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ABSTRACT 
 
Due to the complex and integrated nature of a power system, failures in any part of the 

system can cause interruptions, which range from inconveniencing a small number of local 
residents to a major and widespread catastrophic disruption of supply known as blackout. The 
objective of the paper is to show that the methods and tools of probabilistic safety assessment 
are applicable for assessment and improvement of real power systems. The method used in 
this paper is developed based on the fault tree analysis and is adapted for the power system 
reliability analysis. A particular power system i.e. the Macedonian power system is the object 
of the analysis. The results show that the method is suitable for application of real systems. 
The reliability of Macedonian power system assumed as the static system is assessed. The 
components, which can significantly impact the power system are identified and analysed in 
more details. 

 
 

1 INTRODUCTION 

System behaviour is stochastic in nature, and therefore it is logical to consider that the 
assessment of such systems should be based on techniques that respond to this behaviour, i.e. 
probabilistic techniques [1], [3], [4]. The need to assess the present performance and predict 
the future behaviour of systems remains and is probably even more important given the 
increasing number of players in the electric energy market as a result of the deregulation of 
private companies and privatization of state-controlled industries. 

The subject of the paper relates to the application of the methods used in Probabilistic 
Safety Assessment (PSA) for the assessment of the reliability of an actual power system. The 
method is applied to a relatively simplified model of the Macedonian power network.  
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2 METHOD DESCRIPTION 

Fault Tree Analysis (FTA) is one of the most applied probabilistic techniques used in 
the system reliability assessment. FTA can be applied to an existing system and to a system 
that is being designed [5], [6]. 

There are many purposes in performing FTA, including identifying critical areas and 
cost-effective improvements, understanding the functional relationship of system failures, 
meeting jurisdictional requirements, providing input to test, maintenance, and operational 
policies and procedures, understanding the level of protection that the design concept 
provides against failures, evaluating performance of systems/equipment for bid-evaluation 
purposes, providing an integrated picture of some aspects of system operation, confirming the 
ability of the system to meet its imposed safety requirements, and providing input to cost-
benefit trade-offs [7]. 

The fault tree analysis in this paper is used for assessment of reliability indices in the 
power system and the overall system reliability, i.e. the reliability of the power delivery to the 
analyzed loads, identification of the possible paths of interruption of power supply to load and 
evaluation of the probability of the interruption. 

The failure probability of i-th load is calculated through the top event probability of the 
respective fault tree and its complement, i.e. unreliability, because the fault tree is tailored to 
its top event that corresponds to some particular system failure mode. The values of weighted 
failure probability of all loads are considered to get the overall measure of the power system 
reliability, R, [2], [3], [4]:  
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where: 
PSQ  … power system unreliability 

GDiQ  … top event probability of the fault tree of i-th load  
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Top event probability of the fault tree of i-th load is obtained from analysis of the 

developed model with commercial software for PSA. 
The Fault Tree Analysis (FTA) is a deductive, failure based approach. As a deductive 

approach, FTA starts with an undesired event, such as transformer failure, and then 
determines (deduces) its causes using a systematic, backward-stepping process. In 
determining the causes, a FT is constructed as a logical, qualitative illustration (model) of the 
events and their relationships that are necessary and sufficient to result in the undesired event, 
or top event. The FT can also be quantified to provide useful information on the probability of 
the top event occurring and the importance of all the causes and events modelled in the FT 
[5], [6], [8]. 

The qualitative evaluations basically transform the FT logic into logically equivalent 
forms that provide more focused information. The principal qualitative results that are 
obtained (during the process of Boolean reduction of a set of equations) are the minimal cut 
sets (MCSs) of the top event. A cut set is a combination of basic events that can cause the top 
event. An MCS is the smallest combination of basic events that result in the top event: 

Proceedings of the International Conference Nuclear Energy for New Europe, Portorož, Slovenia, Sept. 10-13, 2007 



307.3 

∏
=

=
m

j
ji BMCS

1
                                                       (2) 

where: 
         … minimal cut set i iMCS
         m … number of basic events in minimal cut set i 
 

The basic events are the bottom events of the fault tree. Hence, the minimal cut sets 
relate the top event directly to the basic event causes. The set of MCSs for the top event 
represent all the ways that the basic events can cause the top event: 
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where: 
         … top event GD
         n … number of minimal cut sets 
        … top event probability (rare event approximation) GDQ
 

The system importance factors RAWs and RRWs for each of the components are 
defined using the definition of the importance factors and Eq.3: 
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where:  
  … power system risk achievement worth of component k kRAWs
 … power system unreliability PSQ
 … power system unreliability when unreliability of component k is set to 1 )1( =kPS QQ

        … power system risk reduction worth of component k kRRWs
        …power system unreliability when unreliability of component k is set to 0 )0( =kPS QQ
         … failure probability of i-th load when unreliability of component k is set to 1 )1( =kGDi QQ

)( kGDi QQ  … top event probability of the fault tree of i-th load 

           … top event probability of the fault tree of i-th load when unreliability of 
component k is set to 0 

)0( =kGDi QQ
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3 THE MODEL  

The Macedonian power network is selected as the example model. The main elements 
of the system are power lines, power plants, which are simplified as generators, loads, 
transformers and switching stations, which are treated as single components i.e. buses in the 
simplified system, but they can be further divided into their sub-elements. Figure 1 shows the 
example system.  

 
 

.Figure 1: Simplified Macedonian power network 
 

4 PROCEDURE 

Firstly, a corresponding fault tree is developed considering the complete system from 
the viewpoint of the selected load in its respective bus. The fault tree structure corresponds to 
the configuration of the system and includes all possible pathways of disruption of the power 
supply from generators to loads. The limitation of power lines, voltage stability, available 
power from generating units or other static or dynamic stability parameter of the power 
system were not considered at the moment. Also, all the loads were considered as fully 
reliable. 

The corresponding fault tree bases on identification of the failure paths. The system 
consists of nine buses, eight generators in buses 2, 3, 5, 6, 7, 9 with two generators on each of 
the buses 2 and 9. The loads are connected to buses 3, 4 and 8. As an example, the rooted tree 
for load 4 is given in Figure 2: 

The branches of the rooted tree are checked for consistency and those having a non – 
generator node at the end of branch, are discarded, taking only those parts of the branch, 
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which ends with generator. The corresponding fault trees are created for each load after the 
identification of the energy flow paths using the procedure given in [2], [3] and [4].  

Some of the basic events (the failure of the two generators on bus 2 and all the power 
lines) were calculated taking into account common cause failures (CCF) in order to see their 
dependencies and connections. Common cause failures were simulated using simplest model 
of beta factor model. For beta factor was taken generic value of 0.1. 

 
 

Figure 2:  Tree for the power system with bus 4 taken as root 
 

Using the described procedure, fault trees for all loads in power are constructed. 
Although they all represent the model of the same system, the fault trees differ significantly 
one from another, as each is prepared from a perspective of its specific load.  

Then, the fault trees are evaluated and the results are collected and interpreted. 
Calculation of system reliability and importance of the components on the system level is 
performed based on the obtained fault tree results and on the weighting factors, which are 
calculated from power of specific loads.  

5 ANALYSIS AND RESULTS 

The basic event probabilities correlated to specific failure modes were calculated using 
corresponding combination of input data. The failure probability of power lines is calculated 
from their voltage and length. The number of generators connected to a bus, the net installed 
power of generators and the type of the generating unit (hydro, thermal) are also considered 
during the collection of data [9], [10]. 

Table 1: Minimal cut sets for load 4 

No. Prob. % Event  1 Event  2 Event 3 
1 7,05E-02 95,29 EES-BUS-004-F   
2 7,05E-04 0,95 EES-BUS-002-F EES-TR-DUB-F EES-TR-SK4-F 
3 4,97E-04 0,67 EES-BUS-002-F EES-BUS-008-F EES-TR-SK4-F 

 

As an example of the FTA results, Table 1 shows only a small part of the minimal cut sets 
events for FT developed from viewpoint of load 4. The total number of minimal cut sets for 
this particular FT is 2933. As obvious, the main contributor (with over than 95% influence in 
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the total probability) for the undesired event in this case – Load 4 out of power – is the bus 4 
failure. It is very similar situation in the two other fault trees for Load 3 and Load 8. The main 
contributor to risk is bus, which represents switching substation. Based on those results the 
switching substation is modelled and analysed in more details, i.e. in a more detailed fault 
tree. Only one general type of a switching substation was considered at the moment. Figure 3 
shows the outline of the switching substation. The results identified the transformer TRBT as 
a component with the highest RRW (candidate for redundancy) and two circuit breakers with 
the highest RAW (candidates for careful maintenance). 
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Figure 3:  The general switching substation model 

 
The selected quantitative results of the FTA applied to the simplified Macedonian 

power network are presented in Table 2 and Table 3: 
 

Table 2: Quantitative results of the FTA for the loads 
 

Identification FT Top Event Prob. FT Top Event Prob.* Weight. Weight Capacity [MW] 
Load 3 7,051E-02 1,511E-02 2,143E-01 300 
Load 4 7,399E-02 3,699E-02 5,00E-01 700  
Load 8 7,368E-02 2,105E-02 2,857E-01 400 

 
 

Table 3: Weighted Power System Unreliability 
 

System ID Power System Unreliability Capacity [MW] 
Macedonian Power System 7,315E-02 1400 

 
Results in Table 2 show that the top event probabilities of the three loads do not differ 

substantially mainly due to well disposition of the transmission grid, i.e. sufficient number of 
connections with other parts of the system. In addition, a part of the system components 
importance factors, RAWs and RRWs, are given in Table 4. 
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Table 4: Importance Factors 
 

Identification Component Failure Prob. RAWs RRWs 
BUS 2 7,05E-02 1,46E+00 1,04E+00 
BUS 3 7,05E-02 3,727E+00 1,26E+00 
BUS 4 7,05E-02 7,36E+00 1,93E+00 
BUS 8 7,05E-02 4,72E+00 1,39E+00 
CCF TGENs – BUS 2 1,11E-03 1,08E+00 1,00E+00 
LINE 2-4 (400kV) 2,03E-04 1,10E+00 1,00E+00 
LINE 4-8 (400kV) 2,03E-04 1,14E+00 1,00E+00 
LINE 1-4 (400kV) 2,03E-04 1,13E+00 1,00E+00 
TRANSFORMER SK4 1,00E-01 1,13E+00 1,01E+00 
TRANSFORMER DUB 1,00E-01 1,15E+00 1,02E+00 

 
The components with high RAWs are candidates for improved maintenance, in order 

that the risk is not increased. Such components are for example: buses 4, 8 and 3. The 
components with high RRWs are the components which reliability is worth to increase in 
order to achieve significant improvement in the overall system reliability. The component bus 
4 is such an example.   

 

6 CONCLUSIONS 

The objective is to show that the PSA, using the FT approach, can be applied to the 
power system in a way that the power system is decomposed, using an arbitrary level of 
resolution, into its consisting elements which are further analyzed as separate modules. The 
gained results are then implemented in the general model. 

The results show that the developed method is applicable for real power systems. The 
results are qualitative and quantitative and depend on the failure probabilities of components 
in the power system. The results are useful because they identify the components and 
necessary actions for the improvement of the power system reliability. 

One of the most important requirements, which individual utilities must consider before 
deciding on any expansion or reinforcement scheme, is how reliable the system and its 
various subsystems are and which level of reliability should be reached.  

There should be some conformity between the reliability of various parts of the system. 
It is pointless to reinforce quite arbitrarily a strong part of the system when weak areas still 
exist. Consequently a balance is required between generation, transmission, and distribution. 
This does not mean that the reliability of each should be equal; in fact, with present systems 
this is far from the case. Reasons for differing levels of reliability are justified, for example, 
because of the importance of a particular load, because generation and transmission failures 
can cause widespread outages while distribution failures are much localized.  
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