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Abstract 

 

English 

 

This paper presents the methods and the results obtained during the project conducted by 
Sylvain Kerouanton for the French transmission system operator RTE. The objective of the 
project is to define methods to estimate the electric consumption of the substations of the 
high voltage network. The developed methods are based on the analysis of the past 
consumption of the substations to predict the load repartition of area consumption forecast 
over the substations of this area. This project does not deal with the consumption forecast 
but only with the repartition of it. Methods are presented in this report; the first one, the two 
floors method, classifies the substations with respect to their active power consumption in 
order to ease the repartition. The great issue of this method is the load transfers: the load of 
one substation that is transiently transferred to another substation. The second one aims to 
adapt the reactive power of substations from the variation of the active power. The third 
method finds a historical network situation which is as close as possible from the one that 
must be estimated. A study case on one of the seven regions of France defined by RTE is 
presented. The conclusion of the study case is that the two floors method can be used to 
clean up the load transfers of a well-chosen reference situation. This gives the best 
consumption repartition. 

 

Svenska 

 

I detta examensarbete presenteras metoder och resultat som erhållits i ett projekt utfört av 
Sylvain Kerouanton för den franska systemoperatören RTE. Syftet med projektet var att 
utveckla metoder för att skatta lasten i olika ställverk i högspänningsnätet. De metoder som 
utvecklats är baserade på analys av den historiska lasten i ställverken för att fördela ut den 
prognostiserade elförbrukningen i ett område över ställverken. Projektet har inte studerat 
förbrukningsprognoserna i sig, utan endast hur lasten fördelas  inom ett område. Den första 
metoden som behandlas i rapporten är "two floors"-metoden, som för att underlätta 
fördelningen av lasten klassificerar ställverk utifrån deras aktiva effektförbrukning. Den andra 
metoden syftar till att anpassa den reaktiva effektförbrukningen i ställverken till variationerna i 
den aktiva effektförbrukningen. Den tredje metoden används för att söka en historisk 
nätsituation som ligger så nära som möjligt den situation som studeras. En fallstudie från en 
av RTE:s sju regioner i Frankrike presenteras. Slutsatsen från fallstudien är att "two floors"-
metoden kan användas för att rensa bort lasttransfereringar i en väl vald referenssituation. 
Detta ger den bästa skattade fördelningen av lasten. 
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1. Introduction 

 

1.1 Background 

 

RTE performs network studies to predict future risky situations for the safety of the network. 
Different timescales can be distinguished in the networks studies. The studies that are 
considered in this thesis can be elaborated up to 6 months before the date of the network 
situation to predict. 

Network studies are based on a set of hypothesis on the production, the consumption, the 
network topology and the border exchanges. This project focuses on the hypotheses that are 
made on the consumption for the network studies. 

The network is mainly composed by lines that supply clients (industrials or distribution 
system operator) through substations. The substations are the connection points where 
electricity is injected in the grid or rejected from the grid. The consumption should be 
estimated up to the mesh of the substations to be able to carry out the power flow calculation 
on the lines. This calculation would then give information about the risks on the lines. 

A considerable attention is paid to load transfers. A load transfer is the nominal load of one 
substation that is transiently transferred to other substations. These load transfers occur all 
the time due to maintenance, weather hazards and operating conditions. Those can’t be 
ignored while estimating the loads of a future situation since it is transient events that do not 
represent what the consumption would be in the future. 
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1.2 Problem definition 

 

RTE forecasts the consumption on wide areas which can represent up to a fifth of France. 
However this forecast is not sufficient to estimate the electric power flows that will pass 
through the transmission lines in future situations. The overload constraints that can 
represent risks for the safety of the network can't be detected only from the area forecast. 
This forecasted consumption should be distributed on the substations of the forecasted area; 
it is the repartition of the consumption. 

RTE's clients are separated in two groups: Steady clients, who have a constant consumption 
whatever the conditions, and 'affine' clients, whose consumptions vary with the conditions. 
Depending on the number of householders supplied by a substation, low temperatures 
increase the consumption due to the personal heating devices during winter, for example. A 
similar effect is observed in summer with the increasing number of cooling systems in the 
last decade. An increase of the temperature triggers an increase of the electric consumption. 
These clients are said to be thermo-sensitive, however they are influenced by others factors 
such as holiday periods [2]. 

The electric power consumption can be split up into two components: the active power and 
the reactive power. The active power is the part that the consumer wants and which is really 
used by the consumers, the reactive is not useful but is induced by the active power. Both of 
them are transmitted on the network. As a consequence, both the active and the reactive 
consumption of the substations must be estimated. 

In 6 months ahead studies, there is no forecasted consumption available since the weather is 
not known and the forecast relies on this data. The area consumption is then chosen to be 
the worst possible one. The one that would trigger the more constraints on the network. 

The aim of these studies is to plan the long maintenance works. In winter, most studies focus 
on peak consumption. In summer, studies may focus on low area consumption when new 
energies such as the solar panels production trigger new issues on the network [6]. 

In shorter terms studies (month ahead, week ahead, day ahead), long maintenance works 
can be validate or cancelled. The studies focus on the safety of the network with variations 
on the consumption or the simulation of the loss of important elements of the network (N-k 
criterion) [6]. 

For all the study terms, the problem definition is: Knowing the forecasted consumption of an 
area, how should be stated the active and reactive consumption of the substations in this 
area? 
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1.3 Objectives 

 

The objective is to define the methods to be used in RTE to assess the reactive and active 
consumption of the substations for the network studies. The methods must satisfy four 
requirements: 

 Accuracy, the results given by the method are close to reality.  

 Robustness, the occurrence of unacceptable results is rare.  

 Polyvalence, the methods are applicable to any situation indifferently from the period 
of the year and the part of the network.  

 Automatism, the methods are automatic in such a way that they rely on the 
consumption history and not on the knowledge a network specialist.  

The initial objective of the project was to improve the robustness of an existing method called 
'the two floors method' for the repartition of the active consumption [1], and to benchmark it. 

It went further taking in consideration the reactive consumption of the substations and how to 
find the reference situation, which is an input of the 'two floors method' and the network study 
in general. 

 

1.4 Overview of the report 

 

Through Section 2, this report wills to present the RTE and the field of the project, with a 
presentation of: 

 The company RTE  

 The forecast of the active consumption  

 The repartition of the active consumption  

 The adaptation of the reactive power  

 

Section 3 presents the methods that have been developed during the project. As said before, 
the aim of each of these methods is to ease the repartition of forecast consumption. They are 
based on statistic to provide robust and automatic solutions: 

 The first method concerns the active consumption of the substations of a network. 

 The second and the third ones concentrate on the reactive consumption of the 
substations of a network. 

 The fourth one is a method that determines the reference situations on which the 
previous methods are based on. 

In Section 4, a case study shows the result given by the methods. 

Section 5 summarizes the report and points out the conclusions of the project and the future 
applications of the methods. 
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2. Substation load forecasting in France 

 

2.1 RTE: Réseau de Transport d'Electrcité 

 

RTE is the French Transmission System Operator (TSO) which transports electricity on high 
voltage lines (from 63kV to 400kV). It is a public utility that aims to ensure the transmission of 
electricity from the producers of electricity to the consumers which can be direct consumers 
or distribution companies that ensure the distribution on lower voltage networks (up to 36kV). 

The main issue for RTE is the security of the people and of the system. In order to reach this 
objective, a good estimation of the electric power flows on the network is mandatory. As 
every system, an electric transmission system has limits. The earlier the potential exceeding 
of these limits is detected, the better are the solutions to limit the operating risks. The power 
flow calculation of future situations requires a forecasting of the active and reactive loads of 
all the substations of the network. 

Another aspect is the maintenance; as every system, it needs to be maintained. However the 
whole network cannot be stopped for maintenance purposes. The maintained equipment is 
out of service during the maintenance period and the power flows are then reported to others 
equipments. During this time the surety should also be ensured. 

To plan the maintenance and to ensure the security of the network, RTE makes network 
studies at different timescales. On large timescales, investment in new lines is decided to 
avoid electric cuts. On shorter timescales (less than one year ahead) the maintenance 
schedule is discussed and workarounds are considered to prevent from the blackouts. 

The other issues of RTE are: 

 Non-discriminatory access to the system  

 Integration with the environment of its installations and activities  

 Competition of the electric system  

 Quality of the electricity  

 

2.2  The area consumption forecast 

 

The consumption forecast is only made on the active power. As explained in the problem 
definition, the active power is directly wanted by the consumers whereas reactive power is a 
consequence of the active power passing through the system. However this reactive power 
can be controlled with reactive compensation system (capacitor batteries) in order to keep 
low values of reactive power flows on the lines. This reactive power can’t be efficiently 
estimated. 
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2.2.1 The forecast areas 

 

RTE decided to divide France in 7 areas to facilitate the operating of the network [7]. These 
areas and the regional office in charge of the areas are: 

 Normandie-Paris, center of Saint Quentin en Yvelines (Paris)  

 West, center of Nantes  

 South-West, center of Toulouse  

 South-East, center of Marseille  

 Rhône-Alpes-Auvergne, center of Lyon  

 East, center of Nancy  

 North-East : center of Lille  

 

South-West South-East 

West 

East 

Rhône-Alpes-
Auvergne 

Normandie 

Bretagne 

North-East 

Paris 

PACA 

Sous-Réaltor 

Figure 1 Forecasting Areas 
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Some of these 7 areas are subdivided because of important weather difference between 
different places of the same area; the Figure 1 shows these areas. Another reason can be 
the importance of accurate consumption for areas without any (or few) production means: 

 Normandie-Paris is divided in two areas, Normandie and Paris. Paris is a very urban 
area with consumption behaviour totally different from the seaside and rural 
Normandie.  

 West is divided in Bretagne and the rest of it. Bretagne is a peninsula with an oceanic 
weather (Gulf Stream); this triggers very low temperature variations thanks to the 
thermal inertia of the ocean. Moreover Bretagne is also an electric peninsula which 
produces 20% of its consumption in average. Most of the production comes from 
renewable energies which, from a production standpoint, are fluctuating and difficult 
to forecast.  

 South East is divided in Sous-Réaltor, PACA (Azure Coast) and the rest of it. The 
reason is a mix of all the ones above. PACA is an electric peninsula with only 
renewable energy. Moreover there are important climate differences due to the 
Mediterranean seaside. There are major changes in the consumption with the 
importance of tourism in this part of France.  

The consumption forecast is made on these large areas where around 300 substations are 
located in average [6]. The reason why the forecast is not made directly on each electric 
substation is mainly accuracy. As a matter of fact, making a forecast starts with fitting a 
model from the consumption and then predicts it from the model. The model handles many 
factors to explain and predict the consumption. The consumption of one substation is not big 
enough to obtain robust parameters to build a model. For example, the French consumption 
peak time in summer is 12:40. 12:40 is a very accurate time that corresponds to the mean 
time the population is using cooking devices. This is a statistical figure observed on the 
whole French consumption. Looking at a single house (extended to a single substation); from 
one day to another this consumption peak can occur earlier or later or even not occur. The 
bigger is the number of individual consumption and the better the model will be. As a 
consequence the sum of the forecasts is less accurate than the forecast of the sum. 

As information, the total area load forecast is not made on the consumption but on the 
production and exchanges between the areas and with the border countries. This forecast is 
then weighted by the loss on the lines to deduce the consumption forecast. 

The choice of this forecast method can be explained by technical issues because the 
instantaneous measurements of the substations consumption is not precise and sometimes 
only estimated. An accurate value is available about one month after, however the forecast 
method adapts its prediction in real time. 

  

2.2.2 The influencing factors 

 

The electric consumption is affected by a lot of factors which have more or less influence. 
Only three are taken into consideration. 

 

The most influent one is time. The consumption fluctuates along the year with a maximum in 
January and a minimum in August, but also along the week with a huge hollow during the 
weekend and a smaller one on Wednesday. Fluctuations are also daily and depending on 
the season and the area because the consumers’ behaviour differs from one region to 
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another. For information, the sunrise differs from one hour from East to West of France. The 
factor time covers also the public holiday and special pricing days and hours. 

 

The second factor is temperature. The influence of temperature is calculated compared to a 
nominal temperature. In winter, a temperature of one degree lower than the nominal 
temperature triggers an increase of 2300MW on the whole France (≈+3%) because of the 
heating devices. This gradient of 2300MW/°C is valid 5°C around the nominal temperature, 
beyond 5°C it gets even bigger with a saturation about 10°C. In summer the same effect is 
observed with air conditioning but in the opposite way. The gradient is twice lower than in 
winter but tends to increase [3]. 

 

 

Figure 2 Gradient of power over temperature 

 

The last factor is the cloudiness. Cloudiness is given with a nominal value and varies 
between 0 (clear sky) to 8 (cloudy sky). This factor gives information on the weather and the 
thermal inertia of the atmosphere [6]. 

 

RTE has a contract with Météo France which carries the weather forecast in France. RTE 
gathers the information from 26 weather stations located all over France. The forecast model 
is set on the last five years to find relations between the consumption of areas and the 
influencing factors. 
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2.3 The consumption repartition 

 

The consumption repartition is apart from the consumption forecast at RTE. The repartition 
consists in determining the distribution of area consumption down to the mesh of the 
substations. This work is made first for the active power. And then the reactive power is 
adapted with respect to the variations on the active power. Different methods are actually 
used in RTE. Following, is a small state of the art of the current used methods. 

 

2.3.1 Introduction to the network study construction 

 

A network study aims to highlight potential risks of overload in a future situation. The input of 
a network study is a set of hypothesis on the production, consumption, and topology. A target 
situation is constructed to forecast a future situation. The output is a list of the potential 
constraints (voltage and tension) by applying the N-k criterion onto the target situation [6]. 

 

 

Figure 3 Scheme of a network study 

 

A network situation is the state of the network at a given hour and for a given day. This 
includes: 

 The infrastructure of the network: the lines and the transformers  

 The topology of the network: the plugged/unplugged connections of the lines  

 The production of each power plant connected to the network  

 The consumption of each substations  

 The voltages at the nodes  

 The power flows on the lines  
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Three situations are present in a network study construction: 

 The base situation: the most recent network situation at the time the study is made  

 The reference situation: a situation assumed close from the target situation  

 The target situation: the situation to be estimated  

Figure 3 shows how the different situations interact between each other. From the base 
situation, an initialization is made applying the production, consumption and voltages of the 
reference situation. Then, variations are operated in order to reach the target situation. 

The aim of the base situation is to give the most recent network state to limit the number of 
modifications (suppression/creation of lines/substations) that have to be operated to get the 
same infrastructure as the target situation. 

The reference situation aims to give the closest production and consumption as the ones of 
the target situation. The smaller the variations between the reference and the target, the 
smaller the differences between the target and the real outcome. 

For example, in a winter six months ahead study, the study is led in summer (base situation) 
to highlight network issues of next winter (target situation) starting from the hypothesis that 
next winter would be similar to a former winter (reference situation). 

The variations to operate on the network itself are the modifications of the infrastructure with 
the construction/demolition of new lines, the standard topology that would be set up next 
winter, and the long term maintenance work. 

The variations operated on the consumption aim to reach the target consumption of the 
studied area. In the same example of study as seen before, it is mainly a peak of 
consumption that is defined and, as no forecast is available for this term, an occurrence 
probability is given. For instance, 99% of probability to be lower than the consumption peak 
of the next winter [3]. The variations on the consumption adapt the consumption of each 
substation (active and reactive) from the reference situation to reach the total area target 
consumption. The target is an active consumption but both the active and reactive 
consumption of the substations should be adapted. 

 

2.3.2 PREVI Method 

 

PREVI is the contraction of “prevision hiver” (winter forecast). This method is used by the 
region Normandie-Paris but only in winter. 

From a target consumption of the area, the algorithm iteratively calculates from the 
consumption history a reference temperature that corresponds to the consumption to be 
allocated. Then, from this reference temperature, the temperature of each weather station in 
the area is calculated with an algorithm that considers normal, low and high temperature of 
the stations. Each electric substation gets a temperature depending on their distance from 
the weather stations. From the temperature of the substation, a linear regression between 
the temperature and the consumption is made with all the measures close from that 
temperature (around ±2°C) on the last five years. This gives the yearly increase of the 
consumption for this substation and also the influence of the temperature with a gradient in 
MW/°C that can be used to extrapolate the consumption of the substation [3]. 
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Définition d’un consommation 

cible à la pointe choisie

Prévi fixe arbitrairement 

une température

Prévi estime une consommation globale 

de X MW pour cette température

Filtrage des données contenues dans la base : 

Suppression des données supérieures à 3 

mois d’ancienneté, puis filtrage sur les 

données où la température est supérieure à 

3°C par rapport à la température cible.

Comparaison avec la 

consommation cible

La consommation estimée est 

supérieure de 10 MW par 

rapport à la cible

Prévi fixe une température supérieure

La consommation estimée est 

inférieure de 10 MW par 

rapport à la cible

Prévi fixe une température inférieure

La consommation estimée est 

approchée à +/- 10 MW de la 

consommation cible

OU le processus a été répété 250 fois

La température choisie arbitrairement 

devient la température de référence

Prévi répartie la température sur les 

stations météos de la plaque

Prévi assigne une température pour 

chaque PdL en utilisant des coefficients 

de température qui leur sont assignés.

Prévi relève dans la base de donnée 

l’historique des températures de la 

station rattachée au PdL (puis calcule la 

température du PdL comme 

précédemment) et leur puissance 

associée

Filtrage des données contenues dans la base : 

Suppression des données supérieures à 3 

mois d’ancienneté, puis filtrage sur les 

données où la température est supérieure à 

3°C par rapport à la température de référence.

Régression entre la puissance et la 

température pour chaque PdL

Prévi calcule pour chaque PdL la 

puissance correspondant à la 

température de référence calculée

Ex: 20 000 MW 

à 19H

Ex: Θcible = 0 °C

Ex: 21 000 MW 

Ex: 19 000 MW 

Ex: -2 °C Ex: 2 °C 

Ex : Θréférence =  3 °C

Θstation1 = 6.3°C

Θstation2 = 2.1°C

Θstation3 = 3.8°C

ΘPdL1 = 6.1°C

ΘPdL2 = 5.8°C

ΘPdL3 = 6.4°C

Date Pointe Température Charge 

19/03 19H 3.8 28MW 

21/03 19H 4.3 25MW 

28/04 19H 7.6 22MW 

… … … … 

 

Ex : PdL1

Ex PdL1:

ΘPdL1 = 6.1°C
P19H PdL1 = 23.2 MW

 

 Figure 4 Algorithm of PREVI (in French) [3] 
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This method works in the Normandie-Paris region. However it does not work for the ski 
stations in the Alps, for example, since their consumption does not follow a linear behaviour 
with the temperature. Moreover this method only works for working days out of holidays and 
during winter. 

 

2.3.3 Homothetic method 

 

This method consists in choosing a reference situation from the past years which has a very 
close total consumption to the target consumption that must be distributed. Another criterion 
to choose this situation is the day of the year and the hour of the day. From that reference 
situation the consumption can be modified in a linear way from the difference of consumption 
between the reference and the target situation. An example is shown in Figure 5 where the 
forecast area is composed by 6 substations (from S1 to S6). The total consumption between 
the reference and the target situation vary from 200MW to 220MW. It represents an increase 
of 10%, so all the substations have a consumption increase of 10% (S1: 10MW to 11MW). 
This allows reaching the desired consumption. In both situation the repartition of the 
consumption of the substations over the total consumption remains constant (10/200 = 
11/220 = 5% for S1). 

 

Figure 5 Homothetic method of repartition 

 

As the reference situation gives the repartition of the target situation to be estimated, the 
reference situation should be cleverly selected. Figure 5 and Figure 6 show that the same 
area consumption can be obtained for different repartitions. These two figures are simple 
examples to illustrate the problem of the choice of a reference situation. A method is 
proposed in this report to do it cleverly. 
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 When a forecast consumption curve is available (week and day ahead) for the day to 
which the target situation belongs, the current method consists in comparing this forecasted 
curve with the realized consumption curve of the past day. The closest one gives the 
reference day and then the reference situation. 

 

 

Figure 6 Another reference situation 

 

However, the operating constraints that can be present on the reference situation remain. An 
operating constraint is a part or the totality of the load of one substation that is transferred to 
one or more close substations. Figure 7 gives the same repartition as Figure 6 but load 
transfers have been represented. The substation S3 is out of order and its load is transferred 
between S2 and S6.The reason of these load transfers can come from RTE with the 
maintenance of a line or a substation. It can also be a breakdown of a line or a substation or 
even an overload. Operating constraints can also come from the distribution companies 
beyond the substation which also have a network to operate. 

 



13 
   

 

Figure 7 A reference situation with load transfers 

 

Load transfers are particularities of the reference situation. However they should not be 
present in the target situation since these load transfers are transient and does not represent 
the normal behaviour of the consumption. The network study aims to start from a 
standardized situation of consumption and then to approach the cases, for example, a 
substation is out of service. Will the resulting load transfers be a problem? They must be 
avoided. To do that, the following methods propose solutions to the problem of existing load 
transfers in reference situations. 

 

2.3.4 Multiple references method 

 

One solution to prevent errors due to load transfers is to consider 3 situations for the 
reference and then to choose the median consumption [1]. The assumption is that the three 
situations are sufficiently temporally distant so that the same operating constraints can be 
present only in one situation out of the three. For each substation, the percentages of 
consumption (consumption of the substation over the consumption of the forecast area) in 
the three situations are calculated, the median one is chosen. With this method, the sum of 
all the percentages of the substations might not be 100%. These percentages are then 
scaled so that the sum reaches 100%. 

Table 1 Illustrates this method picking as reference situations the 3 ones in the homothetic 
method. The median value of the repartition is in red (sometimes two can be present for the 
same substations because they are equal). The median repartition of the consumption of the 
substations is reported in the column of the target situation, the sum is 100% after rescaling. 
For example, for the substation 1, the median percentage repartition over the 3 references is 
10%, but the total of all the substations is 95%. Hence, 10% is divided by 0.95 to obtain 
10.53%. 
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  Situation Situation Situation Before Target 

   1  2  3 Rescaling Situation 

  MW % MW   % MW   % % MW % 

 Subs1 10 5 20 10 20 10 10 23,16 10,53 

 Subs2 30 15 30 15 40 20 15 34,74 15,79 

 Subs3 20 10 40 20 0 0 10 23,16 10,53 

 Subs4 40 20 30 15 30 15 15 34,74 15,79 

 Subs5 50 25 40 20 40 20 20 46,32 21,05 

 Subs6 50 25 40 20 70 35 25 57,89 26,32 

 TOTAL 200 100 200 100 200 100 95 220 100 

 
Table 1 Triple reference situations method 

 

This solution that takes into consideration the load transfers is robust if the chosen 
references are independent; indeed the load transfers are transient and can last more than a 
week. If the three reference situations are picked on three consecutive days, some load 
transfers are likely to be present on the three situations, or at least two. And then this method 
is ineffective. The hardest part is to find 3 three reference situations sufficiently temporally 
different and also similar to the situation that must be estimated. 

 

2.3.5 Key Distribution 

 

This method consists in taking a constant repartition for the load. This method erases all the 
problems concerning the operating constraints. However it does not adapt to all the 
situations since this consumption repartition varies. It is efficient for the time the repartition 
has been calculated on. An obvious advantage is that it is easy to apply and reliable about 
the load transfers. 

 

2.3.6 Two floors method 

  

The two floors method has been used since one year in the West region [1]. It is the method 
that has been selected for its robustness and adaptability to any situation. 

Clusters of homogeneous substations are defined on the forecast area. They are 
homogeneous regarding to their variations of consumption. This means that in each cluster, 
the repartition of its consumption is as constant as possible over the time. The consumption 
of each group is obtained from a reference situation. The consumption of the substation is 
deduced from a distribution key inside each group. 

 



15 
   

 

Figure 8 Principle of the two floors method 

 

Figure 8 shows an example of the way this property of homogeneous clusters is used. The 
substations of the forecast area are separated in 5 homogeneous clusters. The cluster G1 is 
composed of 6 substations which have a constant repartition of consumption in G1, 
Whatever the situation, the substation 1 always represents about 12% of the consumption of 
G1. From a reference situation, the consumption of each cluster is kept and, in each cluster, 
a repartition is done following a repartition key, which is constant. The reference situation 
gives the specific repartition of the consumption which is represented by the consumption of 
each group. 

There is a great probability that the load transfers occur within the same cluster, in which 
case it is totally corrected by this method. If, by chance, it is not the case, the error of the 
load transfer is split over all the substations of the clusters. The repartition loses in accuracy 
but is still robust since no big errors remains. 

The method is detailed in the section ‘Methods. 

The contribution of the project to this method has been to optimize it to make it more robust 
and accurate. Improvements have been made on the definition of the cluster with a will to 
make them as homogeneous as possible and make the clustering insensitive to the load 
transfers present in the consumption history used for the clustering. 

Initially, the method did not include any cleanup of the data. The consequence was that 
many substations could not fit in any cluster because only one load transfer was enough to 
make a substation totally dissimilar from the others. 

Another work was to benchmark the method. The test concluded that the best solution was 
to detect and correct the existing load transfers of a reference situation and then to apply a 
linear variation rather than considering the repartition given by the method. 
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2.4  The reactive consumption adaptation 

 

2.4.1 Overview of the reactive consumption 

 

For RTE, The reactive consumption is the sum of two components: 

 A natural reactive power  

 A compensation reactive power  

 

The natural reactive component is induced by the active power. The relation is almost linear 
following a slope given by the natural tangent   (dq/dp). This factor depends on the kind of 
electric installations that uses the active power and can be negative in some rare cases; 
standard values for a substation are about 0.2. 

This natural reactive consumption is corrected mainly for safety of the network since the 
reactive power has a great influence on voltage of the line and is responsible for an important 
part of breakdowns. The different actors of electricity aim to lower the side effects of reactive 
consumption by compensating it with capacitor or inductors batteries. Capacitors create 
reactive power while inductors consume it. This compensation is semi automatically handled 
with batteries that are switched at periodic times and others that answer operating 
constraints [7]. These compensation means trigger steps on the reactive consumption of a 
substation. The standard value is 2 MVAR. 

The consequence of this is that plotting the consumption of a substation in a (P,Q) diagram 
should yield parallel lines with a slope giving the natural tangent   (also called dq/dp). 

 

Figure 9 Diagram of one substation over a winter 
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Figure 10 Diagram of one substation over one week a winter 

 

 

Figure 11 Diagram of one substation over one day in winter 

 

Figure 9, Figure 10 and Figure 11 are (P,Q) diagrams with the active power of one substation 
on the x-axis and the reactive power on the y-axis for different durations. The first one (three 
months in winter), shows three point clouds which have parallel shapes. They are separated 
from each other of 2 MVAR. The clouds correspond to the different switching of the 
compensation means. On the second one (one week) and the third one (one day), the 
compensation level does not change, the plots only represent the variations of the reactive 
power due to the active one. The main issue is that the supposed linear relation between the 
active and reactive powers is not so clear. The reasons are that the reactive power depends 
on more inputs than only the active power and the compensating systems turned on. The 
voltage of the substations and the nature of the devices used influence also the reactive 
consumption. 
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2.4.2 Estimation of reactive consumption 

 

The method to correct the reactive power is to assume that the compensation level at each 
substation on the target situation is the same as the one in the reference situation. RTE does 
not have accurate information about the activation of the compensation means. Only the 
natural component of the reactive consumption is corrected with respect to the variation of 
the active consumption. 

 

For each substation: 

 The active and reactive consumption in the reference situation is known 

 The active consumption of the target situation is estimated 

 The compensation reactive component is supposed similar in both situations 

 The natural reactive component is supposed to be proportional to the active power, 
the coefficient being dq/dp.  



                         
  

  
                                          (2.1) 

                      
  

  
                                         (2.2) 

                   
  

  
                                           (2.3) 

 

This report presents a method for reckoning the dq/dp factor of a substation.  
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3. Methods 

 

3.1 Two floors method 

 

3.1.1 Initial method 

 

The two floors method has been developed by Elodie Nicolas [6]. The principle is exactly the 
same as the one presented in the document: Finding clusters having similar consumption 
patterns. However the way to find these clusters is different: 

 There is no data clean-up of the history to deal with the load transfers. To deal with 
this transient load transfers, the time length of the history is bigger to reduce the 
impact of load transfers on the distance calculation.  

 Since there is no data clean up, the consumption curves of the substations are not 
cut. The distance used is the 1-r distance of Pearson. It is based on the correlations 
between the consumption curves, which also give an indication about the 
simultaneous variations of the curves.  

 The clustering method was already the Ward method.  
 

3.1.2 Final utilization of the method 

 

The initial objective of the project was to give a statistical repartition of the consumption from 
a reference situation. However, as it will be shown in the study case, the repartition given by 
the method is not accurate enough. Plus, on a substation which is not transferring or 
supporting a load transfer, there is no need to modify the consumption since the value is 
good. Then, only the substations which need to be cleaned up will be. The two floors method 
became a method of correction of a network situation. 

 

Figure 12 Two floors method utilization 
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 Figure 12 shows how this method is used. Two floors consumption is determined from 
the reference consumption. The reference consumption and the two floors consumption are 
compared. For each substation, if the gap between the two consumption levels is big, a load 
transfers is detected. In that case the cleaned-up consumption is the two floors one. In the 
other case, there is no load transfer and the reference consumption is kept for the clean-up 
one. Once the load transfers has been corrected an homothetic variation is applied to reach 
the target consumption 

 

3.1.3 Overview of the method 

 

The two floors method wills to give the most probable consumption of the substations in a 
network situation. 

As said in the chapter 2.2.5, a constant repartition of the load does not fit since this 
repartition is time dependant. The idea is then to determine clusters (groups) of substations 
in which a constant repartition is applicable. Each region has about 400 substations 
supplying the clients, which are industrial consumers or distribution companies. Each of 
these substations has its own load. From this data, clusters can be formed. These groups 
gather substations having the same behaviour in term of consumption. The same behaviour 
means that the consumption of the substations will have the same temporal evolution. For 
example, all the substations of the same group have proportionally the same hollow during 
the weekend and a consumption peak at the same hour and of the same intensity. They are 
affected in the same way by special pricing days and hours. Once these groups are done, 
the repartition in the groups is almost constant. 

The difficulty of the method is to estimate a similarity between consumption curves that have 
load transfers. 

The name of two floors method comes from this clustering represented on Figure 8. The first 
floor is the total consumption of the area split between the different clusters. This first floor 
repartition is given by the reference situation. The second floor is the repartition within each 
cluster. This is the second floor repartition key, which is constant. 

The main requirement for this method is robustness. This means a low probability to obtain 
large errors in the outcome. The advantage of this method lies in the clustering in groups for. 
These groups, which are made with respect to the behaviour of the substations, will have 
more or less a geographical dimension. The aim is not to create geographical clusters, 
however most of the groups will be geographically defined since urban, industrial, rural, 
coastal, or mountain groups will be the result of the clustering. A majority of the load transfer 
will occur from and to substations of the same group. Nevertheless, if one load transfer 
occurs between two groups, the impact of this load transfer is minimized by the size of the 
groups. The larger the group, the smaller the errors due to load transfers. This load transfer 
is divided between all the substations of the groups. 
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Figure 13 Two floors method algorithm 

 

Figure 13 shows the steps of the two floors method to get clusters and repartition key for 
each cluster of substations. The clean-up is a pre-treatment to isolate the load transfers in 
the consumption history so that they do not spoil the next steps. The distance is then 
calculated, followed by a clustering and a repartition key. 

 

3.1.4 Details of the method 

 

3.1.4.1 Clean-up of the data 

 

The data are the consumption history of all the substations of a forecast area. The studied 
period is three months and the sampling time is 10 minutes. This data represents the 
consumption of each substation. This might be different from the power flowing through a 
substation since production such as wind or solar plants can be present on the distribution 
network and then lower the power injected through the substation. 

These data cannot be directly analyzed because of all the pollution that spoils it. This 
pollution is mainly due to load transfers but also measurement errors. The fact is that without 
any clean-up, it is not possible to study similarities between two consumption curves since a 
load transfer does not represent the normal variation of consumption and makes 
comparisons impossible. One load transfer is sufficient to make a substation so different from 
the others that it is not possible to cluster it. 

The data clean-up aims to detect and remove all the pollution. The difficulty is to distinguish a 
variation that corresponds to the normal behaviour of the substation from an unusual 
variation which will be treated as pollution. 

The first tested solution in this project to detect load transfers and measurement errors is to 
analyze the variation of active consumption for each substation: 

                        
                        

                            
                   

                    (3.1) 

                    
       

     
                                                   (3.2) 
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Taking the absolute value dividing it by the standard deviation can make a good rupture 
detector that adapts itself to the normal variation of the consumption. If the detector exceeds 
a given value, it means that there is a rupture in the consumption and potentially a load 
transfer on the right or the left of the rupture, since the rupture means the beginning or the 
end of a load transfer. 

Two values must be determined for this solution: 

 keeping in mind that the transfers are not instantaneous. They can be carried out in 
several small steps. Consumption curves also have time variations with various 
timescales. A big value cannot detect short load transfer. A small value cannot detect 
non instantaneous load transfers. 

 The detection trigger above which a load transfer is detected. With the problem that 
load transfers can have the same amplitude as normal variations. Either the load 
transfer is not detected or the normal variations are detected as load transfers.  

The second approach, which has been chosen in the project, is to discompose the 
consumption following different time scales using sliding medians. The use of the median 
rather than the average allows getting a better detection of the ruptures.  

 

Figure 14 The interest of sliding median for rupture detection 

 

The original signal on Figure 14 (top plot) is a step from 5 (30 first points) to 10 (30 next 
points) and back to 5 (30 last points) with a Gaussian noise of variance 1. These steps 
represent the load transfer that must be detected and the noise represents the periodical 
consumption variation. A sliding mean (on 9 points) smoothes the noise but the rupture also. 
The sliding median (9 points also) allows to smooth the noise and to keep the rupture. Figure 
14 (bottom plot) is the differential between the signal and the filtered signals. The detection of 
the rupture on the original signal is difficult because of the noise. In that example, the 
differential peak (56th point) due to noise is as big as the one of the first rupture in amplitude 
(3.5). For the sliding mean, there is no peak, since it is smoothed and the rupture averaged 
on 9 points. With the sliding median, the ruptures are well-defined on one particular point 
with significant amplitude compared to the rest of the points. Thus, it is easy to detect the 
rupture. 
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One consumption curve follows different time scales variations. For a standard substation, 
the first one is an annual pattern with a maximum in winter and a minimum in August and 
significant gaps during holidays. Then the curve has variation during the week with a 
consumption level maximum on Monday, Tuesday, Thursday, Friday and minimum on 
Sunday. Wednesday and Saturday depends on the substations. The last variation is daily 
with peaks and hollows depending on the season and the region. 

The size of the windows for the sliding medians has been chosen as: 

 to follow the variations longer than a week (window of one week) 

 to follow the daily variations in a week (window of one day) 

 to follow the hourly variations in a day (window of one hour) 

 to remove the measurement errors ( window of three measurements)  

 

Figure 15 Long and medium sliding median 

 

Figure 16 Short and medium sliding median 
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Figure 15 and Figure 16 show the sliding medians with concrete example of load transfers. 

On that example there are 2 load transfers, the first one occurs the 8
th

 of February and lasts 

3 hours, it only affects the short median filter. The second one lasts one week and starts the 

28
th

 of February. As the load transfer is longer than all the sliding windows the load transfer 

affects all the median filters. 

From that filtered curves, decomposition is made to study the variations of the different 
timescales: 

 

                                                                          (3.3) 

                                                                (3.4) 

Smoothing the curves deteriorates the characteristics of peak-hollows but it consolidates the 
data by removing the measurements errors that might be present. 

    ,     and     are already variations of consumption. As a consequence these 

curves just need to be normalized by the Median Absolute Deviation [5] (a robust deviation 
defined from the median) which allows the deviation not to be biased by the number of load 
transfers. Moreover it is no more a detection of rupture but a detection of abnormal 
variations. The load transfer is totally detected, not only the beginning or the end like 
compared to the first approach (equation 3.1 and 3.2). This eases the correction since the 
interpretation of the ruptures is no more needed. The exceptional values are directly given. 

The detection level of the different variations is determined in order to fit with the maximum of 
the curves. Even if the detection functions are normalized with a standard deviation, the 
curves are extremely different from one to another. The selection of these values is a 
compromise between preserving the specificities of the curves that are interesting to 
compare and cleaning the curves from all the load transfers and other pollutions.  

   is not a variation, then a temporal variation is applied. Since    is a rolling median with a 

window of 10 days, a time variation   of half a day is taken. For the long variation, the 
criterion to choose the detection level is to preserve the hollow/peaks during Christmas 
Holidays and August. As in the previous method only ruptures are detected. 

Once the detection is made, the polluted measures detected by the short and medium 
indicator are deleted. The measures during this period are declared as Non Available (NA in 
R). 

The ruptures detected by the long indicator allow cutting the curves. This ruptures mean a 
significant change in the consumption lasting more than one week. For example a substation 
has been detected with 3 ruptures during a 4 months period and the curve is cut in 4 parts of 
1 month each. How can someone know that the nominal running of the substation is during 
the first and the third month and not during the second and the fourth month? 

The solution is to keep each temporal part of the date and to study the clustering of the four 
parts separately. After the clustering, it might be possible that 3 parts out of 4 belongs to the 
same cluster. On some parts of the consumption, the curve can represent either the normal 
load either the sum of this load plus another one reported either a percentage of the nominal 
load or the nominal load saturated. Without any cutting, all this different consumption 
behaviours would be studied as a whole. By cutting the curves in parts, a distinction of the 
different behaviours is made and each part of the curve can belong to a group different from 
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other parts. The hypothesis that is made after the Hierarchical Agglomerative Clustering 
(chapter 3.1.4.3) is that the normal behaviour is the most frequent one. 

On Figure 17 Detection of load transfer on a substation, an example of detection is 
presented. A long load transfer is detected and the curve is then cut in 3 parts according to 
Figure 18 Cutting of consumption cur. One short abnormal peak out of three is detected. This 
peak has been removed from the first part. 

 

Figure 17 Detection of load transfer on a substation 

 

Figure 18 Cutting of consumption curve 

 

In the end of the data clean-up, the substations are represented by one or more consumption 
curves defined on various temporal intervals. Different curves of the same substations have 
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no common definition interval. The next step is to find similarities between all these different 
curves, even if there is no common interval. 

 

3.1.4.2 Distance calculation 

 

From the clean-up part results curves that have different time intervals, the aim is to estimate 
the similarity between each of all these curves, whatever can be their definition intervals. A 
clustering algorithm requires either complete data for the clustering or the distance between 
all the elements to cluster. Since a data clean-up is operated, the first solution is not possible 
and then a distance between all the elements must be estimated to cluster them. 

A common distance such as the Euclidian distance is not used for this method. Indeed, the 
objective of this distance is to compare the simultaneous pattern of the consumption. For 
example, a consumption curve compare to a scaled version of the same curve should have a 
zero-distance... 

The solution is to divide the consumption by their average value to obtain the wanted 
distance. In order to increase the robustness of this distance, the median has been chosen 
instead of the average and the Euclidian distance is replaced by the Manhattan distance (1 
norm). As the curves are defined on various intervals that do not automatically match, the 
distance should be standardized by the number of points on which the distance has been 
reckoned. 

 

 

 

The distance between two consumption curves having a common interval is: 

     
 

         
  

     

              
 

     

               
      
                                  (3.5) 

With i and j representing two substations (or part of them), P is the clean-up consumption 
and     is the common interval of the two consumption curves.                is the median 

value of    on       

 

D is not a mathematical distance since              ; a consumption curve and the 

same consumption doubled have a zero distance. Moreover the triangle inequality is not 
fulfilled, as shown in this simple example: 

 

 T1 T2 T3 T4 T5 

       1 NA 1 2 3 

       NA 1 3 2 1 

       1 1 NA NA NA 

Table 2 Distance example 
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i, j and k represent part of curves defined respectively on (T1,T3,T4,T5), (T2,T3,T4,T5)  and 
(T1,T2). The distances between (i,j), (i,k) and (j,k) are reckoned respectively on the intervals 
(T3,T4,T5), (T1) and (T2) by applying equation (3.5): 

                     
 

 
                                              (3.6) 

A consequence of the triangle inequality should be that if             then       . 

The triangle inequality is not verified because of the time interval that differs. However it is 
the only estimation to assess a distance between two curves that do not match together. 
Assuming a zero distance would annihilate the fact that the curves are cut. Assuming an 
infinite distance would be nonsense since two parts of the same curve would never be in the 
same cluster. In order to prevent from errors applying the triangle inequality, the part of 
curves that are estimated should be wide enough (at least a tenth of the maximal length). 

                                                                      (3.7) 

This distance is not perfect since the triangle inequality is not respected. However this 
approximation allows estimating the similarity between two parts of the same substation 
passing by an uncut substation which has a common interval with the two parts. 

Let’s assume two substations, A and B. A has been cut in three sections by the clean-up 
algorithm. These three sections are called A1, A2 and A3. Comparing these parts is 
impossible because they have no common temporal interval. Then passing by B which is 
similar to A1 and A3 as in Figure 19 will lead to the result that A1 and A3 are similar and that 
these two parts represent the same behaviour. 

 

Figure 19 The interest of cutting the curves 
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3.1.4.3 Clustering 

 

A Hierarchical Agglomerative Clustering (HAC) is a clustering method that creates a 
hierarchy between the analyzed elements [5]. This method has been chosen because it is 
the only one that can fit the project. A descendant clustering could not be applied in this case 

because of the complexity of the algorithms (o(  )) and of the numbers of elements that 
reach more than 500 elements [5]. A k-means clustering would be fast enough for this 
analysis however this method requires complete data which is not the case. Moreover these 
two methods are heuristic which means that the same data can give different result 
depending on the initialization [5]. 

The result of a HAC is not groups but a gathering hierarchy that can be described in a 
dendrogram which indicates at which level of dissimilarity the clusters are merged. 

 

Figure 20 Example of a dendrogram 

A HAC of n elements starts with n clusters of one element and a distance (or dissimilarity) 
matrix. The algorithm iteratively operates these two actions: 

 The two clusters which have the minimum distance are merged 

 The distance from the new cluster to all the others is recalculated following an 
agglomerative criterion 

After n-1 loops the algorithm converges to a single cluster containing all the elements. 
Numerous agglomerative criterion can be used and give different results. Let’s imagine three 
clusters A, B and C having respectively   ,     and     elements. The clusters A and B are 
merged by the algorithm in a cluster called AB. What is the distance from the cluster AB to 
the cluster C? The most common ways to operate the agglomeration are: 

 Unweighted average linkage:         
              

 
 

 Single linkage:                             
 Complete linkage:                             

 Weighted average linkage:         
                     

     
 

The chosen linkage type for this clustering is the Ward method; this method iteratively 
merges the two clusters that have the minimum intra-cluster inertia gain after the clustering. 

Initially the gain of inertia (∆) between 2 elements    and    (in our case parts of curves) is 
the inertia of both elements merged minus the inertia of each element (Equation 3.8). The 
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inertia of a cluster is the sum of squared distances from each element of the cluster to centre 
of the cluster. The centre is defined in average. 

                                                                  (3.8) 

                                                                     (3.9) 

                    
 

 
                                                       3.10) 

        
 

 
                                                         (3.11) 

 

With the same example as before, the ward linkage rule is: 

        
     

        
        

     

        
       

  

        
       [5]           (3.12) 

 

The Ward method has been chosen so that the size of a cluster gives information on the 
similarities of the substations in the cluster. Indeed, the bigger a cluster is the more similar 
are the substations in it since the agglomeration is made following the gain of inertia. 

Another advantage of the method is the possibility to give an initial weight to each element. 
The initial weight is proportional to the length of the interval of the curve. Then, the cut curve 
are more firstly gathered and their distance to all the others curves are less important. This 
lowers the impact of the assumption on the triangle inequality made during the distance 
calculation. 

There is no better or worse agglomerative method. It depends on the wanted results and on 
the data. In this project, the wanted result is big homogeneous clusters, the Ward method 
tends to give this result.  

The groups are obtained by cutting the dendrogram at a given value. The criterion used to 
cut the groups is the number of groups with more than two curves in them. Once this is done, 
the curves which have been cut are merged looking at which groups all the parts of the same 
substations belong to. If a substation has its curve that belongs to a same group more than 
60% of the time, then it belongs to this group. If the substation does not belong to a group 
more than 60% of the time then this substation is declared as undetermined. The solution is 
to look at a former clustering and see if the others substations of the cluster shape also a 
cluster in the new clustering. 

To this point, groups are defined. If one group has not a sufficient number of substations in it, 
the substations are undetermined. A former clustering can be used to potentially inform us 
about which group a substation can belong to. 

The affectation of substations from a former clustering is not done if this substation has 
already been affected with the same process in the former clustering. The undetermined 
substations are out of the method and then manually handled. 
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3.1.3.4 Repartition key calculation 

 

The repartition key has two roles. The first one is to give a repartition of the consumption in 
each homogeneous group with respect to the consumption history used for the clustering. 
The second is to adapt this repartition to the evolution of the consumption. From a 
consumption history the work is easy. 

The study case in this document shows that the group are not totally homogeneous. This 
was predictable. The issue is no more to determine the repartition key but to determine the 
best one with the objective to lower the gap between the value given by the two steps 
methods and the target situation. 

The solution is to compute the key while the consumption of the area is maximal. For each 
curve the key is determined during the peak hour which depends on the area and the season 
on normal week days: Monday, Tuesday, Thursday and Friday. To do so the median 
consumption of each substation is calculated on this period and the repartition key is given 
with respect to this median consumption in each group.  

If the repartition key is compute on past observations, it should nevertheless represent the 
future repartition of the consumption. As an example, the implantation of a new factory would 
increase the load at a substation. Information of this evolution of the load is given by an 
annual study called EBR (Etude Bleue Régionale) that forecast the consumption of each 
substation during peaks for standard days for next years. An option can be to take this study 
for the whole repartition. However this repartition has been tested and does not give 
sufficient results. 
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3.2 Reactive correction 

 

3.2.1 Objectives 

 

This reactive correction should answer two issues. The starting point of the reactive 
compensation is a reference situation with the active and reactive consumption of each 
substation known and the variation of active consumption of each substation to reach a 
target situation from this reference situation. The reactive consumption of the reference 
situation should be modified to suit to target situation. Two kinds of variations can be 
dissociated, the small reactive variations and the big reactive variations. 

The main hypothesis on the reactive consumption is that the activated reactive compensation 
means are the same in the reference situation and in the target situation. This hypothesis is 
explained in the choice of the reference situation. 

 

3.2.2 Small variations 

 

Assuming that the reference and target situations have exactly the same reactive 
compensation means, most of the adaptations on the reactive consumption are explained by 
the influence of the active power on the reactive power. This influence of the active over the 
reactive power is given by the natural tangent ϕ of the load (also called dq/dp) which can be 
seen as the ratio Q/P if the system has no compensation system turned on. The reactive 
consumption of the target for each substation is then: 

 

                         
  

  
                                          (3.13) 

                      
  

  
                                         (3.14) 

                   
  

  
                                           (3.15) 

 

The fact is that this dq/dp levels is not constant and is applicable only around an operating 
point. The method used to estimate this dq/dp is currently to calculate it during the morning 
load rising of a day when it is known that all the compensations are activated like in Figure 
21. 
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Figure 21 dq/dp on a morning load rising 

 

This dq/dp can be used to adapt a network situation from 8AM to 10AM for example. In our 
case, the reference situation is taken from a past day at the same hour as the target 
situation. The dq/dp has to be reckoned differently. 

Instead of looking at the dq/dp on an entire day, another dq/dp can be observed by looking at 
a fixed hour for different consecutive day. Figure 22 brings out this different dq/dp.  

 

Figure 22 Scheme of a (P,Q) diagram 

 

The idea is to calculate this dq/dp for a fixed hour and in the same condition of reactive 
compensation. To do that, only the Monday, Tuesday, Thursday and Friday (the full business 
days in France) are considered and treated separately for each 10 minutes sampling points. 
Saturday and Sunday are not working days and Wednesday is particular: schools are closed. 
For the 3 months concerned by the study, this represents around 65 measures of the active 
and reactive consumption for each substation and each 10 minutes sampling. 

 

Dq/dp= 
0.25 
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Figure 23 Algorithm for the calculation of dq/dp 

 

Figure 23 describes the method of calculation. Step by step, it consists in separating the 
hours, and then segregates the consecutive operating points without ruptures, center each 
cloud of points and gather them. From these gatherings (1 per hour) is determined a dq/dp(h) 
and reckoned a global value of dq/dp for the substation. 

On the 65 measurements, rupture detection, similar as the one explained in the clean-up part 
of the two floors method, is made on both the reactive and active consumption. This 
detection is in the same way normalized by the Median Absolute Deviation and the detection 
level are chosen very low to have a very strict detection. The detection isolates consecutive 
operating points with small variations.Figure 24 shows this isolation. 
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Figure 24 Isolation of points clouds in (P,Q) Diagram 

 

A linear regression could be made on each regression and gives a dq/dp valid for each hour 
of the day and one season of the year. This dq/dp varies depending on the load which is 
supplied. However for simplicity and robustness the dq/dp is calculated regardless of time. 
And then the linear regression can be made on all the isolated points cloud together. 

An isolated points cloud is composed of measures (      . A mean centre of the cloud can be 
determined (      . The dq/dp is finally the variation of the P and Q around this point which is 
given by the slope coefficient of the linear regression. Subtracting all the cloud by the mean 
centre does not affect the determination of the slope. All the points’ clouds subtracted by 
their centres (             are gathered in a big scatter plot and the regression is made to 
get the dq/dp as in Figure 25. The red line show the slope that is determined by the linear 
regression, as the cloud is centered in (0,0). The linear regression passes through this point 
[5]. 

 

Figure 25 Scatter plot (P,Q) and determination of dq/dp 
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The study case shows the validity of this method and also studies the variation of the dq/dp 
with respect to the hour of the day. 

 

3.2.3 Large variations 

 

For big variations the dq/dp cannot be applied. Let’s assume a substation that is out of order 
during the reference situation. This implies that the active and reactive consumption values 
are null. The two floors method can correct the active power. The reactive compensation 
depends on the situation and is difficult to determine since the reason of the compensation 
are mainly operating constraints on the lower voltage system. The current solution can be: 

 Applying the dq/dp method which is assuming zero compensation 

 Applying the same ratio Q/P (tangent ϕ)  as in a former situation, which assumes that 
the compensation is stable or at least periodic 

 Taking a nominal value of the tangent ϕ 

Here, a new solution will be described. The objective is to find a solution that adapts to the 
situation. 

 

 

Figure 26 Algorithm for the determination of substitution substation 

 

Figure 26 shows the different steps of the method. The first step is to localize the load 
transfers of the studied period with the two floors method. Once this is made a Manhattan 
distance on the tangent ϕ is calculated between all the substations of the area, the load 
transfers are excluded from this distance. 

For each substation, the two closest substations, with respect to this distance, are kept as 
substitution substations to determine the tangent   in case of a big variation to operate 
between the reference and the target situation. These two closest substations have the same 
behaviour when no load transfers occur, it is assumed that it is also true during the load 
transfer, and once the load transfer is actively corrected, the reactive consumption is adapted 
so the tangent ϕ of the substation take the same value as the closest substations. 

The study case shows the validity of this method and also studies the variation of the dq/dp 
with respect to the hour of the day. 
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3.3 Choice of a reference situation 

 

3.3.1 Objectives 

 

As observed in all the previous models. The reference situation is the foundation of the 
network studies. More than a simple active and reactive consumption mapping, this 
reference situation also initialises the power flow algorithm and ensures its convergence. The 
criterions of choice for this reference situation include all the elements known before it 
occurs: the consumption forecast, the forecasted photovoltaic and wind power production, 
the hour, the day of the year, the forecast weather. 

 

 

Figure 27 Input and output data 

 

The output of this method is a reference day. A reference situation is determined as a 
situation which would be close from the target situation. How to determine the proximity of 
two situations with so little information about the target situation? The current method is to 
pick a reference day which has an equivalent consumption level (comparison of daily peaks 
and hollows). 

The influences of time on the consumptions are: 

 Hour of the day. For this method, the sampling time has been increased to 30 
minutes compared to 10 minutes for the other models. This represents 48 half hours 
a day. The reason is time computing, which is still important. 

 Weekday.  Each day has its characteristic. Tuesday and Thursday are middle 
weekdays. Wednesday is very particular since primary schools are closed all day and 
secondary in the afternoon. Monday and Friday are impacted by the proximity of the 
weekend, both differently. On Saturday, offices and most industries are closed. On 
Sunday all the shops are closed. 

 Holiday - Day off. There are 10 day offs in France every year. Some are fixed like the 
New Year’s Day or the world war armistices. And others are moveable like the Easter 
Monday which is every year on Monday... When a day off happens on a Thursday 
(also true on Tuesday), French population tends to take a day of leave on Friday to 
make a gigantic weekend. 

Target Day
Area consumption forecast
Area production forecast
Features

All the past days
Realized area consumption
Realized area production
Features
Substations consumption

Algorithm
Choice of a 

reference day

Reference Day
A past day similar to 
the target day in 
term of substations
consumption

Features of a day
Weekday
Day of the year
Year
Scholar holiday (three areas)
Day off
Special pricing day (four areas)
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Figure 28 School holidays' areas in France 

 

 Holidays - Vacation. France is split in three areas (A, B and C) for school holidays. 
Winter and summer holidays are common to the three areas.  Spring and autumn 
holidays last 2 weeks for each area but the area start their holidays shifted from one 
week to each other. The order of the starting area changes every year. A RTE area 
can be either on 1, 2 or 3 of these areas. For each studied forecast area, all the 
holidays’ areas in are taken into consideration. Tourism for example can have an 
influence on the consumption of some substations. Figure 28 illustrates the location 
of these areas. 

 Special pricing day. The most influent one is called EJP (stand for Effacement Jour 
de Pointe or Peak Day Shedding). It is a contract between EDF the main French 
electricity producer and retailer and industrial clients that allows EDF to declare 22 
special days each winter during which electricity price is drastically increased for 
these clients, in exchange the price is lower the rest of the year.  The price is very 
deterring and the consumption of these clients is extremely lowered. Some of them 
have their own electricity generation that run only during these days. France is 
divided in 4 areas for the application of these special pricing days. Forecast areas will 
be affected by 1 or 2 EJP. Figure 29 presents these pricing areas. 
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 Season. Besides the holidays, the consumption of a substation is influenced by the 
season. 
 

3.3.2 Distance to minimize 

In order to measure the appropriateness of a day to be reference of another, a distance 
between two days can be set by: 

                                    
 

            

 
 

With:           (3.16) 

        the apparent consumed power of the substation i during the day    at h hour 

   the Minkowski power [5] 

    a coefficient to give more or less importance to one hour 

 

The choice of this distance is questionable. As the variations are made in a homothetic way, 
the repartition of the load could have been compared instead of the load itself. However it 
has not been possible to find any good model for the reactive consumption, because of the 
reactive compensation which behaviour is not well predictable. Then only the active power is 
compared. 

In the study case, the Minkowski power chosen is 1. This choice is arbitrary. The choice of 
this power has been a long debate during the project. In the one hand, a bad estimation of 
the consumption seems to influence the power flows reckoned more than linearly in network 
studies. In the other hand the biggest errors on the consumption might be cleaned-up. Even 
without the other hand, the answer is not easy and the optimal power is probably not an 
integer value such as 1 or 2. 

   can be seen as a filter to focus the choice of the reference day on important hours. 
Naturally the most influent hours will be the peak hours: big consumption triggers big 
differences. Some constraints such as overvoltage occur during hollow hours. 

Figure 29 Different special pricing areas 
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The objective is to find the day that minimizes the distance to the target day   , but the 
substation consumption is not known for this day. 

The first attempt to find the best reference day was to estimate the consumption curve of all 
the substations during the target day thanks to the features known of the day and a multi 
variables linear model. Then the reference day was found with respect to a distance between 
the estimated substations consumption curve of the target day and the real substations 
consumption curve of the past days. 

The most difficult part was to define a universal model that could fit all the substations. The 
tested model were either not enough detailed and then useless or too much detailed and 
then very instable.  That is why a second attempt has been tested. 

 The second attempt consists in estimating directly the distance used for the selection 
of the reference day. Instead of finding a model for each substation and then determine the 
closest day with the distance above, the distance is directly modelled and then applied to 
obtain the best day. 

 The distance to minimize is estimated by a function f that is a linear model of it. The 
inputs of f must all be available while selecting the reference day. For example the 
consumption area of the days (Equation 3.18), and the features of the day: 

                                                                                (3.17) 

  

3.3.3 Details of the method 

 

Figure 30 shows the different point of the algorithm. Before modelling the distance, a 
neighbourhood of the target day is delimited in order to get consistent days to fit the model. 
For every target day, the neighbourhood is different and then the distance model is also.  

  

 

Figure 30 Algorithm of reference day research 

 



40 
   

3.3.3.1 Neighbourhood of the target day 

 

The neighbourhood has two roles: 

 to limit the number of days for calculation time. 

 to limit the number of days for accuracy of the linearized distance. For example, for a 
target day in winter, the distance should not be fitted between pairs of summer days. 
Or even between one day in summer and one day in winter. 

Given a target day with its area forecast consumption, a neighbourhood   of the target day is 
delimited. To do that, a distance is computed only about the area forecast consumption: 

                                              
 

      

 

                        (3.18) 

 

Applied between the target day (area consumption forecast) and all of the possible reference 
days, this distance gives a first set of days that looks like the target day. This set is called the 
neighbourhood of the target day. 

It is assumed that the optimal reference day for the given target day is in the 

neighbourhood   . The first five percent of the closest days are selected in the 
neighbourhood. 

On a history of n sliding years, 5% represent about 18n days in the neighbourhood. On this 
neighbourhood, there are 165n² different pairs of days which are as many occurrences to fit 
a linear model. 

 

3.3.3.2 Model fitting 

 

The chosen model is linear: 

                                                                       

                                                                     (3.19) 

 With : 

                                                    

                                                                
                                                               
                                                                        

                                                                        

                                                                        

                                                                           

                                                            

 

The coefficients    are determined thanks to a multiple variable linear regression method [5] 
on the pairs of days of the neighbourhood. 
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For some areas, other influent inputs can be set in the model. For example in the Alpes area, 
information about the ski season can be a plus. 

Once the coefficients of the distance model are set up, the linearized distance is applied 
between    and all the days of  . The closest day is the reference day. 

 

3.3.3.3 Model estimation 

 

Once the model has been fitted on all the couples of days of the neighbourhood, it is 
estimated between the target and the day of the neighbourhood. 

The estimation of this distance allows selecting the reference day (and then target situation) 
to use for the network study. 
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4. Case Studies 

 

4.1 Background description 

 

The Western Area of France has been studied in order to valid the methods. This area 
represents a wide area with various kinds of consumption and climates. This study case aims 
to valid the methods that have been presented in the previous part. Some details such as the 
study period of the two floors method are discussed. This area is a key area with the biggest 
constraints since the region Bretagne which is in the West region only produces a tenth of its 
own consumption (in average).  

Other cases have been studied to check the adaptability of the methods over the seasons 
and the regions. 

 

4.2 Inputs 

  

The input for this case is then the consumption history of the substations of the western 
region with a sample time of 10 minutes. This sample time is mandatory to point out the peak 
consumption. The substations to analyze are the thermo sensitive ones (affine). The others 
ones does not need any analyze since their consumption is quite constant depending on a 
contract. 

 

4.2.1 Dataset for active and reactive repartition 

 

The winter 2011/2012 has been treated in order to forecast the consumption of the winter 
2012/2013. The second winter was over when this case was studied, this allow checking the 
results. The winter 2010/2011 is also present to discuss the result of the dq/dp method. 

 

Figure 31 Example of an active consumption curve 

 

The active and reactive data are used. As information, there are 500 thermo sensitive 
substations in the area. A three months study represents 13 million measures for the active 
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and reactive power together with a sample time of 10 minutes. Figure 31 shows an example 
of the outline of curves that are treated by the two floors method.  

 

4.2.2 Dataset for reference day search 

 

The period studied goes from March 2011 to November 2013. The data are also the active 
and reactive power, with a sample time of 30 minutes in order to reduce the mining time. The 
holidays, special pricing day and all the needed dataset are also used for this exercise.  The 
reference days are researched for the day from November 2012 to November 2013. 

 

4.2.3 Presentation of R 

 

R is an open source language and software environment which is used for statistical 
analysis. This software has been chosen for different reasons for this project. It tends to 
become a reference for data mining in every field of science for the same reasons: 

R is able to handle a gigantic amount of data and treat them quickly where other software 
like, for example, the plug-in XLSTAT for Excel runs easily out of resources with the same 
amount of data. The only limit is the RAM memory of the computer. 

R is developed by users for users through a growing community on the internet. Every 
problem that can be encountered has already been solved by the community. This solution 
can be code tricks or a toolbox. 

R is free. 

 

4.3 Results 

 

4.3.1 The two floors method 

 

4.3.1.1 The period of analysis 

 

One parameter has not been discussed in the description of the model. The period on which 
the clusters are computed depends on the consumption behaviour of the country in which the 
two floors is applied. Figure 32 shows the method applied on each month (over 2 years and 
a half). For each month a clustering has been obtained. The figure points out the good 
correlation between two clusters' set (in green) and the bad ones (in red). The method used 
to compute a correlation between two clusters sets is presented in appendix A with an 
example. Doing the clustering on one month is not robust enough since some temporal 
behavior can last about one month, however this figure shows during which month similar 
clusters' set can be obtained and then how the year can be cut in parts where the 
consumption is almost identical.  The following choices have been made: 

 Winter : December to February 
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 Spring : Mars to May 

 Summer : June to August 

 Autumn : September to November 

This figure also shows that some months such as September 2011 are very particular since 
the obtained clustering does not look like any other one. Spring and autumn are not as clear 
as winter and summer. Winter and summer really points out two separate behaviors and 
spring and autumn are the transitions between the two behaviors. This transition can be 
more or less rapid and occur at different period depending on the year. 

 

Figure 32 Correlations between monthly clusterings 

 

The initial duration of the analysis was one year. Since no clean-up was led on the data 
before clustering, a longer period was mandatory to increase the robustness. 

 

4.3.1.2 The geographical repartition of the clusters 

 

The clusters map on Figure 33 shows the repartition of the clusters. One point corresponds 
to one substation; one colour corresponds to one cluster. The groups obtained depend on 
the climate and also on the behavior of the load. The interpretation of the groups is not an 
easy part, moreover this is not the aim of the method. However some groups can be easily 
identified like for example the group 6 (Magenta) which corresponds to big cities. The 
seaside is also quite distinguished from the rest of the territory. 

In a general way, the obtained clusters are coherent with the kind of activity that is proposed 
in it and the weather area in a lower proportion. 

 

août-10 sept-10 oct-10 nov-10 déc-10 janv-11 févr-11 mars-11 avr-11 mai-11 juin-11 juil-11 août-11 sept-11 oct-11 nov-11 déc-11 janv-12 févr-12 mars-12 avr-12 mai-12 juin-12 juil-12 août-12 sept-12 oct-12 nov-12 déc-12 janv-13 févr-13 mars-13 avr-13 mai-13

août-10 août-10 64 56 56 55 58 54 56 60 63 59 63 64 56 59 57 60 58 56 56 57 56 59 67 64 59 58 58 56 56 58 60 58 60

sept-10 64 sept-10 63 57 56 58 56 60 62 63 57 60 58 60 60 60 61 55 56 59 60 60 62 65 62 58 61 60 58 55 60 57 56 61

oct-10 56 63 oct-10 64 60 62 61 65 59 62 58 56 54 52 59 61 61 59 61 62 60 63 58 57 54 54 57 60 55 58 58 61 54 60

nov-10 56 57 64 nov-10 62 64 62 65 57 57 54 54 55 52 57 59 63 63 62 60 61 61 54 56 53 55 58 57 57 58 57 59 55 59

déc-10 55 56 60 62 déc-10 71 67 64 56 55 53 54 53 50 57 60 63 62 66 63 62 60 54 55 55 53 59 64 62 62 61 62 61 62

janv-11 58 58 62 64 71 janv-11 68 69 56 59 57 58 56 52 58 61 67 65 65 64 66 62 57 60 55 54 61 59 62 65 62 63 60 62

févr-11 54 56 61 62 67 68 févr-11 69 53 55 54 54 54 50 58 60 61 68 65 62 63 58 53 57 52 52 58 59 58 65 61 64 57 60

mars-11 56 60 65 65 64 69 69 mars-11 58 60 56 57 57 53 60 61 66 66 64 65 64 63 58 60 56 55 60 60 60 63 60 63 58 64

avr-11 60 62 59 57 56 56 53 58 avr-11 64 59 63 56 56 59 60 60 56 57 58 58 59 59 59 58 59 57 57 58 55 54 57 56 58

mai-11 63 63 62 57 55 59 55 60 64 mai-11 68 67 62 61 63 58 59 58 55 55 64 60 65 65 63 59 58 57 57 54 58 58 56 59

juin-11 59 57 58 54 53 57 54 56 59 68 juin-11 63 60 59 59 57 57 55 53 55 59 58 61 62 59 58 58 55 56 53 55 56 55 60

juil-11 63 60 56 54 54 58 54 57 63 67 63 juil-11 63 58 58 57 60 57 55 55 60 59 62 66 61 60 58 58 55 54 56 56 55 60

août-11 64 58 54 55 53 56 54 57 56 62 60 63 août-11 59 62 56 57 56 55 55 62 57 60 64 61 55 56 59 54 55 56 57 56 59

sept-11 56 60 52 52 50 52 50 53 56 61 59 58 59 sept-11 61 57 55 52 50 53 61 55 61 60 59 59 57 54 54 51 53 53 53 56

oct-11 59 60 59 57 57 58 58 60 59 63 59 58 62 61 oct-11 65 61 59 57 60 65 58 61 64 60 59 62 59 58 59 60 62 58 60

nov-11 57 60 61 59 60 61 60 61 60 58 57 57 56 57 65 nov-11 64 59 61 64 60 63 60 60 57 59 62 58 60 63 58 60 57 58

déc-11 60 61 61 63 63 67 61 66 60 59 57 60 57 55 61 64 déc-11 63 60 64 62 61 58 61 58 59 62 63 61 63 61 63 59 59

janv-12 58 55 59 63 62 65 68 66 56 58 55 57 56 52 59 59 63 janv-12 71 62 67 57 53 60 55 54 58 60 58 63 64 64 60 64

févr-12 56 56 61 62 66 65 65 64 57 55 53 55 55 50 57 61 60 71 févr-12 63 63 61 55 57 54 53 57 59 57 66 60 62 60 63

mars-12 56 59 62 60 63 64 62 65 58 55 55 55 55 53 60 64 64 62 63 mars-12 62 65 59 59 54 53 59 62 61 63 64 65 57 61

avr-12 57 60 60 61 62 66 63 64 58 64 59 60 62 61 65 60 62 67 63 62 avr-12 66 59 65 59 58 64 62 60 62 62 62 61 66

mai-12 56 60 63 61 60 62 58 63 59 60 58 59 57 55 58 63 61 57 61 65 66 mai-12 62 60 58 56 62 61 58 58 61 60 58 65

juin-12 59 62 58 54 54 57 53 58 59 65 61 62 60 61 61 60 58 53 55 59 59 62 juin-12 69 62 59 60 59 54 55 58 58 55 59

juil-12 67 65 57 56 55 60 57 60 59 65 62 66 64 60 64 60 61 60 57 59 65 60 69 juil-12 63 63 63 63 60 58 62 60 58 64

août-12 64 62 54 53 55 55 52 56 58 63 59 61 61 59 60 57 58 55 54 54 59 58 62 63 août-12 62 57 56 55 53 56 56 56 60

sept-12 59 58 54 55 53 54 52 55 59 59 58 60 55 59 59 59 59 54 53 53 58 56 59 63 62 sept-12 61 56 55 52 55 56 54 59

oct-12 58 61 57 58 59 61 58 60 57 58 58 58 56 57 62 62 62 58 57 59 64 62 60 63 57 61 oct-12 63 59 63 59 61 60 64

nov-12 58 60 60 57 64 59 59 60 57 57 55 58 59 54 59 58 63 60 59 62 62 61 59 63 56 56 63 nov-12 59 60 63 65 59 63

déc-12 56 58 55 57 62 62 58 60 58 57 56 55 54 54 58 60 61 58 57 61 60 58 54 60 55 55 59 59 déc-12 62 61 58 56 60

janv-13 56 55 58 58 62 65 65 63 55 54 53 54 55 51 59 63 63 63 66 63 62 58 55 58 53 52 63 60 62 janv-13 63 61 59 60

févr-13 58 60 58 57 61 62 61 60 54 58 55 56 56 53 60 58 61 64 60 64 62 61 58 62 56 55 59 63 61 63 févr-13 65 61 65

mars-13 60 57 61 59 62 63 64 63 57 58 56 56 57 53 62 60 63 64 62 65 62 60 58 60 56 56 61 65 58 61 65 mars-13 64 63

avr-13 58 56 54 55 61 60 57 58 56 56 55 55 56 53 58 57 59 60 60 57 61 58 55 58 56 54 60 59 56 59 61 64 avr-13 66

mai-13 60 61 60 59 62 62 60 64 58 59 60 60 59 56 60 58 59 64 63 61 66 65 59 64 60 59 64 63 60 60 65 63 66 mai-13
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Figure 33 Clusters map 

 

4.3.1.3 The variation of consumption of the clusters  

 

Figure 34 shows the evolution of the repartition of the groups on all the Thursdays of 
the period. Figure 35 shows the evolution of the consumption of the groups during one week. 
The aim of the method is to make this group as homogeneous as possible. It means that the 
consumption of the groups (the sum of the consumption of the substations in the group) 
should have profiles as different as possible. Some differences are observable on one week 
with difference in the hollows and peaks. Other differences are explained by holiday period 
that are not similar or by the climate for example.  

The mean variations of the repartition of one group depending on some phenomena have 
been estimated: 

 Weather has an influence of 4% 

 Time of the day has an influence of 7% 

 Winter Holidays has an influence of 6% 
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Figure 34 Evolution of the consumption repartition on Thursdays 

 

 

Figure 35 Consumption (MW) of the groups on one week 
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These estimated figures have been obtained trying to isolate the concerned variant feature. 
For example, to isolate the weather, the situations are picked up:  

 at the same hour 

 on the same weekday 

 avoiding special pricing days and holidays 

For each group of situations, the repartitions are normalized by their median. Then the mean 
variation is calculated from all the groups.  

Others features such as special pricing (22 days in winter) or day of the week has not been 
estimated but are also significant. Over the period, the repartitions of the groups 
standardized by their mean values have a standard deviation of 9.5%. 

 

4.3.1.4 The variation of consumption in the clusters 

 

 

Figure 36 Standardized consumption curves of one group 

 

If the groups are well defined, the repartition of the consumption of the substations in the 
same group should be constant. In fact it will not be exactly the case since no substation is 
totally homogeneous with another and load transfers occur. Figure 36 shows the 
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consumption of substations of one group divided by their median consumption. The curves 
mainly fit with each other, except some load transfers, under or over consumption. 

 

Even not considering the load transfers, the curves do not totally fit with each other. The aim 
was to gather the most similar curves knowing that a perfect similarity is not possible. A 
standard variation of 3.5% is observed. The variation includes dissimilarities and load 
transfers. 

 

4.3.1.5 Gain of the method 

 

In order to estimate the gain of the method, it is compared to the homothetic method. To do 
so, the reference day chosen is the same for the two methods. This reference day is chosen 
52 weeks before the target day. 

Figure 37 gives the repartition density of the estimation deviation in percentage. The 
conclusion of this study is that the two floors method (not as a clean-up method) lowers the 
number of important deviations since it gives a situation out of operating constraints. There 
are still huge deviations that are present in the target situation, and which cannot be 
cancelled. Nevertheless, the developed method is less accurate, the very large deviations 
are less numerous. The interpretation of this result is that clusters and constant repartition 
keys cannot totally summarize the variation of the repartition. The method annihilates the 
load transfer but is less accurate in general. 

 

Figure 37 Repartition density of the deviation (in percentage) 

 

The two floors method can detect the load transfers when a significant gap occurs contrary to 
the homothetic method. Moreover it gives correct values for the detected load transfer. On 
this observation, the clean-up method is born. It consists in detecting and correcting the load 
transfer. This way, no accuracy is lost by the statistic approximation of the two floors and the 
situation is released from the load transfers. Table 3 summarizes the result of the three 
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methods. The standard deviation is more influenced by load transfers, that is why only this 
value is better with the two floors method. 

 

Method Homothetic Two Floors Clean-up Method 

Median Absolute Deviation 1.77 1.87 1.74 

Mean Deviation 1.97 1.98 1.88 

Standard Deviation 3.21 3.08 2.37 

Table 3 Comparison of the methods (in MW) 

 

4.3.2 Small variation reactive correction 

 

4.3.2.1 Validity of the method 

 

The proposed method manages to estimate the dq/dp for a given hour works for most of the 
substations. However some substations do not have a compensation level stable enough 
during the estimated season. Figure 38 shows a (P,Q) diagram over one season at a given 
hour. The algorithm of rupture detection is totally lost with this chaotic behavior; the 
consequence is a dq/dp which is a total non-sense. Then the dq/dp of the former year should 
be considered. 

 

Figure 38 (P,Q)  Diagram of a substation over one winter at a constant hour 
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4.3.2.2 Stability of the profile 

 

The objective was to determine an hourly dq/dp profile. As observed on Figure 29 where 
three profiles of three winters of the same dq/dp have been plotted, these profiles are very 
noisy and do not match so well from one year to another. Then only the general calculated 
value (straight line) is kept. This value is much more stable from one year to another. 

A goal was also to see if there was any link between the profile (or the general value) and the 
clusters that had been set with the two floors method. There was no matching.  

 

 

Figure 39 dq/dp profile of a substation on three different winters 

 

4.3.2.3  Gain of the method 

 

Similarly to the two floors methods, the gain of the method was quantified in the same 
condition. The aim was to lower the deviation between situations distant from 52 weeks to 
each other. The test was: what is the gain of a correction instead of doing nothing? The 
answer was: There is no gain. 

The second question was then: why? To answer this question, the example of one substation 
in Figure 40 can help the comprehension. On this (P,Q) diagram, is represented the 
difference of P and Q taken distant from 52 weeks. The red line represent the slope (dq/dp) 
calculated the first year. This dq/dp seems good since all the clouds follow this slope. With a 
positive dq/dp, the correction is efficient to lower the reactive deviation (in absolute value) if 
the active and reactive deviation have the same sign. Unfortunately this condition is not the 
majority of the case and the correction increases the deviation. 
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Figure 40 Active and reactive consumption deviation (MW) 

 

This is only one example, on the whole panel of substations the dq/dp are mostly positive 
and the repartition of the deviation is the one presented in Figure 40.  This fact is explained 
by the role of the reactive compensation that aims to counter the effect of the natural 
behavior of the reactive power with respect to the active power.  The different compensation 
level clouds are then placed in quadrature of the natural tangent of the load. 

 

 

Figure 41 Repartition of active and reactive consumption deviation (MW) 

 

Graphically the calculated dq/dp can be observed. The differences in the compensations of 
reactive power do not permit to clearly validate the method. The days to compare together 
could be chosen more wisely however a great unknown is still remaining: the compensation 
level. 

 P>0 and  Q>0 

21% 

 P>0 and  Q<0 

34% 

 P<0 and  Q<0 

20% 

 P<0 and  Q>0 

17% 
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4.3.3 Big variation reactive correction 

 

The aim was to determine for each substation another substation which has a similar 
behavior of tangent   (not natural) to be able to guess the value of tangent   when the first 
substation suffers from a load transfer for example. 

From one year to another, the determined substitution substation is not the same at all. The 
interest of the method is then limited since the method is not robust at all. 

 

4.3.4 Reference day search 

 

For this part, the project ran out of time. The method has been tested on only two areas and 
a second (and third) phase of improvement are mandatory to get a robust method that would 
adapt to any case. 

The starting date is the  March 1st ,2011.The days to estimate the best former day as 
reference expands from the December 1st ,2012 to the  November 30th ,2013.The result of 
the method is compared with a method taking only the area forecast consumption as choice 
variable. 

For each estimated day, the rank of the closest days in terms of repartition is known and both 
methods are expected to give the smallest rank for each day. Figure 42 shows the rank given 
by the two methods. The black curve is the rank of the area forecast consumption method. 
The results are sorted and have a mean value of 6.3. The red curve shows the rank given by 
the developed method which mean is 5.3.  

 

Figure 42 Rank given by the methods 

In the one hand there is a gain with the developed method, through the mean value 
comparison. In the other hand, the method must be improved since it is not robust at all. On 
some cases the classic method gives much better day. Today, this method is not trustworthy. 
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4.4 Discussion 

 

The method to allocate the active consumption has shown a quantifiable gain. The initial two 
floors method was the key work of my project. We did not expect to have worse result than 
with a simple linear model. 

Why develop a new method to finally get poor results? In the end, the problem of the linear 
model is the remaining load transfers. This was the main objective of the method because it 
is the most embarrassing problem in network studies. There might be very few load transfer 
to correct but they need to be corrected. The proposed hybrid method offers this mandatory 
robustness. 

The reactive consumption, especially the capacitors batteries on the distribution network, still 
keeps an element of mystery. The method to determine dq/dp gave interesting results. 
However the correction of the reactive consumption through this dq/dp seemed useless. 

About the search of a reference day, the obtained results are promising and show that this 
kind of analysis is worth it. However the method is not robust yet. Modifications on the 
method should be done in order to prevent divergences.  

Statistic is a world of uncertainty where the facts are numerous but the proofs are rare. This 
case study brings a lot of facts and come to the same conclusions as other previous studies. 

  



54 
   

5. Closure 

 

5.1 Summary 

 

The problem studied in this project is the forecast of the consumption of the substations. The 
active consumption of wide areas (about 300 substations) is already forecasted in this 
problem, hence it is more a repartition work than a real forecast. The consumption of each 
substation is required in network studies to foresee the future constraints on the network, 
from day ahead to 6-months ahead studies. These studies are decision supports to run the 
network and plan maintenance work. That is why the project aimed to increase the accuracy 
of the network studies in a general way with a great concern for robustness. 

The initial objective of the project was to enhance a statistical method based on clustering of 
the substations. This method called "the two floors method" has been studied by Elodie 
Nicolas [1] and aims to give the repartition of the active consumption. It defines 
homogeneous clusters of substations that ease the analysis of the active consumption of a 
network study. This method is based on a reference network situation. The reference 
situation brings the features of the repartition, which means that the reference situation is 
similar to the future situation to estimate. A conclusion from [1] is that clustering is a relevant 
solution to remove the transient load transfers (from one substation to another) of a 
reference situation. 

The project was first focusing on optimizing the clustering with detection of load transfers in 
the consumption history, reworks of the distance between substations, and rework of the 
clustering method. The obtained method was robust against load transfers but not accurate 
in a general way. It has been decided to use this method only to detect the load transfers in 
the reference situation. If a load transfer is detected, then the consumption given by the two 
floors method is applied for the concerned substations. 

Once this has been done, the project has focused on the reactive consumption of these 
substations. A first method focused on the small variations of active power (some MW) 
between the reference situation and the target situation : if the active consumption of a 
substation varies by a given value, how the reactive consumption of this substation should be 
adapted? A second method was expected to handle the big variations, such as a load 
transfer. When a substation varies from a null load to a nominal active load, which reactive 
load should be considered? 

The last part of the project aims to find the best reference situation for a network study. This 
lowers the impact of the hypotheses made on the variations to obtain the wanted situation. 
The notion of "good reference situation" is quantified thanks to a distance made on the 
repartition of the consumption. Then a statistic model is reckoned, the predictors of this 
model are all known at the beginning of the network study so that it is possible to make the 
decision of the reference situation.  
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5.2 General conclusions and recommendations 

 

The two floors method used to detect and correct load transfers from a reference situation is 
a great improvement for the robustness of the study with a controlled loss of accuracy 
compared to a homothetic method (section 4.3.1) that does not care about the load transfers. 
A tool based on this method has been specified. This industrial tool will automatically make 
the analysis and speed up the process of the network studies. 

Other methods presented in the section 2.3 have not been compared for different reasons. 
The PREVI method has only been developed for the area of Paris in winter. It is very specific 
conditions that did not meet the requirements of application of the method. The multiple 
reference method cannot be statistically benchmarked because it requires too much time to 
select the appropriate reference situations and correct the structure differences between 
them; the first drawback of this method is the heavy workload for the operator. The method 
considering a unique key distribution has been tested. As expected, the results were very 
bad and not presented. 

The main progress of the two floors method was the cleanup of the data before the 
clustering, this part is presented in the section 3.1.4. This cleanup process can be adapted to 
others fields when undesired or unknown variations impact the data and make the 
classification more difficult. 

The methods studied on the reactive consumption (section 4.3.2 and 4.3.3) have not been 
such a success since one element is missing. RTE is not aware of the activation of reactive 
compensation means on the lower tension voltages. 

The method on small reactive variations proposes a totally new way of calculating the natural 

tangent  , the linearity between the active and reactive power. Others methods were not 
interested to the natural tangent   of unique substations but of bigger sets [4]. These sets 
were big enough so that the impact of compensation means on lower voltage grids was 
abundant enough not to be a problem. The result was a mean value. Now accurate values 
for each substation are allowed. A technical note has been written to present the benefits of 
this method; a debating meeting is going to be organized to weigh the pros and the cons of 
different approaches. 

The method on big reactive variations did not give interesting results at all. It can only show 
the uncertainty on the reactive compensations means. Since the impact of the reactive 
consumption on the safety of the system (through the voltage) is primordial, the information 
about the compensation means should be available to RTE in order to fulfill its duty of public 
utility. The consequence is that hypotheses are made on the reactive consumption whereas 
true information could be available, in my opinion. 

About the choice of the reference situation (4.3.4), the project only showed a first draw of 
how this choice can be more cleverly done. The approach is interesting but the project ran 
out of time to go deeper in the solution to adopt. Nevertheless, the results obtained in the 
case study are promising. 
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5.3 Future studies 

  

The two floors method can of course be optimized. However, the actual method already 
meets the requirements of RTE in terms of accuracy and robustness. 

One of the other objectives of the project was to see if it was worth making forecasts on 
homogeneous clusters instead of doing it on areas 'cut with an ax'. This is one of the main 
interests of clustering in data mining. Because of a lack of time and technical issues, this 
study has not been carried out. If the technical issues are too important, an alternative way 
would be to redefine forecast areas that fit the best with the localization of the clusters. A 
clustering over one year and the whole France (150 million measures) has already been 
made. It could be used to define these new areas. 

About the choice of the reference day, everything must be done. Only the tip of the iceberg 
has been studied. Another project has been initiated on this topic. The great improvement of 
the project has been to use a stepwise model selection using the Bayesian Information 
Criterion [5]. Another improvement has been to take into consideration the reactive 
consumption in the choice. 

About the reactive consumption, the greatest improvement would be to obtain the information 
of the compensation means on the lower voltage networks. An agreement with the French 
biggest distribution company, ERDF, is in process. Another interesting approach of this 
problem could be a pattern recognition method called the 'Hough Transform'. Hough 
transform is used to detect lines in a picture and could be applied to (P,Q) diagrams to detect 
the different compensation mean levels and the slope of the lines. 
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7. Appendix 

 

7.1 Appendix A 

 

Let assume two clusterings, C1 and C2, of the same 10 elements, from A to J. C1 is 
composed of 3 groups (G1, G2 and G3) and C2 is composed of 4 groups (G1, G2, G3 and 
G4): 

 

 

 

A table can be established with proportion of elements of groups of C1 into the groups of C2. 
And the same table can be done from C2 to C1: 

 

 

 

The method to compute the figures is: 
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These tables can be read for example: 

- 60% of elements of G1 in C1 are present in G1 in C2  
 

- 25% of elements of G3 in C2 are present in G1 in C1  

 

The sum of each line is 100%. If there is a 100% mark it means that a group is totally 
conserved from one clustering to another. This feature is highlighted by this correlation 
indicator: 

         
 

 

  
              

       

  

   

  

   

 

In our example, this gives: 

         
 

 

 
                              

         
 

 

 
                               

 

In order to have a symmetric correlation it is stated that: 
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