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ABSTRACT 

With the increasing connection of renewable generation to 
distribution grids, the distribution system operator (DSO) 
planning studies request the use of joint production and 
consumption scenarios at a local scale (substation). This 
paper presents GIROSCOP, a tool developed by EDF 
R&D for the French main DSO Enedis. GIROSCOP builds 
local meteorological scenarios from historical data, which 
are then used to provide generation and consumption 
profiles at a 10-minute time step over a high number of 
years. This methodology ensures the consistency and 
correlations between wind, solar and consumption 
scenarios. GIROSCOP was brought to an industrial phase 
to be able to generate scenarios for all Enedis primary 
substations. 

I. CONTEXT AND PURPOSE 

When planning the future developments of the distribution 

grid in France, the main Distribution System Operator 

(DSO) Enedis needs to take into account the behaviour of 

electrical loads as well as Distributed Energy Resources 

(DER). The chosen solution aims at minimizing total costs 

(investments and operating costs) of the grid over several 

decades. To carry out this work, consumption and 

production scenarios are necessary at local scales (for each 

primary substation) in order to make statistical studies on 

network planning solutions. Scenarios correspond to 

consumption and generation profiles at a 10-minute time 

step over a multi-year period.  

An example of statistical study with such scenarios is 

presented in [1]. 

To address this issue, EDF R&D worked on a tool called 

GIROSCOP to generate joint scenarios of consumption 

and production at these local scales.  

II. HOW DOES GIROSCOP WORK? 

GIROSCOP is a program written in R that uses N years of 

meteorological, observed consumption and production 

datasets to provide M joint scenarios of consumption and 

production (wind and solar power) at a 10-minute time 

step. Figure 1 shows the input datasets of GIROSCOP (in 

grey), the output dataset (in green) while the program 

structure is detailed in the middle. We describe it more 

precisely in the sequel. 

 
Figure 1. Methodological Chain of GIROSCOP 

 

A. Generation of meteorological scenarios 

  

Weather hazards have a major impact on the consumption 

of customers in the electricity sector in France. Indeed, it 

is already well established that electricity consumption in 

France is very thermosensitive [2]. In addition, the 

production of electricity is also significantly weather-

sensitive and with the rise of wind and photovoltaic 

energy, whose production directly depends on other local 

meteorological variables, we must take into account wind 

speed, temperature and solar radiation to forecast 

production of electricity. EDF R&D has developed a tool 

to better maintain the coherence between meteorological 

hazards that has become very decisive. 

 

DATA INPUT 

This tool needs as input data past observations of wind, 

temperature and radiation over N years.  

The wind, radiation and temperature data come from ERA-

INTERIM (public data) which is a meteorological data 

analysis tool of the European Center for Medium-Range 

Weather Forecasts (ECMWF). These data are currently 

used for the period 1979-2016. They are available on the 

grid of the Metropolitan France model with a resolution of 

50 km and at 3-hour time step. 
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COHERENCE BETWEEN METEOROLOGICAL 

HAZARDS 

We have at our disposal several years of wind speed, solar 

radiation as well as temperature data belonging to the same 

geographical area and time range. From this historical 

data, we can simulate multiple yearly scenarios for these 

variables, with “observed” coherent properties between 

variables. The tool outputs are M joint scenarios of these 

three meteorological variables over the years of historical 

input (the number M of scenarios, multiple of N, can be 

chosen). 

The simulation procedure consists of 3 steps: 

 Preprocessings: deterministic components 

(seasonality and trend) are removed to make 

meteorological variables more stationary. 

 Generator of joint scenarios: this generator is 

based on ECC (Ensemble Copula Coupling, [3]) 

technique. After the preprocessing, each centered 

and normalized variable is simulated N times 

separately from its estimated marginal 

distribution and then the coherence between 

variables is reproduced by reordering simulated 

values of each variable according to historical 

ranks. 

 Postprocessings: the deterministic components 

are added back to simulated trajectories of each 

variable. 

 

Figure 2 and Figure 3 show the good performance of 

simulated scenarios at a given substation: they reproduce 

well the properties of each historical variable as well as the 

coherence between them. 

 

 

 
Figure 2. Min, 10th percentile, 20th percentile, …, 90th percentile 

and max at daily time step at a given substation. Black for 

observations and red for simulations 

 

Figure 3. Monthly Pearson correlation between couples of 

variables at a given substation. Black for observations and red 

for simulations (mean, 5th percentile and 95th percentile) 

 

B. Generation of consumption scenarios 

The method used to predict the electricity consumption are 

the Generalized Additive Models (GAM) [4]. These 

models are semi-parametric models whose principle 

consists in explaining the variable to be predicted (here the 

electricity consumption) as a sum of regular functions of 

different explanatory variables. These regular functions 

are estimated by penalized linear regression after 

projection on a spline basis. The GAMs have been shown 

to have good performances on load forecasting problems 

[2]. Their additive structure allows the user to understand 

the contribution of each variable introduced in the 

regression model.  

 

To estimate these models, historical dataset of the load 

consumption is needed along several years. The same 

modeling described in [2] is used: one model for each time 

step of the day. The detailed approach of the statistical 

concepts and the optimization methods for parameters 
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estimation behind GAMs are provided in [5]. For a given 

instant, the load consumption yt is defined as: 

     

(1)  

Where IDayType t=j is an indicator function dependent on the 

day of the week, IOffset t=j is a function indicator of special 

weeks (especially holidays in August), 𝑡𝑜𝑦𝑡 is a time of 

year effect, Tt and ϴt are temperature variables, mj and kj 

are estimated parameters and f1, f2, f3, f4 and f5 are non-

linear functions estimated using penalized regression 

splines. The strength of this method is that it easily exhibits 

the link between the load and the explanatory variable.   

Therefore, the 50 load scenarios over one chosen week in 

Figure 4 are obtained by plugging the temperature 

scenarios described in section A into our load model. 

 

 
Figure 4. 50 load scenarios on one week (10-minute time step) 

for a given substation. Black for observations and other colors 

for different simulated trajectories 

 

 

C. Generation of production scenarios 

 

WIND PRODUCTION 

Two different approaches are used to model wind 

production. The first one is globally a wind-production 

transfer function which contains 5 parameters representing 

different characteristics: start, slope, maximum, cut, end of 

the production. This model usually works well to represent 

wind generation at regional or national scale. However, it 

seems less suitable for modeling wind production at local 

scales because of a greater variability and more 

pronounced extreme values in the data. Thus, another 

approach radically different from the first one in terms of 

optimization and parametric shape of the model is used 

here. Noticing that at a very local scale, the relationship 

between wind speed and load factor is nearly monotonous, 

we apply a logit type function to ordered data. The 

optimization of this simple model proves yet to be more 

efficient: the search algorithms of the best parameters are 

less "disturbed" by a mass of erroneous values in the wind-

production relation, leading finally to better scores (Figure 

5). The second model is then retained. 

 

 
Figure 5. Performance of the second approach (in orange) in 

comparison with the first model (in blue). Observed data are in 

grey and black 

The generated wind scenarios (described in section A) are 

used as inputs of the wind-production model to obtain 

wind load factor scenarios at a 3-hour time step. A suitable 

interpolation based on observed wind load factors is then 

used to generate 10-minute scenarios. 

 

PHOTOVOLTAIC (PV) PRODUCTION 

The main idea of the PV model is to split PV production 

into clear sky production and clear sky index: 

𝑃𝑡 =  𝑃𝑡
𝑐𝑠𝜏𝑡 

where Pt PV production, 𝑃𝑡
𝑐𝑠 clear sky production and t  

clear sky index.  

Clear sky production 𝑃𝑡
𝑐𝑠 represents the maximum 

production achieved for cloudless days over a year. Thus 

it is a periodic signal and is modelled by a quantile 

regression of a high quantile. This technique allows to 

solve the presence of a great mass of zero values. While 

clear sky index t  represents cloud coverage rate and is 

modelled by a linear regression with temperature and 

radiation like exogenous variables. 

 

Due to the high intraday variability of PV generation, the 

model is applied for each 3-hour time step to distinguish 

one hour from the others.  

 

The generated solar radiation scenarios (described in 

section A) are used as inputs of the PV model which 

provides PV load factor scenarios at a 3-hour time step. As 

for wind production, a suitable interpolation then allows to 

obtain 10-minute scenarios from the 3-hour ones.  Figure 

6 shows an example for 50 photovoltaic scenarios over one 

week for a given substation. 
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Figure 6. 50 PV load factor scenarios over one week for a given 

substation 

III. VALIDATION AND 

VISUALISATION OF THE 

SCENARIOS 

Before an industrial use for a large number of substations, 

the results obtained with whole methodological chain were 

deeply analysed and validated with different criteria for 

some substations. In the industrial development, only a 

selection of typical validation criteria are calculated 

systematically on output scenarios. Thus a quick 

judgement is possible to check if the results for a given 

substation are acceptable. These criteria concern marginal 

distributions, daily and yearly profiles. 

 

Figure 7, Figure 8  and Figure 9 show some examples for 

PV production validation. 

 

 
Figure 7. Validation of PV generation scenarios distribution 

 
 

Figure 8. Validation of daily PV profiles for min, average and 

max at each 10-minute time-step over a day. Black for observed 

data and other colors for different simulated scenarios 

 
Figure 9. Validation of PV yearly profiles for min, average and 

max at each 10-minute time-step over a year. Black for observed 

data and other colors for different simulated scenarios 

 

IV. MASS PROCESSING  

The generation of scenarios on a node (primary substation 

of the French distribution grid) takes 1h30 and 35 GB of 

RAM (on an Intel(R) Xeon(R) 2.60GHz computer with 

32CPU). On a conventional machine it is therefore not 

possible to run more than one simulation at a time. The 

launch on all the substations (i.e. more than 2 000 nodes) 

would take several weeks which is problematic if 

resimulations are needed quickly.  

 

A work was performed in early 2018 to improve the use of 

GIROSCOP. The purposes of this work were: 

- to automate the generation of scenarios to avoid 

manual intervention, 

- to use a supercomputer able to treat a very large 
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number of data and to parallelize the launches to 

reduce the total calculation time when running a 

large number of substations. 

 

The tool has been developed to automatically run 

whenever new input data is available in the input directory. 

This requires setting up a background process and 

regularly analyzing the contents of the input directory to 

execute a new instance of GIROSCOP if needed. To do 

this, a crontab is programmed at a specific time (10am 

each day) and scans the input directory for new data. If 

new data are detected, the GIROSCOP workflow is 

started. To obtain the scenarios, one just have to place the 

input data in a dedicated directory. 

 

An anomaly detection code has also been added to 

GIROSCOP in order to check before launching the code if 

all input data for each primary substation are well-formed 

(consumption and production historical datasets and 

meteorological datasets).  

A log directory is also present in which some information 

is saved to spot the cause of the failure in case the code 

stopped. 

This work ensured the generation of all the required 

scenarios for the all primary substations in less than two 

days. 

 

V. CONCLUSION 

 

The originality of GIROSCOP lies in its ability to mass-

produce (more than 2,000 primary substations) a very 

large number of joint annual consumption and production 

profiles (ensuring a consistent combination of different 

meteorological variables). 

It is therefore a valuable tool even if its use requires a high 

level of expertise. The aim now is to provide an additional 

module for exploitation and analysis of results to extend 

the use to non-expert users. 
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