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Abstract 

As part of the KTH civil engineer degree, this final degree project was done at RTE, 
the company responsible for operating, maintaining and developing the French 
electricity grid, within the group responsible for the 400 kV grid and interconnection 
studies.  

After studying how adding production influences flows in a neighboring area, in order 
to get familiar with simulation tools, the next step was to work on RTE’s grid model, 
aiming at updating it with reactive data. Moreover, another task has been to analyze, 
understand and solve problems with the group’s active-reactive simulation tool. 

During these months, methodologies were developed to construct more accurate 
reactive data assumptions for 2015. Then, some methods proved being solid enough 
to quickly obtain valid and useful data, some others have not.  

Finally, a solution was also developed, allowing the group’s engineer to overcome 
errors in how power balance is treated within the active-reactive simulation tool. The 
method should be implemented in an upcoming release of the tool. 

Of course, considerable knowledge on how a grid works and is operated was acquired 
by working at RTE, and furthermore it also helped to understand a company’s daily 
organization and all what it implies. 
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1. Presentation - Context 

RTE, as the French electric grid owner, is the company responsible for operating, 
maintaining and developing the French electricity transport network. It was created in 
July 2000 as an independent operator, from a financial, managing and accounting 
point of view, part of EDF Group (the holding company of EDF, the main electricity 
supplier in France). RTE evolved then into a subsidiary of EDF Group in September 
2005.  

RTE owns the largest grid in Europe, made up of some 100,000 km of lines and 44 
cross-border lines, and its central geographical position at the heart of the continent 
makes it a key player in the development of the European electricity market. 

In 2006, RTE posted a 4,059M  turnover and employed about 8,300 people. 

Fig 1.1: 400 kV grid of RTE 
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1.1. Goals of RTE

The Goals of RTE are defined through a public service contract between the State and 
the company, and are controlled by the Commission for Energy Regulation (CRE). 

Managing the grid

The main goal of RET is to run the grid smoothly and safely. It must, at the best cost 
relevant costs, operate the grid, strengthen it and develop it depending on how 
demand evolves, while reducing its environmental impact. RTE must ensure continuity 
and quality to electricity transportation. 

Manage electricity transmissions on the grid

RTE must secure supply and alert public authorities in case of disruption risk. 

Contribute to a well functioning electricity market

RTE guarantees all users a fair and non-discriminating access to the grid. 
RTE favors fluidity in exchanges. The way it manages transmissions preserves as 
much as possible the freedom of all market actors. 
RTE aims at developing interconnection capacities, in cooperation with other grid 
owners. 

1.2. Organization

RTE can be split into two parts: 

• The Electric System deals with transmission management: 
it ensures the balance between offer and demand and makes sure users can be 
granted access to the grid. It secures the electric grid and implements all plans 
regarding the development of the grid. It employs around 1,500 people. 

• The Electric Transport deals with grid management: 
it operates the grid and carries out its maintenance on it. It also performs development 
work on the grid. It employs around 6,000 people. 

The French grid is split into seven regions: Normandie-Paris, East, Alps-Center, 
South-West, West, North-East, South-East. Each of them has a system unit and a 
transport unit. 

Then, various national units exist, as the National Control Center Unit which runs the 
400 kV grid. 

1.3. Developing the grid

RTE produces every 2 years, by demand of the Ministry of Industry, a forecast whose 
objective is to check the middle-term (within 15 years) balance between offer and 
demand in France. This is the basis on which lays consumption and production 
assumptions from which are identified needs regarding grid development. 
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From this forecast, RTE builds a development scheme, which presents a global 
overview showing which needs the grid will have to satisfy in the future, and identifying 
zones where the grid could require some modifications in order to keep supply and 
transportation secured. 

When the development scheme is completed, detailed studies are prepared by RTE in 
order to analyze various ways of solving constraints (overloadings, increasing 
consumption, supply quality, etc): 

• in priority by adapting the grid and by optimizing existing infrastructures and 
increasing their life expectancies. It avoids building new structures. 

• if this is not possible, then by expanding the grid.  

1.4. SERP – Service des Etudes de Réseaux et Projets – Service for 
Grid Studies and Projects

Several of these detailed studies are carried out by the SERP, which is directly 
attached to the head of the Electric System. 

This service is subdivided into 3 groups:  

• GADP, which has a support function to help project managers in RTE. 
• GAER, which provides regions with technical assistance in grid development 

studies. 
• GER400I, Group for 400 kV grid and interconnection studies, which is in charge 

of the 400 kV grid development. 

This final degree project has been done within GER400I, which includes 11 engineers, 
2 master thesis students and 1 manager. Engineers mainly come from national or 
regional system units. 

All engineers usually work either alone or by group of two on specific zones. Their 
work consists in achieving middle-term projects (2015 2020) in order to have sufficient 
time to perform reinforcement actions. Indeed, building a new 400 kV line takes no 
less than seven years. GER400I also handles grid-access studies requested by 
clients, that is to say producers or consumers who wish to be granted access to the 
grid. 

1.5. Tools

Simulation tools

Various internal tools, working under a unix environment named Platine, are used 
here at RTE to perform all simulations required by studies. All tools as well as the 
environment have been developed by RTE itself. 

Load Flow calculations are used to run simulations. For every node, the goal is to 
know its four parameters, active and reactive powers, voltage and phase by 
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comparison to a reference. Two of these parameters are known, the other two must 
be calculated. For a N-nodes grid, 2 N equations with 2 N unknowns must be solved. 

Nowadays, most studies are performed using the Conti tool, under Platine, which 
uses the Fast Newton-Raphson approximations for the Load Flow calculations: 

• Voltages amplitudes are assumed identical in every node. To maximize voltage 
constraints, calculations are performed at 380 kV. 

• The phase differences (θ) between neighboring nodes are assumed small.  

An active-only Load Flow is run: line transmissions obey this formula: 3V²/X * sin(θ) 
where X is the line reactance and V the voltage. Reactive powers are not calculated. 

Reactive power is taken into account only by using on the power transmission 
capability of lines a coefficient as follows: 

ϕcos***3 IMAPUP NOMMAP =

         where  cos(ϕ) = 0.95 
IMAP: maximal permanent acceptable current  
PMAP: maximal permanent acceptable active power 

A cos(ϕ) equal to 1 would mean there is no reactive power. Being equal to 0.95, it 
means that the active power is not equal to the apparent power. The reactive power is 
therefore not neglected. 

Another simulation tool is available under Platine: Hadès. It is based on the regular 
Newton-Raphson algorithm for the Load Flow it performs. Hadès of course leads to 
more precise results than Conti since it takes into account reactive transmissions. 
Though, Hadès requires more data, as reactive consumptions or capacities of 
production units. 

Apart from Conti and Hadès, other tools are available through the Platine 
environment. Courcirc allows engineers to run short circuit simulations. Tropic is 
used to perform optimization calculations. And probabilistic computations can be 
made using Metris.

Refer to Appendix 1 for captions of the Platine environment. 

The department of RTE in charge of developing Platine performed a comparison study 
between the two algorithms used by Conti and Hadès. It resulted in various 
transmission differences, to the extent that some constraints could change in N 
situation. In N-1 situations, differences are even more numerous then. Overall, this 
means study conclusions can depend on which of Hadès or Conti is used, meaning 
these two tools can lead to contradictory results. 

Planning production and optimizing the way the grid is used in order to minimize costs 
forces to perform more and more accurate studies. Moreover, the massive usage of 
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compensators trend leads to more complex studies. It has therefore become 
necessary at GER400I to perform active/reactive studies. 

Databases

Several databases are regularly used by RTE. In particular, Instin and Start can be 
very useful to perform grid development studies. 

Instin is a database storing in the long-term the following measurements on the 
Energy Management System as seen from the 225 kV side : active and reactive 
power production and consumption, voltage magnitude and phase, power balance. 
These values are measured and stored every 10 seconds on all 400 and 225 kV 
nodes of the French grid. 

Start is another database, which provides measurements and statistics on power 
production and consumption as seen from the 90 or 63 kV sides. It is used as a 
electricity meter for clients. 
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2. Thesis goals  

The aim for GER400I is to perform as accurate as possible studies, which means 
performing active / reactive studies. However, the group still lacked a file modeling the 
grid with updated and accurate enough reactive data. What needed to be done is 
therefore to update the active-only file available to the group with reactive data.  

Since GER400I is in charge of studies concerning the HV grid, the file modeling the 
transmission network only describes the 400 kV and 225 kV grids. All consumptions 
related to lower voltages parts of the grid (90 kV, 63 kV) are attached to 225 kV 
nodes. This file includes more than 3000 consumptions on more than 1500 French 
nodes. Moreover, it includes as well simplified data from foreign grids. Finally, the 
whole UCTE grid is modeled in the file. 

Overall, the following data needed to be included in the file modeling the 2015 UCTE 
grid: 

• Reactive consumptions of customers of RTE 
• Reactive bounds for generators 
• Reactive energy compensation means (selfs or shunts) 
• Reactive production by lines 

Reactive consumptions are split into two categories:  

• consumptions from regular customers who access the grid via the 20 kV and 
lower grid 

• consumptions from industrial customers who access the grid via the 63 kV or 
more grid.  

Consumptions of industrial customers are treated separately since their reactive 
consumptions is highly correlated with their industrial processes, and therefore do not 
vary as other consumptions. 

Moreover, the 2015 UCTE file contains data for 5 representative time slots in the year: 

• January - 4:00 am  winter, off-peak consumption 
• January - 9:00 am  winter, peak consumption 
• April - 10:00 am  spring, peak consumption  
• June - 4:00 am  summer, off-peak consumption 
• June - 10:00 am  summer, peak consumption 

This means data has to be collected for all five situations. 

Fully updating the file describing the grid, since it has never been done before, is a 
very long work. Methodologies have to be developed concerning where to collect data, 
how to choose it, how to use it and how to update the file with it.  
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2.1. Goals

The project started in March 2007. This final degree project started in late July 2007.  

The goals were the following : 

• To make equal voltage inputs of power units of each nuclear plant, in the 
grid model, so that all units from one plant produce as much power as 
one another. 

• To update consumptions of all industrial customers for January 9:00 am 
and June 10:00 am time slots. 

• To enhance consumptions of all regular customers for the June 10:00 am 
time slot. 

• To understand the error Hadès makes while computing power balance, 
and come up with a solution that can be coded.

• The global aim was to be able to start studies based on this 2015 UCTE 
file by the end of the year. Indeed, achieving these goals would allow having 
an operational model, ready to be the basis on which to start performing studies 
for winter and summer peak time slots.  

However, in order to get familiarized with Platine (the RTE-made unix environment), 
with its various applications and with its data files, the first task was to perform a 
study on influence rates, useful for studying the sensitivity of lines towards adding 
production capacity. 
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3. Influence rates 

In order to satisfy a growing demand in electricity, due to increasing consumption and 
the shut down of coal plants, and because the European electricity market is opening 
itself up, many gas/combined cycle power plant projects are studied. This currently 
raises various questions, one of them being where to build them.  

It is critical to be able to study how a new plant will impact an electrical network and 
what influence it will have on its neighborhood. 

This is where influence rates are useful: they allow analyzing the sensitivity of an axis 
towards the fact of adding production capacity. 

3.1. Goals

The goal is to define a methodology allowing studying the influence of a newly added 
plant on an axis in a systematic way depending on predefined assumptions. The 
influence is to be measured in percent ; it will therefore not be depending on the 
maximal power production of the plant. 

Based on this developed method, it will then be possible to design maps presenting 
influence rates around sensitive axes (with high constraints). By using these maps, 
engineers will be able to spot more intuitively and faster where constraints will be 
located after new production capacity is added somewhere on the grid. Their work will 
therefore become more efficient.  

Moreover, performing this study will also allow me to get used to Platine. The RTE-
made unix environment is indeed quite complex and requires some time to be 
mastered. 

3.2. Measuring the influence: different methods

The goal is to be able to compare two situations: the original one, and the new 
situation where a production group is added. 

During simulations, the influence of this newly added production group in the grid can 
be measured using two different methods: by compensating by adding consumption or 
by compensating by adding production. The compensation is indeed required in order 
to be able to make valid comparisons between the new and the original situation (it 
would not be correct to compare two situations with different power balances).  

The influence rate of a production group on a flow, in percent, can be expressed as: 

(new flow – original flow) / power produced by the new group 

It only depends on the topology of the grid. 
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Compensation by adding production

For this method, the new situation corresponds to the original one to which is added 
the new power production group on the desired node. Though, the power balance in 
the new situation is not the same one as in the original situation, since a group has 
been added. In order to be able to make a valid comparison between the two 
situations, the power balance from the original situation has to be equalized to the one 
from the new situation. This is the compensation. 

In this method, the same production group will then be added to the original situation, 
resulting in a modified original situation, that has the same power balance as the new 
situation. Of course, the production group has to be added in a node where it has an 
as small as possible influence on the part of the grid that is studied. 

Calculations are then made on these two situations, the modified original one being 
used as reference. 

Compensation by adding consumption

For this method, the original is not modified as it was in the method by adding 
production, but is kept the same. In order to compensate the new production power 
that is added on a desired node, in the new situation, the consumption will here be 
increased of as many megawatts the production has been increased by. The power 
balance from the new situation will therefore be equal to the one from the original 
situation, and comparisons will be valid. 

The consumption can be added in this way: a zone is selected. It has many different 
consumers. All of them represent a certain percent of the total consumption of the 
zone. What will be called to add consumption at the scale of this zone will be to 
increase the consumption of every consumer who belongs to the concerned zone by x 
percent of the consumption that has to be added in total, where x is the percent of the 
total consumption of the zone corresponding to the consumer. 

Calculations are then made on the original situation (as reference) and on the new 
situation. 

3.3. Comparing the methods

The aim is now to compare both methods in order to select the best one in terms of 
given needs. 

The compensations will be compared by adding production on a non-influential node 
(which depends on the studied area of the grid), by adding consumption at the scale of 
Europe, and by adding consumption at the scale of France. 

Given data

Three data files modeling the UCTE grid are used for this study. Two of them model 
an average scenario, one in 2015, the other one in 2012, the third one models an 
export scenario in 2015 (Belgium exporting towards France). 
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The calculations will here be made for the January 9:00 am and June 10:00 am time 
slots. 

Calculations

The comparison between the different types of compensation will be made by looking 
at how influential adding a group can be on two traditionally sensitive axes: the A – B 
axis and the X - Y, which both have two parallel lines. The real names have been 
replaced by letters on purpose of confidentiality, as requested by RTE. 

The influence rates will be computed for various group implantation locations, for both 
axes.  

The compensation by adding production will be made, for each axis, by adding a 
group on a node chosen considering how far it is from the studied axis, and therefore 
considering how small its influence is on the transit of the axis.  

For both axes, calculations are made in N and N-1 situations. The N-1 situations are 
interesting here because the axes are double axes: their two nodes are connected 
with two lines and not only one, as it is showed on Figure 3.1. The N-1 situations will 
then correspond to a fault on one of the two lines of the double axes. 

Axis whose two nodes are connected 
with one line 

Axis whose two nodes are connected 
with two lines: it is a double axis. 

Fig 3.1: Traditionnal axis and double axis. 

The validity of computations can be checked by adding groups with various maximal 
power productions. Indeed, an influence rate must not vary with produced power 
because it only depends on the topology of the grid and is expressed in percent. 

The dispersion of obtained influence rates for different parameters (data sets, time 
slots, maximal power production of the group) will allow qualifying the various 
methods. 

Selecting data to make a valid comparison 

First of all, it comes out that the data file corresponding to the North towards France 
export scenario presents a clearly more strewn dispersion than that of the data file 
corresponding to the average scenario. 

Indeed, this is showed for each method for both studied axes by Figures 3.2 to 3.7. 

The X axis presents normalized influence rates for summer figures, and the Y axis 
presents normalized influence rates for winter figures. All points but the reference 
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point correspond to one node where a production group has been added. As the 
influence rates have been normalized, all points are located on the circle of radius 1. 
The reference point indicates the ideal case where the influence rate is identical 
whatever the time slot is (it only depends on the topology of the grid). For the 
reference point, data presents no dispersion. All other points correspond to various 
implantation locations for the production group. The two colors correspond to the two 
scenarios. 

Since the two scenarios correspond to the same grid, but with different exchanges 
between countries, the methods, applied to these scenarios, should not provide 
different results. But in fact they do. The first step is therefore to select which scenario 
will provide the best results. 

The closer a point is from the reference, the smaller its dispersion is. Indeed, due to 
simulation approximations, for each node where was added production power, 
calculated influence rates were slightly different in Summer than in Winter, which 
should not be the case since influence rates only depends on the topology of the grid. 
In theory, all points should be located on the reference point. The goal is therefore to 
select the scenario that will provide influence rates that are as close as possible in 
Winter than in Summer. That is to say the method that will provide normalized 
influence rates as close as possible from the reference point. 

Moreover, a scenario should provide stable results. Indeed, sometimes a method can 
give good results (normalized rates close from the reference) but also bad results. The 
goal is to have more or less constant results: to have all normalized points located 
close from one another. 

Finally, the goal is therefore to have results that will located in a compact area, which 
will be itself located close to the reference point. 

While looking at Figures 3.2 to 3.7, it is clear that the results corresponding to the 
Average scenario are much more compact and closer from the reference than the 
data corresponding to the North Export scenario, for all methods and both axes. 



17

X-Y Compensation by adding production
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Fig 3.2: Compensation by adding production for the X-Y axis. 

A-B Compensation by adding  production
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Fig 3.3: Compensation by adding production for the A-B axis. 
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X-Y Consumption Europe
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Fig 3.4: Compensation by adding consumption at the scale of Europe for the X-Y axis. 
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Fig 3.5: Compensation by adding consumption at the scale of Europe for the A-B axis. 
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X-Y Consumption France
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Fig 3.6: Compensation by adding consumption at the scale of France for the X-Y axis. 
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Fig 3.7: Compensation by adding consumption at the scale of France for the A-B axis. 



20

It is clear that the data corresponding to the North Export scenario presents a largely 
strewn dispersion: the yellow triangles are scattered over the plan on all figures 
(Figures 3.2 to 3.7). The methods are not very good for this scenario. It was therefore 
decided that the data corresponding to the North Export will not be taken into account 
to make a comparison between all methods.  

On the contrary, the data corresponding to the Average scenario is much more 
compact: the red squares clusters are quite compact on Figures 3.2 to 3.7. Moreover, 
the clusters are located close to the reference, which ensures a small dispersion. 

Comparison of the methods 

By only taking into account the data from the Average scenario, it is now possible to 
make a comparison between the three previous ways of compensating. 

The compensations will then be compared by adding production, by adding 
consumption at the scale of Europe and by adding consumption at the scale of 
France. The selected method will be the one offering the best compromise between a 
small dispersion and a good stability, that is to say the one providing the best 
compromise between the proximity of the clusters to the reference and their density. 

Figures 3.8 and 3.9 illustrate the density of the clusters for all three methods, for both 
studied axes. 

X-Y Comparison between methods
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Fig 3.8: Comparison between all compensation methods for the X-Y axis. 

For the X-Y axis, it comes out that the most compact cluster is the one originating from 
the compensation by adding production method. 
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A-B Comparison between methods
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Fig 3.9: Comparison between all compensation methods for the A-B axis. 

For the A-B axis, it comes out that the most compact cluster is the one originating from 
the compensation by adding production method. 

The comparison of the amplitude for each method now remains to be done, that is to 
say the distance between cluster and the reference. Figures 3.8 and 3.9 being not so 
accurate, Figures 3.10 and 3.11 will be used.  

They measure the distance between each point and the reference on the Y axis. All 
measurements correspond to the points from Figures 3.8 and 3.9, that is to say they 
correspond to new power production locations. This means for the X-Y axis, 
calculations have been made for 24 different nodes (all close from the X-Y axis) where 
to add power production. And for the A-B axis, power production has been added in 
18 nodes. 
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X-Y Comparison between methods
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Fig 3.10: Comparison between all compensation methods for the X-Y axis. 

For the X-Y axis, it comes out that the points being the closest to the reference are the 
points coming from the compensation by adding consumption to the scale of France. 
The distances between the points coming from the compensation by adding 
production and the reference are slightly longer. 
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 Fig 3.11: Comparison between all compensation methods for the A-B axis. 

For the A-B axis, it comes out that the points being the closest to the reference are the 
points coming from the compensation by adding production. This time, the points 
coming from the compensation by adding consumption to the scale of France are 
much further away from the reference than the other ones. 

Globally, it comes out than the method of compensation by adding production 
provides the best results in terms of density of clusters (and therefore of 
dispersion stability), and good or the best results in terms of small distance 
from the reference (and therefore of smallness of dispersion). 

This method finally appears as the one being the best adapted to our needs. 
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3.4. Conclusion

To study the sensitivity of an axis to the addition of production, it is concluded that the 
calculations of influence rates can be made with the following methodology: 

• The Average scenario is to be used (time slot January 9:00 am or June 10:00 
am) 

• Compensation by adding production is to be used, if of course the 
compensating group is located in a well chosen node, that is to say a node 
having a minimal influence on the area of the grid considered for the study. 

It has then been possible to compute some influence rates on sensitive areas. 
However, results cannot be shown entirely here for confidentiality purposes: it is 
forbidden to reveal the names or locations of the axes and nodes on which have been 
studied influence rates.  

In Appendix 2 can be seen a map (Figure A2.1) providing influence rates on a 
sensitive axis, whose name is not mentioned. The two other maps (Figures A2.2 and 
A2.3) present the same results, with less accuracy, but to the scale of France, and 
present zones of similar influence rates for various N-1 situations of all main traditional 
sensitive axes. The idea is to use these two maps, and then a more accurate one, 
such as the first one presented here. 

These national and regional maps are now used among the group. They allow 
engineers to see immediately what the tendency will be in case a production group is 
connected to the grid. Constraints can be more intuitively spotted, and faster, which 
improves the efficiency of the group. It also enables engineers to have a clearer quick 
view of how a group influences its surrounding network. This is especially important in 
today’s context where many gas/combined cycle power plants are under development. 

Moreover, completing this study allowed me to get used to Platine, the RTE-
made unix environment, and get ready to update the 2015 UCTE file with new 
reactive data. 
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4. Voltage inputs of nuclear units 

France has 58 nuclear units scattered across the country in 18 power plants. All 
nuclear plants therefore have several units, which are controlled through their input 
voltage. 

By acting on these input voltages, it is possible to modify the voltage map of France, 
that is to say the voltages of nodes. Of course all these voltages are bounded by 
minimum and maximum values which must be respected.  

Decreasing the input voltages of units of a plant will result in decreasing the voltages 
of surrounding nodes. Increasing them will result in increasing the voltages of 
surrounding nodes. 

4.1. Goals

The first goal regarding the active / reactive 2015 UCTE file was to set the input 
voltages of all nuclear units so to enhance how voltages respect their bounds for the 
January 9:00 am and June 10:00 am time slots: that is to say to increase the 
difference between the value of a voltage and its boundaries. 

4.2. Results

As all nuclear units from a same plant have the same voltage input, there are only 18 
values that can be used to enhance the voltages of the grid. 

June 10:00 am

For the June 10:00 am time slot, no problems were faced. Using the optimization tool 
Tropic, a high cost just had to be entered in case a voltage exceeds its limits. Indeed, 
Tropic uses a cost approach: it tries to minimize the global cost. By entering a high 
cost in case a voltage goes beyond its boundaries, Tropic will then do all of what it can 
in order to avoid exceeding these limits. 

A set of optimal input voltages was immediately obtained that resulted in a satisfying 
voltage map regarding bounds. 

Figure 4.1 shows former values and those given by running optimization calculations. 
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Power Plant Original input voltage (kV) Optimized input voltage (kV) 
Plant 1 19.0 19.7 
Plant 2 19.6 20.2 
Plant 3 19.7 20.1 
Plant 4 20.4 20.2 
Plant 5 20.2 20.0 
Plant 6 20.4 20.2 
Plant 7 20.6 20.6 
Plant 8 20.7 20.2 
Plant 9 21.0 19.8 

Plant 10 21.0 20.3 
Plant 11 24.0 24.4 
Plant 12 22.8 24.0 
Plant 13 22.8 24.2 
Plant 14 23.2 24.4 
Plant 15 23.3 23.0 
Plant 16 23.9 23.6 
Plant 17 24.4 23.8 
Plant 18 25.0 23.7 

Fig 4.1: Input voltages optimization for the June 10:00 am time slot. 

January 9:00 am

For the January 9:00 am time slot, difficulties aroused. Tropic turned out to be quite 
unstable. An optimization process had therefore to be run by hand. 

The starting point was the original input voltages. Input voltages of plants were 
increased or decreased depending on the surrounding grid voltages. In case of low 
voltages in the neighborhood of the plant, the input voltages were increased in order to 
get larger margins. In case of high voltages, the input voltages were simply decreased. 

The choice of margins was made considering if the considered region traditionally has 
low or high voltage problems. In case of low voltage problems, the chosen margin is 
the difference between the low boundary and the lowest voltage of the region. In case 
of high voltage problems, the chosen margin is the difference between the high 
boundary and the highest voltage of the region.  

This method worked quite well since the influence of a plant weakens with distance. 
Indeed, a low or high voltage problem is solved by acting on the surrounding plants 
only. This will strongly influence the voltages of the close nodes, and therefore solve 
the high or low voltage proble. And it will slightly influence the voltages of the far away 
nodes, and therefore not cause any new low or high voltage problem, since the 
influence of a plant weakens with distance. In case of some slight problems, some 
later adjustments can be made. Figure 4.2 shows original values and those given by 
running by hand this optimization. 
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Power Plant Original input voltage (kV) Optimized input voltage (kV) 
Plant 1 20.0 20.0 
Plant 2 20.0 20.0 
Plant 3 20.0 20.2 
Plant 4 20.0 20.0 
Plant 5 20.4 20.4 
Plant 6 20.4 20.6 
Plant 7 20.5 20.6 
Plant 8 20.5 20.5 
Plant 9 20.5 20.6 

Plant 10 20.7 20.9 
Plant 11 24.0 24.0 
Plant 12 24.4 24.4 
Plant 13 24.5 24.8 
Plant 14 24.5 24.5 
Plant 15 24.5 24.5 
Plant 16 24.6 24.6 
Plant 17 24.7 24.8 
Plant 18 24.7 24.7 
Fig 4.2: Input voltages optimization for the January 9:00 am time slot. 

4.3. Conclusion

Better margins, and therefore a better resistance towards low or high voltage 
problems, have been achieved. The first goal was therefore completed.
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5. Reactive data – Reactive consumptions of 
industrial customers 

Valid reactive consumptions for industrial customers are missing in the active / 
reactive file modeling the 2015 UCTE grid. 

Indeed, the consumptions that are available are based on estimated tangents Φ  that 
are not so accurate. This is especially the case for SNCF, the company that runs 
trains in France, and RATP, the company that runs public transportations in Paris.  

The mean consumptions we are dealing with are in reality much lower that those 
obtained with the tangents Φ  on the nodes where these companies are connected. 
This comes from the fact that these tangents Φ  used are calculated in comparison 
with how much power a train or subway requires. But the mean consumption is much 
lower since trains or subways do not circulate constantly. 

5.1. Goals

The aim is therefore to complete the file by building new, more accurate, 
consumptions, for the January 9:00 am and June 10:00 am time slots. 

5.2. Methodology

Constructing reactive consumptions for industrial customers can be done in the 
following manner. 

First, all nodes where these industrials customers are connected to the grid are listed. 
The 2015 active consumption forecasts ( 2015P ) of each customer are collected for the 
January 9:00 am and June 10:00 am time slots (they have been previously calculated 
by another group in RTE). 

Then, the database Instin, which measures and stores every 10 seconds active and 
reactive consumptions on almost all nodes of the French grid, is used at this step. 

For all nodes we are interested in, we collect the Tuesdays and Thursdays active and 
reactive consumptions of customers between 8:00 am and 10:00 am in January and 
February 2006, and between 9:00 am and 11:00 am in June and July 2006. That is to 
say one hour before and after the January 9:00 am, February 9:00 am, June 10:00 am 
and July 10:00 am time slots.  

As January and February consumptions are very similar, and June and July 
consumptions as well, the January 9:00 am and February 9:00 am time slots have to 
be understood as Winter 9:00 am and the June 10:00 am and July 10:00 am time slots 
as Summer 10:00 am. However, due to the names given to the time slots in the grid 
model, the Winter 9:00 am time slot will be refered to, from now on, as January 9:00 
am, and the Summer 10:00 am time slot as June 10:00 am. 
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Tuesdays and Thursdays are chosen because they are the days where the 
consumption is usually the largest. Mondays and Fridays are too close from the 
Weekend, and on Wednesday afternoons, consumption is usually slighlty lower in 
France. Finally, two lists of (P,Q) couples are obtained, one for January 9:00 am and 
one for June 10:00 am, for every industrial customer. 

Using this data, the first thing to do, for each customer, is, for a given time slot, to 
verify if its 2015 active consumption is located between the related 2006 minimum and 
maximum consumption values. 

If this is the case, it is assumed that the energy needs of the concerned industrial 
customer will not change much, and therefore that its consumption profile will be 
similar in 2015 as it was in 2006 [1] [2].  

If this is not the case, then it means that the energy needs will probably evolve. 
Though, the RTE unit from the region where the node is located should first be 
contacted to double-check the Instin data (it can be wrong from time to time). Regional 
units usually have indeed access to more detailed values, and benefit from close 
contacts with industrial customers. Finally, if no data can be collected for a customer, 
the approximation 20152015 37.0 PQ ⋅=  is used, 0.37 being the median value of all 
tangents Φ   nowadays. 

In the first case where the 2015 active consumption fits into the 2006 measured active 
consumptions, the 2006 reactive consumptions which are coupled with active 
consumptions that are equal to the 2015 active consumption plus or minus 10 %, are 
gathered. Then is calculated the median value of these reactive consumptions. This 
median value constitutes our 2015 reactive consumption, which is valid since we 
assume the energy needs of the customer will not evolve until 2015. 

We therefore have { }( )A Q)(P,  Q2015 ∈= medianQ

      where  { }20152015 1,1P0,9  Q)(P, PPEA ⋅≤≤⋅∈=
  E  is the set of data from Instin (measurements from 2006 on the 
considered node) 

5.3. Putting the method into practice

Collecting measurements with Instin

If it was quite fast and easy to list all the 135 nodes where industrial customers are 
connected, it has been much more difficult to gather all the needed measurements 
from the database. 

Indeed, for every single node, different consumptions corresponding to all parts of the 
node are provided : connections with other nodes, transformers, customers, etc. 

To determine which consumptions were related to the industrial customers, the 
schemes of all 135 nodes were used. For instance, if the consumption of a transformer 
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was provided, it had to be checked if the transformer was the property of the customer 
or not. 

Once it was known which consumptions to sum up for obtaining the consumption of 
the real customer, a request had to be sent to a server in order to get them. However, 
since the Instin database is updated in real time, the server that handles it is the same 
one that handles national control centers. It is therefore quite sensitive, and crash risks 
should be minimized. This is why a maximum of only 5 persons can access the Instin 
database at the same time, requests are treated only every 15 minutes, and quite 
slowly, which limits the quantity you can ask at the same time. 

135 sets of measurements were needed for both January 9:00 am and June 10:00 
am, which means about 300 requests have been sent to the server (mistakes 
included). With an average of 8 requests per hour, it took approximately a week just to 
gather all measurements. 

Constructing reactive consumptions

Once all sets were gathered, it has been possible to sort them out and calculate the 
2015 reactive consumptions estimations when possible. When measurement values 
did not match the 2015 active consumptions, we asked regional units for help. They 
have, as said before, access to more accurate values than the ones available in the 
national databases of RTE. These new and more accurate values would most of the 
time define a range where the 2015 active consumption could fit. Most of the wanted 
values could then be built.  

However some could not. These remaining ones were obtained with the approximation 
37.0tan =Φ , as said before. 

Upgrading the grid model

Finally, the active / reactive file modeling the 2015 UCTE grid was upgraded with 
these newly built consumptions. After running load flow calculations, it could be 
verified that voltages were generally improved: the difference between the voltages 
and their boundaries was increased. Obviously, the main improvements were obtained 
around nodes where SNCF and RATP are connected, since the tangents Φ  on which 
were based the consumptions from these companies were the most poorly estimated 
ones. 

The biggest problems were located around Paris, where RATP runs its network and 
where the network of SNCF is very dense too. As reactive consumptions were very 
high, it caused low voltage problems. The new and more accurate reactive 
consumptions, being lower, solve these low voltage problems. 

In Table 5.1 are some improvements on representatives nodes of in the Paris region, 
for the January 9:00 am time slot. 
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Table 5.1: Voltages and margins – January 9:00 am. 
Node Umin (kV) U (kV) before U (kV) after Umax (kV)

Paris A 400 398.0 396.6 398.4 417.0 
Paris B 400 398.0 396.2 398.2 417.0 
Paris C 400 398.0 400.0 402.1 417.0 
Paris D 400 398.0 399.1 401.4 417.0 

And for the June 10:00 am time slot in Table 5.2. The margin regarding the limit values 
is now much better. 

Table 5.2: Voltages and margins –June 10:00 am. 
Node Umin (kV) U (kV) before U (kV) after Umax (kV)

Paris A 400 398.0 399.9 402.3 417.0 
Paris B 400 398.0 399.8 402.2 417.0 
Paris C 400 398.0 398.3 400.2 417.0 
Paris D 400 398.0 397.9 399.8 417.0 

5.4. Conclusion

The active / reactive 2015 UCTE file has now been updated with more accurate 
consumption values for industrial customers. By doing so, the second objective 
has therefore been achieved. 
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6. Reactive data – Constructing reactive 
consumptions for regular customers using the 
differentiation method 

Constructing reactive consumptions for regular customers (who access the grid via the 
20 kV and lower grid) for the June 10:00 am time slot had been performed, until now, 
by using constant tangents Φ , which implies taking into account all existing means of 
reactive power compensation that are used (for HVA as well as for HVB (1)). However, 
these means of compensation are empirically estimated from the January 9:00 am 
time slot ones. It results in a poor approximation.

6.1. Goals

The idea is therefore to define clearly and apply a new way of constructing new 
reactive consumptions, which would not need this approximation: the differentiation 
method. This method was hinted by an RTE think-group as a possible way of how to 
construct reactive consumptions [4]. 

It should be clear that this study is specific to GER400I. Indeed, all shunts located to a 
level below 225 kV being treated equally (as if they were at the same voltage level) in 
national studies, results would not be interesting to use at regional level because they 
would not be meaningful. 

6.2. Differentiation method

A time slot TS on which to perform the method must first be chosen. All values 
involved in the method will be representing this time slot, and should therefore include 
a symbol TS, but in order to simplify notations, this will not be done. TSX  will therefore 
become X . 

For every Distribution Center (2) (DC) j, a set of values of active and reactive power 
consumptions in 2006, that will be called jP2006  and jP2006 , is measured and known 
from databases. 

Moreover, the estimated active power consumption in 2015 is known from the 
forecasts of RTE, and is called ijP2015 , for each node i of every DC j. Each of these 
measurements are separated into linear with respect to time and fixed parts in the file 
modeling the grid [1] [2].  

(1) HVA are voltages located in the range [1 kV ; 50 kV] 
HVB are voltages that are higher than 50 kV. 

(2) A Distribution Center, or DC, is a sub-division of a region. RTE has divided France 
into seven regions, which are divided into ten to twenty DCs. 
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ijijij btaP +⋅= 20152015

is therefore obtained where  2015t  corresponds to the year 2015  
     ija  is the linear with respect to time coefficent 

     ijb  is the fixed coeffcient 

More generally, Mathematical methods used in RTE [4] explains that the active power 
consumption ( )nij tP  in a node i of a DC j in the year nt  is ( ) ijnijnij btatP +⋅= . 

It must be clear that nt  is not a continuous time. ijP , ija  and ijb  are related to a time 
slot TS and nt  represents a year. For every time slots TS, the active power 
consumption for each node of every DC increases year after year in a linear manner, 
such as in Figure 6.1. 

Active power consumption of a node  
of a DC for one time slot 

Figure 6.1: Active power consumption increasing with years 

Then, for each time slot TS, two parts are obtained: 201512015 taCA ijij ⋅=  which 
corresponds to the linear part and ijij bCA =22015  which corresponds to the fixed part. 
For each time slot, the following equality is therefore obtained: 

ijCA 12015 + ijCA 22015 = ijP2015 . 

It is also assumed that on every homogenous grouping A (all consumptions within the 

group have the same profile), the ratio 
A

A

dP

dQ
 between a reactive power small variation 

over an active power small variation can be replaced by a median value, whose time 
variations over a few years can be neglected.  

For small consumption variations inside A, linearizing around an operating point 
becomes valid. It will therefore be valid to calculate 2015 consumption values from 
2006 values. 

nt
2003 2004 2005 2006 2015
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The aim is to compute, from all these values, the 2015 reactive power consumptions 
for one time slot TS, called ijCR 12015  and ijCR 22015 , whose sum is called ijQ2015 . 

Method principle

• Estimating 
dP

dQ
 on every DC 

On every DC, it is required to estimate the derivative of the reactive consumption with 

respect to the active consumption, 
j

j

dP

dQ
, that will be called jλ .  

To achieve this, a linear regression of the set of ( jP2006 , jQ2006 ) points is made. The 
regression coefficient is therefore an estimation of jλ . 

 Fig 6.2: Estimation of jλ  by linear regression. 

On every DC j, as they are homogenous groups in terms of consumption profile, 

the ratio 
j

j

P

Q

Δ
Δ

 can be approximated by jλ  according to our assumptions: 

Fig 6.3: Approximating 
j

j

P

Q

Δ
Δ

by jλ . 

jλ

jλ

)(MW
jP2006

)(MVAR

jQ2006
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• Calculation of ijQ2015  for every node i of every DC j 

For every node i, in every DC j, the following formula can therefore be deduced (from 
Figure 6.4): 

)20062015(20062015 ijijjijij PPQQ −⋅+= λ

Fig 6.4: Relation between 2015 and 2006 active and reactive powers.  

It now remains to compute ijQ2006  and ijP2006 , since jλ  has been estimated and that 

ijP2015  is known. Then ijQ2015  will be obtained. 

o Calculation of ijQ2006  and ijP2006

First, it is compulsory to get jQ2006  and jP2006  that can be computed by 
considering the median values of the whole sets of gross consumption 
measurements available for every DC j, and by adding the HTB active power 
production to jP2006 . 

It then remains to dispatch these consumptions on all nodes. Then we will get 
ijQ2006 and ijP2006 . 

To achieve this, the dispatching coefficient ijx  (for node i of DC j) is used. 

j

ij
ij

P
Px

2015
2015=  where ∑

∈
=

ji

ijj PP 20152015 . 

Finally, we get jijij QxQ 20062006 ⋅=  and  jijij PxP 20062006 ⋅= . 

All ijQ2015  result from these calculations, for every node i of every DC j.  

jλ



35

• Calculation of ijCR 12015  and ijCR 22015  for every node i of every DC j 

It is only required here to separate all ijQ2015  into a fixed part with respect to the 
considered time slot, ijCR 22015 , and a linear part, ijCR 12015 . 

To achieve this, the separation coefficients between ijP2015 , ijCA 12015  and ijCA 22015
are used. 

Then ijijij QxCR 20152015 11 ⋅=  and ijijij QxCR 20152015 22 ⋅=  where 
ij

ij
ij

P
CAx

2015
20151

1 =  and 

ij

ij
ij

P
CAx

2015
20152

2 =  is obtained. 

It is finally possible to enter the newly computed reactive consumptions into the grid 
model, without forgetting to turn off all HVA and HVB means of compensation. 

Advantage

The differentiation method allows not to take into account HVA and HVB means of 
compensation, which are considered as a black box that we let free, and do not try to 
control by using a certain part of the existing shunts. The advantage on the June 10:00 
am time slot is that it is more or less sure that the volume of shunts which will be used 
in reality will be less than the existing volume, and that there should not be any 
limitation problem if some compensation must be performed. 

This was not possible for the January 9:00 am time slot because the compensation 
volume that is used is sometimes very close from the total existing volume. These 
compensations must then be included in the consumption calculations, and Hadès  
must be set in such a way it can use the compensation means that are switched on. 

6.3. Test of the method

The method by differentiation will first be performed on the Southeast region of France 
(named SESE) for the June 10:00 am time slot. 

SESE includes 9 DCs. For each of them, a value of λ  is computed from the sets of 
values of gross consumptions measured in June 2006, using linear regression. 
Calculated values oscillate between 1.03 and 1.19. 

However, this results in a first contradiction with some previous results obtained by 
another team, since their λ  values are included in the interval [0.4 ; 0.8] for the date  
June 2006, with a majority in the interval [0.5 ; 06]. 

But the biggest problem comes from the fact that when the newly computed reactive 
consumptions are entered in our grid model, Hadès does not converge normally. 
It is also interesting to note that in the case where λ  are arbitrarily changed so that 
they fit in the interval [0.4 ; 0.8], then Hadès succeeds in converging normally towards 
a voltage map respecting defined voltage intervals, and giving at the same time 
realistic figures. 
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Limitations of the method

The previous test demonstrates the limits of the differentiation method. 

Indeed, the accuracy of the λ  calculation is highly dependent on the quality of the 
gross reactive consumption data that was collected.

This data, when plotted, is represented as one or several clouds of points. In the case 
of the South-East region, for every single DC, the points are separated into three 
clusters, which are always located in the plan as in Figure 6.5. 

(P 2006,Q 2006) CD 252 SESE

-1000

0

1000

2000

3000

4000

5000

6000

0 1000 2000 3000 4000 5000 6000

P 2006 (MW)

Q
 2

00
6 

(M
V

A
R

)

Fig 6.5: Active and reactive power measurements from the South East region. 

On this DC, as for all others from the SESE region, the data can seem odd, especially 
the one from the cloud located around the point (5500 MW, 5500 MVAR). This cloud 
has a large influence on the value of λ , which will lead to a significant error and imply 
the divergence of Hadès. 

λ  have also been computed on the Parisian region (named SENP) and the West 
region (named SEO). If the data does not seem particularly odd this time, they 
however show, after being plotted, cluster shapes challenging the validity of linear 
regressions, as in the following example. 
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Fig 6.6: Active and reactive power measurements from the Parisian region. 

On this DC, named Cergy, the data is shaped so that a linear regression does not 
stand as relevant. The validity of the differentiation method is truly questioned by the 
results of this DC, as for the ones of other DCs in the SENP and SEO regions. 

On at least three out of seven regions, many questions are raised – as the validity of 

the assumption according to which, on a DC, the ratio 
dP

dQ
 can be linearized – which 

questions the differentiation method. 

6.4. Conclusion

The differentiation method clearly does not appear as being valid to be applied to the 
collected data, that is to say with gross active and reactive power consumptions for 
each DC. Indeed, as these consumptions are grouped at the level of DCs, it does not 
appear possible to correctly linearize them. 

An alternative option could be to compute regression coefficients closer from the 
consumptions, and not to the level of DCs, using another database. Though, this leads 
to other problems such as taking into account the influence of HV shunts which can be 
included in other databases. It could imply an error in the calculation of QΔ . Apart 
from this, performing this study would require a significant amount of time for uncertain 
result. 

Thus, it is decided, for the June 10:00 am time slot, to continue applying the old 
tangent Φ  method to construct reactive consumptions, based on the 
assumption of empirical volumes of HVA shunts to be used. 

Concerning the January 9:00 am time slot, the tangent Φ method is also kept, since it 
is offering satisfactory results. 
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7. Hadès 

Hadès is the RTE-made software that performs Load Flow calculations. It is based on 
the regular Newton-Raphson algorithm.  

However, it is still not widely used among development teams in RTE, especially at 
national level. The first reason is the lack of reactive data for RTE. But it is also 
because Hadès still suffers from a couple of errors in its code. 

At GER400I, while updating the France-Spain interconnection model for Hadès, 
engineers had faced important power balance variations between N and N-K 
situations coming from how losses were dispatched. 

In fact, losses are not taken into account by Hadès in the given start up plan power 
balance values, which results in exchanges between regions that can vary significantly 
compared to those given as inputs. The power balances of Hadès are not equal to 
physical flows at the borders of regions. 

7.1. Goals

The objective is to study how Hadès can keep power balance values close to those 
that are given in its start up plan for the regions of the various UCTE zones. 

The goal is therefore to come up with a solution that would solve this problem, and 
that can be in time included in the next release of Hadès. 

Moreover, various ways of setting Hadès will be studied, aiming at achieving the best 
stability for power balances in case of N-1 or N-2 situations. 

7.2. Power balance calculation

A first task was conducted to check the validity of the results given by Hadès. Indeed, 
the relation of equality between exchanges at the borders of a zone and the sum of 
power balances and losses in this same zone had to be checked.  

The sum of active power balances and active losses inside a region must be equal to 
the sum of transits on all lines coming out of a region so that it corresponds to the 
exchanges of the region: 

∑∑∑ −=+
Y

regionYregionXregionXregionX TransitesActiveLossnceActiveBala

It appears after checking all regions that the previous equality can be considered as 
true under Hadès. Some slight variations can be noticed ; they come from the way 
interregional lines are set as belonging to the country from which it departs or the 
country in which it arrives. 

The sum of active power balances and active losses on a region can therefore be 
considered as the exchanges related to this region.
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From now on, power balance (of a region) will mean physical flow at the borders (of 
the same  region), that is to say the sum of active power balance and active losses. 

7.3. Convergence towards power balances given in the start up plan

Converging by iteration

The goal is now to make the power balance of Hadès converge towards the value 
given in the start up plan. This will allow getting valid results data regarding the 
scenario to be studied. 

The following method is used:  

• Starting from a scenario, it is first of all necessary to collect all the exchanges of 
regions, that is to say the sum of active power balances and active losses for all 
regions, as they are naturally given by Hadès. 

• The difference between required exchanges (in the start up plan) and computed 
exchanges can now be calculated for each region. 

• Then, these differences are added to regional power productions. It results in a 
new start up plan.  

One iteration has been achieved here, which allows coming closer to desired 
exchanges for every region. The larger the number of iterations is, the closer from 
these values it is possible to get. 

Satisfying number of iterations

There are different ways of using Hadès, depending on how settings are set. In 
particular, all regions can be set as having or not an “attenuated active power 
balance”. It means that if an active power disequilibrium occurs in this zone, it will be 
attempted or not to attenuate it. 

Various results are gathered for the time slot January 9:00 am. They are coming from 
different ways of setting the UCTE zones: as having an “attenuated active power 
unbalance” or not. And several scenarios are used as well: Average, East and North 
Import scenarios. 

Globally, they show that for one iteration, the accuracy of the results is in average 
multiplied by 10 in terms of difference from the desired exchanges. This difference, 
after three iterations, is in average of an order of 10 MW. 

Considering the maximal error, that is to say the worst case, it appears that the 
difference is decreased to an order of 10 MW only after four iterations. Differences as 
high as 100 MW, can still be obtained.
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Table 7.1 sums up maximum and average differences for all combinations of 
scenarios and settings. 

Table 7.1: Maximum and average differences for various scenarios and settings.

Scenario Attenuated balance
option Iteration Max difference (MW) Average difference 

(MW) 

1 547,73 326,56 

2 169,92 55,65 

3 13,92 7,73 
NO 

4 4,32 1,41 

1 1560,71 495,43 

2 185,09 97,39 

3 98,96 21,31 

North Import

YES 

4 42,87 7,14 

1 700,32 435,25 

2 302,95 119,74 

3 16,66 18,24 
NO 

4 10,43 8,65 

1 2535,23 765,23 

2 350,20 213,35 

3 171,66 44,73 

East Import 

YES 

4 13,20 5,09 

1 698,78 441,62 

2 324,31 123,59 

3 17,19 19,56 
NO 

4 12,50 5,79 

1 2532,31 767,75 

2 384,84 227,92 

3 189,31 47,82 

Average 

YES 

4 16,22 6,88 

Red cells point out too large differences, 50 MW or more, between desired exchanges 
and computed ones for the third iteration. Green cells point out acceptable ones (less 
than 40 MW) for the third iteration. 

It is therefore possible to see that in case of not setting zones as having an attenuated 
active power balance, three iterations appear as enough to achieve differences inferior 
to 50 MW. Nevertheless, if some zones are set as having an attenuated active power 
balance, then four iterations appear necessary to achieve acceptable differences. 
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To sum up, it appears that three iterations should be sufficient to start approaching 
satisfyingly desired exchanges for the various regions if none of them is set as having 
an attenuated active power balance. If this is not the case, then 4 iterations will be 
required. 

7.4. Balance stability towards N-1 Or N-2 situations

Methodology

On all three scenarios various N-1 and N-2 line faults are performed. For each of 
these faults, power balances of all countries are computed under Hadès with two 
different settings: one considering all zones, except France, as having attenuated 
active power balances (‘attenuated balance’ option is used), and the other one not 
considering any zones as having an attenuated active power balance (‘attenuated 
balance’ option is not used). 

Results Analysis

The stability of a method will be judged according to following criterion: a fault must 
make the power balances vary as little as possible, in particular for regions close from 
the fault, since today’s studies mainly concern interconnections, and therefore depend 
a lot on power exchanges between countries. 

All performed N-1 faults are located close from France, Germany and Belgium. 
Considering these countries in particular, the comparison between differences 
resulting from both settings does not show values higher than 20 MW. They are 
therefore not significant. Figure 7.2 illustrates this. 

All names of lines on which faults are simulated are replaced by letters for 
confidentiality purposes. 
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Table 7.2: Exchange differences for various scenarios, settings and countries between 
N and N-1 situations. 

Belgium Germany France 
Scenario

Attenuated 
balance 
option 

Fault N Exchanges – N-1 
Exchanges (MW) 

N Exchanges – N-1 
Exchanges (MW) 

N Exchanges – N-1 
Exchanges (MW) 

AA -17,36 10,25 -7,78 

AB -13,58 3,19 2,17 

AC 2,22 15,44 -45,37 

UV -4,68 11,47 -8,86 

NO N-1

UW -4,75 7,39 -5,07 

AA -19,79 -3,3 32,75 

AB -15,69 -3,19 19,73 

AC -1,69 0,1 1,83 

UV -5,18 9,01 -1,5 

North 
Import 

YES N-1

UW -5,78 5 3,22 

AA -7,52 11,42 -1,7 

AB -6,41 6,46 -2,32 

AC 0,99 5,12 -10,42 

UV -1,68 20,73 -20,18 

NO N-1

UW -1,39 9,77 -9,08 

AA -9,1 9,69 4,66 

AB -7,88 2,5 7,92 

AC -0,39 1,9 -0,16 

UV -2,7 18,5 -14,82 

East Import

YES N-1

UW -1,59 10,29 -6,08 

AA -7,08 10,45 -4,07 

AB -7,06 5,05 -0,8 

AC 0,74 11,24 -24,54 

UV -1,76 12,16 -9,67 

NO N-1

UW -1,71 7,53 -5,56 

AA -7,1 8,42 6,86 

AB -7,3 3,4 8,3 

AC -1 4,11 -0,79 

UV -1,49 9,8 -7,88 

Average 

YES N-1

UW -1,29 6,9 -4,55 
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Table 7.2 is not clearly conclusive about which setting leads to the best results. 
Differences are sometimes larger using the ‘attenuated balance’ option, sometimes 
smaller, with no clear advantage. 

Concerning N-2 faults, differences between calculations resulting from both settings 
are regularly as large as 20 MW or more in Italy, Switzerland and France (countries 
closes to the faults). These differences are in favor of setting zones as not having 
attenuated active power balances. This is shown by Table 7.3. 

All names of lines on which faults are simulated are replaced by letters for 
confidentiality purposes. 

Table 7.3: Exchange differences for various scenarios, settings and countries between 
N and N-2 situations. 

Italy Switzerland France 

Scenario
Attenuated 

balance 
option  

Fault N Exchanges –   
N-2 Exchanges 

(MW) 

N Exchanges –      
N-2 Exchanges 

(MW) 

N Exchanges –   
N-2 Exchanges 

(MW) 

AR -1,32 -11,73 -6,06 
NO N-2 

AG 8,96 -14,42 -40,75 

AR -10,3 -15,6 34,08 

North 
Import 

YES N-2 
AG -10,1 -21,89 48,56 

AR -1,91 -35,77 -6,54 
NO N-2 

AG 24,72 -55,38 -72,22 

AR -28,7 -46 120,67 

East 
Import 

YES N-2 
AG -28,6 -73,7 181,33 

AR -1,17 -22,79 2,1 
NO N-2 

AG 14,93 -33,83 -31,82 

AR -18,69 -31,1 79,24 
Average

YES N-2 
AG -18,48 -48 114,71 

Red cells point out variations between differences calculated with and without using 
the ‘attenuated balance’ option that are larger than 20 MW. It can be seen that 
differences computed without the option are smaller, in every case, which corresponds 
to a better stability towards N-2 situations with this setting. 

It appears that setting the parameters so to select zones as having an 
attenuated active power balance does not lead to better computations, in any 
way, in general. 
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7.5. Conclusion 

It finally appears that in order to make Hadès keep power balances close to the 
instructed ones, a number of 4 iterations allowing to reduce differences between 
desired and computed power balances seems to lead to variations inferior or equal to 
more or less 40 MW. 

It also appears that not using the function setting zones as having attenuated active 
power unbalances leads to satisfactory results in regards of power balances stability 
towards N-1 and N situations. 

A note summing up all this was prepared, approved, and sent to the department 
in charge of developing Hadès. One of the next releases of Hadès will include 
the iteration process providing desired balances. It will be possible to set the 
number of iterations as one wants. It is now known that fewer than four iterations is not 
enough, while more than ten will definitely waste time and calculation power. 

Until then, the method can be applied by hand by engineers working with Hadès, 
even though it requires some time to perform all four iterations. Hopefully, once 
they are all done, there is no need to update the start-up plan anymore. The last 
objective has therefore been achieved. 
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Conclusion 

The objectives were the following: 

• Perform a study on influence rates. 
• Make equal voltage inputs of power units of each nuclear plant so that all units 

from one plant produce as much power. 
• Update consumptions of all industrial customers, for January 9:00 am and June 

10:00 am time slots. 
• Enhance consumptions of all regular customers, for the June 10:00 am time 

slot. 
• Understand the error of Hadès while dealing with power balance, and come up 

with a solution that could be implemented. 

After getting used to the Platine environment, the global aim was to be able to start 
active / reactive studies based on the 2015 UCTE file by the end of the year.  

All objectives have been achieved in time but the third one: 

• A methodology has been developed regarding influence rates calculation, 
and some of these rates have been computed on sensitive areas, 
resulting in documents allowing the engineers of the group to spot 
quickly how adding a new production group will influence a line. These 
documents are now available for the whole group. This is especially 
important in today’s context where many gas/combined cycle power 
plants are under development. 

• This study has allowed me to get used to Platine, and therefore to update 
the active / reactive 2015 UCTE file with more accurate consumption 
values for the industrial customers of RTE.  

• A methodology has not been defined to construct more accurate reactive 
summer consumptions for regular customers than the ones already 
available. It turned out the data that had been collected did not fit the 
designed method. Regarding the time that was left, and remaining goals, 
it was chosen not to pursue more in depth this study. 

• Finally, it has been possible to understand the error of Hadès while 
calculating power balances, and overcome this problem by designing a 
solution that will be included in the code of the software in one of its next 
releases, and that can be applied ‘by hand’ until then. 

Today, the 2015 active/reactive UCTE file is used by 4 engineers in the group, 
out of 11. The final goal of having a file ready to be used to run simulations by 
the end of 2007 is therefore achieved. It has also been possible to provide some 
help on how to set Hadès to do calculations. Indeed, this work allowed me to 
become familiar with the software, whereas other engineers are usually not well used 
to using it. 
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Appendix 1 – Platine and simulation tools 

Captions of the RTE-made unix environment, Platine, are presented here. Since it is 
entirely RTE-made, it is of course all in French. 

Platine is divided into two parts. The first one, named Xstra, enables to design 
computer models of grids. The second one, named Xplor, enables to run simulations 
on grid models. 

Xstra

Xstra uses a tree environment. Each node of the tree contains a grid model. Starting 
from one state of the grid, a set of modifications is performed (a line is added or 
consumption is changed, for instance), which result into another node in the tree. You 
can therefore easily switch between different versions of a grid. 

Fig A1.1: File managing system under Xstra. 
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Fig A1.2: Xstra’s main window. 

Grid models are stored in folders corresponding to studies and sub-studies (“Etudes” 
and “Sous-études” in French). Evolutions are sets of modifications. And networks 
(“Réseaux”) are versions of the grid. “Aide” means help, and “Quitter” quit. 

Modifications can be made either by directly typing code by hand, either by using a 
command window. 

Fig A1.3: Modification Command Window. 

All traditional parts of a grid can be added to the model, with the desired specification. 

For instance, all main parameters can be set on a line: resistance, length, reactance, 
maximal intensity, overflows, etc. 
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Fig A1.4: Designing a line. Names and values are blurred on purpose of 
confidentiality. 

Xplor

Xplor is a software containing various tools allowing to run grid simulations. It includes 
Conti and Hadès, which run the Fast Newton-Raphson algorithm and the normal 
Newton-Raphson algorithm. But it also includes other tools among which are Tropic 
Quasar (optimization according to costs), and Courcirc (short-circuits simulations). 

Fig A1.5: Xplor’s main window. 

It is possible to change settings for each simulation tool through “Paramétrer”. 
“Modifier” (modify in English) brings you back in Xstra to add modifications to the 
model. “Simuler” is the menu from which settings for N-k faults can be accessed. 
Through “Afficher” (show in English), it is possible to run simulations and get results, 
either through a table interface or through a node to node interface. 
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Fig A1.6: Simulation results through the table interface in Xplor. Node names are 
blurred on purpose of confidentiality. 
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Fig A1.7: Simulation results through the node to node interface in Xplor. Node and line 
names are blurred on purpose of confidentiality. 
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Appendix 2 – Maps presenting influence rates  

Fig A2.1: Map showing influence rates on an axis for a specific fault. Node names are 
blurred on purpose of confidentiality. 



53

Fig A2.2: Map showing zones where influence rates are equal to 5%. For each zone, 
the rates correspond to the same axis. Zones have been modified and axes are not 

shown for confidentiality purposes. 
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Fig A2.3: Map showing zones where influence rates are equal to 10%. For each zone, 
the rates correspond to the same axis. Zones have been modified and axes are not 

shown for confidentiality purposes. 
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Glossary 

RTE  

It is the company responsible for operating, maintaining and developing the French 
electricity grid. 

Platine

It is RTE’s home-made unix environment through which grids can be modeled and 
different kinds of simulations run on models 

Hadès

It is Platine’s tool which allows to run load-flow calculations using the Newton-
Raphson algorithm. 

Conti

It is Platine’s tool which allows to run load-flow calculations using the Fast Newton-
Raphson algorithm. 

Instin

It is a database storing the following measurements as seen from the 225 kV side : 
active and reactive power production and consumption, voltage magnitude and phase, 
power balance. 

Disitribution Cener - DC

A Distribution Center (DC), is a sub-division of a region. RTE has divided France into 
seven regions, which are divided into ten to twenty DCs. 

GER400I

GER400I stands for Groupe d’Etude des Réseaux 400 kV et des Interconnexions. The 
group is in charge of the 400 kV grid development; its work consists in achieving 
middle-term projects (2015 2020) in order to have sufficient time to perform 
reinforcement actions. GER400I also handles grid-access studies requested by 
clients, that is to say producers or consumers who wish to be granted access to the 
grid. 

UCTE

The "Union for the Co-ordination of Transmission of Electricity" (UCTE) is the 
association of transmission system operators in continental Europe, providing a 
reliable market base by efficient and secure electric "power highways". 
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