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Abstract 

 

In the French liberalised electricity market, the Distribution Network Operators (DNOs) and the 
Transmission Network Operator (TNO) are both financed by an access fee paid by any client 

connected to their network. Within this frame, any DNO’s is a client of the TNO as a user of the 

transmission grid. It is regulated by the French Government, following the recommendation of 

the national energy regulation committee (CRE). 

 

The access fee to the transmission network is a major expenditure for ERDF, the national DNO. 

It is also a rather new matter of concern since the electrical system was previously vertically 

integrated. One aim of this master thesis is to feed the evolutions of ERDF’s cost control 

strategy. In order to emphasize the academic interest, this report takes the point of view of a 

DNO looking for the best behaviour in response to the regulatory frame, based on ERDF’s 
example.   

 

In addition to that, it provides an introduction to this specific piece of regulation and it should 

bring new elements toward a better understanding of the access fee behaviour. The 

regulation, decided for at least the four years following the master thesis, is taken as an 

assumption in this study. 

 

This present report is solely the result of the author’s personal interpretation, including when 

referring to ERDF’s strategy. The reflections, perspectives and propositions do not commit the 

company.   
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Foreword 

 

This report is the result of a master thesis done at the distribution network dispatch centre of 
ERDF for the French part of the northern Alps between October 2009 and March 2010. The 

subject concerns the whole French territory and the actual strategy is build at a national level 

the author has been in contact with, while remaining permanently with actors “on the field” of 

the distribution network. 

 

The study covers both the fundamental understanding of some issues at stake and a 

framework for an evolution of the cost control strategy of the global access fee. The result is a 

hybrid between rather academic studies like for example understanding the French regulation 

of the access fee and rather practical studies like for example identifying synergies between 

two set of objectives. 
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Glossary 

Some common words are used with a specific meaning in this master thesis. 

 

Action of transfer: action of transferring some loads resulting in a transfer. 

CART: refers to the contract between RTE and any DNO about the access fee. 

Complementary feeding points: Two feeding points are said complementary if they have a 

tendency to be able to support each other.  

CRE:  the French Energy Regulation Committee. 

DNO: Distribution Network Operator. 

ERDF: French national DNO. 

Feeding point:  It is a connection between the transmission grid and the distribution grid from 

an access fee point of view. It can contain several physical connection points providing 

they are at the same location and they are at the same voltage range. 
Financial margin: Refers to the difference between the subscribed power and the flowing 

power when the second one is below the first one. It is a capacity margin from a 

financial point of view. It is measure as an average value over each time period of 10 

minutes. 

Natural load: load of a feeding point if no transfer had been made from or to this feeding 

point.  

Normal design: refers to a base state of the distribution network. Each switch has a defined 

position in this scheme. 

Overflow: there is an overflow when, at a given feeding point, the flowing power is above the 

subscribed power. It is measured as an average value over each time period of 10 
minutes.  

RTE: French national TNO. 

Sequence of transfer: streak of successive time periods while a given transferring design is 

kept. 

Subscribed power: refers to a power subscribed at each feeding point by the client as the key 

parameter of the access fee.  

TNO: Transmission Network Operator. 

Transfer design: network design associated to a given transfer of load.  

Transfer of load: transfer of some load of the distribution grid from a given feeding point to 

another one. 
TURPE: refers to the official document fixing the cost parameters of the access fee 

Volume of overflow: square value of the overflow integrated over a base time period of 10 

minutes. 

  



10 

 

 

Introduction 

 
An access fee is paid to the Transmission Network Operator by the Distribution Network 

Operator as user of its grid. It represents a major cost for ERDF as the national DNO.  

 

This structure has been built as a piece of the liberalisation of the electricity market about 10 

years ago. It is still evolving and the DNOs are in a continuous process of adaptation in order to 

offer the best behaviour in response to this new frame.   

 

Aim 
 

Aim of this master thesis 

This study focuses on how to answer the particular French regulatory frame of the access fee 

to the transmission grid from any DNO’s point of view.  

A complementary objective is to apply this in the case of ERDF.  

 
Aim of this report  

This report intends to: 

� Introduce the reader to the regulation’s frame about the access fee, 

� Show how a DNO could answer to the French regulation about the access fee, 

� Give an insight of this master thesis contribution to the reflexion of ERDF about the 

access fee cost control strategy. 

Report content 
 

The first chapter gives a selected summary of the regulatory frame required to understand the 

following pages. This selection has been made by the author specifically for this study. 

However it could also be useful for everyone needing a quick but comprehensive regulatory 

overview on the subject and it provides guidance within the main official documents. 

 

It describes also the position of ERDF on this subject. Meanwhile the actual strategy is the 
object of the second chapter, focusing on elements useful for the next three chapters. The 

contribution of the author is a reformulation of the strategy into a diagram (see Figure 2), a 

basic description of two core elements (section B and C), and an attempt to list the strongest 

constraints limiting the transfer of loads.     

 

The concepts and ideas of the next chapters have been produced during this master thesis, 

feeding the national reflexion about the cost control of the access fee.  
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Chapter three starts focusing on the behaviour of the penalty term of the access fee. Potential 

financial indicators are derived from this study. They are then included in a larger framework 

for an enhanced overflow management.  

 

In the first section of the fourth chapter the overflow management is embraced within the 
evolution of the global strategy of subscription. The synergies on a long term perspective have 

a dedicated section. In the same chapter is also studied the more fundamental concept of 

complementary feeding points. 

 

The fifth chapter presents a dedicated model build to simulate the access fee strategy.  

 

The closing chapter includes the perspectives and an insight of a first experiment that has 

already been designed. 
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Chapter 1 Frame of the study 

 

The French Distribution Network Operator, ERDF, is a new organisation that was previously 
part of the vertically integrated monopoly in charge of the electrical system in France, EDF. 

Like the Transmission Network Operator, RTE, it is regulated by the Energy Regulation 

Committee, also known as CRE.  

 

The spirit of the network and distribution network organisation has been defined in the law 

covering the modernisation and the development of the “Service Public de l’Electricité” 

(République Française, 2000). This law is the transposition of an EU directive preparing the 

liberalisation of the electricity market. The first section of this chapter presents ERDF and its 

missions. 

 
Both ERDF and RTE are financed by an access fee paid by any user, be it a consumer, a 

producer or an independent network, at any connection point to their grid. This fee is a 

combination of various elements related to specific services. The levels are state regulated and 

fixed in an official document known under the acronym TURPE standing for “user fee for the 

electrical public network”1.  The components which are useful for the study are selected and 

gathered in the second section.  

 

Within this frame, ERDF is considered as a user of the transmission grid, i.e. a client of RTE. A 

specific agreement is detailed in the CART, an acronym standing for transmission network 

access contract (RTE, 2006). The general conditions are applied to any DNO. It defines 
particular terms of subscription described and summarized in the third section of this chapter.  

 

 

                                                           
1
 cf Journal Officiel (République Française , 2009) published on the 19

th
 of June 2009, text number 17 of 

135 
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A. Electricité Réseau Distribution France 

A Distribution Network Operator 
 

ERDF is responsible for the distribution system over 95% of the French metropolitan territory. 

It includes the distribution medium voltage grid and the low voltage lines. It counts among its 

clients 33 millions of delivery points and more than 14 000 generating units. This last figure is 

increasing sharply.  
 

The distribution grid is parallel to the transmission grid and they have common objectives. One 

of the characteristic of the distribution grid is that there should be no connection in parallel to 

the transmission grid since it would imply a transit current at a level that could easily rise 

above what the distribution grid has been dimensioned for. Nevertheless this situation is 

allowed under conditions while operating the network and for a short time. At the same time, 

as many delivery points as possible should be able to be fed by at least two different paths. For 

operational efficiency, there is a normal scheme of distribution with some planned 

modifications to respond to exceptional conditions like the loss of a line or transformation 

facility. But the actual network could offer more flexibility than it does today and this may be 
useful for our study.    

 

ERDF shares some TSO responsibilities. One of them is to avoid overcapacity on the 

transmission network. This responsibility is translated into a financial responsibility by a 

penalty fee about the overflows over a subscribed capacity of transmission.  Another one is the 

compensation of the energy losses on the transmission grid since ERDF pays a fee related to 

the energy fed from the transmission grid to the distribution grid. 

 

A public utility company 
 

Irrespective of its owner, ERDF is a regulated monopoly. The CRE is in charge of proposing the 

objectives and the incomes that should be associated with them. The government follows 

these recommendations.  

 
Some key choices draw a characteristic picture of the French regulatory spirit. One of these 

choices is to fix the access fees regardless of the localisation in the territory. This is the French 

traditional way of guaranteeing an equal condition of access to the network for everyone. One 

can remark that this frame does not generate incentives for a rational localisation of the 

generating units in a liberalised market for example, which was not a problem when all the 

electrical system was vertically integrated and the generation investment were, in theory, 

decided by a rational genuine actor. Similarly to this choice of form of equality, several social 

and environmental issues have to be taken into account in an exemplary way.   

 

Among the objectives are also the strategic needs of a strong power system able to stand by 
itself and of a constant search for innovation about the techniques and the organisation. For 
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example, the evolution of the generation mix toward more intermittent and smaller units will 

require technical updates in the distribution grid. The public share of the investments will be 

supported by the clients at a level decided by the CRE. 

 

A particular agreement about the public service has been signed with the state (République 
Française, 2004). It specifies a list of special services in exchange of a particular income, both 

being balanced in a special section of the account book. Among these services lie some 

engagements about the reactivity to large default of the system. Within this scheme the state 

allocates incomes to ERDF for its ability to fulfil the state’s missions. 

 

ERDF is also responsible for the confidentiality of the data related to its clients. This impacts 

the presentation of this study by the fact that the real power curves used are given generic 

denominations or relative units for the power level. 

 

 

B. The Access fees 

The “TURPE” 
 

At each connection point to the network, the fee is a combination of various elements. There 

is for example an administrative fee, a fee associated with any complementary or safety 

access. The actual combination of fees has been fixed in June 2009 for four years in the 

document called TURPE which gives a certain visibility for the mid and long term management. 

The level of the parameters is in fact globally raised each year by a percentage adjusted by the 

regulator within some boundaries.  

 

The fees are paid by, so called, feeding point which can contain several physical connection 

points providing they are at the same location and they are at the same voltage range. �� is the 
power subscribed at the feeding point, it is the key parameter for the access fee.  

 

Here follows the three components that will be taken into account in the study. The annual 

consumption fee is the sum of the base component, variable component and penalty 

component as called in this study.  

 

All of them depend on the voltage range at the feeding point. We will only consider the voltage 

range called HTB1 and HTB2 since ERDF is connected at these voltage ranges. A HTB1 feeding 

point is the most common case. 

 
The injection fee is not described here since it is not taken into account for HTB1 connections 

and it is rather uncommon for HTB2 connections. This may become more common in the 

future with distributed production but it is today negligible. Other particular fees are not 

mentioned here because this study neither look in detail at their behaviour nor affect directly 

their use. 
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Table 1 

Acronym Name Voltage range 

HTB2 High voltage of class B2 130 kV < Un ≤ 350 kV 

HTB1 High voltage of class B1 50 kV < Un  ≤  130 kV 

 

The base component is defined annually and can be paid monthly2. It is related to the 

allocated transmission capacity. ������ = 	
 ∗ �� 
 

a2 is the annual coefficient of this component fixed in Table 2. 
Table 2 

Value a2 in [(€/kW)/an] 

HTB2 10,20 

HTB1 13,55 

 

The monthly coefficient is simply defined as  
��
. 

 

The variable component is defined annually but it can also be paid monthly as described 

below3. It takes into account a geometric combination of �� and the energy consumed at the 

feeding point. The energy parameter is a way to make up for the losses on the distribution 
network, related to the amount of energy transferred. 

 

����� = � ∗ ������
�� ∗ ��(��) 

 

b and c are coefficients fixed in Table 3. ����� is the energy fed at the feeding point over the year in kWh � is the length of the period calculated in hour4 
Table 3 

Value b in [(€/kW)/an] C 

HTB2 23,86 0,717 

HTB1 49,10 0,777 

 

The terms of application for a monthly bill use the following formula: 

 

����� = ��� ∗ �� ∗ ������
�� ∗ ��(��) 

 

                                                           
2
 cf CART §10.4.1 (RTE, 2006) and TURPE §6.1 (République Française , 2009) 

3
 cf CART §11.2 (RTE, 2006) and TURPE §6.1 (République Française , 2009) 

4
 D=8760 or 8784 depending on the year 
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� is the length of the period calculated in hours since the period of subscription has started. 

Each month this component is calculated and the bill is the result of this amount minus what 

has been paid the previous months since the subscription has started  

 

The penalty component is calculated monthly5. The positive overflows are integrated in mean 
values over each time period of 10 min (starting at 00:00 the first day of the month). The 

penalty is proportional to the L2 norm of the vector containing the sequence of positive 

overflows.   

������ = � ∗ ���� − ��"

 ∈$ %

 
&
 

 ' refers to the jth time period of 10 min during the month and  ( = ) ' | � > ��- �  is the mean fed power integrated over the time period ' in kW  � is the coefficient given in Table 4. 
Table 4 

Value � in [€/kW] 

HTB2 0,59 

HTB1 0,79 

 

Detail of the global fee paid by ERDF  
 
As a user of the transmission network of RTE, ERDF pays an important access fee nationwide 

for its 2200 feeding points. It represented in 2008 a total cost of 2 800 M€ which is about one 

fourth of ERDF’s turnover6. Here follows a rough estimation of the share of the various 

components based on the study in one regional district. The penalty component is rather 

limited. 

 

                                                           
5
 cf CART §10.10.1 (RTE, 2006) 

6
 cf press release from the 10

th
 of march 2009 (ERDF, 2009) 



 

 

C. Terms of subscription

The subscribed power and its modification
 
ERDF fixes for each feeding point a subscribed power 

section, it is a key parameter in the contract with RTE. The subscription period is 12 month.

 

The agreement offers the possibility for ERDF to modify the subscribed power under the 

following conditions7: 

� The modification has to be above a minimum level defined as min1200 45; 7	8
� If the modification is a raise, the effective raise has to be under the physical capacity 

allowed by the present network.

� If the modification is a reduction, it cannot be applied within 12 months after the last raise 

of ��. 

If the conditions are fulfilled, the date of application of the requested modification has to be 

the first day of a month, at the earliest the first day

send. There can be therefore a retroactive effect on the current month.

 
A handful of key particular conditions are associated to this general frame. Here follow a short 

description of three of them having an impac

 

                                                          
7
 cf CART §5.2.1 (RTE, 2006) 

64%

Distribution of the global fee

17 

Figure 1 

Terms of subscription 

The subscribed power and its modification 

ERDF fixes for each feeding point a subscribed power �� in kW. As described in the previous 

section, it is a key parameter in the contract with RTE. The subscription period is 12 month.

The agreement offers the possibility for ERDF to modify the subscribed power under the 

on has to be above a minimum level defined as  7	8(20 45; 5% ;< �� �=<;>= ?@= 7;�A<AB	?A;C
If the modification is a raise, the effective raise has to be under the physical capacity 

allowed by the present network. 

If the modification is a reduction, it cannot be applied within 12 months after the last raise 

If the conditions are fulfilled, the date of application of the requested modification has to be 

the first day of a month, at the earliest the first day of the current month when the request is 

send. There can be therefore a retroactive effect on the current month. 

A handful of key particular conditions are associated to this general frame. Here follow a short 

description of three of them having an impact on the study. 

                   

31%

4%
1%

Distribution of the global fee
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Variable component
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in kW. As described in the previous 

section, it is a key parameter in the contract with RTE. The subscription period is 12 month. 

The agreement offers the possibility for ERDF to modify the subscribed power under the 

7;�A<AB	?A;C)D 
If the modification is a raise, the effective raise has to be under the physical capacity 

If the modification is a reduction, it cannot be applied within 12 months after the last raise 

If the conditions are fulfilled, the date of application of the requested modification has to be 

of the current month when the request is 

A handful of key particular conditions are associated to this general frame. Here follow a short 

Base component

Variable component

Penalty component

Services&Others
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Case: ��E�  has been decreased within the 12 previous months before the day of request of a 

new raise. The following rules are applied8.  

If the resulting increased �� is below its level 12 months before: 

� The rise is applied on the day, within the 12 previous months, when has happened the 

first decrease resulting in a ��equal to or below the new value. 
� The components of the access fee associated to overflows, planned or not, within the 12 

previous months before the day of request, remain due to RTE. 

If the resulting increased �� is above or equal to its level 12 months before: 

� The rise is applied the first day of a month, at the earliest the first day of the current 

month when the request is send. 

� All reductions of ��having happened within the 12 previous months before the day of 

request are nullified. 

� The components of the access fee associated to overflows, planned or not, within the 12 

previous months before the day of request, remain due to RTE. 

As a consequence of a retroactive rise or of a nullified reduction, the base part and the variable 
part are calculated again over the corresponding months and the extra fee is due to RTE. 

 

Case: A request for a raise in �� either implies the need to reinforce the transmission network, 

results in a �� above the Connection Capacity stated previously in an extra agreement9 or 

exceeds 5 MW.  

If some investment are needed by RTE to respond favourably to the new ��, the following 

protocol is applied. ERDF is informed and has to emit a new request below the actual 

transmission capacity limit. At the same time ERDF has to agree with RTE about the 

investment. If the initial request is below the Connection Capacity, then RTE is fully responsible 

for the investment. In the other case, the investment cost is shared with respect to financial 
agreements specified together with the Connection Capacity.  

If the rise is above or equal to 5 MW in amplitude, RTE proceeds to a study of impact from the 

network point of view before agreeing10.  

 

Case: Extreme cold conditions11. 

To each feeding point is associated a meteorological station in the neighbourhood. If specified 

extreme conditions of coldness in term of mean temperature over a day are fulfilled, then a 

coefficient of reduction is applied to limit the penalty component, depending on how cold is 

the coldest day of the month. Moreover the retroactivity over the month M when the 

conditions are fulfilled is also valid for a request emitted during the month M+1.  It is a cover 
against extreme cold conditions. Without it the regulation would lead the DNO in such cases to 

choose very high subscribed powers, undermining the good behaviour of the various 

incentives. 

 

                                                           
8
 cf CART §5.2.2.1 (RTE, 2006) 

9
 cf CART §5.2.3 (RTE, 2006) 

10
 cf principe 5 of the agreement about the allowed connection power (ERDF & RTE, 2006)  

11
 cf CART §10.20 (RTE, 2006) 
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Opportunities offered by an adjustable subscribed power. 
 

These conditions allow adapting the subscription to a sustainable evolution of the load 

behaviour. The retroactivity over the current month can act as an insurance allowing managing 

an extreme penalty component by an increase of ��. This particular optimisation is described in 

the actual strategy. 
 

However this variability is limited at any scale of time below a year. A rise forbids any decrease 

in the following 12 months after its application and respectively, if  �� is lowered then any 

increase within 12 months results in extra fees. 
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Chapter 2 Actual strategy 

 

As stated in the previous chapter, the global access fee paid by ERDF makes up for one fourth 
of its turnover. Hence a strategy of cost control based on several actions has been build over 

the years since this regulatory frame has been shaped. Here are the 4 angles of action: 

� Adaptation of the subscribed power to the load curve at each feeding point. 

� Adaptation of the load to the subscribed power. 

� Application of special access fee conditions (financial gathering, yearly planned 

overflow...). 

� Check of the bill. 

 

The two first angles are coupled by the dynamic cycle of improvement described in the first 

section. They are together the essence of the cost control strategy. The first section presents 
this dynamic cycle while the second and the third highlights today’s main actions within this 

frame. It is to be noted that only insight will be given.   

 

The two last points of the list above can be considered as extra opportunities. They are part of 

the regulatory frame and spirit, having consequences in some extreme cases and boundaries. 

Their application can be enhanced as a by-product of the model and simulation tools 

developed for the main objective. However they are not included in this report. 

 



 

A. The actual global strategy
 

The dynamic of improvement of the subscription strategy
feeding point like an iterative cycle with

� The past load curve drive

� The level of �� generate

that will be managed at best to lower the penalty term

� A new resulting load curve

 

The length of the cycle is about a month if 
subscription each month. It is rather a year if one

and that the variation of �� are rather 

 

The improvement of the global access fee 

has converged toward a rather stable dynamic state, mainly 

variation of the load due to economics and the
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The actual global strategy 

The dynamic of improvement of the subscription strategy can be seen for
an iterative cycle with three main steps: 

The past load curve drives the choice of the subscribed power �� . 

generates a certain level of overflows during the period of subscription 

managed at best to lower the penalty term. 

curve includes the progress in term of overflows management.

Figure 2 

The length of the cycle is about a month if one looks at the possibility to change the 
month. It is rather a year if one thinks that the load curve is repeated yearly 

are rather limited within this period.  

The improvement of the global access fee follows the progress of the overflow management

has converged toward a rather stable dynamic state, mainly disturbed by the fundamental 

variation of the load due to economics and the more chaotic variations of the

for each individual 

iod of subscription 

the progress in term of overflows management. 

 

at the possibility to change the 
d curve is repeated yearly 

follows the progress of the overflow management. It 

disturbed by the fundamental 

more chaotic variations of the climate.  



 

B. The subscribed power

Empiric optimal subscribed power
 

In order to guide the choice of the subscribed power, 
the minimisation of the three main components of the access fee based on a 12 months

reference load curve. ��_�GH is called

the objective function: 

 <(��) =
A. =.  <(��) = 	
 ∗ �� J � ∗

 

With all parameters and notations as described in 

for the reference load curve. 

 
This reference load curve is in the simplest case the curve of the last 12 months. It can be 

corrected from the exceptional perturbations like extreme climatic conditions. It can be 

another year of reference. Despite its simplicity, the result is acceptabl

the load proves to be similar over the years and the main factor of deviation is the climate 

which forecast is rather limited over 12 months. Nevertheless 

ways to build this reference load curve.
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subscribed power 

Empiric optimal subscribed power 

the choice of the subscribed power, an empiric optimisation is
minimisation of the three main components of the access fee based on a 12 months

is called in this report the genuine optimisation val
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With all parameters and notations as described in section B of the first chapter

curve.  

This reference load curve is in the simplest case the curve of the last 12 months. It can be 

corrected from the exceptional perturbations like extreme climatic conditions. It can be 

another year of reference. Despite its simplicity, the result is acceptable since the behaviour of 

the load proves to be similar over the years and the main factor of deviation is the climate 

which forecast is rather limited over 12 months. Nevertheless one can imagine many other 

ways to build this reference load curve. 

Figure 3 

empiric optimisation is calculated as 
minimisation of the three main components of the access fee based on a 12 months long 

the genuine optimisation value minimising 
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section B of the first chapter and calculated 

This reference load curve is in the simplest case the curve of the last 12 months. It can be 

corrected from the exceptional perturbations like extreme climatic conditions. It can be 

e since the behaviour of 

the load proves to be similar over the years and the main factor of deviation is the climate 

one can imagine many other 

 



 

 

Among the three components of the objective function, 

concave, and ������(��) is convex. At this stage, one

even pseudo-convex optimisation. But in practice the minimisation is not as complex as it 

could be because it is done in one dimension, 
actual numerical method is not 

Figure 3 is an example of cost curves for the three terms 

feeding point. The focus made in 

function is favourable for an optimisation.

 

Tactical use of this genuine optimisation valu
 

The optimal ��_�GH calculated in the previous subsection is only the first step of a more 

complex process taking into account other parameters.
 

The optimisation should use the retroactivity over the current month since it is valuable 

information. It uses the result of the empiric optimisation and the exact load curve for 

the current month. The values of the last days 

be taken before the end of the month. The idea is to put in a balance, for a 

the known net benefit or loss over the current month (at least for the first 24 to 27 days), and 

the expected benefits or loss over the following months

alone is risk neutral in economical terms si

any correction. The expected term can be 

strategy and the actualisation term.
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Among the three components of the objective function, ������(��) is linear, 

is convex. At this stage, one can use neither convex optimisation, nor 

convex optimisation. But in practice the minimisation is not as complex as it 

because it is done in one dimension, �� being the only optimisation variable. The 
actual numerical method is not detailed here.  

an example of cost curves for the three terms of the access fee linked to 

The focus made in Figure 4 shows how the global behaviour of the objective 

function is favourable for an optimisation. 

Figure 4 

Tactical use of this genuine optimisation value 

calculated in the previous subsection is only the first step of a more 

complex process taking into account other parameters. 

The optimisation should use the retroactivity over the current month since it is valuable 

It uses the result of the empiric optimisation and the exact load curve for 

th. The values of the last days cannot be considered since the decision has to 

be taken before the end of the month. The idea is to put in a balance, for a 

the known net benefit or loss over the current month (at least for the first 24 to 27 days), and 

the expected benefits or loss over the following months as displayed in Figure 5

alone is risk neutral in economical terms since it compares exact and expected values without 

any correction. The expected term can be corrected by a coefficient modelling a risk

strategy and the actualisation term. 
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It uses the result of the empiric optimisation and the exact load curve for most of 

cannot be considered since the decision has to 

be taken before the end of the month. The idea is to put in a balance, for a given change ∆��, 

the known net benefit or loss over the current month (at least for the first 24 to 27 days), and 

as displayed in Figure 5. This balance 

nce it compares exact and expected values without 

by a coefficient modelling a risk-averse 



 

 

Similarly if the genuine empiric optimis

decreased in the past 12 months, the cost of the extra fees

nullified reduction has to be taken into account as specified in section
This generates additional values in the balance.

 

Then the use of the optimal value is 

example many feeding points where the consumption is sensibly higher in winter. If in spring 

the optimisation gives a �� above the actual value, it is smarter to wait for the next winte

apply it. Indeed, the load is not expected to 

and, by waiting, the increase of the base and variable components is saved during the mont

until the increase of �� is applied.  Moreover, if there are overflows during a month, it is always 

possible to use at the end of the month the retroactive effect of a new subscription. Hence it is 

not necessary to try to anticipate these overflows.
 

In addition, and as stated in the introduction of this section, the yearly impact on the load due 

to evolutions of the economics or the climate should be taken into account. In the first case 

the evolution is followed and anticipated as much as possible. M

there should be a decorrelation because the weather one winter is not strongly correlated 

with the weather the next winter. This last 

statistical studies.   

 

Since a subscribed power m

motivated. A modification generating small gains may not be applied.  In order to take into 
account the risk management and these tactical considerations, a step by step method is today 

applied to guide the decision made 

other exceptional factors. Once more the detailed numerical method and the actual process 

are not detailed here. 
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Figure 5 

Similarly if the genuine empiric optimisation results in a raise of  �� and if this value has been 

decreased in the past 12 months, the cost of the extra fees due to a retroactive rise or

nullified reduction has to be taken into account as specified in section C of the first chapter
nerates additional values in the balance. 

Then the use of the optimal value is influenced by some tactical considerations. There are for 

example many feeding points where the consumption is sensibly higher in winter. If in spring 

above the actual value, it is smarter to wait for the next winte

apply it. Indeed, the load is not expected to exceed the subscribed power during the summer 

and, by waiting, the increase of the base and variable components is saved during the mont

is applied.  Moreover, if there are overflows during a month, it is always 

possible to use at the end of the month the retroactive effect of a new subscription. Hence it is 

not necessary to try to anticipate these overflows. 

In addition, and as stated in the introduction of this section, the yearly impact on the load due 

to evolutions of the economics or the climate should be taken into account. In the first case 

the evolution is followed and anticipated as much as possible. Meanwhile in the second case 

there should be a decorrelation because the weather one winter is not strongly correlated 

with the weather the next winter. This last statement can nevertheless be the object of 

subscribed power modification has a yearlong impact, any change has to be fully 

motivated. A modification generating small gains may not be applied.  In order to take into 
account the risk management and these tactical considerations, a step by step method is today 

to guide the decision made in fine by a human mind, naturally risk averse and aware of 

other exceptional factors. Once more the detailed numerical method and the actual process 
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other exceptional factors. Once more the detailed numerical method and the actual process 
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C. Adaptation of the charge to the subscribed power 
 

Within the spirit of Service Public, it is out of question to impact the clients for a subscription 

related issue. This section focuses on one type of action respecting this principle. 

 

In practice the distribution network tend to offer at least two ways of connecting a load to a 

self-sufficient network in order to maintain the continuity of the service in case of incident or 

maintenance work (for example on one the line connecting usually the load). Of course this 

aim is limited by a rational allocation of the investment capital allocated and the fact that 
some loads are geographically isolated like at the end of a narrow valley. 

 

It means it is often possible to transfer some loads from a feeding point to neighbouring one. 

As a consequence, during the reallocation, the first feeding point will see its total load 

decreased while the second one will be overloaded. 

 

The information about how to transfer some load properly without impacting the quality of 

the service is produced by engineers. The first purpose is to enhance the network recovery 

process. It guides, if needed, the new design of the network in order to connect back to the 

grid the blackened loads as fast as possible. In addition to that, this information can be used 
with minor adaptation for the following purpose.  

 
 

 

 

The blue segment in Figure 6Figure 6 represents the line connecting some loads to the first 
feeding point. They can be transferred to the second feeding point as follow. The first step is to 

close the switch at the middle of the line in this example. The second step is to open the switch 

close to feeding point 1. Hence the loads are never disconnected from the grid. It requires 

allowing transit current from the transmission network for a short but unavoidable period. This 

transit should be bearable, the TNO should have agreed in a way or another and the network 

protections are adapted. 

 

Loads on feeding point 1 

Feeding Point 

1 

Feeding Point 

2 

Transmission network 

Distribution network 

Figure 6 
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It is to be noted that the amount of load transferred depends on the disposition of the 
switches and the instant consumption or production of the client connected. 

 

Prevention of artificial increase of the load 
 
One cause of overflow is an abnormal design of the network letting an unusually high amount 

of load at a feeding point. This abnormal design can simply be the consequence of 

maintenance work on the feeding point or on the transmission network requesting the 

transfer of a large share of the load from the feeding point concerned.  

 

In principle, it is best to coordinate this kind of work with a period of low consumption in the 

area. Then, how the transferred load is shared out between the neighbouring feeding points 

can be optimised. These ways to prevent overflows of power are taken into account during the 

forward planning. Coordination with the TNO is a key element not only for electro-technical 

considerations but also to find agreements leading to write off financial penalties linked to 
overflows generated by TNO activities.    

 

Real time management opportunities 
 
Thanks to Information Technologies, distribution network operators have more and more 

information about the network in real time. Thus, there is a way to limit the overflow over a 

feeding point by taking some load away when an overflow is detected.  

 

This is done in practice by changing the operating design of the distribution network if it is 

allowed by this network with regards to various limitation described in the next subsection. 

These modifications are done by an operator using software dedicated to the real-time 

management of the network. The base idea is to look for available financial capacity margin in 

a neighbouring feeding point (i.e. power margin until �� is reached). Flowing powers are 

already monitored and connected to alarms in order to respect the capacity limit of various 
devices on the network. Hence the measure of the financial capacity is easy. 

 

 

Loads on feeding point 2 

Feeding Point 

1 

Feeding Point 

2 

Transmission network 

Distribution network 

Figure 7 
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An efficient action of transfer is kept as long as the situation makes it interesting. Thus the 

network operators try to anticipate the near future evolutions in order to avoid actions that 

would have to be corrected soon after. This can seem complex, but once again the loads tend 

to have the same behaviour under similar conditions for the following parameters: 

� temperature and apparent temperature with the action of the wind; 
� type of day between working day, weekend and holidays; 

� hours in the day. 

Hence the load curves of the past similar days provide workable data.  

 

Constraints associated to a modification of the network design 
 

The constraints have been identified while sharing the network operator experience and 

actions.  The following list gathers the most significant of them classified in four paragraphs. 

 

Normal design of operation, quality, security and safety 

There is a base state of the network. It is a key element of various safety schemes. A 

transfer of load is a perturbation of this state.  

� The information about a modification must be shared properly. 

� The priority of load shedding can be temporarily shuffled when a load is transferred.  
� The return to a normal design should also be done in due time, when the transfer is no 

longer useful. This information management adds up to the complexity of the network 

management. 

� During the action of transfer, some current protections have to be temporary adapted 

(or even switched off) to prevent any automatic unwanted response to the transit 

current.   

 

Availability  

� The electrical network can be fixed locally in a particular design for a work planned the 

current day.  
� An unexpected incident or failure of a device can make a transfer impossible. 

�  In some cases, the TNO has to confirm that the connection between the two feeding 

points during the action of transfer is allowed by the instantaneous state of the 

transmission network. 

 

Physical limits of the distribution network 

� Limited transit capacity on the lines, cables and other devices.  

� Limited capacity at the receiving feeding point. It can be a limit at the transforming 

units, considering for example ancillary access reserved by clients requiring a minimum 

margin to be subtracted from the physical limits. It can also be a Limited Connection 
Capacity as define in a contract between the TNO and DNO.   

� The control of the reactive power, i.e. the voltage control. Indeed if the transfer means 

using long connection with a pronounced inductive (or conductive) characteristic, it 

can result in a voltage drop (respectively rise).  
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� The losses are in most of the cases increased. Indeed the normal design rationally 

limits theses losses (among other criteria), so another design can be less optimal from 

this point of view. The cost of these energy losses is in a lower range than the penalty 

cost. Nevertheless, the losses should be contained.  

 
Historical technology of smart load management 

Since the 70’s, there is in France a mechanism of incitation built to run some loads 

during low consumption period at the national level. In practice some hours at a 

reduced cost are given each day at the client signing for a special contract. The 

information is transmitted by a 175Hz signal on the network. This technology was a 

good solution at that time. It is now evolving toward new solutions offered by 

information technologies. Nevertheless it still exits and it is a barrier for some transfer 

of loads. Indeed the hours are defined by geographic area and some transferred loads 

can be out of reach of their signal at a frontier. A commercial action could be added to 

the technical evolution in order to allow more flexible contracts. 
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Chapter 3 Evolution of the overflow 

management 

 

The overflow management by transfer of load, despites the various constraints described in 
the previous chapter, remains the main field of action for controlling the financial risk and 

limiting the penalty term. Indeed it can benefit from and contribute to a parallel technological 

improvement of the network management in more general term. The main lines of this idea 

are to be found in the next chapter as part of the global strategy evolution. Meanwhile the 

object of the following pages is the study of load transfer tactics.  

 

The first section focuses on the penalty term built on a L2 norm. It starts with a brief 

presentation of the behaviour of this regulating frame, and with a look at what incentives it 

gives.  

 
Then a mathematical criterion is deduced from calculations in order to translate reliably this 

penalty term in a workable indicator. The second section describes two criterions and 

questions theirs validity.  

 

This financial indicator has to be combined with the various constraints and the more 

fundamental choices of the network management in order to produce a coherent overflow 

management framework. This is the object of the last section with an insight of the 

implementation. 

 

In this chapter, the load is characterised by its average power integrated over following time 
periods of 10 minutes. Hence the theoretical calculations are made with discrete sums instead 

of integral calculus.  
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A. Study of the penalty term  
 

If a transfer is allowed toward a feeding point with a financial margin above the additional 

load, then the penalty decreases on the unloaded feeding point and the benefits is rather 

obvious. However, it is less obvious in less favourable conditions, thus there is a need for a 

good criterion about the potential financial benefit induced by a transfer.  

 

Global behaviour 
 

As described previously, the penalty term is shaped as 

��G���VHW = � ∗ ���� − ��"

 ∈$ %

 
&
        

 

Where  XY = �	>�1Z=[7=C? ;< 10 min AC ?@= 7;C?@D( = ) ' ∈ ]1; Y^ | � > ��- _ 
 

 

To begin with, if one looks at the square value only, the first idea is to limit the high values.  

 

However, one should better look at the L2 norm globally. Indeed the square root over the sum 

of the square values has consequences at the scale of the month. Mathematically speaking, 
the marginal penalty cost of an overflow decreases with the volume of the overflows over the 

month (defined as the sum of the square value of the overflows). Expressed more roughly, the 

square root has a tendency to even out the penalty fee. From this second characteristics can 

be drawn two main answers.  

 

To begin with, isolated overflows during a month when it was not likely to happen should be 

avoided. Since the marginal cost is high at low volume of overflow, the penalty will be sensible 

even for a slight volume.  

 

Concerning the months with more overflows, the financial interest of a transfer of load 
depends on the penalty cost over the current month on both of the feeding points concerned 

by the transfer. 

 

Practical cases 
 

In order to illustrate the behaviour, Table 5 gathers five different scenarios for a couple of two 

connected feeding points. During a given time period k, feeding point 1 has a load 5 MW above 

its subscribed power. This is intentionally rather high but not extraordinary. The five scenarios 

are: 
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1. There is financial margin on the second feeding point. 

2. There is no financial margin, but there is a possibility to even out the overflows 

between the two feeding points. 

3. Similar to case 2, but for the higher expected monthly penalty on feeding point 1. 

4. Similar to case 2, but for the higher expected monthly penalty on feeding point 2. 
5. As in case 4, the monthly penalty is higher on feeding point 2, but this time the initial 

overflow is 6 MW at this feeding point. 

 
Table 5 

Scenarios of load transfer during a given time 

period  
1 2 3 4 5 

Monthly penalty cost at feeding point 1 [€]  10 752 10 752 30 258 10 752 10 752 

Initial overflow at feeding point 1 [MW]  5 5 5 5 5 

Monthly penalty cost at feeding point 2 [€]  _ 10 031 10 031 30 010 30 372 

Initial overflow at feeding point 2 [MW]  Margin 1 1 1 6 

Amount of load transferred from 1 to 2 [MW]  2 2 2 2 2 

Δ Cost at feeding point 1 [€]  - 475 - 475 - 165 -  475 - 475 

Δ Cost at feeding point 2 [€]  _ +246 +246 +83 +286 

Global gain during a time period [€]  475 229 - 81 392 189 

 

Case 5 illustrates the limits of the square root as a regulating mathematical tool, since it would 

be profitable to overload the feeding point having already the highest overflow. This can be in 

various cases a wrong incentive from a technical point of view for the transmission network.  

Thus, to favour the common interest as described in the last section of this chapter, ERDF sees 

it as a distortion rather than an opening. 

 

From the cases 2, 3 and 4, one can see that the result is highly correlated to the monthly 

penalty cost. To have a more structured insight of the behaviour when there is no financial 
margin, some calculations and linear approximations are made in the next subsection.  

 

Approximation of the benefit from an individual transfer  
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Detailed calculations in a case without financial margin  

 

Let two feeding points called 1 and 2 be able to transfer a definite amount of load from 1 to 2.  

 

Let  (�1`)`∈];a^  be the vector of the positive overflows over a given time period A of 10 

minutes during a given month. N is defined as in the previous subsection. When there is no 

overflow during the time period A, which is the main case, the value taken is �1` = 0. In 

mathematical term, it is for a feeding point n: 

  ∀A ∈ ]1; Y^,   �C` = max (�CA − �CZ; 0) 
 

Then the penalty component over the month is calculated for a feeding point n as 

�C = � ∗ e� �C`
a
`f g

 
&         
 

Here follows the study of a transfer without financial margin during a month when there are 

natural overflows. Natural refers to the result of natural consumption. The following 

assumptions are made: 

 

i. During a given time period 4 ∈ ]1; Y^ in the month when there is an overflow at a feeding 

point number 1, a transfer of load is made from this feeding point to the feeding point 

number 2. The average amount of load transferred is h with 0 < h ≤ �1k. 

 
ii. At this same time, during time period 4, feeding point number 2 has no financial margin. 

The real power is superior or equal to the subscribed power { i.e if there is any increase of 

the load then �2k > 0}. 

 

iii. The financial value of the overflow during time period 4 on the first feeding point “taken 

alone” is negligible compared to the total penalty cost over the month on each of the two 

feeding points. More precisely:   ∀C l11; 2D, �� ∗ 7	8(�Ck; h)"
 ≪ �C
. 

 
Let �1n be the penalty component at the first feeding point if the transfer is made. 

�1′ = � ∗ e� �1`

`pk J (�1k − h)
g 
&         

This equation is developed as follow 

�1n = � ∗ �� �1`

`pk J ��1k
 − 2 ∗ �1k ∗ h J h
"%

 
&
       , 

�1n = � ∗ �� �1`
a
`f J (h
 − 2 ∗ �1k ∗ h)%

 
&
  , 
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�1n = � ∗ e� �1`
a
`f g

 
& ∗ q1 J (h
 − 2 ∗ �1k ∗ h)∑ �1`
àf s 
&   , 
 

�1n = �1 ∗ q1 − (2 ∗ �1k ∗ h − h
)∑ �1`
àf s 
&    . 
 
The initial assumptions are now introduced.  

Assumption iii leads to  

�1k
 ≪ � �1`
a
`f  . 

Assumption i gives  0 < h ≤ �1k ⇒ 0 < (2 ∗ �1k ∗ h − h
) 
And given that  0 ≤ (�1k − h)
 ⇒ (2 ∗ �1k ∗ h − h
) ≤ �1k
 A. =.  |2 ∗ �1k ∗ h − h
| ≤ �1k
 . 
 

The combination of the two assumptions results in the following equation: 

 |2 ∗ �1k ∗ h − h
| ≪ � �1`
a
`f  

A=   |2 ∗ �1k ∗ h − h
|∑ �1`
àf ≪ 1 . 
 

Hence it is legitimate to approximate the square root with the two first terms of its Taylor 

series.  

�1n ≈ �1 ∗ q1 − 12 ∗ (2 ∗ �1k ∗ h − h
)∑ �1`
àf s , 
�1n ≈ �1 − 12 ∗ �
�1 ∗ h ∗ (2 ∗ �1k − h) . 

 

Similarly, the calculations about the second feeding point with assumption ii and iii lead to:  

�2n ≈ �2 J 12 ∗ �
�2 ∗ h ∗ (2 ∗ �2k J h) . 
 

It is now possible to evaluate with a quadratic function of h the global variation of cost ∆� 

induced by the transfer: ∆� = (�1n J �2n) − (�1 J �2) , 
∆� = e12 ∗ �
�2 ∗ h ∗ (2 ∗ �2k J h)g − e12 ∗ �
�1 ∗ h ∗ (2 ∗ �1k − h)g  , 
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∆� = 12 ∗ �
 ∗ h ∗ q(2 ∗ �2k J h)�2 − (2 ∗ �1k − h)�1 s  . 
 

 

Generalisation of the quadratic approximation to the other cases 

 

If assumption i is changed in  0 < �1k < h , then the same calculations lead to : 

�1n ≈ �1 − 12 ∗ �
�1 ∗ �1k
  . 
 

Concerning assumption ii, the financial margin is defined for the feeding point n: ∀A ∈ ]1; Y^,    7C` = 7	 8(�C� − �C`; 0) . 
 
If assumption ii is changed such as feeding point 2 can offer enough financial margin, i.e. h ≤ 72k, then obviously: �2n = �2 . 
 
 

If assumption ii is changed such as feeding point 2 can offer a financial margin, but the transfer 

would generate an overflow for the second feeding point, i.e. 0 < 72k < h, then : 

�2n ≈ �2 J 12 ∗ �
�2 ∗ (h − 72k)
 . 
 

In any case, the global penalty variation can be approximated by a quadratic function of h with �1, �2, �14, �24;> 724  as parameters.  
 
 

B. Use of this approached model for a financial 

criterion 
 

The approached model gives a simpler expression than the exact variation of the global 

penalty.  Thanks to this it is possible to translate the penalty term in a clearer indicator.  
 

Estimation of the gain if the amount of load transferable is fairly 

known 
 
The interesting information is the v	AC = −∆�. 

The simplified expression about the financial impact on the penalty of a transfer can be 

used in quasi-real-time. The parameters required can be classified in three kinds of data 

for each couple of feeding point: 
� the load data at each feeding point in real time �1k , �2k  ;> 72k; 

� a fair measure of the amount of load transferable h (there can be more than one 

possibility); 
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� an estimation of the penalty cost expected over the month �1, �2. 

 

The resulting information is only valid for the current ten minutes. However, the 

experience tends to prove that a situation of high overflow scarcely last only ten minutes.  

Furthermore, the result could be given with anticipation since the loads tend to have 

systematic behaviour under similar conditions as mentioned in the last chapter. 

 

This information can guide efficiently the action in order to reduce the penalties.  

 

A criterion for positive gain if the amount of load transferable is only 

roughly known 
 

If the data about the amount of load transferable h is known with high uncertainties. It is 

still possible to use an approximation. The following example is valid if �1kis without a 

doubt above h and �2k is above zero.  

 

The variation of cost is negative, i.e. the gain is positive if and only if : 

 

∆� < 0 ⇔ (2 ∗ �2k J h)�2 < (2 ∗ �1k − h)�1  , 
 

∆� < 0   ⇔  h < 2 ∗ (�1k ∗ �2 − �2k ∗ �1)(�1 J �2)   . 
 

A variable h�EGis introduced in order to characterize this upper boundary : 

h�EG = 2 ∗ (�1k ∗ �2 − �2k ∗ �1)(�1 J �2)   . 
 

If  h�EG < 0 then the transfer would be financially interesting on the other direction, from 

feeding point 2 to feeding point 1.  

For information,  h�EG > 0 ⇔ �1k ∗ �2 > �2k ∗ �1 . 
 

If  h�EG > 0 then the gain is positive if h <  h�EG. It is an upper boundary of the positive 

transfer. 

 

The special assumption in this subsection is the high uncertainty about h.  If this uncertainty 
can be translated into an interval of confidence given in MW, then the upper boundary of this 

interval can be compared to   h�EG.  

 

Moreover one can notice that the approaching model for the variation of cost is a parabolic 

convex function of h. Hence it is a symmetric function if centred on its minimum value. Since 

this function is equal to 0 for h = 0 and h = h�EG, the optimum of the model is for h = xyz{
 . 

Since the benefits is according to the model 0 for h = h�EG, it may be smarter to allow only the 

transfer generated a sensible positive gain. For example the upper boundary indicating an 
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interesting transfer from a financial point of view can be taken down to somewhere between  0.5 ∗ h�EG and 0.99 ∗ h�EG. 

 

About the estimated penalty cost 
 

The estimation of the penalty cost in advance is far from obvious. Nevertheless two different 

solutions can be used and combined in order to have the best information.  
 

The first is to build a historical reference value for each month of the year at each feeding 

point.  

 

The second is to use the available data of the current month as soon as they are meaningful by 

extrapolating them to the full month. In practice, after a cold week in February, the 

proportions of the penalty cost can already be seen. 

 

The combination of these two sources of information depends on tactical choice more than 

theory. Nevertheless one should remember that the estimated proportions are self-fulfilling 
prophecies with this mechanism since the feeding point with a high penalty cost has a 

tendency to be the receiver of loads from its neighbouring feeding points. This fact 

strengthens the estimations.  

 

About the approximation 
 

Since the square root is a concave function, it is easy to show that the linearly approximated 

penalty will be higher than the exact new penalty for each feeding point12. Thus the resulting 

approximated global variation of cost is mathematically superior to the real variation of cost. It 

means that the approximate model has in theory a tendency to be pessimistic compared with 

the real variation of cost. Hence this criterion satisfies a risk-averse strategy.  An example is 

displayed in Figure 8. 

 

Furthermore it is possible to enlarge the field of application out of the boundaries given by the 
assumptions. As long as the model gives a pessimistic variation of cost, it implies only that 

opportunities will be missed. In particular, assumption iii should limit the application of the 

criterion to the months of natural overflows and the application could be extended to 

intermediary month under certain tactical choices.  

 

                                                           
12

 One can also calculate that the second term of the Taylor series would add a negative term to the 

variation of cost for each of the two approximations 
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Figure 8 

 

C. Implementation within the overflow management 
 

If the penalty component plays a key role in the overflow management, any action impacts a 
much wider system. Hence the generalized use of a financial criterion, as developed in the 

previous section, should be considered only in balance with other elements. A robot can be 

used to run an analysis of the system.  

 

A combination of criterion 
 

At the scale of a couple 

 

A rather comprehensive combination of criterion would include a set of adequate financial 

criterions to cover all cases. It would also integrate for example some physical limits of the 

network that are today checked by the network operators. 

 

Priority in a net of feeding points 

 
An implementation should act at a wider scale than a single couple of feeding point. It should 

coordinate the actions in order to:  

� avoid conflicts;   

� optimise globally; 

� select the most useful actions in order to limit their number being done at the same time.  

A system analysis like this requires defining a comprehensive and coherent set of priorities. 
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The real time analysis can also be optimised for example by focusing on convex areas built 

around feeding points with overflows and their direct neighbours.

 

Extra criterions, example of the common interest

 

The fundamental spirit of ERDF, as briefly mentioned in the fi

to its goal of “service public”. Hence the financial gain should not go against the common 

interest.  

One example is the answer given to 

translates a potentially wrong incentive for an action of transfer, this action can be blocked by 

another criterion excluding unwanted cases. 

not be charged by neighbouring one with fewer overflows. 

 

About a robot  
 

Figure 9 shows one among many designs for a

management. “P_load” refers to the total load of each feeding point

Subscribed power while “Detailed load” refers to the amount of load transferable for example.
The real-time process can be divided into three steps:

� Detection (spotting) 

� Analysis  

� Action 

The number of entries considered can be as wide as one can imagine as long as the data are 

available. However experience tends to prove that simplicity has its own convenience and a 

compromise has to be found.
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analysis can also be optimised for example by focusing on convex areas built 

around feeding points with overflows and their direct neighbours. 

Extra criterions, example of the common interest 

The fundamental spirit of ERDF, as briefly mentioned in the first chapter, is strongly attached 

to its goal of “service public”. Hence the financial gain should not go against the common 

is the answer given to the scenario 5 of Table 5. If the financial criterion 

translates a potentially wrong incentive for an action of transfer, this action can be blocked by 

another criterion excluding unwanted cases. A solution is to state that a feeding point should 

not be charged by neighbouring one with fewer overflows.  

ws one among many designs for a semi-automated rea

“P_load” refers to the total load of each feeding point and Ps refers to the 

while “Detailed load” refers to the amount of load transferable for example.
time process can be divided into three steps: 

Figure 9 

The number of entries considered can be as wide as one can imagine as long as the data are 

available. However experience tends to prove that simplicity has its own convenience and a 

mpromise has to be found. 

analysis can also be optimised for example by focusing on convex areas built 

rst chapter, is strongly attached 

to its goal of “service public”. Hence the financial gain should not go against the common 

. If the financial criterion 

translates a potentially wrong incentive for an action of transfer, this action can be blocked by 

that a feeding point should 

automated real-time overflow 

and Ps refers to the 

while “Detailed load” refers to the amount of load transferable for example. 

 

The number of entries considered can be as wide as one can imagine as long as the data are 

available. However experience tends to prove that simplicity has its own convenience and a 
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About the implementation of overflow management tools 
 

A first experiment is described in the conclusion chapter. Despite being basic, it opens the path 

toward improvement and more matured versions.  

 

One can imagine the following ambitious requirements: 
� integration of some available data helping to act with anticipation; 

� automated analysis of the system to answer a financial overflow;  

� Filter the alarm: the network operator should be solicited only if there is some 

interesting action to make; 

� Gather the useful information in order to support a quick but documented 

decision; 

� Gives an order of priority to each potential action; 

� improved record of the data for: 

� further study; 

� indicators of efficiency and evaluation of the gains; 
� user-oriented interface adequate for the network operators. 

 

It is most likely that such automated functions would help the network operators. However, it 

is to be noted that a complete automated process including actions on the network is probably 

not welcomed for at least two reasons: 

� The liabilities associated with a modification of the network design require that 

someone is in charge. Indeed the consequences can be very serious: 

- Consequences on the quality of supply such as disconnection of loads 

considered as important (a hospital for example);   

- Broken safety rules, and serious consequences from costly infrastructure 
damage to endangered workers on or near the network; 

- Consequences from modified protections during the short period when the 

transit current is allowed. 

� A completely automated process would require a high level of complexity and 

reliability of the information system because of the heterogeneity of the parameters 

to be taken into account. Here are some of the limits: 

- Various unplanned events have to be managed, even the impossible should be 

anticipated (also true in a way for a self-learning machine); 

- Higher reliability of high voltage units would be expensive and a massive 

investment in ancillary units is unlikely to be backed by the CRE;  
- When a compromise has to be found between actors on the field, human 

interactions are often much more efficient (in addition to the fact that an 

absence of communication can generate frustration). 

 

Because of each of these legal and pragmatic reasons, any modification of the network design, 

but some specific protection reactions, is under both the liability and the control of a human 

being.  

  



40 

 

 

Chapter 4 Evolution of the global 

strategy 

 

This chapter starts where the second one stops and is build around a stronger overflow 
management. All that is done in the actual strategy goes in the right direction and would be 

kept since there is no contradiction with the evolution proposed. Some actions should be 

strengthened and the whole should be understood more globally by the actors. The evolution 

suggested concerns both pragmatic day to day actions and a more global understanding of the 

issue. In practice this is plain corporate strategy. In this report, a rather academic shape is 

kept.  

 

The first section presents the evolution of the dynamic of subscription. It points at a particular 

effect induced by the overflow management as described in the previous chapter. This effect 

requires a new step in the process fixing the subscribed power. Given the complexity of this 
issue, this preliminary study limits itself at one path that could lead to a solution.  

 

The second section takes a wider point of view in order to show how the cost control of the 

access fee can be integrated to, benefit from and contribute to the more fundamental 

evolutions of ERDF.   

 

The question about how two feeding points may complement each other from an overflow 

management point of view has been deepened, resulting in the development of mathematical 

tools. The last section shows why it has been developed and the results.  

 
 

 

 

 

 

 

 

  



 

A. A new dynamic 

Evolution of the iterative cycle
 

The new dynamic, displayed in 
The consequences in step two and three are described in the next subsection. 

 

 

 

 

Impact on the subscribed power
 

If more actions of transfer motivated by financial criterions 

can appear as described in the following paragraphs. The amount of load transferred in term 

of energy would in any case be negligible. However the subscription is strongly influenced by 

the peaks, exactly when the action

subscribed power can be influenced. 

3 : Impact on the subscribed power 
 

2 : load curves are even

out, some are « receivers » 
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A new dynamic  

Evolution of the iterative cycle 

, displayed in Figure 10, is powered by the stronger overflow management. 
The consequences in step two and three are described in the next subsection. 

Figure 10 

Impact on the subscribed power 

If more actions of transfer motivated by financial criterions are made, then two kinds of effects 

can appear as described in the following paragraphs. The amount of load transferred in term 

of energy would in any case be negligible. However the subscription is strongly influenced by 

the peaks, exactly when the actions of transfer are made to limits penalties. This is how the 

subscribed power can be influenced.  

3 : Impact on the subscribed power  

1 : More actions to limit 

the penalties 
 

2 : load curves are evened 

»  

is powered by the stronger overflow management. 
The consequences in step two and three are described in the next subsection.  

 

are made, then two kinds of effects 

can appear as described in the following paragraphs. The amount of load transferred in term 

of energy would in any case be negligible. However the subscription is strongly influenced by 

s of transfer are made to limits penalties. This is how the 

1 : More actions to limit 

the penalties  

Feedback 

control on the 

subscription  
 

Action enhanced 

by new tools  
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Load peaks are evened out. To give an idea, if at a feeding point every peak is lopped by one 

MW during a year, the resulting reference curve would influence the subscribed power 

downward compared to the reference curve without action of transfer.  

Thanks to the retroactive subscription, if the subscribed power has been taken too low due to 
this effect, it can be corrected as soon as the penalty becomes sizeable over a month. Until it 

happens, the fix and variable component of the access fee are decreased. However, as 

described in the first chapter, an increase of the subscribed power less than 12 month after a 

modification made downward would at least write off the benefits from the decrease while 

the overflow management had been mislead during this period. Hence this kind of bet should 

take into account the cost of unnecessary effort due to the overflow management. 

 

Some feeding points become net receivers. Indeed, the biggest feeding point of an area in 

term of expected penalty tends to be sacrificed from a financial point of view because the 

marginal cost of an overflow is lower for them. In opposition to the previous case, the resulting 
reference curve would influence the subscribed power upward compared to the reference 

curve without action of transfer. Independently from that, after an increase of the subscribed 

power no decrease is allowed during the following 12 months. The result may be an 

unnecessarily high fix and variable component. Hence this effect should be controlled if not 

corrected.  

 

Control of the subscription 
 

Such a control would benefit from gathering the data about the actions of transfer. A semi-

automated process could gather these data in a workable way.  

 

A dedicated indicator should be selected in order to evaluate if globally the actions of transfer 

from and until a given feeding point have a potentially sensible impact on the subscribed 

power.  
 

If the impact is evaluated as sensible, then the probable direction of the impact should be 

looked at. For example the received amount of load generating extra penalty at a given 

feeding point can be compared to the reduction of the overflow in term of MW per time 

period of 10 minutes.  

 

 If the subscribed power is expected to have generated an upward impact on the subscribed 

power, then the effect should be corrected. This is true in particular if the subscribed power 

would be globally increased without correction. 

 
At first sight, reconstructing the natural load curve and then evaluating the best subscribed 

power given the climate impact distribution and the transfer opportunity is an attractive 

method. Nevertheless, as mentioned before, the evaluation of the amount of load transferred 

lack instrumentation and precision today. Moreover the stochastic study may be heavy 

compared to its efficiency. 
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In fact, an empirical approach is more appropriate given the complexity of the dynamic 

system. A function should link the correction in MW to the upward impact in question. Then 

this correction should be applied on the genuine optimal subscribed power as described in 

section B of the second chapter, before the complementary modulations are applied.  
 

With a reasonable weight in the balance, any increase of the subscribed power should be 

avoided in order to be able to lower it if possible during the next year. 

 

 

B. Identification of the synergies 

Include this issue within the more fundamental objectives of ERDF 
 

As a regulated monopoly, ERDF does not look for profit at the expense of the common 

interest. Hence the cost control of the access fee should not interfere negatively with the 

objectives of a DNO in terms of quality of supply. It means of course that no one should be 

affected for financial purpose. Penalties concerning the quality of supply put already a high 
economic weight on these issues. These negative incentives are at a strong enough level to 

insure no exaggerated risk will be taken for the users of the distribution network. 

 

It means also that, among the possible opportunities, synergies with other core ambitions of 

ERDF should be given priority. Today, ERDF has made smart use of the most accessible 

opportunities, from an economical and technical point of view, concerning the access fee. Any 

step further implies investment at various levels. Lots of these new opportunities have the 

common ambition to make the physical network smarter and more flexible. The fundamental 

synergy here is between the ability to share the loads between the feeding points and to be 

able to offer the highest quality of supply in case of incident or maintenance work. For 
example the load recovering process requires transfer of loads.  

 

In these conditions, the cost control of the access fee can not only benefit from investments in 

the network but also feed a dynamic of improvement. While remaining a secondary priority 

compared to the quality of supply, it can become a more integrated element of the 

fundamental dynamic of improvement.    

Toward a more flexible network 
 

The concept of flexibility of the network covers the association of: 

� the capacity of action of the network operators: 

� adequate information and interface (software); 

� experience; 

� the network self-reactivity. 

Both of them could make use of actions of transfer in order to keep all loads connected. These 
actions require: 



 

� the network opportunities for transfer, including for example

� Connection opportunity with remote controlled switches 

� Large enough current capacity of the various physical component

� The results of study about the transfer designs in order to look for the best quality of 

supply in a given situation
 

One main objective of ERDF is the constant improvement of the global quality of supply. This 

and the capacity to transfer some loads share both the benefits from the network flexib

described above. Thus some evolutions of the system improving t

useful for the overflow management. In return some investment may be endorsed by savings 

from the access fee and benefit to the global system. 

 

Moreover there is a shared experience at various levels between the two activities. One level 

is the software based on the robot described in the previous chapter about overflow 

management. This software would share some function with existing software for 
recovery process. Another level is the experience of the network operators. Each action of 

transfer for overflow management ca

the network design.  
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Figure 11 
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tive of ERDF is the constant improvement of the global quality of supply. This 

and the capacity to transfer some loads share both the benefits from the network flexibility as 

he quality of supply may be 

for the overflow management. In return some investment may be endorsed by savings 

Moreover there is a shared experience at various levels between the two activities. One level 

software based on the robot described in the previous chapter about overflow 

management. This software would share some function with existing software for network 
. Another level is the experience of the network operators. Each action of 

n be seen as an exercise about the capacity to change 

 



45 

 

To begin with, the shared benefits in term of investment or experience can be found in: 

� the tools helping the network operators; 

� the instrumentation of the network: 

- Data measurement; 

- Motorized unit ; 
� the study of the various possible network designs; 

� the potentially improved control of the financial risk management. 

 

Mid-term perspectives about the new instrumentation 
 
This is in a way an illustration of the previous subsection. A new instrumentation of the 

distribution network (including the electricity meters) gathered under the name Linky13 is 

being tested in France. It is one of the steps toward a smarter network and it should remove or 

at least reduce some of the constraints limiting transfers of load. One can imagine for example: 

� giving instantaneous and more detailed data : 

� about the load, allowing a more optimal use of the transfer capacity ; 

� about the quality of supply (voltage) ;  

� about the losses ; 

� about the distributed generation (monitor and control if allowed); 
� improving price signal to avoid peaks and at the same lessening the use of the 175Hz 

price signal which generates strong constraints today. 

Furthermore a smarter cost control of the access fee is one element among other preparing 

the mentalities to the coming transformations of the electricity distribution. Indeed the walk 

toward a smarter grid able to answer more and more complex issues is accelerating strongly. 

Thus artificial intelligence in support of the operator’s action has a bright future and the idea 

of introducing self-learning machine is no more science fiction.  

 

 

C. How two feeding points may complement each other 

Why it has been studied  
 
During this preliminary study tools have been developed to evaluate how complementary is a 

couple of feeding points. The first aim was to give a picture, before the simulations described 

in the next chapter were run, of the opportunity of transfer with financial margin versus the 

case where there is no financial margin. 

 

A first set of application is about guiding the investment. Two feeding points being 

complementary would benefit from an available network transfer design more than two 

feeding points being exactly similar from a load point of view. It can give priorities for the 

engineers studying the allowed and optimal transfer designs. It could also influence, if not 

                                                           
13

 See press release from the 18
th

 of march 2009 (ERDF, 2009) 
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endorse, bigger investment like a remote controlled switch on the network or a larger capacity 

than intended for a new line. 

 

In addition to that, there is added value to make from the mutualisation of the overflow 

financial risks. Indeed an indicator of the financial risk would be welcomed and this preliminary 
study could provide one of the data. However it is matter for another study by itself.  

 

Ways to measure it 
 

Three ideas have been successively developed for a given couple of feeding point. Only the last 
is really workable. However the process resulting in the final idea is interesting from an 

academic point of view.   

 

The first idea was intuitive and based on the fact that any end-user load can be classified 

between characteristic loads, like a “household” type of load for example. The aggregated load 

seen by a feeding point can be described by a linear combination of such characteristic loads. 

For a first try, 4 of them have been identified. The aim was to describe a feeding point by a 

vector of loads, each element of the vector representing the amount of a given characteristic 

load. The projection has been made based on a set of macroscopic values being typical rather 
than on the whole temporal load curve. To be brief, this idea can help understanding some 

behaviour, but it is in practice unsatisfactory.  

 

In a second method, the main improvement is to focus on the positive overflows only. It is 

rather intuitive since the subscription depends mainly on these values. These can be taken 

with the actual subscribed power as reference or a slightly lower reference in order to take 

into account the potential margin. The idea is to aggregate them, in a way or another 

depending on the objectives, in relation to a given temporal reference. This temporal 

reference can be each day of the year for example.  This method is more synthetic, while 

keeping a connection with reality. Since there are still many data, the results are best given in a 
graphical way.  
 

The chosen method is one step further toward simplicity. It is based on the scalar product of 

the vectors representing the overflows. Each element of the vector associated to a feeding 

point represents the positive overflow during a given time period of 10 minutes during the 

year covered by the reference curve. It is inspired by the notion of correlation. Among the 

benefits of this method, the scalar product is a rigorous mathematical tool, easy to compute 
and global. If the scalar product is normalized by the geometric mean of the norms, it gives a 

number between zero (orthogonal, i.e. the two feeding points are complementary) and one 

(collinear, i.e. they are of similar behaviour).  

The vector representing a feeding point can gather for each time period the overflows over: 

� the optimal subscribed power based on the reference curve ; 

� the subscribed power minus a fixed percentage in order to consider some margin. 

The overflows can be represented by: 

� its occurrence (a binary vector showing one where an overflow occurs) ; 

� its power in kW ; 



 

� its  volume (square value) in kW²

The scalar product is then normalized by:

� the product of the norms of each vector with the same scalar product

� the square norm of one of the two feeding point (in this case the result may in theory 

be above 1 but it is not common)
 

To give an idea, one can imagine a simple system of two 

system is in two dimensions and it can be graphically showed. The example is about the two 

extreme cases concerning the scalar product of the power of the overflows over the optimal 

subscribed power normalized by the geometric me

Legend of the graph:

Case 1: 

Case 2 :

In practice, the method is applied in a space with as ma

periods of the reference curve.  
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The scalar product is then normalized by: 

product of the norms of each vector with the same scalar product

he square norm of one of the two feeding point (in this case the result may in theory 

be above 1 but it is not common). 

To give an idea, one can imagine a simple system of two time periods of ten minutes. Thus the 

system is in two dimensions and it can be graphically showed. The example is about the two 

extreme cases concerning the scalar product of the power of the overflows over the optimal 

subscribed power normalized by the geometric mean of the norms. 

 

  

  

In practice, the method is applied in a space with as many dimensions as the number of time 

of the reference curve.   

 

Segment 1
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extreme cases concerning the scalar product of the power of the overflows over the optimal 
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Chapter 5 Model and simulations 

 

Further work beyond this preliminary study is an investment that has to be motivated. 
Moreover the choices concerning overflow management have to be tested. The method 

chosen is empirical numerical simulation evaluating the opportunities. 

 

A dedicated model is built in order to compute these simulations. Some core choices are 

discussed in the first section.  

 

Furthermore, the simulation is built in such a way as to be able to be implemented for other 

purpose. For example, it can be extended over several years in order to take into account the 

evolutions of the subscribed power over consecutive years. The backbone of its architecture 

over one year is described in the second section.  
 

The last section is about the results. Figures are not exposed. Nevertheless, some interesting 

comments can be made. 
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A. Building a dedicated model 

Two guidelines 
 

A certain consistency should be kept in the balance between simplicity and distance from 
reality. One pragmatic reason is that, despite the fact that many useful data are recorded in a 

way or another, their use may be compelled by the possibility to export and correlate them 

automatically with a given time period. Some distance with the reality is allowed as long as it 

does not impact the access fee at first order of approximation. Moreover simplicity help 

drawing clear ideas about what is happening and why it is happening. Given the fact that it is a 

preliminary study on non-linear functions, it is better to understand the basic behaviour before 

going further. It is always possible to add complexity later, when some parameters would be 

fixed and more precise figures would be asked.   

 

The second ambition is to keep control of the distance from reality. Instead of trying to 
evaluate the uncertainties, the objective is to give at least a reasonable upper boundary of the 

access fee. Thus the real result is expected to be not worse than the one given by the 

simulation. This is done by fixing each parameter at a value, within its range of possible values, 

which would rather result in the highest access fee.   

 

About the network and load data  
 

The feeding points. Modelling the whole network, even only for an administrative region, 

would be long. The computing duration may be unnecessarily long. Instead, time is taken to 

choose carefully two samples of points.  

� The first sample gathers 11 neighbouring feeding points mixing various typical load 

behaviours. It is a rather ordinary sample. 

� The second gathers 4 feeding points having very similar load behaviours. Indeed the 

indicators presented in section C of the fourth chapter show pour complementarities 
between two feeding points. It is a rather unfavourable case from the overflow 

management point of view.  

 

The load curves. Since some details in the shape of the load peaks have a strong impact on the 

access fee, the input for the load curve should be as close to the real behaviour of the 

consumers as possible. The best input data are the real load curves of the past years. As 

explained in Chapter 2, it is a good reference load curve since the behaviour, despite being 

driven by various parameters, has a tendency to reproduce itself each year. Meanwhile the 

model developed about the peaks of consumptions would not obviously be efficient for the 

calculation of the access fee.  
 

It should be noted that these load are the result of the past overflow management. It is today 

technically difficult to take away the effect of the transfers on these data. However there is a 

legitimate way to overcome this difficulty. If these “post-transfer data” are taken as the “pre-

transfer data” (or natural load curve), it is simply a less favourable case from the overflow 
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management point of view. Indeed the peaks should be lower and the net overflows should be 

already evened out compared to what would have been the natural load curve.  

 

The amount of load transferred. Here is one case where key data are hardly available without 

manual intervention. Firstly the power flow is often measured for a cluster of load starting at 
the feeding point. If only part of a cluster is transferred, then the only information available is 

the share of loads as registered in the client database. Secondly, the action of transfer can 

generate a transit current affecting the data. Thus it is difficult to use these data over the past 

years since they would have to be collected and corrected individually.      

 

One solution consists in evaluating an average load for a given set of loads transferable by 

remote-controlled switches on the network. To test the robustness of this option, the 

simulations can be computed in similar conditions but for random variation of the amount of 

load transferred. A larger transfer capacity does not mean a better result because the 

increasing impact in case of high overflow is compensated by a less favourable impact in case 
of low overflow.  

 

About the constraint 
 
Physical limitations. Since the amount of energy transferred is small in any real case compared 

to the global energy consumed, the variation of energy losses can be neglected from a physical 

point of view in this preliminary study. It would nevertheless be easy to apply a coefficient to 

the transferred load in order to take into account the extra energy needed. Moreover from a 

financial point of view, even if the average cost of a MWh of losses is high, network study 

shows that even in unfavourable case the penalty cost saved by MWh transferred is higher 

than the cost of the losses generated. 

 

Meanwhile transfer capacity limitations and reactive power control are not described 

individually. When the case is borderline, the opportunity of transfer is excluded from the 
model, and in more favourable case, they can be taken into account by the limited availability 

of a transfer opportunity.  

 

The availability of a transfer opportunity. A stochastic study can be used to take into account 

some hazard in the model. Since the action only needs to be done at the beginning of a 

sequence of transfer of load, it is closer to reality to test only once for a whole sequence of 

transfer rather than for each time period of 10 minutes. Hence it requires identifying the 

sequences of transfer. 

The Monte-Carlo method is then applied. In this preliminary study, the simplification leads to a 

global “availability” test on each sequence of transfer with a percentage of case where a 
sequence of transfer fails to be done. This makes the Monte-Carlo method a rather oversized 

tool since a proportional modulation of the result would give the same expected values. 

Nevertheless it is kept with simple sampling in order to give the possibility to make a more 

complex model about the availability.    



51 

 

 

About the network operator 
 

Delay before action. If a power overflow has not been anticipated, the time of detection and 

the time needed for action induce a late reaction. The most basic model is an average time of 

delay. Since the model is based on time periods of ten minutes, it is easier to take a multiple of 

10 minutes. For example, 20 minutes is a pessimistic enough choice assuming the operator is 

every time occupied by a task more pressing and nothing has been anticipated. With the same 

idea, any sequence of transfer is stopped only 10 minutes after the last solicitation.  

 

Filter. As described in the actual strategy there is a possibility to fairly anticipate the evolutions 
of the loads. Hence it is possible to select rather reliably the long actions of transfer in order to 

filter the short actions that may not be worth given the low expected financial benefit. In the 

simulations a minimum duration is used to filter out the short sequences of transfer.   

 

 

B. Example of simulation’s architecture 
 
This section is focused on how the simulation of overflow management over one year works. 

Only the last subsection refers to the extension toward a more global simulation. As stated at 

the beginning of the chapter, the aim of the simulation is to evaluate the opportunities.  

 

Indicators to look at for the one year overflow management simulation 
 

It is common sense that all data are not useful for any public. A comprehensive and reduced 

set of the most meaningful data should be gathered. Here follows a base set of 4 yearly 

macroscopic figures that should be looked at by any public interested in the consequences of a 

new overflow management: 

 

Symbol Name Commentary 

Gain Gain in percentage of the total access fee Percentage 

T_N Number of action of transfer per year _ 

T_D Average duration of a transfer in [min] 

T_G Average gain per action of transfer in [€] 

 

Their use is discussed in the next section. In addition to that, a deeper study would consider 

more detail. For example one can build a matrix summarizing the number of transfer from 

each feeding point to each other. This would show the most active duos. As a second example, 
a list of the action of transfer by hours in the day may help to identify possible congestion at 

the level of the network operator. Indeed, since some other actions have the priority over the 
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overflow management, some solicitations of transfer may be legitimately delayed. Generally 

speaking the key data are the one about the behaviour of the robots and the financial 

earnings.  

Basic architecture of the simulation over one year 
 

The simulation is divided in independent steps run in the following order: 

 

A. Requests about the simulation ; 

B. Importation of the data, (load, connections...) ; 

C. Calculation of the subscribed power (or importation depending on the strategy) ; 
D. Calculation of the access fee over the year before any action ; 

E. Calculation of the relative overflows (financial margins taken as negative values) ; 

F. Strategy of overflow management built as a robot testing a set of criterion and giving 

solicitations of transfer or not during each time period of ten minutes. This is the core 

of the simulation ; 

G. Treatment of the basic transfer data in order to identify the “sequences of transfer” 

H. Treatment of the transfer order data to take into account the limitations (hazards, 

delay...) ; 

I. Calculation of the transfer output data  ; 
J. Building of the resulting load curves ; 

K. Calculation of the new access fee ; 

L. Calculation of the financial output data . 

 

 

User parameters, recorded data and intermediary outputs of the 

simulation 
 

Here follows the base set of user parameters.  

 

Symbol Name Commentary 

Sample Refers to a sample of feeding points and a given 

period of study  

Reference 

Robot Refers to a given robot soliciting transfer of loads by 

following specific laws 

Reference 

Hazard Stochastic parameters about the availability (here a 

simple percentage of failure) 

Percentage 

Delay Delay before action in a sequence of transfer in time periods of 10 

minutes 

D_min Parameter used as a minimum duration when 

filtering the action of transfer 

in time periods of 10 

minutes 
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Here follow the base data recorded. 

 

Symbol Name Commentary 

P_b Real recorded load by feeding point and by time 

period of ten minutes 

Table in [kW] 

Net Average amount of load transferable, zero if there 

is no possibility 

Table in [kW] 

Past Estimation of the penalty by feeding point and by 

month based on past data 

Table in [€] 

C_p Access fee cost  parameters as fixed by the 

regulation 

list 

 

Intermediary outputs of the basic simulation 

 

Symbol Name Commentary 

P_s Power subscribed by feeding point Table in [kW] 

P_o Net overflow by feeding point and by time period of 

ten minutes 

Table in [kW] 

T_s Transfers solicited by the robot list 

T_a Actions of transfer made  list 

P_m Resulting load from the transfer by feeding point 

and by time period of ten minutes 

Table in [kW] 

C_b Global cost before any action in [€] 

C_m Global cost after the actions of transfer in [€] 
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System function of the Monte-Carlo Simulation  
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Comments and example of implementations 
 

Network data. The amount of load transferred is taken as a constant over the year as 

explained in the previous section. A more accurate estimation method would strengthen the 

model.  

 

Monte-Carlo methods. The stochastic variables are introduced in step H. Hence the system 

function of the Monte-Carlo simulation covers the steps H to L.  If the stochastic evaluation of 

the availability is complex, then some variance reduction techniques can be applied. 

 

Calculation of the subscribed power. The architecture given as an example focuses on the 

overflow management and the subscribed power is taken as if well chosen. A simple option is 

the genuine optimal value calculated as if the load curve had been perfectly forecasted.  Step C 

can be fed with more information, like the past load curves in order to simulate the real 

uncertainties. Nevertheless it is difficult to simulate all the calculations made in the real 

subscriptions.  
 

Extension of the simulation over several years. In order to evaluate the impact of the 

overflow management over the subscription process, the simulation can be run over several 

years with a subscription based on the modified curve of the past year as the reference curve. 

 

 

C. Exploitation of the results 
 
The three subsections go from what is an internal use for the study to what is useful for the 

end user. The first subsection shows a feedback on the model itself. The second focuses on the 

tactics while the last refers to the result motivating further work. There will not be any precise 

figures in this part.  

 

Sensitivity analysis 
 

Test of an assumption 

As suggested in the previous section the part of the model concerning the amount of load 

transferable is among the weak elements that may have to be improved.  

In order to evaluate the robustness of the model, it is possible to run the simulation with 

different values. On the one hand, one can think that higher is an amount of load transferable, 

higher is the gain. On the other hand when the amount of load transferable reaches or is 

above a certain value the transfer becomes financially uninteresting.  
The assumption is to take a rather low probable value that is supposed to be pessimistic. Table 

6 gathers results from the same simulation run with various fixed level of amount of load 

transferable. 

The global gain is rather stable. This indicator seems in practice independent from the 

parameters in question, which is a positive result from the model point of view. The other 
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indicators show that two effects balance each other. If the amount of load transferable is 

higher, the average gain per action is also higher while the number of opportunity is reduced. 

Hence the choice of a low amount of load transferred is actually pessimistic.  

 
Table 6 : In each case the amount of load transferable are globally modified with the coefficient given in the first 

line. The other values are given in proportion of the results associated to the initial assumption. 

Relative amount of load transferable 0.5 1 1.25 1.5 2 3 

Relative gain 0.76 1 1.05 1.07 1.05 0.98 

Relative number of action of transfer 1.35 1 0.90 0.86 0.75 0.61 

Relative average gain per action of transfer 0.56 1 1.17 1.25 1.40 1.62 

 

 

About the calculation of the subscribed power in overflow management simulations 

Since the subscribed powers are key parameters of the system, it is necessary to control that 

the subscribed powers used in the overflow management simulations are not too far from the 

ones really subscribed if not the exact values. 

 

Test of the tactics 
 

Here are two examples where the simulation is used to test a tactical choice.  

 

Estimation of the penalty cost over the current month 

The aim is to question the choices presented in the subsection of chapter three about the 
penalty cost estimation. The results of the simulation using the penalty cost without action, 

like if a perfect forecast was available, are used as reference. The average gain per action of 

transfer is slightly lower using the estimated penalty cost. It means the action is a bit less 

efficiently led. Nevertheless the gap of average gain is held between zero and a few percent of 

difference while the number of action is similar. Thus the choices in question are more than 

acceptable for a first proposition.   

 

Analysis of a given robot’s behaviour 

While computing the simulation, it is possible to store as many data as one can imagine in 
order to analyse them afterward. A focus on some critical periods can then show if the robot 

acts as intended.  

 

Evaluation of the global opportunity 
 

Interpretation of the four main outputs of the simulation given in example 

With the assumption that the situation is rather homogeneous over the territory of the DNO, 

the output stating the gain in percentage of the global access fee of the sample can be 

generalised to a given perimeter. Thus it is possible to give an estimation of the expected gain 

for a given entity for a given set of assumptions.  
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The number of action of transfer per feeding point per year help estimating the added “work 

load” for the network operators. Associated to the duration of these transfers, it can give an 

idea about how long the network will be out of its local normal design. Furthermore, a short 

treatment of the data indicates if the solicitations of action of transfer have a tendency to 

happen all at the same time.  
 

Meanwhile the average gain per action of transfer is an indicator of the financial efficiency in 

the sense that only the most profitable actions should be selected. It helps finding a balance 

between the global gain and the impact on the network.   

 

Variation of the basic user parameters of the simulation 

Several scenarios are built to take into account more or less favourable conditions and various 

level of development of the tools. Table 7 shows three possible set of three of the basic user 

parameters of the simulation. The “ceiling” scenario gives an upper estimation of the global 

financial opportunity, when all solicited transfers can be made. The “base” scenario takes 
pessimistic parameters about the “availability” and the delay of reaction, while the “smart” 

scenario includes an ability to forecast and select long sequence of transfer in order to have a 

higher average gain per action of transfer.  

 
Table 7 

Scenario  Ceiling Base Smart 

Percentage of “availability” of the network  100% 70% 70% 

Delay before action 0 20 min 20 min 

Ability to select long sequence No No Yes 
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Conclusion and perspectives 

 

A. About this study 
 

Since the French electrical system was previously vertically integrated, the access fee to the 

transmission network is a rather new mechanism and the cost control strategy of ERDF is still 

converging toward the best behaviour. This preliminary study could provide at least some food 

for thought for the coming improvement. 

 

In fact, the propositions made during this master thesis have received attention from ERDF. 

However if elements are to be implemented, further work would be welcomed. Some 
examples are given in the next section.  

 

The regulation has been taken as given in this report.  Thus only a few commentaries are made 

about it beyond the simple description. Nevertheless, as described in the last section of this 

closing chapter, the knowledge accumulated could be used in the near future to feed the 

reflexion of the regulator about the design of this regulation.  

 

 

B. Future work following this preliminary study for the 

strategy of ERDF 
 

About additional studies and simulations 
 

The first action may be to continue the simulation process. It has been structured so it can be 

implemented in order to serve various purposes. Hence as described in the following pages, it 
would be possible to run simulation over several years in order to study the subscription or to 

focus on a particular piece of strategy. For example: 

� An empirical coefficient has to be tested in the correction process described in the 

subsection about the control of the subscription. 

� Wider sample of feeding points could be used.  

 

In addition to that, as it has already been mentioned in this chapter, some studies are still to 

be done. Among them stands:  

� a rigorous financial risk evaluation ; 

� building indicators to monitor the overflow management impact. 
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About a first experiment 
 

Aim 

The aim of the first experiment is to test the impact of additional information about the 

financial benefit from an action of transfer. The tool should: 

� deliver  on request a passive information about the potential benefits generated by an 
action of transfer from a given feeding point selected in the request ; 

� be user oriented (since the aim is to support actions in real time). 

 

The additional requirements are: 

� being ready before autumn 2010 (a few month ahead) in order to be effective during 

the next winter ; 

� using only data already available ; 

� light programming ; 

� storing workable data for an analysis of the experiment’s result. 

 
The expected benefits are: 

� experience the confrontation between the financial incentive and other criterions ; 

� identify what would be most welcomed in a version V2 of the software ; 

� Evaluating the first gains generated.  

 

Here are some limits: 

� This version work without anticipation, it would benefit from a coordination with the 

information on the past load curves. 

� It is quite basic compared to what could be a second version. 

 
 

Insight of the realisation 

A detailed proposition has been made based on the available resources (including the software 

architecture). Here follow a simple illustration of the hardware architecture. The blue arrows 

represent the requests and their answers. All calculations would be done in a dedicated 

desktop.  

 

The calculator’s dedicated desktop would be the only extra hardware resource mobilised 

compared to the actual situation. Meanwhile the network operators of the unit where the 

Master Thesis was done are already aware of the issue.  
 

 



 

 

 

Perspectives 
 

If the opportunities are confirmed

strategy developed during this

 

The long term perspectives have been expressed with the synergies described in section B of 

the fourth chapter. The main spirit is to contribute to and benefit from the evolution toward a 
more flexible and smarter distribution grid. 

 

 

C. Perspectives 
 

Given the potential strong evolution of the load with electric cars batteries for example and 

the distributed production, the distribution system is expected to become a more complex 
system. It offers many positive perspectives of evolutions providing the 

distribution companies continue to anticipate these issues and remain open to the 

fundamental changes that it may call for. The access fee is to be a key connection between the 

regulator and the DNOs, transmitting the incentives and alloc

and maintenance.  For this reason, an efficient access fee’s cost control strategy means this 

transmission belt is functioning which is necessary for the global electrical system evolution. 
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From the common interest point of view, the design of the access fee is a key element. Here is 

a short sample of reasons why it is so: 

� It is the main incomes of the electrical network operators. 

� The subscribed power is an important signal sent to the TNO. 

� The penalty cost should as much as possible avoid giving wrong incentives from an 
electro-technical point of view.  

� In order to gives clear signals, to be controllable, understandable and debatable, a 

regulation should as much as possible tend to simplicity.  

 

Hence the signals given by this piece of regulation and the good reaction to these signals 

should be a constant public debate. 

 

 

 

 
  



62 

 

 

Bibliography 

ERDF & RTE. (2006). Convention de gestion des Puissances Souscrites et des Puissances de 
Raccordement définissant les modalités de changement de Puissances Souscrites dans le cadre 

du CART. 

ERDF. (2009). Compteurs Linky : ERDF choisit l'Indre-et-Loire pour expérimenter son projet. 

ERDF. (2009). ERDF an 1. 

République Française . (2009). Journal Officiel. 

République Française. (2004). Contrat de Service Public entre l'Etat et EDF. 

République Française. (2000). Loi n°2000-108. 

RTE. (2006). Conditions générales relatives à l'accès au réseau public de transport d'électricité. 

 

Various internal working documents of ERDF have also been used, like the one concerning the 
rules regulating the actions of the network operators. 

 

 

 


