mv, Lv 92.39 89.28 92.21
the netherlands 
hv, Mv, Lv
norway hv, Mv
Poland hv, Mv, Lv
Portugal hv, Mv, Lv 412.86 334.54 303.75 148.81 142.82 152.08 102.54
Romania
Slovak Republic
Slovenia Mv
Spain hv, Mv, Lv 156.37 145.41 179.69 142.56 141.91 123.60 117.00 112.80 103.80
Sweden hv,Mv, Lv
uk hv, Mv, Lv 73.80 72.24 68.16 61.43 61.04 89.43
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TABLE CoS 2.2 unPLAnnED inTERRuPTionS ExCLuDing ExCEPTionAL EvEnTS;  
nuMBER of inTERRuPTionS PER yEAR (1999-2007)

Country 1999 2000 2001 2002 2003 2004 2005 2006 2007
Austria hv, Mv    0.59 0.67 0.61 0.67 0.87 0.77
Czech Republic   
Denmark hv, Mv  0.42 0.43
Estonia hv, Mv, Lv  0.15 1.58 1.56 2.12
finland Mv (20kv)   
france hv, Mv, Lv(1) 1.20 1.20 1.20 1.15 1.40 1.30 1.02 1.30 0.98
germany hv, Mv, Lv  0.46  
hungary hv, Mv, Lv   
iceland hv, Mv, Lv 1.18 1.32 2.10 0.92 1.34 0.64 1.44 1.56 2.22
italy hv, Mv, Lv  3.19 2.74 2.68 2.42 2.33 2.23 2.10
Latvia hv, Mv, Lv   
Lithuania hv, Mv, Lv  1.02 1.05 1.19
the netherlands 
hv, Mv, Lv

  

norway hv, Mv   
Poland hv, Mv, Lv   
Portugal hv, Mv, Lv  5.90 5.93 4.81 2.69 2.71 2.73 2.03
Romania   
Slovak Republic   
Slovenia Mv   
Spain hv, Mv, Lv  3.30 2.65 2.60 2.52 2.31 2.38 2.23
Sweden hv,Mv, Lv   
uk hv, Mv, Lv   0.83 0.75 0.77 0.69 0.71 0.84  
(1) france: since 2004, SAifi calculation is based on interruptions of Mv/Lv substations, instead of interruptions of feeders

TABLE CoS 2.3 unPLAnnED inTERRuPTionS ExCLuDing ExCEPTionAL EvEnTS, 
ExCLuDing PoRTugAL - MinuTES LoST PER yEAR (1999-2007)

1999 2000 2001 2002 2003 2004 2005 2006 2007
Mean + std dev 166.07 148.81 158.24 125.38 114.72 103.13 117.14 106.26 97.48
Mean 112.11 98.82 101.92 82.95 69.96 73.39 85.92 70.84 67.63
Mean	–	std	dev 58.15 48.82 45.60 40.52 25.19 43.65 54.70 35.42 37.78

TABLE CoS 2.4 unPLAnnED inTERRuPTionS ExCLuDing ExCEPTionAL EvEnTS, 
ExCLuDing PoRTugAL- nuMBER of inTERRuPTionS PER yEAR (1999-2007)

1999 2000 2001 2002 2003 2004 2005 2006 2007
Mean + std dev 3.24 2.61 2.48 2.42 2.12 2.01 2.34
Mean 2.12 1.64 1.49 1.51 1.48 1.31 1.61
Mean	–	std	dev 1.00 0.66 0.49 0.60 0.84 0.61 0.87
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TABLE CoS 2.5 unPLAnnED inTERRuPTionS inCLuDing ALL EvEnTS;  
MinuTES LoST PER yEAR (1999-2007)

Country 1999 2000 2001 2002 2003 2004 2005 2006 2007
Austria hv, Mv(1)    83.08 38.44 30.33 39.41 48.49 72.00
Czech Republic   
Denmark hv, Mv(2)  23.00 24.40
Estonia hv, Mv, Lv  20.77 41.91 458.02 259.53 196.57
finland Mv (20kv) 172.50 115.60 258.20 139.80 124.30 104.70 181.65 147.10 106.45
france hv, Mv, Lv(3) 55.00 46.00 59.00 52.00 69.30 57.10 55.90 86.30 61.60
germany hv, Mv, Lv 23.25  
hungary hv, Mv, Lv 411.00 241.20 250.20 196.80 155.40 137.40 121.80 127.70 130.78
iceland hv, Mv, Lv 127.98 105.05 78.57 51.09 49.69 54.71 127.18 106.17 77.93
italy hv, Mv, Lv 191.77 187.40 149.09 114.74 546.08 90.53 79.86 60.55 57.89
Latvia hv, Mv, Lv 269.00
Lithuania hv, Mv, Lv 373.57 168.70 301.70
the netherlands 
hv, Mv, Lv

26.00 27.00 34.00 28.00 30.00 24.00 27.40 35.60 33.10

norway hv, Mv 90.00 114.00 96.00
Poland hv, Mv, Lv 409.99
Portugal hv, Mv, Lv 530.74 467.98 406.18 217.79 198.73 243.19 136.21
Romania  
Slovak Republic  
Slovenia Mv  
Spain hv, Mv, Lv 156.37 145.41 179.69 142.56 141.91 123.60 117.00 112.80 103.80
Sweden hv,Mv, Lv 165.77 89.17 162.90 101.84 148.05 78.08 913.50 99.60 300.40
uk hv, Mv, Lv   75.84 101.33 72.68 87.33 61.04 89.43  
(1) Austria: 2002 approximation value
(2) Denmark: 2006 excl. Lv
(3) france: calculations are weighted by the number of customers for Lv
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TABLE CoS 2.6 unPLAnnED inTERRuPTionS inCLuDing ALL EvEnTS;  
nuMBER of inTERRuPTionS PER yEAR (1999-2007)

Country 1999 2000 2001 2002 2003 2004 2005 2006 2007
Austria hv, Mv    0.77 0.67 0.61 0.69 0.89 0.90
Czech Republic   
Denmark hv, Mv(1)  0.42 0.46
Estonia hv, Mv, Lv  0.62 0.35 1.63 1.58 2.12
finland Mv (20kv) 6.09 4.87 6.25 4.57 4.86 4.34 5.82 6.27 5.17
france hv, Mv, Lv(2) 1.22 1.20 1.20 1.20 1.43 1.30 1.08 1.33 0.98
germany hv, Mv, Lv  0.46  
hungary hv, Mv, Lv 3.09 2.29 2.13 2.03 2.05 1.90 1.77 1.79 1.83
iceland hv, Mv, Lv 1.18 1.32 2.10 0.92 1.34 0.64 1.44 1.56 2.22
italy hv, Mv, Lv 3.81 3.59 3.29 2.76 3.96 2.48 2.42 2.29 2.16
Latvia hv, Mv, Lv  2.18
Lithuania hv, Mv, Lv 1.74 1.65 2.18
the netherlands 
hv, Mv, Lv

0.40 0.40 0.40 0.30 0.40 0.30 0.30 0.45 0.33

norway hv, Mv  1.50 1.80 1.70
Poland hv, Mv, Lv  3.09
Portugal hv, Mv, Lv  7.51 7.35 5.96 3.66 3.54 3.81 2.62
Romania   
Slovak Republic   
Slovenia Mv   
Spain hv, Mv, Lv  3.30 2.65 2.60 2.52 2.31 2.38 2.23
Sweden hv,Mv, Lv 1.38 1.23 1.34 1.32 1.64 1.10 1.49 1.28 1.50
uk hv, Mv, Lv   0.84 0.82 0.79 0.75 0.71 0.84  
(1) Denmark: 2006 excl. Lv
(2) france: calculations are weighted by the number of customers for Lv
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TABLE CoS 2.7 PLAnnED inTERRuPTionS:  
MinuTES LoST PER yEAR (1999-2007)

Country 1999 2000 2001 2002 2003 2004 2005 2006 2007
Austria hv, Mv    7.40 12.79 20.70 20.97 22.38 18.77
Czech Republic   
Denmark hv, Mv(1)  3.00 4.70
Estonia hv, Mv, Lv  24.38 20.42 197.05 123.54 217.47
finland Mv (20kv) 103.00 38.00 33.00 32.00 32.00 16.00 26.00 31.80
france hv, Mv, Lv(2) 4.00 6.00 6.00 5.30 6.60 8.00 7.90 10.80
germany hv, Mv, Lv  15.10  
hungary hv, Mv, Lv  100.06 139.58 137.02 199.24 178.95 138.50 139.97 145.00
iceland hv, Mv, Lv 47.28 51.28 17.07 20.78 56.60 14.65 27.78 55.55 11.93
italy hv, Mv, Lv  82.62 84.82 77.97 80.67 62.62 58.77 53.79 46.16
Latvia hv, Mv, Lv  237.00
Lithuania hv, Mv, Lv  113.62 98.27 71.23
the netherlands 
hv, Mv, Lv

 2.81 3.34

norway hv, Mv(3)  42.00 42.00 48.00
Poland hv, Mv, Lv  121.02
Portugal hv, Mv, Lv  57.37 52.21 62.39 49.16 39.16 18.70 7.31
Romania   
Slovak Republic   
Slovenia Mv   
Spain hv, Mv, Lv 31.36 37.05 36.57 30.66 24.79 21.60 13.80 9.60 11.40
Sweden hv,Mv, Lv 90.07 34.53 42.28 37.12 25.41 24.83 33.42 23.81 23.14
uk hv, Mv, Lv   7.85 9.04 8.43 6.95 8.12 10.67  
(1) Denmark: 2006 excl. Lv
(2) france: for Mv and Lv special interruptions were planned in 2007 to eliminate PCB transformers
(3) norway: no incidents at Lv, but Lv customers are included
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TABLE CoS 2.8 PLAnnED inTERRuPTionS:  
nuMBER of inTERRuPTionS PER yEAR (1999-2007)

Country 1999 2000 2001 2002 2003 2004 2005 2006 2007
Austria hv, Mv    0.07 0.13 0.17 0.18 0.19 0.19
Czech Republic   
Denmark hv, Mv(1)  0.03 0.05
Estonia hv, Mv, Lv  0.49 0.002 0.72 0.50 0.48
finland Mv (20kv) 1.80 1.30 0.60 0.50 0.50 1.00 0.60 0.76
france hv, Mv, Lv(2) 0.03 0.04 0.04 0.04 0.05 0.06 0.06 0.11
germany hv, Mv, Lv 0.12  
hungary hv, Mv, Lv 0.35 0.55 0.54 0.74 0.68 0.54 0.57 0.56
iceland hv, Mv, Lv 0.24 0.29 0.12 0.13 0.13 0.08 0.12 0.19 0.11
italy hv, Mv, Lv 0.61 0.59 0.49 0.49 0.40 0.37 0.34 0.30
Latvia hv, Mv, Lv 0.27
Lithuania hv, Mv, Lv 0.40 0.36 0.25
the netherlands 
hv, Mv, Lv

 0.02 0.02

norway hv, Mv(3) 0.30 0.30 0.30
Poland hv, Mv, Lv 0.38
Portugal hv, Mv, Lv 0.32 0.29 0.30 0.23 0.19 0.09 0.04
Romania  
Slovak Republic  
Slovenia Mv  
Spain hv, Mv, Lv 0.42 0.26 0.20 0.19 0.09 0.08 0.09
Sweden hv,Mv, Lv 0.45 0.25 0.23 0.26 0.22 0.18 0.22 0.25  
uk hv, Mv, Lv   0.04 0.04 0.04 0.03 0.04 0.04  
(1) Denmark: 2006 excl. Lv
(2) france: for Mv and Lv special interruptions were planned in 2007 to eliminate PCB transformers
(3) norway: no incidents at Lv, but Lv customers are included
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TABLE CoS 2.9 CoMPARiSon of unPLAnnED inTERRuPTionS vALuES BETWEEn 
DiffEREnT AREAS in 6 CounTRiES;  
MinuTES LoST PER yEAR (1999-2007)

Country 1999 2000 2001 2002 2003 2004 2005 2006 2007
Belgium Mv urban   39.85 31.45 25.02 23.03 22.13 22.73  
france Lv urban 26.00 22.00 30.00 32.00  
france Lv 
suburban

53.00 40.00 45.00 50.00  

france Lv rural 93.00 91.00 80.00 125.00  
italy hv, Mv, Lv 
urban

86.71 84.33 71.23 54.66 53.01 41.31 43.70 42.40 48.28

italy hv, Mv, Lv 
suburban

149.09 170.19 152.58 112.32 90.67 72.21 63.71 58.13 65.65

italy hv, Mv, Lv 
rural

282.47 229.18 193.70 170.97 165.11 129.82 98.57 73.03 77.79

Lithuania hv, Mv, 
Lv urban

33.29 26.84 29.49

Lithuania hv, Mv, 
Lv rural

58.92 62.43 62.73

Portugal hv, Mv, Lv 
urban

  154.98 130.86 145.23 82.73 92.99 98.08 52.00

Portugal hv, Mv, Lv 
suburban

 256.19 260.23 231.29 120.52 115.68 112.17 72.18

Portugal hv, Mv, Lv 
rural

  637.53 475.48 429.72 201.64 183.32 206.39 149.00

Spain hv, Mv, Lv 
urban

    88.20 83.40 81.60 67.80 69.00

Spain hv, Mv, Lv 
suburban

166.20 126.60 123.00 119.40 105.00

Spain hv, Mv, Lv 
rural

    264.60 228.55 197.52 222.16 196.97
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TABLE CoS 2.10 CoMPARiSon of unPLAnnED inTERRuPTionS vALuES BETWEEn 
DiffEREnT AREAS in 6 CounTRiES;  
nuMBER of inTERRuPTionS PER yEAR (1999-2007)

Country 1999 2000 2001 2002 2003 2004 2005 2006 2007
Belgium Mv urban   0.66 0.51 0.58 0.46 0.55 0.42  
france Lv urban 0.99 0.90 0.72 0.80  
france Lv 
suburban

1.28 1.23 1.05 1.20  

france Lv rural 1.34 1.60 1.30 1.80  
italy hv, Mv, Lv 
urban

1.95 1.92 1.91 1.59 1.65 1.42 1.55 1.68 1.71

italy hv, Mv, Lv 
suburban

3.68 3.46 3.13 2.71 2.55 2.41 2.33 2.35 2.48

italy hv, Mv, Lv 
rural

6.33 5.27 4.81 4.21 4.19 3.79 3.30 3.08 2.74

Lithuania hv, Mv, 
Lv urban

0.48 0.44 0.54

Lithuania hv, Mv, 
Lv rural

0.80 0.60 0.68

Portugal hv, Mv, Lv 
urban

  2.53 2.53 2.33 1.66 1.79 1.48 1.23

Portugal hv, Mv, Lv 
suburban

 4.41 4.67 3.98 2.32 2.43 2.28 1.60

Portugal hv, Mv, Lv 
rural

  8.43 8.19 6.86 3.63 3.39 3.81 2.90

Spain hv, Mv, Lv 
urban

    1.97 1.98 1.73 1.74 1.64

Spain hv, Mv, Lv 
suburban

3.04 2.62 2.51 2.56 2.40

Spain hv, Mv, Lv 
rural

    3.96 3.81 3.40 3.76 3.50
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TABLE CoS 2.11 unPLAnnED inTERRuPTionS ExCLuDing ExCEPTionAL EvEnTS;  
PER voLTAgE LEvEL;  
MinuTES LoST PER yEAR (1999-2007)

Country Voltage Level 1999 2000 2001 2002 2003 2004 2005 2006 2007
Austria Mv 35.23 38.44 30.33 31.35 48.07 45.50
Brussels Region hv     14.50 3.18 22.40 0.12  
Brussels Region Mv   39.85 31.45 25.02 23.03 22.13 22.73  
Denmark hv        2.30 3.50
Denmark Mv 19.90 18.20
Denmark Lv 1.70
Estonia T     5.88 1.84 5.40 4.75 7.47
Estonia Mv     21.12 42.86 468.80 265.60 201.30
france hv 2.00 1.90 2.90 1.90 2.20 1.50 6.70 7.50 2.10
france Mv 42.00 36.00 28.00 31.00 40.00 41.00 37.00 55.00 47.00
france Lv 8.00 8.00 8.00 7.00 9.00 9.00 9.00 9.00 9.00
germany Mv        18.67  
germany Lv        2.86  
hungary hv     4.11 1.45 1.29 2.42 0.37
hungary Mv 163.51 174.36 139.24 104.96 99.72 83.77 86.36 98.48
hungary Lv  77.69 75.84 57.56 46.33 40.43 36.75 38.91 40.82
iceland T 79.95 77.56 53.06 27.12 34.36 31.07 110.16 89.59 66.57
iceland hv 79.95 77.56 53.06 27.12 34.36 31.07 110.16 89.59 66.57
iceland Mv 46.01 26.12 24.28 22.44 13.29 21.95 14.33 16.04 10.59
iceland Lv 2.02 1.37 1.23 1.53 2.04 1.69 2.70 0.54 0.77
italy T 0.68 2.72 8.00 0.82 0.94 1.66 0.83 0.96 1.57
italy hv 1.15 2.63 2.12 1.46 1.66 2.80 1.99 1.26 1.82
italy Mv 136.25 124.31 102.63 80.59 73.85 56.29 46.70 36.01 33.32
italy Lv 26.44 29.56 25.82 26.01 20.38 15.76 15.61 15.61 15.76
Lithuania hv       0.47 1.58 2.08
Lithuania Mv 67.18 62.15 65.20
Lithuania Lv       24.35 25.56 24.95
Spain T     6.00 4.80 1.80 1.80 6.60
uk hv    5.19 3.58 3.95 2.73 3.93  
uk Mv 49.18 45.62 40.92 36.04 42.90  
uk Lv    18.27 17.53 17.03 17.67 20.25  
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TABLE CoS 2.12 unPLAnnED inTERRuPTionS ExCLuDing ExCEPTionAL EvEnTS; PER 
voLTAgE LEvEL;  
nuMBER of inTERRuPTionS PER yEAR (1999-2007)

Country Voltage Level 1999 2000 2001 2002 2003 2004 2005 2006 2007
Austria Mv 0.59 0.67 0.61 0.67 0.87 0.77
Brussels Region hv     0.29 0.16 0.63 0.00  
Brussels Region Mv   0.66 0.51 0.58 0.46 0.55 0.42  
Denmark hv        0.07 0.08
Denmark Mv 0.35 0.35
Denmark Lv 0.02
Estonia T     0.14 0.06 0.15 0.15 0.19
Estonia Mv     0.15 0.35 1.66 1.61 2.17
france T 0.09 0.09 0.09 0.07 0.14 0.09 0.06 0.08 0.08
france hv 0.06 0.11 0.22 0.05
france Mv 0.94 0.86 1.04 0.88
france Lv      0.05 0.05 0.05 0.05
germany Mv        0.43  
germany Lv        0.02  
hungary hv     0.10 0.07 0.09 0.08 0.03
hungary Mv 1.79 1.67 1.57 1.53 1.46 1.38 1.39 1.54
hungary Lv 0.59 0.50 0.46 0.46 0.42 0.37 0.31 0.32 0.32
iceland T 0.74 0.98 1.80 0.64 1.15 0.42 1.20 1.30 2.02
iceland hv 0.74 0.98 1.80 0.64 1.15 0.42 1.20 1.30 2.02
iceland Mv 0.43 0.33 0.29 0.28 0.18 0.22 0.23 0.25 0.20
iceland Lv 0.01 0.01 0.01 0.00 0.01 0.01 0.00 0.00 0.01
italy T 0.09 0.13 0.18 0.07 0.07 0.09 0.09 0.10 0.09
italy hv 0.10 0.12 0.14 0.10 0.09 0.11 0.12 0.09 0.13
italy Mv 3.56 2.97 2.69 2.41 2.35 2.05 1.95 1.87 1.71
italy Lv 0.23 0.24 0.18 0.16 0.17 0.17 0.16 0.16 0.17
Lithuania hv       0.02 0.02 0.04
Lithuania Mv 0.80 0.79 0.90
Lithuania Lv       0.22 0.24 0.25
Spain T     0.18 0.12 0.08 0.09 0.07
uk hv    0.10 0.09 0.09 0.08 0.09  
uk Mv 0.54 0.55 0.51 0.48 0.54  
uk Lv    0.09 0.09 0.09 0.09 0.10  
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The following figures, CoS 2.1 to CoS 2.10 (but excluding 2.3 and 2.4), present the same information 
as the matching Tables (with the same numbering) in Chapter 2 of the report, based on a logarithmic 
scale.
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The data on the number of short interruptions is especially hard to compare between different countries 
due to the fact that different durations and aggregation rules are in use.

in some cases, the same customer is interrupted twice or more with only a few minutes time in between. 
This may be due to unsuccessful autoreclosing actions or due to manual switching actions during the 
restoration of the supply. Two or more interruptions within a short time period may be counted as indi-
vidual interruptions or as one interruption with a duration equal to the sum of the individual durations. 

When system indices are considered, the impact of multiple interruptions on the continuity indicators 
is likely to be small, but for site indices the impact may be big. Counting multiple interruptions as one 
interruption may result in the maximum duration limit being exceeded, whereas counting them as indi-
vidual interruptions may result in the maximum number of interruptions being exceeded.

for short interruptions, the way in which multiple interruptions are treated could have a significant influ-
ence. for this reason, a comparison is not possible.
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TABLE vQ 1.2 fRAnCE: RATES of hARMoniC voLTAgES

MV networks

Odd harmonics
Even harmonics

Not multiples of 3 Multiples of 3

Rank Thresholds (%) Rank Thresholds (%) Rank Thresholds (%)
5 6 3 5 2 2
7 5 9 1.5 4 1
11 3.5 15 and 21 0.5 6 to 24 0.5
13 3
17 2

19, 23 and 25 1.5
ThD ≤ 8%

HV networks

Odd harmonics
Even harmonics

Not multiples of 3 Multiples of 3

Rank Thresholds (%) Rank Thresholds (%) Rank Thresholds (%)
5 and 7 4 3 4 2 3

11 and 13 3 9 2 4 2
17 and 19 2 15 and 21 1 6 to 24 1
23 and 25 1.5

ThD ≤ 6%

Connection points between distribution and transmission networks

Odd harmonics
Even harmonics

Not multiples of 3 Multiples of 3

Rank Thresholds (%) Rank Thresholds (%) Rank Thresholds (%)
5 and 7 4 3 4 2 3

11 and 13 3 9 2 4 2
17 and 19 2 15 and 21 1 6 to 24 1
23 and 25 1.5

ThD ≤ 6%

TABLE vQ 1.3 noRWAy: LiMiTS foR fLiCkER SEvERiTy: nETWoRk CoMPAniES ShALL 
EnSuRE ThAT fLiCkER SEvERiTy DoES noT ExCEED ThE foLLoWing 
vALuES in PoinTS of ConnECTion WiTh ThE RESPECTivE noMinAL 
voLTAgE vALuE, foR ThE RESPECTivE TiME inTERvALS:

Flicker severity index 0.23 ≤ Un ≤ 35 kV 35 kV < Un Time interval

Short-term flicker severity, Pst [pu] 1.2 1.0 95% of the week
Long-term flicker severity, Plt  [pu] 1.0 0.8 100% of the time
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TABLE vQ 1.4 noRWAy: LiMiTS foR RAPiD voLTAgE ChAngES:  nETWoRk CoMPAniES 
ShALL EnSuRE ThAT RAPiD voLTAgE ChAngES Do noT ExCEED ThE 
foLLoWing vALuES in PoinTS of ConnECTion WiTh ThE RESPECTivE 
noMinAL voLTAgE vALuE, foR ThE RESPECTivE fREQuEnCy.

Rapid voltage changes
Maximum number per 24 hour period

0,23 ≤ Un ≤ 35 kV 35 kV < Un

Δusteadystate ≥ 3 % 24 12
Δumax ≥ 5 % 24 12

TABLE vQ 1.5 noRWAy: LiMiTS foR inDiviDuAL hARMoniC voLTAgES (ALL 10 Min MEAn 
vALuES of ThD AnD inDiviDuAL hARMoniCS ShALL CoMPLy WiTh ThESE LiMiTS)

Nominal voltage from and including 230 V up to and including 35 kV

Odd harmonics
Even harmonics

Not multiples of 3 Multiples of 3

Order h Uh Order h Uh Order h Uh

5 6.0 % 3 5.0 % 2 2.0 %
7 5.0 % 9 1.5 % 4 1.0 %
11 3.5 % > 9 0.5 % > 4 0.5 %
13 3.0 %
17 2.0 %

19, 23, 25 1.5 %
> 25 1.0 %

ThD ≤ 8% all 10 min mean values , ThD ≤ 5% all week mean values

Nominal voltage from 35 kV up to and including 245 kV

Odd harmonics
Even harmonics

Not multiples of 3 Multiples of 3

Order h Uh Order h Uh Order h Uh

5 3.0 % 3 3.0 % 2 1.5 %
7, 11 2.5 % 9 1.5 % 4 1.0 %

13, 17 2.0 % 15, 21 0.5 % 6 0.5 %
19, 23 1.5 % > 21 0.3 % > 6 0.3 %

25 1.0 %
> 25 0.5 %

ThD ≤ 3 % all 10 min mean values

Nominal voltage above 245 kV

Odd harmonics
Even harmonics

Not multiples of 3 Multiples of 3

Order h Uh Order h Uh Order h Uh

5, 7 2.0 % 3 2.0 % 2 1.0 %
11, 13, 17, 19 1.5 % 9 1.0 % 4, 6 0.5 %

23, 25 1.0 % 15, 21 0.5 % > 6 0.3 %
> 25 0.5 % > 21 0.3 %

ThD ≤ 2 % all 10 min mean values
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TABLE vQ 1.6 PoRTugAL: foR Ehv AnD hv, unDER noRMAL ConDiTionS, DuRing 
EACh PERioD of 1 WEEk, 95% of ThE 10 Min MEAn RMS vALuES 
of EACh inDiviDuAL hARMoniC voLTAgE ShALL BE LESS ThAn oR 
EQuAL To ThE foLLoWing vALuES

Odd harmonics
Even harmonics

Not multiples of 3 Multiples of 3

h
Uh (%)

h
Uh (%)

h
Uh (%)

HV EHV HV EHV HV EHV

5 4.5 3.0 3 3.0 2.0 2 1.6 1.5
7 3.0 2.0 9 1.1 1.0 4 1.0 1.0

11 2.5 1.5 15 0.3 0.3 6 0.5 0.5
13 2.0 1.5 21 0.2 0.2 8 0.4 0.4
17 1.3 1.0 >21 0.2 0.2 10 0.4 0.4
19 1.1 1.0 12 0.2 0.2
23 1.0 0.7 >12 0.2 0.2
25 1.0 0.7

>25 0.2+12.5/h 0.2+25/h
ThDhv  ≤ 8%; ThDEhv  ≤ 4%
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VQ2 Voltage quality data

Norway: Actual voltage quality data recorded by network companies in the period from 1993 to 2003

in the period from 1993 to 2003, network companies reported on a voluntary basis the actual voltage 
quality data to SinTEf Energy Research (norwegian national research institute), who structured the 
data and published statistics, the last one in 2003, as part of a national R&D project. This voluntary 
campaign included both continuous monitoring and random measurements, including even trouble 
shooting (customer complaints). in December 2003, the vQ database at SinTEf Energy Research con-
tained measurement results from a total of 671 measuring points (noTE: not all continuously monitored 
during the period). 39 out of 482 Lv measurement sites are due to voltage quality complaints. figure 
vQ2.1 shows how the measuring points were allocated on different voltage levels. The measurement 
results were published in 200436:

0.23 kV
71.8%

0.4-0.69 kV
6.6%6-11 kV

2.8%
66 kV
1.6%

120-130 kV
2.1%

300 kV
0.7%

400 kV
0.6%

20-24 kV
13.7%

figuRE vQ 2.1 noRWAy: MEASuRing PoinTS ALLoCATED on DiffEREnT 
voLTAgE LEvELS in ThE PERioD 1993-2003 

in the following figures, an excerpt is provided of the main results collected by the voltage quality moni-
toring campaign.

36 EBL-K 161-2004/SINTEF TR A5883, Spenningskvalitet og kortvarige avbrudd i Norge. Rikets tilstand 1993-2003, H. Seljeseth, 
EBL Kompetanse, 2004. Only in Norwegian. Results are published with the permission of EBL Kompetanse AS (www.ebl.no).
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figuRE vQ 2.2 noRWAy: SLoW SuPPLy voLTAgE vARiATionS in LoW voLTAgE nETWoRk 
in ThE PERioD fRoM 1993 To 2003. ThE figuRES ShoW in ThE y AxiS hoW 
MAny SiTES ThE PERCEnTiLE voLTAgE inDiCATED in ThE x AxiS hAvE BEEn 
MEASuRED (MEASuREMEnT TiME PER SiTE: fRoM 6 MonThS To 10 yEARS)
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TABLE vQ 2.1 noRWAy: AvERAgE nuMBER of voLTAgE SWELLS in ThE LoW voLTAgE 
nETWoRk PER yEAR in ThE PERioD fRoM 1993 To 2003 WiTh REfEREnCE 
To MEASuRing SiTES

Voltage u Duration t (ms)

(%) 20 < t ≤ 100 100 < t ≤ 500 500 < t ≤ 1,000 1,000 < t ≤ 3,000 
3,000 < t ≤ 

20,000 
20,000 < t ≤ 

60,000
110 < u ≤ 115 3 2 1 0 0 0

115 < u ≤ 120 1 0 0 0 0 0

120 < u 1 0 0 0 0 0

Measurement time per site: from 6 months to 10 years

TABLE vQ 2.2 noRWAy: voLTAgE unBALAnCE in ThE LoW voLTAgE nETWoRk in ThE 
PERioD fRoM 1993 To 2003. ThE PERCEnTiLES inDiCATED ARE ThE AvERAgE 
of ThE CoRRESPonDing PERCEnTiLES MEASuRED on ALL MEASuRing 
SiTES

Voltage unbalance
1st Percentile 5th Percentile 50th Percentile 95th Percentile 99th Percentile

0.1 0.15 0.4 0.9 1.8

Measurement time per site: from 6 months to 10 years

TABLE vQ 2.3 noRWAy: fLiCkER SEvERiTy in ThE LoW voLTAgE nETWoRk in ThE PERioD 
fRoM 1993 To 2003. ThE PERCEnTiLES inDiCATED ARE ThE AvERAgE of 
ThE CoRRESPonDing PERCEnTiLES MEASuRED on ALL MEASuRing SiTES

Flicker
5th Percentile 50th Percentile 95th Percentile

Pst 0.11 0.39 0.58

Plt 0.10 0.35 0.51

Measurement time per site: from 6 months to 10 years
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figuRE vQ 2.3 noRWAy: hARMoniC voLTAgES in ThE LoW voLTAgE nETWoRk in ThE 
PERioD fRoM 1993 To 2003. ThE figuRES ShoW in ThE y AxiS hoW MAny 
SiTES ThE 50Th PERCEnTiLE of ThD inDiCATED in ThE x AxiS hAS BEEn 
MEASuRED

Measurement time per site is from 6 months to 10 years
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figuRE vQ 2.4 noRWAy: hARMoniC voLTAgES in ThE LoW voLTAgE nETWoRk in ThE 
PERioD fRoM 1993 To 2003. ). ThE figuRES ShoW in ThE y AxiS hoW MAny 
ThE 99Th PERCEnTiLE of ThD inDiCATED in ThE x AxiS hAvE BEEn MEASuRED

Measurement time per site is from 6 months to 10 years
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PERioD fRoM 1993 To 2003. DEvELoPMEnT of ThE AvERAgE of ThE 50Th 
PERCEnTiLE of ThE ThD MEASuRED in EACh Lv SiTE

Measurement time per site is from 6 months to 10 years

Italy: Data related to EHV and HV networks monitoring system recorded in 2007
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figuRE vQ 2.6 iTALy: RESiDuAL voLTAgE AnD DuRATion of ALL DiPS RECoRDED in 
380 kv nETWoRk in 2007
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150 kv AnD 132 kv nETWoRkS in 2007

Data related to MV bus-bars in HV/MV substations recorded in 2007

Data reported in the following table:
refers to the period 01/01/2007 - 30/12/2007 (52 continuous weeks);•	
refers to the entire italian territory, to all types of networks (cable, aerial, mixed), to both types of •	
neutral operation (isolated, grounded through impedance), and includes different distribution net-
works for extension, nominal voltage level, installed power of hv/Mv transformers;
is compliant with En 50160 and En 61000-4-30;•	
refers to a total number of aggregated monitoring points, which is 404;•	
refers to a total number of the equivalent monitoring points (due to more than one reason, for some •	
monitoring points, vQ data in some weeks is not available) in the considered period (01/01/2007-
30/12/2007), which is 369.9.
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TABLE vQ 2.4 iTALy: unBALAnCE RELATED To Mv BuS-BARS in hv/Mv SuBSTATionS.

Voltage unbalance
Number of monitoring points

With unbalance between 1% and 2% for more 
than 5% of the time

With unbalance higher than 2% for more than 
5% of the time

for at least 1 week 5 4

for at least 2 weeks 5 3

for at least 3 weeks 2 2

for at least 4 weeks 2 2

Italy, data related to MV PCCs along the MV lines (not a statistically representative sample) recorded in 2007

The following data:
refers to the period 01/01/2007 - 30/12/2007 (52 continuous weeks);•	
refers to the entire italian territory, to all type of networks (cable, aerial, mixed), to both type of neuter •	
operation (isolated, grounded through impedance), to all network extensions, to all voltage levels, to 
all powers of hv Mv transformers;
is compliant with En 50160 and En 61000-4-30;•	
refers to a total number of aggregated monitoring points, which is 189;•	
refers to a total number of the equivalent monitoring points (due to more than one reason, for some •	
monitoring points vQ data in some weeks is not available) in the considered period (01/01/2007-
30/12/2007), which is 159.3.

TABLE vQ 2.5 iTALy: voLTAgE vARiATionS RELATED To Mv PCCs ALong ThE Mv LinES

Voltage variations
Number of monitoring points

With V exceeding ±10% for more 
than 5% of the time

With V exceeding ±7.5% for more 
than 5% of the time

With V exceeding ±5% for more 
than 5% of the time

for at least 1 week 0 11 66

for at least 2 weeks 0 4 43

for at least 3 weeks 0 2 40

for at least 4 weeks 0 2 38

TABLE vQ 2.6 iTALy: voLTAgE unBALAnCE RELATED To Mv PCCs ALong ThE Mv LinES

Voltage unbalance
Number of monitoring points

With unbalance between 1% and 2% for more 
than 5% of the time

With unbalance higher than 2% for more than 
5% of the time

for at least 1 week 4 3

for at least 2 weeks 3 2

for at least 3 weeks 3 2

for at least 4 weeks 2 2
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