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ABSTRACT 

 

Enedis (France’s main electricity DSO) and Mines Paris 

Tech are working on a new method called MOSAIC that 

aims at assessing the impact of long term local 

development projects on the electrical grid. 

The MOSAIC method uses a bottom-up simulation tool 

able to determine the current and future consumption and 

production load curve of an area. The consumption and 

production simulators are based on a multi-level data 

model that makes it possible to run a simulation even if 

some data are missing.  

The simulation parameters are calibrated by comparing the 

simulated load curves with observations on MV feeders 

(for the consumption simulator) and on 100 renewable 

energy producers (PV and WP).  

Once the simulators are calibrated for the current situation, 

the load curve of each development scenario of the area is 

estimated (the evolution scenarios are proposed by the 

local government, based on infeed growing, building 

projects …).  

Enedis and Mines Paris Tech are now working on linking 

the load curve simulators with more traditional electrical 

study tools.  From the simulated load curve, we estimate 

the most likely maximal power of the grid infrastructures 

and use these values in the load flow tool called ERABLE 

to evaluate the impact of the scenarios on the grid.  

Initial tests were successful and this method will be further 

developed in 2017 on ten experimentation projects in 

France. Each project will help to develop new 

functionalities such as integrating Demand Response or 

electrical vehicle infrastructures.   

INTRODUCTION 

In the last few years, local governments have gain many 

skills regarding the energy transition. Indeed, most of the 

necessary actions requested by the recent laws on the 

energy transition in France should be pursued at local level 

by local governments. Therefore, they are becoming to see 

energy as a crucial issue to be considered during urban 

development projects.  

At the same time, the features of electricity consumption 

are changing due to many factors such as renovations of 

old neighborhoods, construction of new and highly 

efficient buildings, growth in local renewable energy 

production and creation of electric car charging 

infrastructure. Local authorities need to correctly 

anticipate both the impact of these evolutions and the need 

for investments to succeed in their energy transition. Such 

a target requires a close collaboration between local 

authorities and their DSO: if the impact of urban planning 

decisions on the grid is assessed early on a project life 

cycle, solutions can be found in order to minimize new 

investment needs. This approach is essential to create 

sustainable cities.  

For that reason, Enedis and Mines Paris Tech are 

developing a new method, named MOSAIC, which uses a 

bottom-up electric load curve simulator. With MOSAIC, 

Enedis will be able to assess the impacts on the electrical 

grid of different city-development-scenarios, at different 

time scales. 

1. SIMULATION OF THE ELECTRIC LOAD 

CURVE OF AN AREA 

The MOSAIC method uses a bottom-up load curve 

simulator developed by Mines Paris Tech [5]. The first 

step to perform a simulation is to be able to correctly model 

the current and the future study area.  

 

1.1. Modeling of the area 

The simulator evaluates the load curve of each customer 

(residential, tertiary as well as solar PV and Wind Power 

producer) before aggregating them at the relevant scale. 

This requires having a significant amount of information 

on the study area: 

 For simulating consumption load curve: type of 

premises (residential, offices, shops etc.), surface 

area, ceiling height, age of the building or energy 

efficiency, performance level, presence of electric 

heating, electric water heater and/or electric air 

conditioning, position of the premises on the building 

etc.  

 For simulating the production load curve: GPS 

coordinates of the producer, installed power, type of 

production (PV or WP) and characteristic of the 

infrastructure (orientation, technology etc.). 

 

Description of a project with the MOSAIC method 

Even if the simulator potentially requires a lot of input 

data, an accurate description of every consumer and 

producer of the area is not necessary. The study area is 

described in MOSAIC using a multi-layer model: each 
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consumer/producer is part of a “block” and each block is 

part of a project (see Figure 1). 

 
Figure 1 - Description of an area in MOSAIC 

When a piece of information is missing, the simulator uses 

instead default values, first at block level when available, 

second at project level if needed. This multi-layer 

organization then makes it possible to simulate an area 

where some data are missing. The quality of the result will 

depend on how precise the area is described.  

 

The MOSAIC method can be used for two main types 

of situations 

There are two use cases in which MOSAIC can be useful 

for DSOs and for local governments:  

1. Evolution of an existing area. The area is 

already connected to the electrical grid, therefore 

the goal of the study is to evaluate the deepness 

of grid modifications needed by change of power 

demand. 

2. Creation of a new area. The electrical grid will 

be created from scratch.  The goal will be to 

define the infrastructures necessary to connect the 

area (secondary substations, MV Feeder etc.).  

 

Description of the reference situation   

Simulating the current situation is interesting for the first 

case study (evolution of an existing area) as it’s useful to 

estimate the current load curve of each secondary 

substation and to evaluate the gain of power that could be 

made by refurbishing the existing buildings. The current 

situation is called the “reference situation” and it will be 

used as a base line for comparing future scenarios. 

Enedis and Mines Paris Tech have assessed many potential 

sources of data describing the current situation.  

Census data are open-access on the French Statistics 

Office (INSEE) website and were therefore the first source 

of data to be tested with MOSAIC. They describe quite 

precisely the residential building of a designated area, 

however there is very little information on the location of 

these buildings (we only know to what district they 

belong).  

Recently acquired MAJIC (Land-registry) data are more 

convenient than census data as they provide a more 

detailed description of buildings including their address. 

Coupled with Enedis’ database, they will be used from 

now on. 

Enedis own database includes customer information 

system (CIS). For all customers, CISs store their electrical 

connection to the grid, their annual consumption, their type 

of contract, and their contracted power. Most of DSOs 

have similar data [1]. 

INSEE or MAJIC database need to be coupled with 

Enedis’ database in order to simulate the current load curve 

of a substation or an electrical feeder. 

Mines Paris Tech therefore developed an efficient method 

for matching the INSEE and Enedis’ residential customers 

[4].  

The MAJIC/Enedis matching is easier than the 

INSEE/Enedis matching, as it’s possible to compare 

addresses. Unfortunately, the two database have different 

ways of recording addresses. Mines Paris Tech developed 

an algorithm able to homogenize addresses structures 

between the two databases and to correct spelling mistakes 

in street names. 

This method has been tested on 22 MV feeders (around 

135,000 customers) and only 3% of the customers could 

not be match with a MAJIC data:  

Direct match 

Matched 

after 

correcting 

the address 

Enedis 

customer not 

matched 

MAJIC data 

not matched 

47 % 42 % 3% 7,35 % 
Figure 2 - Quality statistics on the matching of 135 000 Enedis 

customers with MAJIC data 

For the second use case (creation of a new area) there is no 

need to simulate the current situation. The reference 

scenario is therefore one of the potential scenarios (usually 

the business-as-usual evolution).  

 

Description of future evolutions  

The goal of the MOSAIC method is to compare the impact 

on the electrical grid of different evolution scenarios of the 

study area.  

Evolution scenarios are proposed by the local government. 

The current simulator is able to simulate building 

destruction, building refurbishment (with thermal 

efficiency improvement), creation of new buildings, 

development of renewable energy sources, changes in the 

energy vector used for space heating and cooling, and 

improvement in street lightning efficiency.  

In 2017, Enedis and Mines Paris Tech will work to add 

other potential evolutions in the scenarios such as the 

development of electric car charging stations, or Demand 

Response.  

 

1.2 Electric load curve simulation 

Description of the models 

The electric load curve simulation is performed with a 

compromise between physical and statistical models of 

appliances, consumers and buildings. It allows simulating 

in a bottom up way with a short computation time: few 

minutes to simulate the electricity demand of thousands of 

customers for one year at one hour time step. A complete 

description of the structure of the model is described in [5]. 

Evaluation of results and calibration 

The results given by the model have to be evaluated by 

comparing them to reference values. Default values are 
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calibrated in order to minimize the gap between the results 

and the reference. 

The first evaluation we did was to check if all the devices 

were correctly simulated by comparing them to campaign 

measurement results or the literature. In Figure 3 are 

examples of different checks for use laundry. In the 

example of laundry we compared our values to the French 

campaign described in [6]. We did this kind of evaluation 

for all uses, and all type of customer.  

 

 
Figure 3 - Example of simulation characteristics for use 

laundry. 

Another evaluation was done by comparing aggregated 

load curve from feeders’ measurement and simulation 

results. Thanks to Enedis’ CIS, and the matching with land 

registry data described in 1.1, we can have the list of 

premises per electric feeder. We then remove diffuse 

renewable production thanks to the production load curve 

simulator (1.3). 

Then, we can perform a simulation for a feeder. 

Without any calibration, result can be seen in Figure 4. We 

clearly see that the simulated load curve (blue) is higher 

than the measured one: many influent parameters, such as 

temperature target for electric heaters or mean thermal 

resistance of building, were set by default. 

 

 
Figure 4 - Example of simulation and measurement of a feeder 

with default parameters (before calibration) 

The most influent parameters can be chosen, and tuned in 

order to minimize the RMSE (root mean square errors). In 

our case we choose electric heaters temperature target and 

mean thermal resistance of buildings. 

The result after calibration is depicted in Figure 5. The two 

load curves are closer, the RMSE was minimized by 

adjusting the two parameters. 

 
Figure 5 - Example of simulation and measurement of a feeder 

with calibrated values. 

Our method allows to calibrate the parameters of the model 

learning from measurements. It is then possible to simulate 

either evolution of an existing area or a new area by using 

these calibrated values. We use this approach in the 

following case study. 

 

1.3 Production load curve simulation  

Description of the models 

MINES ParisTech has developed models to compute the 

normalized renewable energy production on a region by 

using meteorological data such as the horizontal 

irradiation, temperature and wind speed. These data can be 

retrieved from either measurement or reanalysis data.  

For the production from photovoltaic panels (PV) we use 

the Muneer model [2] to compute the diffuse part of the 

radiation over the tilted solar module and a physical model 

for the module itself. It is possible to choose a predefined 

statistical distribution for inclination and orientation of 

panels on roofs. Several technologies and integration 

architectures are modelled and the user can select the 

characteristics of the panels.  

For the wind production we can choose specific 

parameters of the technology of the wind turbine, the 

altitude of the hub to extrapolate wind speed data using a 

logarithmic profile. We have also the possibility to specify 

a wind power curve, to use a default one or to compute a 

power curve using the region wind speed measures, the 

installed capacity and the historical production on the 

region. This last option allows locally calibrating the 

relationship between wind speed and production and 

improving the production simulation result.   

This model is particularly useful to simulated diffuse 

production before the calibration of the electric load curve 

simulator. It is also of a great interest to test different local 

renewable production penetration rates and its influence 

on electrical grid sizing [3]. 

 

Evaluation of results and calibration  

Enedis collects some individual measurement of solar and 

wind farm and individual PV producers.  

Knowing the location and the installed power of each 

producer, it is possible to compare simulation and 

measurements. In Figure 6 we plot an example of 
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production simulated and measured.  

 
Figure 6 - Simulated and measured PV production for a 12kW 

producer in Paris 

As it is difficult to collect information at large scale about 

the installed technology, the precise orientation and 

inclination of panels, the shadow effects (especially for PV 

on roofs), we set by default the different values according 

to national statistics. In the same way as simulation of 

electricity demand, we can tune the different parameters in 

order to get a better fit with measurements.  

2. SIMULATION RESULTS 

2.1. Result analysis on the MOSAIC HMI 

MOSAIC Human Machine Interface (HMI) provides 

many functionalities for the visualization of the 

simulation's results: load curve analysis, energy analysis, 

load duration curve. 

The first analysis module shows simulated load curves 

either in an aggregated way or with a separation by usage, 

substations, or bulding block.  

This module provides important information on the 

diversity factor of the area. When assessing the impact of 

connecting new building on the grid, it’s important to 

determine what would be the most likely peak demand 

value for each grid infrastructure. Usually this value is 

estimated by adding the maximum power of each customer 

and using a default value for a diversity factor between the 

residential customers.  

MOSAIC is able to find the most probable maximum load 

of an area/building depending on individual consumer 

consumption, but as well on diversity factor. Indeed 

maximum consumption of a building is not the sum of 

individual consumptions. For example in figure 7, the 

maximum power demand is 171 kW, which is 15% smaller 

than the sum of the residential power peak (73 kW) and the 

tertiary power peak (127 kW). 

 

 
Figure 7 - Load curve of residential and tertiary customers 

simulated by the MOSAIC method 

Furthermore, comparing consumption and production load 

curves made for many meteorological scenarios gives 

information on the likeliness of some critical situations 

such as a 100% production with very little consumption.  

Finally if the simulator is not able to simulate some very 

specific consumers or producers, it’s still possible to take 

them into consideration by uploading directly their load 

curves (got from observations or from another simulator).  

 

2.2. Characterization of the most likely peak 

demand 

The French electrical grid is designed to be able to resist 

in critical situations such as very cold temperatures 

(demand is heavily dependent on the temperature due to 

high use of electric heating). 

In this context, Enedis is designing its grid for severe 

temperature conditions to be able to resist power value that 

are on average reached around 1 day per year (power value 

called Ptmb).  

The goal of the MOSAIC method is to evaluate the impact 

on the grid of the changes in the area. It’s therefore 

necessary to translate the results of the simulator into 

power values that can be used in an electrical simulator 

software.  

Enedis and Mines Paris Tech are currently testing different 

methods to determine the power value to be used for 

impact assessment. In the first use case, the simulation 

results are aggregated at a gird scale (MV/LV substation) 

and they are represented on a load duration curve (see 

Figure 8). By running the simulation for many years of 

weather data and by using this load duration curve, it’s 

possible to estimate Ptmb for each substation. What’s 

interesting with this method is that it gives the contribution 

of each substation to the global power peak and not their 

individual maximum (different due to the diversity effect).  

Furthermore, when it’s too early in the project life to be 

able to locate precisely a future consumer or producer, a 

Monte Carlo method is used to locate them.  

In use case 2, Ptmb is estimated the same way but at the scale 

of the building (or building block).  

 
Figure 8 - Load duration curve with division by substation 

Mines Paris Tech and Enedis are now working on the 

automation of this process in order to directly get the 

power value with a chosen probability. 
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3. EVALUATION OF THE IMPACT ON THE 

GRID 

The last step in the MOSAIC method is to evaluate the 

impact on the grid of the area evolutions. This step is still 

under development and it will be done using Enedis’ load 

flow computation tool ERABLE (based on the software 

PowerFactory by DIgSILENT). It will allow to highlight 

grid constraints (voltage/current) for the diversity of 

scenarios submitted based on load calculated at Ptmb. 

  

Relevant and comprehensive representation of the results 

of these calculations is still under development. 

 

4. FIRST RESULTS ON MV FEEDERS  

The matching method between premises per electric feeder 

was applied in a case study of 10 feeders in Brest, France.  

The sample characteristics are illustrated in table 1. 

 
Table 1 Characteristics of the 10 feeders data set used 

Characteristics 
Min 

value 

Mean 

value 
Max value 

Number of customers 

supplied 

357 751 1471 

Fraction of residential 

consumption 

34% 62% 91% 

 

We apply the same method for calibrating the main 

influence default parameters as described in 1.2.  

Thanks to the simulation of electricity feeders and MV/LV 

substations with MOSAIC, we perform a large range of 

simulations with various meteorological conditions. In 

Figure 9 we plot the overpass of the reference power of a 

MV/LV substation with the meteorological conditions of 

the past 30 years. 

 

 
Figure 9 - Frequency (%) of overpass of the reference power in 

a MV/LV substation with 30 meteorological years 

 

CONCLUSION 

Enedis and Mines Paris have developed the basics of a new 

innovative bottom-up load forecast and grid development 

method at local level. The first results obtained and the 

success observed by growing expectations from local 

authorities incentivize Enedis to further develop and 

finalize MOSAIC.  

Enedis therefore continue to improve its methods (larger 

area, demand response, electric vehicle), the modeling 

parameters and the interactions with load flow 

computation by applying the MOSAIC method on ten 

areas of France. Thanks to MOSAIC, Enedis will be able 

to integrate in its planning methods local specificities such 

as economical or urban planning decisions. Furthermore, 

MOSAIC makes possible to run successively different 

scenarios. Therefore, for important projects, the local 

government will have feedbacks on the potential impact of 

its development project early in the project life cycle. This 

knowledge can help to make the best decision for the 

energy transition. MOSAIC won’t replace Enedis’ 

traditional planning methods. However, it can improve 

them especially when radical changes in future area makes 

it impossible to rely on past consumption trend.  
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