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ABSTRACT 
The concept of quality in the electricity sector has changed 
over the years in response to the evolution of equipments 
and technologies available and meeting the clients’ needs. 
Power quality (continuity of supply, voltage and current 
waveform quality) and commercial quality define today not 
only the product but also the service associated to the 
electrical energy supply. 
In this context, it is necessary to find out technical, legal 
and economical procedures and rules. Electricity sector 
evolution in Europe reinforced the need for regulation. In 
Portugal, ERSE, the energy regulatory authority, is one of 
the entities involved in power quality promotion.  
This paper covers the multiple issues of power quality. 
Taking as an example the power quality regulation in 
Portugal, the regulatory approaches that have been taken in 
power quality are described and its application results are 
analysed, pointing out the identified difficulties, the adopted 
solutions and the issues needing short- term solutions. 

INTRODUCTION 
The concept of quality in the electricity sector has changed 
over the years.  
In the beginning the focus was to ensure that everyone got 
electricity at their consumption’s location. The first concern 
about power quality was related to continuity of service. 
Responsibility was endorsed only to transmission and 
distribution operators. Physically, the system had a linear 
structure with power flowing from generators to the clients 
(linear loads), in one direction, through the transmission and 
distribution grids. Electricity sector was organized under 
vertically integrated utilities that were treated as 
monopolies. 
Nowadays, the structure is much more complex. New 
technological solutions bring out different needs and power 
quality is now established, not only from the operator 
network point of view but also from the client, and different 
grid user’s expectations. Loads became non linear, not only 
for industrial but also for domestic clients. Some equipment 
connected to the grid is also less tolerant to voltage quality 
disturbances and can be simultaneously a source of 
disturbances to the grid. Also new social concerns, as 
environmental and energy efficiency, must now be 
considered and electrical energy is nowadays considered as 
an essential public good. Distributed and small scale 
generation created the possibility of bi-directional power 

flows and the status of the different players is no longer 
unique, for example, an installation connected to the grid 
can be a costumer and a generator at the same time. The 
new industrial productive processes appeal for a higher 
power quality level not only for short-time interruptions, 
that can be as hurtful as longer ones, but also waveform 
variations affect the productive processes. Cost of the non-
quality on the electricity supplied to the clients affects the 
industry competitiveness and it can create distortions 
between companies from different locations. 
With the power quality being no longer only a question of 
continuity of supply but also of maintaining the voltage and 
the current waveforms quality, it is verified that clients have 
different needs accordingly to the use they give to the 
electrical energy resulting, from this viewpoint, in different 
clients’ classes. It is necessary not just to supply power to 
the equipments but also to ensure that this power supply 
complies with specified voltage waveform characteristics. 
Evolution from a vertical integrated system into a 
liberalized model came along with the recognition that 
power generation and power supply are potentially 
competitive activities (allowing the existence of several 
independent players), while transmission and distribution 
activities are maintained as natural monopolies that use 
intensive capital technologies (not allowing investment 
indivisibility and involving long construction periods). It 
becomes necessary to define power quality indices and 
minimum level values in order to settle the minimum-
guaranteed power quality offered by the grid. Indices and 
minimum-guaranteed levels must be consistent with all 
users’ needs and with their expectations in terms of power 
quality. Technically it is still necessary to developed 
theoretical approaches to lead with a non-sinusoidal 
waveform supply and determine disturbances sources 
location. However, the share of responsibilities and the 
investments needs justify a stronger and a new legal and 
economical approach. Information and its processing 
acquire more importance, and transparency in the 
procedures is essential. Audits on the processes become an 
indispensable requisite. 
Impact of the product electricity in ours’ day-live, the 
diversity of its use and the increasing of the number players 
brings electricity to a new dimension - it must be considered 
also as a service. Commercial quality, the relationship 
between operators and suppliers with their clients, complete 
the definition of quality of service in the electricity sector. 
In addition to the equipments required to operate clients’ 
installations and grid, it is also required procedures and 



 C I R E D 19th International Conference on Electricity Distribution Vienna, 21-24 May 2007 
 

Paper 0701 
 

 

CIRED2007 Session 6 Paper No 0701 Page 2 / 4 

equipments to control and to assess power quality. All this 
imposed the need for regulation of the natural monopoly 
activities of the electricity sector, transmission and 
distribution activities being developed by regulated 
companies (usually one Transmission System Operator, 
TSO, and one or more Distribution System Operators, DSO, 
per country), and the creation of independent energy 
regulators at national level. Organized markets have also 
been introduced in the electricity sector.  
Concerns about power quality in Portugal have grown up in 
importance and several measures have been adopted since 
year 2000. Quality of service regulation has been 
developed, quality levels have been defined and data about 
the situation began to be collected. DGGE (General-
Directorate for Energy and Geology) published the Quality 
of Service Code. Network operators reinforced their 
investments for power quality improvements that were 
accepted by ERSE, the Portuguese energy regulator, to be 
considered as a part of the regulated asset base. ERSE 
established in the Tariff Code an incentive scheme to 
continuity of power supply improvement. 
The quality of service performance of TSO and DSO is 
published every year in their quality of service report and in 
the quality of service report published by ERSE 
(www.erse.pt). 

QUALITY OF SERVICE AND REGULATION - 
THE PORTUGUESE EXPERIENCE 

Quality of service incentive 
In theory, an optimal power quality value could be defined 
by taking into consideration the evolution of the investment 
costs (increasing with the quality level value) together with 
the inconveniencies cost to consumers (decreasing with the 
quality level value). 
However, this calculation in a real scenario is not an easy 
task. To define the inconveniences cost to consumers is 
necessary to define quality, i.e., to find an indicator for 
quality. However, quality of service is a multi-dimensional 
issue (continuity of supply, voltage waveform, current 
waveform and commercial quality), and for each dimension 
exists a huge number of indicators to evaluate. Furthermore, 
the expectation on quality of service depends on the clients’ 
class and its willingness to pay for an improvement in 
quality level. In what concerns the relation between cost 
investment and the evolution of the quality offered to 
costumers, its definition is not also an easy task. Besides, it 
is not simple to split from the actual investment amount the 
strictly part dispensed for quality improvement (investments 
are usually developed not only for quality improvement but 
related to the consumption evolution, to equipment 
replacement due to aging, to network losses reduction and 
to network congestions resolution). 
In our days, regulators have to contribute for this searching 
for an optimal quality of service. 
ERSE established in the Tariff Code an incentive scheme 

for the improvement of continuity of power supply in 
Portugal. This financial scheme works ex-post and affects 
the allowed revenues for the DSO activity of electricity 
distribution in MV, resulting in a penalty or in a reward 
depending on the results of the grid continuity of supply 
performance. The continuity indicator considered is the 
Energy Not Supplied (ENS). 
Related to a reference value of ENS (ENSREF), the incentive 
scheme, Fig.1, is symmetric for penalty and reward. A 
dead-band with a ±∆V value is applied. Also, incentive and 
reward values are limited to the values of RQSmax and 
RQSmin. 
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Fig. 1: Portuguese incentive scheme for continuity of supply improvement. 

Table 1 presents the parameters of the incentive scheme for 
continuity of supply improvement on the period 2003-2008. 
ES is the supplied energy. 

ENSREF (2003-2005) 0,0004 x ES 
ENSREF (2006) 0,00019 x ES 
ENSREF (2007) 0,000175 x ES 
ENSREF (2008) 0,000161 x ES 
∆V 0,12x ENSREF 
VEND 1,5 €/kWh 
⎢RQSmáx⎪ = ⎢RQSmin⎪ 5 000 000 € 

Table 1: Incentive scheme parameters 

This incentive scheme is of particular importance because a 
price cap regulation formulae is applied to the distribution 
activity in Portugal. It is known that price cap regulation 
does not promote investment. In order to counteract this 
effect, this scheme appears as an incentive to specific 
investments and to the implementation of measures 
allowing a better performance on continuity of power 
supply by the DSO. 
First results attained 
An expressive reduction on the number of interruptions and 
minutes lost per client was attained in Portugal since 2001 
till 2005. The same positive evolution is expressed when 
analysing the evolution of the ENS and equivalent 
interruption time related to installed capacity (TIEPI). 
Fig. 2, show the evolution of TIEPI since 2001 till 2005. 
Also evolutions of dead-band limits and of the reference 
value (translated in TIEPI values) are presented. Applied for 
the first time in 2003, we can verify that the continuity of 
supply performance fell in the dead-band giving to the DSO 
a null reward for this year. However, performance results 
from 2004 and 2005 have clearly improved and the 
maximum incentive was given to the DSO. On the other 
hand, 2001 and 2002 results show that, if the incentive was 
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in force during those years, the DSO would have been 
obliged to pay penalties related to these years’ performance 
arriving to the maximum penalty value in 2001.  
For the period (2007-2008), ERSE reviewed the parameters 
of this incentive scheme imposing more restricted value to 
ENSREF. The aim is to obtain a continuity of supply 
performance in 2008 closer from the other European 
countries and values from Spain were used as reference. 
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Fig. 2: Evolution of TIEPI from 2001 till 2005 and the new parameters for 
2006-2008 of the incentive scheme for continuity of power supply 
improvement 

The improvement reported on the continuity of power 
supply was possible due to an effective investment effort 
from the Portuguese TSO and DSO in this field. In spite of 
this investment effort, a clear reduction of the network 
access tariffs has also been possible to reach within the 
same period of time, reflecting efficiency gains on 
controllable costs at the distribution level. 

Voltage quality monitoring 
The Quality of Service Code applied in Portugal mainland 
and the more recent published ones to be applied at Açores 
and Madeira Autonomous Regions also consider the need 
for implementing voltage quality monitoring systems in its 
transmission and distribution networks. 
The transmission and distribution operators are responsible 
for the network voltage waveform quality. They have the 
duty to look out for the levels of each characteristic. The 
limits or values defined to voltage waveform characteristics 
are the ones established in the NP EN 50 160 (translation of 
the European Standard EN 50160), for LV and MV. For HV 
and VHV voltage levels, the limits or values established for 
each voltage waveform characteristic were the same as the 
ones established in the following documents: 
• Frequency, Flicker severity and Voltage unbalance: 

NP EN 50 160. 
• Harmonic voltage: For even harmonics (HV and VHV) 

and odd harmonics (VHV) the values are the ones 
established in the standard IEC 1000-2-6 to compatibility 
levels to HV and VHV. 

In what concerns to voltage dips, and considering the 
difficulties related to the results recording, is was adopt the 

standard “IEC 61000-2-8: Electromagnetic compatibility 
(EMC) - Part 2-8 Environment - Voltage dips and short 
interruptions on public electric power supply systems with 
statistical measurement results”. 
The voltage quality monitoring must be done with the 
objective of characterising the quality waveform of the grid 
and identifying zones that require a quality improvement. 
The costs associated to the voltage waveform monitoring 
are supported by each operator. 
The client can install equipment to measure its installation 
voltage quality. If the equipments are installed and sealed 
after a writing agreement with the distribution operator, its 
measured values are valid as prove in a claim. 
Complains registered in most of the cases are related to 
voltage dips. However, in some situations the problems are 
associated with the layout of client installation and the 
installed equipments protection. Making equipments 
insensitive to some voltage quality disturbances is another 
solution allowing efficiently overpassing the problems. This 
imposes that equipments manufacturers must also be 
involved in the voltage quality improvement efforts. 
The Complementary Instructions to the quality of service 
codes establish the limits of disturbances that each 
installation can emit to the network. These limits are 
defined in accordance with the contracted power. The 
methodology is established based on the following 
standards: (1) IEC 61000-3-6 (1996-10) and (2) IEC 61000-
3-7. 
The definition of the allowed disturbance emissions from 
the client to the network is a very complex mater and need 
to be deeply studied and analysed, considering namely the 
distribution of the disturbances limits in one point for more 
than one client and the possibility of new clients arrival. 
Additionally, new equipments and procedures must be 
adopted to identify the direction of disturbances flow, i.e., 
the disturbance source and the current waveform. Power 
quality problems are only possible to be solved by a deep 
involvement of all the network users. 
The voltage quality monitoring systems generate a large 
amount of information. To characterise the grid and make 
that information useful, it is necessary to find criterions to 
select the useful information for each entity (operators, 
regulator and different grid users types) and indices 
characterizing the grid in terms of voltage quality and 
giving orientations to how and where to improve the grid 
performance. Nowadays, Açores and Madeira Autonomous 
Regions operators are developing voltage quality indices 
based on the collected data but selecting the monitoring 
weeks that effectively characterise the grid performance. 
During the appliance of the quality of service code it has 
been identified some difficulties related to the voltage 
waveform quality of voltage disposals that in most of the 
cases become from the appliance of NP EN 50 160 and in 
other case the inexistence of national or international 
orientations on how to lead with some issues. 
Quality of electricity supply and CEER 
In December 2005, the Council of European Energy 
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Regulators (CEER) has launched the “Third Benchmarking 
Report on Quality of Electricity Supply” covering the most 
important features of quality of electricity supply: 
continuity of supply, commercial quality and voltage quality 
(www.ceer eu.org). Following this work, during 2006, 
European energy regulators devoted their attention to power 
quality issues with the objective to promote the revision of 
EN 50160 by CENELEC with the participation of CEER 
and in cooperation with the other stakeholders. On 21 
December 2006, ERGEG launched a public consultation on 
the paper “Towards Voltage Quality Regulation in Europe, 
an ERGEG Public Consultation Paper” (www.ergeg.org). 
This position paper sets out ERGEG’s viewpoints on 
voltage quality and this consultation process, allowing 
inputs from all stakeholders, it is an opportunity to refine 
positions and to reinforce the dialogue between different 
stakeholders. Recommendations for revising voltage quality 
standard EN 50160 are envisaged. .Following the end of the 
public consultation period, which ends on 22 February 
2007, ERGEG will publish all comments received from 
stakeholders. 

CONCLUSIONS 
ERSE is the energy regulatory authority in Portugal and the 
promotion of power quality is one of its duties. Efforts 
developed in Portugal for power quality improvement began 
to present the first results. An expressive reduction on the 
number of interruptions and minutes lost per client was 
attained in Portugal since 2001 till 2005, due to an effective 
investment effort from grid operators. Nevertheless, a clear 
reduction of the network access tariffs has also been 
possible to be reached. 
In voltage quality, it were identified some difficulties 
related in most of the cases to the appliance of the 
NP EN 50 160 standard and in other cases to the inexistence 
of national or international orientations to lead with some 
issues. Voltage dips are the main concern to clients. Indices 
to select voltage quality information and to create a basis to 
compare and to characterise the power quality will be 
applied in the near future. 
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