Le réseau
de transport
d'électricité

2024 ELECTRICITY

REVIEW
KEY FINDINGS




2024 ELECTRICITY REVIEW
KEY FINDINGS



2024 Electricity

Review

The full report and data are available at:

In 2024, electricity consumption stopped falling and rose slightly,
though it still remained well below pre-crisis levels 4

French electricity generation continued to grow in 2024,
reaching unprecedented levels of low-carbon generation 6

France’s electricity generation capacity grew at an unprecedented
rate in 2024 with the commissioning of new offshore wind farms
and record growth in photovoltaic installations 8

Spot electricity prices in France returned close to pre-crisis levels in 2024,

continuing the fall that began in 2023 10
In 2024, France recorded the highest net export balance in its history 12
Detailed analysis of export and import trends 14

Greenhouse gas emissions from the French power system reached

a historic minimum for the second year running in 2024 16
In Europe, low-carbon sources are gradually replacing fossil fuels 18
Focus on episodes of low wind and solar production 20

As well as reducing emissions, the electrification of energy consumption
also addresses economic and sovereignty issues 22

The increase in the volume of renewable energy curtailment
reinforces the importance of developing demand flexibility now 24


https://analysesetdonnees.rte-france.com/

2024 ELECTRICITY REVIEW

In 2024, electricity consumption stopped falling and rose
slightly, though it still remained well below pre-crisis levels

In 2024, French electricity consumption (adjusted
for weather variation) amounted to 449.2 TWh.

This level represents a very slight increase
(+3 TWh, or +0.7%') compared with 2023,
and a break with the downward trend seen in
recent years, due to a slightly more favourable
macroeconomic context.

However, it remains well below the level seenin
the 2010s (around -30 TWh, or -6%, compared
with average consumption over the period
2014-2019). These low levels result from the
combined effects of rising electricity prices and
the energy sobriety measures during the energy
crisis (which are having a lasting impact), as well
as continued progress in energy efficiency over
the last decade.

In 2024, aggregate consumption by large indus-
trial and tertiary consumers connected to RTE's
high-and extra-high-voltage network rose by

1. These values include the volumes of electricity self-consumption in France.

+2.4% compared with 2023, after falling for
two years.

However, like the country’s overall consumption,
it remains well below historical levels: -12.7%
below the average for the 2014-2019 period
(and -8.2% below the 2021 level).

For the first time in ten years, low-carbon gene-
ration — which was particularly abundant in
2024 - was sufficient on its own to cover
99.5% of consumption.

The low level of the consumption peaks (among
the lowest for ten years) meant there was less
need for thermal power stations during peak
periods. For example, wind generation made
a greater contribution to covering consump-
tion during peak periods (average generation of
6.3 GW, or 9% of consumption) than thermal
generation in 2024.
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Consumption adjusted for weather and calendar effects between 2000 and 2024
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French electricity generation continued to grow in 2024,
reaching unprecedented levels of low-carbon generation

In 2024, France returned to high levels of elec-
tricity generation and broke several records.

Its electricity output reached its highest level
for five years (539.0 TWh). This brings it back
above the 2019 level and into line with the 2014-
2019 average (537.5 TWh).

This performance is the result of three factors:

1.a rapid recovery in nuclear generation
(361.7 TWh), after a historically low level in
2022 (279.0 TWh) and a gradual recovery in
2023;

2. exceptional hydropower generation, at its
highest level since 2013 (75.1 TWh);

3. sustained growth in wind and solar power
generation (71.6 TWh in 2024, compared
with 45.8 TWh in 2019).

Renewable power generation reached a record
150.0 TWh, or 27.8% of total generation.

Fossil-fired electricity generation was at its
lowest level since the early 1950s (20.0 TWh),
lower — for the first time — than solar power gen-
eration (24.8 TWh). Gas-fired power stations
saw very little use (output of 17.4 TWh in 2024,

compared with 29.2 TWh in 2023) and power
generation by coal- and oil-fired power stations
(0.7 TWh and 1.8 TWh respectively) remained
very low.

Low-carbon generation (nuclear and renewable)
reached the threshold of 95% of the electri-
city generated in France for the first time.
The growth in renewable power generation
is essentially additive to nuclear output: they
both contribute to decarbonising French and
European electricity generation and increasing
French exports to neighbouring countries, which
reached a record level of 89 TWh.

By replacing fossil-fired generation abroad,
French exports have avoided emissions of
19.8 million tonnes of CO, in other European
countries.

The carbon intensity of French electricity gen-
eration was 21.7 gC02eq/kWh, almost a third
less than in 2023 and among the lowest in the
world.

This performance confirms the strength of the
French power system for decarbonising and
reindustrialising the broader French economy
(which is still almost 60% dependent on fossil
fuels and imports).
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France’s electricity generation capacity grew at an
unprecedented rate in 2024 with the commissioning
of new offshore wind farms and record growth

in photovoltaic installations

The generating fleet reached 155.5 GW of
installed capacity at the end of December,
an increase of 6.7 GW compared with 2023:
these proportions are comparable to the growth
of the French generating fleet during the con-
struction of the nuclear plants in the early 1980s.
This value does not include the new 1.6 GW
nuclear reactor at the Flamanville power station,
which was connected tothe grid on 21 December
2024. Commissioning is scheduled for 2025,
which will increase the nuclear fleet to 63 GW.

The fossil-fired and hydropower generation
fleets did not change notably in 2024.

Solar power was the generating source with
the highest capacity growth in France in
2024, with an increase of 5 GW, a record for
the second year running (3.3 GW in 2023). This
underlines the new momentum in solar growth
that began in 2021 (average rate of almost
3.4 GW/year).

Installed photovoltaic capacity in France
(24.3 GW) now exceeds that of onshore
wind farms (22.9 GW), which have grown at
a slightly slower rate for the second year running
(+1.1 GW in 2024). In offshore wind power, the
Fécamp and Saint-Brieuc wind farms (almost
500 MW each), where the first turbines started
generating in 2023, were completed in 2024.
Together with the Saint-Nazaire wind farm
(480 MW), which came on stream in 2022,
they bring offshore wind capacity to almost
1.5 GW. The wind farms at Courseulles-sur-Mer
(450 MW) and the islands of Yeu and Noirmoutier
(488 MW) are due to come on stream in 2025.

The development trends for solar and onshore
wind power are consistent with the volumes
called for in the CRE’s auctions. In particular,
over the 2021-2023 period, these volumes were
higher for solar power (7.5 GW in total over the
period) than for onshore wind power (5.3 GW in
total).
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Spot electricity prices in France returned close to pre-crisis
levels in 2024, continuing the fall that began in 2023

In 2024, prices on the wholesale markets contin-
ued their fall from the highs of the 2022 energy
crisis:

e the French annual average spot price was
€58/MWh (compared with €97/MWh in
2023 and €276/MWh in 2022). Prices have
thus returned to levels similar to those seen
before the pandemic and the energy cri-
sis, but are more volatile, with an increase
in episodes of low or negative prices (see
opposite);

e French forward prices also fell significantly
in 2024, in line with gas forward prices, but
remain higher than in 2019.

This decline is mainly due to the abundance of
low-cost, low-carbon electricity production (in
France and Europe), combined with consumption
that is still lower than before the pandemic and
the energy crisis, and with the fall in gas prices.

In 2024, French forward prices remained
lower than in all the neighbouring countries,

except Spain and Portugal, which are poorly
interconnected and have mostly renewable
generation.

Spot prices fell across the board in Europe, par-
ticularly in countries with mostly low-carbon
power generation (e.g. France and Spain, where
the low-carbon proportion is now over 75%). For
the first time since 2011, the average spot
price was lower in France than in Germany.

The French spot price was below the variable
costs of thermal power stations 71% of the
time. This is a major development compared to
2023 (when the rate was 48%), mainly due to
the increase in low-carbon generation. However,
this situation could change in the coming years if
consumption increases.

Annual average hourly spot prices for several European countries over the period 2018-2024
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Negative prices

In a power system with a growing share of
renewables, an increase in negative prices
is to be expected, particularly if electricity
consumption remains low. In fact, 2024
saw twice as many negative spot prices
as 2023. They accounted for only 361

2024 ELECTRICITY REVIEW

hours, or 4% of the time. When they did
occur, negative prices mostly remained
close to zero, without reaching very low
values, and often in a sequence of seve-
ral hours at night or in the afternoon on
spring and summer weekends.

Hourly distribution, by month, of negative spot prices in France over the period 2002-2024
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Source: EPEX

The factors that can reduce the emergence
of these negative price episodes are clear:

1. developing flexibility in terms of
consumption and storage by positioning
certain types of consumption, such as char-
ging electric vehicles or switching on water
heaters, in the middle of the day. This type
of flexibility requires a specific economic
model, enabling consumers to benefit from

Number
of hours

15

10

being flexible (explicit load shedding, peak/
off-peak supply tariffs etc.);

. flexibility in the generating fleet, which
depends mainly on modulating nuclear
and hydro power, but with renewable
energy able to play an increasing role
as long as the legislative and regulatory
framework generates the appropriate
incentives.
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In 2024, France recorded the highest net export balance

in its history

Overview of trade

In 2024, France broke two records in terms of
electricity trade: on one hand, its gross elec-
tricity exports reached an all-time high
(101.3 TWh); and on the other, its net trade
balance exceeded the all-time record set in
2002 (76 TWh), reaching 89 TWh.

These records come just two years after 2022,
when the country was a net importer for the first
time since 1980.

They result from the combined effect of con-
sumption remaining low and the recovery of
French electricity generation (restoration of
nuclear generation after the energy crisis,
exceptional hydropower output and continued
development of renewable energy).

In 2024, France exported significant quanti-
ties across all its borders: Germany—Belgium
(+27.2 TWh), ltaly (+22.3 TWh), United Kingdom
(+20.1 TWh), Switzerland (+16.7 TWh) and to a
lesser extent Spain (+2.8 TWh).

Very high levels of exports were recorded
every month, with slight seasonal variations
(average monthly balance of 6.3 TWh from
January to the end of April and in December, and
8.2 TWh between May and November, due to
lower consumption during the summer). Exports
were higher on working days and in the evening
and at night, as solar generation in neighbouring
countries reduced their need for imports during
the day.

The scale of these volumes reflects the com-
petitiveness of the French generating fleet on
a European scale. Because of its low variable
costs, French generation is prioritised over ther-
mal power stations. In fact, it was exported at a
very wide range of prices, both high and low,
with very favourable economic consequences for
the country.

France thus has an abundance of low-car-
bon electricity that can be used to decarbonise
its economy or limit the use of coal and gas in
European electricity generation, with a high
degree of climatic and economic efficiency.

12
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Electricity trade between France and its neighbours between 1953 and 2024
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Detailed analysis of export and import trends

In 2024, France was a net exporter 98% of
the time, exporting a total of 101.3 TWh to
all its neighbours (compared with 12.3 TWh
of imports, mainly from Spain, Germany and
Belgium). It was an exporter across all its bor-
ders a third of the time.

In geographical terms, 97% of imports from
one of the country’s borders were simultaneously
re-exported across one or more other borders:
these are through flows. Due to its position as an
“electricity crossroads” between its neighbours,
and its many interconnections, France also plays
a role as a transit country, and this is likely to
continue.

The year 2024 was a further illustration of the
change in flows that had already been visi-
ble since the early 2020s. While through flows
mainly formed a loop linking Germany to Italy
and Switzerland between 2001 and 2020, a
new pattern of flows from the Iberian peninsula
to the rest of Europe has developed in recent
years, reaching a comparable scale in 2024.

RTE has analysed trade by cross-referencing
all the commercial flows on a European scale in
order to identify the times when electricity “only”
transits through a country, and to identify the
countries of origin, transit and destination of the
flows. Spain, Belgium and Switzerland also act
as transit hubs for Portugal, Germany and the
Netherlands, and ltaly respectively. The analysis

reveals that the leading importer from France
in 2024 was ltaly (32%), followed by Germany
(18%), Belgium (15%), the UK and Portugal.

In economic terms, RTE has carried out a
detailed analysis of export situations and the
corresponding market prices, as announced
when the outlook for the winter of 2024-2025
was presented. This analysis shows that France
exported in all situations, whether market prices
were high or low, and that it imported occasion-
ally, particularly from areas affected by negative
prices. The volumes of electricity exported by
France in 2024 thus reflect the competitive-
ness of its generating fleet on a European
scale. France did not “dump” its electricity
at rock-bottom prices: the European market
has provided an outlet for its competitive,
low-carbon generation, which is conside-
rably higher than its needs.

The economic impact of these exports has been
very positive for the country.

In 2024, the total value of French electricity
exports reached the unprecedented level of
€5 billion (compared with €1 billion to €3 billion/
year since 2000).

However, the contribution of electricity exports
to France's energy bill is still very small com-
pared with the cost of importing fossil fuels for
non-electrified energy uses: in 2024, fossil fuel
imports cost more than €64 billion.

14
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Figure 1 — Trends in flows transiting the French power system over recent decades
(averages over the period in question)
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Figure 2 | Exportations francaises au périmétre européen élargi en 2024 (modélisation des flux commerciaux)
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Greenhouse gas emissions from the French power system
reached a historic minimum for the second year running

in 2024

In 2024, direct emissions of greenhouse
gases from electricity generation in France
totalled 11.7 MtCO,eq, 30% less than in 2023
and the lowest level since the end of the
Second World War.

This result was achieved thanks to a historically
high rate of decarbonisation of electri-
city generation (95%), even though France
exported record volumes of electricity and con-
sumption picked up slightly. It results from a
combination of factors: the rapid recovery of
nuclear generation following the crisis that had
affected the nuclear fleet in previous years; par-
ticularly high hydropower output; and abundant
renewable generation as the fleet continues to
expand. As a result, little use was made of fos-
sil-fired generation (see Generation section).

Two-thirds of electricity generation emis-
sions are due to gas-fired generation
(7.1 MtCO,eq), followed by electricity genera-
tion from waste incineration (2.3 MtCO,eq) and
oil-fired generation (1.4 MtCO,eq). Emissions
from coal-fired power stations in France are
now negligible, as this power source is very little
used: in 2024, coal-fired power stations emitted
less than 0.7 MtCO,eq, representing just 5% of
emissions from French electricity generation,
and around one thousandth of the country’s total
emissions across all sectors.

The average carbon intensity of French electri-
city generation reached 21.7 gCO,eq/kWh in
2024, its lowest level ever. Nearly half the time,
carbon intensity was even less than 10 gCO_eq/
kWh, a level corresponding to sectors that are

essentially inflexible (gas-fired cogeneration,
waste). Finally, emissions remained limited even
during periods of high consumption: carbon
intensity never exceeded 70 gCO,eq/kWh.

Even when life-cycle emissions are taken
into account, the French power system still
performs very well, with an intensity of
30.2 gCO,eq/kWh. Total life-cycle emissions
from electricity generation in France amounted
to 16.1 MtCO,eq in 2024.

In Europe, only Norway, which has abundant
hydroelectric resources, recorded a lower carbon
intensity than France in 2024 (6 gCO,eq/kWh
for direct emissions).

Exports of French electricity, which reached
a record level in 2024 (89 TWh, see the Trade
chapter), helped to avoid emissions amoun-
ting to 19.8 MtCO,eq across Europe in 2024,
i.e. more than the emissions from French
generation. More than a third of the emissions
avoided were in ltaly, and a quarter in Germany.
This record level is largely due to the volumes
involved: the very high level of exports offset the
effect of the gradual decarbonisation of power
generation elsewhere in Europe (see the Europe
chapter) — and therefore the fall in the carbon
intensity differential between France and other
countries.

France’s generation fleet is particularly
low-carbon. The country’s priority is thus to
make optimum use of this abundant low-car-
bon power to convert and supply energy uses
that rely on fossil fuels.
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Direct greenhouse gas emissions related to electricity generation in France (left axis)
and emission intensity of French electricity generation (right axis) between 1950 and 2024
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In Europe, low-carbon sources are gradually replacing

fossil fuels

On a European scale, electricity consumption and
generation in the 27 European Union countries
rose slightly in 2024 compared to 2023, ending
the downward trend seen since the energy crisis
began:

e Electricity consumption (non-adjusted for
weather and calendar effects) rose by
1.2% in 2024 (after falling by 3.1% in 2022
and 3.2% in 2023), driven by a slightly more
favourable economic context and despite
the highest average temperature on record
(+1.5°C compared with the pre-industrial
era), which acted in the opposite direction,
curbing the rise in consumption in winter.

e Generation increased by 2% in 2024 com-
pared with 2023, with fossil fuel-based
output falling sharply in favour of gener-
ation from low-carbon sources.

The rise in solar generation continued across
Europe, with a 21% increase in 2024 compared
to 2023, even more significant than the 18.9%
increase in 2023 compared to 2022. For the first
time, solar generation (271 TWh) exceeded
coal-fired generation (258 TWh). These his-
toric levels result from the accelerating pace of
solar power development in many countries (e.qg.

2. Source: Ember

Austria, Poland, the Netherlands, Italy): installed
capacity across the European Union reached
338 GW by the end of 2024 (66 GW more than
in 2023)2.

Wind power (484 TWh) was second only
to nuclear (619 TWh, 58% of which was
in France). As in 2023, it was higher than
gas-fired generation (411 TWh in 2024).
Hydropower generation was 11.7% higher than
in 2023 thanks to abundant rainfall. Nuclear
generation rose by 4.8%, mainly due to strong
performance from the French nuclear fleet
(+41 TWh), which more than offset the lower
output from other European Union countries
(-12.4 TWh).

The year 2024 thus illustrates the rapid decar-
bonisation of European electricity mixes due to
the development of renewable energy, which
is gradually replacing fossil-fuel generation.
Between 2017 and 2024, the average car-
bon intensity of electricity produced in the
27 European Union member states fell by
27%, from 457 gCO,/kWh to 334 gCO,/kWh.
The countries with the greatest reductions over
this period were Portugal (-89%) and Spain
(—69%,).
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Electricity generation in the European Union by power source
3,000
+2%
—
2,500
26%
renewable
2,000 48%
renewable Other
= Geothermal
S 1500 Solar
- Offshore wind
Wind
Onshore wind
1,000 M Renewable heat
and waste
B Hydro
500 Nuclear
M Oil
B Gas
0 M Coal
2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Data source: ENTSO-Energy-Charts, CBS & NedNL, REE, RTE
Wind and solar power fleets in a selection of European countries at the end of 2024
120
100
80
2
o
40
20
Solar
Onshore wind
0 Offshore wind
Data source:
Energy Charts, REE, Terna,
,‘ Department for Energy
Security and Net Zero,
Germany France Spain* Italy Great Britain Poland ENTSO-E, Eurostat, RTE
* The Spanish solar fleet includes thermodynamic solar installations, which accounted for around 2 GW in 2024

-
~

o

/

Average carbon intensity of electricity generation in the European Union countries, the United Kingdom,
Norway and Switzerland
800 7% 750
700 TN o
< 566
600
2 o ST~ M & 13 49 455
] 534 522 \,\ 362 39 403
Ty 400 400 v\ \\/\ \/\ 33 290 297 263
g 300 363 261 \/\_ \
S 200 292 280 276 e Nl T
o o 218 216 oo o
Poland Cyprus Netherlands Estonia RE;;’JS‘“C Malta Liigr';fb%:g Bulgaria Italy Ireland Greece Romania Slovenia EU-27 Hungary
-24% -12% -20% -47% -26% -18% -27% -40% -41% -35% -57% -35% -26% -40% -37%
800 Key: Country.
700
; 600 ()
) 500 Relative reduction in CO, intensity of
<, 400 50 . 5 359 generation between 2017 and 2024
§ 00 A N 1B s Zai«/\ E\’\ [\ 0 “ 22 \—\
200
o ~— \»\ 78 108
108 192 466 166 144 B T = RN . ’\'\5 = ST 51463 55 2 n 6
Belgium Great Britain Lithuania Croatia Denmark Latvia Spain Slovakia Finland Switzerland Austria Portugal Sweden France Norway
0O & @ P @ © @ £ 0 @ @ & 0
-13% -43% -1% -38% -46% -33% -66% -61% -67% -30% -51% -86% -31% -61% -43%

- /

19



2024 ELECTRICITY REVIEW

Focus on episodes of low wind and solar production

The development of renewable energy (solar
and wind power) across Europe often leads to
fears over security of supply when solar and
wind generation is low for several consecutive
days (known as “Dunkelflaute” in German).

France experienced three such episodes in
2024, including two lasting two days and
one lasting four days, when the wind and
solar load factors were below their second
decile (in 2023 there were no episodes lasting
several days — see opposite).

Germany recorded four episodes of this type
over the course of the year.

Analysis of the Dunkeflaute situation in
Germany between 11 and 13 December

On 12 December, total solar and wind
power output in Germany was just 55 GWh
(the lowest since 2021), compared with an
average of 570 GWh/day over the course of
the year, with significant consequences for the
operation of the power system:

e the average daily spot price in Germany
reached an annual high of €395/MWh on
that day due to strong demand for gas-fired
generation;

Germany’s imports reached the highest
proportion of the vyear (325 GWh),
across all its borders, particularly from
Switzerland (64 GWh), Denmark (50 GWh),
the Netherlands (44 GWh) and France
(37 GWh), taking bilateral commercial trade
into account.

RTE's analysis, which tracks electricity trade
flows beyond direct neighbours (“extended
European scope”), shows that net exports from
France to Germany over this period (240 GWh
in total) were much higher than bilateral
exports (103 GWh in total): much of the volume
exported from France to Germany passed
through third countries, particularly Switzerland
and Belgium. In fact, the analysis shows that the
countries that exported the most to Germany
during the December Dunkelflaute were France
(240 GWh), Norway (168 GWh), which was
able to draw on its large hydropower stocks,
and the Netherlands (157 GWh).

Wind generation was also low in France
during this period, leading to increased
demand for nuclear, hydropower and, to a
lesser extent, thermal generation. The French
price rose, but by much less than the German
price, reaching a daily average of €173/MWh on
12 December and €177/MWh the following day
(when French wind and solar generation was
even lower). These conditions did not prevent
gas-fired electricity generation in France from
reaching its lowest level since 2014 in 2024.

These Dunkelflaute episodes are not a new
phenomenon: episodes lasting only two or
three days (with wind and solar load factors
below the second or even first decile) have
occurred almost every year in Germany in
recent years, and to a lesser extent in France.

They are an integral part of the meteorological
scenarios used by RTE to assess the security of
the electricity supply in different countries in its
seasonal and medium-term analyses.
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Net trade between Germany and other European countries from 11 to 13 December 2024

Czech Rest of
Austria Belgium Switzerland Republic Denmark  France Netherlands Norway Poland ~ Sweden  Finland Italy Europe M Bilateral trade

B Trade with the
extended scope

German
imports

Data source:
ENTSO-E

Number of episodes of low wind and solar output in France, per year, by duration

O

M Wind and solar
load factors below
the 2" decile*

Key: in 2024, France experienced
two episodes of two consecutive
days with solar and wind load factors
below the second decile of their
respective load factors

B Wind and solar
load factors below
the 1 decile*

Number of episodes

Data source:
RTE

Episode duration

* Situations where the average daily load factors for wind and solar are simultaneously under 10% (1st decile) or 20% (2nd decile) of the lowest daily values
observed for these power sources between 2016 and 2024 in France.

Number of episodes of low wind and solar output in Germany, per year, by duration
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Wind and solar
load factors below
the 2" decile*

Number of episodes

B Wind and solar
load factors below
the 1 decile*

Data source:
Energy-Charts

Episode duration

* Situations where the average daily load factors for wind and solar are simultaneously under 10% (1st decile) or 20% (2nd decile) of the lowest daily
values observed for these power sources between 2016 and 2024 in Germany.
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As well as reducing emissions, the electrification
of energy consumption also addresses economic

and sovereignty issues

Energy consumption in France is still heavily
dependent on fossil fuels, most of which are
imported. These represent almost 60% of the
country’s final energy consumption?, while elec-
tricity accounts for only around 27%.

Electrification is also a priority for both eco-
nomic and sovereignty reasons. Imports of
fossil fuels, mostly from non-European coun-
tries, cost France between €40 and €60 billion
every year (outside exceptional situations). For
comparison, record electricity exports earned
France €5 billion in 2024. So there is a strong
case for using competitive, low-carbon French
electricity today to reduce the country’s depend-
ence on fossil fuels. In addition, manufacturing
capacity for new energy technologies, except
solar energy, has a stronger European compo-
nent than oil or gas production.

Most petroleum products are used in the
transport sector, particularly road transport.
As a result, electrifying road transport is the pri-
mary route for decarbonising the sector’s energy
consumption. The market share of new fully
electric cars reached around 17% in 2024, for
the second year running, although fleet renewal
times mean that only 2.3% of cars on the road
on 1 January 2024 were electric.

3. 57% in 2023, the last year for which data are available.
4. 2020 figures from the SDES housing survey

Gas is mainly used to heat residential and com-
mercial buildings. The proportion of homes
heated mainly with gas is still 35.8%%. To
reduce dependence on fossil fuels, these heat-
ing systems will gradually have to be replaced by
low-carbon alternatives (such as heat pumps).
Thermal upgrades are another important means
of reducing energy consumption in these sectors.
In 2024, the number of large-scale reno-
vations and the grants paid out increased
significantly (20,000 homes, amounting to
€3.3 billion). In the new-build sector, heat
pumps are now the most common form of
heating.

One of the challenges in decarbonising indus-
try, where certain sectors are major emitters of
greenhouse gases, is adapting the transmission
network to guarantee that electricity supply
needs are met. RTE has already received many
connection requests from industrial companies,
electrolysers and data centres, and is adapting
its operations to ensure that every customer is
connected under the best possible conditions for
the country as a whole. The NDP, whose main
outlines were announced on 13 February
2025, proposes several strategies to stream-
line these connections.
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Proportions of final consumption from different energy sources

Electricity consumption represents
only of energy consumed

Non-electric renewable energy,
waste and heat are growing steadily,
reaching

72%
° Around 56.8% of the energy consumed
in France comes from fossil fuels,

with 38% from petroleum products
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Global oil and gas production in 2022 and global distribution of production capacity for new energy technologies
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Breakdown of French energy consumption by energy source and sector in 2023

FRENCH CONSUMPTION BUILDINGS (residential + tertiary) TRANSPORT INDUSTRY
1,534 TWh 684 TWh 504 TWh 283 TWh
Petroleum products account for more The buildings sector mostly consumes The transport sector is almost entirely Industry is the second largest consumer
than a third of French energy consump- electricity, followed by gas and non-elec- dependent on petroleum products, of and gas. In addition to this

tion.

37.5%

18.8%

0.5%

B Petroleum products

Data sources: SDES

Electricity M Gas

tric RE. It is responsible for over

and
60% of its gas consumption.
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11.8%
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Renewable energy, heat and waste

consuming almost 80% of the petro-
leum products used in France.

29.2%

0.2%

0%

B Coal

consumption for energy purposes, it also
consumes energy as a raw material (such
as petroleum products for petrochemicals).

1.7%

=

6.7%

0.5%

One square = 1% of final energy consumption

The remaining energy is consumed by the agriculture and fisheries sector

%
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The increase in the volume of renewable energy
curtailment reinforces the importance of developing

demand flexibility now

The operation of the power system requires a
constant balance between electricity generation
and consumption. Until now, maintaining this
balance has mainly relied on the flexibility offered
by dispatchable generation resources (particu-
larly nuclear and fossil-fired power plants). The
use of other sources of flexibility, and par-
ticularly “demand flexibility”, i.e. adapting
the consumption profile to the generation
profile, is becoming increasingly necessary
with the growth in the volumes of inflexible
renewable electricity produced.

Demand flexibility is not a new concept: it has
existed for decades in the French power system
in the form of peak and off-peak tariffs, which
have made it possible to shift a proportion of
consumption from daytime hours, when demand
is higher, to night-time hours, when itis generally
lower, thanks to a more attractive electricity tar-
iff for consumers. Demand flexibility can respond
to structural needs, such as taking advantage of
the abundance of solar production in the early
afternoon (the peak/off-peak reform, which will
be implemented between November 2025 and
the end of 2027, is a step in this direction), or to
more dynamic needs, such as reacting to uncer-
tainties about weather conditions. The growing
electrification of uses in the future (transport,
heating, hydrogen production) also represents a
major source of flexibility for the power system.

A useful indicator for analysing flexibility
needs, and particularly structural needs, is
the residual demand curve, which shows total
demand minus the volume of inflexible renewa-
ble generation at any given moment. The shape
of this curve is changing: over the last ten years
or so, the average level of residual demand has
gradually fallen due to the combined effect of
increased renewable generation and, over the
last four years, lower consumption. In addition,
the increase in solar output in the middle of the
day accentuates the afternoon trough, leading to
a curve characterised by two peaks (morning and
evening) and two troughs (night and afternoon).

The increase in the volume of renewable energy
curtailed at times when spot prices are negative
reinforces the importance of developing demand
flexibility now. The volume of wind and solar
power curtailed in 2024 was 1.7 TWh (made
up of 0.9 TWh of wind and 0.7 TWh of solar),
compared with 0.6 TWh in 2023. The average
power curtailed was 4.5 GW at negative price
times (compared with 3.9 GW in 2023), rising to
a maximum of 12 GW,

As far as storage is concerned, the capacity of
lithium-ion batteries increased by 216 MW in
2024, bringing the total to just over 1 GW, while
PSH storage capacity remains stable at almost
5GW.
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Deformation of total and residual demand on an “average” working day over time
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Consumption (not adjusted for
weather and calendar contingencies)
varies from year to year. It was

very similar in 2024 to 2023.

Renewable generation is increasing
steadily as the installed capacity grows.
Wind power is generated throughout
the day, translating the curves upwards.
Solar generation is concentrated

around 1-2 p.m., creating a “hump”

in the middle of the day.

The residual demand curve shifts
downwards when wind generation
increases. In the middle of the day,
it moves further down due to solar
generation.

2014
— 2022

2016
— 2023

2018
— 2024

— 2020

-

-

Average wind and solar power curtailed and number of occurrences per hour of negative spot prices in 2024
Estimates produced by RTE
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Key to the graph: In 2024, there were 53 occurrences of negative prices at 3 p.m. (i.e. between 3 p.m. and 4 p.m.). The average power curtailed at that time was just under 5 GW in total,

split equally between wind and solar. The lighter bars show results for which the number of occurrences is too low to be significant.
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