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ABSTRACT 

The intent of electric energy distribution regulation is to mediate the better relationship 

between consumers and Distributor. This task presupposes the establishment of maximum 

limits for the number and duration of electric energy interruptions, as well as compensation for 

consumers when these service quality indicators are violated.  

However, if in search of the balance the demand levels set by the Regulatory Body are 

excessive (values for service quality standards and values for consumer compensation due to 

non-compliance) there are harmful consequences. One of them is the distributor to compensate 

customers for supply failures than to strive to improve distribution network conditions according 

to Service Quality Regulation demands. The situation is worrisome since disbursement of these 

values compromises somehow the company’s financial capacity, and consequently makes 

future investment in service quality improvements more difficult.  

This research builds a simulation model to eventually support EDP-Distribuição’s 

position in the negotiation with the Regulatory Body in the sense of achieving better 

compensation policies for all. For such, a tool shall be constructed that permits to support and to 

discuss with the Regulatory Body the effects of current regulatory policies in the electricity 

distribution market. It shall also permit a transparent analysis of the consequences of amending 

its content or not. This task includes the elaboration of a simulation model in System Dynamics 

that permits describing the behaviour and accompanying the evolution of situations verified in 

the electricity distribution market. 

Key-words: Supply continuity, Service quality, Quality standards, Consumer compensations, 

System Dynamics, Energy not supplied.      

1 
 



1. INTRODUCTION 
 

This study arose from a request by 

EDP Distribuição where the intent was to 

study whether the Electric Sector 

Regulatory Body was setting regulatory 

policies that were excessively demanding 

for promoting appropriate levels of Service 

Quality.  

EDP Distribuição proposed a case 
approach methodology. We consider, for 
academics effect, instead of using this 
methodology, opting to the creation of a 
simulation model. 

 

A tool shall be constructed that can 

serve as negotiation support between EDP 

Distribuição and the Regulatory Body 

regarding the most favourable policies for 

both parties.  

2. DESCRIPTION OF THE CASE 
STUDY 

 
2.1. Initial Considerations 

Modern societies are increasingly 

more dependent on electric energy 

consumption for the continuous 

development and well-being of their 

inhabitants. These aspects reveal greater 

concerns and demands on the part of 

consumers as to the quality levels of 

distributed electricity, where ideally, the 

supply of electric energy should be 

continuous.  

However, it is not possible to 

guarantee the supply of electric energy 

100% of the time. Supply interruptions 

entail in losses for affected consumers and 

for the electric energy distributor. 

Since electric energy distribution is 

a natural monopoly, and to impede having 

the Distribution Company freely operating 

with quality levels and costs that do not 

coincide with optimal social levels, the 

DGEG1 and the ERSE2, as Government 

bodies, intervened on behalf of the 

consumer, regulating service quality. 

 

2.2. The Regulation of Supply 
Continuity in Continental 

Portugal 

Among the aspects of service 

quality, it is necessary to underscore supply 

continuity, expressed by the number and 

duration of interruptions that occur in the 

electric system.  

In order to regulate supply 

continuity, the Regulatory Body pre-

established upper limit values for the 

number and duration of interruptions that 

may occur in the system, called continuity 

standards. Regulation consists of 

comparing these standards with the values 

that occur in the system. If the verified 

indicators surpass predefined tolerances, 

the distribution company is subject to 

penalties. 

 

2.3. The Problem 

Due to the characteristics and 

conditions of the distribution networks in 

certain zones of the national electric 

system, the required standards contrast 

with the quality indicators that can be 

achieved there. The EDP feels obliged to 

compensate consumers for failures that 

may occur in service supply rather than 

                                                 
1 General Directorate of Energy and Geology. 
2 Energy Services Regulatory Authority 
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strive to improve distribution network 

conditions according to Regulatory Body 

demands. The reason is that quality 

improvement standards are frequently 

made unfeasible by the high investments 

associated with them (1). 
Over time, there has been a 

softening in the reduction of the number 

and duration of accidental interruptions 

suffered by each consumer, especially after 

2005. According to the Distributor, this 

softening is the result of sustained 

investment efforts, taking into account 

financial assets.   

However, investments in quality 

improvements have not been sufficient to 

cover the increasingly tighter demands by 

the Regulatory Body, and over time, 

compensations have grown to increasingly 

more remarkable values, reaching more 

than one million Euros in 2006 (Figure 1). 

  

 
Figure 1 – Evolution of compensations due to non-compliance with individual standards 

for service continuity (Source: EDP Distribuição) 

However, the annual increases in 

compensations are not having an 

intimidating effect on EDP Distribuição, 

operating as an incentive to quality, forcing 

it to instead opt for investing in Service 

Quality improvements. That is because 

despite the fact they are high, in some 

cases this disbursement is still the only 

alternative over the enormous investments 

in quality improvements. 

But, the situation is worrisome 

since disbursement of these values 

compromises the company’s financial 

capacity, and consequently makes future 

investment more difficult and leads to 

greater appetence for compensation 

payments. This condition does not favour 

the regulatory body either, which is 

interested in promoting higher service 

quality levels. 

3. THE NATIONAL 
ELECTRIFICATION PROCESS 

The first initiatives in the sense of 

promoting electric energy production began 

to emerge at the end of the 19th Century, 

already in a scenario of undeniable delay in 

international terms. Electric energy 

production/distribution advanced slowly. In 

1927, per capita electric energy 

consumption in Portugal was 29.14 kWh, 

whereas in Spain it was already 100 kWh; 

England, Italy and Germany 180 kWh, and; 

France 238 kWh (2). 

Law no. 2002 was only passed in 

1944. In general, it watched over the need 

for a radical transformation of the existing 
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scenario: with regard to production, in the 

economic and political aspect; as to 

transportation, in the sense of coordinating 

all the systems and constructing new ones; 

in relation to distribution, in the sense of 

reducing inefficiency as much as possible 

and establishing tariffs that permit broader 

consumption. These plans created the 

framework for and promoted large works. 

However in the 1950s, national 

consumption was still much lower than in 

developed countries and the achievements 

still left serious shortages clearly visible, 

especially in rural areas (3). 

Great changes begin in 1975, with 

the creation of the Electricidade de Portugal 

- Empresa Pública (EDP E.P.), which 

integrated all of the previously nationalized 

companies with the objective of providing a 

public service that intended to be exclusive. 

It was with this model that we finally saw 

the electrification of practically the entire 

country during the 1970s and 1980s. 

However, the rapid growth of the 

electricity network in Portugal, as a result of 

the pressure imposed by the excessively 

low consumption level recovery plans, left 

scars that until today make it difficult to 

have good electric energy quality (4), 

especially in the rural zones. Among the 

most relevant aspects, we can mention: 

• Little selectivity in substation output: in 

other words, inadequate separation of 

industrial zones from urban zones, 

semi-urban zones from rural ones. 

• Excessively long medium voltage 

outputs; 

• Few remote control points; 

• Very long low voltage networks; 

• Significant number of bare networks3; 

• Poor adjustments between PT4 location 

and the respective load centres. 

4. METHODOLOGIES TO 
ADDRESS THE PROBLEM 

4.1. Methodology Proposed by EDP- 
DISTRIBUIÇÃO 

According to EDP – Distribuição, 

the individual standards defined by the 

Regulatory Body and the compensation 

values the Distribution Company must pay 

for non-compliance with the same should 

induce them to improve service quality only 

up to the optimal level given by the 

microeconomic model shown in Figure 2. 

Should this value be exceeded, the result 

will be the creation of inefficiencies in 

electricity distribution market operations 

since the cost of investments to be made 

will prove to be greater than the benefits 

that can be obtained by the population. 

 
Customer Interruption Cost Supply Cost Total Cost
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Figure 2 – Optimal Service Reliability 

EDP-Distribuição also stated that it 

would be necessary to have an appropriate 

estimate of the value (cost) for undistributed 

energy, and that a commonly accepted 

methodology is the conducting of surveys 

with consumers that permit extracting the 

                                                 
3 Not covered with electrical insulation 
4 Energy transformation station 
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value they attribute to the non-supply of 

energy.  

However, this approach has 

limitations and makes a far from in-depth 

appreciation of the problem, whereby: the 

SQR to go into effect in Portugal not only 

expresses the population’s will with regard 

to technical service quality, but most 

especially, it strives for economic activity to 

develop in Portugal that permits operating 

conditions that approach those that exist in 

other countries (5). In this sense, the 

service reliability level demanded by the 

Regulator is not what is attributed by the 

consumers, but rather the level that 

countries in better technical quality 

conditions attribute to it. In this context, the 

regulatory body’s main objective has been 

to bring service continuity levels in Portugal 

closer to the average European levels (6), 

(7).  

4.2. Proposed Approach Using the 
System Dynamics Theory 

This concept (System Dynamics) 

was first introduced by Jay Wright Forrester 

in 1961 (25).  

The main reason for using this 

approach resides in the possibility to 

develop simulation, the so-called “micro-

worlds" (simulators or management flight 

simulators), where the consequences of 

decisions can be observed.  

This methodology seeks to 

understand the structures of organizational 

systems, analyzing the inter-relationship of 

its forces. It allows the researcher to test 

different policies and solutions for operating 

a system, evaluating the impact of 

decisions. Finally, it provides a set of 

instruments for understanding and 

communicating models of reality (8), (9). It 

mainly uses two types of notation for this 

understanding: Causal Loop Diagrams and 

Stock and Flow Diagrams. 

The Causal Loop Diagrams are 

appropriate for a broad understanding of 

the system, providing a useful connection 

between the verbal description of the 

situation and its representation in computer 

models. These qualitative diagrams present 

the model’s variables in an orderly manner, 

and most especially, the cause and effect 

relationships between them. They are 

comprised of two loops (Figure 3): one of 

reinforcement (Model 1) and the other 

equilibrium (Model 2). There are especially 

useful for developing a shared 

understanding, or even to communicate 

something that is not visible.  

+

A

B

C

D

+ +

-

Modelo 1 Modelo 2Model 1 Model 2 

 
Figure 3 – Causal Loop Diagram 

The Stock and Flow Diagrams use 

the structural characteristics defined in the 

Causal Diagrams to develop a simulation 

model of the system. This quantitative 

approach allows exploring the evolution of a 

system over time and within a period of 

interest. 

In a Stock and Flow Diagram, the 

system's structure is represented 

mathematically, making it possible to 

quantify the cause and effect relationships 

between system elements. From the 

perspective of System Dynamics, any 
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system, natural or artificial, can be 

described in a Stock and Flow Diagram 

using a language comprised of four 

elements: Stocks, Flows, Converters and 

Connectors. 

The Stocks represent the condition, 

the state: “how things are”. And the Flows 

represent actions: “how things flow” or “how 

they change”. In this example, it is possible 

to identify four elements that comprise this 

language: The Production and Shipment 

variables represent the flows; the Inventory 

variable represents a Stock; the 

Productivity and Workforce variables (or 

constants) represent the converters, and 

finally, there are two connectors that stem 

from these latter variables and connect to 

production. 

 
Figure 4 – Stock and Flow Diagram 

 
 
5. APPLICATION OF SD TO THE 

CASE  
 

5.1. System Archetypes  
 Based on the work by Forrester, 

Peter M. Senge concluded that certain 

structure behaviour standards occur 

frequently in the most varied organizational 

systems (27) and he called them “System 

Archetypes” or “Generic Structures”. 

Their purpose is to improve our 

perceptions in order to observe the systems 

in movement with greater ease and to see 

the behavioural influence points in them. 

When an archetype is identified in a certain 

situation, it points out the strengths and 

weaknesses of behavioural influence for the 

system under study.  

 In the case in point, an attempt was 

made to find some similarity to the various 

archetypes found in literature. From this 

analysis, the conclusion was reached that 

the Shifting the Burden Archetype, whose 

Causal Loop Diagram is represented in 

Figure 5, represents the problem. 

 
Figure 5- Shifting the Burden Archetype 

(Source: Senge, 2006) 

A Problem Symptom is identified in 

the diagram with multiple possible courses 

of action: the Symptomatic Solution [SS] 

(which solves the symptom but not the 

actual problem) and the Fundamental 

Solution [FS]. The former has an apparent 

time advantage over the latter, since a 

delay is associated with the FS, which may 

have been caused by financial, 

technological, bureaucratic, or other 

difficulties. As a result, the problem 

influences the use of the SS. Application of 

the SS reduces the symptom, which 

dissipates the perceived need to find the 

FS. Failure in implementing the FS makes 

the problem symptoms reappear later. Use 

of the SS influences the development of 

unforeseen side effects, which normally 
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manifest themselves as a sort of 

dependence. These side effects, in turn, 

weaken FS use. 

5.2. The Causal Loop Diagram 

The Causal Loop Diagram was 

constructed based on this archetype. It 

reveals the cause and effect relationships 

of the problem felt by EDP Distribuição. The 

lines in “evidence” show the Shifting the 

Burden archetype. 
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 Figure 6 – Causal Loop Diagram 
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5.3. Stock and Flow Diagram 

In order to show the evolution of the 

system over time and within a period of 

interest, it is necessary to quantify the 

Causal Diagram variables, thus resorting to 

the Stock and Flow Diagram.   

The Stock and Flow Diagram was 

elaborated with the assistance of Software 

Powersim Constructor. The model is 

comprised of 4 Stocks, 8 Flows, 43 

Converters (of which 22 are Constants) and 

59 Connectors.  

Taking into account the large 

dimension of this Diagram that seeks to 

describe the behaviour of the system in 

question, preference was given to present 

only that part of the model that captures the 

Shifting the Burden archetype, where the 

intention is to elucidate an understanding of 

the global model. This part of the global 

model is represented in (Figure 7). 
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Figure 7 – Part of the Stock and Flow Diagram that shows the Shifting the Burden 

Archetype 

 

 

 

 

 

A Control Panel was also created 

that permits the model user to test different 

policies or simulate several scenarios 

without the need to access the complete 

model and make the necessary changes on 

it. It facilitates the demonstration of what 

would occur to the system if the variables, 

whose values are subject to regulation, 

underwent changes.  

The controllers that comprise this 

Panel and the respective value intervals 

they take are represented in Table 1. 

 
Table 1 – Control Panel Controllers 

Controllers Value Interval 

Investing in improvements (I) Yes/No 

Automatic Payment (AP) Yes/No 

Compensation Factor by the no. of interruptions (CFI) 2.0 €  – 3.0 € 

Compensation Factor by the duration of interruptions (CFD) 0.176 €/kWh – 0.704 €/kWh 

Average Value for the Investment Fund (AVIF) 5.0 € – 6.0 € 

Investment Remuneration Rate (IRR) 7% – 9% 

Degree of Acceptance of the investment (DAI) 60% – 100% 

Tempo_dissipação_Obrigação_actuar  → Dissipation_time_obligation_act 
Factor_de_Pressão → Pressure Factor      
Factor_de_Alívio → Relief Factor 
Factor_de_Esforço_por_obrig → Effort_Factor_by_Oblig 
Investindo_em_melhoria → Investing_in_improvement 
Qualidade_serviço_média_UE → Average_EU_Service_Quality      
Compensações → Compensations     
Factor_de_Comp_por_Obrig → Compensation_Factor_by_Oblig 
Obrigação_de_actuar → Obligation to act 
Pressionando → Pressuring      
Aliviando → Relieving 
Exigência_Regulador → Regulator_Demand 
Diferença_de_Qualidade → Quality_Difference      
Esforço_investimento_melhoria → Effort_investment_improvement 
Qualidade de serviço EDP → EDP service quality
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6. ANALYSIS OF POLICIES 

6.1. The Shifting the Burden 
Archetype 

The Shifting the Burden archetype 

presupposes that whenever the Distributor 

has the obligation to do something, it will 

only decide between compensating 

consumers and not making any investment, 

or making investments to improve quality 

and not paying the compensations. In these 

conditions, and due to the fact the 

Distributor is obliged to compensate 

consumers whenever they are affected by 

inferior service quality, the first option will 

always be taken. This option is equivalent 

to placing the "Investing in improvements" 

controller in the "No" position. 

In these conditions, the model 

presents behaviour that is completely 

appropriate for the portrayed archetype. 

6.2. Policies under Study 

In reality, EDP-Distribuição 

gradually invests in quality improvements at 

the same time it compensates consumers 

for the difference in quality in relation to the 

level desired by the Regulatory Body. 

Under these circumstances, the variables 

slightly change behaviour. In this chapter, 

we intend to explain system behaviour for 

the different regulation policies that will be 

presented.  

Only four scenarios will be 

examined. These were emphasized by the 

Distributor in the sense of calling the 

Regulatory Body’s attention to its effects. 

 

6.2.1. POLICY 1: Maintaining the 
Current Situation 

For this case, the Control Panel 

used the following values: I=“Yes”, 

AP=”Yes”, CFI=”2€”, CFD=”0.352 €/kWh”, 

AVIF=”5€”, IRR=”8%”, DAI=”100%”. 

In these conditions, as a result of 

initial investments in service quality 

improvements and compensations paid to 

consumers, EDP-Distribuição's investment 

capacity decreases over the years. This 

leads to a softening in the growth of service 

quality levels. The consequence is that it 

takes more time to reach the quality levels 

intended by the Regulatory Body and the 

Distributor. The simulation time it takes to 

reach 98% of the quality level demanded by 

the Regulatory Body corresponds to 33 

years. 

6.2.2. POLICY 2: Increasing 
Compensation Value 

For this case, the Control Panel 

used the following values: I= “Yes”, 

AP=”Yes”, CFI=”3€”, CFD=”0.528 €/kWh”, 

AVIF=”5€”, IRR=”8%”, DAI=”100%”. 

The increase in compensation 

values hinders the recovery of investment 

capacity to cover future Service Quality 

improvement actions. Service quality will 

take even longer to reach desired levels. In 

terms of simulation, this time corresponds 

to 40 years. 

6.2.3. POLICY 3: Reducing 
Compensation Value 

For this case, the Control Panel 

used the following values: I= “Yes”, 

AP=”Yes”, CFI=”1€”, CFD=”0.176 €/kWh”, 

AVIF=”5€”, IRR=”8%”, DAI=”100%”. 
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In this case, the Distributor will 

reach the desired quality levels in a shorter 

time than in any of the other 

aforementioned cases. In terms of 

simulation, this time corresponds to 28 

years. 

The justification for the behaviour of 

the service quality level is based on the fact 

that from the moment the Regulatory Body 

decides to reduce compensation factor 

values, a significant drop is seen in the 

value of compensations paid to consumers. 

The reduction in compensations is less 

onerous to investment capacity, facilitating 

its recovery in less time in order to cover 

future improvement actions. 

6.2.4. POLICY 4: Increasing the 
Investment Remuneration Rate 

For satisfactory conditions for 

Distributor investment capacity, the 

revenues received for investing in 

improvements must be adequate. In all of 

the cases presented, revenue values were 

not satisfactory in the sense of avoiding 

investment capacity reaching values that 

were too low, thus impeding desired 

investments.  

Since revenues depend on TRI, in 

this case we show what happens when only 

this variable is changed. The Control Panel 

used the following values: I= “Yes”, 

AP=”Yes”, CFI=”2€”, CFD=”0.352 €/kWh”, 

AVIF=”5€”, IRR=”9.5%”, DAI=”100%”. 

 The increase in revenues permits the 

rapid recovery of investment capacity to 

cover the great investment needs especially 

felt during the first years. Thus, rapid 

growth of service quality levels is ensured. 

In terms of simulation, 98% quality is 

reached in 20 years, the best result of all 

the scenarios presented. 

7. CONCLUSION 

The reduction in compensation 

values produces the most favourable 

market behaviour for the Regulatory Body’s 

(and the Distributor’s) objectives. But other 

polices less connected to the change in 

compensation factors can produce better 

results. That is the case of the change in 

Investment Factors, for example. An 

increase in the Investment Remuneration 

Rate, as seen in the previous chapter, 

permitted reaching the Service Quality 

levels demanded by the Regulatory Body in 

less time. 

The purpose of this study was to 

provide an instrument, based on the mental 

model of EDP Distribuição’s elements on 

market behaviour, which clarifies the effects 

of the different decisions that can be taken 

in this market. It thus serves as an 

instrument to support negotiations with the 

Regulatory Body. Preference was therefore 

given to call this instrument a “Simulator 

Prototype”. 

In future studies, it would be 

interesting to calibrate this instrument and 

use it to determine the optimal level of 

compensations. This level should permit a 

fair compensation for consumers 

jeopardized by inferior quality while at the 

same time favouring service quality 

improvements. 
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