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24.69%

EU-27 RES share in gross
final energy consumption
in 2023 (23.1 % in 2022)

45.3%

EU-27 RES share in gross
electricity consumption in
2023 (41.2% in 2022)

26.29

EU-27 share of energy
from renewable sources
sources for heating and

coolingin 2023 (25% in

2022)

110.8 mtoe

EU-27 renewable heat and
cooling consumption in
2023 (110.9 Mtoe in 2022)

1 230.11wh

Renewable electricity
generation in the EU-27 in
2023 (1156.5 TWhin 2022)

ENERGY INDICATORS

RENEWABLE ENERGY
DIRECTIVE (RED Ill): THE
RENEWABLE TARGET IS TO RISE
FROM 24.6 TO 42.5% IN 7 YEARS
Renewable energies covered

24.6% of gross final energy
consumption in the EU-27in 2023.
The pace must greatly accelerate
to reach the new 42.5% target set
by RED Il by the end of 2030. As a
result, EU countries must redouble
their efforts to collectively meet
the new EU target for 2030.

A BREATH OF FRESH AIR
FOR RENEWABLY SOURCED
ELECTRICITY

EU electricity production output
saw a rise of 12.7% from 2022 to
2023.1 230.1 TWh of renewable
electricity was produced in 2023,
with wind power being the largest

1

source (478.1 TWh, i.e.,, 39.1% of
total renewable electricity pro-
duction), followed by hydropower
(329.9 TWh) and photovoltaics
(252.12 TWh). Biomass came again
fourth with 156.4 TWh.

The renewable share of gross
electricity consumption in Euro-
pean Union reached 45.3% in 2023
recording 10% more than in 2022
when the RES share was measured
at 41.2%. O

Overall share of energy from renewable sources (%) - According the

Directive (EU) 2018/2001
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Share of each energy source in renewable electricity generation in 2022 and in 2023 in the EU-27 (in %)
according the Directive (EU) 2018/2001 specifications.

0.6% 0.5%
15.7% (6.4TWh) 12.3% (6.3 TWh)
(170.0TWh) Geothermal power (156.4TWh) Geothermal power

Biomass Biomass

19.4%
(210.6 TWh)

Solar Power

0.04% 20.6%
(0.5 TWh) (252.1 TWh)

Ocean energy Solar Power

0.04%
(0.5TWh)

Ocean energy

27.0% 39.1%
(3:9.: Twll'm) (478.1 TWh)
ydraulic i
bower Wind

25.4% 38.9%
(276.2 TWh) (421.9 TWh)

Hydraulic
power

power power

2022: total 1 085.6 TWh 2023: total 1232.2 TWh

Notes for calculation: Hydro is actual (not normalised) and excluding pumping. Wind is actual (not normalised). All electricity produc-
tion, compliant or not with renewable Directives, from solid biofuels, biogas (pure and blended in the gas natural grid) and bioliquids
isincluded. Source : EurObserv’ER from Eurostat database (updated 28 january 2025).
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ENERGY INDICATORS

69.3 aw

Additional electrical
renewable capacities
connected to EU-27 grids
in 2023 (50.1 GW in 2022)

54.8 cw

Electricity storage capacity
installed in the EU-27 at
the end of 2024 (48.7 GW in
2023)

4.76 cw

Installed in pumped
hydro storage capacities
installed in EU-27 at the
end of 2024

87.8 «

Share of energy from
renewable sources in gross

MARKET SHARES OF THE
POWER GENERATING
CAPACITIES INSTALLED IN 2023
BY TECHNOLOGY

n 2023, 92% of newly connected
Ielectricity capacity within the
EU was related to renewable
technologies (compared to 94%
in 2022). Photovoltaics remains
by far the leading technology
ahead of wind power. Graph
3 shows the breakdown of
additional electricity capacity
connected in 2023 according to
the different technologies within
the European Union. 69 345 MW
out of a total of 75 105 MW came
from renewable technologies.
Photovoltaic is still the most
representative sector with 53
124 MW installed, accounting for
71% of the additional electrical
capacity clearly ahead from its
performance in 2022 (61%). Wind
power remains around 21%. As for
fossil fuels, gas represented 8%. It
has to be noted that 1,6 GW from
nuclear sector has been connected
in Finland.

3

RENEWABLE HEATING AND
COOLING

In 2023 renewable sources
accounted alittle over 26.2% of the
EU’S total final energy consump-
tion for heating and cooling,
recording 12% more than that in
2022. The total renewable energy
used for renewable heating and
cooling is 110.8 Mtoe in 2023 as
compared to 110.9 Mtoe in 2022.
In 2023, the renewable share of
heat and cooling consumption was
26.2%. According to the specifi[1]
cations of Directive (EU) 2018/2001,
110.8 Mtoe was produced, 69.9%
of which came from solid biofuels
(77.4 Mtoe) in a context of prevai[1]
ling low heating requirements and
higher biomass fuel prices. Heat
pumps ranked second with 19.8
Mtoe. In buildings, consumption
and market shares of coal and
oil boilers are slowly decreasing,
while heat pumps and district hea-
ting are increasing (see Figures 4
ands). O

Distribution of additional electrical capacities connected to EU-27

grids in 2023 by technology

0,6%
0,2%
0,2%

0,9%
2%

4%
1%
21% 7

Photovoltaic
Wind power

electricity consumption in

Sweden (2023) ocei
ossll gas

Hydro
Bioenergy
Other fossil

Coal

Nuclear

Total : 75.1 GW

Source: EurObserv’ER - Ember
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District heating supply mix in 2022

W Coal and peat M Petroleum products M Natural gas W Other

M Biomass/fuels M Electric boilers M Heat pumps M Industrial waste heat

M Geothermal

M Share of renewable and waste heat
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Bulgaria
Slovakia
Czechia
Romania
Poland
Slovenia
Hungary
Germany
Italy
France
Austria
Finland
Latvia
Estonia
Lithuania
Denmark
Sweden

Netherlands

Source: Own assessment based on diverse sources: Eurostat, Euroheat & Power DHC Market Outlook Insights & Trends 2023 and data
from national statistic institutes of the MS. Notes: Based on 2021 data for: BG, DE, AT, Fl, SE, HR, RO, PO, CZ, SI, HU, IT, EE, FR, DK, LT; 2018
data for: NL, SK. Other includes renewable and non-renewable forms of energy such as non-renewable waste, solar thermal, etc.. The
shares of energy carriers are based on final energy, while the total share of renewable and waste heat is based on useful energy (COP heat

pumps =3).
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Consumption shares in heating in 2022

W Coal | oil M Natural gas M Direct electric heat

H Heat pumps M Biomass Solar thermal M District heating

M Share of renewable and waste heat
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Source: Own assessment based on diverse sources: Eurostat, EHPA Market and Statistic Report and Heat Roadmap Europe project.
Notes: District heating contains derived heat obtained by burning combustible fuels like coal, natural gas, oil, renewables (biofuels)
and waste, or also by transforming electricity to heat in electric boilers or heat pumps. The shares of energy carriers are based on final
energy, while the total share of renewable and waste heat is based on useful energy (COP heat pumps = 3).
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SOCIO-ECONOMIC INDICATORS

1864 600

FTE jobs in the European
renewable energy industry in
2023 (1692 000in2022)

560 300

Jobs in EU-27 PV sector in
2023 (346 900 100in 2022)

432 900

Jobs in EU-27 heat pump
sectorin 2023 (416 200in
2022)

333 800

Jobs in EU-27 wind sector
in 2023 (273 500in 2022)

€233 bn

Turnover generated by
renewable energy sources
in EU-27in 2023 (€205.5 bn
in2022)

€66.3

Turnover of photovoltaic
sectorin the EUin 2022

EMPLOYMENT

round 1.86 million persons are

directly orindirectly employed
in the European Union renewable
energy sector, which represents
a gross increase of 229 500 jobs
(14.0%) from 2022 to 2023.
The solar PV sector became the
largest sector in terms of employ-
ment with 560 300 jobs, making
30% of the total EU. It was fol-
lowed by heat pumps contributing
432 900 jobs (23% of the total EU)
and wind with 333 800 jobs (18%
of the EU) respectively. Increases
were also observed in the hydro-
power, heat pumps and MSW
sectors. The increases balance
out declines in the solar biomass,
biofuels, biogas, solar thermal and
geothermal sectors.
22 out of 27 Member States either
increased or maintained their
number of renewable energy
jobs, while the largest growth in
employment estimates was found
in Spain (+73 900 new jobs, equal
to +47%, mostly due to growth of
solar PV), Germany (+63 600, equal
to +22%), and Netherlands (+27 800
jobs, equal to +36%).

TURNOVER

In total the renewable energy
related industry turnover in
European Union Member States
in 2023 amounted to around
€233 billion, representing a gross
growth of around €27.5 billion
against 2022 (+13%).22 out of 27 EU
Member States either increased
or maintained their industrial
turnover created by renewable
energy sources. The top 5 Member
States in terms of turnover are
Germany (€54.6 billion), Italy (€31.5
billion), France (€30.9 billion), Spain
(€25.3 billion), and the Netherlands
with €16.2 billion.

EUROBSERV’ER - THE STATE OF RENEWABLE ENERGIES IN EUROPE - 2024 EDITION

As for jobs, the largest renewable
energy technologies in terms of
industry sector turnover were solar
PV with €66.3 billion, followed by
heat pumps at€58.8 billion and wind
at €51.4 billion. O

2023 Total turnover (€M)

Germany 54 560
Italy 31530
France 30920
Spain 25 350
Netherlands 16 160
Sweden 13 050
Denmark 9160
Poland 8530
Finland 8 040
Austria 6 290
Belgium 4 800
Portugal 4 300
Greece 2810
Hungary 2570
Romania 2100
Bulgaria 2020
Czechia 1740
Lithuania 1700
Estonia 1260
Ireland 1260
Latvia 1190
Slovakia 1040
Croatia 810
Slovenia 670
Malta 360
Luxembourg 250
Cyprus 190
Total EU-27

Source: EurObserv’ER
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Gross renewable employment from previous sections (data for 2023)
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Source: EurObserv’ER

Indicator for equivalent replaced fossil employment, looking at operation, maintenance, and fuel
production activities only (data for 2023)
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Source: EurObserv’ER

EUROBSERV’ER - THE STATE OF RENEWABLE ENERGIES IN EUROPE - 2024 EDITION



RENEWABLE ENERGY COSTS AND ENERGY PRICES

€128 mwn

Average estimated cost
level for residential solar
PVin the EU-27

€82,mwn

Average estimated cost
level for commercial solar
PVin the EU-27

€114-211

NAVIGATING UNCERTAINTY: for power production are
INVESTMENT COSTS characterised by high upfront
ESTIMATIONS capital expenditures, which means

ver the past decades the trend
O inrenewable energy was rela-
tively stable: for solar PV and wind
power overall ever lower specific
investment costs and increasing
energy yields, resulting in lower
levelised cost of energy (LCoE) each
year. In previous Barometers the
cost decreases were reported in
comparison to the year 2005. We
have based the investment cost
estimate on a range from litera-
ture, with 2024 as a reference year.

WEIGHTED AVERAGE COST OF

CAPITAL (WACC)
Most renewable energy projects

9

that the level of the WACC has a
critical impact on the indicators
such as the Levelized Cost of
Energy (LCoE).

WACC values have decreased
across almost all technologies
and member states in 2024,
compared to 2023. This effect
can be explained mainly by the
decrease in debt interest rates.
Decreasing interest rates lower
the cost of debt, making borrowing
cheaper, whichin turnreduces the
overall WACC. For categories with
significantly higher operational
risk or policy risk, bioenergy and
other technologies, the return

Renewable energy investments costs estimated for the year 2024 (M€/

MW)
/ MWh
: [ e |
Estimated cost level for
bioenergy power generation 30 |
in the EU-27
2.5 —
2.0 I
€55-98
1.5
/MWh =]
Estimated cost level for 10 I
hydropower generation .
inthe EU-27 05
0.0 | | | |
< e > > 3
‘;Qo" k‘;‘\o" q}c\'b’ . é\s& Q°~x\°
O S & & )
.\ob .&b & AQ& Qz‘
$ $ ‘QA ‘Q \°®
‘,o\@ g"\’b Q

Note: The estimates were based on JRC (2018) and will be used in the LCOE section
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Levelised cost of energy in the European Union [€/MWh] based on investment cost estimates for 2024 and

WACC data for 2024

300

250

200

= Average estimate

150

100

50

Note: based on investment cost estimates for 2024 and WACC data for 2024.

Source: EurObserv’ER

on equity is unchanged at 11.5
percent. In contrast, returns on
equity forsolar PV and wind power
have reduced by one percentage
point from the previous yearto 7.0
and 8.0 percent, respectively.

We observe that for the low-
risk technologies, such as wind
onshore and solar PV, the WACC
values range from as low as
between 3-4% in some Member
States (e.g., Germany, Netherlands,
Luxemburg) to above 5-6%
in other Member States (e.g.,
Greece, Romania, Poland). For the
higher risk technologies, such as
bioenergy, the WACC estimates
range from between 6-7% in some

Member States (e.g., Austria,
Belgium, Germany) to 8-9% in
other States (e.g., Poland, Hungary,
Romania).

LCOE IN 2024

LCoE values differ across countries
because of varying yield of
renewable sources throughout the
European Union and differencesin
financing parameters.

For electricity production,
onshore wind has the lowest
average LCoE in 2024 (55 €/ MWh),
ahead of hydropower (65 €/ MWh)
and offshore wind (68 €/ MWh),
followed by power from large

commercial photovoltaic plants
(72 €/ MWh). For heat production,
the lowest average LCoE observed
is for heat from biomass (55 €/
MWh).

PRICES OF ENERGY

Prices for natural gas and
electricity for households and non-
households show anincrease from
2022 to 2023. The effect of higher
energy and supply prices on the
average household price level was
mitigated by tax alleviation and
other support measures against
high energy prices, as introduced
by many European Union Member
States.O
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AVOIDED FOSSIL FUEL USE AND RESULTING AVOIDED COSTS

206 Mtoe

EU-27 substituted fossil
fuels by RES in 2023 (194
Mtoe in 2022)

653 mtcozeq

Avoided GHG emissions
through RES consumption in
the EU-27in 2023 (614 MtCO2

eqin2022)

€117 vn

EU-27 avoided expenses
through renewable
energy sourcesin 2023
(165 bnin 2022)

MORE RENEWABLE ENERGY
MEANS LESS FOSSIL FUELS
AND ASSOCIATED COSTS

In 2023 and 2022 the use of
renewable energy substituted
around 206 Mtoe of fossil fuels,
compared to the level of use of
renewable energy in 2005.

The use of renewable electri-
city contributed to 71% of the
total avoided fossil fuels in 2023,
followed by renewables in the
heating and cooling sector contri-
buting to 20% and the remaining
share was substituted through
renewable transport fuels.
While the penetration of
renewable energy (expressed in
avoided fossil fuels) expanded
by approximately 6% from 2022
to 2023, the effect of the avoided
fossil fuel expenses is, with a 29%
decrease (from €165 billion to €117
billion) more pronounced than the
growth in renewable energy. Rea-
son for thisis the strong decrease
in fossil fuel pricesin 2023 compa-
red to 2022.

In monetary terms, the avoided
costs were €30.4 billion in 2023 in
the on-shore wind sector. Second,
solar photovoltaics contributed to
avoided costs reaching to €20.6 bil-
lionin 2023. Third is solid biomass
for heat purposes which contribu-
ted to avoided costs of €17 billion
in 2023.

AVOIDED GHG EMISSIONS
While total GHG emissions in the
European Union were approxima-
tely 3239 Mt CO2eq in 2023, the
gross reduction of GHG emissions
due to the additional consumption
of renewable energy has increased
from 614 Mt CO2eq in 2022 to
approximately 653 Mt CO2eq in
2023. The additional uptake of
renewable energy has led to a
gross reduction of GHG emissions
of 16.8% in 2023, compared to the
reference year 2005. [

EU-27 avoided fossils fuels per sector (ktoe)
250 000
200 000
150 000
100 000
50 000
0
2021 2022 2023
B Avoided by B Avoided by B Avoided by
renewable renewable renewable
electricity heating transport fuels

Note : Reference year 2005. Note: for 2023 proxy data are used.

Source: EurObserv’ER based on EEA data.
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EU-27 avoided expenses through renewables

0%

26%

18%
14%

2023 (total €117 billion)

Onshore wind (normalized)
Solar photovoltaic
Solid Biomass (heat)

Renewable Transport:
Biodiesels (compliant)

Heat pumps

Offshore wind (normalized)
Other (renewable heat)
Solid biomass (electricity)

Renewable transport:
Biogasoline (compliant)
Other (renewable electricity)
Other (renewable transport)

Note : Reference year 2005. Note: for 2023 proxy data are used. Source: EurObserv’ER based on EEA data.
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Effect on GHG emissions in EU-27 in 2023

I Total GHG emissions,
excluding LULUCF,
including international
aviation (Mt CO2eq)

Gross reduction

of GHG emissions
due to additional
consumption of
renewable energy
since 2005 (Mt CO2eq)

Note: Reference year 2005. Source: Eurostat, EurObserv’ER based on EEA data.
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INDICATORS ON INNOVATION AND COMPETITIVENESS

€1070.0

Public R&D expenditure

in all renewable energy

technologies in 2022 in the
EU-27 (€852.71 m in 2021)

€2232.23 -

Private R&D expenditure
in all renewable energy
technologies in 2021 in the
EU-27 (€2 964.52 m in 2020)

1081.1

Number of renewable
energy patent filings in the
EU-27in 2021

€14.4 bn

EU-27 trade (exports) in
2023 -all renewable energy
sources (RES)

€29.7 vn

EU-27 trade (imports) in
2023-allrenewable energy
sources (RES)

nvestments into Research and

Development (R&D) and inno-
vation are commonly seen as the
basis for technological changes
and hence competitiveness.
Consequently, they are an impor-
tant factor for or driver of econo-
mic growth.
Regarding renewable energy
technology, R&D investments
drive innovations, which are often
measured by the number or share
of patent applications in the res-
pective technology field. How well
the R&D output translates into a
strong market position, i.e., com-
petitiveness in renewable energy
technology, on the other hand can
be measured for example by the
trade share in renewable energy
technology products..

R&D INVESTMENTS

In 2022 €1 070.0 million of public
investmentin R&D was invested in
the European Union for renewable

14

technologies; €2 032.23 million
were committed by private actors
in 2021 (latest year available).

In terms of total public R&D
expenditures the European Union
and the US are still the two most
significant among the assessed
regions worldwide.

For European Union it shows
that private R&D financing by far
exceeds public R&D financing.
Denmark and Germany are
leading, followed by Spain, France,
and Netherlands (2021)..

PATENT FILINGS

The European Union filed 1 081.1
patents in renewable energy for
the year 2021(latest available).
For the same year, within the EU,
it is mostly Denmark that filed
the largest number of patents
(228.1 patents) ahead of Germany
that filed the largest number for
2020. Analysis in terms of patents
per GDP shows again Denmark in

Main EU partners’ trade with the rest of the world (including EU-27).
2023 -all RES

Imports Exports Net exports ofsgla:)rbeal s Eé((ﬂglrit:a_

(in € m) (in €m) (in €m) exports t?on (RCA)
China 1473 43890 42417 53,9% 49
Russia 0,0% n.a.
Norway 209 -208 0,0% -99
India 1458 1003 -455 1,2% -20
Switzerland 652 18 -634 0,0% -96
Turkey 1362 244 -1118 0,3% -51
United Kingdom 2059 336 -1723 0,4% -64
Canada 2246 392 -1854 0,5% -62
Brazil 4022 1734 -2288 2,1% 16
Japan 2944 66 -2 877 0,1% -92
USA 11141 3 806 -7335 4,7% -28
"}v%srtlgf the 13 228 15359 2132 18,9% -20
Source: EurObserv’ER

EUROBSERV’ER - THE STATE OF RENEWABLE ENERGIES IN EUROPE - 2024 EDITION




15

EU-27 trade with its main trading partners. 2023 - all RES

—~--~ Imports (m€)

——-—- Exports (m€)

Source: EurObserv’ER

an uncontested first position in
Europe for 2021.

The European Union is in a
good position behind the Asian
countries but ahead of the US.
China remains the world leader
with 16 540.8 patents filed in
renewable energy for 2021.

INTERNATIONAL TRADE

The trade balance of the
renewable energy sectors in the
European Union shows a negative
balance in 2023 of €15 325 million.
The main partner remains Ching,
which exported €42 753 million of
goods and services in renewable
technologies to the European
Unionin 2023.

When it comes to photovoltaics,

the European Union share in world
exports is small (9%) compared to
China’s share (67.9%).

In wind power in 2023, Germany
(31.2%) and Denmark (26.8%) are
the major players in terms of
export shares. They are followed
by Spain, which also shows large
export shares in wind energy of
more than 5.8%.

The EU is a large player in the
biofuels market, with a 43% share
in global exports in 2022 (latest
data available)

In hydroelectricity, the picture
is very balanced; in 2022, net
exports of hydropower goods in
the European Union increased
compared to 2021. The export
share of the EU increased to 50%

of global exports. The largest
increase in exportsis observed for
Austria, to 15% of the total export.
Overall, the EU displays a strong
competitiveness in all renewable
energy technology fields, yet the
total export share has slightly
decreased to 17% in 2023, from
18% in 2022.0
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EUROBSERV’ER BAROMETERS
ONLINE

All EurObserv’ER barometers can be downloaded
in PDF format at the following address:

WWW.EUI’ObSEI’V-EI’.OI’g AN,

T
EurObserv'ER &

i £ Search
| +0,7%
BIOGAS
BAROMETER

o
e “Your E-Mal address

sign-up

Interactive EurObserv'ER
Dotabase

s s e s s s s s0 s

Since 1998, The measures the

de by renewable h sector and in
each member State of the European Union in an as up-to-date way s possible (with figures less than 12 months
0ld). EurObservER produces a series of figure-backed indicators covering energetic, technological and econamic
dimensions.

Every two months one barometer dedicated to one particular renewable energy sector is published in the magazine
Systémes Solaires  le Journal des Energies Renouvelables and in PDF version, Moreover, once a year an overview

Twitter
barometer gathered the main indicators published during the year and complete them with additionnal renewable
s whi e
sectors which has not been detailed. P—
urObserv_ER
‘The main objectives of our barometers are the following e E
EurObserv_... W'
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INFORMATION

For more extensive information pertaining to the EurObserv’ER
barometers, please contact:

Diane Lescot or Frédéric Tuillé

Observ’ER

20 ter rue Massue

94300 Vincennes

Tél.: +33(0)144 180080

E-mail: diane.lescot@energies-renouvelables.org
Internet: www.energies-renouvelables.org

Schedule for the 2025 EurObserv’ER barometers

Wind power >> March 2025
Photovoltaic >> April 2025
Solar thermal > June 2025
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