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FOREWORD 
 

 
Verbatim Olivier Paquier: While visions of the 

future are often clouded by various threats to the 

future of humanity, as illustrated by the health crisis 

of 2020, renewable energies offer everyone the 

opportunity to think about the 21st century with 

confidence: their development, which is only in its 

infancy today, will change the world in ways that are 

still barely glimpsed. Thanks to their constant 

progress and rapid diffusion, which many French 

companies are already developing successfully, it 

will soon be possible to change everything: to 

change territories, to change cities, to change travel, 

to change lives themselves without giving up living 

fully, traveling, investing, working, consuming and 

enjoying. Renewable energies are finally creating a 

desirable future for everyone and for future 

generations. This booklet from Dubai, the result of a 

collective effort, attempts to define the contours of 

this future and to show how many French companies 

are already contributing to it. 
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Awareness of climate change has made enormous 

progress. But isn't it already too late? 

This awareness has certainly made considerable progress 

over the last two years and is now global. In fact, 

meteorological disasters are multiplying on all continents. 

It is becoming more and more difficult not to see in them 

the influence of global climate change. And other 

environmental alerts, starting with the collapse of 

biodiversity and even of the wild animal population, have 

come to reinforce the concerns. While they may have 

multiple causes, many are due to human activities. 

Governments, united in 2015 in Paris for the COP21, are 

now divided between those who take the threat very 

seriously, including the new European Commission and 

the new administration of the United States of America, 

and those who still pretend not to believe in it, or are too 

busy with other issues. On March 15, 2019, at the call of 

Greta Thunberg, millions of students demonstrated in 120 

capitals - never before seen. Opinion is becoming 

demanding. 

But isn't it already too late? Scientists are warning that the 

"carbon budget" will soon be exhausted to keep global 

warming below 2°C, and even faster to stay near 1.5°C. 

Global CO2 emissions, which had appeared to have 

stabilized for two or three years, started to rise again in 

2018 and 2019. Admittedly, the 2020/2021 pandemic and 

containment broke this new rise, but for how long? Some 

changes may endure - increased use of telecommuting, 

less use of air travel. But that won't be nearly enough. For 

many, the case is clear: it is no longer time, because to 

reach the targets set, we would have to reduce emissions 

by unprecedented and therefore unrealistic percentages 

each year. In short, 30 years will soon be lost as the 

Convention on Climate Change was signed in Rio in 1992.  

And what if there was still an asset, certainly not sufficient 

on its own, but very important nonetheless? What if this 

asset was renewable energies, biomass, wind, 

hydroelectric, solar, geothermal, marine energy or energy 

potential related to the recovery of waste? Has nothing 

been done? Yes, it has: through research, development 

and above all deployment in the field, their costs have 

been reduced in a staggering way, especially for the 

"latest new ones ", wind and solar. Solar photovoltaic, nine 

times cheaper today than ten years ago, and wind power, 

almost four times cheaper according to the Lazard Bank - 

probably a little less on land but more at sea, as offshore 

wind power is a considerable resource in Europe, 

highlighted by the International Energy Agency. 

It is true that we started from a high base. Some people 

still regret the money spent, given the apparent slimness 

of the result achieved in 2020: 7% of the world's electricity 

from wind power, only 2% from solar power. And during 

these same ten years, nuclear power has declined; as a 

result, the boom in renewables has not yet reduced the 

CO2 emissions that come from electricity production - 40% 

of the total. 

Yes, but... wind and solar power, which were among the 

most expensive energies ten years ago, are now among 

the cheapest. Often cheaper than gas or coal-fired power 

plants, sometimes even cheaper than the cost of fossil fuel 

alone: for example, it is no longer profitable to keep 

existing coal-fired power plants in operation in Europe. 

Renewable energies: our future 

Professor Michael Grubb of the University College of 

London has put this into a picture, that of a  

"logistic" or simply "S" curve  

of penetration of a new technology, called to replace 

existing technologies.  

In this curve, which is written by a single and simple 

mathematical formula, three phases can be distinguished: 

a slow maturation, then an explosive deployment, and 

finally a slowdown. 

 

 

In the case of renewables, the first phase has just been 

passed - that of a slow deployment, because this 

development had to be financially supported. 

The second phase has begun, that of an "explosive" 

deployment - exponential in fact. Is such a reduction in the 

use of fossil fuels "unprecedented"? No. For example, 

French CO2 emissions fell by 30% in nine years, between 

1979 and 1988, as a result of the ramp-up of the nuclear 

power program. 

Finally, tomorrow, the third phase will be reached, that of 

slowing down before completing the substitution. Perhaps 

it will be more difficult to replace gas and coal in electricity 

production, because of the variability of solar and wind: 

INTRODUCTION  

Figure 1- Michael Grubb's penetration curve for a new 
technology 
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solar is not there to light up the night, the wind blows when 

it wants. 

The limits of renewable energy are constantly being 

pushed back  

Twenty years ago, grid operators thought it would be 

difficult to integrate more than a few percent into the power 

grid. Then they thought they could integrate 15%, then 

20%, then more and more...  

Today, wind and solar provide nearly half of Denmark's 

electricity, with Ireland and the Iberian Peninsula not far 

behind. The confinements - with overall electricity demand 

falling but solar and wind production fully maintained - 

have highlighted what will happen with a proportion of 

renewables in electricity consumption increased by nearly 

10 points that will normally be reached in a decade or so: 

except in California for a brief moment, there was no 

problem.  

In practice, there may be no limit - it also depends on 

which "controllable" (at will) sources, such as 

hydroelectricity, are available. Or storage capacities, such 

as pumped hydroelectric energy storage (PHES) can be 

developed… Or interconnections between neighboring 

networks… Or from the increased flexibility of electricity 

demand. And finally, the storage that electricity consumers 

- some of whom have become decentralized producers - 

can make available to everyone, from the hot water tank 

that is controlled by tariff signals to the batteries in electric 

cars in the garage. 

Yes, but... electricity, while it absorbs nearly 40% of 

"primary" energy, represents only 20% of "final" energy, 

the energy that reaches consumers, whether companies 

or individuals, while it is all CO2 emissions that must be 

reduced and then practically eliminated. The necessary 

energy savings, voluntary sobriety, or increase of 

renewable heat (biomass, geothermal, solar, biogas) will 

not be enough. The decrease of wind and solar costs 

comes into play here again - via the increasing 

electrification of the economy: from buildings to industry 

and transport. Beyond the "spontaneous" increase in the 

role of electricity in modern economies, the availability of 

large amounts of inexpensive renewable electricity calls 

for an even greater push towards electricity, with the use 

of heat pumps, and electrification of public or individual 

transport of people and goods. 

In some cases, however, electrification seems impossible: 

ships, airplanes, some industrial processes and perhaps 

large trucks. Fuels are still needed and can sometimes 

come from biogas. But these fuels can also be produced 

by electricity: by electrolysing water, hydrogen and various 

hydrogen-rich products are produced. Some, like 

ammonia, which today is a base for nitrogen fertilizers and 

tomorrow an energy carrier, do not contain carbon and 

their combustion does not cause any CO2 emissions. 

Others, such as methanol, a major ingredient in the 

chemical industry, or synthetic hydrocarbons, will combine  

"renewable" hydrogen and carbon from the atmosphere, 

directly or via biomass. 

This may seem remote, even unrealistic; if the integration 

of "variable" energies such as solar and wind will pose 

difficulties in fully "decarbonizing" the electrical systems 

that meet 20% of final demand, will it not be even more 

difficult to use them to decarbonize the remaining 80% of 

final energy demand, which is currently obtained mainly 

from fossil fuel combustion (transport, heating, heavy 

industry, etc.)? Well, no, it's actually the opposite. Indeed, 

hydrogen production is eminently flexible; it can be 

interrupted when the production of variable energies 

struggles to meet the demand for electricity. All in all, by 

adding to today's electricity consumption new flexible 

consumption / transformations such as these, we will 

facilitate the integration of variable energies such as wind 

and solar.  

We could also store hydrogen for long periods of time in 

underground saline cavities or import hydrogen-rich 

products from countries that have a large supply of wind 

and solar energy, in order to cover consumption peaks. 

Germany, Japan and the Netherlands have already 

announced their intention to import renewable energy in 

these various forms, while others, such as Australia, Chile 

and Morocco, and certain countries in the Middle East, 

believe they are in a position to export surpluses that they 

do not need.  

Both optimists and pessimists think that the world ... is the 

best of all possible worlds. The former see no need to 

change it, the latter think it is just impossible. We simply 

have to be realistic and limit climate disruption as much as 

possible: this can still be done to a large extent. It is 

probably no coincidence that all the major energy 

forecasting exercises converge in highlighting energy 

savings and renewable energies as the main levers for 

meeting the challenge of climate disruption while ensuring 

the resilience and energy security of the global economy, 

all this while making a major contribution to universal 

access to energy and improved air quality. 

This report presents a "French vision" of renewable 

energies with the conviction that their development will 

contribute to preserving the future of humanity on our 

planet. 
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To accompany their economic growth, most industrialized 
countries have set up, during the 20th century, systems of 
production, transport and distribution of energy based on 
a vertical and centralized logic. 

According to this model, energy from large production 
units (nuclear, thermal or hydroelectric) is injected into a 
network that transports it over long distances from the 
point of production to the point of consumption. 

This logic was imposed because of the economies of scale 
obtained by increasing the size of the systems and the lack 
of technologies available at the time to efficiently manage 
decentralized architectures that had to balance production 
and consumption in real time. 

With, on the one hand, the digital revolution and, on the 
other hand, the emergence of new energy production 
technologies, it is now possible to envisage energy 
systems based on a much more horizontal and 
decentralized logic (relying on the 4Ds trend: decarbonize, 
decentralize, digitalize and decrease - consumption -). 

 
This model can rely on different sizes of production 
facilities, to meet the specificity of each need. The 
multiplicity of production units promotes greater resilience1 
and security of supply. This model also relies on intelligent 
coupling of complementary production modes and uses. 

A. Renewable energies: projects 
adapted to all scales 

Renewable energies can be produced by units of any size: 

from small installations on individual houses to industrial-

scale power plants supplying entire cities, including eco-

districts in OECD countries and autonomous "mini-grids" 

in isolated villages, particularly in developing countries 

where the grid is largely absent in rural areas or in island 

zones. This variety of scales is an asset: renewable 

energy production technologies can thus be adapted to 

the specificity of local consumption context. 

Photovoltaic solar energy, often referred to as distributed 

energy, can be produced on a small scale: by modules or 

photovoltaic tiles on the roof of a house. This solution 

offers a power of a few hundred or even a few thousand 

watts. On the other end of the sprectrum, a large scale 

solar energy can be produced by a huge solar field 

connected to the transmission grid. This solution provides 

several hundred megawatts.  

Hydroelectric power can be produced by a small "run-of-

river" turbine with a power of a few dozen kilowatts, or by 

a huge dam with a reservoir and pumped hydroelectric 

energy storage (PHES), which can have a power of more 

than one gigawatt. 

 
1The ability of an energy system to continuously withstand changes in 
supply and demand to provide energy to system users. 

Wind energy can be produced by small retractable masts 

(very adapted to tropical areas subject to hurricanes), with 

turbines of 100 or 200 kilowatts, up to large offshore farms 

composed of several tens of masts each carrying a turbine 

that can exceed 10 megawatts.  

Biogas energy produced from the methanization of 

organic waste or sludge from wastewater treatment plants 

can be conceived on the scale of a farmer, a district, a 

municipality, a union of municipalities, or a large 

metropolis.  

Another example is energy from solid recovered fuels 

(SRFs), which are no longer of any real market value but 

still have a high calorific value. By 2025, France has set 

itself the goal of diverting 2.5 million tons of waste from 

landfills to be recovered in the form of SRF, which would 

save the emission of 80,000 tons of CO2 equivalent. 

Opening the way to decentralization and local control of 
generation resources, this diversity of scales reduces 
dependence on centralized resources, whose potential 
unavailability, has a strong impact on the network due to 
their size. Having the possibility of adapting the size of the 
installation to the volume and load profile of a given 
consumption point also makes it possible to locate 
generation as close as possible to demand and thus 
reduce transmission losses. These different solutions will 
eventually lead to the creation of Positive Energy 
Territories. 

B. Development accelerated by new 
technologies and lower costs 

The technologies continue to develop and make it possible 

to reduce the production costs of renewable energies and 

to integrate the equipment in new environments.  

The strong public support initiated in the early 2000s in 

Europe has resulted in a scale effect and an increase in 

competition, which has led to a sharp decrease in 

manufacturing costs. At the same time, the development 

of solar energy has led to a significant improvement in the 

performance of systems in recent years. The investment 

cost per kilowatt-peak has thus decreased by 32% 

between 2016 and 2019, reaching an average cost of 

€800/kWp for large-scale ground-mounted plants and 

€1,100/kWp for building-mounted or shaded modules 

(RTE, 2019). The prices are decreasing according to the 

surface of panels installed and much more dispersed at 

low power: individual installations for individuals are thus 

around 1500 to 2500 €/kWp. 

On average, the production price of photovoltaic electricity 

today varies between 48 €/MWh and 85 €/MWh in 

I. RENEWABLE ENERGIES: MULTIPLE, COMPETITIVE 
AND COMPLEMENTARY  
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Metropolitan France, even more competitive in countries 

with more favorable sunshine. Ground-mounted projects 

allow a much lower price than those on buildings.  

As for the wind, the investment is about 1 300 to 1 700 

€/kW on top of which it is necessary to add approximately 

100 €/kW of cost of connection to the network. The power 

of a conventional wind turbine varying between 350 kW 

and 5 MW, the investment of a wind farm can therefore 

amount to several tens of millions of euros. The resulting 

production price of electricity from conventional wind 

turbines varies between 55 and 90 €/MWh.  It is an energy 

whose injection to the electrical network is profitable and 

competitive.  

With the emergence of offshore wind energy, new 

geographical areas are becoming accessible, with stable 

wind regimes. These are either "land-based" installations, 

such as the projects that will soon be launched off the 

coasts of Brittany and Normandy, or "floating" 

installations, the first of which was installed by BW Ideol 

(Figure 2). Four pilot projects are also under development, 

including two in the Mediterranean. The commercial phase 

should be launched in 2020. 

In the solar sector, overlaid or building-integrated 

photovoltaic solutions are developing with a wide range of 

offerings. More generally, investments in R&D are very 

high and recent innovations show that heterojunction or 

perovskite-based techniques open the way to highly 

motivating increases in yield. The latter can be produced 

in "roll to roll" mode and reproduced on a large scale, 

allowing a significant reduction in costs.  

This is the industrial production method that ARMOR has 

developed for the manufacture of organic photovoltaic 

films (OPV). This technology is used to develop solutions 

for integration into the building envelope that are discreet 

and aesthetic and can take any shape. These ultra-light 

applications can be adapted to all types of supports, for 

nomadic use or used indoors because they are very 

sensitive to artificial light. 

Through this massification, ARMOR aims to respond to 

the industrialization of energy renovation work such as 

that motivated by EnergieSprong. This approach, initiated 

in the Netherlands in 2012, aims to accelerate the 

development of zero guaranteed energy renovations 

based on a logic of prefabrication and industrialization.  

C. Huge sources of renewable energy 
still to be combined and optimized  

Renewable energies make it possible to take advantage 

of the natural resources present in abundance in certain 

regions.  

Thus, thanks to the regularity and constancy of marine 

winds, offshore wind turbines have a high production level. 

An increasing fraction of new installations are located far 

from the coast: 80% of the wind resource is located in 

maritime areas with a depth of more than 60 meters. In 

these areas, the use of new floating wind turbine 

technologies, i.e. installed on a floating foundation simply 

connected to the seabed by means of anchor lines, seems 

to be preferred. The Gulf of Lion is the second largest wind 

field in Europe. As indicated in the International Energy 

Agency's special report of November 2019 "Wind outlook 

2019", the potential of offshore wind energy is enormous, 

particularly in Europe, where it alone represents 12 times 

the total electricity demand of 2018.  

Figure 3 - ASCA® OPV films from the ARMOR group. 

Figure 2 - Floating wind turbine installed by BW Ideol. 

Figure 4 - Integration of OPV films in a thermal insulation 
by the exterior (realized by ARMOR's OPV subsidiary). 
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The Mediterranean coasts being particularly bold, several 

projects of floating wind farms are under development. 

The EOLMED project (25 MW installed in Occitania) is an 

example: it relies on wind turbines equipped with a floating 

foundation, itself developed by BW Ideol, a French 

company that already has several floating wind turbines in 

the world (France, Japan). Similarly, the EFGL project led 

by Engie and its partners plans to install a pilot floating 

wind farm off Leucate - Le Barcarès by 2022. France also 

benefits from the complementary nature of sunshine that 

varies from region to region, three distinct wind regimes 

and hydroelectric resources concentrated in mountainous 

areas or along rivers.  

In other regions of the world, the combination of renewable 

energies is already a reality, notably in Cameroon, where 

hydroelectric dams are confronted with the problem of low 

water levels. By shifting the electricity mix towards a 

combination of solar and hydroelectric energy, we can 

take advantage of their seasonal complementarity: solar 

photovoltaic electricity production is at its highest during 

the dry season and allows us to save water in the dams - 

and conversely, the dams' production is at its highest 

during the wet season, when solar energy is not very 

available. 

The Ngaoundéré solar project (30 MW) developed by 

Générale du Solaire, will for exemple allow substantial 

water savings at the Lagdo dam (72 MW), to form a more 

resilient mix within the electrical network of Northern 

Cameroon, better adapted to the seasonal rhythm. 

The multiplicity of renewable production methods makes it 

possible to ensure an intelligent and robust mix. By relying 

both on variable resources (wind, solar, etc.) and on non-

intermittent controllable resources (biomass, geothermal, 

hydroelectricity in countries without a dry season, etc.).  

This multiplicity makes it also possible to ensure security 

of supply, provided that full advantage is taken from  

building an intelligent production mix, integrating all the 

constraints (availability of the various means of 

production) and forecasts (demand forecasts, weather 

forecasts, maintenance forecasts for the means of 

production, etc.), as well as storage and demand flexibility, 

in order to avoid the risk of a blackout due to imbalance 

between electricity supply and demand. 

In this context, digitalization is an essential complement to 

the proper management of renewable production. 

D. Intelligent coupling: an imperative 
condition for the development of 
renewable energies 

By "coupling" we mean the synchronized operation of 

several modes of production or consumption. The 

multiplicity of renewable energies allows intelligent 

coupling at several levels: 

1. Between renewable electrical generation means, i.e. 

the installation on the same site of several types of 

generation means operating in a synchronized manner. 

This is particularly useful for off-grid installations supplying 

isolated areas. For example, to supply a Telecom antenna 

by grouping wind & solar, possibly with a storage solution 

or by hybridizing it with a generator serving as a last resort. 

For the same reason, hybridization between intermittent 

variable renewable energy - wind, solar - and constant or 

controllable non-intermittent energy is recommended - 

geothermal, hydroelectricity or methanization. 

Coupling and hybridization tend to optimize synergies and 

mutualize costs. For example, it is relevant to install 

floating solar power plants on artificial lakes formed by 

hydroelectric dams: on the one hand, the connection to the 

grid can be mutualized; on the other hand, it is an optimal 

coupling between intermittent renewable energy (solar) 

and non-intermittent renewable energy (hydraulic).  

2. Between forms of energy, i.e. exploiting the 

multiplicity of forms of energy produced by coupling, for 

example, renewable electrical and thermal energy. Some 

French companies are specifically positioned to exploit 

these complementarities, such as DualSun, which designs 

and manufactures hybrid solar panels that are both 

photovoltaic and thermal. 

3. Between supply and demand, in order to adapt 

production to the demand curve and to adapt demand to 

the - often predictable - variability of production. The aim 

is to meet the changing needs of the seasons and the flow 

of people in a given area. The objective is also to move 

from a "one-way" system - in which demand is considered 

as an input - to an "intelligent" system - in which production 

and consumption are articulated to ensure the adequacy 

of one to the other. 

For example, French companies such as MyJouleBox or 

Comwatt are developing management tools that enable 

the optimal management of supply and demand, by 

integrating production (weather) and consumption 

forecasts through usage analysis. 

Concrete examples that are already widely spread are 

based on the coupling of the hot water tank that stores the 

excess of solar production at midday and thus significantly 

increases the rate of self-consumption or on the proposal 

to shift the switching on of the washing machine to a later 

time slot for which a surplus of electricity production is 

anticipated. 



#01 
 
 

 

T
H

E
 
D

U
B

A
I
 
N

O
T

E
B

O
O

K
S

 

11 

On a larger scale, we can cite the example of Saint Nicolas 

de Glénan below  

EDF Store & Forecast has equipped the island of Saint-

Nicolas des Glénan with its Energy Management System 

(EMS), which enables optimized and autonomous 

management of electricity production facilities and local 

flexibilities. The island thus benefits from a maximized use 

of local renewable energies as well as the maintenance of 

a more secure supply/demand balance because it is 

based on a varied energy mix (photovoltaic, wind, 

generator) and various storage means (battery and 

compressed air storage). After 6 months of operation, the 

EMS has achieved periods of electrical islanding, i.e. 

without any fossil fuel consumption, 82% of the time and 

up to 6 days in a row in September 2019. The average 

penetration rate of renewable energies on the island 

reached 65% over the same period. 

4. Between production, storage and network, the 

storage of energy (in the network or locally) makes it 

possible to manage in time the adequacy between 

production and consumption of energy. Storage capacities 

act as buffers between supply and demand. Being able to 

predict production and demand allows to optimize the use 

of storage capacities (for example, by using batteries early 

in the morning when weather forecasts allow to foresee a 

significant sunshine in the middle of the morning which will 

then allow to recharge them).  

Optimizing solar production, consumption and storage can 

provide an effective response to the growing demand for 

reliable, economical and sustainable electricity. 

As an example, the Générale du Solaire group has 

brought together a consortium of French and African 

companies to develop and implement a solution 

integrating several innovations in the fields of renewable 

energy, batteries and energy optimization.  

The project, intended for the self-consumption of the 

University of Abidjan's supercomputer, not only reduces 

the consumption of a pre-existing generator but also 

considerably reduces the energy bill, while improving the 

reliability of the power supply and its environmental 

footprint.  

Thanks to the intelligent coupling of these different 

technologies (PV, batteries, generator) and to the control 

of both consumption and production, the project offers 

greater autonomy of electrical installations in the face of 

the instability of the network in African cities.  

In order to push this logic of matching supply and demand 

as far as possible, the use of information and 

communication technologies is a source of value creation. 

The aim is to move towards an "Internet of Energy” by 

interconnecting the various means of production and 

consumption via networks. These networks play the role 

of last resort when local sources do not produce enough. 

These networks also play an optimization role, provided 

that they rely on the intelligence levers offered by 

digitalization ("smart grids").  

All these coupling methods make the reduction of the 

carbon footprint and the logic of economic maximization 

compatible.

 

 

 

 

Figure 5 - EDF Store & Forecast EMS on the island of 
Saint-Nicolas des Glénan, © Frédéric Henry / ADV. 
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EXAMPLE - Different scales for photovoltaics  

 
 

 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 - Collective and individual photovoltaic projects ((©n11 
architekten gmbh). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7 - Saint-Charles market in Perpignan (Akuo): The largest 
rooftop integrated photovoltaic power plant in the world. 

 
 
 
 
 
 
 
 
 
 

Figure 8 - O'MEGA1, the largest floating solar power plant in 
Europe (Hydrelio® floats by Ciel et Terre). Its annual production 
allows to supply more than 4373 households with electricity. 
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Study on the cost of renewable energy  

 
 
Figure 9 - Overall weighted average prices resulting from auctions, 2010-2018, and capacity allocated each year. 
 
Source: IRENA database 

  
 

 
 

Figure 10 - Average auction price by region and order date for solar and onshore wind. 
 
Source: IEA 2019 
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Average prices obtained from the Commission de régulation de l'énergie (CRE) solar and wind energy tenders 
 
Solar Energy 
 
A decline in solar energy tender prices was observed from tender 4.1 to tender 4.4, and then prices stabilized around 
€61/MWh (compared to €68/MWh in 2017). 
 

 
Figure 11 - Evolution of CRE 4. X solar energy tenders in France (Sources: CRE, Engie). 

Wind energy 
 
Despite a weak historical record, wind power tenders reveal a decline in prices over the 2017-2020 period, from €65.5/MWh 
to €63/MWh. However, this trend is discontinuous due to variable bidding conditions and a consequently very different 
competitive intensity from one session to another. 
 

 
Figure 12 - Evolution of prices for CRE 1.X wind energy tenders in France (Sources: CRE, Engie).
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Evolution of the Levelized Cost Of Energy (LCOE) 

Wind energy 
 
ADEME (the French Agency of Ecological Transition) estimates a decrease in LCOE over the 2008-2050 period of 68€ on 
average (from 88/119 €/MWh to 24/46 €/MWh in 2050), i.e. a decrease of about 2.6% per year. The downward curve between 
2008 and 2019 is more significant than over the rest of the period. Between 2019 and 2050, the average annual decline in 
LCOE is estimated at 1.7% (-41% in 41 years). 

 
Figure 13 - Evolution of the LCOE of onshore wind power in France from 2008 to 2050 (Source: ADEME). 

Solar energy 
 
ADEME estimates a decrease in LCOE over the 2008-2050 period of €545 on average (555/590 to €23/32/MWh in 2050), 
i.e. a decrease of about 7.5% per year. The downward curve between 2008 and 2019 is more significant than over the rest 
of the period. Between 2019 and 2050, the estimated average annual decline in LCOE is 2.7% (-57% in 41 years). 
 

 
Figure 14 - Evolution of the LCOE of ground-mounted photovoltaic plants in France from 2008 to 2050 (Source: ADEME). 
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In order to balance a network and guarantee the balance 
between demand and production, demand side flexibility 
mechanisms (for example when large industrial 
companies shut down their most energy consuming 
assets for a given time) can be deployed more widely. 
Energy can also be stored / redistributed at a later time, 
thanks to storage technologies.  

Storage thus makes it possible to relieve the electrical 
network in situations of both overproduction and 
underproduction. Depending on the nature of the networks 
to which the storage facilities are connected, different uses 
are possible: 

- In the case of large-scale networks, storage can 
contribute to various services for electricity network 
managers, such as providing capacity, maintaining 
frequency and voltage, managing local demand peaks, for 
example, thus avoiding major infrastructure investments. 
It can also be used to temporarily store very high levels of 
production from renewable energies and thus contribute 
to environmental protection and the decarbonization of the 
energy sector.  

- In the case of off-grid power systems, storage is a 
solution that allows renewable generation resources to be 
put in place while increasing the availability of the power 
supply.  

- Moreover, storage is now logically at the heart of the 
development of sustainable forms of mobility. 

- Finally, the production of new fuels from renewable 
energy sources introduces a considerable degree of 
additional flexibility that frees up the potential for the 
development of renewables by paving the way for a 
massive conversion to electric power for freight transport 
and public transport on land and sea. In addition, where 
possible, biogas can be used.  

A. Different storage technologies for 
different uses  

Different storage solutions exist at different levels of 

maturity and deployment; these solutions are 

complementary and thus allow to cover the different 

needs, which also depend on the context. 

The determining characteristics in the choice of a storage 

technology are the following: 

- Response time. Some applications, such as power 

reserve, require the ability to circulate energy almost 

instantaneously. Li-ion batteries and supercapacitors are 

among the relevant technologies. 

- Storage capacity. Time-shifting - the storage of excess 

energy produced during periods of low demand for later 

use - requires highly variable storage capacities, 

depending on the use. Indeed, while hourly or daily 

storage needs can be met with relatively limited 

capacities, longer time-shifts require very large storage 

capacities. It is possible to increase the capacity of most 

technologies, but economic considerations explain the 

trade-offs. 

- Storage duration: A distinction must be made between 

the storage capacity itself, which can be measured in 

hours of operation at full capacity for a given power, and 

therefore in multiples of kWh, and the storage duration, the 

time during which these capacities must be maintained. 

The same storage capacity will have a very different 

economy if it is used (charged and discharged) every day 

or twice a day, or if it is charged and discharged once a 

year - from summer to winter or vice versa. 

For short periods of time, batteries are generally suitable. 

But the number of batteries must be doubled to double the 

storage capacity. Other technologies may have less 

expensive large-capacity reservoirs, with the bulk of their 

cost residing in the transformation of the electricity into a 

storable product and its restitution in the form of electricity 

(potential energy of waterfall, chemical energy of 

hydrogen, for example). There are also scale effects: thus, 

a deployment of solutions based on pumped hydroelectric 

energy storage (PHES), allows to achieve economies of 

scale. In addition, hydrogen can increase its energy 

storage capacity by simply increasing the size of its tank, 

without having to duplicate the rest of the operating 

system. However, if underground storage can be 

attractive, liquid or compressed dihydrogen storage on the 

surface is more expensive, and an additional 

transformation step, for example to ammonia, can be 

envisaged in the absence of underground possibilities. 

Self-discharge must also be considered. Li-ion batteries 

are thus best used for short-term storage because of the 

strength of self-discharge that affects them over time. 

Hydrogen storage and redox batteries are more suitable 

for longer term time-shifting, from one season to another 

for example. For hydrogen, this self-discharge is 

equivalent to a loss of the molecule during storage. This 

loss is almost zero for hydrogen stored under pressure in 

cylinders or tanks. Leaks in geological cavities remain 

limited. Liquid hydrogen is stored in cryogenic chambers 

maintained at -253°C. By heat exchange with the 

environment, the liquid hydrogen partially evaporates and 

must be evacuated so as not to cause an overpressure 

inside the tank. The daily evaporation rate or Boil-off is 

about 0.5%. This mechanism is weaker for ammonia 

maintained at a much lower temperature (-33°C) or for 

highly hydrogenated molecules such as alcohol or 

hydrocarbons which remain liquid at normal pressure and 

temperature (but containing carbon). 

Concentrated solar power (CSP) technology allows 

energy to be stored in thermal form and released in the 

form of electricity when there is no more sunlight. The 

Noor Midelt project (Figure 18) in Morocco is an example 

of the use of concentrated solar power technology: with a 

II. LIMITS TO THE GROWTH OF RENEWABLES ARE 
CONSTANTLY BEING PUSHED BACK BECAUSE OF 

STORAGE, NETWORK INTELLIGENCE AND THE 
PRODUCTION OF NEW FUELS  
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capacity of 800 MW, this project is a world first in the 

hybridization of CSP and PV.

B. Different needs by geography  

Different storage requirements depending on the situation: 

• Isolated networks 

• Networks with a high penetration of renewable 

energies, without easy balancing solutions 

• Networks with a large installed base that can be 

controlled with a high degree of inertia  

Providing a sustainable technological solution designed to 

meet the challenges of isolated sites allows the energy 

transition of these areas.  

As an example, the Générale du Solaire group is carrying 

out an innovative project in Benin of solar mini-grids with 

storage (3.6 MWp/3.8 MWh) combining access to energy 

and development of local activities. It is based on state-of-

the-art technology that is 100% renewable and intelligent 

metering solutions that can be replicated and accessed by 

all. The project's vocation goes beyond energy access by 

promoting local economic development, particularly 

through productive electrical services. 

In France, the need for flexibility in the electricity system is 

ensured by both controllable production units (thermal 

power plants, combustion turbines, hydroelectricity with 

locks and run-of-river power), by storage solutions 

(hydroelectricity from lakes and pumped-storage power 

stations, known as PHES; batteries) and by consumption 

control. It is important to note that storage is today, in 

France and in the world, almost exclusively carried out by 

one energy: hydroelectricity  

In 2019, EDF inaugurated a new 240 MW facility at the La 

Coche WWTP site in Savoie, France. It complements the 

pre-existing underground power plant (inaugurated in 

1976) and increases its power by 20%. The €150 million 

investment confirms the EDF Group's commitment to the 

development of hydropower, which is the world's leading 

renewable energy source and accounts for 12.4% of 

electricity production in France. With this new plant, the La 

Coche hydroelectric facilities will now produce the 

equivalent of the annual consumption of 270,000 

inhabitants (the size of a city like Strasbourg) thanks to 

renewable, flexible and storable energy.  

With regard to the national objectives for the development 

of renewable energies, RTE (the French transmission 

system operator) has estimated that by 2035 an electricity 

mix composed of 50% renewable energies, 46% nuclear 

and 4% thermal would require increased flexibility needs, 

which would be met, according to technical and economic 

criteria, by hydroelectric power plants, interconnections 

and load shedding. 

Various studies have been conducted on the evolution of 

the French power system's need for flexibility. An 

inventory (2019) of the structure of the generation fleet in 

France shows that the installed capacity of variable 

renewable energies (wind and solar) was 25.9 GW in 

2019, i.e. 19.2% of the installed capacity of the fleet, which 

contributes to 8.5% (45.7TWh) of the total electricity 

production in France. 

Recent studies estimate that by 2030-2035, additional 

flexibility needs could reach 10 GW, covered by a pool of 

approximately 1.5 GW for weekly storage (storage 

constant greater than 24 hours), and 2 to 6 GW for battery 

storage (constant from 1 to 4 hours, depending on the 

relative cost of the technology). It is important to underline 

the deep diversity of storage solutions, induced by the 

plurality of needs, most often classified by the required 

load duration (hourly, daily, weekly, monthly or seasonal). 

However, real opportunities for the development of new 

storage solutions have already been identified in non-

interconnected areas (islands, isolated areas) by the 

various players and are currently being tested with a view 

to opening up the markets (isolated micro-grids). 

 

 
 
 
 
 
 

Figure 15 - Site of the Coche WWTP located in Savoie 
(France). 
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C. Battery storage is growing rapidly  

 

 

Given the decreasing costs and optimized performance of lithium batteries in recent years, the technology is now gaining 

mass market acceptance (especially for the electrified mobility market). 

The CO2 emissions associated with the life cycle of Li-ion 

batteries are the subject of numerous analyses due to their 

recent development for electric vehicles. According to 

RTE analyses, the life cycle of these batteries depends 

significantly on the location of the manufacturing stage, 

which consumes most of the electricity. The impact in 

terms of greenhouse gas emissions of the life cycle of Li-

ion batteries is 50 to 60% lower if the manufacturing stage 

is located in France than if the manufacturing stage is 

located in a country where the electricity production mix is 

strongly based on coal production (for example China). 

New generations of so-called "all-solid" lithium batteries 

should emerge on the market as early as 2025, 

competitive, even safer and more efficient, with the 

positioning of European players (Saft, Northvolt, Blue 

solutions, ...) for the manufacture of cells in Europe (an 

initiative supported by the European battery alliance 

launched in late 2017). 

The stationary storage market could thus not only benefit 

from these competitive new batteries, but also reuse end-

of-life batteries from electrified vehicles (which still have 

70 to 80% of their initial capacity, enough to meet 

stationary needs, and a residual life depending on 

technologies). Battery storage will therefore be a matter of 

opportunity over the next few years, and a stationary 

battery storage market will gradually develop. 

The development of battery storage is driven by a strong 

momentum of cost reduction. Lazard estimates the cost of 

storage using Li-ion batteries : 

Figure 16 - 2016-2030 comparison of energy installation costs and performance of battery storage technologies. Source: 
IRENA Electricity Storage Cost report 2017. 
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• Wholesale (large-scale energy storage to manage 

energy peaks): 176-257 € 2(204-298 $) / MWh 

• Transmission and distribution (flexible capacity and 

grid stability): €226-405 ($263-471) / MWh 

• PV + storage: 93-121 € (108-140 $) / MWh 

Commercial and industrial standalone (peak and grid 

services): €713-990 ($829-1152) / MWh (probably closest 

to smart city applications). 

 

The storage market is growing at about 60% per year, with 

Europe, Australia and the United States as the key 

regions: 

• In Europe, growth is mainly driven by frequency 

regulation projects, despite the use of pockets of grid 

flexibility supposedly relieving the need for large-

scale battery deployments (demand response, 

vehicule-to-grid, PHES). A European example is 

EDF's West Burton battery storage facility, 

commissioned in 2018. This is the largest project in 

the new regulation system deployed throughout the 

UK with a capacity of 49 MW. In a context of strong 

development of renewable energy production and 

closure of aging generation facilities, battery storage 

technology can improve the stability of the power grid 

 
2 Converted at the USD/EUR spot rate of November 3, 2020. 

and respond quickly to fluctuations in the frequency 

of the grid. 

• In Australia, growth is driven by the shift from coal to 

renewable energy in the energy mix 

• Finally, in the United States, growth is driven by 

frequency regulation, the penetration of renewable 

energy and political agendas at the state level (e.g. 

California).  

 

D. Multiplicity of services and 
associated intelligence on networks  

Four main services can be integrated into storage 

offerings: 

• Frequency control (power capacity, short term) - high 

value-added service that is the gateway to other 

integrated services 

• Wholesale market projects (response to short-term 

power demands) 

• Off-grid facilities, self-consumption type (long-term 

capacity contracts, usually based on an isolated 

renewable energy source) 

• Long-term PPAs (long-term power purchase 

agreements, usually based on grid-integrated 

renewable infrastructure) 

 

Grid-related energy storage is highly dependent on 

service interoperability and local regulations. 

A single storage system can generate multiple revenue 

streams by performing multiple services. On the other 

hand, not all services are compatible with each other and 

the compilation of services is not always obvious. A 

system can provide power continuity and perform system 

balancing, or provide power continuity and perform 

frequency control, but it cannot perform both system 

balancing and frequency control. The possibility of 

compiling services also depends on local regulatory 

contexts. In most countries around the world regulatory 

frameworks are evolving to ensure that storage can 

participate in the provision of all the services that power 

systems need. This is the case, for example, in the United 

States and in Europe, where current developments are 

leading to changes in the recognition of the storage object 

and the obligation to take it into account in future 

regulations. 

 

Figure 17 - Battery storage facility at the 49 MW West 

Burton B power station site in the UK (EDF Renewables). 



#01 
 
 

Design : © Obea 

T
H

E
 
D

U
B

A
I
 
N

O
T

E
B

O
O

K
S

 

20 

E. The promise of low-carbon, 
transportable and storable hydrogen to 
meet the challenges of the energy 
transition 

Hydrogen as an energy carrier represents a major 

technological, economic and environmental challenge in 

the global energy transition. In recent years, technological 

progress has accelerated at all stages of the value chain: 

production of hydrogen from renewable or low-carbon 

energy sources, storage and transport logistics, and 

conversion into electrical energy. 

The technological solutions offered by French industrial 

champions and our potential for innovation in PEM fuel 

cells, high-pressure composite storage tanks and high-

temperature electrolysis will help reduce the carbon 

footprint of several applications in industry, mobility and 

gas networks. 

The progress made on electrolyzers allows us to envisage 

competitive costs for renewable or low-carbon hydrogen 

before 2035 and its use in the short and medium term on 

new markets which will themselves support the 

development of renewable energies in a virtuous 

economic and environmental circle. 

These markets are: 

• Industrial hydrogen (63 MT worldwide) with a 

decarbonized production target in France of 100,000 

T in 2023 (10% of national production) and 400,000 T 

in 2028 for an installed base of electrolyzers of 1500 

to 2000 MW. 

• Mobility by focusing on intensive uses, requiring fast 

recharging times, large radii of action and heavy 

transport. The launch of this market is based on a fleet 

model that guarantees a significant volume of 

vehicles at each filling station. In France, the 

deployment of 5,000 light vehicles and 200 heavy 

goods vehicles is expected by 2023 and 10 times 

more by 2028. The technological solutions - fuel cells 

and tanks - proposed by manufacturers (Faurecia, 

Symbio or Helion for example) all benefit from CEA 

developments.  

In the long term, green hydrogen will constitute a natural 

storage capacity for temporary excess production of 

renewable energies and will thus ensure the balance of 

the networks. The service to energy networks in a context 

of electrical and gas infrastructures in France that are still 

very resilient to the penetration rate of renewable 

energies. The challenge is in the medium term (>2035), 

but electricity and gas operators are preparing to use 

hydrogen as a stabilizing element in energy networks. The 

first step is to transform excess renewable electricity into 

hydrogen by electrolysis of water. Then, the hydrogen can 

be combined with carbon dioxide to obtain synthetic 

methane through a methanation process (Power to Gas) 

or converted back into electricity using a fuel cell (Power 

to Power). A Power to Gas demonstrator using a H2/CO2 

methanation reactor developed by the CEA is currently 

being tested on an industrial site in Fos sur Mer (JUPITER 

1000 project). The Power to Power solution is also being 

tested in Corsica (MYRTE project) and in French Guiana 

(HYMAZONIE project) with technologies developed by 

French research (CEA and CNRS) in a particular energy 

context of high penetration of photovoltaics. 
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EXAMPLE - Noor Midelt Project - solar energy storage - Morocco 

 

Figure 18 - This 800 MW project, won by the EDF / MASDAR / Green of Africa consortium, is a world first that will 
provide solar energy up to five hours after sunset at a very competitive price.  
 
© TSK Flagsol 

 

EXAMPLE - Case of an isolated network: the development of the Faroe Islands 

 
Figure 19 - SEV, the Faroe Islands' power utility, has commissioned Europe's first fully commercial Li-ion energy 
storage system (ESS) operating in combination with a wind farm. Saft's containerized solution is helping to maintain 
grid stability so that the islanders can fully exploit the potential of their new 12 MW wind farm in Húsahagi. 
 
SEV takes full advantage of the Faroe Islands' abundant wind and hydro resources, as well as emerging technologies 
such as photovoltaics and tidal power. By 2030, SEV will double its current annual demand of 314 GWh of electricity. 
The latest step in SEV's renewable energy program is a new 12 MW wind farm located in Húsahagi on the island of 
Streymoy. Since its commissioning in 2014, the wind farm has increased the share of wind power in the islands' total 
electricity generation to 26%. 
 
To overcome short-term variations due to the variable nature of the wind, which can last from seconds to minutes, a 2.3 
MW Li-ion ESS battery was deployed. It provides smoothing of large power increases and decreases, as well as 
frequency response and voltage control services. Excess wind energy that cannot be fed into the grid during periods of 
high wind and low consumption is stored in the batteries for later re-injection. 
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A. The development of territorial 
resources 

Unlike fossil fuels, renewable energy resources are widely 

available in all regions. On the other hand, there are 

disparities in the distribution of these energies on the 

territory. Therefore, the determination of a varied and 

optimal renewable energy mix requires the consideration 

of several factors.  

First, the relative availability of renewable energies on the 

territory must be taken into account. For example, unlike 

photovoltaic energy, which is available everywhere, 

hydroelectricity and biomass are unevenly distributed 

between areas (deserts, humid but flat, mountainous 

areas, etc.). For biogas, if some regions of the world have 

greater potential, due to a strong agricultural activity 

(generating co-products and methanizable residues), all 

countries have green gas resources based at least on 

urban and domestic organic residues. Whether it is 

electricity or easily transportable energy products (e.g. 

bioenergy chips or pellets, biogas and biofuels...), the 

differences in quality and relative abundance of renewable 

resources - with respect to the level of local consumption 

- will remain likely to generate economically justified 

exchanges. 

Germany, Japan and the Netherlands have already 

officially expressed their intention to import low-carbon 

energy products, doubting that they have enough "local" 

renewable resources to support their entire economies. 

Finally, it is essential to structure the solutions differently 

depending on the scale selected. Solar electricity 

responds both to local energy resilience and citizen 

involvement through forms of self-consumption, and to the 

challenges of modifying the electricity mix by substituting 

other energies (fissile or fossil), with large installations 

connected to the electricity grid. On the other hand, 

onshore wind energy is more relevant on a large scale, 

allowing to smooth the stronger disparities of the resource 

from one point to another of a given territory. The resulting 

abundance requires a more important structuring of the 

electrical network. 

These two levels of renewable energy exploitation are not 

antinomic but complementary. The exploitation of these 

different scales is the only one able to propose a general 

economic optimum. 

B. To be integrated into an existing 
local energy context  

The deployment of renewable energies must take into 

account the energy context of the territories. Thus, in 

areas that are already heavily electrified, the transition to 

a renewable mix involves adopting a four-step approach:  

1. The location of the energy sources including wind and 

solar energy 

2. Pre-identification of sites for large-scale storage (e.g. 

PHES) 

3. Location of consumption sites 

4. The need to create networks or reconfigure the 

topography of the electrical network 

One of the advantages of renewable energies is their 

capacity for decentralization, as solar photovoltaics have 

an exceptional potential for adaptation, being able to get 

as close as possible to the consumption sites and 

therefore being able to be integrated into all sorts of 

configurations of pre-existing networks, new local 

networks created in non-interconnected areas, or even the 

total absence of a network in pure self-consumption. Thus, 

in an already electrified area, it is easy to deploy panels, 

generally without the need for a strong reconfiguration of 

the network. This can even help to make the grid more 

fluid and improve its performance (cf. the German 

incentive to develop self-consumption with storage to 

relieve the grid and allow for a better distribution of flows 

on the grid between consumption sites and localized 

sources of renewable energy, particularly with wind power 

in northern Germany). At the same time, in an area with 

little or no electrification, a "leopard's pattern" deployment 

allows to quickly take advantage of the solar sources and 

to provide the first energy services independently of the 

deployment of a complete connected network.  

France has specific geographical features with hyper-

connected areas and non-interconnected areas. 

Renewable energies and storage offer countless possible 

combinations to deliver green electricity to consumers. 

There are many demonstrations in France that illustrate 

the combination of renewable energy + grid + storage + 

digital + mobility. Mastering this know-how is a powerful 

vector for accelerating the energy transitions to be carried 

out.  

The other virtue of this ability to adapt and integrate into 
local energy contexts is that it allows us to involve users 
and the population of a territory in this transition.  

C. With energy sharing at different 
scales  

The territory is a strong vector of the energy transition due 

to the localization of the source of renewable energy. 

Nevertheless, the subject must be approached in all its 

complexity in order to determine the most relevant 

renewable energies according to the scales selected 

III. A GLOBAL DYNAMIC ANCHORED IN THE 
TERRITORIES  
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In many areas of consumption such as food and energy, 

citizens tend to move from a linear model to a circular 

consumption model, with an increased desire to bring the 

point of production and the point of consumption closer 

together (e.g. short circuits in the food sector). 

Positive energy buildings capable of consuming, 

producing and storing energy, smart, interconnected and 

flexible electricity networks, new services for citizens, and 

a future industry with decarbonized management 

processes and means of transport are being developed all 

over the world. 

All these technological building blocks are now mature 

enough to develop flexibility and energy sharing on the 

scale of individuals, a building or even a neighborhood, 

and to finely control all energy flows, when this is relevant 

for the citizen. 

As for methanization, different types of digesters exist 

depending on the resources and needs of the territories. 

In countries with a high level of agricultural activity and an 

extensive gas network, the development of territorial 

methanizers, combining the organic residues of several 

farms on a territorial scope, with a single point of injection 

into the gas network, is relevant to generate economies of 

scale and boost production (a "varied feed" allows the 

digesters to function better). On the other hand, in 

countries where the production of organic matter is more 

scattered and/or the gas network is not yet sufficiently 

extended (in Africa, Latin America and India for example), 

a very local valorization of organic matter can be 

privileged, with a micro-digester per district or per 

household, with a direct valorization of the biogas, often 

for a cooking use. These micro-methanizers could also 

become widespread in Western households and collective 

establishments, in the same way as composters, in order 

to reduce household waste collection costs and shorten 

the carbon cycle as much as possible. 

At the individual level 

Access to energy for 650 million Africans is now possible 

thanks to renewable energies developed off-grid in rural 

areas. It covers all needs - domestic, health, education, 

security - and allows for the emergence of income 

generating activities, a cornerstone of development. 

As an example, the partnership between Armor and 

UNESCO aims to support education in Togo by 

distributing solar kits to pupils in the village of Akpolo. 

Thanks to the ASCA® film, integrated in the pouch, the 

lamp is recharged throughout the day. It can then be used 

at night for several hours. This way, children can study at 

night when they come back home but also bring a lighting 

solution to their whole family. Similar projects will be 

deployed in Burkina Faso, Benin and Togo with the 

association Fondacio which is involved in projects related 

to health and education. 

At the level of a building 

In addition to traditional self-consumption, there are now 

solutions for controlling usage in combination with 

decentralized and decarbonized production. These 

technologies use predictive algorithms. For example, 

there are systems that combine air-conditioning and 

photovoltaics, giving priority to green resources. Similarly, 

it is possible to organize the recharging needs of electric 

vehicles, by combining photovoltaic stationary storage and 

intelligent recharging of EVs. These solutions were 

developed by an automation expert, SIREA, based in 

Castres, France.  

For example, at the building level, we can cite the example 

of Trignac (Loire Atlantique), a partnership between EDF 

Renouvelable and the Gémo store in the construction of a 

photovoltaic shade structure. The latter, large of 306 m2, 

includes 185 solar panels (270 W of unit power). With a 

capacity of 47,000 kWh/year, it produces energy to power 

a 1,800 m2 store and an electric vehicle charging station.  

The store's energy needs are covered up to 40% by the 

installation thanks to an innovative Li-ion battery storage 

system (14 modules of 3 kWh).  

This combination of self-consumption, storage and electric 

vehicle charging can be found in the photovoltaic shade in 

Lomme (Hauts-de-France) shown below (Figure 21).  

 

 

Figure 20 - Distribution of solar kits to students in the 
village of Akpolo. 

Figure 21 - Photovoltaic shade of Lomme (France). 
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At the level of a neighborhood 

The LearningGrid by Grenoble experiment (launched by 

the Grenoble Chamber of Commerce and Industry and 

Schneider Electric in June 2019) is Europe's first shared-

energy district to combine technology and education.  

This innovative project has two main objectives: to 

integrate energy issues into the apprentices' training 

programs and to build a microgrid to reduce energy 

consumption on the campus of the Grenoble Institute of 

Trades and Techniques by 30%. The educational aspect 

is of paramount importance to the institution. The institute 

is training, with Schneider Electric, specialists in energy 

management who have the opportunity to train on a "life-

size" microgrid. The institute also integrates energy issues 

into all its other training programs. 

A little further away from France, Engie's PowerCorner 

project in Tanzania has built a mini-grid of photovoltaic 

panels (16 kWp), a set of Li-Ion batteries (45 KWh) and an 

emergency generator to supply electricity to the village of 

Ketumbeine. 161 households benefit from clean energy, 

without depending on kerosene lamps, car batteries or 

generators. Each of the 50 customers that PowerCorner 

has today pays a connection fee via a mobile money 

system. An operator hired in the village is in charge of 

managing the PowerCorner site. The customer then 

consumes energy via a prepaid meter. Residents can also 

purchase electrical appliances with favorable credit terms. 

Another example is the start-up Home Biogaz, partly 

owned by Engie, which markets micro-methanizers that 

allow the local recovery of organic waste from a 

neighborhood, a school, a university, a hospital, etc. (see 

Figure 24).  

D. Local employment opportunities  

This diversity of production methods and deployment 

models, whether emerging or mature, makes it possible to 

create real sectors that integrate trades at each stage of 

the project, from development to construction, installation, 

operation and maintenance, dismantling, etc. In addition, 

the evolution of technologies (e.g. the development of 

photovoltaic tiles) contributes to the creation of new jobs.  

The origin of the equipment is therefore a criterion of 

choice when selecting it, on the one hand to boost local    

employment but also to limit the carbon footprint of the 

chosen solution by encouraging its construction in a 

country with a low-carbon electricity mix and by reducing 

the transport required for its delivery.  

Another example of encouraging local employment: 

Chantiers de l'Atlantique (formerly STX) will manufacture 

the electrical substation for the Saint-Nazaire offshore 

wind project developed by EDF and Enbridge, while 

Cherbourg will soon see the establishment of a factory to 

manufacture the most powerful wind turbine in the world. 

In addition, General Electric Renewables already has a 

wind turbine factory operational in Montoir-de-Bretagne 

(Loire-Atlantique) which employs some 120 people. 

It is estimated that a complete photovoltaic system emits 

20 to 80 gCO2/kWh depending on the technology used, 

the amount of sunshine on the site which affects the 

amount of energy produced, and the country of origin of 

the modules (ADEME, ESPACE-PV, 2013). The French 

average is estimated at 56 gCO2/kWh. While this value is 

higher than that of other electricity generation 

technologies (such as hydro, nuclear or wind), it is still 

much better than those of fossil fuels. 

Thus, the energy payback time of solar panels also varies 

greatly depending on the technology and origin of the 

panels and is generally between 1.5 years and 3.5 years. 

The multiplicity of production methods contributes to the 

emergence of an ecosystem, benefiting multiple actors 

and means of financing: from pension and institutional 

funds to the ordinary citizen, through mixed economy 

companies, citizen cooperative societies, participatory 

financing platforms, and companies involved in the 

projects.  

The positive collateral effect is the creation of jobs 

anchored in the territories. 

E. With integration into the local eco-
system  

In developed countries, renewable energies can be 

adapted to integrate directly into the local eco-system and 

allow for the development of resources, particularly 

agricultural.  

In France, an example of adapting energy to the local 

environment is Agrinergie®. This involves reconciling two 

decisive transitions for territories - energy and agriculture 

- in the same area. A photovoltaic project thus coexists 

with an organic farming project. Energy production also 

becomes an economic lever to finance the agricultural 

transition.  

 

This methodology thus makes it possible to enhance the 

value of agricultural land without diverting it from its 

primary function, which must be to contribute to the 

territory's food autonomy. This concept has led, for 

example, to the creation of anti-cyclonic photovoltaic 

greenhouses at Akuo. The verticality of these 

greenhouses makes it possible to reconcile agricultural 

production and photovoltaics in the same place. A true 

symbiosis is thus achieved: the production of a green 

electron while preserving agricultural land, which can 

continue to fulfil its primary and vital function.  
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The agricultural projects associated with the energy 

projects are numerous: cultivation of aromatic plants, 

organic market gardening for neighboring schools, 

planting of endemic species that are endangered or 

threatened (geranium bourbon, anthurium), beekeeping. 

They all aim to promote responsible agriculture that will 

generate positive spin-offs for the local populations. These 

global projects, which aim to satisfy the main basic needs 

of the inhabitants (food, water and access to energy), rely 

on naturally available resources and thus contribute to the 

emergence of sustainable and autonomous territories. 

Adapting energy to the local fabric also means deciding to 

give all citizens the opportunity to invest in projects by 

proposing to participate in the refinancing of these projects 

through a participatory loan.  

This is what is offered by various platforms such as 

AkuoCoop, which is characterized by the robustness of 

the projects offered for financing and a very high average 

loan amount per lender. Much more than a financing tool, 

these platforms represent a sharing tool that allows 

developers to further increase the collaboration with local 

actors who are the ones who allow them to give life to their 

projects. 

Renewable energy can also be used to convert and 

upgrade polluted and/or derelict sites (Figures 22 and 23). 
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EXAMPLE - Different conversion options 

 
 

 

Figure 22 - Realization of the Générale du Solaire - conversion 
of a site used as a landfill for construction materials, heavily 
polluted with heavy metals, into a solar power plant.  
 
 
 
 
 
 
 
Figure 23 - Realization of ENGIE - Photovoltaic power station of 
Drambon: Put in service on a waste storage center, the 
photovoltaic power station of 12 MW will produce the equivalent 
of the annual electric consumption of approximately 6 800 
inhabitants.  

EXAMPLE - Micro-methanizers to recover organic waste  

 

Figure 24 - Micro-methanizer marketed by the start-up Home 
Biogaz (partially owned by ENGIE) 
 
More than 10,000 micro-methanizers have been sold since the 
company's launch, first in California and then in Africa, Latin 
America and India, where biogas is often used as an alternative 
to wood logs, thus helping to limit illegal deforestation.  
Pilot projects are underway in France (New Aquitaine region) 
and in the United States (Ohio State University) to install larger 
digesters (up to one ton per day) in order to valorize organic 
residues locally.  

EXAMPLE - The Hautes Falaises Biomethane plant for the recovery of green waste  

 
 

Figure 25 - Realization of ENGIE Bioz (subsidiary of the ENGIE 
group) - Biomethane plant of Hautes Falaises (Normandy, 
France) 
 
The Hautes Falaises Biomethane Power Plant meets the 
challenges of energy transition and the circular economy by 
transforming organic matter into renewable gas and into soil 
improvers and crop fertilizers. This project was designed and 
implemented by ENGIE Bioz in partnership with 39 farms, in 
synergy with the economic actors of the Normandy region and 
the Fécamp area. This project relies in particular on the equine 
sector, which makes the reputation of Normandy. 
  
The annual production objectives for this plant are 1.7 million 
m3 of biomethane produced from 16,860 tons of substrates. 
This production represents 11% of the consumption of the 
Fécamp distribution area for private individuals, industrialists 
and public facilities; this is equivalent to the annual consumption 
of 1,400 gas-heated households.  
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The global explosion caused by Covid-19 reveals a 
systemic vulnerability, the extent of which no one had 
anticipated. This simple virus of a few nanometers, by 
interrupting the march of the world, has highlighted the 
fragility of current economic systems and led to the 
urgency of rethinking collective resilience, obviously 
European, to prepare for future crises, including climate. 

1 - The Covid-19 pandemic: an 
opportunity to be seized and 
consolidated for the Renewables 
Energies development, to be confirmed  

Renewable energies increase our resilience. In addition to 
their low impact on the climate, renewable energies are 
called "distributed" because they allow energy production 
to be brought as close as possible to the places of 
consumption, in a sort of short circuit for electricity, but 
also a short circuit for heat and cold production. 
 
The vast majority of renewable energy installations are 
insensitive to electricity price shocks thanks to long-term 
fixed-price contract mechanisms. On the supply side, this 
ability to contract a fixed price over long periods of time is 
an advantage of renewable energies, which comes from 
their highly predictable operating cost structure and, in 
particular, from the fact that they are not dependent on fuel 
price fluctuations. However, in France, on the demand 
side of the electricity market and for private contractual 
arrangements - outside of CRE tenders - the recent crisis, 
with the drop in market prices observed in the second 
quarter of 2020 (the average market price having fallen in 
April 2020 to 13.45€/MWh in France), tends to push large 
consumers to ask for the introduction of price flexibility 
clauses, including in long-term contracts. And, in the 
immediate future, the drop in electricity prices observed on 
the market following the state of health emergency 
implemented in March 2020 has mechanically increased 
the cost to public finances of supporting renewable 
energies that same year compared to initial estimates. 
Thus, there is now a risk that "budgetary" pressure will be 
exerted in favor of reducing the volume of future calls for 
tenders for renewable energy.  
 
Moreover, the competitiveness of renewables remains 
fragile when they are part of a system: their global 
development naturally tends to reduce the demand for 
fossil fuels, and therefore their price. Total economic 
superiority may be a mirage, whose horizon becomes 
more distant as we approach it... It is "all good" for 
consumers and for the economy, especially in developing 
countries that do not have fossil resources, but it is much 
less favorable to controlling climate change and to the 
continued progress of renewables. A supportive policy 
framework will therefore remain necessary, and probably 
for a long time. 
 

Thus, in order for renewable energy to change scale and 
for France to effectively participate in the Paris Agreement 
scenarios, it is essential that the public authorities 
maintain the current mechanisms (prices set over 20 
years) and continue to increase the volumes offered in 
calls for tenders for both solar photovoltaic and wind 
energy. Renewable energy projects are indeed capital-
intensive in relation to the final cost of the energy produced 
(the "fuel" being free), so that the volume of projects that 
can be carried out depends very strongly on the cost of 
capital. From this point of view, the context of permanently 
low interest rates, which is extremely favorable to the 
energy transition, will be all the more effective if these 
projects can be financed with high debt leverage. In order 
to channel a significantly higher share of institutional and 
household savings into renewable energy financing, many 
French financial companies, such as Amundi, have 
recently developed financial products entirely dedicated to 
renewable energy. However, in order for the number of 
financeable projects to increase significantly at the same 
time, thanks to the maximization of the leverage effect 
(share of debt in the total investment), it is necessary to 
reduce the uncertainty regarding the medium- and long-
term evolution of the sale prices of the electricity produced 
by these installations. If, on the other hand, the volume of 
future calls for tenders were to be reduced, the simple 
increase in uncertainty about selling prices that would 
result would lead banks to considerably reduce leverage 
and thus greatly reduce the number of new "bankable" 
projects, even if the cost of producing renewable electricity 
is already competitive today. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

IV. PUTTING THE COVID 19 CRISIS INTO 
PERSPECTIVE 
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Towards zero net emissions in 2050 
 

The movement towards zero net greenhouse 
gas emissions by 2050 is gaining 
momentum. By the end of October 2020, the 
goal - now achieved in Suriname and Bhutan 
- was legal in Denmark, France, Hungary, 
New Zealand, Sweden and the United 
Kingdom - and was on the agenda of 
legislators in the European Union, Chile and 
Fiji. It was also found in policy documents in 
Costa Rica, Japan, Norway, Switzerland, the 
Marshall Islands and the Republic of South 
Africa. 
 
Even if China has chosen 2060 to reach the 
same objective, the movement seems 
irresistible. It has undoubtedly inspired the 
International Energy Agency to develop a 
brand new scenario, the Net Zero Emissions 
by 2050 (NZE2050) at the global level, which 
is a key part of the World Energy Outlook 
alongside the more traditional Stated Policy 
Scenario and Sustainable Development 
Scenario - the latter compatible with zero net 
emissions in 2070 only. 
 
The starting point of this scenario is the 
reduction of emissions from 2030 to a level 
of 20 Gt rather than 26.7 Gt in the SDS. The 
IEA sees this as impossible without 
behavioral changes - again, new language 
for them. It is really about voluntary demand 
reduction efforts, even beyond advances in 
energy efficiency and "material efficiency" - 
increasing reuse and recycling.  
 
An essential part remains for technological 
changes, a big half in the production of 
electricity, the rest in the user sectors. 
 
In particular, the faster electrification of 
buildings, industry and transport is doing 
double duty, reducing final energy demand 
because electric vehicles and heat pumps 
are four to five times more efficient than 
internal combustion engines and fossil 
heaters. The share of electricity in the final 
energy mix will jump from 19% in 2019 to 
28% by 2030. 

 
Figure 26 - Energy demand forecasts from 2019 to 2030. 

As can be seen in the figure above, beyond the decrease 
in energy consumption, it is essentially the growth of 
renewables that will significantly reduce fossil fuel 
consumption. This is especially true for wind power and 
photovoltaics, whose growth must accelerate sharply in 
order to reach an annual installation rate of 280 GW for 
wind power and nearly 500 GW for PV - and for the latter, 
a global capacity in 2030 that is four times greater than 
today's (graph below). 
 

 
 
Figure 27 - Forecasted evolution of the world's solar 

capacity. 
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2 - Renewable energies help to revive 
the European economy  

"Governments have a once-in-a-lifetime opportunity to 
boost their economies and jobs while accelerating the 
transition to a more resilient and cleaner energy future," 
says Fatih Birol, director of the IEA in the report3 presented 
in June 2020. 
 
Renewable energies are likely to be the subject of 
relocation of industrial sectors allowing to have within the 
borders the equipment necessary for the energy transition, 
while creating jobs and added value leading to the first 
projects, ambitious but realistic, to see the light:  
 
• A “photovoltaic Airbus” designed by the Institut 

Photovoltaïque d'Ile-de-France (IPVF) and the 
Fraunhofer-Institut für Solare Energiesysteme (ISE) 
in order to mass-produce the necessary wafers, cells 
and modules on a European Union scale4; the project 
for a production plant in France (2 GWp, then 4 GWp) 
in Sarreguemines supported by the Norwegian REC 
with heterojunction technology (certified efficiency of 
23.9%) developed by CEA-Liten, which successfully 
completed a first technology transfer in 2018 with the 
Italian Enel in its Catania plant in Sicily (200 MW). 

 
• “Batteries Airbus” is a consortium of 17 companies, 

subsidized by seven countries5 to the tune of 3.2 
billion euros - with the agreement of Brussels, which 
has stamped it as an Important Project of Common 
European Interest (IPCEI) -, in addition to the five 
billion euros provided by the consortium's 
manufacturers. In France, a pilot plant in Nersac, in 
the Nouvelle-Aquitaine region, with the creation of 
200 jobs. Two other sites, one in Germany and 
another one in France, should follow when the 
production phase begins in 2022. It represents a 
potential of 2 to 3 million jobs in Europe. Very recently, 
a consortium of industrial players led by EIT 
InnoEnergy, announced the launch of a gigafactory 
project based on a mastered Li-Ion technology, with 
the ambition of meeting the future demand of the 
automotive industry. 
 

An industrial deployment that can rely on an eco-system 
of dynamic SMEs - "In 2028, if the objectives for the 
development of renewable energies set in the multi-year 
energy program (PPE) are achieved, this sector will 
represent 264,000 direct and indirect jobs in France,"6 and 
a scientific and technical eco-system of the first order. It is 
estimated that there are about 500 researchers (full-time 
equivalents) in the public sector (CNRS, universities, 
schools, CEA, etc.), to which must be added the research 
conducted by industrial companies such as EDF and 
Total, and "related" research, such as digital and 
microelectronics. The number of publications and 
European patents (8,301 patents filed by Germany, 
Denmark, France, Italy, the United Kingdom and Spain 
between 2010 and 20197) in the field of renewable 
energies8 gives Europe a definite lead in the global 

 
3 Sustainable Recovery, World Energy Outlook Special Report, June 2020. 
4 IPVF, Solar Europe Now - Call to Action for a solar-inclusive Green Deal. 
5 Belgium, Finland, France, Germany, Italy, Poland and Sweden. 
6 Study by EY for the renewable energy union, June 2020. 

competition. These innovations include monolike 
technology, which combines the qualities of 
monocrystalline and multicrystalline silicon, high-
efficiency tandem technologies, thin-film cells based on 
perovskite, organic cells for flexible modules, bi-facial 
modules, etc.  
 
The roof of the French Pavilion in Dubai will be covered 
with Sunstyle® photovoltaic tiles produced in France, in 
Châtellerault. Sunstyle®'s ambition is to locate a 
photovoltaic tile gigafactory in France to supply the 
international market. 
 
The crisis could therefore have the collateral effect of 
catalyzing awareness of our strategic vulnerability, 
revealing the solidity of the renewable energy model, 
illustrating its contribution to the resilience of societies, 
creating the political and economic conditions for industrial 
relocation and, more broadly, accelerating transitions that 
were for the most part already underway before the 
eruption of Covid. It is through the simultaneous 
conjunction of these different factors that this crisis can 
constitute a historic opportunity for the development of 
renewable energies. 

3 - A new momentum for Europe: the 
Energy Union fuelled by renewable 
energies 

 
Industrial know-how, scientific knowledge and cutting-
edge technologies are spread across Europe, but they 
combine to give life to the Energy Union promoted by the 
executive and the European Parliament. 
 
The Energy Union is more relevant than ever. It would be 
a return to the roots for the European Union, whose 
foundations lie in the European Coal and Steel Community 
(ECSC) in 1951 and the Euratom Treaty in 1957: "If there 
is one project today that is a positive vision of European 
construction, it is the energy transition" 9Jacques Delors & 
Enrico Letta. 
 
This Energy Union already exists in practice with the 2030 
Climate and Energy Package, which increases the share 
of renewables in the energy mix from 27% to 32% in ten 
years, and the objective of carbon neutrality by 2050. The 
"climate emergency" was declared by the European 
Parliament in a vote by a large majority. Even if certain 
obstacles remain: energy is a competence shared by 
Europe with the Member States, not an exclusive one, and 
is therefore hampered by the principles of subsidiarity and 
proportionality, not to mention the fact that any decision 
that would have a fiscal impact requires a unanimous vote 
by the States. 
 
The adoption in December 2019 of the Green Deal by the 
European Council is a strong signal. It is at the heart of the 
European Recovery Plan adopted by the European 
Council in July 2020, which provides for 15 GW of projects 

7 World Intellectual Property Organization (WIPO). 
8 Solar, wind, geothermal and fuel cell energy. 
9 "Making the energy transition a European success story," Notre Europe, 
2017. 
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for an investment of €25 billion, in addition to the 
investment fund for buildings (insulation, installation of 
solar panels, renewable heating/air conditioning 
solutions), and measures for clean mobility.  
  
The crisis is an opportunity for Europe to become aware 
of its potential, but also of the need to make better use of 
its ecosystem and its assets. This is necessary to achieve 

the objectives it has set itself. But the challenge is also to 
live up to its responsibilities: having the wealth of this 
scientific and industrial know-how confers the duty to 
make the best possible use of it to make a decisive 
contribution to the contemporary challenges of climate 
change, resource depletion and access to sustainable 
energy for all.
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The Covid-19 pandemic has shown the urgency of writing 
a scenario that will make us more resistant and resilient to 
future crises, particularly climatic ones. "The essence of a 
crisis is that, once it is over, everything goes back to the 
way it was before. Conversely, "catastrophe" (from the 
Greek verb strepho, which means "to turn" and gave 
katastrophê, "reversal") designates an upheaval such that 
"after" will never be like "before" again, explains 
neuropsychiatrist Boris Cyrulnik. Resilience will depend on 
two factors. One is the mutual support of each other, the 
solidarity of all. The other will be our ability, or not, to 
invent10. The scale of these challenges is such that the 
responses must necessarily be developed on the scale of 
large political and economic groups like Europe. And this, 

even though the main strength of renewable energies is 
their local, decentralized and diffuse nature, and therefore 
their ability to reach even the most isolated areas. Such is 
the paradox, but such is also the immense promise of 
renewable energies. 
 
"We cannot change our futures, but we can change our 
habits that will change our futures. These words are more 
than 7 centuries old but they are still relevant today. They 
are those attributed to Marco Polo. 
 
There is a unique, even historic opportunity to learn from 
this dramatic health crisis: we must change everyone's 
habits to change the future! 

 

 
10 Interview with Boris Cyrulnik, Covid-19 - "Going back to 'business as 
usual' will cause more disasters," April 29, 2020. 

 

CONCLUSION 
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This report was produced by the "Renewable Energy 2.0 in Tomorrow's Territories" working group of the Think Tank 

Connecting Minds, which is supporting France's participation in the Dubai World Expo in 2020. This working group is chaired 

by Olivier Paquier, from Amundi, assisted by the members of the KEARNEY consulting firm who took part in this mission 

(Louise Boutinet, Marie Bracco, Laura Breban, Ambre Laute, Maxence Racault, Gaspard Randon de Grolier, Badr Rhomari 

and Lisa Saadi). 
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