
RTE: the integration of wind energy in the power sy stem 
International Conference on Renewable Energy and Ec o-Design in Electrical Engineering 

Lille, 23-24 march 2011 
 

Magali GLACHANT, Emmanuel NEAU 
RTE, French TSO, France 

Tour Initiale- 1,Terrasse Bellini, TSA 41000-92919 La Défense Cedex, France 
Tel: +33(0)141 022 545 – Fax: +33(0)141 021 718– e-mail: magali.glachant@rte-France.com 
Tel: +33(0)139 244 088 – Fax: +33(0)139 244 175– e-mail: emmanuel.neau@rte-France.com 

 

Topics: How RTE operates the grid in presence of wind energy 

 to ensure the security of the power system 

 
 

1. Introduction 
The total installed capacity of wind power in 

France grew from a few hundred MW at the 
beginning of 2005 to 5500 MW at the end of 2010.  
This fast growth is set to continue, and the French 
Government's decision of 15 December 2009 on the 
country's long-term investment programs in power 
generation requires France to have at least 25 GW 
of installed wind capacity (including 6 GW offshore) 
by 2020. 
But the French specificities are that wind farms are 
largely spread over the territory, and 95 % of them 
have an output power below 12 MW which means 
they are mainly connected to the distribution 
network.  
As a consequence, this new intermittent and 
decentralized production is not “naturally” 
observable by RTE, whereas it has nevertheless 
impacts on the operation of the transmission system 
for which RTE is responsible. 
The natural variability of wind power and the difficulty 
of its predictability require indeed a change in the 
traditional way of ensuring balancing between 
production and demand, of managing day-ahead 
margins and of controlling the electrical flows. 
Furthermore RTE operators have to be informed 
quickly and reliably of the real time output power of 
wind farms and of its evolvement some hours or 
days ahead to ensure the reliability of the French 
electrical power system. 
In this context, new tools were necessary to RTE to 
acquire as soon as possible data concerning wind 
power. 
In two years long, RTE set up an observatory of wind 
production called the “IPES system”. “IPES” enables 
to get information about technical characteristics of 
the whole wind farms in France and to observe the 
wind generation by two ways: in real time with 
telemetered data and in the short term with a 

forecast model integrated into the system. In 
addition, RTE currently carries out studies about the 
behavior and the forecasting of wind production 
integrated into the grids, as internal activities (about 
forecast methods), and in different projects (such as 
European projects : SAFEWIND for extreme events 
in wind production, or TWENTIES). 

2. Wind energy: a new challenge for 
operating the grid 

Wind energy changes the context of grid 
operations. 

 At first, nearly 95% of the 600 wind farms in 
France are connected to distribution networks on 
300 power substations and their injection on the 
transmission system is not naturally observable by 
RTE. 

Secondly, wind speed becomes a major new 
factor to be taken into account for the operation of 
power grids, since it can lead to large variations of 
the power injected into the grid (daily as hourly 
variations). Added to this, sudden fluctuations in 
electricity generation during periods of turbulence or 
speed of winds over 25 m.s-1 (or 90 km/h) may lead 
to local loss of synchronism and voltage deeps. This 
phenomenon is exacerbated by the wide range of 
technologies used in terms of construction capacities 
and command-control of wind power units, which 
means machines behave somewhat differently 
under emergency conditions in the same areas. 
To cope with this situation in France, the ministry of 
industry defined in the governmental decree and 
orders from 2008 the requirements for connecting 
new intermittent generating units connected to 
distribution or transmission grid. These orders 
stipulate the obligation for wind power units to 
respect certain characteristics such as: fault 
ride-through requirements, lower minimal time and 
greater tolerance for the active power reduction for 
the capability to stay connected between 47 and 



47,5 Hz. The orders also provide that, concerning 
voltage, regulation of intermittent generation has the 
same obligations as conventional  and dispatchable 
generating units.  
At the same time, RTE put in place the “IPES” 
system that has helped since 2009 to cope with the 
needs of RTE in order to operate properly the 
transmission grid in presence of wind energy. 

Thanks to the data coming from “IPES”, the 
operators use indeed the short-terms wind 
production forecasts in network studies tools and the 
dispatchers benefit from real-time observability of 
wind power injection on the network so that they 
better anticipate the power flows on the transmission 
system while driving it. 

By bringing knowledge about wind power 
production, the “IPES” system allows RTE to operate 
preventive topological measures or to appeal to 
adjustment means (increasing or decreasing power 
of balancing units) to resolve these constraints, 
every time it is possible. 
At last, the difference between the time required to 
adapt and strengthen the power network (3 to 5 
years) and the construction lead-time for wind farms 
(2 to 3 years), means there is a risk of increasingly 
frequent grid congestion disrupting generation feed. 

So, in order to face certain risks related to network 
operation, RTE worked in 2010 with the French 
distribution system operator ERDF on the installation 
of automatisms that control the wind production by 
curtailing it during times that are compatible with the 
nature of the associated constraints on the 
transmission system. 

3. Impact of wind energy on balancing 
Even with good forecasts of this wind production, 

differences may occur between this power injected 
into the system in real time and forecasts. These 
discrepancies feed unbalances of the system. To 
ensure security of the grid, and restore the balance 
between production and demand, the TSO activate 
reserves available on the balancing mechanism. 

But it is possible only if theses reserves are 
available. 

Dimensioning reserves and reliability required 
margin calls for different possible hazards on the 
system: power plant outage, error of load forecast 
and error of wind power forecast. 

RTE carried out studies to define the impact on 
reserves based on behavior of wind power. The 
results showed that it was imperative to observe 
wind power production in real time and to develop 
wind power forecasting models for different terms, 
from mid-term (2 days) to short-terms (1 or 2 hours). 

There is no impact on primary and secondary 

reserves if real-time measures are available and 
there is a low impact on fast tertiary reserve (mainly 
hydraulic power plant) until 5 GW are connected to 
the grids if real-time telemetering is available. As far 
as the margins are concerned, the impact is 
confirmed from 3 GW connected if no forecast and 
telemetering, so that telemetering and forecasting is 
strongly recommended. To conclude, the estimation 
of increase of margins is about 10 % from 10 GW 
connected. 

4. The “IPES” System 
Since 2008, RTE has put in place an infrastructure 

with the French distribution system operator ERDF 
to retrieve wind power telemetered data. But it did 
not cover wind power units connected to the 
distribution network on feeders serving others 
consumers. For this reason, RTE joined forces with 
volunteer distributors and generators to increase the 
number of real-time acquired data and improve the 
completeness, reliability and accuracy of information 
received. And since November 2009, RTE has 
implemented the “IPES” platform which is based on 
a Supervisory Control And Data Acquisition 
(SCADA) system accommodating a reference 
database containing technical information about 
wind farms and a special user interface. 

4.1. Database 
The “IPES” database was populated with a 
combination of information on French wind farms 
gathered from manufacturers, generators and 
distributors. It includes data such as: the connection 
voltage, the installed capacity, the power substation 
and the transformer of connection, but also the 
geographical location and the number and type of 
machines with their characteristics (manufacturer, 
turbine model, hub height, electrotechnical 
performance criteria and options). 

4.2. Telemetered data 
The “IPES” system enables power system 

dispatchers and forward management operators to 
get real-time power measures sent by distribution or 
production control centers for 74% of the total 
French wind power installed capacity. The 
application includes an estimate of missing 
telemetered data that is produced for each wind farm 
and is based on the load factors of other remotely 
metered wind farms, usually located close to the 
wind farm being estimated. This load factor is the 
ratio of the actual real time output of a wind farm to 
its maximum available capacity. 

4.3. Graphical User interface (GUI) 
The “IPES” dynamic user interface provides 
operators with a layered access to information based 



on geographical and chronological criteria, and the 
possibility of configuring alarm thresholds depending 
on generation levels or wind speeds (figure 1). 

 

 
Figure 1 - Overview of the IPES GUI 

 

The system also enables to view every hour updated 
forecasts for wind generation on a three days sliding 
period at different geographic aggregated levels: 
country, regional areas, electrical substations and 
wind farms. 
To finish, a feature allows operators to browse 
different timeframes via the geographic information 
system (GIS) view. Selecting this option brings up a 
cursor, which can be moved between a point four 
hours in the past, and up to two days in the future, in 
four-hour intervals. 
The data displayed for the past consist of real time 
wind generation figures (either measured or 
estimated) recorded for the timeframe selected, 
whilst the "future" data represent forecasts provided 
by the PREOLE model. The animation reflects real 
time or predicted generation over the time period 
selected using the cursor. Figure 2 shows the GIS 
and the cursor used to browse different timeframes. 

Figure 2 - Example of browsing timeframes via the 
GIS view 

4.4. A forecasting model dedicated to the 
wind power 

Forecast of wind production are provided by a 
model integrated into the IPES system. This 
forecasting model PREOLE has been developed by 
RTE. 

PREOLE is a statistical model, which parameters 
are defined on the basis of historical data of 
production for each wind farm. 

These data of production come from power-meter 
of each wind farm (not estimations computed in 
real-time with telemetered data) and are considered 
as reference data (an accurate value with a 
frequency of 10 minutes). For wind farms connected 
to the Distribution grid, data are gathered by 
Distribution System Operators (DSO) and 
transmitted to the Transmission System Operator 
(TSO) every month. RTE, as a TSO, collects 
metered data directly from installations connected to 
the transmission grid. 

In a first version, only wind forecasts (speed and 
direction) feed the model PREOLE to compute wind 
power predictions. On the basis of these 
meteorological data, description of every wind farm 
connected to the electrical system (distribution as 
transmission grid) and parameters described above, 
a forecast of power is elaborated for each installation 
of wind production. 

Then, an aggregation of prediction simply allows 
to have a forecast at different levels: electric 
substations, geographical areas and, at last, France. 

Information about accuracy of forecasts is also 
provided as a confidence interval (CI). It allows 
operators of the grid to adapt in a realistic way theirs 
scenarios of wind power injection for network 
studies. 

 

 
Figure 3 – Calculation of the confidence interval 

for the generation forecast 
 

Wind predictions, provided 4 times a day by Météo 
France, are forecasts of wind speeds and directions 
100 meters above the ground, and for a time frame 
up to 72 hours ahead. 

The quality of wind power forecast is determined 
with reference data (metered values of production). 
The root mean square error (RMSE) of wind power 
prediction gives as indication a correct quality 
comparable to other equivalent forecast models. 



 

 
Figure 4 –Forecast error according to time period 
 
This forecast error, whose RMSE is illustrated 

figure 3 above, has a direct impact on the 
dimensioning of operational reserves. 

Analysis of the quality of operational predictions at 
RTE to ensure balancing between production and 
demand, allows us to model a "wind hazard". 

This error, combined with other hazards as errors 
of load forecast or conventional power plant 
outages, makes up a global hazard in the electric 
system balancing. Modeling hazards with likelihood 
of errors is used in the dimensioning of minimal 
required reserves to ensure balancing, with normal 
means (i.e. without calling exceptional and 
emergency resources) according an accepted level 
of risk. 

It is important to quote that forecasts are computed 
only with data available to RTE to fill its mission as a 
TSO. 

A producer for instance may choose another way 
to elaborate its own forecasts (with a physical model 
of its installations) according to the data known: 
more accurate description of turbines, schedule of 
availability taken into account... on a perimeter really 
smaller than an entire country. 
5. Other R&D activities on wind production 

field 
5.1. Internal studies to improve quality of 

forecasts 
What is important as a TSO is to reduce error of 

forecasts to limit impacts on operational reserves. 
Consequently, a first improvement is to take into 

account real time measures to adapt the value of 
wind power forecast based on wind prediction. But 
this improvement has an effect only on the 
short-term (up to 4 to 6 hours, no more). 

Some special events, such as extreme wind 
speeds (near the cut-off), are really difficult to model 
and to forecast, inducing large error into the wind 
power prediction (this is important especially when a 
storm affects large geographical areas with a high 
concentration of wind farm, leading to massive 

disconnections from the grid and large deviations of 
power).  

A specific analysis of these extreme events will 
allows to model the behavior of wind turbines during 
high speed winds, to anticipate in a better way large 
variation of power. And then to reduce impacts on 
reserve (more especially on fast reserves). 

Another point, not concerning reserves but the 
operation of the grid, is to enlarge the time frame 
covered by forecasts (up to 7 or even 12 days 
ahead). Such forecasts could be useful for RTE to 
operate in a better way the transmission grid (by 
planning maintenance operations with fewer 
uncertainties on parts of the grid with concentration 
of wind farms). Mid-term forecasts could be possible 
with different methods than the ones used for short 
term. The forecasts provided in this case are not 
"deterministic", but are a set of probabilistic 
forecasts, giving uncertainty ranges to interpret. 

But the more efficient improvement of wind power 
forecast will come from an increase of the quality of 
data which feed the model, like for instance 
information about availability of wind farms 
(scheduled and in real time).  

But this could be achieved only by cooperation 
with the different parties (DSO, producers and TSO). 

5.2. At a European level 
SAFEWIND project : the state of the art in wind 

power forecasting focused so far on the "usual" 
operating conditions rather than on extreme events. 
Thus, the current wind forecasting technology 
presents several bottlenecks. End-users urge for 
dedicated approaches to reduce large prediction 
errors or predict extremes at local scale (gusts, 
shears) up to a European scale as extremes and 
forecast errors may propagate.  

The aim of the European project SAFEWIND, 
within which RTE is as an end-user, is to 
substantially improve wind power predictability in 
challenging or extreme situations and at different 
temporal and spatial scales. 

Then, new methods developed will be 
implemented with operational data for evaluation by 
the end-users in the project. 

TWENTIES project : the fast-growing expected for 
off-shore production will introduce new questions to 
resolve. These wind energy produced from maritime 
sites is not so different from the one generated 
on-shore. But ways of connecting off-shore wind 
farms to the transmission grid need specific 
technologies: most connections will be high voltage 
direct current links (or HVDC). 



Technical solutions as operation rules of these 
specific grids have to be defined and build up. 

The TSOs (among which is RTE) and industrials 
participating to the European project TWENTIES will 
answer the following question: What should the 
network operators implement to allow for off-shore 
wind development? 

Other points related to the wind power in general 
and flexibility needed by large electrical systems 
have to be taken into account during this project. 
What are the valuable contributions that intermittent 
generation and flexible load can bring to system 
services? 

How to give more flexibility to the transmission 
grid? 

Overall: how scalable and replicable are the 
results within the entire pan-European electricity 
system? 

6. Not only wind power 
Wind power has undergone the most important 

growth in Europe and the capacity installed has 
reached an important level requiring to take into 
account this energy in the operation of the grid. But it 
is not the only production from renewable, 
distributed and intermittent sources that has to be 
integrated into the electrical system. 

Photovoltaic production (PV) follows a similar 
growth than wind power and several thousands of 
megawatts have been already installed in some 
European countries. 

With a capacity about 800 MW already connected 
to the grid, PV in France will have next years a 
fast-growing evolution. Its impact on the grid will be 
almost the same than wind power. However, we can 
notice some slight differences: installations mainly 
connected to the distribution grid at the low voltage 
level, with a very large number of sites (installations 
on roofs of houses, malls or buildings for which no 
data and no characteristic will be available). 

The approach followed by RTE for the wind 
production is applied to PV production. IPES system 
has been structured at the beginning to supervised 
renewable energies, with some adaptations that 
have to be achieved to take into account special 
feature of PV. 

Then, a forecast model dedicated to solar 
production is built up, to complete in 2011 
information given by the PREOLE model on wind 
energy and to improve the overview of injections that 
have operators of the system. 

However in this field of PV forecasts, new 
challenges arise. Weather data available for 
prediction of power are indeed less developed 
(accurate data for solar irradiation, for instance, are 
not yet available). To finish, the number of 
installations to deal with increases the complexity of 
tools to develop. 

7. Conclusion  
Thanks to the commitment and involvement of all 

the parties concerned, and in particular several  wind 
generators and distributors, the IPES System 
commissioned in 2009 now satisfies RTE's 
requirements. The system's upgradeability means 
that RTE and its partners can continue to work 
together, to integrate renewable energy sources 
reliably and securely into the French power system. 

And studies continue to be carried out on 
forecasting methods, to improve quality of data and 
to contribute to limit the impact of production 
variability of renewable energy sources on the 
management of the electric grids. 
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