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ABSTRACT 

Enedis is required to ensure a high level of continuity of 
supply to its customers. However, the quality of supply is 
not uniform throughout the network, especially in remote 
areas where quality can be much lower than average. At 
the same time, indexes such as SAIDI can vary 
significantly on a year-to-year basis as a result of climatic 
hazards. 
 
In response to this context, to complement traditional 
observations of the outages undergone by customers, a 
new software model QAT “Qualité d’Alimentation des 
Territoires” (« Power Supply Quality of Territories »), 
based on a probabilistic approach to quality of supply 
assessment, has been developed by ENEDIS. QAT allows 
the DSO to measure objectively the improvement of the 
SAIDI following an evaluation of the expectation and the 
variance of this metric. QAT provides a probabilistic 
forecast of the SAIDI regarding projected investments and 
maintenance programs. This tool has been designed to be 
implemented within the commercial network planning 
software Power Factory used by several DSOs. It was 
developed in DPL (Digsilient Programming Language). 
 
A four-year in-field experimentation has validated the 
results provided by QAT and shown a great potential 
diversity in its use. The model is now integrated within 
decision process thanks to the restitution of new indexes 
aiming at evaluating distribution networks on different 
criteria such as reliability, quality of structure and 
reactivity of the operational teams. Many evolutions of this 
model are under consideration and should improve the 
simulation of climatic hazards’ impact on distribution 
networks. 

INTRODUCTION 

The quality of supply ensured by a utility is often 
monitored via indexes like the SAIDI (System Average 
Interruption Duration Index) or the SAIFI (System 
Average Interruption Frequency Index). These indexes are 
good estimators of the average level of the distribution 

system reliability but they do not always provide an 
overview of local features. Yet, distributors like Enedis are 
also required to ensure that customers in remote areas are 
guaranteed a certain level of quality of supply [3]. 
For this purpose, Enedis in collaboration with EDF R&D 
developed an innovative approach with a new model 
named QAT as ‘“Qualité d’Alimentation des Territoires” 
(«Power Supply Quality of Territories») which uses the 
Monte Carlo approach to simulate many plausible hazard 
scenarios and evaluate their impact on the system.  
The analysis of past incidents [1] gives a limited view of 
network weaknesses because it is only one realization. 
Thanks to QAT’s probabilistic simulations, it is possible 
to reproduce past incidents as well as incidents that have 
never occurred. Therefore, it gives an objective and global 
view of network weaknesses. 
This paper describes the main algorithm elaborated for 
QAT, but also the different results which could be obtained 
by this method and how these results already helped 
Enedis guiding its investments more effectively.  

THE MONTE-CARLO APPROACH 

The general principle of QAT is to simulate during a given 
year hazards such as failure of components that could 
occur for each MV network studied and to evaluate 
resultant outages.  
The quality of supply studied here is the result of three 
nearly independent components: The reliability of the 
components, the network structure and the reactivity of the 
operational teams. One can thus express quality thanks to 
the following illustrative formula:  
 

𝑄𝑢𝑎𝑙𝑖𝑡𝑦 = 𝑅𝑒𝑙𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 ∗ 𝑆𝑡𝑟𝑢𝑐𝑡𝑢𝑟𝑒 ∗ 𝑅𝑒𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 
 

 Reliability 
 
The reliability of a network can be measured by the annual 
number of outages. Its value depends essentially on the 
components of this network with determinant criteria such 
as:  technology, age but also exposure to hazards like wind, 
snow etc... Thus QAT simulates for a given year on the 
studied network potential failure on every relevant 
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components 
For every simulation of a given year a random number of 
possible outages is selected based on a Poisson 
probabilistic distribution for every cable or overhead line. 

 
Figure 1: Example of an aging curve for a component & 
associated Poisson probabilistic distribution 

The Poisson probabilistic distribution used to simulate 
random number of annual outages has one parameter: the 
annual failure rate (number outages/ 100 km / year) [4]. 
The failure rates used in QAT depends on the technology 
of the component (overhead line or underground cable), its 
age and whether the component is located in a risky area, 
weather-wise. For example, overhead lines in wooded 
areas are often hit by fallen branches which causes short or 
long outages. Such components thus present higher failure 
rates than some underground cables. 
 

 Structure 
 

The structure of a distribution network determines the 
impact on customers of the failures that could occur on its 
components. For instance, some structures presenting 
redundancy and remote controlled switches can ensure that 
eventual outages on the network only impact few 
customers.  
To evaluate the structure of a network, QAT uses a 
dedicated determinist algorithm simulating the switches 
operations and technicians’ actions to reconfigure and 
repair the network post-fault for every possible N-1 
situation without any load flow, hence constraints are not 
evaluated. This model is based on the PowerFactory [2] 
software used in particular by Enedis for network 
planning. Acquired information is summarized in a 
characterizing matrix which could be used for different 
studies. 
 
More precisely, this “impact matrix” indicates for every 
MV components whose failures are considered, the 
MV/LV substations that could be out of power if this 
component fails.  
 
 
 
 
 
 
 

 Ss 1 Ss 2 Ss 3 Ss 4 … Ss n 
Cp1 1 2 2 3 … 0 
Cp2 1 2 2 3 … 0 
Cp3 0 0 0 1 … 0 
Cp4 0 0 0 3 … 0 
… … … … … … … 
… … … … … …  
… … … … … … … 

Cpm 0 … … … … 3 
 

Figure 2: Illustration of an "impact matrix" 

In the illustrative chart above, each line represents a 
component and each row a secondary substation. For a 
given component and a given substation, the value 
reproduced in the table represents the impact of a failure 
of this component on this substation. We consider here 
four cases.  Thus, there are only four possible values on the 
“impact matrix”:0, 1, 2 and 3. For a defined component Cp 
and secondary substation Ss: 
 
 The value “0”: means that the failure of the component 
Cp has no impact on the substation Ss and as a result on its 
customers.  
The value “1”: means that when the component Cp fails 
the substation Ss undergoes an outage but supply can 
quickly be restored thanks to thanks to remotely controlled 
switches.  
The value “2”: means that when the component Cp fails 
the substation Ss endures an outage but supply can be re-
established thanks to switches manoeuvred by operational 
teams in the field.  
The value “3”: means that when the component Cp fails 
the substation Ss undergoes an outage and that supply can 
only be restored  after the repair of the component in 
default or the deployment of a generator. 
  

 Reactivity 
  
The reactivity determines the time needed by operational 
teams to intervene and repair the outages. In opposition to 
classical approach, QAT does not use a mean value to 
represent the duration to restore supply after a failure but 
uses several empiric probabilistic distribution. Indeed, in 
particular, to correctly simulate the impact of natural 
hazards on utilities, it should be taken into account that 
during climatic events operational teams are usually 
overworked. Therefore, reparation duration can be way 
more important than average. 
 
More precisely, empiric probabilistic distributions were 
defined based on interruption data for each French region 
to characterize: 

 Remotely controlled switches operating duration 
 Manual switches operating duration 
 Repair (or installation of a generator) duration. 
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An illustration of the results established is presented below 
in Figure 3. 
Thus, to evaluate the outage duration possibly undergone 
by a secondary substation due to the failure of a 
component, QAT uses the ‘impact matrix” described 
above and selects randomly an outage duration thanks to 
these distributions.   
 

 
 
Figure 3: Median & quantiles of four different regions' 
probabilistic reactivity distribution 

As we can observe on the figure above, for the four 
different French regions selected here, durations vary 
greatly for the last quantiles. 

RESULTS  

As described above, QAT allows for a given year (and 
hence given network conditions) to characterize thanks to 
Monte-Carlo simulations the quality of supply of a 
network. QAT provides numerous indicators and graphical 
representation. 
QAT’s algorithm was tested in a four-year in-field 
experimentation in several French regions.  
Experimentations were diversified due to the 
heterogeneity of their grids. Nevertheless, all the 
experimentation followed the same three steps that are 
listed below with some actual results:  
 

 The current grid diagnosis is the first step of every 
experimentation. It determines the vulnerable 
areas and the feeders that contribute the most to 
the non-quality.  
Graphical representation can be generated. An 
illustration is given below (Figure 4). Here, the 
secondary substations are either elementarily red 
or green. Red substations presenting the highest 
SAIDI through the simulations realized of the 
year studied. It is a grid-user vision. 

 

 
Figure 4: Diagnostic of most vulnerable areas in a French 

region 

In order, to complete this vision, a ranking of 
feeders is provided as well to determine if they 
have priority.  
Final ranking can thus be obtained regarding the 
average SAIDI of every feeder for the simulations 
realized. However it is not the only way to 
determine the priority feeders. In some remote 
areas, for instance, the average quality is 
acceptable but it can significantly varies through 
the simulations. For those areas it is therefore 
important to include the standard error of the 
SAIDI distribution in order to add the resiliency 
as a decision criterion.   

 The aim of the second step is to prioritize feeders 
more precisely according to two axes of analysis: 
Reliability (r)  and Structure (s). 
This method was chosen to break down the 
problem and to adapt the investments to the types 
of weaknesses presented by the feeder. For 
example we can replace aging lines or realize 
maintenance operations on feeders with a low 
reliability. However, for feeders that present 
weaker structures, network restructuration or 
remote controlled switches can be considered. 
The graph below gives an illustration of feeders 
characteristics associated to reliability and 
structure before and after 2 year program of 
investments.   

 

 (𝑟) =
∑   ∗  

∑
      

  
The reliability criterion is the equivalent of a feeder 
failure rate. 

 

(𝑠) =   
∑(   ∗ ∑    )   

∑ 𝑁𝑢𝑚𝑏𝑒𝑟𝑢𝑠𝑒𝑟𝑝𝑒𝑟𝑠𝑢𝑏𝑠𝑡𝑎𝑡𝑖𝑜𝑛
  

 
The structure criterion represents the average impact of 
failures on the feeder substations 
 

0

500

1000

1500

2000

2500

3000

3500

Re
pa

ra
tio

n 
du

ra
tio

n 
( m

in
 ) 

Region 1 Region 2 Region 3 Region 4



 25th International Conference on Electricity Distribution Madrid, 3-6 June 2019 
 

Paper n°1002 
 

 

CIRED 2019  4/5 

 
 

Figure 5: Top 7 feeders’ improvement between 2016 and 2018 

 
 

 The third step consists on rerunning the script on 
a network post-investments (renewed lines, 
changed structure  ...). The purpose of this section 
is to determine the effectiveness of investments 
and to see how priority feeders have been 
improved. 
By simulation, several investments can thus be 
tested in order to maximise the effectiveness. 
In the theoretical example below we show a 
distribution of the SAIDI of the current network 
and after two different strategies. Thanks to the 
probabilistic approach we can distinguish the 
gain, not only on the average SAIDI, but also on 
the standard deviation or on the quantiles.  
Here, the second strategy improves less the 
average SAIDI than the first one but improves its 
variance. This strategy can thus be chosen in 
order to reduce the extreme values. 
 

 
 
Figure 6: SAIDI's distributions evolutions 

PERSPECTIVES 

Following the promising results of the experimentations 
realized, QAT algorithm is now used in the decision-
making process at Enedis with consistent results. However 
in some regions that are exceptionally exposed to climatic 
hazards, QAT can, in some cases, underestimate the 
extreme values of SAIDI.  
Indeed, for now QAT simulates climatic hazards only by 
using extreme after-incident recovery times computed 
from data. However, in reality, impacts could be different. 
For instance, during a storm, incidents are numerous and 
occur on a limited region which can induce an overload of 
operational teams. A different model should thus be used 
to represent this type of incidents. 
 
In 2018, a new climate hazard module was developed to 
this end to improve the simulation of extreme values of the 
SAIDI. The module simulates separately the everyday-
quality of supply and the quality of supply related to 
climatic hazards. 
In order to do that, a separation had to be made between an 
everyday failure rate, due to an internal weakness of the 
component for example, and a rate failure due to climatic 
hazards. The same idea was applied to the reactivity.  
 
The most challenging part of this module is to be able to 
determine whether a past incident is “climatic” or 
“everyday” in order to separate the data into two sets. The 
first results obtained by an unsupervised classification are 
satisfying at this point. This new module of QAT will be 
soon tested with real data so that we can validate the 
results.  
 
 

 
 

Figure 7: New algorithm's structure 
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