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Summary 
This reports deals with quality regulation of distribution networks. The distribution system 
operator (DSO) has a natural monopoly, since it is not socioeconomically defendable to have 
parallel networks. This monopoly is regulated. A general trend is that more and more 
European countries chose a performance-based regulation that motivates economic efficiency 
and tries to put the network owners in a situation that resembles a competitive market. This 
type of regulation gives the DSO incentives to cut down on investments and maintenance 
needed to achieve a proper level of power quality. Therefore, a performance-based regulation 
is often accompanied by a quality regulation. This report concentrates on the part of the 
quality regulation concerning continuity of supply. Three different instruments used to control 
quality are studied; publishing of quality indicators, guaranteed standards for worse-served 
customers and reward and penalty schemes. The pros and cons with these instruments are 
analysed in the final discussion of the report. 
 

 
 
 
 
 
 

 

 

 

 



Introduction 
Reliability of the electric power supply is essential in modern society. The electric power 
system with its generation, as well as its transmission and distribution networks, is one of the 
most complex technical systems that humanity has created. The reliability demands on this 
technical infrastructure are high and, despite its complex structure, it is in many cases an 
extremely reliable system. Power systems are, however, subjected to many events such as 
accidents, random component failures and weather conditions resulting in power outages. For 
instance, the aftermaths of major blackouts caused by storms highlights the significant public 
and private interest in electricity reliability. These kinds of events are beyond the control of 
man, but they can be taken into account when deciding the level of disturbance at which the 
system should survive. A completely reliable system is impossible, and a certain level of risk 
has to be accepted.  
 
My PhD project focuses on risk assessments of distribution systems. Grid owners, also called 
distribution system operators (DSOs), have a natural monopoly since having two parallel 
distribution systems serving the same customers is not justifiable from a socioeconomic 
perspective. Therefore, an important question for both private and public decision makers has 
always been about who should receive the benefit from increased reliability and who should 
pay for the improvements. Improved reliability can be obtained by increased investments, 
reinvestments and maintenance. However, while underinvestment leads to an unacceptable 
number of power outages, overinvestment will result in costs that are too high for society. The 
challenge is to find a socioeconomically adequate level of risk. In some countries regulatory 
authorities aim to control this monopoly by designing network tariff regulations to maintain a 
good quality of electric supply. This part of the regulation is called quality regulation. 
 
Risk assessments may serve as the basis for evaluation of different investment alternatives 
identified to improve reliability in the network. In a risk assessment, not only the probability 
of power outages, but also the severity of their consequences should be included. A risk 
assessment can be performed from either the perspective of customers or the perspective of 
the grid owner, depending on whether the consequences faced by customers or the grid owner 
are considered.  
 
Cost-benefit analysis is a risk analysis tool that translates the benefits of an investment into 
monetary terms so it can be compared to the investment cost. Measuring the benefits of 
increased reliability in the power system is difficult. Commonly, this is done through 
approximating the unreliability of the electric supply and the impact of power interruptions. 
The impact of power outages are usually measured through costs due to the outages. Examples 
of costs for the grid owner are customer compensations which are regulated by the quality 
regulation. Examples of costs for customers are retail losses for commercial customers and 
loss of heating and lighting for residential customers. 
 
The aim of my PhD project is to develop methods for risk assessments of power distribution 
systems from a cost-benefit viewpoint. Two risk assessments are performed; one from the 
perspective of the customers and one from the perspective of the DSO. In this report I will 
instead focus on the perspective of the regulator who aims to introduce a regulation that leads 
to a system reliability level that is acceptable from society. The regulator is the authority on 
national level that will be responsible for the regulation of the DSO. The regulatory authority 
partly determines the DSOs cost for power interruption through the quality regulation. Ideally, 
the regulation should influence the DSOs in such a way that they operate, plan and maintain 



distribution systems in a socioeconomically optimal way. To do so the regulator must find a 
balance between the interests of the DSOs and customers. 
  
My individual project report will be on the part that deals with the continuity of supply in the 
quality regulations. 
  
The questions that will be discussed in my individual project are: 

- Why quality regulation? 
- What different kinds of quality regulations exist? 

 
In Sweden the regulatory authority is the Energy Market Inspectorate (EI). In 2012 a new 
Swedish quality regulation for outages shorter than 12 hours will come into force [1]. For 
outages longer than 12 hours the existing quality regulation called Gudrunlagarna apply [2]. 
These laws were formulated after the major storm named Gudrun stroked Sweden in January 
2005. According to Gudrunlagarna the DSOs need to pay compensations to customers that 
have suffered interruptions longer than 12 hours [2]. Another storm came 2007 and even 
though it was not that severe compared to Gudrun the DSOs still had to pay 910 million SEK 
in customer compensations [3]. However, Swedish distribution networks are very reliable, for 
example the availability was 99,96 % for 12 kV networks in 2007 [4]. According to [3] the 
reliability level of Swedish networks has been unchanged during the studied period of 1998-
2007. For rural networks in Sweden, which are the networks that have the worst reliability, the 
average number of interruption per customer and year is 1-2, while the average outage 
duration is 100 – 400 minutes per customer and year for the period 1998-2007 [3].  
 
The outline of the report is as follows: The first chapter answers the question why quality 
regulation is needed and what its aim is. Chapter 1 also defines the limitations made in this 
study. Chapter 2 gives a general structure of how quality regulations are built, answering the 
last question: What different kinds of quality regulations exist? Chapter 3 concludes the report 
with a discussion.  
 
 
 
 
 
 
 
 
 
 
 
 



Chapter 1:  Why quality regulation? 
Significant changes in forms of liberalization and privatization have taken place in the 
electricity business. This have let to that distribution networks now are owned by profit 
maximizing companies in many European countries. While retail and generation are 
conducted on a competitive market, transmission and distribution are natural monopolies 
since it is not socioeconomically defendable to have parallel networks.  
 
This natural monopoly imposes the distribution system operators to be regulated. To manage 
this regulation an independent energy regulator at national level needs to be established. The 
aim with the regulation is to create market-like conditions for the DSOs to lower prices and 
increase quality levels.  
 
From cost-based regulation to performance-based regulation 
Traditionally cost-based regulation such as Rate-of-Return and Cost-Plus regulation have been 
used to regulate the profits of the DSOs. This regulation allows the network owner to set their 
network tariffs in order to cover their cost plus a certain profit. The cost-based regulations 
give incentives for overinvestments and a too high reliability level in the network. To increase 
the cost efficiency of the regulated DSO the regulators introduced performance-based 
regulation such as Price cap and revenue cap regulation. A worldwide trend is that more and 
more regulations are becoming based on performance instead of cost-based [5]. In 
performance-based regulation the tariffs that the DSO is allowed to have is not related to their 
cost but to the performance of the network owner. The general purpose of applying 
performance-based regulation is to motivate economic efficiency and to put the network 
owners in a situation that resembles a competitive market. However, the stronger the cost 
efficiency incentives are the greater are the incentives to cutting down on the investments and 
maintenance needed to achieve a proper level of power quality. Many countries have 
experienced that the performance-based regulation led to a lower power quality in the system 
[6,7]. For example, in Argentina a performance-based regulation was introduced 1991 without 
a quality regulation with the aftermath that the quality of supply was strongly degraded [6]. To 
obtain good quality the performance-based regulation must be accompanied by a quality 
regulation.  
 
Definition of power quality 
Before going into details what quality regulation is, the word quality needs to be defined. 
There are many different definitions of this term. Dugan in [8] defines power quality problem 
as: “Any power problem manifested in voltage, current, or frequency deviations that results in 
failure or misoperation of customer equipment”. What it says is that it all comes down to the 
customers. The grid is made to transfer the electricity to the customers so that they can use the 
equipment to perform their electricity dependent activities.  
 
The goal with the quality regulation is to obtain an adequate level of quality. As we have seen 
in the definition of power quality problems, the term quality includes a lot of aspects. 
Furthermore, the ideal level of quality depends on the customer preferences. Depending on the 
customer type (residential, industrial, etc) the preferences for power quality will be very 
different. In addition measuring power quality can be difficult. Adding all these facts the 
regulator stands before a difficult task of designing a quality regulation that achieves an 
adequate level of quality.  
 
 
 



Quality regulation includes three dimensions of power quality 
The definition of quality regulation is the toolbox of control means that are needed to obtained 
good quality levels under a performance-based regulation. The discipline of quality regulation 
is relatively new and it continues to develop internationally [9]. Some European countries 
have established 5-10 years of experience with quality regulation. The Council of European 
Energy Regulators (CEER) has published most of the literature on this subject. For 
distribution networks, quality regulation is divided into three parts: commercial, continuity of 
supply (reliability), and voltage quality [9]. Commercial quality covers quality of a number of 
services, such as billing, handling customer complaints, etc. Continuity of supply relates to 
interruptions of supply. In other words, it focuses on the events during which the voltage at a 
customer connection drops to zero. Two quality indicators are number of interruption and 
duration. The last dimension of quality is voltage quality. Voltage quality covers a subset of 
possible variations of the voltages characteristics from the desired values. Examples are 
voltage dips, harmonics, flicker, etc. Of these three dimensions of power quality, continuity of 
supply is the far most important one [10]. Voltage quality and commercial quality is of little 
interest if not the continuity of supply can be ensured. 
 
The general framework of quality regulation to achieve these three dimensions of power 
quality parts is shown in Table 1 [9]. As can be seen in Table 1, quality regulation consists of 
four different control means; collecting information and making it available, protecting the 
worst served customers, delivering an efficient level of quality and favouring market-like 
mechanisms and competition. 
 

Table 1. General framework of quality regulation [9]. The marked rectangle is 

 the parts of the quality regulation that will be studied in this report. 
 Collecting 

information and 
making it 
available 

Protecting the 
worst-served 

customers 

Delivering an 
efficient level of 

quality 

Favoring market-like 
mechanisms and 

competition 

Commercial 
quality 

Regulatory 
instructions for 
recording 
customer requests 

Guaranteed 
Standrads on 
making and 

keeping 
appointments 

 

Reward and penalty 
schemes on the quality 

of call centres 

Competition in 
providing connections 

Continuity of 
supply 

Regulatory 
instructions for 
recording 
interruptions 

Guaranteed 
Standards on the 

duration of 
unplanned 

interruption 

Reward and penalty 
schemes on the 

average interruption 
duration 

Premium quality 
contracts on the 

number of unplanned 
interruptions 

Voltage 
quality 

 
Measuring 
campaigns 

 
Volatege quality 

standards 

 
- 

Premium quality 
contracts on the 
supply voltage 

variations 
 
In most cases the quality regulation only includes some of these aspects when it is introduced 
and then gradually it is expanded. In this work only the three parts concerning continuity of 
supply that are marked in Table 1 will be treated. As can be seen in Table 1 the part 
concerning premium quality contracts are not included. These contracts are between large 
industry users and the DSO and look different from case to case. This report focuses on 
general tools and therefore premium contracts have been excluded. The three quality control 
means that are studied here are: instructions for recording interruptions, guarantees standards 



for the worst-served customers, and reward and penalties schemes. These control means will 
be defined in Chapter 2. The way to implement quality regulation for continuity of supply is to 
let the quality control means work beside the performance-based regulation. This is the way 
quality regulations are formulated today [11]. However, Ajodhia suggests in [10] that the 
quality dimension can be integrated into the price cap regulation. 
 
Socioeconomically optimal level of continuity of supply 
The quality regulation of continuity of supply aims to achieve a socioeconomically optimal 
level of reliability in the network. The meaning of this expression is easiest to understand from 
Figure 1. If the reliability level is very low, outages will be common and the interruption costs 
experienced by customers will be high. At the other end of the spectrum, if the reliability level 
is very high, customer interruption costs will be low but there will be large costs for the DSO 
to maintain the high level of reliability. Somewhere in between is the social ``optimal'' 
reliability level, where the sum of the costs experienced by the customers and the DSO have 
its minimum [12]. This is a point where the marginal customer interruption cost is equal to the 
marginal DSO cost for maintaining the specific reliability level, as shown in Figure 1. 
 
The DSO cost curve in Figure 1 contains the costs for maintaining a certain reliability level in 
the system. Furthermore, there are also regulations that affect the costs due to power 
interruption that the DSO experiences. The regulation aims to shift the cost curve of the DSO 
so that it has its minimum at the social optimal level of reliability, as shown in Figure 1. Often 
regulations include both penalties at low reliability levels and incentives at high levels [11]. 
When the DSO is a profit maximizing entity, it will try to keep the reliability level at the point 
where its cost is minimized. Therefore shifting the DSO cost curve to have its minimum at the 
same reliability level as the total cost curve gives good prerequisites for the social ``optimal'' 
level of reliability to be achieved. However, to obtain a regulation that does this is very 
difficult. 
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Figure 1: Customer, DSO and total cost for society as a function 

                  of system reliability. 



 
 
Chapter 2:  What different kinds of quality regulations exist? 
The quality control means for continuity of supply introduced in chapter 1;  instruction for 
recording interruptions, guaranteed standards for the worst-served customers, and reward 
and penalty schemes, are defined in this chapter.  
 
Collection and publication of information regarding continuity of supply is the instrument 
most widely used in Europe. Reward and penalty schemes have been applied more recently 
after the year 2000 in eight European countries [11]. Generally the guaranteed standards for 
the worst-served customer have been employed after the reward and penalty schemes [9]. The 
reason for this is that it is much easier to measure the quality indicators on system level than 
on customer level.  The regulatory instruments differ significantly between the different 
countries. These instruments are not permanent, but rather undergoing periodic reviews and 
changes. In this report the common structure will be described and not the specific regulation 
in each country. 
 
 
Instruction for recording interruptions and publication of quality indicators 
The regulator must start with identify quality indicators that can be observed and quantified. 
The most frequently used quality indicators for continuity of supply measure the number, the 
duration and the energy not supplied due to the interruption [9].  

 
The regulator must then give instructions and guidance on the recording of the interruption. 
This may seem as a simple task, but in reality it is not. Many questions need to be answered: 

1) What type of interruptions should be measured, long interruptions (over three minutes) 
or short interruption (less than three minutes)?  

2) On what voltage level should these interruptions be measured? The lowest voltage 
level is when the interruptions are measured on customer level. This requires a lot of 
investments in measuring equipment and IT systems that can handle that amount of 
information.  

3) Where in the network is the component that caused the interruption located? 
Interruption caused by component failure in the generation or transmission will in most 
cases not be included when quality indicators for the distribution system. 

4) Should only the unplanned interruption be measured and included in the quality 
indicators or should also the planned interruptions be included? Planned interruptions 
are the scheduled interruption when the DSO for example needs to do maintenance. 
The customer should be informed about these interruptions in advance.  

5) Are all interruptions to be included or are some events that are classified as force 
majeure excluded? For a few failure causes such as major adverse weather some 
countries have an exemption from the payment of financial penalties. To identify these 
events the failure cause can be reported.  

6) How is the duration of the interruption measured? Companies will always be required 
to register the starting and the ending times of the interruptions. From this information 
the duration of the interruption can be calculated. In the absence of control systems in 
the network the calculated duration will only be an approximation of the duration. The 
starting time of the interruption is then when the customer reports to the DSO that it 
has a power outage.  

7) Need for more information for calculation of quality indicators? Depending on what 
quality indicators that the regulator is interested in more information may be needed 



than duration and frequency of interruption. For example, the number affected 
customers are required in order to calculate the average duration per customer in 
minutes per year. If the energy not supplied is one of the investigated quality indicators 
even more information are needed such as the customer type and load curves. 

8) Should the data be reported on company level or for each distribution service area 
(many per company)? How are these service areas defined geographically? 

 
These quality indicators for long interruption and short interruptions are defined as: 
 

- SAIDI and MAIDI are the duration indicators that measures the average duration per 
customer in minutes per year for long interruption and short interruption, respectively.  

- SAIFI and MAIFI are the frequency indicators that measure the average number of 
interruption per customer per year for long interruption and short interruption, 
respectively. 

- ENS is the energy indicator that measures the energy not supplied in kWh per year and 
is only used for long interruptions. 

 
The next step is to compute the relevant quality indicators from the obtained data. The 
simplest quality regulation instrument is to publish the quality indicators of the company 
performance. Often annual statistical indicators on long interruptions measured on system-
level are published. These statistics can be published in different ways. The regulatory 
authority can publish the quality indicators in reports or as a database on their website, or they 
can oblige distribution companies to communicate their performance on the customers’ 
electricity bill.  
  
Guaranteed Standards for worst-served customers 
Even a good average performance of a distribution system does not prevent that some 
customer suffer an unacceptable level of service quality [13]. To handle this guaranteed 
standards for the worst-served customer are set. These guaranteed standard concerns either 
duration or frequency of interruptions [11]. The standards can both be for long and short 
interruption. Different definitions for which are classified as exceptional events under which 
the guaranteed standards should not apply exist. Some countries have compensations to the 
affected customers. These compensations are generally different between customer types and 
increase as the deviation from the standard increases. Distribution companies can have some 
difficulties measuring performance at individual level. Instead the guaranteed standards can be 
introduced when the customers make their own claim for compensation. This means that the 
responsibility lies on the customer to report to get any compensation and not on the 
distribution company. However, in countries were quality are measured on individual level the 
responsibility lies on the distribution company to pay the compensation automatically to the 
affected customer. 
 
Reward and penalty schemes 
Reward and penalty schemes are the far most difficult instrument to use. This instrument 
assumes that the regulator is informed what value that the customer place on continuity of 
supply. In reward and penalty schemes the regulator specifies values for the quality indicators 
and implements rewards and penalties for exceeding and failing to achieve these standards. 
Higher quality levels gives higher revenues, in this way the regulator tries to mimic the 
outcomes of market-like conditions. While the guaranteed standards for worst-served 
customer focus on reliability on customer level, the reward and penalty schemes focus on the 



average of the quality indicators on system level. These schemes give the DSOs incentives to 
deliver an on average efficient level of quality. 
 
The objective of the regulator is to shift the cost curve of the DSO so that it has its minimum 
at the social optimal level of reliability, as shown in Figure 1. The objective with the reward 
and penalty scheme is to force the regulated company to include customer interruption costs in 
their own cost function [14].  If the financial incentives equal the total customer interruption 
cost that customers experience at a certain level of reliability the DSO will end up having the 
total cost curve for society in Figure 1 [10]. To do so the regulator needs to quantify customer 
interruption costs. This is in most cases done by using customer surveys. Making the DSOs 
carry both their own cost for obtaining a certain reliability level and the custom interruption 
cost the firm would likely to run a loss [10]. A practical solution is to subscribe only a part of 
the customer interruption cost to the DSO. Only the costs due to the deviation from the set 
performance standard will be incurred by the DSO. 
 
The illustration of an optimal quality regulation in Figure 1 is only theory. In practice it is not 
that simple. Customer’s preferences of power quality are in fact dependent on many different 
aspects and are not one-dimensional as shown in Figure 1. The optimal level of quality is 
therefore only obtainable in theory, since rewards and penalty schemes in practice only reflect 
a small number of quality dimensions.  
 
Four different types of reward and penalty scheme exist. These four types are minimum 
standards, continuous, capped, dead band and they are shown in Figure 2 [10]. Minimum 
standards will only give penalties for DSOs which have not reached the target levels for the 
quality indicators. The penalty is here constant, so the penalty will not depend on the deviation 
from the set target levels. A continuous design of the reward and penalty scheme will have 
both have a reward and a penalty that increase with the deviation from the set quality targets. 
Capped design is similar to the continuous design. The difference is that maximum penalty 
and reward levels are set. The fourth design of the reward and penalty scheme is called the 
dead band design. This scheme will have a dead band around the set quality targets and within 
this band the DSOs’ costs will be unaffected. Outside this dead band the reward and penalty 
are increasing with the deviation from the set targets levels as for the continuous design of the 
scheme. The set target levels for the quality indicators and the chosen scheme design vary 
between countries. 
 
 



 
 
  Figure 2: The x-axis represents the actual quality performance and the  
  y-axis represents the financial incentives. The figure is adopted from [6]. 
 
 
In conclusion, the key elements in a reward and penalty scheme are: 

- Accurate estimates of customer interruption costs 
- Choice of quality indicators to be regulated; if these are to be based on both unplanned 

and planned interruption and which events that will be classified as force majeure also 
needs to be specified 

- The set performance standards for the chosen quality indicators; these are important 
since the rewards and penalties are a function of the deviation from these standards. 

- The amount of financial penalties and rewards 
 



Chapter 3: Discussion 
This chapter summarizes the answers on the questions raised and concludes the report. 
 
Why quality regulation? 
Quality regulations have become more popular to use when European countries have switched 
from cost-based regulations to performance-based regulations. The performance-based 
regulation motivates economic efficiency and tries to put the network owners in a situation 
that resembles a competitive market. This type of regulation gives the DSO incentives to cut 
down on investments and maintenance needed to achieve a proper level of power quality. To 
obtain good quality the performance-based regulation must be accompanied by a quality 
regulation.  
 
What different kinds of quality regulations exist? 
This report has focused on the quality regulation for continuity of supply. Three instruments 
that the regulators use have been examined in this report; publishing of quality indicators, 
guaranteed standards for the worse-served customers and reward and penalty schemes. While 
publishing of quality indicators is an indirect control, guaranteed standards and reward and 
penalty schemes are more direct controls. Publishing the performance of companies is based 
on that the company has a reputation concern. However, since the distribution is a natural 
monopoly the customer can not change network owner. For this instrument to have effect the 
company must have business in other competitive businesses as, for example, also being a 
retailer of electricity. For both guaranteed standards and incentive schemes some quality 
indicators need to be chosen to be regulated. The regulation becomes much too complex if 
many are included. In practice, however, the customers’ expectations of power quality are a 
function of many different aspects.  
 
Guaranteed standards for the worst-served customers suffer from the measuring difficulties of 
quality on customer level. When it comes to reward and penalty schemes it rely on that 
customer interruption costs can be reliably quantified and measured. Customer interruption 
costs are hard to quantify since they depend on many different factors, such as duration, time 
of occurrence and customer type. To obtain these customer interruption costs customer 
surveys are employed. These surveys are expensive and require a huge workload. Since 
customer interruption costs change over time, usually they increase as we get more dependent 
on electricity, the cost estimates needs to be updated.  If the problem about how to update 
these costs without having to do extensive new surveys can be solved, it may simplify the use 
of reward and penalty schemes.  
 
The quality regulation so far has its focus on the output of quality indicators. A recent 
suggestion is instead to turn the attention to the process behind the quality performance; the 
decisions on investments, network planning and operation, etc [9].  
 
Conclusions: 
The regulation of quality is today not integrated in the performance-based regulation [10,11]. 
Instead a separate quality regulation that works beside the performance-based regulation is 
employed. The common role when investigating the effect of a quality regulation is to 
examine it in isolation from the performance-based regulation [15]. However, to get a correct 
picture of the main implications of a regulatory framework, all aspects of the regulatory 
process should be taken into consideration. The connection between efficiency and quality 
needs to be included. This is not obtained when doing isolated studies on only the quality 
regulation.  



 
One conclusion is clear; the “optimal” regulation is easy to grasp theoretically, but impossible 
to obtain in practice. 
 
Quality regulation in Sweden: 
As mentioned in the introduction Sweden will have a new quality regulation 2012 that applies 
for interruptions with durations shorter than 12 hours. For interruptions longer than 12 hours 
the Gudrunlagarna apply, which regulates the compensations that DSOs have to pay to 
customers that had suffered long interruptions. In 2011 another new law will come into force. 
This law will forbid interruptions to be longer than 24 hours and together with the 
Gudrunlagarna, they are both examples of guaranteed standards for worst-served customers. 
Recently, the instructions for how the interruption must be reported were changed. The new 
instructions say that interruptions should be reported on customer level and the affected 
customer category should be specified with the beginning of 2010 [16]. 
 
The new quality regulation for interruption shorter than 12 hours will be on system level 
which means that it will be some form of reward and penalty scheme. This quality regulation 
will affect the tariffs that the DSOs are allowed to set. How this will be done in details is not 
yet specified.  
 
The Energy Market Inspectorate changed the law in 2005 so that all DSOs have to hand in a 
risk and vulnerability analysis to the authority from the beginning of 2006 [17]. This action 
may be looked upon as an adoption to the “new thinking” of quality regulation where the 
process more than the output is regulated.  
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