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Executive summary

The transition to mobility with less emissions 
of greenhouse gas and pollution is underway. 
It results in changes in habits and in the use of 
complementary technologies. Among these is 
electric mobility.

All signals are green for electric mobility to develop 
strongly in the years to come. Indeed:

  The legislative and regulatory framework is 
favourable, and in line with “civic” aspirations 
(European regulations, populations, local 
communities);

  The technological performance of batteries 
makes the electric vehicle more autonomous 
and more competitive;

  Car manufacturers are investing a total of 
hundreds of billions of euros and are enriching 
their vehicules offer.

The development of electric mobility is a 
collective adventure. It is strongly linked to local 
territorial dynamics, whether political, industrial 
or societal, and requires the meeting of several 
ecosystems: automotive industry, electricity 
networks, electricity supply, associated services, 
data and communication systems.

As a Distribution System Operator (DSO), Enedis 
is one of the key players in this development. 
Indeed, charging infrastructures are directly or 
indirectly connected to the distribution network. 
In addition, Enedis runs electric vehicles on a daily 
basis and has the second largest electric fleet in 
France.

More broadly speaking, Enedis is committed to 
working alongside industrial and public players. 
The aim is to develop charging solutions for the 
various use cases of electric mobility, to identify 
territories needs, and to facilitate electric vehicle 
charging control, in order to optimise its cost for 
users and for the community, and in particular to 
combine it with wind and solar energy production. It 
is also about working on interoperability, security of 
communication, and necessary minimum standards 
for the compatibility between vehicles, charging 
stations, and the power grid.

The electricity distribution network operated by 
Enedis is robust and capable of handling peak 
power consumption or production. The grid 
development has accompanied the growth and 
diversification of electricity uses. In particular, over 
the past ten years, more than 400,000 solar and wind 
power plants have been connected to the distribution 
network. The network was also reinforced and 
continued to be modernized. Particularly, Enedis has 
been a pioneer in the development of smart grids.

The integration of electric mobility into the 
network is progressive and local. Some of 
charging facilities are integrated into existing 
electrical equipment and the power demand for 
vehicle charging overlaps with other electrical 
uses. In addition, vehicles are charged over a limited 
period of time and charging can be programmed. The 
necessary investments will be made and optimized 
with each of the buyers. Estimates already made by 
Enedis by 2035, by questionable design regarding 
the innovative nature of the subject, show that the 
share of investments linked to the integration of 
electric mobility will be less than 10% of the total 
investments anticipated over the period. The rise 
of electric mobility over the next fifteen years 
is not the key factor in the development of the 
distribution network.

In addition, the combination of wind and solar 
power production with electrical charging needs  
opens up a field of optimization, especially at 
a local level. 
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Electric mobility affects all types of mobility, 
from two-wheelers to cruise ships, including air 
experiments.

In recent months, operational achievements 
on the ground have accelerated: Enedis, in 
close collaboration with local authorities, is 
a partner in more than 120 projects involving 
light vehicles, coaches, buses and boats. These 
achievements vouch for the feasibility and the very 
close industrialization of electric mobility. Some use 
hydrogen produced by CO2 non- emitting means. 
They allow ecosystem stakeholders to combine 
their complementarities, to have a better 
understanding of the operating costs and the 
levers for simplification. Some developments such 
as the electrification of bus fleets are in an industrial 
phase, others such as the equipment of building car 
parks are at a less advanced level of maturity. The 
ability to use the available energy from batteries 
when vehicles are not running and not charging is 
also likely to develop.

The French Mobility Orientation Law (Loi 
d’Orientation des Mobilités – LOM) has made it 
possible to set medium-term guidelines. France 
is one of the most dynamic countries on the subject 
of electric mobility, of which China is the world 
leader. Regarding publically accessible charging 
stations, the equipment is already substantial, on 
the territory on average. However, care should be 
taken to ensure balanced access to these charging 
stations throughout the territory. Roll-out of 
charging stations continues to develop under 
the impetus of private stakeholders, particularly 
along the main roads. Regarding private charging 
points, the effort must be made in the car parks 
of collective housing, as well as towards people 
parking their cars in the street.

Finally, innovations in electric mobility will 
further intensify. Enedis, like other stakeholders, 
is therefore developing research and development 
activities, by observing the evolution of mobility 
consumption habits, and by taking an interest in 
emerging technologies such as induction, mobile 
charging robots, or the progress of the autonomous 
car. These areas of experimentation are intended 
to help develop services that will simplify the 
user experience: interoperability, data availability 
and reliability, charge reliability, and equipment 
reliability.
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Introduction 
Less noise, less pollution, less CO2 emissions, between €2 and €3 per 100km 
for a car: electric mobility is booming.

In France, with 255,000 vehicles in circulation, 27,800 publicly accessible 
charging points, and fully electrified bus lines, electric mobility is entering 
an industrial phase.

Institutional, industrial and commercial cooperations are increasing in order to 
co-construct solutions, products and standards for large-scale electric mobility 
and for all types of mobility: individual transport, public transport, logistics 
and industrial transport, on water, on the road, and even in the air.

Enedis, Distribution System Operator of the electrical grid for 95% of continental 
France, is at the heart of this transformation. Committed for more than 5 
years, Enedis has connected the charging stations open to the public to the 
electricity distribution network. In addition, more than 2,100 electric “blue 
cars” circulate throughout France, making the Enedis fleet the second largest 
electric fleet in France after La Poste. In 2016, Enedis also contributed to the 
drafting of the report “En route pour un transport durable” (“On the road to 
sustainable transport”), and conducted experiments to explore the subject in 
the field. Finally, Enedis is a shareholder of Gireve, a digital service platform 
that facilitates roaming of charging.

Electric mobility is currently undergoing an acceleration phase: industrial 
investments by the world’s leading car manufacturers, European commitments 
to an “Airbus” for batteries, positioning of market players in digital mobility 
applications linked to vehicle charging, regulatory provisions setting a medium 
and long-term perspective.

In this context, the purpose of this report is to provide information 
on electric mobility and its integration into the electric distribution 
system in the territories.   
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The development of sustainable 
mobility, a fundamental change 
in response to the climate 
emergency 

The transport sector accounts for more than one-third of global 

greenhouse gas emissions (52% of which are attributed to light 

vehicles and 48% to other modes of transport1).

In response to the climate and health emergency, China, Japan, 

the United States (California), some European countries such as 

France, the Netherlands and Norway have implemented both 

incentive and coercive public policies with a dual objective: 

improving air quality and reducing the carbon impact of mobility.

In France, clean mobility is one of the major areas of the 

energy transition. In addition to their contribution to reducing 

greenhouse gas emissions and air pollution, it is at the heart 

of the concerns of the French and public authorities, who are 

responsible for social harmony and town and country planning. 

The work is already underway, as shown by the roll-out of 

charging points throughout the country.

1 - INSEE, April 2019 (National Institute of Statistics and Economic Studies)
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1.1 I Electric mobility: a reality in France

255,000 electric and plug-in hybrid 
electric vehicles registered in France 
(October 2019)

Electric car registrations are on the rise: 50,000 
light electric vehicles have been put into service 
in the last 12 months, a 50% increase compared 
to the same period in 2018 (source: AVERE).

It is in rural and peri-urban areas that the daily use 
of electric passenger vehicles is most important. 
For these territories, the switch to electric mobility 
should be made on the basis of a dual economic 
(total cost of use) and technical (autonomy) 
arbitration against combustion-powered solutions. 
It can already be considered that the technical 

criterion is removed with the arrival on the market 
of vehicles with sufficient autonomy to travel for 
several days or even a week (models exceeding 
40kWh of storage capacity, being ~300km real).

It is in the densest territories that there are more 
electric vehicles (EVs), including plug-in hybrids 
(PHEVs). The map of EV and PHEV registrations 
thus clearly emphazises metropolitan areas, but 
also prefectures and their surroundings. Electric 
mobility is also adapted to urban areas, both 
because of shorter car journeys than in rural 
areas, but also because of air quality policies that 
encourage the development of zero-emission 
vehicles in urban centres.



2 - The 85% being distributed as follows: 32% < 22kVA and 53% = 22kVA, source MEST (Ministry of Ecological and Solidarity Transition, 
January 2019).
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Roll-out of charging points

Data from Electric  
Mobility Observatory 
of Enedis. September 2019.
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There are nearly 27,800 charge points open to the 
public in the territory. 72% were installed at the 
initiative of local authorities. Rural areas have been 
pioneers, with many initiatives led by energy unions 
and supported by the French Future Investment 
Programme (FIP) (Programme d’Investsissement 
d’Avenir – PIA).

The quality of the power grid and its 
very dense networking have enabled the 
easy roll-out of these charging stations 
without major technical difficulty, with 
controlled cost and environmental impact 
(average cost: 1,900 € excl. tax for a simple 
connection, 13,000 € excl. tax for a 100m 
extension of network).

Less densely equipped areas are expected to 
disappear in the short term, in particular through 
the expansion of financial support to communities 
(ADVENIR programme).

Currently, there is one charging point open to 
the public for 7.2 light electric vehicles (source: 
Avere France, September 2019). This rate is higher 
than that recommended by the 2014 European 
Directive, which is one charging point for every 
10 vehicles. 85% of these charging stations open to 
the public offer a “normal” charge, less than or equal 
to 22 kVA2. This type of charging covers the needs 
related to daily travel (30km/day on average). High-
powered charging points, above 22 kVA, represent 
15% of the installed base, primarily near major roads 
and motorways; they are more suitable for long-
distance journeys.

To those charging stations can be added those 
which are currently deployed by large retailers (Ikea, 
Leroy Merlin, Leclerc, Lidl… with 576 charging areas 
equipped on average with two charging points per 
station, ~7% of the installed base - source: Gireve), 
oil companies with service station equipment, car 
dealership networks (750 stations, ~8% of the fleet), 
car-sharing operators, and parking companies.



Finally, some territories are considering the roll-out 
of “on-demand charging stations” (see § 3.1.1), based 
on a model which already runs in the Netherlands.

The development of these charging stations is now 
carried out according to initiatives or opportunities. It 
remains to be ensured that there is overall consistency 
across the territory, in order to provide all the service 
that can be expected in terms of security of supply 
for vehicles throughout their journeys.
More than 80% of electric vehicle charging is done 
at charging points located at work and at home 
(source: AVERE). Although it is difficult to know 
precisely how many there are, it can be estimated 
(taking into account charging assumptions at home 
and at work), that the total number of charging 
points is about 30% higher than the number of 
vehicles.

The installation of a charging point is relatively simple 
in an individual housing. It is longer in a collective 
housing. 

Indeed, it requires interaction with the co-ownership 
either to adopt a collective solution or for works 
aimed at individual installation (see § 3.1.2).

The coverage of the motorway network and major 
traffic routes is now in place.
With regard to the motorway network and major 
traffic routes, coverage is consistently provided for 
electric vehicles in circulation. There are indeed as 
of June 2019:

 3360 stations with at least one 43 kVA charging 
point (for 550 43 kVA charging points);

 800 stations with at least one 50 kVA charging 
point (for 1,100 50 kVA charging points);

 90 stations with at least one 120 kVA charging 
point (for 600,120 kVA charging points).

www.autoroutes.fr

Fast charging stations on motorways 
under private management

184 rest areas equipped with 262 charging stations in use

14 rest areas and 183 charging stations planned

Paris urban area

Lyon urban area

Lyon 
urban 
area

Paris 
urban 
area

In use
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Under construction 

or in project

Other

All equipped areas have fast charging stations adapted  
to all market plugging standards: Chademo, Combo II/CCS,  
three-phase AC and domestic E/F plug



From the cruise ship to the electric 
scooter

Electric mobility concerns all forms of mobility. 
Already a reality for trains, trams and metros, it 
is expanding at an industrial pace to buses and 
individual means of transport: bicycles, scooters 
and motorised two-wheelers. The markets for 
coaches, vans and trucks will also grow. Increasingly, 
ports, such as Marseille and Royan, are equipping 
themselves with suitable charging points so that 
boats can use electricity as an energy source when 
they are at quay.

In France, under the impetus of the 2015 Energy 
Transition Law for Green Growth (Loi de Transition 
Énergétique pour la Croissance Verte, – TECV), specified 
by decree No. 2017-23 of 11 January 2017, 100% 
of bus fleets will be renewed by 2025 with low 
emissions vehicles (electricity, NGV, hydrogen). With 
a steady increase, there were 170 urban transport 
networks and 17,000 buses in circulation in France at 
the beginning of 2018. For example, by 2025, RATP 
plans to switch two-thirds of its buses to electric 
power. Some fifteen metropolitan areas have already 
developed electric bus projects and many less dense 
areas are also committed (Vichy, Bayonne, Roanne, 
Limoges, La Rochelle…).

Air transport is not on the fringes of these 
discussions. RATP recently joined forces with Airbus 
and Aéroports de Paris to experiment with electric 

flying taxis for the 2024 Olympic and Paralympic 
Games. Uber is currently working on a similar project 
(Elevate).

What about hydrogen? 

Hydrogen produced by electrolysis of water with 
carbon-free electricity can be used for electric 
mobility. This requires converting hydrogen into 
electricity in the vehicle. Still in the development 
phase, 100,000 hydrogen electric vehicles could 
be in circulation in France by 2030 (compared to 
400 at present – source: Afhypac). There are now 
27 stations, (6 under construction and 29 planned – 
source: Afhypac). They are mainly used by corporate 
fleets in order to achieve profitability of service 
facilities (“Hype” taxis, Paris).

Experiments with hydrogen electric buses are also 
being carried out. This is the case in Pas-de-Calais 
(Auchel / Bruay-la-Buissière, commissioned), Pau 
(FEBUS, commissioned in September 2019) and 
Auxerre (AUXR_H2).

In the long term, hydrogen could also offer 
interesting opportunities in air transport. For 
example, the Hycarus project, developed by Air 
Liquide with Zodiac Aerospace, Aviation and the 
CEA, aims to demonstrate the relevance of using 
a fuel cell in an aircraft.

1.2 I  An evolution driven by the conjunction of 
converging and long-term factors

Public policies guiding the market

At European and national level, public policies have 
for many years introduced prescriptive provisions 
in favour of sustainable mobility. From 2014, a 
European directive provides for the installation of 
charging stations for electric vehicles throughout 
the country.

On 15 April 2019, a new European regulation 
demands an average of 95 grams of CO2 emissions 
per car per kilometre for cars sold in 2020 and 
provides for a fine for manufacturers that exceed 
this threshold. These objectives will be further 
tightened after 2020: emissions will have to fall 
by a further 37.5% between 2021 and 2030, with 
an intermediate step in 2025 (-15%). The amount 
of the fine is significant, as it is €95 per gram of 
CO2 above the threshold per car. This amounts 

to €95 million to be paid in 2021 if you sold one 
million vehicles in 2020 with an average emission 
of 96 grams of CO2/km. As a reminder, emissions 
averaged 118g per vehicle in 2018 (all models 
combined).

In 2010, the French public authorities also 
launched the “Grenelle II” law, which introduced 
incentive policies. The Energy Transition Law for 
Green Growth of 2015 set a target: 7 million 
charging points, public and private, installed 
by 2030. The multiannual energy programming 
project (Programmation pluriannuelle de 
l’énergie – PPE) provides for the introduction 
of 1.2 million passenger electric vehicles and 
100,000 charging points open to the public by 
2023. The French Mobility Orientation Law (loi 
LOM) strengthens further encouragement for 
transition (clarification of territorial organisation 
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in terms of mobility, conversion of company fleets, 
simplification of the installation of charging 
stations in collective housing in particular).

Electric hydrogen mobility also benefits 
from a favourable regulatory context: launch 
of a Hydrogen Plan in 2016, signature of a 
commitment for green growth in favour of 
carbon-free hydrogen production, launch of a 
call for projects by ADEME in 2019. The first 
practical applications should be in the field of 
heavy transport.

Faced with the health challenge of improving 
air quality, 15 agglomerations have decided to 
set up low-emission zones on their territories 
by the end of 2020 at the latest. After Paris 
and Grenoble, the metropolitan areas of Grand 
Paris, Grand Lyon, Aix-Marseille, Strasbourg, Nice, 
Toulouse, Montpellier, Clermont, Saint-Étienne, 
Reims, Toulon, Rouen and Fort-de-France 
have decided to set up low-emission zones. 
The implementation methods and timetable 
vary according to the territory, but there is a 
common objective: to reduce and then ban the 
circulation of combustion-powered vehicles in 
the city centre.

Internationally, in the same way, public policies 
guide the market. In Norway, incentives for the 
purchase of electric vehicles have existed since 
1990: free parking, tolls and traffic on priority 
routes, very high registration taxes on combustion 
vehicles. In 2019, electric vehicles accounted for 
nearly 31.2% of the vehicule fleet, compared with 
20.8% in 2017 (source: OFV). Similar measures 
have been implemented in California, with, in 
addition, the massive installation of charging 
infrastructures in shopping centers, workplaces 

and of “on-demand” charging stations. To date, 
50% of Tesla Model 3 registrations have been 
made in California. In China, the government 
has made investment in charging infrastructure 
mandatory and extended the time it takes to 
obtain internal combustion engines vehicles. The 
outlets on the internal market and the structuring 
of the sector towards the international level 
have allowed a particularly rapid development 
of the sector. In 2019, electric vehicle production 
reached 792,000 units (+65% in one year). The 
Chinese government has set a target of 2 million 
electric vehicles sold in 2020.

Substantial investments made by the 
automobile industry

Car manufacturers have massively invested to 
adapt their industrial facilities in order to launch 
electric vehicle models on the market from 2020. 
These investments should make it possible to 
reduce vehicle emissions by 20% between 2019 
and 2020 (whereas it took ten years to reduce 
them by 25% - source: Euler Hermes study). A 
recent study (Alix Partners) estimates that 
manufacturers have committed 225 billion euros 
to comply with European targets. Over the next 
five years, an additional 50 billion euros will be 
invested to develop autonomous vehicles.

Strong societal expectations, growing 
civic expressions

Environment is a growing public concern. At 
the European level, the recent “WeEuropeans” 
initiative (a citizens’ consultation involving 
nearly 1.5 million Europeans, in April 2016), 
shows that environment is becoming a daily 
subject. In France, 40% of respondents put this 
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question at the top of their list of concerns. Air 
pollution is considered as a priority issue for 
action by 20% of them (source: WeEuropeans). 
Among the solutions mentioned, changes in 
modes of transport are the most frequently 
mentioned: improving public transport, 
developing piggyback transport, encouraging 
the use of cleaner means of transport, etc. 
37.5% of respondents think they can contribute 
to protecting the environment by changing 
their mobility habits, while confirming their 
dependence on private vehicles (32%).

At the same time, expectations are high on the 
comparative assessments of the life cycles of 
the different technologies. Thus, studies on 
the subject have multiplied: ADEME (2014), 
Consumer Reports (2018), Vrije Universiteit 
Brussel (2018), etc. Many industrial initiatives 
exist to improve these assessments over 
time. This is particularly the case for vehicle 
batteries, with technological innovations under 

development to free themselves from costly 
materials to extract, to know how to use them 
after use in the vehicle (in second life), and to 
explore the prospects of manufacturing them 
in Europe.

1.3 I  Electric mobility, first of all mobility!

Electric mobility is an industrial response to the 
development of low-carbon transport. It is part 
of a broader political project, local, national, and 
global, which is the organization of mobility.

Mobility needs are increasing according to 
long-term trends. In France, as in all Western 
countries, the phenomenon of metropolization 
intensifies: population, economic activity and 
innovation are increasingly concentrated in 
large cities. This amplifies the need for mobility 
between metropolitan areas and territories. In 
metropolitan areas, due to the high cost of 
housing in the centre, daily mobility is higher, 
80% of which is still carried out with an individual 
vehicle. The time spent travelling is constantly 
increasing (IPSOS / Transdev study, September 
2019): 35 minutes on average between home 
and work.

More numerous, flows are more random and 
the travel patterns less predictable than 20 
or 30 years ago. New consumption habits 
(such as home deliveries) are emphasizing this 
phenomenon.

The rise of digital technology has also changed 
expectations in terms of mobility. More than 
50% of French Generation Y (born between 
1980 and 2000) use a mobile application to plan 
their journeys (source: Deloitte, The Future of 

Mobility, 2016). Mobility is becoming more and 
more individualized, integrating several modes 
of transport for the same journey.

Territorial authorities also consider mobility 
in the light of these issues. Their answers are 
differentiated according to the nature of the 
territories. In particular, the French Mobility 
Orientation Law requires regions to establish 
a mobility contract for their territories.

Enedis aims to support regions and to 
build and prioritize distribution network 
development forecasts accordingly.  
For their part, manufacturers will develop 
“Mobility as a Service” offers.  
It is no longer the means of transport 
but the client’s needs that are at the heart 
of the ecosystem.
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Integration of electric mobility 
into the distribution network 

The electricity distribution network has been built in its current 

form and robustness by supporting the country’s socio-economic 

development and the evolution of uses of electricity. The 

network will continue to develop, which will make it possible, 

among other things, to integrate the development of electric 

mobility. For Enedis, the Distribution System Operator for 95% 

of continental France, the development of electric mobility is an 

opportunity: an opportunity for development, an opportunity 

for innovation that meets the emobility stakeholders, an 

opportunity to strengthen its presence in the territories.

It is firstly through a local approach that the integration of 

electric mobility is most tangible, then, by expanding, through 

control of investments and finally, through smart charging.

Chapter 2



Electric mobility is a new electrical use.

The supply equipments that are necessary to 
charge vehicles, charging points, are directly or 
indirectly connected to the electricity distribution 
network. In both cases, the electricity consumed 
is transmitted through the distribution network.

For Enedis, the large-scale roll-out of the electric 
vehicle implies:

 designing solutions with customers, partners 
or territories and, if necessary, test solutions 
before their generalization;

 making new connections on the distribution 
network, and if necessary to reinforce the grid 
to accommodate these new connections; 

 anticipating investment needs by taking into 
account other electrical uses;

 carrying out R&D work to take into account 
changes in behaviour, technologies under 
development, and to contribute to the 
development of international standards;

 continuing the electrification of its own 
company fleet and developing its park of 
charging points and the associated smart 
charging solutions.

It should be noted that Enedis does not replace 
market players. However, the European Union, 
through the Clean Energy Package, provides for the 
hypothetical case of a lack of private initiatives. 
In this situation, it authorises Member States 
to allow DSOs (Distribution System Operators) to 
operate in areas lacking charging infrastructure 
(European Directive concerning common rules 
for the internal market in electricity – Art. 33 – 
“Integration of electromobility into the electricity 
network”).

For nearly ten years, Enedis has integrated solar 
and wind energy production installations into the 
distribution network. This experience is valuable 
in addressing the growth of electric mobility. 
Indeed, the technical work of studies and of 
connection to the network was accompanied 
by an adaptation to the customer’s project, and 
the development of new types of contracts. In 
addition, in network operation, the development 
of automation has made it possible to control 
significant local production peaks.

Enedis anticipates and optimizes electric 
mobility integration in the distribution 
network, from the simple connection  
of an individual charging point at home, 
to more complex solutions that can have 
a more significant impact on the network.

Charging point directly connected to the Public 
Distribution Network (PDN).

Charging point indirectly connected to the Public Distribution Network (PDN), 
the connection already existing.
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2.1 I  Charging points when inserted into 
an existing installation

While electric mobility is always supplied, 
directly or indirectly, by the grid, charging 
installations do not systematically have an 
impact on the latter. Indeed, in many of the 
situations described below, charging an electric 
vehicle only adds to the consumption of an 
existing site and does not modify its electricity 
transmission system.

The case of the individual housing

The majority of current electric car users live 
in individual housing, and have a charging 
point at home. It is either a simple plug, a 
reinforced plug, or a charging station3. The 
maximum power delivered by these three types 
of domestic installations is between 1.8kVA and 
7.4kVA for the stations.
 

These sockets or stations are connected to the 
indoor electrical installations of the houses, 
i. e. downstream of the electricity meter and 
the general circuit breaker, physical separation 
between the electricity distribution network 
and the private installation.

As shown by a study carried out by Enedis on a 
panel of 13,000 electric vehicle users (see table 
below), the user organises his total household 
consumption (all uses, including charging his 
electric vehicle) in such a way that he is not 
obliged to increase the power contracted to 
his contract from electricity suppliers, with the 
main interest being to control his bill. Only 14% 
of electric vehicle owners with a 6kVA contract 
require more power.

For the customer, the time shift of programmable 
consumption, including charging the electric 
vehicle, a kind of “manual control by the user”, 
makes it possible to integrate an electric car at 
home at no extra cost other than:

 the charging station;

 electricity consumption related to vehicle 
charging (to be compared with the fuel savings 
of a combustion engine vehicle).

In addition, the contract powers are not modified 
or remain within the limits of the network size. As 
for the impact in terms of energy transit on the 
cables of the electricity grid, it is also negligible.

At the scale of a house, the adoption of an 
electric vehicle therefore has only a very 
limited impact on the electricity grid.

3 -  Both the simple and reinforced plugs must comply with NFC 61-314. The power must then be limited to 1.8kVA (8A) by the vehicle’s 
charging device (see Decree No. 2017-26 of 12 January 2017). A charging station capable of delivering a power greater than 3.7kVA 
must be installed by an authorized professional.
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Charging on public lighting 
networks

In recent years, the bulbs in public lighting 
networks have been replaced by low-energy 
LED bulbs. This energy saving on electricity 
consumption allows the power cables of the 
lighting network to reconstitute “a reserve of 
electrical power”. This power supply can be 
used for electric charging stations. Based on 
this observation made with a local authority 
in Vendée, Enedis participated, with industrial 
partners, in the implementation of a “lamp post 
charging station” solution.

As a result of this experimentation, 
recommendations were drafted to enable 
industrial roll-out. These recommendations 
were published by the Ministry of Ecological 
and Solidarity Transition and the Ministries of 
Economy and Finance on the Government’s 
website.

The number of streetlights in France is about ten 
million units. Depending on the configuration 

of the public lighting network cables, on the 
available contract power, and on the location 
of the street lamp on the road, Enedis estimates 
that 200,000 street lamps can accommodate a 
charging station.

For electric vehicle users, this solution is 
complementary to home charging, for an 
additional charging. It is also a solution for users 
who do not have a private parking place. This 
type of infrastructure can thus be deployed in 
collaboration with local authorities and Enedis.

For the distribution network, this new use and 
the charging system connected to the street lamp 
does not require any work, with the exception 
of the installation of an electricity meter in the 
charging station and its long-term exploitation.

Indeed, the charging station operator must 
be able to freely choose his electricity 
supplier, and therefore measure separately 
the dedicated electricity flows to the 
lighting of those dedicated to EV charging. 

Charging station connected to the electrical installation of a lamp post
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Charging when travelling in shopping 
centers

Many shopping centers install charging stations in 
their car parks to improve the service provided to 
their customers. This trend is supported by regulatory 
obligations.

As in the case of the individual housing, 
these new electric vehicle charging systems 
do not necessarily lead to a modification of 
the customer’s power supply. 

Indeed, the customer organizes his charging so as 
not to modify his electricity contract. 

Charging at the workplace

More and more companies are setting up 
charging infrastructures. These charging stations 
are either for employees using a personal electric 
vehicle or for companies electric fleets.

The managers of the sites carrying out Facility 
Management use supervision and smart charging 
platforms to avoid increasing the contract power 
or having to do reinforcing work on cables and 
electrical transformers.

2.2 I  Charging points that require creation of 
a new connection to the public distribution network

The installation of some charging stations 
requires:

 either a new connection to the public 
distribution network, with or without 
network extension. This is generally the case 
for charging stations or clusters of charging 
stations deployed in cities, on public roads 
or along highways. This is also the case for 
some installations in residential building car 
parks. In France, 40% of the cost of the works is 
covered by Enedis4. The buyer therefore bears 
60% of the total invoice (the “reduction” rate 
is said to be 40%). The 40% covered by Enedis 
is financed by the French tariff for the use of 
public electricity networks (TURPE);

 or a new connection with or without extension, 
and which requires grid reinforcement (see § 2.4).

All situations must be locally dealt with, with a 
specific response depending on the state of the 
network, on the location of the charging point on 
the network, and on the surrounding topology 
and its ability to carry all the electricity.

For the customer, the objective is to have its 
connection sized for its needs, within the agreed 
costs and deadlines. The client will minimize its 
investment cost by sizing the “just needed” 
connection power, and then its operating cost 
by subscribing to a contract with its electricity 
supplier based on its needs over time.

For Enedis, the objective is to satisfy  
the customer and minimize the cost to 
the community. It is therefore important 
that Enedis and the customer work together 
upstream from roll-out of charging stations
in order to collectively optimize 
investments.

This anticipation is all the more useful for large-scale 
projects (bus depots, new urban developments, 
new industrial and commercial sites, etc.) and for 
planning work on clean mobility in territories. 

Case of clusters of charging stations: 
a natural overlapping

Enedis has for many years used load factors in 
its network sizing rules to take into account the 
fact that not all electrical uses operate at the 
same time at maximum power. For example, 
for housing estates, the load factor takes into 
account the housing configuration (using electric 
heating or not) and the location of the site on 
the territory. 

4 -  The French Mobility Orientation Law provides that the above-mentioned rate of reduction will be increased to 75% under certain 
conditions.
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Similarly, but with less perspective, a load factor 
is used to determine the connection power of a 
cluster of charging points, in order to take into 
account the fact that vehicle charging do not 
start simultaneously and that the initial charging 
level of vehicles is different from one vehicle 
to another.

The graph below shows the power demand of 
three charging points delivering the same power, 
at different times and for different durations.

The load factor currently used by the professionals 
is 0.45. It applies to the sum of the powers of each 
charging point.

With respect to the experience gathered 
in real situations, Enedis could propose 
to reduce this load factor in the future to 
further limit the connection powers.

Finally, since the electric vehicle is a “steerable” 
use, a local smart charging solution can be 
associated with this type of installation in order 
to further optimize the connection power and/
or the contract power.  

Customer-specific connections

In recent months, specific solutions have been 
challenged and implemented for specific projects. 
They constitute practices that can be transposed for 
the further development of charging infrastructures. 

Some examples:
 Enedis offers a group connection option, allowing 
several project leaders located in the same area 
to share the costs of extending the network in 
proportion to their connection power and the 
length of their extension. Sharing these costs 
therefore reduces each operator’s expenses for 
the commissioning of their charging stations. 
This solution has already proven its worth and 
has enabled the installation of high-powered 
charging stations on the French Riviera. Similar 
experiments have since been carried out in Pays 
de la Loire and in the Alps.

 
 The FlexMob’ île project in Belle-île-en-Mer 
includes a connection of two separate electricity-
delivery-points (PDL) with a connection power 
lower than the sum of the maximum operating 
powers of each delivery point. The benefit for 
the customer and the community is to reduce 
the cost of grid extension and the duration of 
the work. For its part, the customer commits 
Enedis to limit the maximum cumulative power 
demand at the two delivery points.

In this charging station, drivers connect their 
EVs at different instants.
The power demand of the charging station 
is therefore not equal to the sum of the unit 
powers of the charging stations.

5 -  Factor recommended by Enedis and the sector through the Sequelec report “Dimensionnement des infrastructures de recharge pour 
véhicules électriques dans les immeubles collectifs” (IRVE).

Station Delivery 
Point

stribution of power demand by three charging points
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 Some projects are the matter of specific studies. 
This is the case in particular for bus depots, or 
the power supply to ports to allow boats at quay 
to be connected to the grid.

These adaptations enable customers 
and the community to reduce the overall 
cost of integrating electric mobility 
on the networks. On a case-by-case basis, 
they can reduce from 20 to 30% the cost 
of the connection.

2.3 I  Charging points for long distances

In addition to daily mobility, Enedis also studies 
long-distance mobility. Indeed, charging 
infrastructures are beginning to multiply on 
motorway rest areas. The current equipment 
rate is sufficient to cover the charging needs 
in view of the still limited number of electric 
vehicles travelling long distances.

To plan for the longer term, Enedis carried out 
in 2018 a study on more than 400 motorway 
service stations in order to assess the possible 
need for adaptation and long-term investment 
in new HV/MV substations.

The scenario studied by Enedis is as follows: 
the installation, on each of these motorway 
service stations, of “charging areas” of 5MW 
each corresponding, for example, to 100 charging 
points of 50kW (or more than 30 charging points 
at 150kW or 15 charging points at 350kW). This 
type of power necessarily leads to the creation 
of a dedicated connection from the nearest HV/
MV substation.

The results of the study show that the installation 
of such a charging infrastructure:

 in 80% of cases, only requires work for power 
line creation;

 in 20% of cases, requires work to reinforce the 
HV/MV substation (addition or modification of 
the associated transformer, for example);

 for only four cases, this requires the creation of 
two HV/MV substations. 

If the future “charging areas” on motorways were 
to stabilize around 2MW, no additional HV/MV 
substations would have to be created.

These results were confirmed by an initial 
estimate of the traffic flows generated by 
summer crossings on the motorway network; 
the result is both confirmation of the relevance 
of the previously used 5MW power level and the 
significant disparities to be taken into account 
from one area to another.

In addition, Enedis and the French Transmission 
System Operator RTE share their respective 
assessments on network investments related 
to electric mobility on motorways, by refining 
as much as possible the assumptions regarding 
the use of these routes. A study report will be 
published in the first half of 2020.
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2.4 I  Charging infrastructure development is fitted 
into the electricity grid at the local level

Electric mobility is integrated into the electrical 
distribution network, in investment forecasts and 
in its operation.

To date, all charging infrastructures are connected 
to the medium-voltage (MV) or low-voltage (LV) 
distribution network, as shown in the diagram 
below. More than 400,000 solar and wind power 
plants are also connected to the distribution 
network.

The operating range of a MV/LV substation 
depends on the power and characteristics of the 
charges to be supplied. Overall, it is about 500m 
in rural or semi-rural areas and about 250m in 
dense urban areas. The power connected to such 
a substation ranges from 60 to 1,000kVA.

The perimeter covered by the HV/MV substations 
ranges from a few kilometres in dense urban areas 
to a few tens kilometres in rural areas. They supply, 
via MV/LV substations or directly, a few thousand 
to a few tens of thousands of consumers per 
substation, and receive wind power and power 
of large photovoltaic parks on the ground.

Anticipate the reinforcement 
of the distribution network

Even if a single connection does not necessarily 
lead to a reinforcement of the network, the 
increase in network connections must be 
anticipated to define the reinforcement needs, in 
order to guarantee the quality of service to users: 
continuity of transmission, network resilience 
to faults, management of consumption and 
production peaks, consideration of weather 
amplitudes. 

For this reason, regular technical and 
economic studies carried out at the level 
of the 740,000 MV/LV substations and the 
2,200 HV/MV substations make it possible to 
identify needs and define, where required, 
how the increase in demand will be taken into 
account, either through solutions relating to 
network operation or through reinforcement 
investments.  

High Voltage Network (HV)
Managed by Enedis*

Low Voltage Network (LV)
Managed by Enedis*

Motorway rest areas On the road Solar 
Panels

Charging 
at business site

Boats at quay Car sharing Collective 
housing

* On 95% of the territory

Individual 
housing

Heavy Vehicule 
depots

HV/MV 
substation

MV/LV substation

Large car parks
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In particular, the following items are taken into 
account in the analysis of reinforcement needs:

 in the first place, the connection of new users 
(today about 300,000/year), electric mobility 
being part of the new uses;

 structures moving requested by third parties 
(networks on new road routes for example);

 network adaptations to respond to economic 
developments in certain areas, replacements of 
weakened networks having an above-average 
number of incidents;

 network buriying in certain areas subject to 
major climatic hazards (e. g. coastal or forested 
areas);

 scenarios in which the network is heavily 
stressed: peak production at a time when 
consumption is low and vice versa, combined 
with extreme weather events.

 

Control network operation
Enedis has developed network control and 
optimisation tools, centralised in secure 
sites (~30 in France), thanks in particular to 
new digitisation and telecommunications 
resources. Thus, for example, Enedis is able to 
repower, during incidents, more than 2/3 of its 
customers remotely in a few minutes thanks 
to decision-making algorithms for network 
management.

In addition, to avoid investments or having to 
delay them over time, Enedis has also developed 
tools to optimize the electrical patterns 
of operations, making the management 
of distribution networks more dynamic by 
shifting consumption from one substation 
to another, from one cable to another. This 
is made possible by the many sensors installed 
on the network. In particular, they measure the 
voltage at all points on the network, enabling 
Enedis to guarantee the safety of goods and 
people as well as the quality of electricity supply 
to consumers.
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Production curves of a 10MW wind site (10 min points)

From 500kW to 9,500kW in 40 min

From 9,500kW to 3,000kW in 1 hr 20

From 1,000kW to 8,200kW in 1 hour

From 9,000kW to 3,000kW in 30 min

Production curves of a 10MW photovoltaic site (10 min points)

Control local peaks 
of consumption or production

Enedis has fundamentally changed the way 
it operates the grid to integrate renewable 
energy production, storage facilities and 
self-consumption systems. Thus, the design 
rules have evolved: if cable cross-sections 
were previously decreasing from upstream to 
downstream, this is no longer the case. Similarly, 
the grid protection regime was unidirectional, 
seeing the electron flow in only one direction. It 
is now bidirectional. Enedis now manages voltage 
increases in addition to voltage drops along the 
network.

The network control also makes it possible 
to control significant peaks in demand. The 
opposite figures show the extent of these peaks 
in demand related to renewable production at 
the HV/MV substations. 

The same types of means will be used to manage 
network peaks in demand caused by local and 
occasional inflows of many electric vehicles. 

These evolutions, combined with the 
robustness of the network, and with the 
anticipation of needs in reinforcement of 
the network due to the global growth in 
electricity use and the growing intelligence 
embedded in the management of the 
distribution system, have therefore created 
favourable conditions for the integration of 
electric mobility.

In addition, the ability to schedule vehicle 
charging will allow “market” actors to encourage 
consumers to charge their vehicles during 
peaks in local production, which will reduce 
local peaks in demand, and the backflow of 
local production onto the power transmission 
network (RTE) (see § 2.6).



2.5 I  The financial impact of the integration 
of electric mobility 

The assessment of investment needs on the 
distribution network is based on scenarios of 
changes in local consumption and production, 
and their translation into effective demand on 
the distribution network.

The development of electric mobility was 
included in these forecasts in 2018, with a time 
horizon of 2035. This first estimate is indicative 
and should be regularly updated according to 
multiple parameters: effective development of 
electric mobility, installation of new charging 
points and their power, consumer habits… This is 
why additional studies will be carried out in 2020.  

The expected impact of investments in the 
integration of electric mobility shows that: 

 the estimated amounts are growing in line with    
the market, and remain below 10% of Enedis’ 
total investments over the next 15 years. The 
connection operations of the charging stations 
to the distribution network represent 3/4 of 
the amount, while the remaining 1/4 is linked to 
reinforcements (cables and/or transformers); 

 the estimated amounts are lower than the 
amounts related to the growth of renewable 
energies estimated in the same period.  
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Estimated investments (CAPEX in constant euros) of Enedis required for the integration of 
9 million electric vehicles by 2035

2.6 I  The combination of smart charging  
and solar or wind power generation

In a number of situations, electric vehicle charging 
may be based on wind and solar production. 87% 
of French people say they are ready to change 
their consumption habits to adapt them to local 
production (Source: IFOP study for Synopia).

At the site level, self-consumption

This situation in France is becoming more and 
more frequent. Today, one in two production 
connection is accompanied by a self-consumption 
contract. This is particularly the case for roof-top 
photovoltaic production, a service that will be 
further promoted with the RT 20206. It provides 
that a building must produce more energy than it 

consumes annually. This requires better building 
insulation, intelligent energy management 
through home automation, and the roll-out of a 
local renewable production source. The excess 
of electricity is returned to the grid.
 
Enedis now has more than 100,000 individual self-
consumption installations.
This is the case for individual housing equipped 
with solar or shade panels installed on car parks 
(see example below).

6 -  RT 2020: Thermal regulations applicable as of January 1, 2021 for all new construction, and since January 1, 2018 for public buildings.
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At the local level

Enedis, in collaboration with market players, 
is experimenting in real conditions with the 
combination of charging with renewable energies. 
Several projects (see § 3.2.3) are underway. They 
are based on the following principle: anticipate 
renewable energy production, transmit the 
information to the customer’s charging system, 
encourage the customer to charge at the time 
of local renewable production. The adjustment 
of the system aims to develop the necessary 
equipment and communications, to identify 
the necessary sources of information (weather 

forecasts, renewable production in real time, 
margin available at consumer sites, transaction 
prices, electricity flows, etc.), to identify the most 
promising use cases, and to measure costs and 
benefits for market players and customers.

These projects are based on smart grids 
experience developed over nearly ten years. 
In particular, Enedis has developed renewable 
energy forecasting systems at the level of each 
wind farm, as well as at the scale of each HV/
MV substation. This allows Enedis to forecast 
production and consumption at the level of HV/
MV substations.
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At the scale of the electrical system  

More generally, the management of the 
electricity system and the associated forecasts 
provided by RTE take into account the 
development of renewable energies and the 
means of consumption control. As RTE and AVERE 
explained in a report published in the first half of 
20197, the possibility of controlling the electric 
vehicles charge will provide additional leverage 
to manage balances at system level.

The production of wind and solar energy 
and the consumption of electric vehicles 
will increase in similar orders of magnitude. 
The optimization of each other will 
therefore be facilitated.

The average consumption of electric vehicles is 
estimated at 2MWh/year, which would lead to a 
cumulative consumption of 30TWh for 15 million 
vehicles.

The PPE forecasts an increase in solar installed 
capacity from 9GW today to 44GW in 2028, 
which would multiply the amount produced in 
proportion from 8.4TWh to 41TWh during the 
day. Concerning wind power, we would go from 
a production of 26TWh for 15GW installed in 
2018 to 60TWh for 35GW installed in 2028. An 
additional 34TWh will be injected into the grid, 
about half of which will be injected at night.

Wind and photovoltaic production are 
complementary throughout the year. Solar 
production is highest in summer and daytime, 
while wind production is highest in winter 
and at night. This enhances the prospects for 
optimization.

7 - http://www.avere-france.org/Site/Article/?article_id=7622
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An innovative and industrialising ecosystem 
at the service of the territories  

The development of electric mobility is a collective adventure

There are many different stakeholders involved in the development of electric mobility: users of 

electric vehicles in the first place (individuals, companies, etc.), the Government, national and local 

elected representatives, administrations and administrative authorities, industrial stakeholders 

in vehicles, transport, data, electricity supply and service providers, manufacturers, installers and 

charging stations maintainers. Enedis, as a partner of the territories in terms of energy transition 

and public service operator of the distribution network is a key player in this evolution. None of 

the players can develop solutions and industrialize them on their own. This is why Enedis’ 

actions are systematically carried out in partnership with players in electric mobility. 

 

Concrete references in the field

In close collaboration with the players in electric mobility, Enedis’ priority is to define and implement 

the various charging solutions in real conditions in the territories. Over the past two years, more 

than 120 concrete projects involving Enedis have been implemented. These projects concern 

different means of transport (cars, buses, boats…) and situations (home charging, charging on 

public roads in the absence of private parking, boats on the quay, buses in urban areas…).

Forecasting tools and research and development activity

Charging stations must be deployed densely on the territories and their power must be 

adapted if needed, in order to allow a harmonious development of electric mobility. 

There are indeed a multitude of uses and needs related to mobility, which differ according 

to the time, frequency and energy required for travel. Overall coherence must be developed 

over time. In addition, technological innovations (mobile charging, solid batteries, etc.) and 

changes in behaviour will continue. 

Chapter 3



3.1 I  The co-construction of electric mobility solutions 
in the territories

3.1.1  Enedis’ local presence: 
an asset for rural and urban local authorities

Enedis, as a public service company operating the 
distribution network, is a long-standing partner 
of local authorities. From rural electrification in 
the first half of the 20th century to local energy 
transition projects today, including broadband 
roll-out8, Enedis has always been a support and 
facilitator at the service of the territories.

The roll-out of clean mobility is a new subject of 
cooperation. Enedis aims to develop its expertise 
on the subject and make it available to elected 
officials. It is a question of contributing to thinking 
about the mobility of tomorrow, anticipating 
the impact of networks and optimizing the 
implementation of infrastructures as close as 
possible to the needs of local authorities. This 
implies and will imply a reinforced consultation 
with the technical teams of the latter, which will 
be illustrated in several ways:

 By partnering with local authorities to plan 
for the future. Based on local socio-economic 
dynamics and projections of market penetration 
of electric vehicles on their territory, Enedis 
conducts prospective analyses to construct 
scenarios on the local development of electric 
mobility and anticipate network impacts. For 
example, Enedis was involved by the Grand Est 
region in the development of specifications for 
studies on specific mobility needs and in the 
supervision phase of the study’s production.

 As a partner in charging stations installation 
patterns to optimise costs. The development of 
infrastructure open to the public9 is also a priority 
as it is the main alternative to private charging 
stations: 36% of French people10 do not have a 
parking space and must nevertheless be able 
to easily charge their electric vehicles. Drivers 
must also have charging solutions when they 
are travelling. While programs such as ADVENIR11 
have been set up to support communities in their 
roll-out projects, 52% of them acknowledge that 
they do not know how to accurately estimate their 
needs12. Enedis can contribute to the identification 
of the number, location and power of charging 
stations by integrating mobility projections and 
network impact analysis. Enedis can also be asked 
to assess the complexity of integrating charging 
stations into the public distribution network and 
to be offered alternative solutions that reduce 
the cost for the project developer. 

Some examples of these distributor initiaves: 
 In the Meuse, Enedis has invested in the project to 
install 44 charging stations in low-density areas with 
FUCLEM (Fédération unifiée des collectivités locales 
pour l’électricité en Meuse – public electric mobility 
service in Meuse), studying the specific location of 
each station to position them in an optimal way on 
the network. This is also the case in Creuse (35), Gers 
(41), Ariège (51), Landes (92), Hautes-Pyrénées (100).
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8 -  Possibility for telecom operators to use common media for the roll-out of optical fibre on electricity networks
9 -  Decree No. 2017-26 of 12 January 2017 on charging infrastructures for electric vehicles defines a charging point open to the public. 

as “a charging point, operated by a public or private operator, to which users have non-discriminatory access”.
10 -  Source: CODA Strategies study April 2019 “Analyses Infrastructures de recharge pour véhicules électriques”.
11 -  Advenir is a program that uses the energy saving certificate mechanism to provide financial assistance for the installation of charging 

points in collective housing, in companies, and in areas open to the public (public or private car parks, roads); http://advenir.mobi/
12 -  According to the study “Infrastructures de recharge pour véhicules électriques”, Direction Générale des Entreprises, 2019.

Electrification rate of private vehicle fleets in 2022 by municipality 
in the Grand Est region
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3.1.2  Enedis’ involvement with collective housing stakeholders

Equipping existing collective residences with 
charging stations is one of the major levers to 
accelerate the development of electric mobility. 

In France, 44% of the population actually lives in 
a collective residence13. Among these dwellings, 
a majority have private car parks. Nevertheless, 
the installation of a charging infrastructure 
is more complex than in individual housing. 
Indeed, the individual or collective installation 
of a charging infrastructure14, goes through the 
decision-making process of the co-ownership or 
social landlord. It also requires electrical work, 
as existing car parks are not pre-equipped to 
supply and accommodate such infrastructure.

In social housing, where the decision-making 
process is the responsibility of the landlord, 
electric mobility can provide mobility solutions 
for tenants and make it possible to make better 
use of the sometimes-unoccupied parking 
spaces.

Finally, real estate development is gradually 
integrating electric mobility into its projects. 
The law thus provides for a pre-equipment in 
the form of a cable sheath. But some promoters 
make an electric mobility offer a distinctive 

feature of their project (car-sharing cars, option 
to install a charging station for future buyers).

Enedis has partnered with many real estate 
players, in particular to:

 develop personalised support for all collective 
charging point installation projects in the 
collective residential sector;

 establish a guide15 for co-ownership trustees, 
lessors or promoters to guide them in their 
work and enable them to compare the various 
possible solutions;

 as for Enedis, facilitate and carry out the works, 
in particular the extension of the distribution 
network in car parks whenever this solution 
has been chosen;

 work with national actors, in particular AVERE 
and PFA, to develop regulatory texts and 
define incentive mechanisms, such as the 
“3,000 condominiums” program16 in progress.

 In Paris, the city involved Enedis in the 
consultation process it launched to unify the 
charging stations of the Belib’ and ex-Autolib’ 
networks under the same banner, i. e. 
approximately 2,100 charging stations.

 For the Ile-de-France Region, a study of the 
infrastructure needs for charging electric 
vehicles, in partnership with ADEME, is under 
way.

 Alongside E-Totem, Demeter, Renault and the 
Saint-Étienne metropolis, Enedis participated 
in the first project of on-demand charging 
stations, to deploy charging infrastructures as 
close as possible to the needs of electric vehicle 
drivers. The principle of “on-demand charging 
stations” aims to involve residents in the 
planning and location of the charging stations 
that will be installed on the road. As part of 
this project, Enedis carried out impact analysis 

on the locations proposed by the inhabitants: 
20% of the locations of the charging stations 
were redefined to meet the expectations of 
the inhabitants while minimising the impact 
on the network.

13 -  Source: INSEE 2018, https://www.insee.fr/fr/statistiques/3620894 
14 - In collective housing, the exercise of the “droit à la prise” may be refused by a decision of the co-ownership veto.
15 -  https://www.enedis.fr – section Installer une borne de recharge dans ma copropriété pour ma voiture électrique.
16 - advenir.mobi/3-000-coproprietes/
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The references 
in the collective residential sector

After an experimental phase launched by Enedis 
with pioneering partners (BienVEnu demonstrator 
closed in February 2019), the solutions are now on 
the market and proposed by several companies. 

They are the subject of concrete references and 
are gradually being deployed.
In addition of the support offered by Enedis 
to better understand the solutions, Enedis’ 
contribution may consist in extending the 
distribution network in the car park and installing 
one or more delivery points. 

3.1.3  Projects with an industrial dimension

As a regulated public utility, Enedis has a duty 
to be neutral and to promote the energy 
transition under the control of the French Energy 
Regulation Commission (CRE). Its mission is to 
work closely with market players to promote the 
development of electric mobility. Enedis has a 
duty of independence from all competing players 
and plays its role as a public industrial partner 
with them. This is illustrated through different 
types of projects.

Equipment along motorways 

The development of charging infrastructures 
on major traffic routes is essential for users’ 

reinsurance and perception of the future of 
electric mobility. After the setting up of the 
Corri-Door infrastructure, operated by Izivia, 
motorway equipment continues to be installed, 
with power levels of up to 350kW. In this case, 
installation is not just about installing the 
charging station.

Thus, in partnership with each of the market 
players, Enedis has for example been a partner:

 for installations on the A10 on the Fontaine 
Collette and Tours la Longue rest areas. These 
two sites are equipped with 6 charging points 
for all European standard vehicles with a 350 
or 150kW charging;

 for the installation of 14 charging points of 
350kW by Ionity on a new motorway station 
on the A64 Toulouse-Tarbes route in the 
municipality of Capens, with an extension of 
the network. On the Bois Mande rest area on 
the A20, in both directions, Enedis supported 
Ionity in its project to install 4 fast charging 
stations;

 for the installation of 72 Tesla “superchargers” 
on 7 sites along the 4 main highways crossing 
Champagne-Ardenne, which are particularly 
busy transit routes, particularly during summer 
transit periods.

The transition to clean buses is also 
in the industrial phase

The legislative and regulatory framework sets 
precise objectives for the development of clean 
buses, whether it is the Energy Transition Law 
for Green Growth (50% of low-emission buses in 
2020, 100% in 2025), low-emission areas (15 LEZs 
in France today) or atmospheric protection plans 
(APP). Similarly, CO2 emission reduction targets 
are set at European level for heavy goods vehicles.
According to the Union des transports publics et 
ferroviaires (Public rail transport body), nearly 
17,000 buses in France on 140 networks are 
concerned, with a market growing due to the 
development of public transport.



Reverse pantograph bus 
from Amiens.
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In this context, exchanges with Enedis are 
essential, as there are many different charging 
solutions for electric buses, depending on the 
size of the vehicles, the length of the lines, the 
topography, etc. Beyond the technical aspect, 
economic parameters are also key and the 
cost of connections and distribution network 
access contracts can be assessed upstream to 
help the local authority choose and optimize 
project costs.

For example, in Amiens, for 18m long buses with 
a high level of service, the choice was made 
for a rapid complementary charging system 
(“flash charging”) using inverted pantographs. In 
Nantes, for 24m long buses, ABB’s TOSA system 
was used to charge along the route. RATP, for 
its part, is moving towards charging in depots 
(slow charging), mainly at night, but also during 
the day, for a fleet of 2,500 electric buses, soon 
to be joined by IDF Mobilité for 2,000 additional 
buses.

In general, the integration of bus depot charging 
into the network will be made two times easier 
by the fact that the charging in depot takes place 
mainly during off-peak hours of the night and 
by the fact that, depending on the size of the 
depot, the charging of the various buses will be 
controlled so that power demands and costs for 
the operator are minimized.

Port projects are multiplying

It is now a reality that boats are powered by 
electricity when they are at quay, replacing their 
fuel consumption or charging an electrically 
powered boat. The approach is specific to each 
situation given their diversity: seaports or river 
ports, trade ports, tourism ports, fishing ports, 
etc. However, this can lead to significant electrical 
installations, up to 15MW for large seaports. 
Technical studies upstream of the project are 
therefore necessary in order to optimize the cost 
of the infrastructure for the customer.

Enedis already contributes to quite a few 
projects. Since the beginning of the project in 
2015, Enedis has been supporting the teams at 
the major seaport of Marseille to facilitate the 
electrical connection of ships to the quayside 
through the installation of 3 charging points. In 
Dunkirk, Enedis, RTE, the Grand Port Maritime 
(GPM) and the urban community have signed 
a partnership agreement for the creation of a 
new HV/MV substation that will allow projects 
to supply ships at quay with electrical power. In 
Bordeaux, Enedis analysed the different solutions 
for power supply of Bordeaux Métropole boats 
and will put in place the technical solution finally 
chosen (4 pontoons for 12 cruise ships). The port 
community of Paris is studying with Enedis the 
conversion of boats to electricity (122 boats in 
the Parisian reach).
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Enedis has signed a partnership agreement with the French Automotive 
Platform (PFA) to promote the development of large-scale electric mobility. 
The stated objective is in line with the government’s targets: to reach one 
million chargeable electric and hybrid vehicles and 100,000 charging points 
open to the public by 2022. With this in mind, the PFA and Enedis are 
pooling their expertise and proactive actions in the service of all ecosystem 
stakeholders and for the benefit of all territories.

In its approach to promote electric mobility for all territories, Enedis has 
entered into a partnership with the Association des maires de France et 
des présidents d’intercommunalité (AMF – French Mayor Association). The 
objective is to support local initiatives, by helping local authorities in the 
conversion of their fleets, in the territorial network of charging stations or 
in the implementation of solutions adapted to sparsely populated areas.

Enedis and the Banque des territoires, investment body for local authorities, 
are committed to working together to support the communities of the “Cœur 
de villes” program in defining an optimized roll-out of charging stations, 
taking into account the impacts of these projects on distribution networks.

The FPI, real estate promoters association, and Enedis aim to jointly define 
the levers that will promote the development of electric mobility in new 
real estate developments (residential housing, individual housing, business 
premises). Through this partnership, Enedis is committed to supporting 
property developers in their electric mobility projects and to developing 
common support with the FPI for the pre-fitting of collective solutions for 
electric vehicle charging installations (EVCI).

Enedis recently signed a partnership agreement with CDC Habitat, a subsidiary 
of the Caisse des dépôts et consignations whose main mission is to manage 
the public real estate assets. Through this partnership, CDC and Enedis are 
mutually committed to three main areas: the installation of charging stations 
in collective residential areas, the opening to the public of some of them, 
and finally the implementation of car-sharing solutions.

L’Union des syndicats de l’immobilier, the co-ownership trustees’ association, 
is the leading professional association for condominium management and 
renovation, with 1,003 condominium management companies (1/3 of the 
profession) and 1,204 rental management companies & property managers.
UNIS and Enedis have signed a partnership agreement to raise awareness 
and support members on the challenges and solutions for connecting 
charging stations in residential buildings and on the financial assistance 
available.

3.1.4  Institutional partnerships

In addition to industrial operations with concrete 
implications in the field, institutional partnerships 
make it possible to fully understand the challenges 
faced by each type of mobility stakeholder and 
to share analysis on the levers of the ongoing 
development of electric mobility, to provide 

information to field actors and to interact with 
public authorities. Various strategic partnerships 
have been signed with players in automotive 
industry, real estate and territorial sectors in 
recent months.
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3.2 I  More innovative projects, in laboratory 
and in real conditions

Enedis invests in R&D, in particular in the 
anticipation of the evolution of mobility and 
in the development of innovative services in 
collaboration with ecosystem stakeholders.

Enedis works within the industry to define 
key technical standards and architectures to 
ensure the quality, interoperability and safety 
of charging services.
 

With market partners and local authorities, 
Enedis is setting up demonstrators to explore 
the full potential of electric vehicles to support 
the integration of renewable energies into the 
French grid.

3.2.1  Linky is already creating added value 
around the electric vehicle

It can be seen that drivers of electric vehicles 
who can charge at home quite naturally timeshift 
their vehicle charges (see § 2.1). Based on Linky 
metering technologies and communication 
chains, Enedis contributes to the generalization 
of automatic charge programming, particularly in 
individual residential housing. In addition, Enedis 
is working on the implementation of solutions 
that will enable electric vehicle drivers living in 
collective residential housing to optimize their 
electricity consumption.

In concrete terms, Enedis supports manufacturers 
(Schneider, Hager, Legrand, etc.) in the design of 
charging stations or controllable sockets capable 
of interpreting the signals transmitted by the 
Linky smart meter.
 

For collective housing, when the collective 
installation includes one charging point per 
location, Enedis, in partnership with energy 
suppliers who request it, aims to implement an 
electricity-delivery-point (PDL) consolidation 
solution. This involves combining under the same 
electricity supply contract, the consumption 
counted at home and that counted at the 
electricity-delivery-point (when there is one) of 
the charging station in the car park. The inhabitant 
in a collective housing unit will thus be able to 
limit, like a inhabitant in an individual residential 
unit, the level of power subscribed thanks to the 
overlap optimization of his consumption (see 
figure below). This will allow him to save on his 
electricity bill.

Case of an installation with one delivery point per location
(All solutions on www.enedis.fr section Installer une borne de recharge dans ma copropriété pour ma voiture 
électrique)

Electricity- 
delivery- point 
(PDL) grouping 
consolidation

Public 
distribution



Charging curves with or without PDL grouping
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Finally, the decree of 19 July 201817 allows 
power modulation of charging stations open 
to the public, installed or replaced from 2019 
onwards. This temporary power modulation 
can be performed by the Linky smart meter or 

any other means of communication. To date, 
Enedis has not yet tested this device and will 
activate it in the event of an incident or constraint 
threatening security of supply.

Illustration: The resident 
in collective housing 

has a subscribed power 
of 9kVA for charging 

its EV and a power of 
6kVA for its dwelling 

consumption. By 
combining the two 
electricity-delivery-

points (PDL), and for 
the same uses, the 

owner could go from 
2 contracts of 6kVA 

and 9kVA to a single 
contract of 12kVA, 

which allows him  
to save about 90€  

per year.

3.2.2  Enedis helps to simplify the user experience through 
technology and standardization 

At the crossroads of the automotive, electro-
technical and telecommunications sectors, the 
electric mobility requires the collaboration of the 
actors of the ecosystem to which Enedis belongs, 
in order to design solutions that promote the 
sustainable development of the market.

Standardization and electric mobility

It is said that two systems are interoperable 
if they can work together, if they speak the 
same language. Standards are technical 
recommendations that aim to promote this 
interoperability between equipment and/or 
computer systems by adopting a reference 
communication language. The standards are 
voluntarily implemented by market participants. 

However, standards may be made mandatory 
by a regulatory text. They are developed at 
national, European and international level by 
standardisation bodies (ISO, IEC, CENELEC, 
AFNOR, etc.).

Standardization is an essential development 
vector for an emerging market such as electric 
mobility. It promotes competition between 
players and the reduction of costs associated 
with a technology or service. There are currently 
quite a few standards under construction.

17 -  Decree of 19 July 2018 relating to the devices used to control the charging of electric vehicles, specifying Article 7 of Decree No. 2017-
26 of 12 January 2017.

PS = 6kVA

PS = 9kVA

PS = 12kVA

PS = 15kVA

Power seen on the public 
distribution network (kVA)

0 H 24 H

Resulting charging curve  
(with DP grouping)

EV charging curve  
(without grouping)

Home charging curve 
(without grouping)
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Electricity supplier or 
flexibility operator

Roaming operator

DSO (Enedis) Charging point operator Mobility Service Provider

User

61851 61980

61850

63119

63110

15118

Standard Description

IEC 61850

The IEC 61850 standard defines the communication protocols and data 
models associated with control-command equipment in smart grids. This 
standard is not yet deployed industrially but is a medium- to long-term target 
communication protocol.

IEC 61851
IEC 61851 is an electrotechnical safety standard that applies to equipment 
(mainly charging stations) for charging electric vehicles with a charging voltage 
of less than 1,000V AC or 1,500V DC.

IEC 61980
IEC 61980 is a standard under construction for wireless (induction) power transfer 
systems for electric vehicles.

IEC 63110
The IEC 63110 standard is a communication protocol between the charging 
station and the charging infrastructure operator facilitating interoperability with 
network management (interoperable with IEC 61850).

ISO 15118

The ISO 15118 standard defines the communication protocol between the electric 
vehicle and the charging station. The ISO 15118 standard makes it possible to 
send dynamic messages between the vehicle and the charging station (energy 
information, fares, mobility needs, etc.).
Thus, it opens the possibility of using new services around EV charging: dynamic 
and reversible control (V2G) of a charging, optimization of charging costs or 
maximization of coupling with renewables energy, identification and payment 
by connecting to the charging station (Plug and Charge), etc.

IEC 63119

The IEC 63119 standard defines the communication protocol structuring the 
exchanges between charge point operators and mobility service providers. 
A neutral intermediary called a roaming operator connects and centralizes 
exchanges between mobility service providers and charging point operators.

Overview of the main standards associated with electric mobility
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Enedis has been working for several years in 
collaboration with stakeholders in the sector 
to build technical architectures, standards and 
regulatory texts that create a technical and 
commercial environment favourable towards the 
development of electric mobility. In particular, 
Enedis ensures that charging technologies and 
services are integrated into distribution networks 
on a sustainable basis. The Distribution System 
Operator primarily addresses interoperability, 
cybersecurity and power quality issues by 
participating in research, tests, demonstrators 
and contributing to standardization bodies in 
France and abroad: 

 To ensure the interoperability of electromobility 
services with those of the smart grids field, Enedis 
supports the development of IEC standards. The 
use of these standards throughout the value 
chain increases the responsiveness of services, 
promotes a high level of security and reduces the 
cost of purchasing and maintaining equipment. In 
addition, it makes it possible to harmonize the EV 
charging management services with those used 
by Enedis in the management of smart grids.

 To ensure that the electrical power quality 
is maintained, Enedis seeks to characterize 
the disturbances generated by the electric 
vehicle on the networks. Electric vehicle 
chargers contain power electronics that can 

generate disturbances on the networks, called 
harmonics18. In order to characterize these 
disruptions, as well as the corrective solutions, 
Enedis carries out numerous laboratory and 
field tests in collaboration with charging 
operators. The distributor also carries out a 
technological watch of new charging systems 
(high-powered, wireless, etc.) and batteries 
in order to evaluate any disruptions that may 
occur on the network and take the necessary 
measures, either on a normative level or by 
adjusting the distribution network protection 
regime.

 With regard to cybersecurity issues, Enedis, 
as an essential service operator19, ensures that 
the services developed in the context of electric 
mobility do not hinder the safety of electricity 
distribution. The work aims to ensure a complete 
chain of trust around charging, through secure 
data exchanges between the electric vehicle, 
the charging point and the network. They are 
reflected, in particular, in specifications in the 
standards for electromobility. 

Anticipating new technologies 

Enedis is also preparing the development of 
new charging technologies and is studying their 
integration into networks. In particular, the 
distributor is involved in the European research 
project INCIT-EV, co-financed by the European 
Commission20, to test a contactless charging 
system while driving, called “dynamic induction”. 
This charging mode has several advantages: 
simplicity of the charging process for the driver, 
reduction in battery size and therefore in the 
cost of EVs, and space saving in cities. In addition, 
charging is carried out at moderate power and 
in a more diffuse manner along the road, which 
is less impacting for the network than ultra-fast 
charging at petrol stations.

Another example: Enedis participates in the 
working groups of AFIREV (Association française 
pour l’itinérance de la recharge électrique des 
véhicules) where the issue of cyber security of 
charging is addressed. The distributor works with 
the rest of the industry to define a technical 
and organisational architecture that makes it 
possible to secure charging while roaming. This 
architecture, called “PKI architecture” (Public Key 
Infrastructure), aims to exchange certificates and 
encrypted keys using the ISO 15118 standard.

18 -  Currents of frequencies higher (50Hz - 150kHz) than the electrical wave distributed by the DSO (50Hz).
19 -  An essential service operator “provides an essential service whose interruption would have a significant impact on the functioning of 

the economy or society” according to the definition of ANSSI (Agence nationale de la sécurité des systèmes d’information).
20 -  Funded by the H2020 “LC-GV-03-2019- User Centric Charging infrastructure” program  



Ongoing projects Duration Description

SMAC 2018-2020

The SMAC project aims to promote the charging of electric 
vehicles during periods of high wind energy production 
thanks to an energy control solution for charging stations 
as and the establishment of a “community” of eco-
participating users.

PADS 2019

The Syndicat mixte d’énergie des Hautes-Alpes (group of 
network owners in the Hautes-Alpes who have entrusted the 
management and development of the network to Enedis) 
encourages eco-responsibility among subscribers to its charging 
stations by encouraging them to charge their vehicles when 
local green electricity production is abundant and to avoid 
doing so when it is less important, or when the local grid is used.

FlexMob’île 2018-2020
The Flexmob’île project aims to promote Belle-île-en-Mer’s 
energy autonomy by relying on car-sharing electric vehicles, 
intelligent charging and stationary solar energy storage.

SoMEL 
SoConnected 2017-2021

The SoMel SoConnected project is experimenting with new 
solutions for individual self-consumption, for the insertion 
of charging stations and for energy consumption control 
within the metropolis of Lille.

aVEnir 2019-2022
aVEnir is a project led by Enedis with 11 partners, aimed at 
controlling in real conditions ans in collaboration with users 
of electric vehicules, questions relating to charging flexibility.

Demonstrators around electric mobility in France
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3.2.3  Enedis and market players are developing new solutions  
for electric mobility 

The development of electric mobility innovations 
under real conditions allows stakeholders to 
assess their interest and, if necessary, to prepare 

their industrial roll-out. This is the purpose of the 
demonstrators led by Enedis and its partners.
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21 - Source: RTE Report “Issues in the development of electromobility for the electricity system”, May 2019. 
22 - Joint Venture NUVVE/EDF

The aVEnir project mentioned above brings 
together Enedis and 11 industrial and academic 
partners. Its objective is to develop the different 
situations of smart charging, in particular 
bidirectionality, i.e. the possibility of using the 
battery’s electricity to feed it back into the grid 
(Vehicle to Grid - V2G) or to feed another use 
(e.g. at home, Vehicle-to-home – V2H).

The idea is to take advantage of the moments 
when a vehicle is connected to its charging point 
without being used. If many vehicles are in this 
situation, the amount of electricity stored and 
available can be significant. By controlling it, it 
can be used to serve the balance of the electrical 
system, or for other purposes.

Bidirectionality is already a technical and 
industrial reality. However, the equipment and 
vehicles to ensure it are still few and far between. 
And the economic interest of the services 
provided by V2G has yet to be demonstrated in 
France. RTE has already studied the issue and 
estimated a gain of nearly 900 €/year21 for the 
electrical system, but this amount falls with the 
increase in the number of participating vehicles.
 

In addition to the demonstrator, Enedis 
is supporting the roll-out of the first V2G 
charging stations in France, such as those of the 
“Gridmotion” project, which aims to implement 5 
bidirectional charging stations of 10kW each on 
3 sites near Roissy-Charles-de-Gaulle airport (MV 
connection), or in Bordeaux with DREEV22, for 
the installation of bidirectional charging stations 
allowing the injection into buildings of the energy 
stored in electric vehicle batteries and V2G.



Injection of electricity into a house or 
building: V2H or V2B

Electricity injection
in the distribution network: V2G

Typical use of individual self-consumption  Similar to collective self-consumption

      No injection into the grid
Total or partial injection of electricity

on the network

Economic value for the public distribution 
network: low, but underlying trend on  

“local consumption”.
Partial consumption and surplus injection

Customer value: flat
Value for the public distribution network: 
ongoing studies (no market mechanisms 

other than those existing today)
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Residential Car sharing Company
Public 

(excluding car sharing)
Individual or collective 

housing
In a station open to the 

public or in a private 
depot

Company car park, 
whether for the 

company’s fleets or  
for employees

On the road, in a public 
car park, in a car park of 
a commercial complex, 
cinema, or gas station
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Informative overview of charging

To charge its battery, the electric vehicle must be connected to a simple conventional 
socket (Type E/F) or a specific socket integrated into an electric vehicle charging 
infrastructure, more commonly known as a charging station. 

The charging station can offer more than one charging point, in which case it offers the possibility for 
several vehicles to connect to it simultaneously. A charging station can also be equipped with several 
types of plugs to adapt to the diversity of existing vehicles. Finally, several charging stations can be 
grouped together in the same place commonly known as a “charging area”. 

Annex

Electric mobility simplifies the way you fill up your vehicle. No need to systematically go to gas 
stations, charging can be done during parking time at home or at work.

Charging locations can be categorized as follows:

Classic plug* 
(Type E/F)

1,8kW 3,7kW – 43kW > 50kW

Socket 
Type 2

Combo 
plug

ChadeMo 
plug

* - See note 3 p. 19
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To adapt to the diversity of mobility uses, charging stations are distinguished by low or high 
power ratings, from 1.8kVA to 350kVA. High power allows you to quickly charge your vehicle, 
which is ideal for long-distance journeys where charging takes place at petrol stations, similar to 
the combustion-powered vehicle model. However, a French only travels an average of 29km per 
day23 with his car, which represents an energy of 6kWh to put into his EV24. Lower powers, between 
2kVA and 7.4kVA, are therefore sufficient to ensure this need for average mobility (charging in 
3 hours and 50 min respectively).

kVA ou kW?

The installed power is expressed in kVA. It represents the maximum power that an electrical device 
can require at any given time. This unit of measurement is used by distribution system operators 
and installers to dimension the necessary electrical installations.
In reality, an electrical device consumes or injects at a lower or equal power, called drawn power. 
This power is expressed in kW.

23 -  IPSOS survey for AVERE France and Mobivia Groupe: “Les Français, la mobilité et les véhicules électriques”, 2018.
24 - The mileage consumption of an EV depends on many factors such as the weight of the EV, speed, driving style, activation of auxiliaries 
such as heating or cooling, etc. The supply chain often takes a reference value between 12 and 20kWh/100 km (source ICCT, 2018).  
The value assumed here by Enedis is therefore a high range

3 h

2 3,7 7,4 11 22 50 120 350

1 h 40

50 min

35 min

15 min
7 min 3 min 1 min Power of the

charging point (kVA)

Time to charge 6kWh (= 29km)
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