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PREFACE

From its inception, the Council of European Energy Regulators (CEER) has included quality of supply
as one of its main activities. This 4" 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 4™ 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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1

INTRODUCTION

The Council of European Energy Regulators (CEER) periodically surveys and analyses the quality
of electricity supply in its member countries. This 4" 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.
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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 hew 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 50160'. 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 hormal 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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TABLE VQ 1.2

FRANCE: RATES OF HARMONIC VOLTAGES

0dd harmonics
Even harmonics

Not multiples of 3 Multiples of 3
Thresholds (%) Thresholds (%) Thresholds (%)

9 6 3 5 2 2

7 5 9 1.5 4 1

11 Bi5 15 and 21 0.5 6 to 24 0.5

13 S

17 2

19, 28 and 25 1.5
THD < 8%

0dd harmonics
Even harmonics

Not multiples of 3 Multiples of 3
5and 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

0dd harmonics
Even harmonics

Not multiples of 3 Multiples of 3
Rank Thresholds (%) Thresholds (%) Thresholds (%)
5and 7 4 3 4 2 8
11 and 13 8 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

Flicker severity index

Short-term flicker severity, Pst [pu]
Long-term flicker severity, Pit [pu]

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:

Time interval

0.23<U,<35kV

1.2
1.0

35KV <U,

1.0
0.8

95% of the week
100% of the time

149
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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.

TABLE VQ 1.4

Maximum number per 24 hour period
Rapid voltage changes

0,23<U,<35kV
AUsteadystate >3 % 24 12
AUmax =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

0dd harmonics
Even harmonics

Not multiples of 3 Multiples of 3
) 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

0dd harmonics
Even harmonics

Not multiples of 3 Multiples of 3
5 3.0 % 3 3.0 % 2 1.5 %
7,11 25 % 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 %

Not multiples of 3
Order h
57 2.0 %
11,13,17,19 1.5%
23,25 1.0 %
> 25 0.5 %

150

THD < 3 % all 10 min mean values

Nominal voltage above 245 kV

0dd harmonics

THD < 2 % all 10 min mean values

15, 21
> 21

Multiples of 3
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1.0 %
0.5 %
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4,6

>6

Even harmonics




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

0dd harmonics
Even harmonics

Not multiples of 3 Multiples of 3

5 45 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 25 1.5 15 03 0.3 6 05 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

THD,,, <8%; THD,,, <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 20043:

FIGURE VQ 2.1 NORWAY: MEASURING POINTS ALLOCATED ON DIFFERENT
VOLTAGE LEVELS IN THE PERIOD 1993-2003

120-130 kV 20-24 kV
21% 13.7%

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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FIGUREVQ 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)
3,000<t< 20,000 < t<
20<t<100 100 <t <500 500 < t<1,000 1,000 < t < 3,000 20,000 60,000
110<u <115 8 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

1t Percentile 5™ Percentile 50t Percentile 95 Percentile 99t 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

5t Percentile 50t Percentile 95% 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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FIGUREVQ 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 50™ PERCENTILE OF THD INDICATED IN THE X AXIS HAS BEEN

MEASURED
307 100%
90
25 80
]
g ] 70
= 20
- 60
&
g 157 50
(3]
z 40
101
()
2 30
y “ 20
10
_.|I|| Lo

00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9,0 9,5 10,0 THD

Measurement time per site is from 6 months to 10 years

NORWAY: HARMONIC VOLTAGES IN THE LOW VOLTAGE NETWORK IN THE
PERIOD FROM 1993 TO 2008. ). THE FIGURES SHOW IN THE Y AXIS HOW MANY
THE 99™ PERCENTILE OF THD INDICATED IN THE X AXIS HAVE BEEN MEASURED

FIGURE VQ 2.4

307 [ 100%
90
25 80
]
= J 70
= 20
- 60
o
g 151 50
(3]
2 40
® .
g 10 30
5] 20
10
_..|I|II|||

0
00 05 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 9,0 9,5 10,0 THD

Measurement time per site is from 6 months to 10 years
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FIGURE VQ 2.5

NORWAY: HARMONIC VOLTAGES IN THE LOW VOLTAGE NETWORK IN THE
PERIOD FROM 1993 TO 2003. DEVELOPMENT OF THE AVERAGE OF THE 50™
PERCENTILE OF THE THD MEASURED IN EACH LV SITE

—&—— All sites

——&@—— Sites measured
every year

1.8
1.6

1.4 —&—— Sites measured
1.2 continuous

% THP

0.8
0.6
0.4
0.2

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003

Measurement time per site is from 6 months to 10 years

Italy: Data related to EHV and HV networks monitoring system recorded in 2007
FIGUREVQ 2.6  ITALY: RESIDUAL VOLTAGE AND DURATION OF ALL DIPS RECORDED IN
380 KV NETWORK IN 2007
100
920 - - .
80 N * .
70
60 | oo oo
50
40
30 T
20
10

* 380 kV

Residual Voltage (%)

200 300 400 500 600 700 800 900 1000
Duration (ms)
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FIGURE VQ 2.7  ITALY: RESIDUAL VOLTAGE AND DURATION OF ALL DIPS RECORDED IN

Residual Voltage (%)

100

220 KV NETWORK IN 2007

. 220 kV
ot

AKX .

°
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Duration (ms)

FIGURE VQ 2.8  ITALY: RESIDUAL VOLTAGE AND DURATION OF ALL DIPS RECORDED IN

Residual Voltage (%)
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Data related to MV bus-bars in HV/MV substations recorded in 2007

Data reported in the following table:
e refers to the period 01/01/2007 - 30/12/2007 (52 continuous weeks);

e 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;
e is compliant with EN 50160 and EN 61000-4-30;
e refers to a total number of aggregated monitoring points, which is 404;

e 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  With unbalance higher than 2% for more than

than 5% of the time 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:

e refers to the period 01/01/2007 - 30/12/2007 (52 continuous weeks);

e 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;

e refers to a total number of aggregated monitoring points, which is 189;

e 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  With V exceeding +7.5% for more ~ With V exceeding +5% for more

than 5% of the time than 5% of the time 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  With unbalance higher than 2% for more than
than 5% of the time 5% of the time

For at least 1 week 4 3
For at least 2 weeks 8 2
For at least 3 weeks 8 2
For at least 4 weeks 2 2
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