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MESSAGE FROM THE PRESIDENT
“Dare, then measure” is the maxim that was followed by the “New cities and new
networks” working group, headed by the two co-chairmen Claude ARNAUD and
Bernard BOUCAULT. They had the difficult task of questioning the members of the
working group about the synergies between the energy networks in urban areas. Their
reflection has been underlaid by two main questions. First, how can we use the
different energy networks – electricity, gas, heating, cooling – to carry out the energy
transition at local level? Second, how to guarantee the national optimum and what
consequences on the principle of tariff equalisation for gas and electricity?
First, “dare”, because it is not easy to lay out all the existing and experimental solutions
which allow to combine infrastructures of the different energy grids. “Measure”,
because combining grid infrastructure requires a widen global planification, in a model
where collective interest must have priority over individual interests. Above all, we need
to be imaginative, because the implementation of a global planification of grids means
to change the current governance framework, without passing up of the strength of our
French energy model envied by so many countries for its robustness.
For the past two years now, the Foresight committee has been leading reflections on
the energy decentralisation in the territories and its impact on the energy networks
distribution. Members of this working group faced with a reality that is more technical
than ideological. It is the energy transition that leads to decentralisation of energy
production and new ways of energy consumption, and not the other way round! This
historical movement has an impact on grids planification, especially for gas which
uncertain future must not prevent us from anticipating the treatment of stranded costs
and questioning the governance of the system.
I am convinced that in the future, CRE will have to adapt its regulation and tariff
structure to encourage synergies between projects in order to strengthen the security
of supply and the balancing of the French energy system.
This report addresses almost all the issues and makes significant efforts to benchmark
solutions and practices. Even though no exhaustive answer is given, many paths are
presented for both national and local regulators to support territories in the energy
transition.
The city has become a place of experimentation and innovation. Regardless of their
size, cities are committed into the transition and resilience of their energy mix. Their
relationships with energy producers, operators and suppliers have changed, becoming
stronger, more complex, and sometimes merged with their missions.
Innovation must serve the Republican social contract, based on equality and liberty.
The strength of our model is the guarantee of an equal and non-discriminatory access
to energy across the entire mainland territory, from Bray-Dunes way up north to
Lamanère in the South, but also in the overseas territories, from Saint-Pierre to
Papeete.
The requirements for a successful energy transition are to keep the strengths of our
model, to find a way to be more territorial and to never give in to the sirens of energy
communitarianism to which I reject.
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I share the position of Erik ORSENNA, to enlighten our work on energy and cities: “Our
cities illuminate only by the energy we afford them: hot, cold, light, electricity. Our cities
are hungry, as are we. And like us, they need to be fed. And not only with material
food. The human being deprived of dreams dies. It dries up, the city denied thoughts
of being greater, more beautiful, more joyful, more fraternal”.

Jean-François CARENCO
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FOREWORD

The Chairman of the French Energy Regulatory Commission, Mr Jean-François
CARENCO, established a Foresight Committee in autumn 2017, which gathers the
major players in the sector of energy in order to enlighten the French regulator in the
mid-term. In this framework, several working groups were formed, in charge of drafting
public reports.
For season 3, the working group no. 2 composed of representatives of the main
companies in the sector and academic, associative and institutional players, was
tasked with working on “New cities, new grids”. It held a meeting once a month, and
was chaired by Mr Claude ARNAUD (Chairman of the Research & Development
Institute of Efficacity) and Mr Bernard BOUCAULT (Honorary Regional Prefect). The
working group had the efficient assistance of its two rapporteurs, Ms Liza BELLULO
(Senior Officer at the Council of State) succeeded by Ms Cécile VAULLERIN (Auditor
of the Council of State); many thanks to them.
The group composition and the list of interventions are presented below.
IT IS WITHIN THIS FRAMEWORK THAT THE PRESENT REPORT – WHICH
IS NOT BINDING ON CRE – WAS ESTABLISHED; SEVERAL MAJOR
PRINCIPLES GUIDED THIS WORK:
•

This report, which aims to be accessible to all stakeholders – including
non-specialists in the energy sector –, is intended to fuel public debate,
drawing on the analysis of the main private, public and para-public
participants of the energy sector in France.

•

It is drafted under the sole responsibility of the two co-chairmen, Claude
ARNAUD and Bernard BOUCAULT.

•

Without claiming to be exhaustive, the co-chairmen endeavoured to
consider the diversity of the approaches and sensitivities of the members
of the working group in this report. The line taken in the presentation of
observations reflects their positions and could fuel the next working groups
of the Foresight committee which will address “grids and energy systems”
to present recommendations.

Note: the working group relied on many documentary sources not directly under the control
of its members. Therefore, some charts or tables included in the report may not be translated
into English.
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MESSAGE FROM THE WORKING GROUP COCHAIRMEN
Achieve a successful energy transition in France means having managed by 2050 to
both replace oil and gas by carbon-free energy, and at the same time, reducing global
energy consumption for greater energy sobriety and efficiency. And this must be done
while maintaining the level of growth of the gross domestic product, the sustainability
of the national debt and the demographic growth of our country.
Fossil fuels, oil, coal, and gas account for 80% of global energy consumption and about
50% for France. The amounts to substitute are gigantic and the climate emergency
requires that this be done with determination over the next 30 years. This shows how
important the energy transition is at technical, economic, financial, political, and
societal levels.
For this 2020-2021 season, the working group no. 2 “Energy transition and territories:
New cities, new grids” focused more specifically on the impact of the massive
substitution of fossil fuel by renewable and low-carbon energy on urban and inter-urban
energy networks.
The gradual, but intensive withdrawal from oil will be highly favourable to electricity
produces under various forms and will place greater constraints its power. Similarly,
natural gas will be phased out in favor of new carbon-neutral gases such as biogas
and hydrogen.
These substitutes of oil, and then gas, will be onshore and offshore wind power, solar
power. In concentrated areas, geothermal power, biomass from waste through
anaerobic digestion or pyrogasification, or waste heat from data centers will be
important sources of energy production. The nuclear energy is a very important source
of generation to meet these new challenges in electricity demand.
Cutting greenhouse gases and CO2 requires highlighting carbon sequestration
solutions and the methanization process to transform CO2 and hydrogen into synthetic
gas that can be injected into the natural gas network. There is no doubt that these
techniques, which are currently too expensive, will become mature and be
implemented in the future. However, due to time constraints, carbon processing issues
were not addressed by the working group this year.
Massive energy transfers will require significant reinforcement or creation of
generation, transmission and distribution units, which will lead to a redesign of
traditional gas and electricity networks and their operating models. In addition, much
of the renewable energy required for this transformation will be produced or recovered
locally, thus increasing the number of energy injection points.
History has shown that energy density per unit of surface has never stopped growing.
However, the massive use of renewable energy will reverse this trend, which means
that the space and surface necessary to produce these new energies, will increase
significantly (wind and solar in particular). Territories and their policymakers will
therefore be at the centre of this transformation.
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In addition to the energy changes, there is an ongoing process of transformation of our
70-year-old energy management model from a centralized operation to a mixed model
between centralization and decentralization.
In other terms, we must adopt a systemic view of energy combining all of the types of
networks and energies, whereas until now, we have been governed by rather simple
mechanisms, an electricity system and a natural gas system, under the surveillance of
the Energy regulatory commission (CRE).
For a long time, there were heating and cooling networks, which were essentially local
and placed under the authority of local authorities granting public service delegations.
Finally, recent technological advances and the increasing digitization of energy
systems, which allow for a better understanding of demand and consumer needs
(individuals, groups, industry, etc.), are further disrupting this energy system. While
this may be worrying (due to the simultaneity of all these aspects), it is also a
tremendous opportunity for our country, which has considerable assets, including our
major companies and energy suppliers among the best in the world. It is an opportunity
to reinvent a new energy model that is robust, flexible, adaptable to future changes
and as integrated as possible.
Therefore, we have sought to explore, in an exhaustive manner, all coupling solutions
between urban energy networks. The coupling contributes to increase the efficiency of
the energy system by the synergy and the optimization of the networks. We have
inventoried about fifteen possible types of coupling between the three main energy
sources: electricity, gas and heat. Some technologies that support them are already
mature and operational. These coupling solutions can therefore be proposed now in
concrete applications within the territories. The first part of our report describes the
essential aspects of these coupling techniques highlighting their advantages, but also
their limits, illustrated by concrete examples.
We also met many local authority players involved in the energy transition, as well as
the associations that represent them. They are perfectly aware of the importance, but
some of them encounter difficulties in executing their low-carbon projects. Because
while the energy transition objectives are well-defined, particularly in the national lowcarbon strategy (SNBC) through the multiannual energy plan (PPE), in the recent
“energy-climate” law or in the new “energy and resilience” law currently being
discussed in Parliament, their application out in the field is sometimes complicated and
raise many issues.
These issues cover the necessary for making the right technical choices, the need for
a tax system aimed at environmental efficiency, the maintenance of energy tariff
equalisation with a better integration of local energy networks, and planning and
support tools for territorial players (PCAET, SRADDET, etc.) for the proper
implementation of their projects. All of this in the interest of investment expenditures
control and fairness for users.
The second part of the report addresses these issues of governance, organization,
regulation and economic model. We agree that this work is still incomplete and that the
discussions will have to continue, taking into account the State's regalian missions and
those of the territorial decision-makers, before arriving at a new energy regulation
model for our future, which we can summarize as "Moving from egalitarian verticality
to differentiated horizontality”.
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We wish to thank all the working group members who participated in our different
meetings, the territorial partners met, CRE teams and in particular its Foresight
committee for their availability, their interest in this challenging topic and for the
excellent conduct of discussions in a difficult context related to the pandemic.
Sincere gratitude to our two rapporteurs Liza BELLULO, during the year 2020 and
Cécile VAULLERIN, since 2021. They have successfully carried out their mission in
writing the minutes of our meetings and this report.
As co-chairmen, we were very happy to lead these debates, and very proud to have
participated in reflections that are intended to be useful in leading our country towards
this ambitious goal of carbon neutrality for 2050.
Claude ARNAUD

Bernard BOUCAULT
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INTRODUCTION
Cities are at the heart of energy consumption, given their size in terms of residential
housing (around 29% of energy consumption), service activities (17% of energy
consumption), and short-distance mobility (57% of travel in private vehicles, which are
the biggest emitters of carbon dioxide and fine particles).
Cities also have major potential for energy sobriety, flexibility and energy savings,
essential means of action for reaching the energy transition objectives. They also
reveal how public players competent in the energy field and having major financial
resources are stepping it up a notch, as well as the governance challenges related to
the role of citizens in the energy transition. Lastly, they concentrate not only
opportunities for sobriety, but also territorial planning constraints, both in the field of
building and logistics flows. Therefore, the working group devoted its work to the
investigation of urban territories as a priority.
The concept of “smart city” consists in seeking the means to optimise energy
consumption which contribute to the transition towards a low-carbon, circular and
sustainable economy. They are therefore a particularly appropriate laboratory to
implement solutions to minimise the carbon impact of energy, considering mediumand long-term externalities. By implementing systems favourable (i) to the resilience of
production, distribution, and mobility systems, (ii) flexibility and (iii) energy demand
control. These solutions were made possible with the use of data, short supply chains
and intelligent control of distribution networks.
In addition, the energy transition has changed how space is used to produce energy.
Historically, by moving from charcoal to the nuclear plant, the space necessary was
cut by 1,000 to produce one megawatt hour. With renewable energies, the need for
space has once more become a challenge, hence the need for the restructuration of
territories and a necessary solidarity between dense urban and rural areas.
Within this context, and following this working group’s studies, the emerging consensus
is that greater complementarity between energy networks can reinforce energy
efficiency and decarbonisation, at a lower cost.
Although it is not sufficiently developed, this complementarity between networks
appears as an essential source of energy efficiency, but also of good use of public
funding and optimisation of land resources. It allows for the use of new energy sources,
particularly from waste heat, the development of flexibility services and the promotion
of openness to new energy demands, especially for mobility.
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These network complementarities are part of a customised and differentiated approach
for territories, based on their development projects and their geographical, economic
and sociological characteristics. Local executives must optimise their energy mix for
domestic and tertiary uses based on the comparative advantages of the different
production sources, which are different according to the specificities of territories.
According to these characteristics (availability of biomass and geothermal resources,
existing service area of the gas network or of a hot and cold network, etc.), the relative
advantages of the three energy networks (electricity, gas and heat) vary. Under these
conditions, no territorial authority could successfully rely on a single energy source.
They are therefore invited, within the framework of their enhanced energy competence,
to seek coupling of energy sources in their territories.
The trajectory to reach energy transition objectives, as defined by legislative and
regulatory texts, in both the French Low carbon strategy (SNBC) and the French
multiannual energy program (PPE), requires improving the complementarity between
all the energy distribution energy networks (I.1).
The working group’s studies show that technical coupling solutions and their levers for
action exist, and are, in many cases, already mature (I.2). But, to implement them,
there must be a reinforcement of territorial authorities’ engineering capacity, a
development of planning tools and a rethinking of governance between the national
level and the different territorial levels (II.1). There is also the question, which cannot
be fully answered by this report, of the regulation of network investments to optimise
their coupling (II.2).
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FIRST PART:
SUCCESSFUL ENERGY TRANSITION MEANS USING THE FULL
POTENTIAL OF AVAILABLE TECHNICAL SOLUTIONS TO LINK ALL
ENERGY INFRASTRUCTURES FOR GREATER EFFICIENCY AND
RESILIENCE.
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Energy consumption modes specific to cities, are a decisive element in the energy
transition (1.1) and contribute to profoundly changing energy production and
distribution modes, which current model stems from upheavals after the second world
war and the development of the European energy market (1.2). These transformations
impose the search for greater complementarity between the different urban networks
by developing their coupling, through technologies favourable to the integration of
renewable energies and energy recovery within the electricity and gas networks (2.1).
Carrying out the energy transition is favourable to the search for complementarity
between networks regulated at national level and those regulated at local level, such
as heat networks (2.2). Public water and sewerage services can also be a source of
complementarity (2.3.) and tertiary activities can also promote flexibility (2.4).

1. THE FRENCH ENERGY MODEL TODAY MUST
ADAPT TO CITIES' NEW ENERGY PROFILE AND TO
ENERGY TRANSITION GOALS
1.1. Cities, having a specific energy profile, are suitable places for the energy
transition.
The needs expressed by territorial authorities, whether they represent small towns in
a rural environment, or the needs of a high population density such as metropolises,
cover different realities in terms of organisation and energy needs, and cannot be
apprehended in the same way. Within the framework of this report, it was decided to
study, as a priority, the specificities of large cities, i.e., urban units1 of more than
100,000 inhabitants, which bring together more than 700 towns and 31 million
inhabitants and their interactions with the territories surrounding them. The energy
profile of these cities is based on three main characteristics: domestic use of energy,
devoted mainly to the need for heating (1.1.1), the role of short-distance mobility (1.1.2)
and a major potential for energy sobriety (1.1.3). These characteristics make urban
centres suitable places for searching complementarity between energy networks.

According to INSEE’s definition, an urban unit is defined by the dual criteria of the continuity of buildings
and the number of inhabitants. There are 2,467 in 2017 bringing together 53 million inhabitants.
[https://www.insee.fr/fr/statistiques/4806684].
1
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1.1.1. Domestic energy use
Energy in urban environments is used, in buildings, mostly for two purposes: nonsubstitutable electricity uses and the need for heat (or cold in certain regions). Buildings
are generally, and regardless of the city size, responsible for 19% of greenhouse gas
emissions, 75% of which comes from heating.
Distribution of energy consumption in 2020

Source : Le Monde, 5 October 2020, Le chantier sans fin de renovation thermique.
By way of comparison, in 2016, heat represented 42% of final energy consumption, for
a volume of 15.4 TWh.
While only electricity, to this day, can meet certain needs (to power domestic or
professional electrical appliances, particularly computers, domestic and urban
lighting), collective heating and air conditioning can be supplied in urban environments
by gas networks, which serve 70% of urban territories, and by heating and cooling
networks, and more marginally by biomass, which is more present for heating purposes
in rural environments. The proportion of electricity devoted to these uses is even
greater for new buildings and could again increase under the effect of the new
environmental regulation (RE 2020)2.
Heat, the leading source of energy consumption of households in cities is one of the
main solutions for decarbonising domestic uses.

2

2020 environmental regulation is set to replace the current RT 2012 thermal regulation.
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Gas and electricity energy consumption for the residential sector in urban
environments, according to the energy overview drafted by Enedis, France
urbaine and GRDF for 20193
Residential sector

83%

32%

19%

11%

14%

10%

Heat

Cooling and lighting

Wash machine, refrigerator

Domestic hot water

Cooking

Multimedia

10%

10%

6%

5%

Other

Tertiary sector

74%

54%

3

14%

17%

Specific uses

Heat

Cooling

Domestic hot water

Cooking

Other

17%

8%

4%

6% 4% 2%

Source: Perspectives Gaz 2018, GRDF, GRTgaz, SPEGNN, Teréga.
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1.1.2. Short-distance mobility
Movement of people and transport of goods as they are organised and produced today
represent more than 30% of greenhouse gas emissions in France. 40% of daily travail
done by car in cities covers less than 4 km. In Lyon, Strasbourg, Lille and Renne, 30%
of travel covers less than one kilometre and 60% between one and three kilometres.
Shifting thermal mobility to electricity is therefore particularly suited to vehicles of
households in urban territories, both because of the shorter distances by car than in
rural or areas or areas that are less dense, and the air quality policies which encourage
development of low emission zones and low-traffic zones.
Today, 15% of new vehicles sold to private individuals in France are electric4, which is
still too low, despite national, regional and inter-municipal aid. Indeed, the relative
purchase remains high. Of even greater importance, the concerns surrounding
charging availability for vehicles with limited autonomy are still a major obstacle,
particularly in large cities where domestic charging is not easily accessible. While a
large public network of charging stations can contribute to easing concerns, it is
domestic charging and charging in business premises that are more decisive.
In addition, the urban environment presents opportunities for the development of
collective mobility. Mobility development, using bioNGV for public transport vehicles,
or in the longer term, hydrogen for heavy vehicles (transport of goods, refuse collection
lorries, etc.) also requires rethinking charging modes and their impact on urban
networks.
1.1.3. Energy sobriety potential in cities
Cities offer major potential in terms of territorial planning and experimentation of new
uses, given the structural imbalance between supply and demand both in the housing
field and in individual and collective mobility. The construction of new neighbourhoods
can be the opportunity to realise cities’ full energy efficiency potential, if their design
integrates, as from the start, an energy policy in the urban planning project, such as a
resilience and consumption control project or a renewable energy production and
consumption project. Indeed, both the natural density of these territories and the
resulting intertwining of public service activities and tertiary activities with residential
housing in the urban environment, present a major potential in terms of flexibility
because of their waste energy production that can supply related consumption.
A study by Ademe in 20175 also shows that certain sectors represent an interesting
technical potential for demand management: office buildings, large groceries and water
treatment facilities.

Source: Barometer of electric vehicle registrations, Avere – France, March 2021.
Source: Electricity consumption shaving in France (Evaluation of the potential for shaving by process
modulation in industry and the tertiary sector in mainland France, Ademe, CEREN, E-Cube Stratégie
consultants, 2017.
4
5
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1.2. The French energy model is robust, but in transition
1.2.1. A robust energy system founded in 1945
The French energy system today is still marked by the heritage of its structuration after
the war mainly around public gas and electricity monopolies and for the last 20 years,
by a European policy to open competition and create a European energy market.
However, this system must evolve to further reduce its environmental footprint through
the integration of renewable energy, to support the transition of the carbon portion in
the energy mix.
1.2.1.1.

Energy production

Energy production is globally national and centralised for electricity and imported for
oil and natural gas. National production is organised based on an electricity production
pattern distributed across the national territory, with centralised management and a
majority share of nuclear energy. Under the joint effect of the opening of the energy
market to competition and the energy transition, the French energy landscape is set to
evolve. The desire to reduce the nuclear portion in the energy mix (50% by 2035 in
accordance with the SNBC and the law of 8 November 2019 relating to energy and the
climate) and the portion of fossil energy in electricity production leads to revising the
model in favour of the integration of renewable energy which development increasingly
incorporates the strategy of territories having, beyond their traditional competence in
terms of territorial planning, energy competence.
The production of gas also presents centralised management, with injection points and
underground storage across the entire territory.
For its part, thermal energy (heating and cooling networks) is produced and consumed
locally.
1.2.1.2.

Energy transmission

The system of large electricity and gas networks, set up since 1945 and based on tariff
equalisation, is considered as particularly robust.
It has proven its effectiveness, offering equal access to all, for a moderate tariff, based
on the “postal stamp”6 and national tariff equalisation7 logic for electricity transmission,
and based on the “toll” and equalisation logic within a service area for gas distribution.
Transmission operators (RTE, GRTgaz and Teréga) as well as underground gas
storage and LNG terminal operators ensure security of supply and balancing of the
energy system. Their respective distribution subsidiaries, Enedis and GRDF, but also
6

CRE builds electricity tariffs complying with several fundamental principles and in particular that of the
postal stamp, which means that pricing of network access is independent of the distance between the
injection site and the withdrawal site; see CRE’s deliberation no. 2021-13 of 21 January 2021 deciding
on the tariff for the use of public electricity distribution networks (TURPE 6 HTA-BT).
7 Tariff equalisation: the same tariffs for network use apply across the national territory; see the same
deliberation of 21 January 2021 already cited.
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local distribution companies which supply 5% of the electricity volume to almost four
million customers, work in close relation with territories given their public service
missions integrating the concession economy model through a public service
delegation contract.
Heating and cooling networks have also proven their effectiveness, with excellent
global energy performance. Most of them are under the control of territorial authorities
through public service delegation contracts. The have the same regime as that of water
distribution and sewage, i.e., without regulation or national tariff equalisation.
Regarding oil and its derivatives, refining is distributed across the entire territory,
transport is performed through pipeline or road towards delivery points for businesses
and service stations for private persons. Excluding strategic stocks, the sector is totally
liberalised.
1.2.2. A model that must adapt to recent changes
1.2.2.1. Major technological innovations in response to the inevitable
decline in the use of fossil energy
The levels of energy distributed in France

Source: Economic study on urban network coupling, AEC SERMET (May 2021).
Given their consequences in terms of atmospheric pollution and greenhouse gas
emission, fossil energies – oil and natural gas –, generate great sensitivity in public
opinion and public policies that are increasingly restrictive. Therefore, their share in the
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energy mix will decrease even more sharply in the future. Today, the issue therefore
is no longer that of the price of oil, as during the oil price shocks of the 1970s, or the
risk of scarcity in the early 2000s with the fear of “peak oil” even though it was
announced for 2025, but rather the matter of the impact of these energies on climate
change.
The high price of oil and the risk of scarcity had already sparked a move to find new
energies and technical solutions for substitution (wind, solar panels, geothermal,
biomass, etc.). Today, this movement is growing and accelerating with the
implementation of local electrical energy production, most of them intermittent (solar,
wind) causing major changes in the management of electricity networks.
This movement also concerns natural gas, with local production of biogas and synthetic
gas coming mainly from methanisation, as well as, for thermal energy, the recovery of
waste energy reinjected into the heat networks and thermal recovery of waste. These
technologies, particularly those enabling the production of renewable energy from
recovery, also promote a local and circular economy. In addition, there are major
technological developments both for production and for the management and
operation of energy networks. Digital technology, allows for the organisation of whole
systems associating production, distribution and consumption and even recovery,
integrating better knowledge of demand, capacities for managing the increased
production.
1.2.2.2.

The emergence of alternative models and new players

While each of the large regulated system operators naturally responds to their own
specific strategic objectives at international and national level, the territorial authorities
that engage in dialogue with them adopt quite another approach, based on their
territories’ needs, and integrating public support calibrated at national level based on
the multiannual energy plan.
In parallel, ecological awareness in public opinion encourages the emergence of
alternative models along the lines of the citizen cooperatives model, in the energy field.
We can also mention the departmental mixed-economy companies created by the law
of 7 August 2015 on the new territorial organisation of the Republic (known as the
“NOTRe” law). Lastly, the policy of competition and free movement within the single
market which enables consumers to freely choose their energy supplier, leads to the
arrival of new players within the circle of energy operators, which was closed until then.
This is the case at all levels of the value chain of technological start-ups, financial
investors, SMEs and mid-caps in renewable energy production and oil companies
under reconversion.
Cooperation between these new players is not naturally smooth, because they may
encourage different energy development models. As such, the energy strategy as
viewed by France Urbaine, representative of the authorities of large cities is very
different to that of FNCCR, the association of representatives of local authorities
licencing and organising local public services, particularly in rural sectors. Similarly,
the functioning of local distribution companies under direct public control is different to
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the monopolistic model adopted by Enedis, while participating in a complementary
manner, to the public electricity service.
These phenomena challenge energy experts. In addition, there is the imperative to
engage more firmly in the energy transition trajectory, which implies a transformation
of the French energy model.
1.2.3. The need to accelerate transformation of the French energy model
to meet energy transition targets
The consequences of the energy transition on the French model are set to be
unprecedented, because in the past, there was very limited substitution between
energy sources.
Independently of the level of final energy consumption, the volume of fossil energy to
be replaced far exceeds what we have known historically.
Moreover, the climate emergency requires this substitution to be achieved within the
next 20 to 30 years. However, the current trajectory for the drop in consumption and
carbon emissions will probably not enable France’s commitments to be reached for
2030 and 2050, as defined by the last PPE8 and the SNBC9, i.e. a 20% reduction in
final energy consumption by 2030 compared to 2012, and a 40% reduction in primary
fossil energy consumption by 2030 compared to 2012, a level of 33% of renewable
energy consumption for 2030 and a 50% reduction in the portion of nuclear energy in
electricity production for 2035, and a 55% drop in greenhouse gas emissions. To
achieve this, annual effort would almost have to be doubled for the next 20 years
compared to the period between 2010 and 2020. Even if “climate litigation” increases,
such as the “Affair of the Century”10, the appeal by the Grande-Synthe municipality
against the Government for climate inaction11, the formal notice to the Government by
the Council of State to implement actions to improve air quality12, currently, the
members of the working group share the view that the measures taken must be
completed to guarantee the success of the energy transition.
The imperative requirement to successfully achieve the energy transition requires
decarbonising energy, and more ambitiously, drastically reducing the use of fossil
energy.

8

Decree no. 2020-456 of 21 October 2020 on the multi-annual energy plan.
Introduced by law no. 2015-992 of 17 August 2015 on the energy transition for green growth, the
national low-carbon strategy (SNBC) is France’s roadmap for carrying out the climate change mitigation
policy. It is one of the two aspects of French climate policy, alongside the national plan for adaptation to
climate change (PNACC).
10 Administrative court of Paris, 3 February 2021 Oxfam France, Notre Affaire à tous, Fondation pour la
Nature et l’Homme, et Greenpeace France, n° 1904967-1904968-1904972-1904976 recognises the
State as liable in the fight against climate change.
11 Council of State, 19 November 2020, Commune de Grande-Synthe et autre, no. 427301 on the
implementation of the Government’s commitment to reduce greenhouse gas emissions in compliance
with the goals set by the European Union.
12 Council of State, 10 July 2020, Association Les Amis de la Terre et autres, no. 428409 on air quality
plans.
9
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This energy transition has several aspects: while development of renewable energy
evidently comes to mind, the drop in consumption and improvement in energy flexibility
(development of networks and interconnections, storage capacity, demand control, or
interruptibility, etc.) are just as essential for moving towards a low-carbon world.
However, renewable electricity appears hard to store and certain consumption sectors
remain highly carbon dependent. Today, there is a consensus on the reinforcement of
interconnection between the different energy production and consumption sectors,
particularly at European level. This interconnection would make it possible to better
integrate renewable energy within the production and distribution system, decarbonise
sectors that are large emitters of greenhouse gases, with transport first in line, and
make savings thanks to synergies. Among the benefits expected from network
interconnection are an optimisation of investments in the service of the energy
transition, a reduction in greenhouse gas emissions, in energy consumption and
pollution, support for growth and local employment and better resilience of the energy
system.
2. COMPLEMENTARITY BETWEEN NETWORKS AT LOCAL LEVEL
REPRESENTS AN ENERGY EFFICIENCY POTENTIAL THAT IS STILL
UNDERESTIMATED AND INSUFFICIENTLY MOBILISED
Complementarity between energy networks therefore appears as an essential source
of energy efficiency. The economic study of urban network coupling commissioned in
May 2021 by CRE with AEC-SERMET13 highlighted a triple advantage for this network
complementarity:
-

the use of new energy sources, in particular coming from waste heat;

-

the development of flexibility, a source of energy and economic efficiency;

-

openness to new energy demands, concerning mobility.

Each network has its own advantages.
The electricity network plays a crucial insurance role and is still an essential
energy called on in all circumstances, be it for industrial or domestic use. The
urban heat networks are still supplied 18% by electricity.
The specific value of the electricity network for coupling solutions related to the
limit or delay they enable for investments necessary to reinforce the network
through the development of local flexibility and the facilitation of connections
thanks to the increase in outlets due to new energy demands.
The natural gas networks, even though they sometimes compete with heat
networks supplied by biomass or by waste input, also play a complementary
role. Moreover, the gas network in the urban environment could also be required
to play an insurance role because of its storage capacity, particularly to meet
13

Economic study on urban network coupling, AEC SERMET (May 2021).
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winter energy consumption peaks, especially with the development of hybrid
heat pumps.
Heat networks, still insufficiently developed in the territory, could benefit from
the reinforcement of complementarity with other networks to improve their
competitiveness.
The study commissioned by CRE with AEC-SERMET highlighted different types of
coupling between these three networks.
The type of coupling between the different urban networks

Source: Economic study on urban network coupling, commissioned by CRE with
AEC and SERMET.
We imagined a multi-network dialogue in concentric circles, starting from the
neighbourhood to then expand progressively to the city, then its suburbs and lastly to
the entire region.
This brings to the fore the potential for complementarity between networks, based on
their already existing integration level, the technical compatibility of coupling and the
potential identified in terms of efficiency.
At the end of the work sessions carried out this year by working group no. 2 of CRE’s
foresight committee, four levels of network integration were identified, according to the
degree of integration and technological maturity of the technical solutions:
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-

a first level, the most integrated, includes the regulated networks, electricity and
natural gas, having already developed models for pooling and integrating
renewable energy within the scope of their own networks, but which manage
their investments on a basis of competition and not integration between
networks;

-

a second level, where efficiency potential is best known, associates regulated
networks with non-regulated heating and cooling networks;

-

a third level, with real potential for local energy sources but less documented,
covers the prospects offered by energy coming from waste and through
integration of public water and sewage services, which generally account for the
third energy consumption item in the urban environment and a major potential
for renewable energy and energy recovery sources in these networks’
renewable production circuit;

-

a last level, more prospective, covered the possibilities of buildings’ energy
demand control to support the offer of flexibility of tertiary activities to the energy
sector.

2.1. Political energy transition objectives contribute to structuring the offer
and the strategy of each of the regulated networks
2.1.1. Synergies between networks would limit the costs to reinforce the
public electricity distribution network
Electricity networks will have to satisfy growing demand because of the reduction in
consumption due to energy efficiency (renovation in particular) and the deployment of
new uses (heat pumps and electric mobility, electrification of industrial processes)
while guaranteeing a level of service quality at least equal to the current level.
In addition, the development of the production of renewable energies, particularly solar
power, should become more decisive for network development. Energy installations
using renewable sources (solar panel, wind farms) producing intermittent electricity
can generate surpluses at intraday level, compared to local, or even national
consumption, of about 30% of daily production14, based on sun and wind conditions.
This has consequences on the distribution networks which functionalities must adapt
to bidirectional flows15, by integrating flexibility and storage solutions.
To optimise the cost of the energy transition, it is therefore necessary to better break
down and allocate the renewable energy production sources to the different uses, while
complying with the principle of non-discrimination.

14

Source: Academy of technologies, Electricity mix trajectories 2020-2060, Comments on a study by
Ademe on the future energy mix published on 10 December 2018, January 2019.
15 A bidirectional electricity system is a technique for sending self-produced electricity load to a main
energy supply network. The network must take over in the absence of wind or sun for example. On the
contrary, it must also “transfer” energy not consumed to the extra high-voltage network.
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At urban level, coupling of the electricity network with the gas and heat networks
presents an advantage mainly for better steering of uses, at building or small island
level, optimisation of connections with renewable energies and flexibility contributions
to avoid or postpone network reinforcement investments16.
To do this, it is not a matter of imposing or prohibiting, but rather addressing market
signals and calibrating public support so that useful coupling emerges to limit
investment costs for the electricity networks. It is not about challenging the principle of
a national shop for calls for tenders, but of improving the planning of infrastructure
necessary for production, without neglecting the tariff signals that already exist in the
regional plans for the connection of renewable energy to the network (S3REnR).
Numerous market mechanisms have been created, for about the last dozen years, to
limit major variations in the electricity network by using flexibility services. While
flexibility services are well used in industrial contexts, it is difficult to development them
in a diffuse urban environment (see 2.4.3 below).
In general, the electricity network would also benefit from a multi-energy vision which
would limit network constraints and network reinforcement investments. Therefore, the
investment strategy of electricity network operators should better consider territories’
needs and resources and the change in uses, particularly self-consumption and the
development of electric mobility, which are all factors influencing the development of
coupling, in order to promote collaboration between operators and territorial
authorities.
Another avenue for thought is the injection priority granted to renewable electric energy
installations which is likely to be modified, or even lowered, under certain conditions,
within the framework of Article 12 of the regulation of 5 June 2019 for the internal
market in electricity17, for installations of installed power lower than 200 kW, and in
French territory, outside of the specific case of non-interconnected zones18. The
system operator can curtail load by compensating the producer that does not inject the
energy produced into the network. It is a less costly solution than a network
reinforcement. In addition, paragraph 2 of Article 4 of the directive of 11 December
2018 “known as RED II19”, requires Member States to take into account, in their public
support mechanisms, not only the maintenance of market signals, but also the
prevention of “unnecessary distortions of electricity markets as well as taking into
account possible system integration costs and grid stability.”

16

See section 2.4 below of the first part of the report devoted to flexibility services.
Regulation (EU) 2019/943 of the European Parliament and of the Council of 5 June 2019 on the
internal market in electricity.
18 Article L. 322-10-1 of the energy code
19 Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018 on
the promotion of the use of energy from renewable sources, known as “RED II” (Renewable Energy
Directive).
17
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2.1.2. Given the determination to reduce fossil gas, biogas and hydrogen
represent an opportunity to limit the reduction in overall gas
consumption
2.1.2.1. The development of biogas would make it possible to face the
drastic reduction in fossil gas consumption
At local level, the natural gas network faces both a drop in local consumption and an
increase in investment costs for the modernisation and security of the network. In the
medium term, the consumption of natural gas of fossil origin will decline heavily20.
Indeed, the future RE 2020 will no longer allow the installation of natural gas heaters
for new buildings (housing stock renewal of 1%), and fossil gas will be partially replaced
in the long term by gas of renewable origin.
This drastic reduction is already considered by regulated operators in their long-term
planning21. They are even anticipating the dismantling of the current transmission and
distribution networks leading to very high stranded costs22, which are already partly
integrated23 by CRE in gas tariffs24.
The challenge is therefore for municipalities to promote local uses (mobility, thermal
regulation of new neighbourhoods, industry transition), through synergies, to make
existing infrastructure profitable and to make more efficient energy choices between
gas networks and heat networks.
Local production of renewable gas in the outskirts of cities and its injection into the
network could also be boosted by coupling. The cost/benefit study performed by AECSERMET on coupling highlights the value of coupling for opening the gas network to
new uses in the urban environment, in particular collective mobility with bioNGV, which
filling stations have a low installation cost for a potentially high distributed volume,
making it possible to curb the gap between the asset value and the value in use of the
natural gas network. BioNGV solutions support the decarbonisation of the energy
system, with positive impacts on air quality. As an example of the deployment of
bioNGV mobility, the RATP (Paris public transport operator) will have, within the

20

Sources: E-Cube Strategy consultants, study of strategic energy perspectives, thesis on gas systems,
May 2018, study commissioned by CRE; Potentials of sector coupling for decarbonisation, frontier
economics, CE Delft, Thema consulting group, COWI, 2019, study commissioned by the European
Commission.
21 Source: Gas decarbonisation pathways 2020-2050, April 2020, Gasforclimate.
22 Stranded costs, defined by CRE as the residual book value of assets withdrawn from inventory before
the end of their lifetime, as well as costs relating to technical studies and upstream processes that could
not be immobilised if the projects concerned were not carried out. Particularly important in the case of
declining infrastructure, these stranded costs pass on a large portion of the cost of the energy transition
to shareholders of gas infrastructure companies. See CRE’s deliberation no. 2020-012 of 23 January
2020 deciding on the tariff for the use of GRTgaz’s and Teréga’s natural gas transmission networks.
23 While the hypothetic dismantling costs are not integrated in the gas transmission or distribution tariffs,
some costs are taken into account, such as the costs for abandoning certain parts of the distribution
network.
24 Operators having requested a reduction in the depreciation duration of assets to face the drop in gas
consumption, this faster depreciation has an impact on tariffs.
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framework of its “Bus 2025, 100% clean buses” plan, a fleet comprising 1,500 electric
buses and 2,200 buses 100% BioNGV in Île-de-France.
Another example of relevant coupling at the level of territories is the hybrid heat pump,
which has many advantages, when it replaces a gas heater.
GRDF and GRTgaz are already committed to allowing the integration of renewable
and low-carbon gas in their networks, with the goal to fully replace natural gas in the
long term. Indeed, biogas obtained through coupling and new uses including hydrogenpowered mobility, makes it possible to maintain the value of these networks, including
in the event of competition with a heat network, and therefore to limit the stranded costs
of re-sizing or abandoning infrastructure.
Today, biogas however has higher costs than imported natural gas25, but a significant
reduction in the cost per megawatt hour is expected for 2025-203026.
The progressive increase in the renewable portion (biogas) in the natural gas networks
is one of the options for the territory’s energy supply, and would contribute, for example
to ending heating by fuel in the old housing stock. But this option in favour of gas must
be addressed with caution and by considering the risk of a ratchet effect regarding the
different technological options and variable depreciation durations.
At local level, the gas distribution network has advantages to consider during the
choice of renewable energy and energy recovery solutions. In particular, the natural
gas network has an inter-seasonal storage and depletion capacity of a few hours or
days, at a very competitive price, the potential for coupling with the electricity network
through hot water cylinders and hybrid heat pumps, and lastly, a moderate marginal
cost for maintenance and operation of the network. At national level, the development
of biogas plants would provide controllable electricity production capacity, particularly
useful for replacing coal plants (there are currently three in operation in France, set to
disappear by 202227), to face the daily energy consumption peak. The magnitude and
pace of conversion will depend on the evolution of technology, fossil gas market prices
and the price of carbon28.

The “1G” biomethane purchase price ranges between €65 and €135/MWh (abovementioned E-Cube
study). In its study on the cost of renewable energy and energy recovery based on 2019 data, Ademe
considers that electricity production using biogas produced from methanisation has a high cost (€131
and €167/MWh), including when heat production is also recovered (€78 to €108/MWh).
26 The abovementioned E-cube study considers it possible to reach a target of €60/MWh by 2025-2030.
27 In compliance with the programme to shut down coal thermal plants, related in particular to the
environmental requirements of the European directive on large combustion installations.
28 The law of 17 August 2015 on the energy transition for green growth set a target of €100/tCO by
2
2030, but since 2018, the energy climate contribution remains fixed at €44.6/tCO2.
25
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In Pontivy, biogas connection as a territorial project
The West Grid Synergy project in Pontivy (Morbihan) is an innovative project for the
interconnection of industrial sites to renewable gas, developed by GRTgaz, GRDF
Soregies, SyDEV SIEML and Morbihan énergies. Although it is in an urban unit of
15,000 inhabitants, its example could inspire larger cities to facilitate their access to
biogas.
It started with a manufacturer’s desire to decarbonise switching to biogas but not being
able to finance the connection to a biogas source, which was too far from its industrial
site.
The inter-municipal group then took up the issue within the framework of the
preparation of its territorial climate-air-energy plan (PCAET) and decided to build the
network to transmit biogas to local industrial consumers by funding a backhaul
installation29.
It also wished to make this technical project a real territorial project by receiving the
population’s acceptance (through public meetings, an indicator for following
biomethane consumption on its website, creation of a training centre specialised in
biogas, etc.) and seeking to use its own waste with the implementation of bioNGV for
the station of a mass distributor’s logistics plant. From a technical point of view,
analyses enabled modelling of the capacity for compression and storage of biogas in
the natural gas network. Engineering was done by GRTgaz with internal technical
support by the local authority.
Among the different techniques for local renewable gas production, methanisation is
the only mature field to date. However, the connection of decentralised production units
may face profitability problems regarding necessary infrastructure investments. France
therefore opted for an integration method aimed at optimising costs, through a zoning
system considering the characteristics of the existing networks (meshing,
accommodation capacity) and production potential. This mechanism assesses the
technical and economic relevance of the network reinforcement investments
necessary for the implementation of the right to injection introduced by the law of 30
October 2018 known as “Egalim”30. Because the costs for the local authority for
connecting installations producing biogas, biomethane, in the existing networks vary
based on the distance between the production source and the network and also on this
network’s storage capacity. Therefore, in certain parts of the territory, investments in
gas networks to enable biomethane injection is still too costly, and it would be better
This installation is called “backhaul” because it aims to invert the usual flow of gas, which traditionally
goes from the gas transmission network to the local gas distribution network. When local biogas
(biomethane) production produced locally and injected into the distribution network is higher than
consumption in the territory (a situation which occurs most often in summer when gas consumptions are
lower), the backhaul installation enables accommodation of the local surplus renewable gas by sending
it to GRTgaz’s transmission network. GRTgaz’s transmits it to neighbouring territories for immediate
consumption or to underground storage for future consumption.
30 Law no. 2018-938 of 30 October 2018 for achieving a balance in trade relations in the agricultural and
food sector and for healthy, sustainable and accessible food for all, known as the “Egalim law”.
29
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for these territories to give preference to alternative solutions (such as electricity
production by co-generation or non-injected bioNGV). Specifically concerning densely
populated zones, the value of biogas appears to be more limited than in peri-urban
zones, because of, on the one hand, the characteristics of green biogas and hydrogen,
which are more suitable for industry than for residential and tertiary needs, and on the
other hand, the production potential in the urban environment which is currently limited.
2.1.2.2. Given the technological maturity of the field and its high cost,
the production of hydrogen does not appear, at this stage, as an
alternative to fossil gas
Specifically regarding hydrogen production using renewable energy and energy
recovery, the analyses conducted by working group no. 2, in coordination with working
group no. 4 who specifically addressed this topic this season31, show that the
technology is still insufficiently mature and rather intended for specific uses (industry,
medium- and long-distance mobility, urban transport fleets) than for collective heating
production for residential and tertiary units and injection in the gas networks in the short
term in urban environments.
Regarding hydrogen injection in the natural gas networks, and based on the
technology used, networks will have to face significant investments, according to their
quality, to respond to security challenges and the risk of hydrogen leaks. Lastly, it must
be noted that the full cost of green hydrogen production is still very high32, including
compared to low-carbon alternatives, and heavily correlated to the electricity market.
Despite the prospect of a drop in costs for 2030, hydrogen should remain significantly
more expensive than biomethane.
The GRHYD demonstrator in Dunkirk, a first step towards power-to-gas
The “Network management by hydrogen injection for energy decarbonisation”
(GRHYD) project, launched in 2014 in Cappelle-la-Grande, is one of the first French
power-to-gas demonstrators aimed at the tertiary sector and domestic users. Led by a
consortium of 11 partners, for a total amount of €15.3 million, supported by Ademe in
the amount of €4.9 million through the investment in the future programme (PIA), the
GRHYD project combines a portion of power-to-gas production, storage and hydrogen
injection through transformation of electricity supplied by the network, and a mobility
portion including production and distribution.
This demonstrator is part of the energy planning and mobility projects of the local public
authorities of the city council hosting the Cappelle-la-Grande project and the urban
community of Dunkirk (CUD) in terms of local low-carbon energy production,
(re)industrialisation of the territory and the promise made by the CUD to propose free
and clean public transport.

31
32

The hydrogen carrier, report by working group no. 4 of CRE’s Foresight committee, June 2021.
It is estimated by E-Cube, by 2030, between €130 and 200/MWh.
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In the power-to-gas component, the installation connected to a new natural gas
distribution network functions perfectly and avoided all security flaws, with injection
rates between 6 and 20% in volume in the gas networks. Following this experiment,
local pollution due to heaters - a growing concern in urban centres - decreased, which
indicates that at least a portion of the hydrogen injected reaches all the way to heating
devices. Within the framework of this project, neither the production of hydrogen from
renewable sources, nor production for mobility purposes was developed in the end.
This experiment, focused on aspects relating to gas distribution and its use in heaters,
demonstrated that hydrogen and natural gas could be mixed without any
consequences on the operation of the network and on clients’ heaters. However, it did
not help to determine whether the co-existence between hydrogen and natural gas in
the existing network and the compatibility of this injection with old-generation heaters
is technically possible on a large scale.
After this first stage, local public authorities are in favour of other experiments in their
territory and the project was greatly accepted by the population concerning the risk
associated with hydrogen.
Hydrogen has other advantages for urban mobility (collective transport) and heavy
transport (construction machines, delivery services), although the current conditions
for its production by electrolysis do not allow for planning of a generalised use in this
field. An initial application however remains conceivable for buses and refuse collection
lorries, and to a lesser extent, taxi and ride-hailing fleets. Roughly 380 bus
development projects and 70 public and private projects concerning trucks and refuse
collection lorries have been inventoried33 in many large cities and other public intermunicipal cooperation establishments (EPCI), generally with smaller fleets, from two
to eight vehicles. Other projects are more ambitious: the city of Montpellier set a goal
of 20 to 50 vehicles; Dijon intends to switch completely to hydrogen in 2030 with 200
buses, the commissioning of an initial portion of 25 buses being scheduled as from
2022; Cannes, with 70 buses scheduled for 2030; and 1,000 buses are expected to be
deployed for the 2024 Olympic Games.
Several conditions are however necessary for the appearance of an economic model
for 2030, because at this stage, with the acquisition price that is still very high 34, the
purchase of a means of collective transport supplied by hydrogen is economically
sustainable only because of public subsidies (Ademe, Regions et European
Commission).

Source: France hydrogène, ex-Aphypac, Développons l’hydrogène pour l’économie française,
prospective study.
34 €230,000 for a thermal bus running on diesel, €300,000 for a thermal bus running on NGV; €450,000
for an electric bus; €850,000 for a bus running on hydrogen.
33
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In addition, the production of green hydrogen and its distribution via the retrofitted35
natural gas network are not a given because of its cost (much higher than the goal of
€5/kg) and technological expertise still not sufficiently developed. The hydrogen boom
in cities will therefore depend on the rapid improvement in technology and the drop in
costs, as well as a toughening of tax policy and regulations concerning diesel.
2.2. Natural complementarity between national networks and heating and
cooling systems must be encouraged
2.2.1. Heat networks present a major development potential
As far as the second circle of complementarity is concerned, there is great potential for
the development of heating and cooling networks in France and for synergies with
other networks. The large difference between France and the European average
regarding the share of these networks for collective and individual heating of
households (5% of French households compared to an average 11 to 12% of the heat
needs of Member States in the EU36) shows this potential.
These differences in the development of heat networks reflect political and historical
differences (emphasis placed on collective heating in Germany, and in east Europe),
differences in energy resources (wood, geothermal), dwelling density (scattered
housing in Sweden and Denmark, but very concentrated in certain geographical areas
of the south of these countries) and the historical supply choices. France made the
choice, historically, of supply by large networks controlled at national level, of energy
independence based on nuclear power and major individualisation of heating37, which
is partly justified by the low housing density.
Despite this low proportion of heat networks in France, there is a particularly high share
of virtuous networks in the country. Indeed, with a rate of renewable energy supply and
recovery from heating and cooling networks of 54% in 2017, (increased to 57% in
2020), France is in a favourable position at European level, certainly at a lower level
than certain Nordic and Baltic countries having vast natural resources, but much better
than Finland (41%), Italy (24%), Germany (11%) or Poland (4%).

35

Adaptation, renovation or modernisation of existing infrastructure.
Sources:
https://www.observatoire-des-reseaux.fr/les-reseaux-de-chaleur-en-europe/
et
https://www.euroheat.org/cbc_publications/cbc-2017/executive-summary/.
37 The major individualisation of heating in France is largely inherited from the post-war period where
individual oil and coal completed wood, the dominant energy at the time, for heating.
36
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The energy mix of heat networks in 2018
(in thermal energy from boilers)

Source: Annual survey of heat networks, SDeS/SNCU/Amorce, 2019 edition –
Analysis by Amorce.
The use of heating and cooling networks has real carbon footprint and cost advantages
when they are assessed from a full cycle point of view, independently of their time
distribution, since they are characterised by high investment costs in the early phase
but by savings on energy and current expenses during operation and little constraints
in terms of recycling at the end of the use cycle.
In addition, the use of heat networks present several other positive externalities: (i) a
relative energy performance more favourable than that of electricity from renewable
energy and recovery; (ii) the possibility of using, for many heat networks, abundant
local inputs, such as municipal waste, sewage sludge, local biomass or waste heat that
cannot be used for anything other than energy, particularly in areas not serviced by
natural gas networks; (iii) security of supply, especially regarding the abovementioned
inputs and (iv) support for local employment (12,800 direct and indirect jobs currently).
With 50% of energy in France being consumed in the form of heat, urban heat networks
are a suitable tool for massification of the use of renewable energy and energy
recovery. A joint study by Amorce and Céréma38 on the potential development of heat
networks highlighted that 90 municipalities and more than 20,000 inhabitants did not
have heat networks although they were in areas having the potential.

38

Source: Survey on classification of heating and cooling networks, Amorce and Céréma, May 2020.
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After a series of awareness-raising actions, a certain number of communities
undertook concrete approaches to create heat network installations39. France can
quickly catch up with the European average in terms of heat networks: their number
has already doubled over the last 20 years in France. Given this potential, France’s
ambition in this area is reflected in the multiannual energy plan by a five-fold increase,
from 2012 to 2030, in the power of heat supplied40 and a three- or four-fold increase in
the number of buildings connected. This commendable ambition will require very
significant financial and technical efforts from territorial authorities if this goal is to be
reached.
2.2.2. The value of heat networks is reinforced by the natural
complementarity with national networks
2.2.2.1. Coupling between heat networks and the electricity network
presents many advantages, particularly to respond to France’s
high thermal sensitivity
France is characterised, at European level, by a relatively high use of electricity for
heating purposes, related to the importance of nuclear electricity production, the use
of electricity for domestic and not only industrial purposes and lastly, to its housing
stock in terms of insulation. This French specificity results in the French electricity
system being very highly thermo-sensitive, about 2.3 GW per degree Celsius in winter,
i.e. two nuclear plants per degree, half of Europe’s thermo-sensitivity, which represents
a total of 5 GW/°C41. This major thermo-sensitivity risks being exacerbated by the
progressive disappearance of gas and fuel heaters and the rise in electric mobility.
Moreover, because of this thermo-sensitivity, the scheduled shutdown of French coal
plants could pose a risk to winter supply, even if it appears that the French electricity
system has sufficient margins.
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Among which: Cavaillon, Bergerac, Menton, Carpentras, Orange, Dreux, Cambrai, Draguignan,
Tarbes, Gap, Sète, Bastia, Albi.
40 Objective “Factor 5” resulting from 9° of I of Article L. 100-4 of the energy code: “To respond to the
ecological and climate emergency, national energy policy aims: […] To increase five-fold the quantity of
renewable and recovery heating and cooling supplied by the heating and cooling networks by 2030”.
41 Source: Robin Girard, 24 May 2019, Variability in electricity consumption and temperature sensitivity.
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The thermo-sensitivity of four European countries (Germany, United Kingdom,
Spain and France) for the year 2015

Source: Robin Girard, Energy-alternatives.eu, 2019 42
This specificity of French temperature sensitivity creates additional constraints for the
electricity network, which must face major consumption peaks in the morning and
around 7 p.m. and much higher withdrawals43 in winter. To manage them efficiently,
network reinforcements are necessary. These are costly (forecast costs, which vary
according to sources, are estimated by RTE at 33 billion euros for the next 15 years
and based on the study on the modernisation of power systems in the G744, from €21
to €57/kW) and are undertaken today without prior systematic analysis of alternative
scenarios. There are funded to a large extent by the public authority, via resources
coming from the tariff for the use of the public electricity network (TURPE).
An energy mix more balanced in the production of heat would significantly reduce these
network reinforcement costs and use local available resources, which would otherwise
remain unused, creating jobs.

Ibid. Analysis resulting from Robin Girard’s research.
Withdrawal: physical consumption of sites or the sale of energy (export or declared supply) which
represents the consumption of a given perimeter.
44 Source: Power system modernisation in the G7, A report from the Canadian Presidency of the G7,
2018.
42
43
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2.2.2.2. Complementarity between gas networks and heat networks
also exists
Reference energy for the operation of heat networks, natural gas accounts for 37% of
the supply of “virtuous” urban heat networks which produce the power using 50% or
more of renewable energy or energy recovery.
Gas networks can continue to play an insurance role given the increased use of heat
pumps but also heat networks, in the case of difficulties in accessing the renewable
resource supplying them. They are expected to remain the preferred solution where
heat networks cannot be implemented. On the contrary, when, within the framework of
optimisation between networks, a new heat network using renewable energy or energy
recovery is deployed in a neighbourhood, the possibility of abandoning gas network
assets must be envisaged. This matter is not currently considered the PPE or Ademe’s
Fonds chaleur (support fund for development of renewable heat).
The Paris urban heating company (CPCU), a pioneer heat network constantly
adapting
The CPCU network has shown remarkable adaptability in the evolution of its supply
sources. Since 1930, it has “greened” considerably, today reaching a rate of renewable
energy and energy recovery of 51.3%. The main source is currently household waste,
in close link with SYCTOM45 (42.1%), ahead of gas (38.3%, of which 1.3% biogas),
wood (5.9%), liquid biofuel (0.5%) and geothermal (0.7% mainly in La Villette and Les
Batignolles).
This flexibility is also inter-seasonal: supply via SYCTOM suffices to cover needs in
summer, gas being used only as a backup in winter.
Greening is continuing with, firstly, the use of waste heat, whether from computer
storage centres (la Chapelle business zone, with power of 450 kW in the long term,
half of this currently available), the operation of cold networks (Climespace at Hôtel de
Ville), wastewater (Wattignies scool), or in the long term, from hospitals (Saint-Vincent
de Paul hospital), and secondly, the development of smart meters, and lastly, the total
elimination of coal supply.
2.2.3. Despite their advantages, heat networks remain insufficiently used
Several factors limit the development of heat networks and their coupling with
electricity and gas networks, which is reflected, despite all their advantages, by a
growth rate of a factor of only 1.75 between 2012 and 2020.

A highly disparate price

45

SYCTOM: The metropolitan agency for household waste for Île-de-France.
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First, in comparison with the price of electricity, which varies little across the national
territory (because of tariff equalisation, the principle of non-discrimination based on
uses, and the distribution monopoly), the price is heat is highly disparate and lacks
transparency for local decision-makers. It depends on local resources, the level of
depreciation and the maintenance needs of the heat production installation when it
exists, as well as the investment and connection costs for the installation. Its
performance in terms of relative prices also depends on the urban density of the area
serviced. Its price in absolute value is finally the product of commercial negotiation with
heat network operators for which local authorities are not always correctly armed.
Tax bias unfavourable to heat networks
Second, tax expenditure heavily drives households towards individual rather than
collective heating solutions and does not take coupling into account in the energy
transition. The installation of solar panels, for the purpose of self-consumption, has
direct support, with the guaranteed purchase price and different aids (Ademe, ANAH),
independently of any use of a storage mechanism which would control the costs
generated for the electricity network, and indirect support (CSPE – public service
charges for electricity). As for very high-efficiency gas furnaces, they benefit from
various financial aids from the government for energy efficiency upgrades such as
insulation, ventilation, converting oil heaters, etc. These aids encourage households
to obtain furnaces with lifetimes from 10 to 15 years, which reduces interest in and the
capacity to use urban heat networks being installed or undergoing densification.
Working group no. 2 of CRE’s Foresight committee agrees in this regard with the
thorough diagnosis drafted by the Court of Auditors46. It revealed that the support for
renewable energy in 2016 was ten times greater for electrical energy (€5,276,10
million) than for thermal energy (€689 million) and should be revised. Rebalancing of
electrical energy and thermal energy is therefore particularly necessary to moderate
the global public and private cost of heat and cold production, and to use their positive
externalities.
Lack of visibility because of the distribution of fixed and variable costs
Lastly, renewable energy and energy recovery suffer from a lack of visibility because
of the distribution of their costs between fixed and variable elements and their value
mainly for buildings, or neighbourhoods or a town.
Prior investments are the responsibility of local authorities, who then do not benefit
from any advantages related to the competitiveness of the price of energy consumed47,
and on the contrary, risk losing tax income, particularly from the tax on final electricity
46

Source: https://www.ccomptes.fr/sites/default/files/2018-04/20180418-rapport-soutien-energiesrenouvelables.pdf.
47 This moreover, cannot be resolved by a tariff structure with a major variable portion. While it enables
better recovery of energy savings following, for example, a drop in consumption related to a mild winter,
or an occasional drop in energy prices, it also makes users more vulnerable to an increase in this price
(market increase, tax increase, etc.) or a rough winter, while at the same time these changes still depend
heavily on the price of gas, still the leading energy used, even by so-called virtuous heating networks.
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consumption (TCFE). It is therefore more advantageous in the short term, at the level
of a local authority, to promote the installation of solar panels and positive-energy
buildings which are viewed very favourably by public opinion and have less visible and
almost painless costs, because they are shared at national level. In addition, network
coverage is already present without it being necessary to undertake substantial road
works which are a source of discontent among residents.
Variable and fixed costs of the main heating modes for an average building in
social housing (170 kWh/m2/year), in 2016, before tax credit

Source: Amorce
2.2.4. Public action in favour of heat networks is growing but requires
better calibration
The central issue for urban heat networks is therefore that of the rapid and effective
identification, at local scale, of the possibilities for deployment of competitive networks,
considering the effects on the gas networks (stranded costs) and the effects of urban
renovation on their profitability.
Mobilisation of waste heat, particularly from industry and the tertiary sector (data
centres for example), shown by the AEC-SEMERT study commissioned by CRE to be
the most interesting energy source in cities today, and of energy recovery is one of the
keys for successful coupling between urban heat networks and other networks.
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The Val of Europe heat network:
a successful example of waste heat recovery
Since 2012, the Val d’Europe heat network in Île-de-France recovers the heat from a
data centre to heat an area of 600,000 m 2, uses it through a heat exchanger to heat
water in the heat network, before distributing it to the buildings connected, which has
a pool and a business incubator (almost 6,000 m2 in total). A business park, hotel and
housing project will soon be supplied by this network. The system is equipped with
backup installations operating with natural gas. Dalkia funded most of the installation
costs (network, heat exchanger), i.e., almost 4 million euros.
Public pro-active action is therefore necessary for revealing the value of the
development of heat networks for a more balanced energy mix enabling a reduction in
the temperature sensitivity of the electricity sector.
This is gradually being implemented with 25 actions decided by the Government in
October 2019 for the development of heating and cooling networks48, the automatic
classification of networks49, the termination of support for connection to gas networks
in areas serviced by a heat network50, and the gradual elimination or conversion of
networks supplied with coal. These actions have begun to produce their effects.
Other actions in the Government’s roadmap are yet to be completed: examine the
possibility of setting up a bonus in the Heat fund for local participative projects; raise
the criteria for eligibility to the 5.5% VAT on the price of heat delivered for networks
termed “virtuous”51; impose the update of master plans for heating and cooling
networks in municipalities that have a network, every ten years, by systematising the
assessment of the opportunity to create a public cold distribution service; publish
contract models so that pricing remains adequate in the long term; allow for a cap on
the fixed portion of pricing; clarify the billing mode for connection costs, etc.

48

Source: https://www.ecologiquesolidaire.gouv.fr/sites/default/files/2019.10.07_eb_ew_dp_reseauxchaleurfroid.pdf.
49 The automatic classification of virtuous networks, in accordance with Articles L. 712-1 to L. 712-3 of
the energy code, is required to play a decisive role, making it possible to support investment decisions
and better distribute costs, using maps of installation potential drawn up by sector players. The main
limit of this mechanism lies in the fact that this obligation only applies to new buildings or buildings
undergoing substantial renovations, for creations of new networks and buildings which needs exceed
30 kW and which heating mode is modified.
50 See CRE’s deliberation no. 23 January 2020 deciding on the equalised tariff for the use of GRDF's
public natural gas distribution networks. It notes, on page 9, that the Minister of Energy requested, in
accordance with the provisions of Article L. 452-3 of the energy code, the termination of aid for the
connection of new clients and loyalty instruments for existing customers, in order to avoid future
stranded costs, which CRE took into account by eliminating the incentive mechanism for consumer
connection.
51 A heating network is termed “virtuous” if it is more than 50% supplied by renewable energy or energy
recovery. The Government’s action plan intends to raise this threshold to 55% in 2025 and 60% in 2030.
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The preferred avenues for the development of the rate of renewable energy and energy
recovery in heat networks are, based on a study by Amorce52, first of all, local biomass,
and in particular wood, given France’s large forest potential. Solid recovery fuel and
biogas are also to be encouraged despite a slower progression. Deep geothermal
energy is an interesting solution, source of little disturbance, sustainable and which
technology is mature, but faces low availability, high initial investment costs and low
social acceptability. Solar thermal remains little developed and the number of large
installation projects dropped sharply in 2020. All these solutions are not always
adapted to the urban environment.
According to the AEC-SERMET study, a target price of €80/MWh (excluding tax) would
enable the emergence of competitive heat networks using waste heat in cities. This
competitiveness depends heavily on carbon tax and subsidies. In the choices to be
made within the framework of synergies between heat networks and other networks, it
must be taken into account, on the one hand, the benefit of the use of waste energy,
the associated reduction in the cost of waste treatment and the impact of energy
greening, and on the other hand, the stranded costs in the gas network identified at
€150/linear metre of heat network when it is created in an area where a gas network
pre-exists.
In 2020, support to heat networks through the Heat fund managed by Ademe, reached
a significant amount with €350 million committed, with a large portion mobilised in heat
networks (39% of the envelope). But the contribution of the Heat fund, unanimously
appreciated is, by all accounts, still insufficiently calibrated, despite the significant
increase in its funds given the goal set by the Grenelle 2 law in 2020 53, only 60%
achieved (between 3 and 3.5 TWh compared to a goal of 8 TWh/year). The
assessment must also be tempered given the type of projects funded. A lot of
renewable energy and energy recovery capacity is funded by the Fund based for
extensions of existing networks and the commitment of the entire Heat fund is also
driven by the increase in the aid amounts.
Moreover, it would be useful to undertake a revision of the Heat fund’s approach which
encourages competitiveness of heat networks compared to gas networks without
incorporating the matter of the overall interest of the energy system as a whole and the
need to avoid cross or badly proportioned subsidies.

52

Source: Heating and cooling networks supplied by renewable energy and energy recovery, Strategy
and development perspectives for the field in France by 2050, Economic, social and environmental
impact, July 2020.
53 Law no. 2010-788 of 12 July 2010 on the national commitment for the environment, known as
“Grenelle 2”.
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2.3. The integration of public water and sewage services would benefit from
being reinforced in coupling schemes
In the third circle in terms of coupling potential and complementarity between networks,
are public water and sewage services and the use of their waste, in a shared approach
encouraged by the German Stadtwerke54. In a logic of circular economy, but also of
reduction of soil pollution, they constitute a cheaper power to supply heating networks,
some gas networks and more marginally electricity networks. However, a certain
number of regulatory obstacles and lesser maturity of coupling technology currently
limit the potential and value of this complementarity.
2.3.1. Public water and sewage services represent energy transition
levers still underused
Public water and sewage services total 878,000 kilometres of pipeline for distribution
of drinking water, connected to more than 20,000 water treatment plants55. Each of
these services takes the form of a local public industrial and commercial service, hence
a very territorialised management with great variety in sizes and prices, paid by users
depending on the service rendered.
Public water and sewage services are identified in territorial climate-air-energy plans
(PCAET) as energy transition levers in the 14 plans studied by Amorce. The water
cycle is indeed local authorities’ third carbon emissions item and the fourth energy
expense item.
From the point of view of public water and sewage operators, energy represents 20 to
25% of operating costs. It is in their interest to control them by adjusting the electricity
consumption of factories and their networks. Design of energy sobriety measures
however implies knowing and diagnosing the state of the networks, which is a
challenge in the absence of data available at the level of the concession and reference
data available based on the size of the water treatment plants. Drinking water leaks
remain very significant, 20% of flows in circulation, and major leakage in sewage
networks, causing a useless increase in pumping and treatment which adds to the
overall energy bill. Some territories, for example the departmental board of SeineSaint-Denis, launched an initiative to diagnose public water and sewage services’
energy performance, to set specific treatment goals in concessions.
Public water and sewage service operators also take advantage of the use of sewage
sludge to produce biogas, through the development of hydroelectricity or by recovery
of heat in sewage networks thanks to heat pumps. The cost of the heat sold by energy
recovery units to heat networks is very competitive, around €10 to €25/MWh.

Literally “municipal workshop”, Stadtwerke is a municipal entity with public or joint status which
generally takes over electricity, gas and water distribution, but also urban transport, collection and
treatment of urban waste, etc.
55 Source: eaudefrance.fr.
54
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The circular economy model for waste treatment in the urban environment

Source: 23rd forum of local authorities, Ensemble 77.
Coupling potential of public water and sewage services with energy networks is varied:
optimisation of energy consumption and coupling with electricity networks by the
mobilisation of electricity flexibility services, use of sewage sludge by the production of
biogas, thermal transfer of waste heat to the heat networks. As an example of this type
of coupling, in Roquebrune-Cap Martin (Alpes-Maritimes), the recovery of heat from
sewage network operation ensures 1,200 MWh/year of heating and cooling needs for
an eco-neighbourhood of 20,000 m2.
There are frequent opportunities for neighbourhood recovery near to hydraulic
equipment, at the level of neighbourhoods (example of the Saône-Beaujolais treatment
plant, close to a an eco-neighbourhood of 10,000 m2) or even near to municipal
equipment (water sports centre of the urban community of Arras located close to a
waste pond; renovation of a gymnasium in Metz close to a drinking water reservoir).
In order to meet heating needs, coupling with wastewater networks gave positive
results (Paris, Brest, Métropole européenne de Lille, Saclay), particularly when it
includes thermal storage mechanisms, either with heat networks supplied by wood,
waste, geothermal energy or waste heat, or with gas networks (co-generation and
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micro-generation, biogas production, with experiments in hydrothermal gasification,
heat pumps), or by tri-generation56 using wood.
All the same, the investments necessary for this purpose have a cost which frequently
exceeds the profitability expected by the public water and sewage service operator.
This cost must therefore be included in territories’ energy strategies, and supported by
other players, considering the positive externalities coupling is likely to bring.
2.3.2. Coupling is possible with public water and sewage services for
waste recovery
More specifically concerning the production of biogas from sewage sludge,
methanisation of wet biomass (fermentable waste57, sewage sludge) has a real
complementarity potential, estimated by GRDF at 10 TWh by 2050. The treatment of
livestock manure and sewage sludge, however, presents relative disadvantages
because of the prior drying operations sometimes necessary, which are energyintensive and leave a major global carbon footprint. The economic model of this
treatment scheme is likely to be reinforced by better recovery of the by-products
coming from these installations (return of digestates to the ground replacing chemical
fertiliser) and by a favourable tax environment58.
The gas sector also highlights the value of new waste recovery techniques, which will
develop significantly by 2050. It could therefore be the right time, within this framework,
to encourage the hydrothermal gasification process, still in the experimental stage, but
which offers prospects, particularly for the international reputation of French expertise.
Hydrothermal regasification enables treatment of liquid biomass with the status of
waste or residue rich in organic material. This technique allows for recovery of a larger
category of inputs and the production of methane and hydrogen. It has advantages in
terms of health and the environment because it eliminates bacteria, viruses and
pathogens and ensures the conversion of micro-plastics into gas.
GRTgaz estimates its potential for 2050 at 58 TWh, or even 138 TWh59 ; this volume
would correspond to the treatment of 20% of manure available, 30% of digestates and
40% of sewage sludge.
Pyrogasification60 of wood and solid recovery fuel such as agricultural and forestry
residue is an interesting opportunity for coupling in cities, especially for household

56

Tri-generation is a process making it possible to simultaneously produce and use electric energy,
mechanical energy and thermal energy. Systems using this process use different forms of energy and
generally reach high generation rates.
57 Livestock manure, crop residues (straw, wheat chaff, cereal dust, corn stover, etc.) ground cover
during inter-cropping periods (intermediate crops for energy purposes, herbs, fodder, etc.), food waste
from households and collective catering, waste from agri-food industries, etc.
58 For example the pursuit of the exoneration of the biomethane tax challenged by the draft finance law
of 2021, differentiation of bioNGV compared to NGV in terms of the energy tax.
59 Source: GRTgaz study, Enea consulting, Potential for hydrothermal gasification in France, October
2019.
60 Thermochemical process which consists in producing gas by heating either wood or solid recovery
fuel at a temperature between 800 and 1,500°C without oxygen, and therefore without combustion, in

47

waste incineration centres. The recovery unit should be located at least about a dozen
kilometres from the gas transmission or distribution network to ensure the economic
profitability. While it presents a potential for coupling with the three main networks (cogeneration for electricity, waste heat for heat networks and biogas for gas networks),
solid recovery fuel availability however remains limited61.
Distribution of methanisation potential available and mobilised in 2030 and
2050

Source: Ademe (2108), INRA.
Methanisation, pyrogasification and hydrothermal gasification techniques promise
positive externalities: reduction in the volume of waste not recovered; energy
production of local origin; support for environmental actions (biowaste sorting, plastic
reduction), optimisation of biowaste recovery and reinforcement of circular economy
logics.

order to decompose the material into different gaseous molecules, which will then be recombined by
methanation to produce gas that can be injected into the existing networks.
61 Currently representing 360,000 tonnes, the goal is to multiply their volume by seven by 2025, in order
to produce 3.5 TWh of energy.
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2.3.3. Recovery of sewage waste however remains hindered by regulation
unfavourable to the field
First, regulation remains particularly restrictive for the development of the waste
recovery activity. In particular, the “five flow”62 decree has an influence on the quality
and quantity of waste that can be recovered. Since 2016, it is no longer possible to mix
organic waste, coming from agriculture for example, with sewage sludge in a biogas
plant. Market participants also anticipate an upcoming amendment of the regulation
concerning installations, infrastructure, work and activities (IOTA) in the field of water
prohibiting all mixtures of wastes, whether or not they are subject to an obligation of
sorting at the source. From a more structural point of view, the hierarchy of waste
treatment modes resulting from European Union law63 and defined in Article L. 541-1
of the environment code places energy recovery behind practices such as eco-design,
reuse and recycling.
Second, there is major ambiguity in society regarding waste recovery, which explains
the low number of new installations over the last 20 years and the large distance
between them and cities. This situation is an obstacle to thermal recovery (recovery
of waste heat by heat pump or by an urban heat network). In this context, operators
focused their efforts on growing the energy performance of the existing recovery units.
Third, industrial recovery is more developed than recovery for collective heating in the
urban environment. Because, against uncertainty about the change in prices and the
supply of solid recovery fuel, it is complicated, both for a local authority to set up
commitments with manufacturers when it does not know if the activity is sustainable
and for a manufacturer to make commitments with a local authority which energy needs
from waste can vary. Among the conceivable options, a guarantee fund for the solid
recovery fuel sector could be created to guarantee supply of raw material.
Lastly, in the current state of rules concerning decentralisation, the shared and
integrated Stadtwerke model cannot be reproduced in France, which limits the
possibilities of integrating energy and water networks into co-operations between local
players on a volunteering basis.
2.4. The potential for recovering flexibility services from tertiary activities
remains underexploited
Within the fourth circle, the furthest from technological maturity, there is coupling for
flexibility purposes of buildings and tertiary activities in the urban environment, for the
benefit of the electricity network, for which the potential exists, especially in “econeighbourhoods” but which remains rather underexploited, given the still nascent
development of the identification, use and the offer of these services. Coupling
62

Article D. 543-226-1 of the environment code, stemming from decree no. 2016-288 of 10 March 2016
on diverse provisions for adaptation and simplification in the field of prevention and management of
waste, according to which “It is forbidden to mix biowaste sorted by their producer or holder with other
waste not sorted at the same time”.
63 Framework Directive no. 2008/98/CE of the European Parliament and of the Council of 19 November
2008 on waste.
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mentioned above cannot be developed solely based on remuneration of flexibility, but
it can contribute to their remuneration, given the existing potential in the urban
environment particularly in the tertiary sector.
2.4.1. New high-energy performance neighbourhoods are at the forefront
of sustainable cities
A policy for the construction of new high-energy performance neighbourhoods
represents, with the renovation of the old housing stock, especially to improve
insulation, complementary support to the development of coupling, to contain network
reinforcement costs.
First, the scope of this lever must be properly understood renovation of the old housing
stock only concerns one percent of this stock each year, and the rate of new
constructions also represents only one percent of the national stock. However, account
must be taken of the potential lever effect of a construction and renovation policy of
High environmental quality (HQE). This can heavily influence, as a driving force of
sustainable cities, uses in cities (soft or electric mobility, encouragement of energy
sobriety, self-consumption, citizen energy communities, etc.), ownership and social
acceptance of low-carbon techniques.
An initial assessment of eco-neighbourhoods “cutting edge of sustainable
cities in France”
Of 637 projects, 137 are completed, only 6 of them completed for more than 3 years
now. These programmes, led jointly with other initiatives partly pursuing the same
objectives, such as positive-energy territories or energy transition contracts, are part
of an approach rather than a benchmark having specific targets. They are the place to
experiment a certain fashioning of the city crossing the logic of the planning authority,
the town planner, with that, perfectly distinct in principle, of the network planner, over
several years, at territory level. The Ministry for the Energy Transition has set up
monitoring of local authorities’ commitment to more sustainable planning practices and
an “eco-neighbourhood approach” label, making these initiatives official64.
However, the meeting between urban planning, planning of transport and the energy
transition has not yet taken place, given the logics and economic models profoundly
different by nature. Moreover, this sector’s drive remains slow, housing being a longterm good: the choices made have consequences in the long run. All optimisation
solutions implemented today continue, a priori, to produce effects over the buildings'
lifetime.
The planner’s goal is to sell land and buildings, and therefore to build an attractive
neighbourhood for inhabitants, who are residents or professionals, at the least
expensive construction and planning cost. This goal is pursued at a relatively small
scale, that of a joint development zone, which is hardly representative of the economic,
64

See in particular the EcoNeighbourhood 2021 Charter on the website of the Ministry for the ecological
transition.
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social and territorial challenges at the level of a city. Furthermore, even operations
labelled as eco-neighbourhoods are not necessarily the most innovative in terms of
energy transition.
For developers and planners, the current benchmark gives priority to sobriety, the
thermal performance of buildings and compliance with technical standards, with
thermal regulation of buildings and insulation as levers. Energy efficiency concerns
only take second place and renewable energy and energy recovery last place and are
not systematic. The mobilisation of resources thus focuses on functional and spatial
layout rather than on the optimisation of energy infrastructure. Similarly, the effect of
urban sprawl, which follows densification of large urban centres, the increase in the
price of land and the development of new neighbourhoods on the outskirts, generates
additional energy consumption in terms of transport which is not systematically
anticipated.
Furthermore, the economic model of planning is, a priori, hardly compatible with the
integration of the goal to contribute to the energy transition.
Therefore, thermal solar energy for domestic hot water raises management and
maintenance difficulties for co-ownerships and uses up space which is more profitable
to sell in the form of housing or offices. Changes in the purchase price of solar energy
for a long time dissuaded new installation, for which new interest is however emerging
within the framework of collective self-consumption projects. Connection to the heat
network depends on public decisions at a greater scale than that of econeighbourhoods, for costs that are variable and hard to assess ex ante at the level of
a joint development zone. In addition, it is still not compatible with the
commercialisation objective when supply is ensured by biomass. Supply by the
traditional public electricity network remains, in the eyes of the planner, simpler to
manage than co-generation, which does not present any added commercial value.
When planners project supply by renewable energy or energy recovery, they give
preference to geothermal energy, which does not take up land space and generates
income for the building and public works sector.
In addition to these structural difficulties, there are obstacles in terms of the availability
of data concerning the state of the networks (electricity, natural gas, heat, recovery),
their capacity to absorb new needs emerging from planning and the additional costs
generated.
Access to these data, when an eco-neighbourhood is being designed, can however be
a lever for carrying out an assessment at a larger scale.
2.4.2. Consistency between urban planning, land use design and energy
policies
The problems identified between land use design and energy efficiency at the level of
eco-neighbourhoods, are encountered more widely at the level of the urban planning
policy of the whole territory. Because one out of ten new housing projects are built
outside any public supervision or supervision by a large private group.
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For now, successful experiments have been based on local voluntary initiative and a
clear and shared ambition in terms of energy autonomy or carbon neutrality, with
support from citizens and innovative mixed economy companies, for example, in favour
of the renegotiation of a concession or a public service delegation or a contract
deadline. The triggering factor of such initiatives may be an audit of the energy
performance of buildings (Batignolles neighbourhood in Paris, France) or a
maintenance audit, within the context of the expansion of the building area.
One of the main problems, developed in the second part of this report, is because
energy planning documents are not sufficiently prescriptive and are not imposed on
urban planning documents. The reinforcement of the link between territorial climateair-energy plans (PCAET) and local urban planning (PLU) or local inter-municipal
planning (PLUi) is therefore essential.
More generally, it appears necessary to reinforce the links between energy policies
and urban planning policy. Several avenues of work have been identified by players in
the field.
At local level, incentive targets, specific to new neighbourhoods (performance in terms
of CO2 emission for example): -40% compared to the rest of the city, or objectives
representing twice those of the national low-carbon strategy (SNBC) could be set as
of the specifications stage by local authorities to trigger a network diagnosis at the
same time as the field diagnosis. This would enable the systematic assessment of
pooling potential, for example the recovery of the waste heat of wastewater, the
installation of heat pumps in the non-potable water networks, connection to a heat
network. To reinforce social ownership of these challenges, mobilisation of renewable
and citizen energy communities would raise awareness of their members about
network optimisation matters.
At national level, it would be relevant to assess the experiments associating the
directorate general for land-use planning, housing and nature (DGALN) and the
directorate general for energy and the climate (DGEC) to promote dialogue between
territorial authorities, planners and operators in the energy sector, which strategy is
more national than local. Lastly, inclusion in the curricula of architecture schools of
training in energy performance matters, and the development of training common to
developers, planners and energy operators would encourage dialogue and better
comprehension between these professions.
2.4.3. Flexibility services, developed mainly for industrial consumers,
could also be extended to the urban environment
Apart from the matter of buildings’ energy performance, recovery of flexibility services,
a form of active consumption management, will be required to grow significantly as
from 2030, because of the increase in the variability of needs and intermittent
production sources, in particular the electricity network, as a result of a combination of
several factors: the boom in electric mobility, with an expected fleet of 16 million
vehicles in 2035, the tripling of solar energy production and the doubling of that of
onshore wind farms scheduled for 2025, as well as the effects of the new RE2020
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regulation, which will increase the winter peak phenomenon, by indirectly encouraging
the use of electric heating.
There are two types of active consumption management: that under the control of
consumers themselves in connection with the management of new uses, and that
under the control of the operator, commonly called distributed load shedding.
Regarding electricity demand flexibility, this could be partly generated by a greater
differentiation in pricing based on the cost price of the production and transmission of
electricity during the day, so that each customer has incentive to consume electricity
at a time when it is the most widely available. This implies that electricity suppliers must
differentiate their prices based on production congestion, which is now possible with
the Linky-type meters, or that CRE must envisage a differentiate TURPE (electricity
price) for these criteria.
Concerning distributed load shedding of households’ electricity consumption, this
contributes, based on the definition given by Ademe, to electricity network balance,
and potentially brings numerous benefits: drop in electricity demand during peak
periods, drop in the use of electricity production by thermal plants, reduction in
transmission constraints in the electricity network and a better insertion of renewable
energies in the network. Load shedding can also enable energy savings for
consumers, through heating supply cuts and domestic hot water supply cuts for a few
minutes per hour. This cut would be imperceptible for the consumer and would enable
average savings of 5 to 8% of total daily electricity consumption65.
For now, the potential exists may remains poorly exploited. A study by Ademe in 201766
considers that certain sectors represent an interesting load shaving potential: office
buildings or public buildings (making up 50% of tertiary sector potential, i.e., 1.4 GW),
large supermarkets (20% of tertiary potential), water treatment (20% of tertiary
potential) and large data centres.
The economic model however is not yet on point67. Specifically, regarding their
remuneration, Enedis estimates the value of local coupling flexibility (for example heat
pumps that allow shaving or power-to-gas as a storage solution) at an investment
postponement going from €0 to 24/kW per year68. But, for all these coupling solutions,
the main value is not in flexibility, which represents an added value given the main
benefits of coupling (decarbonisation, hydrogen production, renewable energy
production, etc.).

66Source:

Electricity consumption shaving in France (Evaluation of the potential for shaving by process
modulation in industry and the tertiary sector in mainland France, Ademe, CEREN, E-Cube Stratégie
consultants, 2017.
67 The sources of these difficulties are still subjects of discussion: remuneration structure? Energy level
to take part in the market? Rules for checking shaving? Etc.
68 Source: Local flexibility webinar – Presentation of surveys of interest, Enedis, November 2019.
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The development of these flexibility services implies that the local authority, through its
urban planning policy, can encourage diversity of uses, in terms of type of use,
consumption volumes, consumption times and temperature sensitivity.
Revelation and exploitation of flexibility imply that the system operator provides
conditions for a fruitful dialogue with territorial authorities and players in the tertiary
sector.
In this regard, in recommendation no. 26 of its deliberation of 12 June 2014 on smart
grids69, CRE requested distribution system operators (DSOs) to study the mechanisms
that would enable mobilisation of flexibility capacity of installations connected to the
networks when it is economically beneficial for the management of the public electricity
distribution networks and consistent with tariff mechanisms. Progress was made in this
regard by system operators. Enedis, launched calls for tenders to mobilise local
flexibility. While most opportunities for increasing renewable energy capacity in
electricity networks were identified in rural areas, certain cities have great potential, in
particular Paris70 and the “Boucle de Marne” zone71.
The possible existence of closed distribution networks, buildings' internal networks and
local energy production networks, as well as local storage capacity networks72 could
be included in these diagnoses. Without prejudice to the insurance role of public
electricity networks, the existence of such networks could generate capacity gains in
the electricity networks. Local distribution companies, as local operators by nature,
could naturally be the promoters of “demonstrators” of local multi-energy optimisation
scenarios.
The revelation of flexibility in the tertiary sector seems promising but is faced for the
time being with the absence of a sufficiently attractive economic model at local level
as well as insufficient diversity in neighbourhoods.
2.4.4. Smart grids represent an initial stage in the optimisation of energy
networks in the urban environment
Smart grids represent an initial step in network coupling and optimisation. They
improve the energy efficiency of renewable energy and energy recovery production
installations, network resilience, control of current expenses and minimise the risks of
a drop in voltage in the electricity networks.
Smart grids also interface with gas and thermal networks. For example, the city of
Simmering in Austria, combines a heat network operating in co-generation with a waste
energy recovery unit and thermal storage. The heat pump ensures an interface
between these different networks73.

69

CRE deliberation of 12 June 2014 on recommendations for the development of smart low-voltage
grids
70 Source: https://flexibilites-enedis.fr/zones/2021-paris-breteuil.
71 Source: https://flexibilites-enedis.fr/zones/2021-flex-boucles-de-marne.
72 Thermal storage of heat and cold (by hot water, molten salt, or zeolite beds) presents major
advantages at very moderate costs, promoting intraday smoothing and coupling with the energy
network.
73 Source: https://positionen.wienenergie.at/en/articles/the-vienna-model/.
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In France, local projects enabling daily control of variations in the electricity network
thanks to Smart grids are emerging, such as Nice Smart Valley, Saclay, Nanterre Cœur
université, Vivacité in Grenoble, Lyon living lab confluences, and smart connection
projects combining investments and operation of flexibility potential (Smart grid
Vendée).
Diagram of a “smart” system for production, consumption, storage, metering
and distribution of electricity, connected to autonomous network infrastructure
or connected to the public distribution network

Source: Enedis, presentation to working group no. 2, 2020.
To encourage the exploitation of flexibility potential, tools such as smart grids and
storage solutions should be combined to reduce peak electricity consumption and
therefore the needs for electricity network reinforcement.
These action levers can be combined with other tools: smarter management of daily
peaks, provided that there are sufficiently efficient and effective market signals (for
example, for charging electric vehicles), technical solutions for network interfacing,
such as heat pumps, storage mechanisms (batteries associated with solar power,
thermal or chemical storage) and greater aggregation of flexibility potential, facilitated
by the diversity of neighbourhoods and the establishment of new housing
developments.
In conclusion to this first part, several observations can be made. On the one hand,
it is clear from working group exchanges and the recommendations of the AECSERMET study commissioned by CRE that priority must be given, in the urban
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environment, to heat networks integrating waste heat and renewable gas, coming, from
the recovery of household waste or sludge waste. On the other hand, coupling between
gas and electricity networks is based on technologies still insufficiently mature that will
require, to be developed at a large scale, a drop in their operating costs and the
adaptation of carbon tax policy. Lastly, while major flexibility potential exists in cities
and smart grid technology is promising, the economic model of these services is not
yet sufficiently on point for wide dissemination.
Cost/benefit analysis of coupling solutions

Source: Economic study on urban network coupling, AEC SERMET (May 2021).
Given the local dimension of preferred solutions, it is necessary to promote a territorial
approach to choices enabling greater synergy between urban networks.
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SECOND PART:
THE LEVERS IDENTIFIED TO DEVELOP INTEGRATED ENERGY
NETWORKS PLANNING MUST BE APPRAISED TO SUPPORT THE
ENERGY TRANSITION AND ENERGY SYSTEM RESILIENCE
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1. GROWING APPROPRIATION OF CHALLENGES BY LOCAL AUTHORITIES AND
CITIZENS HOWEVER FACE MANY OBSTACLES
1.1. Action levers are numerous and local initiatives are on the rise
1.1.1. Citizen ownership
At the heart of energy transition challenges is the matter of citizens’ participation in the
transformation of the energy model. This evidently requires a change in lifestyles and the
development of new uses (electric vehicles, investment in new heating modes) and raises
the matter of the social acceptability of methanisation projects or wind farms for example.
But beyond this, an approach is developing, still in its early stages in France, but which has
long existed in countries of northern Europe, involving renewable energy communities, local
initiatives based on cooperation and non-speculative investments in the field of renewable
energy, particularly solar and wind power. The RED II directive has, for the first time, given
a legal definition to renewable energy communities, which was transposed into national law
by order no. 2021-236 of 3 March 202174 in Articles L. 291-1 et seq. of the energy code.
According to this definition, territorial authorities can be members of such communities, as
stakeholders, which could be a new lever for intervention and local commitment. In France,
the “Shared energy” movement, which brings together roughly 20,000 people, federates
these local initiatives at national level. Unlike a participative funding approach, this type of
citizen initiative implies the participation of people in project governance.
Enercitif, an example of a renewable energy community
Enercitif is a simplified joint stock company operating as a cooperative which aims to design
and develop solar plants in Paris; the energy produced is fully injected into the electricity
network. The project was created in 2016, within the framework of the participative budget
of the city of Paris, with the goal of promoting the involvement of Parisians in the energy
transition, beyond the simple production objective which remains rather modest (a few
dozen megawatt hours). The project totals 1 million euros in investment, funded on the one
hand, by the City of Paris and on the other hand by a group of 300 individuals. It enabled
the implementation of 15 solar plants, 9 of which are located on municipal buildings, mainly
schools, and 6 on social housing stocks for 750 kW.
To successfully complete this project, several obstacles had to be removed, the difficulty in
identifying and securing municipal property with the lack of thorough knowledge of the solar
potential of municipal property despite the existence of a solar map which however is not
adapted to operational implementation. Another obstacle encountered is the need to comply
with competition rules which are not suitable for this type of very specific call for tenders.
To multiply this type of citizen initiative, a derogation from certain public procurement rules,
for calls for tenders made by local authorities for energy supply, could be welcomed to
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Order no. 2021-236 of 3 March 2021 transposing different provisions of Directive (EU) 2018/2001 of the
European Parliament and of the Council of 11 December 2018 on the promotion of the use of energy from
renewable sources and Directive (EU) 2019/944 of the European Parliament and of the Council of 5 June 2019
on common rules for the internal market for electricity, taken in accordance with law no. 2019-1147 of 8
November 2019 on energy and the climate.
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facilitate renewable energy development projects considering the citizen participation
criterion. Lastly, a revision of criteria related to the citizen bonus within the framework of
calls for tenders seems necessary to avoid the windfall effects observed before any
reinforcement of expansion of this bonus to call for tender mechanisms or outside of calls
for tenders.
From a more prospective point of view, the modelling done by the Université Grenoble Alpes
as part of the Nexus Energy project75, in partnership with Ademe, envisages pooling of
production and storage between inhabitants gathered in cooperatives, who could in turn
associate to share the investments and engineering and guarantee the reliability of their
supply. To guarantee this supply, these cooperatives could invest in wind and hydraulic
power on the outskirts of cities and enter into agreements with tertiary buildings which have
different needs.
But this model has its disadvantages, because it is based on volunteering and selfconsumption, which impact on the necessary investments in the electricity networks is not
yet considered in operator investment strategy and, at this stage, marginally in pricing. Selfconsumption also presents extra costs in terms of management and treatment of data. This
organisation would be dependent on citizen involvement based on volunteering. While such
initiatives can emerge without the intervention of territorial authorities, mobilisation of these
authorities is a major asset for federating, organising and disseminating local energy
initiatives across their entire territory. In general, these initiatives, although commendable
as they elicit commitment from citizens to the energy transition, they are not sufficient on
their own to meet the goal of the PPE and SNBC.
1.1.2. Mobilisation of local authorities
The Nexus Energy76 study also envisages a scenario placing local authorities at the heart
of energy policy, adopting the solution of increased control by inter-municipalities of energy
management in their territories with local specialisation and optimisation of the different
networks. Among all the scenarios envisaged, this appears as the one most capable of
reaching an economic and energy optimum to meet the objectives of the energy transition,
thanks to complementarity and greater exchanges between regions.
Apart from social and economic modelling, the observation made by all of the associations
of elected officials met within the framework of this working group (Association of the regions
of France, Assembly of the communities of France and France Urbaine) is that of growing
interest by municipalities in energy matters and increasingly numerous innovative initiatives
in this field, in particular, the creation of demonstrators, as shown by the report of the working
group no. 2 of CRE’s Foresight committee of October 2019, called “Energy transition and
territories: new roles, new models”.
75

This research project by the Université Grenoble Alpes, in partnership with Ademe, covers the possible
scenarios of the energy transition by type of city player. It enabled modelling of the emergence of very different
intermediate entities, which intervene between large operators and end consumers, in order to envisage
energy management in the living spaces of the future. The study analysed different sets of energy policy
players with modelling of their action, collaboration and opposition logic. Each scenario assumes
preponderance of one of these players (large companies, citizen cooperatives, local authorities or the State)
and takes into account the specific social and economic functioning of the players, but also scientific and
economic data, such as scarcity of the resource and the energy storage price. For each scenario, levers for
switchovers were identified. See: www.nexus-energy.fr.
76
For more information: www.nexus-energy.fr.
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But from local individual initiatives which reproducibility potential is still not well documented,
it is now essential to switch to a general and rationalised development of local energy
production, through existing tools (SRADDET77 and PCAET above all) in a coordinated
manner with other local policies (land use planning, urban planning, travel issues, through
SCOT, PLU and PLUi and PLH) without neglecting territories that have fewer financial,
geographical or competence resources.
Several elements boost this dynamic towards a generalisation of local energy initiatives. In
particular, the new generation of planning tools, particularly energy master plans can
represent a vector for rationalisation of energy planning in connection with urban planning
and housing policy.

City of Lille end environs: an energy strategy led at the level of a city, an example of
municipalities’ voluntarism
As the leader of the energy transition on its territory the city of Lille, ambitious environmental
objectives were set in the PCAET approved on 19 February 2021: 45% drop in greenhouse
gas emissions for 2030 and carbon neutrality for 2050, doubling of local renewable energy
production, 16% drop in energy consumption for 2030.
In terms of governance, the City set up a high council for the climate, composed of four
parties: municipalities, social and economic players, experts and scientists, and citizens. A
diagnosis was performed regarding the characteristics of the territory (highly dependent on
imports and having a high housing density, with excellent servicing by gas and electricity
networks, with heat networks present in 6 municipalities), the population (300,000
households in precarious situations) and its high potential for heat recovery (waste
incineration in Halluin).
Given these elements, the city council decided to develop a “heat highway” consisting in the
connection of the Halluin waste incinerator to the heat networks of Lille, Roubaix, Mons-enBarœul, Villeneuve d’Ascq and six other municipalities. The energy produced by the waste
recovery centre will serve to supply these urban heat networks using 65% renewable energy
or energy from recovery, i.e., the equivalent of the purchase of 5 million euros of gas per
year, for the benefit of 50,000 to 70,000 homes and for carbon saving of 50,000 tonnes per
year.
This project will contribute to the improvement of air quality by heavily reducing the
emissions of fine particles related to the burning of coal by enabling the definitive shutdown
of the Mont de Terre coal plant as from 2021. This energy, independent of fossil energy
prices, and having a reduced VAT rate is under controlled costs.
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SRADDET defines, in accordance with Article L. 4251-1 of the general code for local authorities, stemming
from the NOTRe law, medium and long-term objectives in the region’s territories, particularly concerning
energy control and recovery.
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Quantification of the costs and gains expected was assessed by the technical departments
of the City of Lille within the framework of dialogue with applicants for the takeover of the
operation of the waste recovery centre and the heat network. Modelling of the impact on
delivery point substations78 was done by Enedis at the request of the City of Lille,
considering several parameters such as the impact of power reserved for backup and
anticipating future potential levers for energy optimisation (increase in the rate of renewable
energies, development of flexibility services, etc.).

Presentation of the Lille heat highway network “Heat networks at the heart of energy
transition policy”

Source: Métropole Lilloise, intervention before working group no. 2, 2020.
The PCAET79, PLUi80 and the master plan for development of heat networks produced by
the City of Lille were the subject of global reflection and concomitant adoption.
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A delivery point substation is an electrical industrial structure found at the intersection between the
transmission network and the electricity distribution networks. To transmit electrical energy across the entire
French territory, voltage must be reduced, in order to suit the different needs of consumers; this is the role of
a delivery substation, enabling conversion from high to medium voltage (HTB/HTA). It therefore plays an
essential role in the global electricity system. See www.enedis.fr.
79 PCAET: Territorial Climate-Air-Energy plan.
80 PLUi: Local inter-municipal urban planning plan.
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Other urban planning policy tools were mobilised: classification of the heat network 81,
thematic planning and programming tools82 to impose collective heating solutions,
encourage the abandonment of individual oil heaters and electric heating.
These tools were completed, for the purpose of complementarity with existing networks, by
a smart metering mechanism in partnership with Dalkia and Enedis, by an investment in 400
NGV buses, partly supplied by the recovery 50,000 tonnes of biowaste transformed into
biomethane and biognv, in connection with Engie, and support for households using oil, coal
or wood for heating, located outside the scope of the heat network, for their connection to
the gas network within the framework of an agreement with GRDF.
The total amount of investments stands at 75 million euros, of which 40 million for the “heat
highway” transmission network and 35 million euros for the development of the Lille and
Roubaix heat distribution networks. This project has financial support from Ademe in the
amount of 12 million euros and the European Union through the FEDER fund in the amount
of 13 million euros.
Several key factors of success were identified: political engagement by the city, which was
useful for overcoming the opposition of seven municipalities which roads were particularly
concerned by the works, support from the prefect, improvement in the competences of Lille’s
technical departments, suitable governance, mobilisation of appropriate financial means and
an effective partnership with energy specialists.
1.1.3. Incentive regulation
The legislator provided for mechanisms with great incentives to encourage local authorities
to use their new energy competence, stemming in particular from the “NOTRe”83,
“MAPTAM84 and “TECV”85 laws.
For example, departments are authorised, in accordance with Article 88 of the Grenelle II
law of 12 July 201086, to own and operate renewable infrastructure through mixed
undertakings87. In addition, this same Article states that “all moral persons can […] operate
a solar installation on their buildings”.

This possibility was extended to all local authorities by the law of 17 August 2015 on the
energy transition for green growth, which Article 109 amended Article L. 3231-6 of the
general code of local authorities.

81

On the basis of Articles L. 712-1 and L. 712-3 of the energy code.
On the basis of Article L. 123-1-4 of the urban planning code.
83 Law no. 2015-991 of 7 August 2015 on the new territorial organisation of the Republic, known as the
“NOTRe” law.
84 Law no. 2014-58 of 27 January 2014 for the modernisation of public territorial action and affirmation of
métropoles, known as the “MAPTAM” law.
85 Law No. 2015-992 of 17 August 2015 on the energy transition towards green growth, known as the “TECV”
law.
86 Law no. 2010-788 of 12 July 2010 on the national commitment for the environment, known as “Grenelle 2”.
87 See section 1.2.2.1 below
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Regarding regions, their role as leaders in the energy transition is clearly affirmed. Their
resources were therefore increased, both in terms of planning tools and financial means.
The “4D” draft law88 must accompany the implementation of a national renewable energy
plan giving more regulatory and budgetary resources to local authorities, providing for, the
delegation of the allocation of a portion of the aid granted under the heat fund and the circular
economy fund managed by Ademe to regions, for a total of 100 million euros.
State-local authorities contracts enable the latter to be supported in the implementation of
their energy goals.
State-region plan contracts (CPER) and energy transition contracts (CTE) are undeniably
a step forward. The new ecological stimulus and transition contract (CRTE), which
promotes action at inter-municipal level and the implementation of energy transition
projects specified by the PCAET, should develop rapidly through the support of the
national agency for the cohesion of territories (ANCT) and within the framework of the
stimulus plan, but the impact however is not yet known89. We can however deplore the fact
that the energy transition is in competition with other projects of local authorities.
1.2. Several institutional obstacles have been identified to the development of
synergies between networks
Working group no. 2 of CRE's Foresight committee endeavoured to identify institutional,
organisational and economic obstacles to the development of technical solutions for network
coupling that already exist. Taking stock of this situation is the essential contribution of this
report; the recommendations made should be subject to a thorough assessment later.
One observation has consensus among the members of the working group: the fact that the
energy transition will not be successful unless local authorities commit as a whole to energy
management and have clear and consistent goals over time. However, the local economic
and efficiency optimums associated with energy networks do not systematically converge
with the national balance. This is reflected by a major gap, in terms of strategy and time
scale, between the national vision set by the SNBC, the PPE, the LETCV and energy-climate
laws and the draft “climate and resilience”90 law, and the objectives set locally by local
authorities through PCAETs, SRADDETs and other master plans.
This gap between the State’s vision and the concrete implementation in the field is due to
low engineering resources of certain local authorities, local planning tools changing too
rapidly and sometimes disconnected from national objectives, which implementation is not
systematically assessed, and difficulties for local authorities to access operator data.
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Draft law on differentiation, decentralisation, deconcentration and several measures for simplifying local
public action.
89 See the Prime Minister’s circular of 20 November 2020 addressed to prefects: https://agence-cohesionterritoires.gouv.fr/sites/default/files/2020-11/Circulaire%20n%C2%B0%206231SG%20du%2020%20novembre%202020%20relative%20%EF%BF%BD%20l%27%C3%A9laboration%20d
es%20c....pdf.
90 Draft law no. 3875 on the fight against climate disruption and reinforcement of resilience to tackle its effects,
under discussion in Parliament at the time of drafting of this report.
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1.2.1. Planning tools show a gap between the State’s strategic vision and
implementation at local level
National strategy, which translates European objectives is materialised in local planning
tools (SRCAE and SRADDET at regional level, PCAET and PLU, at the level of EPCI, SCOT
at the intermediate level).
These plans are complementary and must interface with each other because none of them
alone contains an integrated vision of the territory’s energy needs and the means of fulfilling
them.
Each of these planning documents meets a different objective which was the subject of a
thorough analysis by the working group last season91. For example, the PCAET allows a
diagnosis to be made and interfaces with the CTE. The PLUi interfaces with the PCAETs
enabling identification of planning vision.
Interfacing of planning documents

Source: Ademe.
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Report by working group no. 2: The energy transition and territories: new roles, new models, October 2019.
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While the idea of a simplification of local planning architecture was addressed by the working
group, exchanges revealed that each of these documents remains necessary for the local
implementation of national strategy in terms of energy transition. However, several
difficulties were identified by the members of the working group.
First, the lack of assessment means that the effectiveness of the transposition of national
objectives to local level cannot be analysed. While the objectives defined by the State and
the distribution of competences between each level of local government are clear, there is
currently no mechanism to ensure consistency of the different exercises between
themselves and with the PPE, and there is also no retrospective assessment of the
attainment of the objectives of previous plans, such as the regional climate air energy plans
(SRCAE92). The négaWatt association performed the analysis and concatenation exercise
for the objectives of the energy aspect of SRADDETs93. This study revealed that while, in
principle, they could ensure the trajectory set by the PPE for 2030, this is less certain for
2050. It is necessary to confirm this initial analysis and extend it to the PCAETs. It would
thus be beneficial to closely follow the report being drafted by the directorate general for
energy and the climate (DGEC) of the Ministry for the Energy Transition concerning the
contribution of PCAETs and SRADDETs to ecology and energy transition policies, in
accordance with Article 68 of the law of 8 November 2019 on energy and the climate94. This
report, which should be forwarded to Parliament in November 2021, will also include an
assessment of the support provided by the State for the implementation of PCAETs and
SRADDETs.
Second, the frequent evolution in national objectives95 and methodological changes made
to the local plans transposing them leads to a time gap between planning documents and
national objectives and methodological issues. For example, most SRADDETs pursue the
objectives of the law of 17 August 2015 and therefore do not consider the current objectives
of the PPE, or the second SNBC. This problem of aligning timetables between the PPE and
the SRADDETs, leads to their continuous revision and jeopardises their effective
assessment.
The NegaWAtt association cited above observed a lack of homogeneity in methods
followed, differences in time horizons for prospective exercises and a lack of consistency
between objectives set and those attained.
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Now integrated as a component of SRADDET, with the exception of Île-de-France.
Source: NégaWatt association, Analysis and concatenation of the energy component of SRADDET,
November 2020
94 Article 68 of the law of 8 November 2019: “Within a period of two years as from the promulgation of the
present law, the Government shall submit to Parliament a report concerning the contribution of territorial
climate-air-energy plans and regional planning, sustainable development and equality of territories plans to
the ecological and energy transition policies. This report shall include an evaluation of the support provided by
the State for the implementation of territorial climate-air-energy plans and regional planning, sustainable
development and equality of territories plans. This report shall compare in particular this contribution to national
objectives and national guidelines included in the multi-annual energy programme and the national low-carbon
strategy.”
95 For example, the PPE 2020 has updated, compared to the PPE 2018, the final energy consumption reduction
goal for 2030 to 20% instead of 17%, a reduction in fossil energy consumption of 40% instead of 30% and a
level of consumption of renewable energy of 33% instead of 32%.
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Third, while each of these planning tools appears necessary given the different local levels
to which they belong, they are poorly connected with other local planning documents. In
particular, the links between territories’ energy policy and urban planning policy, recently
reinforced, are still insufficiently mobilised because of very different economic models and
a lack of common culture between urban planners and architects on the one hand, and
network operators on the other hand.
Local authorities could encourage this dialogue by organising better coordination between
documents for urban planning (PLU and PLUi), housing (PLH), urban travel (PDU) and land
use planning in general (SCOT) and those falling under public climate-air-energy policies.
Fourth, these documents show a dispersion in responsibilities between administrative
levels. Regarding the interface between SRADDET and PCAET, currently, planning at
regional level often stems from programming aggregation at the level of inter-municipal
associations and interventions, where applicable, at departmental level, from authorities
organising electricity distribution (AODE). PCAETs are not mandatory for all inter-municipal
associations and their goals are not binding96. More generally, as is often the case with
decentralisation, the sharing of competence among local authorities, given the rule
prohibiting supervision by one local authority of another local authority, is not always easy
to apprehend. Therefore, at all territorial levels, players are involved in energy transition
challenges. While sharing between the regional level for the drafting of a strategic roadmap
and inter-municipal associations which implement projects close to the field is clear, the role
of joint energy associations and authorities organising energy distribution (AODE), present
at departmental level is less certain. Moreover, cities are very active regarding energy.
Lastly, local authorities sometimes have difficulties adopting objectives set at national level,
within a framework of too little coordination in their view. Indeed, while SRADDETs have
ambitious objectives which show the commitment of territories to the energy transition, for
some, these documents reflect a problem in the collective adoption of their goals. For
example, some SRADDETs incorporate sui generis goals independent of national
objectives, such as a goal for renewable energy autonomy, which raises the matter of
solidarity between territories, at the inter- and infra-regional level, and others do not consider
the carbon neutrality objective. Similarly, documents drafted at the level of EPCIs essentially
respond to needs other than those of regional energy strategies and have a very
crosscutting purpose. The PPE currently follows a top-down logic in the setting of objectives.
While the political choices concerning security of supply or solidarity are logically made at
the level of the State, local players request greater coordination and the setting of regional
objectives, a local breakdown of the PPE and the “energy-climate” law, to integrate local
concerns, acceptability challenges and the specific goals of local authorities.

The PCAET is mandatory only for EPCI of more than 20,000 inhabitants. It must be “taken into account” by
the PLU and compatible with SRADDET.
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1.2.2. Several paths have been proposed to reinforce the efficiency of local
energy planning
The need to introduce a local variable in the setting of national energy transition objectives
received consensus among the working group participants, both for efficiency reasons, but
also to make local players more accountable and to enable local adoption of objectives. An
important step should be made with the draft climate and resilience law being debated in
Parliament, which specifies, in its Article 22, the breakdown of the PPE into regional
objectives that will have to be taken into account by regions during the preparation of
SRADDETs. The draft law also creates a regional energy committee placed under the
auspices of the chairman of the regional council and the region prefect, a State-Region
coordination body for setting the regional trajectory. This positive dynamic could be further
developed.
Regions affirm their role as leaders in the energy field. Because of the intensification of
energy decentralisation, governance systems will become more complex to control. It is
therefore necessary to clarify authority levels. While questions linger about the most suitable
governance for local energy policy, the role of the region, as leader of energy policy appears
fundamental for, in connection with other local players, ensuring territorialisation of energy
transition objectives (reduction of energy consumption, development of renewable heat,
energy efficiency, clean mobility, etc.) and sharing these objectives, in a coordinated manner
with inter-municipal associations and joint departmental energy associations, responsible
for territorial diagnoses and the supervision of projects. This requires the affirmation of
regional energy councils provided for by the draft climate and resilience draft law, as the
regional control and monitoring authority tasked with ensuring that objectives comply with
the national carbon neutrality trajectory for 2050 and that projects are carried out within a
compatible deadline.
Similarly, local renewable energy conferences could be systematised to encourage
development of a regional vision in terms of the energy transition which would integrate
resources and uses of territories, to improve social acceptance of renewable energy
production projects. At the level of departments and EPCIs, it is desirable to reinforce
dialogue between inter-municipal associations and joint energy associations within the
framework of joint consultative energy commissions (CCPE) for the coordination of their
energy investment strategies. Lastly, departmental energy conferences, stemming from the
NOME law are a useful tool but are more validation rather than coordination bodies for
network investment strategies. It would be beneficial for them to open more widely to all
local players and the different energy operators. Moreover, co-construction work ahead of
these conferences, between local authorities, the State’s decentralised services and
operators would facilitate arbitrage between the different energies.
Regarding the setting of energy transition objectives, there was consensus within the
working group that the preparation of national energy planning instruments should further
consider the operational diagnoses of PCAETs and SRADDETs, in a bottom-up approach
to enable better adoption of objectives. While it is essential for the State to maintain primacy
ultimately, for the sake of national solidarity and the necessary consistency with other public
policies, genuine coordination at the level of the minister for the ecological transition,
associating all of the regions in view of breaking down national objectives into regional
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objectives, while taking into account an inter-regional dimension hardly developed until now,
could emerge, modelled on what is already done for sharing European funds with Stateregion committees. As such, a top-down approach as is practiced today with national
objectives possibly broken down into regional objectives should be envisaged only if it is
revealed from consultation with local authorities that the sum of local objectives cannot reach
the decarbonisation goal for 2050. In practical terms, a body for consultation between
regions, large cities and the State, possibly with the assistance of CRE, ahead of energy
planning exercises should enable promotion of exchanges with local players and the
consideration of multiple scenarios to reach the national goals set. The region prefect will
be responsible, in any case, for exercising a legality control of the compatibility of
SRADDETs with the regionalised objectives of the PPE.
Then, better alignment of time horizons in planning documents should lead to effective
assessments. We can commend the initiative of the regions of France, which created a
reference for indicator monitoring of SRADDETs, proposed to the DGEC. This set of
common indicators will make it possible to make a reference for the assessment of regional
plans by regional air-climate observatories.
Lastly, it is important to reinforce requirements in terms of the preparation of planning
documents, by disseminating, for example, guidelines on their content or the methodology
of their preparation. While SRADDETs already have regulatory specifications, the PCAET
could also become more prescriptive and contain regulatory standards which would be
broken down in local urban planning documents. Similarly, the obligation to draft a PCAET
could be extended to all levels of inter-municipal associations. Lastly, in terms of
assessment, it would be relevant for a regional control and monitoring body to be tasked
with ensuring that the goals broken down are consistent with the carbon neutrality trajectory
for 2050. This mobilisation could draw on the regional energy committees provided for by
the draft climate and resilience law. It would therefore be a matter of genuinely overseeing
the attainment of France’s objectives, by establishing for example, a regional follow-up of
renewable project development and follow-up of processing times.
1.2.3. Increase in the skills of local authorities hides a lack of engineering skills
The members of the working group globally observe that there is a major difference in skills
between local authorities. Métropoles generally have the financial and human resources
enabling them to carry out energy transition projections, but a large number of EPCIs that
levy their own taxes, especially in rural territories, where renewable energy is located (wind,
solar, methanisation), do not have the means of exercising their newly acquired skill to
prepare PCAETs. In addition, the supervision of the energy transition, accompanied by
thousands of additional injection points, is more complex and territorialised than supervision
of a globalised energy system as it existed until presently with only a few dozen injection
points.
According to a study conducted in January 2021 by AdCF97, the lack of engineering within
the local authority is the first obstacle to the development of local energy projects for 49%
of participating inter-municipal associations.
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AdCF, Local energy production: opportunities and challenges for inter-municipal associations, January 2021.
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Among the factors underlying this lack of engineering, there is a lack of information about
the scope of competence of inter-municipal associations concerning energy, insufficient
human resources, perhaps due to a lack of interest by inter-municipal associations in these
topics, which are however promising, and a lack of visibility for training needs for the
preparation of PCAETs.
Local authorities’ engineering needs cover a dual dimension: a need for engineering
execution (supervision support) and a need for programming or planning engineering, both
in the identification of resources and in the determination of the evolution in local uses.
This need is partly fulfilled by the private sector, in particular concerning project engineering,
by engineering firms and to support local authorities in the implementation of a call for
tenders and the specifications. For example, the Bank of territories uses engineering firms
to help local authorities to implement their energy transition project that it finances. Similarly,
local authorities can receive the assistance of specialised engineering firms with the financial
support of Ademe, which developed an “Engineering pack”, intended for small municipalities
to accelerate the process by offering expertise for the feasibility study, the construction of
the call for tender and the selection of the service provider. As such, when territories are
well-advised, they present calls for expressions of interest for the energy recovery of their
property. Lastly, system operators, in particular the electricity distribution system operator,
could support local authorities with project engineering, in compliance with competition law.
With regard to planning engineering, some operators provide essential know-how to local
authorities. Enedis supports initiatives for strategic and prospective steering of the public
distribution system based on the renewable energy and energy recovery development plans.
Four experiments have already been conducted, with the Brest métropole and an energy
association in Indre-et-Loire, with reasoning based on assumptions, for example, by varying,
for the needs of the construction of the PCAET, the number of electric charging stations, the
creation or not of a joint development zone or an eco-neighbourhood, the percentage of
local renewable energy production, etc. This service however remains experimental and
depends on the quality and accuracy of the variables.
1.2.4. Paths for overcoming this engineering deficit are numerous
The working group explored several means of increasing local authorities’ skills.
1.2.4.1.

Develop skills by exchanges, training and benchmarking

First, it is essential to promote exchanges of good practices between regions and intermunicipal associations. This need is partly fulfilled by Ademe and other structures, such as
the Amorce network of local authorities, but currently they do not have sufficient financial
and human resources to cover all needs. It must be highlighted that engineering is not the
only key factor for the success of the implementation of an energy transition project. It is
also essential to know how to manage the process of change and isssues concerning
ownership by citizens, considering sociological, organisation and economic aspects.
Therefore the development of resource spaces and knowledge sharing between local
authorities is essential.
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Then, since one of the best means of ownership is experimentation, the deployment of
energy transition projects would enable all players, after a few years, to obtain heightened
awareness of contractual, technical and operational approaches.
Lastly, the deployment of training for local authorities, particularly for drafting PCAETs but
also for other energy transition building blocks such as techniques for managing change,
could accelerate the acquisition of new skills by local authorities and a provide visibility into
the volume for the field which is also vital for its structuration and rapid progression. Ademe
could be mobilised to develop training catalogues for local officials.
1.2.4.2.

Specifications to structure the relationship with engineering firms

Secondly, it would be relevant to draft specifications, of the use scenarios, so that local
authorities can quickly adopt certain energy transition issues. Consistent with the principle
of decentralisation, energy associations could, for example, structure engineering offers to
formalise them. If not, guidelines in the form of standard specifications would provide a
framework for practices, steer local authorities in their negotiations with engineering firms
and encourage these firms to be better trained in local authorities’ needs.
1.2.4.3.

Creation of a national engineering mission in question

Last but not least, the creation of a national engineering mission for local authorities could
be a relevant idea to federate these different actions, even if some members of the working
group fear that this would create administrative barriers. This national mission, which
administrative structure has still to be decided, would enable experience sharing but would
also be a source of acquisition of real skills for public territorial players. It could, for example,
supervise the preparation of national specifications serving as a base for negotiations
between local authorities and engineering firms. This national mission would also accelerate
local authorities’ acquisition of skills and would help them to resolve any contractual
difficulties.
This national mission could be broken down locally, in the form of a one-stop energy shop
which local authorities could address to better apprehend the scope of their competence,
obtain clarification of their needs and the means to fulfil them. This mission could be
attributed to several players to give local authorities greater choice: departmental energy
associations which have thorough knowledge of their territory or regional environmental
agencies created by regions. Ademe’s regional delegation98 would also be associated as
well as representatives of private engineering firms, system operators, distribution
companies, associations of elected officials, associations of energy professionals and
startups operating in the field of energy transition.
1.2.5. Difficulties concerning access to data raise inter-operability issues that
hinder the design of decision support tools for local decision-makers
Even among the local authorities best equipped in terms of resources, such as metropolitan
there is a lack of general decision support tools and investment decision tools for local

98

Note in this regard that the 4D draft law, being examined in Parliament, provides for the prefect to now lead
Ademe’s regional delegations.
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authorities that would be based on a standardised and shared data set. The main reason
lies in the fact that local authorities do not have easy access to data, and regulated operators
themselves that do have access do not exploit them sufficiently at concession level. Data
sets are not homogenous and are hard to exploit by third parties. Therefore, there is no tool
at this stage, to the knowledge of the members of the working group, enabling the
assessment, for each type of use (some, such as heating or mobility, using several energy
sources, others not being substitutable99), of the full costs over the lifetime of decarbonised
sources, including indirect costs, costs avoided, by an objective and independent analysis.
A decision support tool integrating the data of all energy operators is even more crucial given
that comparison between networks, to establish a local optimum, is not an easy exercise.
Because, it is not only about adding costs, but also taking into account a multitude of factors
such as: (i) variable energy performance based on the different energy sources, often
neglected; (ii) the biases due to the distribution between high initial fixed costs and variable
costs, which have consequences on the distribution of costs and advantages for local
authorities (as funders, but also beneficiaries of tax income), social housing providers,
tenants, energy sector operators; (iii) infrastructure costs generated in the customer’s home
or for the intermediary client, whether it is consequences on the cost of the building,
insulation solutions, or equipment and (iv) costs avoided because of storage solutions,
control and flexibility, which reduce network reinforcement needs.
Local authorities also highlight the insufficiency of available open data to meet their needs
for diagnoses at their own level, before any operation phase, as well as the map of networks
and their state. Renewable energy and energy recovery producers corroborate this
observation of a lack of open data available on the state of networks and the opportunities
to connect to them. The availability of such data thus remains insufficient despite regulatory
developments, and still dependent on case-by-case engineering of concession contracts.
However, the cost and benefit of the different solutions depend heavily on the physical
specificities of the territory, the potential for peri-urban heat production or recovery, as well
as the type of buildings (old, old thermal regulation standards or at the 2012 or 2020 levels),
as well as urban renovation projects. Lastly, local authorities note insufficient crossed urban
planning-energy expertise, as well as the divergence in the economic models of the building
and public works sector and that of energy operators.
System operators highlight the value of the ORE platform100 and local initiatives, such as
the Enedis Datacity Challenge in Paris, which reproducibility remains to be assessed. Some
steps forward should however be commended. Enedis and GRDF now supply reports on
the distribution network at different geographical levels, from neighbourhoods to regions, by
production field and voltage segment. These data are used for diagnoses prior to the
preparation of different planning tools in Île-de-France. Moreover, Enedis and GRDF make
available freely to the public numerous data sets on energy consumption, mobility, supply
quality, etc. Some platforms are also co-constructed with local authorities (for example, the
TerriStory project where Enedis, GRDF and transmission operators are partners).
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Non-substitutable uses of electricity (appliances, computers, lighting, elevators, medical devices, etc.), nonsubstitutable uses of gas for heat at very high temperatures.
100 For more detail see the report of working group no. 3, Give meaning to the consumer’s data, October 2019.
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Different decision support tools are being developed, such as Ademe’s RETHINE project,
with the goal to deploy an integrated digital decision support tool based on the simulation
and multi-player optimisation of energy exchanges between the heating and electricity
networks of a neighbourhood or territory, the Urban-print project by Efficacity, combining 29
environmental performance indicators, or the experiments led by Enedis, with the Hespul
association, concerning a decision support service through a map of location opportunities
for injection sites and connection simulation. When they are sufficiently mature, it would
perhaps be necessary to polish them in connection with local authorities and the regulator.
The OmegAlpes project of the G2ELAB (CNRS) laboratory:
an open-source modelling tool
The OmegAlpes project, led by CNRS and the Université de Grenoble enabled the creation
of an open-source meta-modelling tool for the optimisation of energy projects, associating
human and social sciences with technical sciences. The goal of this modelling tool is to
consider sets of players and more generally all of the variables for developing decision
support tools for local players in an open-source logic. This social and energy modelling
enables an approach by player, by energy system and by scope of responsibility, thanks to
field analyses. It provides support for negotiation and decision-making for all players at the
table, to optimise networks.
In practical terms, it served to study the set of players and governance with the goal of
recovering waste heat which, until then, went to waste in the Isère department.
The main challenge is the recovery of data coming at the same time from industrial,
commercial and public service delegation platforms (such as Enedis’s Linky meter),
platforms such as “Agora énergétique” (cooperatives) and platforms observing energy
production and consumption, which requires the development of know-how to obtain users’
consent within the framework of the GDPR.
2. THE ECONOMIC AND FUNDING MODEL FOR BUILDING INVESTMENTS
REQUIRES CONSIDERATION OF ITS POSSIBLE REGULATION
The working group’s work reveals that regulation at national level and biases related to local
tax policy do not give sufficient incentive to network complementarity at the level of
territories, in terms of optimisation of investments, which are generally analysed by network
type at national level and not from an integrated perspective taking into account local level.
The stimulus plan, the invest in the future programme and the different innovation funding
programmes are very useful in helping local authorities invest in energy savings,
development of renewable energy and energy recovery and technological innovation. But
these authorities lack assistance with choosing their investments.
2.1. Optimisation of energy network investments is at the heart of European
concerns
2.1.1. Major investments to come
The progressive substitution of fossil energy by renewable energy will require significant
investments in terms of network capacity and expansion, but also in terms of the creation of
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new networks, possible re-sizing and coupling. Indeed, network infrastructure will be faced
with major disruptions. In particular, the decentralisation of production and the development
of self-consumption can cause major deformations in electricity flows and a change in
factors sizing electricity distribution network components. Similarly, the gas distribution
networks could see a significant drop in volumes against the decarbonisation of uses.
Until now, the shadow price of CO2 has not been a decisive element for investment choices
for decarbonisation. This criterion of the tonne of CO2 avoided, as formulated in the France
Stratégie report (Quinet, 2019) must become a key indicator in arbitrage between energy
carriers. The investments necessary for the energy transition and the associated financial
constraints must be consistent with the cost of the tonne of CO2 avoided, but also with the
pace of decarbonisation of our energy mix and management of consumers’ final bill. This
challenge raises the matter of an investment system based on economic optimisation, to
ensure that a network investment does not produce counter-productive effects for other
locally established networks, considering their energy efficiency. Therefore, for example, in
each territory, there may be competition between a heat network and gas and electricity
production and distribution sites.
Obviously, without calling into question competition between players, the general interest
and global economy require minimum local optimisation. These phenomena disrupt
operators and the national energy regulator in the conduct of their activities in support of
energy transition policies. It is therefore necessary to raise the matter of the regulation of
investments in the network, whether they are regulated at national level.
2.1.2. A crosscutting inter-network vision concerning investments currently
does not exist
CRE carries out regulation of investments in the electricity and gas networks, resulting from
European law. Electricity and natural gas transmission system operators have the obligation,
every two years and every year respectively, to adopt a ten-year investment plan (TYNDP).
CRE has the power to examine the TYNDPs and checks to make sure that the investments
planned cover the needs identified and are consistent with European network development
plans. This investment regulation ensures that necessary investments are made and
performance is driven through tariff regulation mechanisms.
However, with the exception of the underlying assumptions that must be common to both
networks, the investments necessary for each network are identified independently and
without taking into account any effects on the local non-regulated networks, particularly the
heat networks.
Concerning heat networks, network optimisation is sought within the framework of the
concession, with the offers of the different candidates being selected by licensing authorities,
generally with the assistance of an engineering firm. During the creation, extension or
greening of a heat network, parties that seek aid from the Heat fund, are subject to an
examination followed by a strict verification by Ademe.
Thus, several types of regulation currently co-exist, in connection with the technical and
economic characteristics and the political and social history of each network. For electricity,
it is a mix of national and local regulation and tariff equalisation; for gas, a mix of national
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and local regulation and local prices (excluding GRDF), and for the heat network, local
regulation and prices.
With the energy transition, the effects of shifts in energy will be considerable. This new
context creates new strategic challenges which will not be able to be resolved by
“compartmentalised” regulation: how to avoid duplication of investments, with a risk of extra
costs to be funded by users and loss of the economic optimum for the local authority? Is it
legitimate for only the remaining users of a network which use is declining to finance all the
stranded costs of infrastructure that has served everyone? What regulation to organise and
manage any abandonment of parts of the network? How to ensure that infrastructure pricing
provides each user with a price signal consistent with energy policies?
Regulation shall therefore need to apprehend new subjects such as transition costs,
stranded costs, investment coordination, financing and pricing, which will require a more
integrated energy approach. From a need for optimisation for each energy, we are moving
towards a need for optimisation of energy systems.
This is clearly the case in urban areas where energy density and the potential for the
development of heating and cooling networks are greatest.
While it is important to conserve the security and regulation aspects of the current energy
distribution system while developing its insurance role, it is not yet adapted to the new
energy transition issues. A portion of the working group members consider that energy
operators still work in silos in their original specialty, while “energy consolidation” is
becoming essential for integrating renewable energy. Therefore, it is necessary to create
models integrating the different renewable energies in the existing networks, which promote
optimisation and interfacing of networks, whether they are under national or local regulation.
This could require a reinforcement of network investment regulation.
2.1.3. The new European regulatory framework calls for the adoption of an
integrated vision of the contribution of networks to the energy transition,
including those which are not currently regulated
The regulatory developments over the last five years reflect a certain consensus regarding
the benefit of placing the contribution of the regulation of large electricity and gas
transmission networks to the energy transition within a wider framework also associating
networks currently regulated exclusively at local level by convention.
At European level, sectoral integration is considered as a lever for reaching ambitious
energy transition goals. The “clean energy for all Europeans” package provides substantial
leverage in this regard.
Articles 58 and 59 of Directive (EU) 2019/944 on common rules for the internal market for
electricity and transposed by order no. 2021-237 of 3 March 2021101 encourage independent
administrative authorities to expand their work to adopt a multi-network point of view. CRE
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Order no. 2021-237 of 3 March 2021 transposing Directive (EU) 2019/944 of the European Parliament and
of the Council of 5 June 2019 concerning common rules for the internal market in electricity and amending
Directive 2012/27/EU, and measures for adaptation to Regulation (EU) 2019/943 of the European Parliament
and of the Council of 5 June 2019 on the internal market for electricity.
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therefore finds itself committed to promoting coupling between energy networks, those that
it already regulates, i.e., natural gas and electricity transmission networks, but also those
that are only partly regulated to date, i.e. the distribution networks, as well as networks that
are not at all regulated at national level, i.e. heat networks. These articles specify that
national regulatory authorities must promote “system adequacy and, in accordance with
general energy policy objectives, energy efficiency, as well as the integration of large and
small-scale production of electricity from renewable sources and distributed generation in
both transmission and distribution networks”.
Furthermore, and most importantly, these regulatory authorities must facilitate the operation
of electricity transmission and distribution networks “in relation to other energy networks of
gas or heat”.
They will also have the duty of “monitoring and assessing the performance of transmission
system operators and distribution system operators in relation to the development of a smart
grid that promotes energy efficiency and the integration of energy from renewable sources,
based on a limited set of indicators […]”.
In line with this general mission, regulatory authorities must request system operators to
assess, in accordance with Article 24, paragraph 8 of the abovementioned RED Directive,
in cooperation with the operators of heating or cooling systems, the potential for these
systems to provide balancing and other system services (storage, flexibility) and whether
the use of the identified potential would be more resource- and cost-efficient than the
reinforcement of their networks.
Finally, regulatory authorities must, under Article 11 of Regulation (EU) 2019/943 on the
internal market for electricity, measure the cost of lost load, which can encourage them to
regulate injection and storage mechanisms.
In July 2020, the European Commission published a strategy for the integration of the
energy system, the goal of which is to switch from a linear and segmented energy system
to an integrated and multi-directional system. The three pillars of the strategy are: (i) a more
circular and efficient energy system with energy efficiency at its core, ensuring comparability
of energy carriers and enabling better reuse of waste energy and byproducts; (ii) increased
use of electrification and renewable energy and the development of storage and flexibility
and (iii) renewable and low-carbon fuels for sectors where decarbonisation is difficult,
particularly thanks to hydrogen. This strategy aims to meet several challenges: (i) better
manage the electricity system, with the development of flexibility, storage and electric
vehicles; (ii) anticipate integrated planning for better use of existing infrastructure and, also,
(iii) meet related challenges such as governance, tax policy and the territorial and social
dimension of the energy transition.
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International comparison:
the consideration of coupling opportunities by the Italian regulator
ARERA, the Italian regulatory authority for gas, electricity, water, heating and urban air
conditioning took up new missions entrusted by the RED II directive to regulators of Member
States, developing several regulatory tools.
Concerning investment regulation, while it does not formally approve electricity investment
plans except for the portion covering network resilience, it requires gas and electricity TSOs
to elaborate common forecast scenarios which serve as a base for their investment
programmes. It also established a strategic plan for heating and cooling networks, to perform
a joint assessment of heating networks and gas distribution networks through a cost/benefit
approach aimed at optimising local planning of energy infrastructure.
This multisectoral approach is also reflected in ARERA’s tariff regulation. It in fact adopted,
during its last tariff exercise, incentives to promote investments in energy recovery, waste
recovery and the reuse of wastewater. Other levers for a global systemic approach were
also set up: incentive regulation to facilitate a mitigation service for electricity transmission
promoting DSOs’ actions to reduce network incidents; incentives for the supply of real-time
data and experiment on shared architecture between different public services (water,
parking, air quality, etc.) to deploy shared smart gas metering.
Lastly, Italy set a cost of lost load (€40,000/MWhLost load), as incentive regulation for a better
quality of service of the electricity transmission network.
After these pilot projects comparable to the “regulatory sandbox” system of the French
regulator used to experiment new regulations or derogations, Italy now intends to introduce
a mandatory approach, to develop renewable energy.
ARERA still lacks hindsight to judge the effectiveness of coordinated planning of the different
networks. While it does not plan currently for the reinforcement of its powers concerning
regulation of local investments, it deems it possible for local multi-energy planning to be
ensured, either by local gas and electricity DSOs, or by local water, heating and cooling
companies, or by municipal and regional authorities.
The more integrated investment dimension desired by the European Union means adding
to CRE’s traditional missions a greater territorial vision of all of the networks (which it is
already implementing in the approval of plans for connection to the distribution and
transmission network for biogas).
These missions will be even more important now that the European package has recognised
the right of local authorities to disconnect from the least efficient networks by 2025 and has
set maximum durations for concessions.
CRE can also play the role of dynamic regulator vis-à-vis local authorities to support them
with diagnoses of their territories’ needs and resources and the implementation of their
network investment strategy.
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2.2. CRE’s missions should evolve to better consider the network coupling
element
2.2.1. While a change in CRE’s tariff regulation mission does not appear to be
appropriate, it could further encourage operators to integrate coupling
alternatives instead of network reinforcements
The regulated tariff for the sale of electricity (TRVE), guided by the principle of tariff
equalisation, ensures equality of all citizens in their access to energy, and is essential for
national cohesion. In addition, every year electricity consumers contribute 25 billion euros in
taxes. Any envisaged infringement of this tax base would have to be compensated by
another base and it is not conceivable in the short term to revise this system, as long as a
pure and perfect competition system does not exist.
Concerning natural gas, the system is less controlled. The development of biogas,
particularly within the framework of an initiative by local authorities for the development of
their agricultural economy and planning of their territory, could require rethinking the tariff
regulation for this energy source. This issue should be assessed by further work of the
Foresight Committee.
The question of national tariff regulation for heating networks was raised during the working
group’s study. It concluded that such regulation for heating networks does not seem relevant
because they depend on local resources. Therefore, it would be particularly complex to
standardise at national level, the tariffs related to these networks, most of which are not
interconnected and which pricing reflects several local parameters: energy potential
available nearby, size, number of clients, etc. Moreover, the tariff optimisation of heating
networks is performed at the concession contract level, based on bids made by candidates
during the attribution of the concession, then during the regular revision of prices based on
the contract formula integrating published indices and subject to the control of the licencing
authority.
The goal is therefore not to extend tariff regulation to the heating network, but to better
coordinate investments to promote the interests of the end consumer and build consistent
local investment strategies, especially through tariff incentives. This optimisation cannot be
achieved exclusively by tax incentives and subsidies. Because, although there are elements
guiding investments, such as reduced VAT for networks with a high rate of renewable
energy, subsidies through the Heat fund or procedures for classifying heating networks,
French energy policy, especially its fiscal aspect, only minimally takes into account the
carbon element. Indeed, energy taxation pursues multiple goals, first and foremost that of
budgetary performance, hardly compatible with taxation to promote behavioural or
environmental changes.
Within the framework of better inclusion of the coupling element, it is necessary to pay
specific attention to the risk of cross-subsidies and regulatory tools artificially favouring
certain technologies.
In this context, CRE could seize the opportunity afforded by Article 11 of Regulation (EU)
2019/943 of 5 June 2019 on the internal market for electricity to set a price for lost load
favourable to coupling. This provision, which does not require transposition, authorises the
regulator to define the cost of lost load within the framework of the determination of the
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failure criterion which justifies the maintenance of network capacity. This mechanism was
set up by the Italian regulator (see box 2.1.3) enabling the valuing of the MWh of lost load
at a higher price than that of the MWh distributed. It would be useful to test this mechanism
in France.
All these avenues aim to integrate opportunities which coupling represents as alternatives
to network reinforcements and to better take into account the positive externalities of not
investing in these networks.
2.2.2. “Soft local regulation” of network investments could promote network
optimisation and interfacing
In addition with tariff regulation, CRE could also adapt its investment regulation. This
provision implies giving CRE greater regulation powers for the approval of investments in
the distribution networks.
Since 2016, the Council of European Energy Regulators (CEER) recommends for system
operators to have the widest view of the value chain and extend it to the overall network. In
a recent publication102, CEER recommends that European regulators not limit themselves
to silo vision and adopt a global systemic approach to regulation to better consider the
financial and technical impact of a TSO’s or DSO’s choices on other players and that they
define the framework in which the system operator would have the incentive to make
investment decisions beneficial for the system as a whole rather than a simple logic of
optimising its own network. In its conclusions, the document recommends three levels for
integrating the concern for network complementarity: (i) at the least, better coordination
between system operators to use all of the unexploited advantages of complementarity,
enabling a drop in price, a reduction in network disruptions and decarbonisation at a lesser
cost, thanks to efficient coordination and planning; then (ii) better inclusion across the value
chain, of the impact of network investment choices on other market participants, such as
energy producers and new services, based on the data and lastly (iii) CEER encourages a
multi-network regulatory approach to release the potential of additional flexibility in the
electricity sector through technologies such as power-to-gas and power-to-hear to respond
to new uses. For this, consideration may be given to setting up appropriate direct or indirect
regulatory incentives to encourage network operators to use a systematic approach and to
defining new regulatory requirements for system operators in this regard.
At national level, the form to be considered for reinforcing global economic optimisation of
investments of all the networks regulated or not regulated by CRE did not receive consensus
among the members of the working group and the matter needs to be examined during
upcoming work by the Foresight committee. It can be noted however, that certain network
distributors, members of this working group, are in favour of making it mandatory for system
operators to jointly optimise their investments under CRE’s control. The regulator’s analysis
and the resulting economic signals should bring to light the operating cost savings made
possible by the optimisation of investments.
In order to ensure investment optimisation also at local level, there is also a need for
regulation of investments at this level, and must be addressed at this level to guarantee its
102

Source: CEER, Paper on Whole System Approaches, 2020.
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relevance and operational capability, given the fact that renewable energy sources, types of
uses and authorities organising networks are located locally.
Some participants wish to maintain the current system to guarantee that local authorities
competent in energy matters keep significant decision-making power regarding their heating
and cooling networks, since they are best placed to make these choices, as they have a
knowledge of the local challenges specific to each heating network. In addition, local
authorities have a special relationship of trust with heating system operators and do not wish
for this relationship to be challenged.
In this regard, the application of Article L. 322-11 of the energy code103 which gives CRE
new power to request changes to the network development plans drafted by the electricity
distribution system operators, will require regulatory provisions104 to structure the regulator’s
action to guarantee the existing control powers of authorities organising energy distribution
(AODE). Moreover, concerning the specific plans for zoning of biomethane connection, they
are approved by CRE after prior consultation of AODE.
Consideration is also being given by certain members of the working group to attributing to
regions and or Metropoles new powers to verify the consistency of the decisions of the
different operators in terms of network investments in their territory.
Other members envisage completing CRE’s regulation missions by an investment regulation
mission extended to non-regulated networks, distinct from tariff regulation and which should
not be changed now. This could require deconcentration of CRE’s power at the level of
territories, to regulate, jointly with local authorities, investments in energy networks, at the
local level and in an integrated manner. While investment regulation would be CRE’s
responsibility, it would have to integrate the view of local authorities, in a soft regulation
logic. CRE could thus facilitate local dialogue, particularly concerning negotiations, between
system operators and local authorities in terms of network coordination.
With regard to the a posteriori control of the energy and economic efficiency of network
investments, including in the coupling dimension, members of the working group consider
that the existing bodies (CRE, but also the Court of auditors and ministries’ inspectorates)
can play this role, just like the control exercised by parliamentarians within the framework of
the revisions of the SNBC and PPE.

103

Article amended by order no. 2021-237 of 3 March 2021 transposing Directive (EU) 2019/944 of the
European Parliament and of the Council of 5 June 2019 concerning common rules for the internal market in
electricity.
104 The decree which must specify the provisions of Article L. 311-11 of the energy code has not been passed
yet.
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CONCLUSION
Members of the working group agree about the existence of organisational and institutional
obstacles to the development of network synergies, particularly a lack of engineering within
certain local authorities, planning difficulties, lack of investment arbitrage at local level and
non-incentive energy taxation.
Among the solutions put forward, discussion remains open on the choice of solutions to
adopt and it would be useful to study the conditions:
-

for better coordination between network investments;

-

for optimisation of local investments;

-

for greater intervention by CRE at regional level;

-

consistency between time horizons and goals of local plans with national strategy;

-

better consideration of the needs and resources of territories compatible with the
State’s view of the energy transition.
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