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EDITORIAL

Twenty, as in twentieth edition. The EurObserv’ER
barometer produced on behalf of the European
Commission, year after year, that assesses the pro-
gress made by the Member States to ensure the
development of renewable energies, is coming of
age. Twenty as in 2020 - a milestone year - a dead-
line that the European Council set itself in Decem-
ber 2008, during the French presidency, as part of
an “energy-climate” legislative package, that was
passed unanimously despite the fact that some
thought that this voting system would condemn it
to failure. Lastly, twenty as a simple percentage but
an ambitious target to reach in the three dimen-
sions of energy transition: the renewable share of
the energy mix, the growth of energy efficiency and
the effort to reduce greenhouses gases, the famous
3 x 20 policy.

The irrefutable result is there for all to see -
renewable energies accounted for 22.1% of gross
final energy consumption in 2020. That is the main
conclusion of this new barometer produced by a
consortium of European players led by Observ’ER.
Itisasuccess that confirms the position of those who
had the temerity to silence the perennial doubters
of this European gamble. It is thanks to the binding
target for each country, the team game, the rivalry
between Member States, the encouraging medium-
term prospects for investors and companies alike,
that this wild wager was won.

This new EurObserv’ER barometer gauges the pro-
gress made by renewable energies, sector by sec-
tor, country by country. Their share has more than
doubled between 2004 and 2020. This performance
can be credited to slightly higher renewable energy
consumption in the transport sector driven by the
10% renewable energy target, the renewable share
of total energy consumption for heating and coo-
ling (23.1% in 2020), but above all by the surge in
renewable electricity production. In fact, 38% of the
European Union’s total gross electricity outputin
2020 was generated from renewable sources with
variable inputs. While wind energy and hydropower
account for the bulk of renewable electricity pro-
duction, the photovoltaic sector is the fastest
growing. This diversity of renewable electricity
sources is a boon because their abundance means
that corrections can make up for their variability.
Wind energy is strongest in the winter months
and in the early morning, whereas solar prevails
in the middle of the day and the summer months
and, lastly, hydropower can be controlled to delay
turbine production until the end of the day when
electricity needs are at their highest.

The current target of the new Renewable Energy
Directive is to raise the renewable energy share to
32% by 2030, which will take the renewable share of
the electricity mix to 57%. This is considered to be
too low given the climate emergency. The European
Commission has devised a new “Fit for 55" legis-
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lative package, to raise the new renewable energy
target to 40%. The challenge may seem far-fetched
asitentailsincreasing the renewable energy share
again to just over double its current level within a
decade. However, the situation is urgent, and we
have strengths: public opinion is behind us, deci-
sion makers, many of whom have had their aggior-
namento in this area and a fully mature European
industry with highly competitive technologies.
The undeniable success of 2020 was just a staging
pointin the European Union’s strategy to be the first
continent to achieve climate neutrality by 2050. It is
already a source of hope for Old Europe to demons-
trate its capacity to act and change the world, in this
area, and perhaps others in the future. i

1. Aset of twelve legislative proposals published by the
European Commission on 14 July 202i that aims at redu-
cing GHG emissions by at least 55% in 2030 compared to
their 1990 level.
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ENERGY INDICATORS

EurObserv’ER has been compiling data on
the European Union’s renewable energy
sources for over twenty years, to chronicle
the state and dynamics of the sectors in
thematic barometers. The first part of this
opus condenses the barometers released in
2021 for the solar thermal, CSP, heat pump,
renewable energy in transport and solid
biomass sectors. All the energy indicators
have been consolidated in these summaries
using the official Eurostat data published
for 2019 and 2020.

Analysis and detailed statistical monito-
ring incorporating the latest official data
have also been conducted on the remaining
sectors that were not subject to dedicated
barometers last year, namely: wind energy,
solar photovoltaic, hydropower, geothermal
energy, ocean energy, biogas and renewable
municipal waste. Thus, this document offers
a comprehensive overview of the energy
dimension of every industrially-developed
renewable sectorin the European Union.

Methodological note

The tables reproduce the most recent figures avai-
lable for each sector. Bearing in mind the publi-
cation date of this edition, most of the energy
indicators released in this work originate from
the Eurostat database updated on 25 January 2022
(Complete energy balances), and from those specific
to the Renewable Energy Directive indicators pro-
vided by the 1 February 2022 update of the Euros-
tat SHARES tool (Short Assessment of Renewable
Energy Sources). This data alignment takes in the
indicators for primary energy production, domes-
tic energy consumption, net maximum electrical
capacity, electricity production from power-only
plants or cogeneration plants, gross heat produc-

tion from heat-only plants or cogeneration plants,
final energy consumption (industry, transport and
other sectors), biofuel consumption in transport
and the total solar thermal collector area in service.

However, whenever there are no parallel indicators
published by Eurostat, such as market data for the
various categories of heat pump (number of units
sold) or solar thermal collector area (in installed
square metres), the indicators used are solely those
of EurObserv’ER. We also present specific indica-
tors for pilot projects and prototypes in the ocean
energy and CSP sectors, to enhance our appraisal
of the sectors’ momentum and activity.

EUROBSERV’ER - THE STATE OF RENEWABLE ENERGIES IN EUROPE - 2021 EDITION

The energy indicators drawn from Eurostat sources
are those defined in the joint “Annual Renewable
Questionnaire” methodology used by Eurostat and
the International Energy Agency available through
the following link: https.//ec.europa.eu/eurostat/
fr/web/energy/methodology/annual.

Accordingly, electrical capacity data refers to the
notion of net maximum capacity defined as the
maximum active capacity that can be supplied,
continuously, by all the installations in service
at their exit point, recording the net maximum
capacity on 31 December of the year in question,
expressed in MW.

As for the energy used for heating and cooling,
gross heat production (from the processing sector)
is distinguished from final energy consumption,
in line with Eurostat definitions. Gross heat pro-
duction corresponds to the total heat produced
by heating plants and CHP plants (combined heat
and power production). It includes the heat used
by any auxiliary equipment in the installation that
operates with hot fluids (space heating, liquid fuel

heating, etc.) and heat exchange losses between
the facility and the grid, in addition to chemical
process heat used as a primary form of energy.
In the case of auto-producing facilities, the heat
used by the undertaking for its own processes is
excluded from the data, only the part of the heat
sold to third parties is included.

Final energy consumption represents all the energy
for all uses delivered to end users such as house-
holds, industry and agriculture and thus excludes
the energy used for processing processes and
energy-producing industries’ own use.

As for the gross electricity and heat production
data, a distinction is made between the plants
that only generate either electricity or heat and
cogeneration plants that combine the production
of both energy types.

The Overseas Departments are included in the
indicators for France. The United Kingdom, that
officially left the European Union on 1 February
2020, no longer features in the European Union
energy indicators.
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WIND ENERGY

THE EU’S NET WIND
ENERGY CAPACITY

BASE RISES TO 177 GW
DURING 2020

According to Eurostat’s calcula-
tions for the European Union, net
installed wind energy capacity
(defined as the net maximum
capacity that can be injected into
the grid), increased by 9.8 GW
(9 822.1 MW) between 2019 and
2020, to a new figure of 177 GW
(176 984.2 MW). This extra capa-
city, which makes allowance for
the capacities decommissioned
over the year, is a little less than
the 10 GW (9 995.4 MW) added in
2019. The view is that had it not
been for the COVID-19 pandemic
that disrupted supply chains and
delayed the commissioning of new
wind farms, this growth would
have been higher.

Eurostat reports that precisely 25%
of the EU-27’s new capacity instal-
led over the 12-month period was
offshore, thus 75% corresponds to
land-based installations. This off-
shore proportion is higher than
it was in 2019, when it amounted
to 15.3% of net additional capa-
city. The Eurostat total installed
wind energy capacity data for the

EU-27, signals an 8.2% share for off-
shore wind energy in 2020(7.2%in
2019), with net capacity of 14.5 GW
(14 497.1 MW).

In 2020, the Netherlands pulled out
all the stops to install new capa-
city, which resulted in 2 134.6 MW
of netadditional capacity, and was
largely achieved by connecting
new offshore wind farms. Ger-
many came second with 1446 MW
of new capacity (2021 MW in 2019)
which is its smallest annual addi-
tion since 2010. Sweden, where the
installation of several hundreds
of MW had to be postponed during
2021, came third with 1 295 MW of
new capacity in 2020 (1 381 MW
in 2019). Spain could not match
its 2019 effort (when it added
2185 MW) and finished fourth with
1229.1 GW. Similarly, France failed
to equal its 2019 performance of
1556.7 MW by only just managing
toinstall one gigawatt of net capa-
city (1027.1 MW).

2.5 GW OF ADDITIONAL
OFFSHORE WIND
TURBINES JUST OUT OF
REACH IN 2020

Eurostat reckons that the Euro-
pean Union was close to adding
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2.5 GW (2 452.8 MW) of net off-
shore wind energy capacity in
2020, taking the EU’s maximum
net offshore wind energy capa-
city spread over seven countries,
to 14.5 GW (14 497.1 MW) in 2020.
In actual fact this figure is a little
higher because Ireland’s official
wind energy capacity statistics
do not single out the capacity of
its offshore Arklow Bank Wind Park
(25 MW) commissioned in 2004.
Likewise, the official statistics omit
the 5-MW Elisa prototype commis-
sioned in 2019 off the coast of Gran
Canaria(Canary Islands, Spain) and
the 2-MW floating wind energy
prototype commissioned in 2018
off the coast of Croisic (Brittany,
France) (2 MW).

The four players driving the
offshore wind energy segment
are Germany with net capacity
of 7 774 MW at the end of 2020,
followed by the Netherlands
(2 459.5 MW) just ahead of Bel-
gium (2 261.8 MW) and Denmark
(1700.8 MW).

The Netherlands led the pack in
2020 by hooking up the Borssele
I & Il (752-MW) and Borssele V
(19-MW) Wind Farms. The
Borssele Il & IV Wind Farms

EUROBSERV’ER - THE STATE OF RENEWABLE ENERGIES IN EUROPE - 2021 EDITION
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Wind power capacity installed* in the European Union at the end of 2020 (MW)

Total EU-27

167 162.2

* Net maximum electrical capacity. Source: Eurostat

12 044.3

176 984.2

2019 Of which Offshore 2020 Of which Offshore
Germany 60 742.0 7 555.0 62188.0 7774.0
Spain 25590.1 26 819.2
France 16 456.9 17 484.0
Italy 10 679.5 10 870.6
Sweden 8681.0 203.0 9976.0 203.0
Netherlands 4 484.2 957.0 6618.8 2 459.5
Poland 5837.8 6298.3
Denmark 6 102.9 1700.8 6 259.5 1700.8
Portugal 5222.7 5122.3 25.0
Belgium 3863.4 15555 4680.9 2261.8
Ireland 4126.5 4306.7
Greece 3589.0 4119.3
Austria 3224.1 3226.0
Romania 3037.5 3012.5
Finland 2284.0 73.0 2586.0 73.0
Croatia 646.3 801.3
Bulgaria 703.1 702.8
Lithuania 534.0 540.0
Czechia 339.4 339.4
Hungary 323.0 321.0
Estonia 316.0 317.0
Cyprus 157.7 157.7
Luxembourg 135.8 152.7
Latvia 779 77.9
Slovenia 3.3 3.3
Slovakia 4.0 3.0
Malta 0.1 0.1

14 497.1
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were partially connected in 2020
(with 732 MW). Belgium added
706 MW when it hooked up its
Northwester (218-MW) and Sea-
Made (487-MW) wind farms. The
latter is now its biggest offshore
wind farm. Continuing our survey
of the North Sea, Germany added
219 MW of capacity through the
EnBW Albatros and Trianel Borkum
2 wind farms. The EnBW Albatros
Wind Farm (112-MW) is the most
remote (105 km) of its offshore
wind farms. In 2020, Portugal
added two new Vestas V164-8.4 M
turbines to its Windfloat Atlantic
floating Wind Farm to make three
(combined capacity of 25 MW).
This wind farm’s total capacity
was also officially accounted for
in 2020 despite the fact that its
first floating wind turbine was
installed in December 2019.

Two other wind farms were under
construction in 2020 - the Danish
Kriegers Flak Wind Farm (605-MW)
which will comprise 72 x SG 8.4-167
DD turbines and the near-shore
Dutch Fryslan Wind Farm (389-
MW) with 89 x SWT-DD-130 4.4-MW
turbines. The EU’s most powerful
offshore wind turbines put into
service in 2020 were the Vestas
V164-9.5-MW turbines installed
on the Borssele Il & 1V, Borssele V
and Northwester 2 sites. The wind
turbines currently operating are
Siemens Gamesa SG 8.0-167 DD in
the Borssele Wind Farm and Sie-
mens Gamesa SG 8.4-167 DD in the
SeaMade Wind Farm. The German
offshore wind farms use the Sie-
mens Gamesa SWT-7.0-154 turbines
in the EnBW Albatros Wind Farm
and the Senvion 6.2M152 turbines
inthe Trianel Borkum 2 Wind Park.

THE EU-27 GENERATED
NIGH ON 400 TWH OF
WIND ENERGY IN 2020
Wind energy dominated the
EU-27 renewable electricity pro-
duction sectors with actual out-
put of 397.4 TWh (Eurostat data),
ahead of hydroelectricity (with
or without pumping). This figure
amounted to an annual 8.2%
increase in wind energy electricity
output over the367.2 TWh in 2019.
Thus, wind energy accounted for
14.3% of the European Union’s
gross total electricity output mea-
sured at 2 781.4 TWh (12.7% share
in 2019). Wind energy’s share was
over 50% in Denmark’s electricity
mix (56.8%) and reached 35.8% in
Ireland, 29.2% in Lithuania, 23.2%
in Portugal, 23.1% in Germany and
21.4% in Spain. In 2020, 16 of the
27 countries’ wind energy sectors
provided more than 10% of the
national electricity output.
Between 2019 and 2020, Sweden
(with a 7.7-TWh rise, or a total of
27.5 TWh), Germany with an extra
6.2 TWh (or a total of 132.1 TWh),
France (a5.0-TWhrise, or a total of
39.8 TWh), the Netherlands (a 3.8-
TWh rise, or a total of 15.3 TWh)
and Belgium (a 3-TWh rise, or a
total of 12.8 TWh) recorded the
highest increases in wind energy
electricity output. The connec-
tion of new offshore wind farms
by the Netherlands and Belgium
installed over the past two years
brought about the strongrisesin
wind energy electricity output
(33.3% for the former and 30.1%
for the latter). The Swedish (38.7%)
and Finnish (31.8%) output surges
can be putdown to the connection
of onshore wind farms and better
winds thanin 2019.

Now, offshore wind energy elec-
tricity output as a proportion of
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total EU-27 wind energy electricity
output rose, to reach 47.3 TWh in
2020 (40.2 TWh in 2019), namely
a 11.9% share in 2020 (10.9% in
2019). This share exceeded 50%
in Belgium (54.6% of wind energy
electricity is offshore), 40.4% in
Denmark, 35.7% in the Nether-
lands and 20.7% in Germany.

EVEN MORE WIND
ENERGY AWAITED

IN 2030

The EU’s European Climate Law
sets a binding target of achie-
ving climate neutrality by 2050 in
the context of the Green Deal for
Europe. It hasraised its climate aim
for the 2030 timeline as an interim
step to climate neutrality by com-
mitting to an emissions reduction
of at least 55%. Work on revising
Europe’s climate, energy and trans-
port legislation is now underway
to take on board the terms of the
"Fit for 55" package and align the
current texts with the ambitions
set for 2030 and 2050. This package
includes a proposal to amend the
Renewable Energies Directive
and raises the existing EU overall
renewable energy share goal for
2030 from “at least 32%” to “at
least 40%”.

It is accepted that the majority
of this goal will be achieved by
wind energy, which is now the
leading renewable electricity
production sector. In its Wind
energy and economic recovery in
Europe publication (October 2020),
WindEurope estimated wind ener-
gy’s contribution to the national
energy climate action plan (NECP)
at 339.7 GW by 2030 for the EU-27
(397 GW of wind energy including
111 GW offshore for the EU and
the United Kingdom), which

will just suffice to achieve
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Electricity production from wind power in the European Union in 2019 et 2020 (TWh)

2019 Of which Offshore 2020 Of which Offshore
Germany 125.894 24.744 132.102 27.306
Spain 55.647 56.444
France 34.787 39.792
Sweden 19.847 0.606 27.526 0.633
Italy 20.202 18.762
Denmark 16.150 6.198 16.330 6.603
Poland 15.107 15.800
Netherlands 11.508 3.573 15.339 5.484
Belgium 9.750 4.794 12.764 6.974
Portugal 13.667 12.299 0.051
Ireland 10.019 11.549
Greece 7.266 9.310
Finland 6.025 0.271 7.938 0.293
Romania 6.773 6.945
Austria 7.450 6.792
Croatia 1.467 1.721
Lithuania 1.499 1.552
Bulgaria 1.317 1.477
Estonia 0.687 0.844
Czechia 0.700 0.699
Hungary 0.729 0.655
Luxembourg 0.281 0.351
Cyprus 0.239 0.240
Latvia 0.154 0.177
Slovenia 0.006 0.006
Slovakia 0.006 0.004
Malta 0.000 0.000
Total EU-27 367.178 40.185 397.418 47.344

Source: Eurostat
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the 32% renewable energy tar-
get in final energy, but will fall
far short of achieving a 55% GHG
reduction by 2030 founded on a
renewable energy target closer
to 40%. Wind-Europe warned
that current NECP planned poli-
cies simply cannot supply these
volumes of wind energy, because
the rules for permitting projects
have not been simplified and
the lack of visibility surrounding
tenders. Wind-Europe’s Realistic
Expectations Scenario indicated
amean of 15 GW perannum in the
EU-27 for the next five years in its
February 2021 publication, Wind
energy Europe, whereas 18 GW is
needed to adhere to the target
trajectory of 32%. Rapid readjust-
ment entailing a faster installa-
tion pace during the second half
of this decade will be needed to
raise the renewable energy tar-
gets to 40%. So, the success of
the National Energy Climate Plan
(NECP) revisions planned for 2023
will hinge on the wind energy tar-
gets. The European Commission
published its own scenarios for
implementing the European Green
DealinJuly 2021. Its MIX policy sce-
nario suggests that the EU-27 net
installed wind energy capacity
figure needs to be 427.4 GW in 2030,
including 361 GW of onshore and
63.4 GW of offshore wind energy.
Projected electricity output would
be 1078.6 TWh (830.9 TWh onshore
and 247.7 TWh offshore). The
2030 production level would be
just over half (52.6%) of the total
renewable electricity production
contribution and 34.2% of all EU
electricity produced.

The European Commission aims
to raise the renewable electricity
share to 75% by 2050, with 57% of
energy consumption being sup-

3

EurObserv’ER projection of the evolution of wind power net capacity in

the EU-27 (in GW)

Offshore
M onshore

157.2 167.2

2019

Source: EurObserv’ER 2019

177.0

2020

427.3

plied directly by electricity and
an additional 18% from renewable
hydrogen and its derivatives.
The electricity demand needs to
more than double from 3 ooo to
6 800 TWh to achieve this. Given
that the European Union aims
for a wind energy share of about
50% by the 2050 timeline, the
EU-27 should, according to Win-
dEurope, increase its capacity to
1000 GW of onshore and 300 GW
of offshore wind energy by 2050.
The upshot is that Europe will
have to doubleits current annual
wind farm construction pace, with
no other option than to simplify
the authorization rules and pro-
cedures for new wind farms if this
isto be achieved. ®

EUROBSERV’ER - THE STATE OF RENEWABLE ENERGIES IN EUROPE - 2021 EDITION



14

nW?s

W{ )W

PHOTOVOLTAIC

GLOBAL CAPACITY ROSE
BY 145.2 GWp IN 2020
Globally, new photovoltaic capa-
city installations took off again in
2020 despite the raging COVID-19
pandemic. The IEA PVPS “TRENDS
2021” report identifies 145.2 GWp
of newly-installed solar photo-
voltaic capacity (peak power),
namely 31.2% growth on the 2019
installation figure (110.7 GWp). This
additional capacity takes global
photovoltaic capacity to 773.2 GWp.
Looking back to 2000, overall pho-
tovoltaic capacity levelled off at
just under 0.6 GWp (i.e., 570 MWp
with 199 MWp installed that year).
So, we can appreciate how far the
world has come in twenty years.
If this pace is sustained, the one
peak terawatt of installed capa-
city threshold should be crossed
in 2022.

The global market heavyweights
are China whose annual installed
capacity rose from 30.3 to 48.2 GWp
in the year to 2020, the United
States (which rose from 13.3 to
19.7 GWp) and Japan (which rose
from 7 to 8.7 GWp). Now, the nomi-
nal DC capacity expressed in Wp
used by the IEA-PVPS and the out-
put capacity delivered to the grid

asACcannot bedirectly compared,
because of conversion losses and
regulations that limit photovoltaic
facilities’ output capacity onto the
grid. Eurostat’s indicators, which
are quoted in this publication,
represent the maximum net elec-
trical capacity likely to be used as
DCand thus are a little lower.

THE EUROPEAN MARKET

HAS HELD UP WELL

The European Union of 27 also
entered the new decade on a high
note. While for a time, the mar-
ket was upset by the pandemic’s
first wave, it made a strong come-
back during the second half-year.
Eurostat reports that the European
Union added 18 224.8 MW of net
capacity in 2020, compared to its
16 146.9 MW increase in 2019, regis-
tering a growth of 12.9%. The net
additional capacity installed over
the course of 2020 was actually
the second highest ever posted for
solar energy in the EU, after 2011,
when an additional 22 253.8 MW of
net capacity was installed. At the
end of 2020, the EU’s photovoltaic
base stood at 136 136.6 MW, which
is a15.5% year-on-year increase.
Preliminary estimates for 2021,
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suggest that the solar photovol-
taic installation pace across the
EU picked up speed and that the
2011 installation record should be
broken.

While Spain led the field in 2019,
Germany reclaimed its position as
the European Union’s largest solar
photovoltaic energy market in
2020. Eurostat reports thatits net
installed capacity increased by
4 807 MW between 2019 and 2020
(compared to 3 756 MW between
2018 and 2019). The reason for
Germany'’s success is its thriving
self-consumption market, aided
by a relatively high price elec-
tricity price for households and
an attractive purchase premium
mechanism for medium- and
large-scale commercial systems
(40-750 kW). The German market
also relies on a proven tendering
system for < 10 MW systems. Seven
tenders were published over the
12 months, for a total of 1300 MW.
The lowest bid price was 3.55 euro
cents per kWh, while the highest
was 7.49 euro cents per kWh, for
a maximum admissible price of
7.5 euro cents per kWh. During
2021, there were only three

calls for tender for a total of

EUROBSERV’ER - THE STATE OF RENEWABLE ENERGIES IN EUROPE - 2021 EDITION
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Installed solar photovoltaic capacity* in the European Union at the

end of 2020 (MW)

2019 2020

Total EU-27 117 911.7

*Net maximum electrical capacity. Source: Eurostat

Germany 48912.0 53 719.0
Italy 20 865.3 21650.0
France 10 803.9 12 022.2
Netherlands 7226.0 10 949.7
Spain 8839.3 10 285.5
Belgium 4636.6 5574.8
Poland 1539.3 3955.0
Greece 2833.8 3287.7
Hungary 1400.0 2131.0
Czechia 2086.4 2122.7
Austria 1702.1 2042.9
Romania 1397.7 1382.5
Denmark 1080.0 1304.3
Sweden 714.0 1107.0
Portugal 901.4 1100.3
Bulgaria 1048.0 1097.4
Slovakia 590.0 535.0
Slovenia 277.9 369.8
Finland 222.0 318.0
Cyprus 151.3 229.1
Estonia 120.6 207.7
Malta 155.2 187.9
Luxembourg 159.7 186.6
Lithuania 103.0 164.0
Croatia 84.8 108.5
Ireland 58.3 92.8
Latvia 3.3 5.1

136 136.6
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1637 MW, which were all largely
over-subscribed The lowest bid
price was 4.57 euro cents per kWh,
the highest was 6.1 euro cents per
kWh, for a maximum admissible
price of 7.5 euro cents per kWh.
The German market’s size can
also be attributed to the commis-
sioning of major projects that do
not require any state funding such
as the country’s biggest power
plant, the 187-MWp Weesow-
Willmersdorf photovoltaic solar
park owned by the EnBW energy
group. This solar farm, which is
located in Brandenburg, 30 kilo-
metres from Berlin, was formally
inaugurated in November 2021, a
year afterit started injectinginto
grid while construction was still
underway. The solar park should
supply about 180 million kWh
of electricity per annum, which
equates to the annual consump-
tion of 50 000 households. Unsub-
sidized solar park projects are
becoming increasingly wides-
pread in Europe. The European
RE-Source platform reports that
electricity purchasing agreements
were entered into with operators
of renewable facilities in Europe
for a volume in excess of three
gigawatts (GW) between January
and November, and 53% of these
electricity supply agreements
were for solar energy. Because of
its advantageous sunlight condi-
tions, Spain is at the front line of
this trend.

The Netherlands’ 2020 solar pho-
tovoltaic energy activity level was
the second highestin the European
Union. It added 3 723.7 MW of addi-
tional net capacity (2 618 MW in
2019). The country’s leading mar-
ket segment is that of commercial
roofs (50% of all installations) fol-
lowed by the residential market

2

Electricity production from solar photovoltaic in the European Union

in 2019 and 2020* (in TWh)

2019 2020

Total EU-27 118.100

* Estimations. Source: Eurostat

Germany 44.383 48.641
Italy 23.689 24.942
Spain 9.420 15.675
France 12.227 13.398
Netherlands 5.401 8.765
Belgium 4.252 5.105
Greece 4.429 4.447
Hungary 1.497 2.459
Czechia 2.312 2.287
Austria 1.702 2.043
Poland 0.711 1.958
Romania 1.778 1.733
Portugal 1.342 1.716
Bulgaria 1.442 1.481
Denmark 0.963 1.181
Sweden 0.679 1.051
Slovakia 0.589 0.663
Slovenia 0.303 0.368
Cyprus 0.218 0.296
Malta 0.195 0.237
Finland 0.147 0.218
Luxembourg 0.130 0.161
Lithuania 0.091 0.129
Estonia 0.074 0.123
Croatia 0.083 0.096
Ireland 0.040 0.064
Latvia 0.003 0.005

139.240
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(30%) and ground based solar
parks (20%). Construction of large
solar photovoltaic parks in excess
of 100 MW has started. In Sep-
tember 2020, a 110-MW solar park
was completed at Vlagtwedde, in
Groningen province to the north.
Construction has commenced
on a larger, 147-MW solar park in
Flevoland province. An increasing
number of floating solar projects
were also completed in 2020. Solar
energy’s two main drivers in the
Netherlands are net invoicing for
theresidential and small business
segments, while the commercial
markets and major power plants
rely on the SDE+ tendering system
where solar energy faces compe-
tition from the other renewable
sources.

Spain’sinstallation pace plunged
in 2020 and dragged it down to
third place in the EU rankings.
Only 1 446.2 MW of net additio-
nal capacity was installed in 2020
compared to 4 075.6 MW in 2019.
The reason forits strong 2019 per-
formance is that ground-based
solar parks resulting from two
tenders in 2017 went on stream,
but in 2020 no such new parks
were hooked up to the grid. The
Spanish major power plant market
relied solely on Power Purchase
Agreement (PPA) projects, as
there were no subsidies for long-
term electricity supply contracts
between two parties. SolarPower
Europe reports that more than
100 GW of solar capacity is cur-
rently being developed under PPA
agreements, which makes Spain
the world’s biggest market for
unsubsidized projects. However,
grid extension constraints bridle
the Spanish market.

Spain’s low solar power pro-
duction cost is key to the size N



of this PPA market and makes the
rollout of industrial green hydrogen
production projects feasible. One of
the most symbolic projects, Hydeal
Ambition, brings together some
forty European energy players. It
aims to sell hydrogen at a market
price of € 1.5 per kg of H2 delivered
on the basis of a solar power cost
of < € 15 per MWh. The Hydeal pro-
ject, with 95 GW of installed solar
capacity and 67 GW of electrolysers,
aims to supply 3.6 million tonnes
of green hydrogen per annum by
the 2030 timeline to the energy,
industry and mobility sectors
through gas transport and storage
infrastructures.

139.2 TWH GENERATED
IN THE EUROPEAN
UNION

Exceptional sunlight conditions
in 2020 played into solar ener-
gy’s hands. Not only was 2020 the
hottest year in Europe, because
of the mildest winter and autumn
ever recorded, but the number of
sunshine hours on the European
continent was the highest since
satellite surveys began in 1983.
This sunshine record combined
with the increase in production
capacities are the factors behind
the highrisein solar power output.
Eurostat reports that the European
Union generated 139.2 TWh of solar
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power in 2020, equating toan 17.9%
year-on-year rise. This sharp rise
in the context of the COVID pan-
demic, which reduced demand for
electricity in the EU, enabled solar
energy to make a record contri-
bution to the European Union’s
electricity mix. Accordingly, solar
photovoltaic accounted for exactly
5% of the European Union’s gross
electricity production in 2020,
compared to the previous year’s
4.1% share. This share was as high
as 11.1% in Malta (0.2 TWh of solar
power produced in 2020), 9.2% in
Greece (4.4 TWh in 2020), 8.9% in
Italy (24.9 TWh in 2020) and 8.5% in
Germany (48.6 TWh in 2020).

NEW AMBITIONS TO MATCH
THE CHALLENGES
Asaresult of the European Union’s
new climate ambition to reduce
GHG emissions by at least 55% by
2030 compared to its 1990 level,
the Member States’ solar photo-
voltaic facility installation targets
will shoot up and so revision of
the National Energy Climate Plans
(NCEP) will be crucial to adjust the
solar energy targets. According to
SolarPower Europe’s calculations,
the Member States’ current NCEP
targets for solar energy are to add
335 GWp of capacity by 2030, but
itis convinced that these targets
will be outstripped much faster

3

EurObserv’ER projection of the evolution of net photovoltaic capacity

installed in the EU-27 (in GW)

117.9

101.8

2019

Source: EurObserv’ER 2019

500

136.1

2020 2030

than expected. The Medium Sce-
nario presented in its EU Market
Outlook for Solar Power 2021-2025
predicts that 328 GW of installed
solar capacity could be reached
as early as 2025, and 672 GWp in
2030. The European Commission’s
MIX scenario modelling for imple-
menting the European Green Deal,
puts net installed solar energy
capacity at 383 GW in 2030 (which
according to SolarPower Europe
equates to nominal DC capacity
of 479 GWp). This capacity, which
includes modest input from CSP,
would be capable of producing
435.6 TWh in 2030, i.e., a 21.2%
share of the renewable electricity
outputand 13.8% of the European
Union’s total electricity output.
The European Commission’s sce-
nario is far below SolarPower
Europe’s medium scenario. Never-
theless, the association feels that
this installation volume will not
suffice to limit climate warming
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to1.5°Cand that the target should
be raised to a total of 870 GWp in
2030, optimally combined with a
target of at least 45% (instead of
40% proposed by the European
Commission) of renewable energy
in gross final energy consumption
in 2030in the updated Renewable
Energy Directive. H
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SOLAR THERMAL

From a physics standpoint, solar
thermal is the ultimate way of
transferring heat to water in a
GHG emission- and pollutant-free
manner. Nonetheless, the sector
struggles toincrease its hot water
and heating production sector
market share. In 2020, and after
two years of appearing to re-esta-
blishitself, its installed area across
the European Union took another
tumble. EurObserv’ER has found
that theinstalled area of the EU-27
contracted by about 14.7% compa-
red to 2019, or by just under 2 mil-
lion m2 This market data includes
all systems that use flat-glazed
collectors, vacuum tube collectors
and unglazed collectors... techno-
logies intended for domestic hot
water production, heating, and the
production of heat and hot water
for heating networks and industry.

SOLAR THERMAL

HAS A BAD YEAR

Many of the national markets - and
this applies to Austria, Italy, Spain
and Belgium - followed previous
years’ trends and posted disap-
pointing installation results for
solar thermal installations. While it
was certainly behind the first half-

year’s slump in certain national
markets, such as the Greek market,
which should pick up in 2021 and
the Spanish market which slipped
lightly in 2020, the health crisis
cannot be held entirely responsible
for the sector’s woes. A number of
poor results came as no surprise,
such as the Danish solar heating
network market’s nosedive and
the sharp contraction of the Polish
market in response to the end of
its municipal tendering incentive
system. The French market, which
has been fighting an uphill battlein
the collective residential segment
and saw less business in 2020 in
the large installation segment,
managed to hold up its head thanks
to real momentum in the French
overseas departments and regions.
The redeeming news for 2020 is
that the German market picked
up, spurred by the government’s
reasserted strategy to decarbonize
heating and hot water production
in buildings.

DIFFERENT TRENDS

BY MARKET SEGMENT
The solar thermal market has many
segments, primarily geared to the
residential hot water production
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segment (domestic and collective)
which generates the majority of
sales and collector installations,
be they forced circulation systems
(that use a small electric pump to
take the fluid to the hot-water tank
which is separated from the col-
lectors) or thermosiphon systems
where the collector is placed below
the hot-water tank. Greece and
Cyprus have decades-old, mature
solar thermal thermosiphon sys-
tem markets. This type of system,
which is very cheap and suited
to the Mediterranean climate of
these sun-drenched countries,
faces less competition from the
other renewably-sourced domes-
tic hot water production systems.
Thermo-siphon system markets are
usually quite robust and include
a major replacement market for
decommissioned systems, but
there are exceptional years, and
2020is one of them.

The forced circulation solar water
heating system market, be it for
individual, multi-family solar
hot-water heaters or combined
solar systems (that produce hot
water and heat) has been under
pressure for over a decade.
Despite their excellent N
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1

Annual installed surfaces in 2019 per collector type (in m?) and capacity equivalent (in MWth)

Germany 441000 70 000 511 000
Greece 361350 361350
Poland 282 160 5030 287 190
Spain 193 650 7 600 2900 204 150
Denmark 194 310 194 310
Italy 133 282 13 943 147 225
France* 124117 124117
Austria 90 040 310 460 90 810
Cyprus 69 945 69 945
Portugal 59 850 59 850
Netherlands 38 964 9906 2621 51491
Belgium 23 500 4300 27 800
Croatia+ 26 100 26 100
Bulgaria+ 23980 23980
Czechia 16 000 7 000 23 000
Latvia 21672 21672
Hungary+ 21000 21000
Romania+ 14 560 14 560
Slovakia+ 13 000 13 000
Ireland 7 143 7143
Finland+ 7 000 7 000
Luxembourg+ 3011 3011
Lithuania++ 2000 2 000
Sweden 1084 76 522 1682
Slovenia+ 1473 1473
Estonia+ 1425 1425
Malta 521 130 651
Total EU-27 2172137 118 295 6503 2296935

357.7
252.9
201.0
142.9
136.0
103.1
86.9
63.6
49.0
41.9
36.0
19.5
18.3
16.8
16.1
15.2
14.7
10.2
9.1
5.0
4.9
2.1
1.4
1.2
1.0
1.0

0.5

1607.9

+ EurObserv’ER estimate based on Eurostat database or ESTIF last market survey. ++ EurObserv’ER estimate based on the market

trend of recent years. * including 80 202 m* in the Overseas Departments. Source: EurObserv’ER
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2

Annual installed surfaces in 2020* per collector type (in m?) and capacity equivalent (in MWth)

Germany 544 000 99 000 643 000 450.1
Greece 304 500 304 500 213.2
Spain 177 168 10 496 2986 190 650 133.5
Poland 159 370 1830 161 200 112.8
France** 120 812 120 812 84.6
Italy 97 765 11561 109 326 76.5
Cyprus 76 784 76 784 53.7
Austria 72210 1400 1730 75 340 52.7
Portugal 49 874 49874 34.9
Hungary+ 42 000 42 000 20.4
Netherlands 20 640 9487 2621 32748 22.9
Czechia 15 000 7 000 22000 15.4
Bulgaria+ 20 060 20 060 14.0
Belgium 15 300 2900 18 200 12.7
Denmark 17 613 17 613 12.3
Croatia+ 15 800 15 800 11.1
Romania+ 14 560 14 560 10.2
Slovakia+ 13 000 13 000 9.1
Ireland 11114 11114 7.8
Finland+ 7 000 7 000 4.9
Luxembourg+ 4 469 4 469 3.1
Lithuania++ 2000 2000 1.4
Latvia++ 1600 1600 1.1
Sweden 1000 500 1500 1.1
Slovenia++ 1473 1473 1.0
Estonia++ 1425 1425 1.0
Malta 681 681 0.5
Total EU-27 1807 218 143 674 7837 1958729 13711

+EurObserv’ER estimate based on Eurostat database. ++ EurObserv’ER estimate based on the market trend of recent years.
* Estimate.** Including 91 352 m? in the Overseas Departments. Source: EurObserv’ER
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3

Cumulated capacity of thermal solar collectors* installed in the European Union in 2019 and 2020**

(in m? and in MWth)
Germany 19 326 000 13 528.2 19 455 000 13 618.5
Greece 4 867 500 3407.3 4991 000 3493.7
Austria 5050 403 3535.3 4922 944 3 446.1
Italy 4343 765 3040.6 4 457 525 31203
Spain 4067 774 2847.4 4235 816 2965.1
France 3302191 23115 3397731 2378.4
Poland 2696 000 1887.2 3006 690 2104.7
Denmark 1915122 1340.6 2051096 1435.8
Portugal 1347 955 943.6 1406 955 984.9
Cyprus 1084111 758.9 1102 430 771.7
Belgium 724 200 506.9 740 300 518.2
Netherlands 672 000 470.4 669 000 468.3
Czechia 555 000 388.5 577 000 403.9
Sweden 459 000 321.3 451000 315.7
Bulgaria 425478 297.8 445538 311.9
Hungary 350 000 245.0 392 000 274.4
Ireland 336951 235.9 347 062 242.9
Croatia 272200 190.5 288 000 201.6
Slovakia 219 000 153.3 232 000 162.4
Slovenia 224318 157.0 222914 156.0
Romania 218 910 153.2 218 910 153.2
Finland 73 000 51.1 80 000 56.0
Luxembourg 69 889 48.9 74358 52.1
Malta 73 485 51.4 74166 51.9
Latvia 21672 15.2 21700 15.2
Total EU-27 52 695 924 36 887.1 53 861 135 37702.8

*All technologies included unglazed collectors. ** Estimates. Note 1: Lithuania and Estonia do not officially monitor their solar
thermal collector surface. Note 2: Variations in the officially recorded total solar thermal collector surfaces from one year to the
next can be much higher than the market data collected by EurObserv’ER due to the delay in taking into account the data and
statistical consolidations. This is notably the case of Poland and Denmark. Source: Eurostat, except Slovakia 2019 data.
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energy efficiency performance
and zero GHG emissions (apart
from the small amount of
electricity used by the pump),
these systems are much more
expensive to purchase than other
100% fossil fuel or 100% electrical
solutions, primarily because
of their lengthy installation
times that involve climbing on
the roof. Consequently, these
appliances still rely on nationally
implemented incentive policies.
They also face fierce competition
from other environmentally-
friendly or low-emission heating
systems, such as heat pumps,
thermodynamic hot-water heaters
and self-consumption photovoltaic
systems, whose surplus energy is
increasingly used for domestic hot
water production.

The SDH-solar district heating
market is a distinct segment with
specific operators and collector
technologies that use much big-
ger collector areas (up to about
fifteen m? per collector) This mar-
ket segment accounted for about
10% of the European Union’s
installed solar thermal collector
areain 2019. The solar district hea-
ting market share shrank (by 2-3%)
in 2020 because of the downswing
in activity in Denmark, the main
player in this segment. The Danish
consultancy planEnergi published
its figures for the country showing
that only 4 solar thermal collec-
tor fields were connected to a
heating network in 2020, namely,
Vaerum-@rum (8 968 m? equating
to 6.3 MWth), while the remai-
ning three were extensions: Fras
(2 722 m? equating to 1.9 MWth),
Snedsted (1 865 m? equating
to 1.3 MWth) and Flauenskjold
(1 058 m? equating to 0.7 MWth),
giving a total of 14 613 m? (equa-

4

EurObserv’ER projection of solar thermal heat* consumption in the

EU-27 (in ktoe)

3180.0

*Final energy consumption and gross heat production in the transformation sector.

Source: EurObserv’ER

ting to 10.1 MWth). This is much
lower than the Denmark’s 2019
figure, when it connected about
fifteen collector fields including
five extensions for a total area of
191319 m>

With the hindsight of feedback on
Danish solar heating networks, this
market segment is finding its feet
across Europe, driven by Germany.
According to the Solar Heat World-
wide 2021 edition report, 10 new
solar heating networks went on
stream in 2020, in addition to the
four Danish systems mentioned
above, seven were constructed in
Germany (for a total of 31 200 m?),
two in Austria (6571 m?) and onein
Switzerland (784 m?). The biggest
network is that of the German
city of Ludwingsburg which has a
14 800-m? collector field.

Another niche market segment
has emerged from the sidelines,
that of solar thermal systems for
industrial processes. It harbours
ambitions for enterprising projects
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in areas as diverse as the food-
processing industry, paper-
making to heating greenhouses.
The Nibbixwoud plant in the
Netherlands commissioned in April
2020 by brothers Jeroen and Marco
Mol for their floral hot houses, is
the biggest project to date. It com-
prises a 15 000-m? solar collector
field (equating to 10.5 MWth) that
heats 4 hectares in all. The instal-
lation’s maximum annual yield is
estimated at 8 100 MWh, instead
of burning 875 000 m3 of natural
gas every year. More recently,
Kyotherm, an investment com-
pany specializing in third-party
financing of renewable heat pro-
duction projects, commissioned
the Issoudun industrial solar
plant, the biggest solar heating
system in France. The plant has
a 13 243-m? (10.6 MWth) collector
field, which will supply heat to a
malt house operated by Malteries
Franco-suisses.
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A 53.9 MILLION-M?
SOLAR THERMAL BASE
IN THE EU-27

While the official bodies do not
ascribe a specific monitoring
indicator to the market data, the
total solar thermal collector area
in service is monitored through
the Annual Renewable and Waste
Questionnaire (a joint question-
naire used by Eurostat and the
International Energy Agency).
Sometimes this official monitoring
is at variance with the market
indicators that EurObserv’ER has
collected, which can be explained
by the time taken toinclude them
and statistical consolidations.
This clearly holds true for Poland
and Denmark whose markets
plummeted in 2020 despite the
fact that their solar thermal
installation areas officially
enjoyed substantial expansion,
deriving from the previous year’s
good performance.

According to Eurostat, the total
European Union solar thermal base
amounted to just under 53.9 mil-
lion m? at the end of (52.7 million
m?in 2019). The next few years will
witness an increase in decommis-
sioning because installation levels
were particularly high in the 2000s,
which peaked at about 4.6 million
m? in 2008. According to official
data, the collector bases of Austria,
Sweden and the Netherlands are
contracting because the volumes
being decommissioned are outs-
tripping those of new installations.
Unless market recovery is signifi-
cant and sustained, this trend
will gradually raise the issue of
whether solar heat’s contribution
towards the European Union’s tar-
gets can be maintained. According
to Eurostat, the solar thermal heat
contribution across the EU-27 was

2.5 Mtoe in 2020 (2.4 Mtoe in 2019),
which is a3.6% increase.

RENEWABLE HEAT IS

IN LINE FOR A BREAK

On 14)July 2021, the European Com-
mission revealed the outlines of
the Green Deal for Europe, the
major political mission it set itself
at the beginning of its mandate.
One of the most important prio-
rities of this policy will address
the renovation of housing and
buildings for more environmen-
tally-friendly, energy-efficient
lifestyles, which protect against
extreme temperatures and com-
bat energy precarity. The means
made available match the chal-
lenges. The new European Social
Climate Fund, which targets the
EU citizens most exposed to
energy precarity will contribute
to reducing costs so that tran-
sition is fair and that nobody
is left out. It will provide a 72.2
billion euro package over 7 years
to finance building renovations
and access to zero-emission and
low-emission mobility. In addi-
tion to housing, public buildings
must also be renovated, to use
more renewable energies and be
more energy-efficient. The Com-
mission proposes to oblige the
Member States to renovate at
least 3% of the total floor area of
all public buildings every year, set
areferencevalue (indicative goal)
of 49% of renewable energies in
buildings by 2030, and oblige them
toincrease the use of renewable
energies in heating and cooling
by 1.1 of a percentage point per
annum by 2030.

The funding level is likely to lead
to great opportunities for the solar
thermal sector, in Europe’s Eas-
tern and South-Eastern countries,
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particularly where solar thermal
heatissuitable and often the chea-
pest option for replacing a fossil
energy-fired heating appliance or
to “green” the predominantly coal-
fired heating networks of Eastern
Europe.

The implications of this major
European political mission are
vital for all the European actors
who have been involved in the
renewable heat arena for many
years, especially as it is clearly
directed towards the develop-
ment of an industry, jobs and
technologies “Made in Europe”.
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HYDROPOWER

According to Eurostat, EU-27
hydroelectricity production, or
actual hydropower output from
natural water flow, i.e., disregar-
ding the electricity produced by
pumping, stood at 346.2 TWh in
2020, whichisan 8.1% increase on
the previous year’s mediocre level
(320.3 TWh).

Hydropower output increased in
Northern Europe, in Sweden and
Finland, and also in France, Spain,
Portugal and Italy. Among the
major European hydropower pro-
ducer countries, Finland recorded
the sharpest year-on-year growth
(27.9%) that equates to a 3.5-TWh
increase and total output of
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15.9 TWh. In electricity output
terms, the highest year-on-year
surge was that of Sweden (7 TWh),
which equates to 10.7% growth.
In 2020, Sweden was the leading
European Union hydropower pro-
ducer country with 72.4 TWh of
output excluding pumping.

The only EU country likely to &

1

Hydraulic capacity* of pure hydro plants, mixed plants and pure pumped plants in the European Union
countries in 2019 and in 2020 (in MW)

2019 2020

ruretydo UGS pearpio  total[Purehyire LU Db ot
power power power power

France 18 647 5494 1728 25869| 18835 5150 1728 25712
Italy 15 297 3304 3940 22541 15443 3312 3940 22695
Spain 13701 3082 3331 20114| 13704 3082 3331 20117
Sweden 16 363 99 0 16462| 16307 99 0 16406
Austria 8924 5673 0 14597 8933 5671 0 14605
Germany 4249 1129 5355 10733 4 304 1134 5354 10792
Portugal 4498 2764 0 7262| 4476 2764 o 7241
Romania 6316 278 92 6 686 6282 279 92 6652
Greece 2713 699 0 3412 2718 699 o 3417
Bulgaria 2365 149 864 3378 2363 149 864 3376
Finland 3157 0 0 3157 3164 0 0 3164
Slovakia 1611 0 916 2527 1613 0 916 2529
Poland 598 376 1423 2397 601 376 1423 2 400
Czechia 1094 0 1172 2265 1094 0 1172 2265
Croatia 1924 275 0 2200 1924 275 o 2200
Latvia 1587 0 0 1587 1586 0 0 1586
Belgium 104 0 1310 1414 106 0 1310 1416
Slovenia 1171 0 180 1351 1172 0 180 1352
Luxembourg 34 0 1296 1330 35 o 1296 1331
Lithuania 117 0 760 877 117 0 760 877
Ireland 237 0 292 529 237 0 202 529
Hungary 58 0 0 58 58 o 0 58
Netherlands 37 0 (] 37 37 (] 0 37
Estonia 6 0 0 6 8 0 0 8
Denmark 7 0 (] 7 7 0 o 7

Total EU-27

104 815

23 323

22658

*Net maximum electrical capacity. Source: Eurostat

150 796

105 124

22 990

22 657

150 771
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rob it of its first place is France
(this occurred during the last
decade in 2018, 2014 and 2013).
Actual French hydropower output
alsorose sharply in 2020 (by 9%, or
5.1 TWh) with total output gauged
at62.1 TWh.

Italy’s hydropower sector enjoyed
moderate growth with a total of
47.6 TWh (2.7%, or 1.2 TWh), and
so it kept its third place in the
European Union 2020 producer
rankings. Hydropower production
in Spain and Portugal is subject to
huge swings either way from one
year to the next. Growth in 2020
was measured at 37% for Portugal
(3.3 TWh, for a total of 12.1 TWh)
and 23.8% for Spain (5.9 TWh, for
a total of 30.5 TWh).

We find a mixed bag of production
variations if we turn our attention
eastwards. Between 2019 and 2020,
we record lower outputs in Ger-
many (7.1%, 1.4 TWh), Greece (16.4%,
0.7 TWh), Bulgaria (3.7%, 0.1 TWh)
and Romania (1.3%, 0.2 TWh) and
higher outputs in Poland (8.2%,
1.2 TWh), Austria (2.9%, 1.2 TWh)
and Czechia (6.8%, 0.1 TWh). The
output levels are generally lower
than those seen in recent years.
Note, that for the purposes of
calculating the Member States'
renewable energy targets, whose
methodology is defined by the
Renewable Energy Directive,
hydroelectricity production is
normalized over the last 15 years
to mitigate the effect of variations
in runoff. The SHARES statistics
tool, used for calculating these
targets, adopted 345.1 TWh as the
normalized hydroelectricity out-
put across the European Union
in 2020... 0.6% more than in 2019
(343.2 TWh). Thus, the normalized
hydropower output figure

for 2020 across the European

2

Hydraulic gross electricity production (pumping excluded) in the

European Union in 2019 and 2020 (in TWh)

2019 2020

Total EU-27

Source: Eurostat

320.261

Sweden 65.371 72.389
France 56.914 62.062
Italy 46.319 47.552
Austria 40.826 41.998
Spain 24.646 30.507
Germany 19.731 18.322
Finland 12.421 15.883
Romania 15.581 15.381
Portugal 8.818 12.083
Croatia 5.826 5.662
Slovenia 4.479 4.934
Slovakia 4.356 4.517
Greece 4.000 3.343
Bulgaria 2.929 2.820
Latvia 2.108 2.603
Czechia 2.008 2.144
Poland 1.958 2.118
Ireland 0.887 0.933
Lithuania 0.345 0.301
Belgium 0.302 0.267
Hungary 0.219 0.244
Luxembourg 0.107 0.092
Netherlands 0.074 0.046
Estonia 0.019 0.030
Denmark 0.017 0.017
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3

EurObserv’ER projection of the net hydraulic capacity (pure pumping

excluded) in the EU-27 (in GW)

127.7 128.1 128.1 131.5

2018 2019 2020

Source: EurObserv’ER

4

EurObserv’ER projection of hydroelectricity production (wi
pumped storage) in the EU-27 (in TWh)

361.8
343.9 346.2
3203
2018 2019 2020 2030

Source: EurObserv’ER

thout
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Union, was similar to actual hydro-
power output.

As for capacity, Eurostat dis-
tinguishes three categories of
hydropower plants: “Pure hydro
plants” that only use direct
inputs of natural water but have
no pumped storage capacity to
raise water upstream of the dam.
Thus, all their output is qualified
asrenewable. Mixed hydro plants
have natural waterinput using all
or part of the equipment to pump
water upstream of the dam. These
plants can also generate elec-
tricity with the natural flow in
addition to the pumped water.
The only part of the output qua-
lified as renewable is produced
using natural flow. Lastly, pum-
ped hydroelectric energy storage
plants (PHES) or pure pumped
storage plants, are notlinked to a
water course and do not use natu-
ral water flow, thus the electricity
they generate is not considered
as renewable. A PHES comprises
two reservoirs at different alti-
tudes. They store the energy by
pumping water from the lower
reservoir to the upper reservoir
when both electricity demand and
the market price of electricity are
low and restore it when both elec-
tricity demand and the price are
high. Eurostat gauged net maxi-
mum capacity of the EU-27 pure
hydro plants at 105 124 MW in 2020
(104 815 MW in 2019), compared
to the net maximum capacity of
mixed hydro plants at 22 990 MW
in 2020 (23 323 MW in 2019).

The five most well-equipped
countries with pure hydro
plants, (2020 data) are France
(18 835 MW), Sweden (16 307 MW),
Italy (15 443 MW), Spain (13 704 MW)
and Austria (8 933 MW).

OUTPUT IS EXPECTED
TO RISE TO ABOUT

362 TWH IN 2030

The European Union hydropower
sector’s growth potential is to a
large extent contingent on the
modernization of its existing ins-
tallations and a handful of new
projects. One of the newest faci-
lities is the EDF Romanche Gavet
hydro power plant on the course
of the Romanche river, at Livet-
et-Gavet, in the Isére, France. The
design capacity of this run-of-the-
river plantis 97 MW. It consists of
an upstream dam at Livet, a gal-
leryand a hydropower plant both
built underground at Gavet. The
60-year operating lease was deli-
vered on 31 December 2010 and
the power plant was officially
commissioned on 9 October 2020.
It replaces six small historical
power plants with 82 MW GWh
of combined capacity producing
405 GWh of electricity. The new
facility will provide a 40% increase
in output while the installation
of a fish ladder on the Livet dam
infrastructure will ensure that
fish farming in the Romanche
River can continue. Some bigger
projects in the European Union
are nearing completion, such as
the Tamega Hydropower com-
plex in Portugal (1 158 MW), on
the Tamega River, a tributary of
the Douro River near Oporto in
Northern Portugal. It comprises
three dams and three power
plants (Gouvdes, Daives and Alto
Tamega). A 118-MW hydro power
plant works in conjunction with
the Daivées Dam, while a 160-MW
power plant will work in tandem
with the Alto Tamega Dam that
is still under construction. The
Daivées Damis also the lower pool
of the Gouvdes (880-MW) pumped

storage plant. This plant builtin
an underground cavern dug into
the mountain is linked to the top
reservoir 650 metres aboveit. The
plantis reversible, which means
that it can pump the water from
the Daivdes reservoirinto the top
reservoir, Gouvdes, during excess
electricity production periods and
release it to the turbines during
consumption peaks. The Gouvdes
and Daivdes power plants went on
stream in 2021 and early in 2022
and the Alto Tamega plant is sche-
duled to start up in 2024. This will
be a hybrid facility given that two
wind farms with 300 MW of combi-
ned capacity will be built near the
site and be linked to the pumping
station. The hydropower complex
is designed to generate 1 766 GWh
with enough storage capacity to
cover the daily consumption of 2
million Portuguese households.
This project, led by Iberdrola at a
cost of over € 1.5 billion, has bene-
fitted from a € 650 million European
Investment Bank (EIB) loan.

The European Commission’s MIX
scenario provides for 131 477 MW
of net installed hydropower
capacity (excluding pure pum-
ping) in 2030 for the EU-27 inclu-
ding 89 535 MW from mountain
lakes and 41 942 MW from run-
of-the-river power plants. The
resulting renewable electricity
output should be 361.8 TWh in
2030 (190.3 TWh from lakes and
171.5 TWh from run-of-the-river
power plants). Therefore, this
simulation assumes that 3363 MW
of net additional capacity (exclu-
ding pure pumping) will be added
in the decade up to 2030.

EUROBSERV’ER - THE STATE OF RENEWABLE ENERGIES IN EUROPE - 2021 EDITION



34

GEOTHERMAL ENERGY

Geothermal energy systems
extract the heat contained in the
subsoil and use it to heat buildings,
cool them or produce electricity.
Geothermal techniques and uses
differ depending on the tempera-
ture of the soil or aquifers where
water is drawn. When the tem-
perature ranges from 30 to 150°C
(from a depth of a few hundred
metres to about 2 kilometres),
geothermal heat can be used for
collective urban heating (heating
networks) or be directly drawn to
heat individual homes, buildings
or farming business activities. One
or more very high capacity heat
pumps (HPs) may be associated
to increase the performance of a
geothermal heating network, by
increasing the temperature that
can be harnessed by the network
and making the most use of the
available geothermal energy.

Electricity can also be produced
using binary cycle technology
when the aquifer temperature
ranges from 9o to 150°C. In that
case, the abstracted water, be it
liquid or gaseous when it reaches
the surface, transfers its heat to
another working fluid that vapo-
rizes at below 100°C. The steam

obtained in this way drives a tur-
bine to produce electricity. These
plants can operate in cogenera-
tion mode and simultaneously
produce electricity and heat to
supply a network. Above 150°C (up
to 250°C), water abstracted from
depths of more than 1500 metres
reaches the surface as steam and
can be directly used to drive elec-

1

tricity generating turbines. This is
known as high-energy geothermal,
thatis found involcanicand plate
boundary regions. Heat pump sys-
tems that extract surface heat
from the ground and surface
aquifers are examined apart, and
by convention are not included
in the official geothermal
energy production data.

Capacity installed and net capacity* usable of geothermal electricity
plants in the EU in 2019 and 2020 (in MWe)

2020

2019
Capacity Net Capacity Net
installed capacity installed  capacity

Italy 915.5 767.2 915.5 771.8

Germany 47.0 40.0 47.0 40.0

Portugal 34.0 20.1 34.0 20.1

Croatia 16.5 10.0 16.5 10.0

France 17.1 16.2 17.1 16.2

Hungary 3.0 3.0 3.0 3.0

Austria 13 0.9 1.3 0.9

Romania 0.05 0.05 0.05 0.05

Total EU-27 1034.4

1034.4

* Net maximum electrical capacity. Source: EurObserv’ER (capacity installed),

Eurostat (Net capacity)
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Gross electricity generation from geothermal energy in the European
Union countries in 2019 and 2020 (in GWh)

2019 2020

Italy 6 074.9 6026.1
Portugal 215.4 217.2
Germany 197.0 231.0
France* 128.5 133.2
Hungary 18.0 16.0
Croatia 91.9 93.7
Austria 0.2 0.1
Romania 0.0 0.0

Total EU-27

Source: Eurostat
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HEAT PRODUCTION
Geothermal heat production has
many applications. The main out-
letis space heating forhomes and
commercial premises, but there
areotheroutletsincluding farming
(heating greenhouses, drying agri-
cultural produce, etc.), pisciculture,
swimming pool heating and coo-
ling. The official statistical bodies
still do not monitor the thermal
capacity of the installations accu-
rately or regularly, because of this
plethora of uses.

The EGEC (European Geothermal
Energy Council) monitors the capa-
city of Europe’s geothermal heating
networks. It reports that there
were 254 heating networks with
2185.6 MW of combined capacity
operating in the European Union

in 2020. Only one new project, Pozo
Barrero, went on stream in 2020 at
Mieres, Spain (2 MWth), operated by
Husona. This geothermal heating
network project plays an integral
part in the restructuring of the
Asturias coal-producing region.
The EGEC acknowledges the heavy
blow dealt by the COVID pandemic
to European Union geothermal pro-
ject development activity and the
installation of associated heating
networks.

Eurostat regularly monitors geo-
thermal heat production data. In
the EU-27, heat from the processing
sector, which is generally sold on
to heating networks, is put at
314.5 ktoe in 2020 (309.2 ktoe in
2019). Final consumers directly
used an estimated 556 ktoe of heat
in 2020 (583.7 ktoe in 2019). When
added together, we arrive at a total
of 870.5 ktoe of geothermal heat
used in 2020 (892.9 ktoe in 2019).

ELECTRICITY
PRODUCTION

Across the European Union no
developments of note exemplified
by the commissioning of new geo-
thermal plants, occurred in 2020.
The standstill finally ended at the
start of 2021. Germany, which had
last commissioned a geothermal
plant on the Holzkirchen site
(3.4-MW) in July 2019, started up
the Garching plant in Bavaria
in January 2021. This plant has
design capacities of 4.7 MWe for
electricity and 6.9 MWth for heat
production.

The only new project currently
under construction in Italy is
the 20-MWe Monterotondo 2
plant. Surface exploration was
successfully completed in 2018
and preliminary drilling has been
underway since August 2019,

3

Capacity of geothermal district heating systems installed in the
European Union in 2019 and 2020 (in MWth)

2019 2020

Total EU-27

Source: EGEC

France 657.9 657.9
Germany 344.0 344.0
Netherlands 297.7 297.7
Hungary 256.4 256.4
Italy 170.6 172.6
Austria 105.2 105.2
Romania 88.0 88.0
Poland 61.9 61.9
Sweden 44.0 44.0
Denmark 33.2 33.2
Belgium 25.0 25.0
Croatia 221 22.1
Slovakia 17.5 17.5
Greece 17.0 17.0
Lithuania 13.6 13.6
Slovenia 12.7 12.7
Czechia 8.0 8.0
Spain 7.6 7.6
Cyprus 13 13
Finland 0.0 0.0
Ireland 0.0 0.0

yet no commissioning date has
been announced. There are no
particular developments in the
pipeline in Portugal, apart from
the increase in the capacity of
the Ribeira Grande plant from
28.7 to 30 MWe. Croatia, on the
other hand, has new projects in
the offing. In September 2020, MB
Holding signed an agreement with
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the local project design company,
Ekonerg, to design its forthco-
ming 19.9-MW geothermal plant.
The Organic Rankine Cycle (ORC)
power plant will be construc-
ted at Legrad, near the town of
Koprivnica, in Northern Croatia,
and will generate approxima-
tely 165 GWh of electricity

per annum. The Croatian
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4

Heat consumption* from geothermal energy in the countries of the European Union in 2019 and 2020 (in ktoe)**

2019 2020

Total EU-27

of which Of which of which Of which

it 4 Greate Rl nampie heate

France 195.0 40.2 154.8 201.4 40.2 161.2
Netherlands 132.9 132.9 0.0 147.7 147.7 0.0
Italy 151.6 130.8 20.8 140.6 119.7 20.8
Hungary 136.0 67.6 68.4 128.5 62.3 66.2
Germany 122.3 81.0 41.4 122.4 815 40.9
Bulgaria 35.1 35.1 0.0 35.7 357 0.0
Poland 25.1 25.1 0.0 25.6 25.6 0.0
Austria 22.6 11.4 11.2 24.1 11.8 12.3
Romania 30.8 25.0 5.8 11.9 5.8 6.1
Slovenia 14.4 13.9 0.5 10.9 10.5 0.5
Croatia 7.2 7.2 0.0 7.2 7.2 0.0
Greece 10.3 10.3 0.0 5.6 5.6 0.0
Slovakia 5.6 1.4 4.2 5.0 0.7 4.3
Belgium 1.3 0.0 1.3 1.6 0.0 1.6
Portugal 1.7 1.7 0.0 1.3 1.3 0.0
Denmark 0.8 0.0 0.8 0.5 0.0 0.5
Spain 0.2 0.2 0.0 0.2 0.2 0.0

**Gross heat production in the transformation sector. Source: Eurostat

870.5

geothermal power production sec-
toris relatively young. Since 2018,
the country’s first geothermal
power plant Velika 1 on the Bjelo-
var site has been running with a
16.5 MW turbine delivering 10 MW
of net capacity and design output
of 76 GWh. The plant was officially
commissioned in November 2019.

No new geothermal capacity went
on stream in 2020, so according
to EurObserv’ER, installed Euro-
pean Union capacity remained
at 1034.4 MW. Eurostat puts net
capacity, which is the maximum
capacity presumed to be exploi-
table, at 8712 MW in 2020 (i.e.,
4.6 MW more thanin 2019).
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Eurostat claims that gross EU geo-
thermal electricity output was
stable between 2019 and 2020 at
6.7 TWh (slipping by 0.1%). Italian
output, which provides almost 90%
of total EU electricity production,
dipped but was offset by a rise in
German geothermal electricity
output.

A SHARP UPSWING
EXPECTED WITHIN

A FEW YEARS

For European Union geothermal
energy, 2020 was unmemorable, be
itin terms of commissioning new
heating networks or power plants.
EGEC heaps responsibility for the
temporary glitch in new geother-
mal power plant commissioning
on the COVID-19 pandemic com-
pounded by the lack of support and
regulatory framework to assist the
sector. Yet, projects do exist, and
thesituation should change in the
next few decades, provided that
the right conditions are achieved
to consolidate the sector on new
markets and continue expanding
in its established markets.

The turndown in the heating
network activity in 2020 which can
be viewed as a direct result of the
pandemic, is not material to the
activity observed in the last few
years in particular in the Nether-
lands, France and Germany. In its
2020 Geothermal Market Report,
the EGEC expects a sharp upswing
within a few years, primarily given
the new policy that emphasizes
heating and cooling in the Euro-
pean Green Deal. The association
observes a Europe-wide trend to roll
outrenewable heating and cooling
infrastructures initiated by local
authorities. In Western Europe, the
focusison developing new systems
to encourage the move away from
gas networks. In Eastern Europe,
where obsolete urban heating and
cooling networks are widespread,
the focus is on modernizing infras-
tructures and taking market shares
from natural gas. According to the
EGEC, new legislative provisions of
the"Fit for 55% package", strengthe-
ning targets for renewable heating
and cooling, and implementing

EurObserv’ER projection of geothermal electricity production in the
EU-27 (in GWh)

6655.0

2018 2019 2020 2030

Source: EurObserv’ER

6

EurObserv’ER projection of geothermal heat consumption* in the EU-27
(in ktoe)

1000
820.1

2018 2019 2020 2030

*Final energy consumption and gross heat production in the transformation sector.
Source: EurObserv’ER

various mechanisms to get the eco-
nomy back on the right track after
COVID-19 will be decisive for the
future of the geothermal sector. &
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HEAT PUMPS

The public authorities view heat
pump technology as one of the
keys to achieving carbon neutra-
lity by 2050. Europe’ heat pump
industry claims to be ready to rise
to the challenge. The European
Union-wide HP market data for
2020 confirms that this technology
is consolidating its foothold in the
heating segment.

Thereversible air-to-air heat pump
segmentis driven by cooling requi-
rementsin the southern countries
and by heating requirementsin the
cold climate countries, making its
market trends distinct. Lacklustre
performances by Italy’s and Spain’s
reversible air-to-air HP segments
held back its growth across Europe
in 2020.

INSULATION AND HEAT
PUMPS... THE WINNING
COMBINATION

The European Commission’s stra-
tegy forintegrating energy systems
plans for 40% of all residential and
65% of all commercial buildings to
be heated by electricity by 2030.
Electrically-fuelled heat pumps
should logically play a crucial role in
decarbonating heating and cooling
over the decade. As aresult of more

binding thermal regulationsin new
housing, HP systems are already
the most popular form of heating
in many European countries. This
particularly applies to France and
the northern European countries.
Sweden has been the trailblazer
in this trend. Its electricity mix is
almost all low carbon (renewables
and nuclear energy), while heating
oil and gas in particular have been
all but eliminated from the home
heating segment. The Commission’s
strategy also intends to make heat
pumps the technology of choice
in renovation. To achieve this, the
number and quality of renovated
buildings where heat pumps ope-
rate offering optimum thermal com-
fort with affordable energy bills
will have to increase. As it stands,
roughly 35% of the EU’s buildings
are over 50 years old and nearly
75% of all building stock is energy-
inefficient. At the same time, only
0.4-1.2% of the building stock (with
country variations) is renovated in
any year.

The HP manufacturers’ catalogues
now include high-temperature
heat pumps capable of raising the
heating circuit feedwater tempe-
rature to 65 °C (as opposed to 45 °C
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forso-called low-temperature HPs).
These HPs are designed to work in
conjunction with high-tempera-
ture radiators and are appropriate
for installation when renovating
dwellings with mediocre insula-
tion, to replace a gas- or oil-fired
boiler. Another alternative for the
renovation market is to install a
hybrid HP combining an air-to-
water HP with a condensing boiler.

AIR-SOURCE HPS
DOMINATE THE MARKET
The heat pump market for heat or
cooling production expanded in
2020. According to EurObserv’ER,
over 4.3 million HPs were sold over
the year in the EU-27, all power
ranges and technologies taken
together, posting a 3.4% year-on-
year rise (4.2 million units sold in
2019, revised figure). These data
cover the residential and tertiary
markets in particular (with power
ranges starting at a few kW to seve-
ral tens of kW). The medium- and
high-capacity HP market is much
smaller.

The majority of HP sales in the
European market are for air-to-air
ASHPs. According to EurObserv’ER,
over 3.6 million units were sold in

2020, which is a similar volume
to 2019 (sales increased by 1.3%
between 2019 and 2020). However,
this trend is chiefly representative
of countries with significant
summer cooling needs. Italy, Spain,
Portugal and France together
account for 80.8% of Europe’s
newly-installed air-to-air systems.
The water-borne ASHP market spe-
cifically caters for heating needs.
Despite a year marked by the

COVID-19 pandemic, sales in this
market segment bounced back
to rise by 15.2%. A total of 578 876
units were sold (counted in 21
countries), i.e., 76 288 more systems
sold than in 2019. This market seg-
ment’s growth was exceptionally
high in Poland where sales dou-
bled (108%) between 2019 and 2020.
Growth was also strongin Denmark
(50.6%), Germany (44.0%), Belgium
(35.6%) and Sweden (34.0%).
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At least 10 countries recorded
double-digit growth rates in this
market segment.

On asmallerscale, the geothermal
HP market (also water-borne) spe-
cifically caters for heating needs
and also grew across the European
Union. Market growth was 9.1%
over its 2019 level, with 100 838
units sold. However, local market
trends are highly variable.
Most of the positive growth
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can be ascribed to the exponential
rise of the Dutch market (which
gained 64.6% over its 2019 level). Its
installation approach is now similar
to those of the German and Swe-
dish markets. Double-digit growth

1

@

between 2019 and 2020 was also
registered in the main GSHP mar-
kets - Belgium (23.0%), and Germany
(16.8%). The latter offers generous
subsidies for powerful renewable
energy heating appliances. This

contrasts with Sweden’s and Fin-
land’s GSHP markets which contrac-
ted year-on-year by 6.3% and 3.8%
respectively in the face of compe-
tition from air-to-water HPs.

A EUROPEAN HP BASE
OF ALMOST 42 MILLION
UNITS

Estimating the number of HPs in
service is a tricky task as the exer-
cise depends on the decommissio-

ning assumptions factored in by
each country and the availability of
statistics supplied by the Member
States or HP industry associations.
EurObserv’ER puts the combined
total of installed HPs in the Euro-

pean Union at about 41.9 million
units (40.1 million ASHPs and 1.8
million GSHPs). This figure is not
restricted to HPs used for heating,
butalsoincludes cooling and
heating applications, in that

Market of aerothermal heat pumps in 2019 and 2020* in the European Union (number of units sold)

2019 2020

Total EU-27

4098 342

Note: Data from Italian, French, Spanish, Portuguese and Maltese aerothernnal heat pump market are not directly comparable to others,
because they include a high number of reversible heat pumps whose principal function is cooling. Only heat pumps that meet the efficiency

3558 224

37 529 4 233 507

Aerothern:ﬁ)l ofwhical;rﬂrp- Ofvzvlz::rﬂ; exI:);L‘:Vsrt]EiE Aemthem:_iapl OfWhi:?ri:E of which air-water HP eXI‘?;L‘lA;:Z]EiE
Italy 1614016 1563659 50 356 0 1574000 1526 000 48 000 0
France 904 653 728 433 176 220 0 987 626 812 404 175222 0
Spain 446 926 395173 51753 0 400 373 351275 49098 0
Netherlands 154 255 120761 33494 0 230309 187 870 42 439 0
Portugal 234557 234 065 492 0 222 837 222389 448 0
Germany 83270 0 66 770 16 500 121770 0 96 170 25600
Sweden 97 380 70000 10994 16386 103 667 70000 14727 18940
Belgium 103 058 94 380 8678 0 98 487 86 723 11764 0
Finland 89217 79033 6 345 3839 93 649 82188 7 892 3569
Malta 71933 71933 0 0 70 236 70236 0 0
Denmark 57 998 48853 8945 200 62571 48893 13 474 204
Poland 31314 11018 20286 10 54 125 11924 42201 0
Slovakia 48593 45640 2916 37 42274 38626 3648 0
Greece 29 878 27586 2292 0 40 224 37138 3086 0
Czechia 29130 7 500 21563 67 30182 7 500 22615 67
Slovenia 29929 23429 6 500 0 25 446 18 946 6 500 0
Austria 18192 228 17 964 0 20 434 237 20197 0
Lithuania 21626 13 091 8535 0 19 940 12 450 7 490 0
Estonia 15010 13 700 1280 30 14980 13 700 1280 0
Ireland 14397 6 892 7 045 460 14397 6 892 7 045 460
Hungary 2850 2 850 0 0 5820 400 5420 0
Luxembourg 160 0 160 0 160 0 160 0

3605791

criteria (seasonal performance factor) defined by Directive 2009/28 / EC are taken into account. Market data for Romania, Bulgaria, Latvia,
Croatia and Cyprus was not available at the time of our study. *Estimation. Source: EurObserv’ER
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Market of geothermal (ground source) heat pumps* in 2019 et 2020**
in the European Union (number of units sold)

2019 2020

Total EU-27

Sweden 25 343 23757
Germany 19 000 22200
Netherlands 11755 19 349
Finland 8988 8644
Poland 6710 5622
Austria 4690 4581
Belgium 2595 3193
France 3475 3005
Denmark 2251 2308
Estonia 1750 1750
Czechia 1417 1440
Italy 753 1242
Greece 1008 1000
Slovenia 930 924
Lithuania 702 580
Hungary 335 347
Ireland 316 316
Spain 199 236
Slovakia 149 216
Luxembourg 64 64
Portugal 28 64

100 838

* Hydrothermal heat pumps included. ** Estimation. Note: Market data for Romania,
Bulgaria, Latvia, Cyprus, Croatia and Malta was not available at the time of our study.

Source: EurObserv’ER
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Total number of heat pumps in operation in 2019 and 2020 in the European Union *

2019 2020

Aerothermal

Geothermal

Aerothermal

Geothermal

e L Total e L Total
Italy 18222141 14903 18237044 | 17949738 16145 17965883
France 7 457 091 205195 7662286 | 8444717 208200 8652917
Spain 4157 961 3256 4161217 | 4558334 3492 4561826
Sweden 1349 857 551776 1901633 | 1441828 561033 2002861
Portugal 1870935 909 1871844 @ 1937887 909 1938796
Germany 762336 392 784 1155120 878 829 411198 1290 027
Finland 836 620 127 964 964 584 930 269 136608 1066877
Netherlands 661 480 70708 732188 889 944 87912 977 856
Denmark 380995 68 997 449992 445 455 72 453 517 908
Malta 425237 o 425237 485 289 o 485 289
Belgium 321593 15804 337397 420080 18 997 439077
Greece 314434 6536 320970 354 658 7536 362194
Slovenia 237 826 12730 250 556 251 044 13 654 264 698
Austria 126 246 109 669 235915 146 394 112379 258 773
Poland 112 950 60 196 173 146 167 075 65818 232893
Bulgaria 214971 4272 219 243 214971 4272 219 243
Czechia 150 440 26316 176 756 180 622 27 756 208 378
Estonia 161 747 17 625 179372 176 727 19375 196 102
Slovakia 94 586 3964 98 550 136 860 4180 141 040
Lithuania 43551 4160 47 711 63 491 4749 68 240
Ireland 36 436 4722 41158 50 833 5038 55871
Hungary 12 800 2745 15 545 18 620 3092 21712
Luxembourg 1759 806 2565 1919 870 2789
Total EU-27 37953992 1706037 39660029 40145584 1785666 41931250

Note: Data from Italian, French, Spanish, Portuguese and Maltese aerothernnal heat pump market are not directly comparable to
others, because they include a high number of reversible heat pumps whose principal function is cooling. Only heat pumps that
meet the efficiency criteria (seasonal performance factor) defined by Directive 2009/28 / EC are taken into account. Market data for
Romania, Bulgaria, Latvia, Croatia and Cyprus was not available at the time of our study. *Estimation. Source: EurObserv’ER
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the system performance coeffi-
cients meet the criteria set outin
the Renewable Energy Directive.
HPs that do not meet the criteria
are excluded. Incidentally, EHPA, in
its 2021 European Heat Pump Mar-
ket and Statistics report, puts the
total European HP base in service
primarily for heating purposes at
about 14.86 million in 2020 (aggre-
gate sales from 1997 to 2020). This
estimate implies that about two-
thirds of the HP base primarily
meets cooling needs.

THE TIME HAS COME

TO DECIDE

Heat pumps are not only
identified as a key technology for
decarbonating the building sector,
but their technologies contribute a
greatdeal toincreasing renewable
energy production. According to
the Eurostat Shares tool, the total
contribution made by heat pumps
inthe EU-27 was 13 316 ktoe in 2020,
a 922.9-ktoe increase on its 2019
level. This sector has made the
biggest contribution to increasing
renewable heat (and cooling) in
the EU-27. In 2020, it amounted to
12.7% of all renewable heat and
cooling (11.9% in 2019).

As for the current decade,
everythingisin place to accelerate
the contribution made by HPs to
achieve our climate goals. A much
more aggressive building energy
renovation policy is required to
fuel this acceleration.

The European Commission’s “Fit
for 55” package, published on 14
July 2021, is clearly a step in this
direction. It comprises a string
of legal texts that should reduce
CO2 emissions by 55% from their
1990 level, which is crucial to
achieving carbon neutrality. The
building sector which uses 40%

4

EurObserv’ER projection of renewable energy from heat pumps in the

EU-27 (in Mtoe)

115 12.4

[T

2018

2019

28.2

2020

*Renewable energy production according to the criteria set by the Renewable Energy

Directive 2009/28/EC. Source: EurObserv’ER

of the energy consumed in the EU,
and which generates about 36% of
its energy-related CO2 emissions
is kernel to the Commission’s
legislative proposals. The proposed
revision to the Renewable Energy
Directive provides measures for
accelerating heating and cooling
systems’ transition to renewable
energies in the context of
renovations. Thus, the Commission
plans to set a reference value
of 49% of renewable energies in
buildings by 2030, which could be
provided by the electrification of
heating and cooling needs with
heat pumps alongside direct use of
renewable heat (biomass heating,
geothermal and solar thermal
energy partially via heating
networks). The Commission also
proposes to oblige its Member
States to increase renewable
energy use in heating and cooling
by 1.1 of a percentage point by
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2030. Apart from housing, public
buildings must also be renovated
to use more renewable energies
and be more energy-efficient.
Accordingly, the Commission
plans to set the Member States an
annual binding renovation target
of at least 3% of the total floor area
of all public buildings. ®



BIOGAS

Methanation is a natural processin
which many micro-organisms (bac-
teria) break down organic matter
in an oxygen-free environment.
Methanation biogas from anaero-
bic fermentation breaks down into
three sub-sectors, segmented by
waste origin and treatment.

It includes biogas from non-
hazardous waste storage facility
biogas (“landfill gas”), methanation
of wastewater treatment plant
sludge (“sewage sludge gas”) and
methanation of non-hazardous
waste or raw plant matter (“other
biogas”). Raw plant feedstock may
include amounts of energy or food
crops limited by incorporation
thresholds (e.g.: France applies a
15% threshold).

International institutions also
monitor a fourth segment, whose
biogas is the product of a heat
treatment process (“biogases
from thermal processes”) by ther-
mal gasification of solid biomass
(wood, forest residue, solid and fer-
mentable household waste) or by
hydrothermal gasification of liquid
biomass. These processes produce
a methane-rich syngas that when
purified produces biomethane.

14.7 MILLION TOE OF
BIOGAS PRODUCED IN
THE EUROPEAN UNION
Primary energy production from
biogas across the European Union
of 27 isrecovering. Output, having
slipped slightly in 2018 (by 0.3%
between 2017 and 2018), picked
up both in 2019 (by 2.1% compared
to 2018) and in 2020 (by 4% year-
on-year) to reach 14 716.1 ktoe in
2020. Methanation biogas from
non-hazardous waste or raw plant
matter (other biogas) dominates
this output (with 80.2%), outstrip-
ping landfill biogas (11.2%), sewage
sludge gas (7.8%) and thermal bio-
gas (0.8%).

At 569 ktoe, the growth in out-
put between 2019 and 2020 is the
highest since 2014. Five countries
were mainly behind this reco-
very with respective increases
by France (160.5 ktoe), Germany
(151 ktoe), Denmark (115.5 ktoe),
the Netherlands (59.5 ktoe) and
Spain (32.4% ktoe) over the pre-
vious 12-month period. These
countries all achieved double-digit
growth (29.2% for Denmark, 16.7%
for the Netherlands, 16.5% for
France, 11.1% for Spain) apart from
Germany (2%). Germany produces
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more than half of the European
Union’s biogas total (7 744.8 ktoe
in 2020), which explains why its
growth in output was lower.

If we consider the various biogas
source trends, methanation biogas
from non-hazardous waste and raw
plant matter (the “other biogas”
category) remains the main contri-
butor to the 427.1 ktoe increase in
biogas production across the Euro-
pean Union between 2019 and 2020),
ahead of landfill biogas (which
increased by 140,8 ktoe) and sewage
sludge biogas (which increased by
21.1 ktoe). “Thermal” biogas output
contracted (by 20 ktoe), and this
decrease can be primarily ascribed
to lower output in Finland, which
has spearheaded and concentra-
ted this type of biogas production
in the European Union (producing
106 ktoe of the total 116.2 ktoe in
2020). Finland has been operating
the European Union’s biggest bio-
mass gasification plant at Vaasa
since 2013. This 140-MW power
plant, owned by Vaskiluodon Voima
uses biogas produced from wood
waste. The Eurostat database also
identifies production data for “bio-
gas from thermal processes”

for two other countries - Italy
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1

Primary energy production from biogas in the European Union in 2019 and 2020 (in ktoe)

2019 2020

Total EU-27

Source: Eurostat

1503.8

136.2 14 147.2

11 805.7

Landfill gas sluszvevagii anagtgsircbfieorgrra::i;{ﬁ)mn Thb?:)?:sl Total Landfill gas slufieg‘;vzg.i anace)::sircbfieorgrs:ﬁi:;?omn TTJ?:)?:SI Total
Germany 103.7 487.6 7 002.5 0.0 7593.7 92.3 481.7 7170.8 0.0 7744.8
Italy 328.7 51.0 1625.7 7.7  2013.2 281.2 51.3 1678.6 6.7 2017.9
France 286.4 38.9 648.0 0.0 973.3 311.7 21.4 800.7 0.0 1133.8
Czechia 20.4 43.6 517.1 0.0 581.2 19.9 42.0 532.6 0.0 594.5
Denmark 395.1 0.0 0.0 0.0 395.1 510.6 0.0 0.0 0.0 510.6
Netherlands 10.4 62.7 283.1 0.0 356.2 9.9 66.7 339.0 0.0 415.7
Spain 72.2 66.7 152.2 0.0 291.0 137.0 115.0 71.3 0.0 323.4
Poland 41.9 120.6 136.0 0.0 298.5 49.6 1211 151.7 0.0 322.4
Belgium 17.4 26.3 183.2 4.7 231.6 17.1 26.9 196.4 3.4 243.9
Austria 1.2 33.7 179.6 0.0 214.6 11 26.1 183.4 0.0 210.6
Sweden 5.9 77.8 97.8 0.0 181.5 5.8 76.2 103.8 0.0 185.8
Finland 15.5 17.8 30.5 123.8 187.5 12.8 17.1 33.0 106.0 169.0
Greece 67.0 20.0 38.0 0.0 125.0 61.1 21.8 52.4 0.0 135.3
Slovakia 4.9 7.9 130.1 0.0 142.9 5.7 7.5 117.6 0.0 130.9
Hungary 10.5 28.8 51.2 0.0 90.4 9.8 29.3 50.3 0.0 89.4
Croatia 5.7 3.3 73.2 0.0 82.2 6.8 2.9 73.5 0.0 83.1
Portugal 65.1 6.4 8.6 0.0 80.1 65.7 6.9 10.1 0.0 82.7
Latvia 7.5 2.2 70.9 0.0 80.6 7.7 1.8 70.7 0.0 80.2
Bulgaria 0.0 5.2 45.7 0.0 51.0 0.0 6.1 47.2 0.0 53.3
Ireland 31.1 11.2 7.6 0.0 50.0 28.9 9.7 13.7 0.0 52.3
Lithuania 8.7 6.8 23.4 0.0 39.0 6.5 7.2 24.9 0.0 38.6
Slovenia 1.5 1.2 19.5 0.0 22.2 1.4 1.2 24.4 0.0 27.0
Estonia 1.5 6.6 5.9 0.0 13.9 1.6 7-4 10.8 0.0 19.9
Romania 0.0 0.0 19.0 0.0 19.0 0.0 0.0 18.4 0.0 18.4
Luxembourg 0.0 1.8 16.2 0.0 18.0 0.0 1.3 16.6 0.0 18.0
Cyprus 1.1 0.7 12.0 0.0 13.8 0.0 0.8 12.5 0.0 13.3
Malta 0.0 0.0 1.6 0.0 1.6 0.0 0.0 1.3 0.0 1.3

116.2 14716.1
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and Belgium. While other countries
have thermal biogas production
segments, statistical confidentiality
rules apply because there are too
few players, and so this output is
not singled out from methanation
biogas output.

Once biogas has been produced,
it is converted into various
energy carriers as needed - heat,
electricity or biomethane - and
used as final energy. Heat can only
be obtained by burning biogas in
a suitably adapted methane-
friendly gas boiler. Electricity can
be produced for injection into the
grid when the biogas is burnt in
a suitable gas engine or a small
turbine. This usually takes place
in a CHP plant (that produces
heat at the same time) to reduce
energy losses. Biogas can also
be purified to remove its carbon
dioxide and hydrogen sulphide
content to produce biomethane,
which can then be recovered on
site as electricity, heat or even
biofuel for bioNGV vehicles that
run on natural gas. Furthermore,
when economically viable, it
can be injected into the grid and
used in the same way as natural
gas (electricity, heat or fuel). For
statistical purposes, the electricity
or heat produced from biomethane
mixed in the natural gas grid
is not directly included in the
official biogas electricity or heat
indicators that calculate the use
of pure biogas, exceptin Germany.
However, special accounting
applies to the electricity and
heat generated from biomethane
mixed into the natural gas grid so
that they can be included in the
Member States’ renewable energy
target calculations.

Eurostat reports that biogas
electricity output improved
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Gross electricity production from biogas plant and from biogas blended in the grid in the European Union in
2019 and 2020* (in GWh)

2019 2020

Total EU-27

12 325.5 42 670.0 54 995.5 12158.1

Note: Germany has chosen to reallocate its electricity production from biogas blended in the grid to the production of electricity
from power plants using pure biogas. Source: Eurostat

43 596.6

55754.7

Electricity from Electricity from

Electricity only plant CHP plant Total pure biogas biogas blended in Electricity only plant CHP plant Total pure biogas biogas blended in

the grid the grid

Germany 6792.0 26 160.0 32952.0 0.0 6 896.0 26 599.0 33 495.0 0.0
Italy 2862.9 5413.7 8276.6 0.0 2727.2 5439.2 8166.4 0.0
France 338.8 2250.7 2589.5 99.7 293.0 2450.3 2743.3 172.7
Czechia 41.6 2486.5 2528.1 0.0 37.4 2559.0 2596.4 0.0
Poland 0.0 1135.0 1135.0 0.0 0.0 1233.9 12339 0.0
Belgium 77.3 869.5 946.8 0.5 68.6 946.0 1014.6 2.1
Spain 699.0 205.0 904.0 21.1 699.0 182.0 881.0 20.5
Netherlands 21.3 873.8 895.1 197.1 13.9 856.0 869.8 273.2
Denmark 0.8 631.9 632.6 176.5 0.9 676.5 677.4 174.9
Austria 569.8 42.1 611.9 17.3 579.2 49.5 628.7 14.5
Slovakia 115.0 419.0 534.0 0.0 95.0 415.0 510.0 0.0
Croatia 34.5 366.7 401.2 0.0 39.1 380.3 419.4 0.0
Greece 46.8 330.7 377.5 0.0 55.0 348.9 403.9 0.0
Latvia 0.0 352.4 352.4 0.0 0.0 344.7 344.7 0.0
Hungary 82.0 239.0 321.0 4.9 65.0 259.0 324.0 4.9
Finland 161.7 2015 363.2 15.0 130.3 166.3 296.7 15.8
Portugal 246.1 18.3 264.5 0.0 240.6 18.9 259.5 0.0
Bulgaria 80.2 150.5 230.7 0.0 67.5 158.1 225.6 0.0
Ireland 130.1 55.4 185.5 0.0 116.9 61.7 178.6 0.3
Lithuania 0.0 154.4 154.4 0.0 0.0 149.4 149.4 0.0
Slovenia 1.2 93.1 94.4 0.0 1.3 111.7 113.0 0.0
Luxembourg 0.0 71.2 71.2 0.9 0.0 62.8 62.8 1.4
Cyprus 0.0 57.9 57.9 0.0 0.0 60.6 60.6 0.0
Romania 24.4 29.5 53.8 0.0 322 20.9 53.0 0.0
Estonia 0.0 38.8 38.8 0.0 0.0 31.0 31.0 0.0
Sweden 0.0 17.0 17.0 0.0 0.0 10.0 10.0 0.0
Malta 0.0 6.4 6.4 0.0 0.0 5.9 5.9 0.0
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slightly between 2019 and 2020 (by
1.4%), from 55.0t0 55.8 TWh, prima-
rily thanks to increased production
in Germany (543 GWh), France
(153.8 GWh) and Poland (98.8 GWh).
The additional electricity input
sourced from biomethane mixed
into the natural gas grid is put at
680.3 GWh in 2020 (532.9 GWh in
2019).

Heat production in the transfor-
mation sector (conveyed by a
heating network) grew at a faster
pace between 2019 and 2020 (by
4.4%) and was enough to reach
the 1-Mtoe threshold in 2020. The
additional production from bio-
methane mixed into the natural
gas grid is put 66.7 ktoe (49.6 ktoe in
2019). Final direct energy consump-
tion in industry and other sectors
(farming in particular) increased
at a similar pace (4.2%) from
2461.8 ktoe in 2019 to 2 554.1 ktoe
in 2020. Final energy consumption
in these two segments that blend
biogas into the natural gas grid is
put at 430.4 ktoe (265 ktoe in 2019).
The European Biogas Associa-
tion (EBA) claims the number of
biomethane plants is surging in
Europe, having identified 880 in
service in 2020 in its EBA Statisti-
cal Report 2021. It puts their output
at about 32 TWh (a little less than
2.8 Mtoe). France currently leads
the drive to build biomethane
plants in the European Union.
According to the official Data and
Statistical Studies Department
(SDES) dashboard data, France had
214 plants injecting biomethane
into the natural gas grid on 31
December 2020. Their combined
capacity is 3.9 TWh/annum, which
is a 73% year-on-year increase.
During 2020, 1658 GWh of additio-
nal annual capacity was ins-
talled, which is significantly
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- 3 higher thanin 2019 (876 GWh p.a.).
Gross heat production in the transformation sector from biogas plant and from biogas blended in the grid in The number of new plants rose
the European Union in 2019 and in 2020 (in ktoe) sharply. There were 47 in 2019, 91

in 2020 and 104 new plants in the

2019 2020 first three quarters of 2021. As of
30September 2021, 317 plants were

Ivol CHP ol | oure bi Heat from biogas Vol P ol urebi . Hiil‘tf’d"'g injecting biomethane in France,

Heat only plant HP plant Total pure biogas blended in the grid Heat only plant HP plant Total pure biogas |ogai; theeng::;d with combined capacity of 5.8 TWh

p.a.,a40% increasein nine months,

Germany 10.5 382.6 3931 0.0 10.6 411.6 422.1 0.0 \while there were 998 projects in

Italy 0.1 274.2 274.3 0.0 0.1 274.1 274.1 0.0 the pipeline for 20 TWh of annual

France 18 68.1 69.9 4.0 15 743 75.8 7.8 production capacity.
Denmark 19 46.7 48.6 37.6 2.6 51.1 53.7 50.0 THE SECTOR HAS ITS
Poland 0.4 23.6 24.0 0.0 0.7 214 22.2 0.0 SIGHTS SET ON 5% OF
Belgium 0.0 12 12 0.0 0.0 21.2 21.2 0.0 BIOMETHANE BY 2030

& : & 9 . . - : : After several difficult years on the
Latvia 0.1 19.2 19.3 0.0 0.4 19.4 19.7 0.0 | side lines, biogas appears to have
Finland 5.4 15.5 20.9 2.0 5.4 13.6 19.0 21| founditsway backtogrowth,and

. as the sector is focussed on reco-

Slovakia 0.8 15.2 16.0 0.0 0.9 16.4 17.3 0.0

vering energy from organic waste
Czechia 0.0 17.0 17.0 0.0 0.0 17.0 17.0 0.0 rather than using food crops, this
0.0 growth is more sustainable. This
momentum will increasingly deve-
lop biomethane which is a useful
Sweden 6.0 5.2 11.2 0.0 2.4 3.8 6.2 0.0 | backuptonatural gasuses(indus-
trial processes, heating, gas-fired

Croatia 0.0 12.3 12.3 0.0 0.0 12.6 12.6

Netherlands 0.0 8.9 8.9 4.4 0.0 9.7 9.7 5.0

Austria 0.7 3.8 4.5 1.1 1.3 4.3 5.6 1.0
- plants, and so on).

Bulgaria 0.0 5.2 5.2 0.0 0.0 4.5 4.5 0.0 | The public authorities still have
Slovenia 0.0 4.4 bt 0.0 0.0 4ty 4.4 0.0 to clarify the role for biogas in the
Romania 3.0 17 4.7 0.0 26 13 3.9 0.0 “Fit for 55” legislative package that
- . : : . - : : includes a proposal to revise the
Hungary 0.0 3.0 3.0 0.4 0.0 3.1 3.1 0.4 Renewable Energies Directive. The
Estonia 0.2 16 1.8 0.0 0.4 2.4 2.8 0.0 current proposal formulated under
the FIT for 55 framework to increase

Luxembourg 0.0 2.5 2.5 0.2 0.0 2.6 2.6 0.3

therenewable energy share by 1.1%
Lithuania 0.0 2.5 2.5 0.0 0.0 2.3 2.3 0.0 perannum in the heat and cooling
sector does not entirely satisfy the

Cyprus 0.0 1.2 1.2 0.0 0.0 0.9 0.9 0.0 . .

sector, which would like more spe-
Ireland 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 | cific goals to be set. The Gas for Cli-
Greece 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 mate consortium proposed adding

. a11% binding target of renewable

Spain 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 o glare

gas (8% of biomethane and 3%
Malta 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 of green hydrogen) to the recast
Portugal 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 RenewableEnergiesDirective (RED

1) to the European Commission. The
Total EU-27 . consortium reckons that renewable
Note: Germany has chosen to reallocate its electricity production from biogas blended in the grid to the production of electricity gas will probably reach a
from power plants using pure biogas. Source: Eurostat 9.4% share by 2030 under the
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4

Final energy consumption in industry and other sectors (except transport) from biogas plant and from biogas

blended in the grid in the European Union in 2019 and in 2020 (in ktoe)

2019 2020

Total EU-27

Pure biogas Biogai?]tzlheengﬁg Pure biogas BioEﬁf‘t:Leengreig
Germany 1333.3 0.0 1351.3 0.0
France 215.7 71.3 249.6 128.4
Czechia 149.5 0.0 152.2 0.0
Netherlands 126.7 45.8 138.9 59.5
Spain 85.6 3.6 121.2 4.0
Belgium 96.0 0.2 96.7 0.7
Poland 92.1 0.0 91.9 0.0
Finland 93.2 2.6 84.1 2.7
Sweden 49.6 0.0 59.9 0.0
Italy 36.3 0.0 36.4 0.0
Greece 35.1 0.0 36.2 0.0
Slovakia 20.9 0.0 24.0 0.0
Denmark 28.6 128.7 18.6 221.2
Austria 24.6 6.9 17.3 6.5
Hungary 12.2 3.0 13.1 3.0
Ireland 10.2 0.0 13.0 0.0
Lithuania 8.8 0.0 9.1 0.0
Latvia 8.0 0.0 7.7 0.0
Portugal 6.8 0.0 7.1 0.0
Bulgaria 7.4 0.0 6.7 0.0
Cyprus 5.7 0.0 5.2 0.0
Romania 7.0 0.0 4.5 0.0
Estonia 3.0 0.0 3.3 0.0
Slovenia 1.3 0.0 3.0 0.0
Luxembourg 3.4 2.8 2.3 4.3
Malta 0.9 0.0 0.7 0.0
Croatia 0.0 0.0 0.0 0.0

Note: Germany has chosen to reallocate its electricity production from biogas blended in the grid to the production of electricity

from power plants using pure biogas. Source: Eurostat
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5

EurObserv’ER projection of electricity production from biogas* in the

EU-27 (in TWh)
84.7
55.5 55.5 56.4
2018 2019 2020 2030

*Pure biogas and biogas blended in the grid. Source: EurObserv’ER

6

EurObserv’ER projection of heat consumption* from biogas** in the
EU-27 (in Mtoe)

6.3

4.2

3.7 3.9

2018 2019 2020 2030

*Final energy consumption and gross heat production in the transformation sector.
** pure biogas and biogas blended in the grid. Source: EurObserv’ER

Fit for 55 framework, namely 5.1%
of biomethane and 4.3% of green
hydrogen (renewable fuels of non-
biological origin). Excluding road
transport fuel, this share equates
to roughly 279 TWh of biomethane
production compared to the
229 TWh envisaged in the European
Commission’s MIX scenario for rol-
ling out the European Green Deal.
EBA (European Biogas association)
proposes that two specific targets
be integrated into the amended
REDII: a target on consumption of
renewable gas of at least 11% in
terms of energy content by 2030
and a target to reduce the green-
house gas emission intensity of
gas consumption by at least 20%
compared to 2018 levels by 2030.
The various renewable gas seg-
ments’ industry players are ready
to help the European Commission
achieve its ambitions. They stress
the advantages of gas distribution
grids for smoothing out renewable
electricity production fluctuations.
They particularly highlight the gas
grids’ technical ease and capacities
for storage, the advantages of a
hybrid energy infrastructure, built
on the strengthened construction
of the gas and electricity grids,
which according to them, will form
the backbone of a decarbonized
European energy system. ll
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RENEWABLE MUNICIPAL WASTE

Eurostat reports that renewable
municipal waste treated by incine-
ration plants with energy recovery
(also known as waste-to-energy or
WHE plants) in the EU-27 generated
9.2 Mtoe of primary energy in 2020 (9
207.8 ktoe to be precise). This output
indicatesaslightincrease (1.6%) or
an additional 148.5 ktoe on the EU’s
2019 performance butonlyincludes
the energy production generated
from biodegradable urban waste
(cartons, paper, kitchen waste, etc.).
Non-biodegradable feedstock (mis-
cellaneous plastic packaging, water
bottles, and so on) produces a simi-
laramount of energy (9 135.8 ktoe in
2020...3 1.7% increase on the 2019
figure). Convention has it that the
waste is put at 50% of all urban
waste consigned to incineration,
as it is hard to distinguish biode-
gradable waste from other waste,
unless a Member State conducts
specific studies.

The trends across the Member
States vary wildly. In 2020, 10 of
the 27 countries’ primary energy
output from renewable munici-
pal waste increased, 8 countries’
output decreased, and 9 countries
posted almost stable output.
The clearest increases can be

credited to Sweden which pro-
duced an additional 69.7 ktoe,
for a total of 842.4 ktoe (9.0%
growth), the Netherlands with
an additional 68.7 ktoe giving a
total of 836.6 ktoe (8.9% growth)
and Poland with a 41.5-ktoe
increase for a total of 143.5 ktoe
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(40.7% growth). Yet, Germany still
recovers more energy from its
renewable municipal waste than
any other country (3 128.7 ktoe in
2020) and its output has stabilized
over the last few years. While it
increased slightly in 2020 (by 1.2%,
or 37.6 ktoe), its output is below

that of 2017 (3 216.9 ktoe). Spea-
king of which, in those countries
where prevention, composting
and recycling are practised, the
waste volume sent for incinera-
tion is naturally lower, which in
turn reduces the potential for
energy recovery by their WtE
plants. Germany falls into this
category, as its composting and
recycling rate was 67% in 2019,
which is the highest of any EU
country, leaving only 33% avai-
lable for energy recovery. The
composting and recycling rates
of Denmark, the Netherlands,
Austria, Belgium are also over
50% and very high in Sweden and
Finland... countries that have very
low landfill storage levels (about
1%, and 2% for Austria). If we add
Luxembourg (4% of waste stored
in landfills), these eight countries
already meet the new landfill
directive’s target landfill storage
threshold of <10% by 2035. Another
goal is toraise the household waste
composting and recycling and reuse
rate to 65% by 2035.

Awide gap prevails between these
countries and the easternmost
and southernmost countries

of the European Union that

1

Primary energy production of renewable municipal waste in the
European Union in 2019 and 2020* (in ktoe)

2019 2020

Germany 3091.1 3128.7
France 1259.8 1244.3
Italy 873.0 843.2
Sweden 772.7 842.4
Netherlands 768.0 836.6
Denmark 471.0 466.8
Belgium 384.0 386.3
Finland 349.8 330.4
Spain 255.7 236.1
Austria 188.7 191.4
Ireland 136.8 145.0
Poland 102.0 143.5
Portugal 118.0 111.6
Czechia 91.4 95.8
Hungary 44.0 58.4
Bulgaria 59.1 41.9
Slovakia 31.6 31.8
Lithuania 17.8 28.2
Estonia 21.4 21.5
Luxembourg 14.1 13.0
Latvia 6.1 6.7
Romania 2.0 2.0
Cyprus 1.2 1.9
Total EU-27 9059.3 9207.8

Source: Eurostat
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Gross electricity production from renewable municipal waste in the European Union in 2019 and 2020* (in GWh)

2019 2020

Total EU-27

Source: Eurostat

(E)I:l';,tslcai:]{ CHP plant Total El:liltgg:]{ CHP plant Total
Germany 3781.0 2025.0 5 806.0 3 821.0 2007.0 5828.0
Italy 1087.5 12812 2368.7 1065.2 12645 2329.7
Netherlands 0.0 20816 20816 0.0 21931 2193.1
France 1100.7 10719 2172.6 9115 1226.2 2137.7
Sweden 00 1767.0 1767.0 0.0 1646.0 1646.0
Denmark 0.0 964.0 964.0 0.0 944.8 944.8
Belgium 420.6 443.4 864.0 345.6 570.8 916.4
Spain 674.0 96.0 770.0 633.0 70.0 703.0
Finland 55.1 554.2 609.3 34.7 478.5 513.2
Austria 237.7 119.8 357.6 200.7 127.0 327.7
Ireland 320.5 0.0 320.5 326.1 0.0 326.1
Portugal 349.4 0.0 349.4 320.1 0.0 320.1
Poland 0.0 104.8 104.8 0.0 181.8 181.8
Hungary 9.0 128.0 137.0 12.0 155.0 167.0
Czechia 0.0 104.8 104.8 0.0 119.4 119.4
Estonia 16.7 47.4 64.1 48.4 26.2 74.6
Lithuania 0.0 48.1 48.1 0.0 71.3 71.3
Luxembourg 47.2 0.0 47.2 0.0 43.4 43.4
Slovakia 25.0 4.0 29.0 0.0 43.0 43.0
Bulgaria 13.2 31.1 44.3 0.8 0.7 15

10872.3 19009.9

7719.2 11168.7 18887.8

rely on very high levels of landfill
storage for their municipal waste.
There are 13 European Union
countries whose storage thresholds
range from 43 to 92%. The growth
potential for energy recovery
through waste incineration (and
similarly for recycling) is very
high as is their WtE energy plant
construction potential.

432 WASTE-TO-ENERGY
PLANTS IN THE EU-27
This renewables sector has an
advantage in that WtE incinera-
tion plants are usually sited close
to major urban centres which
provide the waste feedstock and
are also major energy consumers.
This proximity encourages opti-
mum, local use of the energy, be it
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as heat, electricity, or more com-
monly both, through cogenera-
tion. Thus, the heat can be easily
exported to supply an urban hea-
ting network or process heat foran
industrial site. The latest CEWEP
figures show that Europe had
492 urban waste energy recovery
plants in 2018 (432 in the EU-27,
42 in the United Kingdom and 18

3

Gross heat production in the transformation sector* from renewable municipal waste in the European Union

in 2019 and in 2020 (in ktoe)

2019 2020

Source: Eurostat

Heatp‘l’:g CHP plant Total Heatp‘l’:r'% CHP plant Total
Germany 267.3 603.9 871.3 252.1 573.4 825.5
Sweden 62.7 517.5 580.2 77.6 586.5 664.0
Denmark 31.6 353.6 385.2 32.4 361.2 393.5
France 99.4 273.8 373.3 95.8 269.2 365.0
Finland 38.8 138.0 176.8 54.1 120.6 174.7
Netherlands 0.0 174.8 174.8 0.0 174.1 174.1
Italy 0.0 131.8 131.8 0.0 128.2 128.2
Austria 14.4 58.4 72.8 13.9 63.7 77.7
Czechia 0.0 39.4 39.4 0.0 42.4 42.4
Poland 0.2 17.2 17.5 0.0 38.5 38.5
Belgium 0.1 30.8 30.9 0.1 31.9 32.0
Hungary 0.0 12.6 12.6 0.0 17.4 17.4
Lithuania 0.0 11.1 11.1 0.0 16.9 16.9
Estonia 0.0 12.6 12.6 0.0 14.0 14.0
Slovakia 15 0.0 15 0.0 1.8 1.8
Luxembourg 0.0 0.0 0.0 0.0 0.7 0.7
Bulgaria 0.0 3.2 3.2 0.0 0.0 0.0
Total EU-27 516.1 2378.6 2894.8 525.9 2440.5 2966.5

in Norway), treating just under 96
million tonnes of renewable and
other waste (83 million tonnes in
the EU-27).

If we only include the renewable
fraction of household waste,
WtE plants generated 18.9 TWh
of renewable electricity in 2020,

which is consistent with the 2019
figure (0.6% less). Cogeneration is
the main energy recovery method
used by these plants. Electricity
accounted for 59.1% of their output
in 2020 (57.2% in 2019). Heat sales
constitute the other major outlet
for these CHP plants. Between 2019
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and 2020, sales of renewable heat
sourced from urban waste rose by
2.5% to 2 966.5 ktoe (2 894.8 ktoe
in 2019), 82.3% of which was pro-
duced in CHP plants. Sweden
and Poland enjoyed the highest
growth in sales of this kind

of renewable heat in 2020
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Final energy consumption of renewable municipal waste in the
European Union in 2019 and 2020* (in ktoe)

2019 2020

Total EU-27

Source: Eurostat

Germany 542.9 579.9
France 58.8 811
Poland 52.9 58.1
Denmark 53.5 50.1
Netherlands 43.9 43.8
Ireland 40.4 43.4
Finland 44.4 42.0
Bulgaria 45.2 41.5
Latvia 22.3 35.5
Cyprus 22.4 32.9
Czechia 22.6 213
Slovakia 13.1 11.9
Belgium 7.1 7.8
Hungary 17.7 6.0
Spain 4.8 4.7
Romania 2.0 2.0
Estonia 2.6 0.5

(83.9 ktoe and 21 ktoe respectively).
Poland is now actively investing
in new household waste-to-
energy plants, backed by specific
European Union funding. A new
WtE plant with capacity to treat
110 ooo tonnes will shortly be
built in Olsztyn, in the Warmian-
Masurian region (commissioning
scheduled for 2023). This invest-
ment will guarantee effective
waste management in line with
EU waste hierarchy and contribute

to coveringlocal residents’ energy
needs by recovering heat and elec-
tricity from the treated municipal
waste. The investment at Olsztyn
amounts to 183.3 million euros,
while the European Union Cohe-
sion Fund will add a further 39.6
million euros. Another plant will
be built in Warsaw with 265 200
tonnes of treatment capacity and
is due to come on stream in 2024.
This new plant, whose construc-
tion was ordered by the Warsaw
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waste treatment company, MPO,
will supply 20 megawatts of elec-
tricity and heat by treating 730
tonnes of the waste discharged
every day by 850 ooo residents of
Warsaw.

THE WTE SECTOR AIMS
TO ACHIEVE CLIMATE
NEUTRALITY BEFORE
2050

The European waste-to-energy
sector is ready to make its contri-
bution to the new EU targets of a
55% reduction in GHG emissions
by 2030 and climate neutrality
by 2050. It has already started by
diverting waste from landfills to
avoid methane emissionsinto the
atmosphere, recycling bottom ash
metal and by substituting fossil
fuels with energy recovered from
waste.

CEWEP, the association that repre-
sents the sector’s players, reckons
thatif thecirculareconomy targets
included in the waste framework
directive and the landfill waste
directive are met, the total amount
of energy (renewable + carbon
components) produced by waste-
to-energy recovery plants could
potentially reach 186 TWh by 2035
(which equates to 16 Mtoe).

The sector is prepared to go even
further by putting into practice
carbon capture technologies but
is mindful of the fact that these
technologies will need significant
investments that will have to be
backed by a market and legis-
lation to sequester and use the
captured CO2. Thus, the issue of
funding for these technological
developments will be crucial to
guarantee that society’s waste is
treated in a climate-neutral man-
ner. The first installation of this
type, AVR-Waste, a CO2 capture

EurObserv’ER projection of electricity production from renewable
municipal waste in the EU-27 (in TWh)

20.9
19.3 19.0 18.9
2018 2019 2020 2030

Source: EurObserv’ER

6

EurObserv’ER projection of heat consumption from renewable
municipal wastes in the EU-27 (in Mtoe)

4.5
3.9 4.0
2018 2019 2020 2030

*Final energy consumption and gross heat production in the transformation sector.

Source: EurObserv’ER
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plant with annual capacity of 100
000 tonnes, has been in service at
Duiven in the Netherlands since
2019, when the WtE company
started capturing and delivering
CO2toahorticultural greenhouse
business. Hydrogen production
from WtE plant electrolysers for
local use is another innovative way
of reducing the sector’s emissions.
The sector is eager to emphasize
that the primary purpose of waste
incineration is that of hygiene for
society by treating waste that is
unavoidable or that cannot be
recycled. CEWEP insists that the
approach to adopt if CO2 emis-
sions are to be cut is to prevent
waste, improve product quality
and potential product reuse. Recy-
cling at source is the best way to
slash the fossil CO2 emissions
released by WtE plants, which are
essentially caused by incinerating
plastic waste.
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SOLID BIOFUELS

Solid biofuel is an umbrella term
for all solid organic components
to be used as fuels. They include
firewood, green waste (tree pru-
nings, shrub trimmings, etc.),
wood and undergrowth residues
(wood chips, sawdust, etc.), wood
pellets, black liquor from the paper
industry, straw, bagasse, animal
waste and other solid plant resi-
dues and also the renewable part

S
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of industrial solid waste. National
statistics offices monitor this last
type of waste separately and so is
not included in the solid biofuel
indicator. Charcoal is generally
included as a solid biofuel but is
accounted for separately. As it
happens, Eurostat assessed char-
coal consumptioninthe European
Union of 27 in 2020 at 263 ktoe
(299.3 ktoe in 2019).

WAALLLL
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EU-27 PRIMARY ENERGY
CONSUMPTION STOOD
AT 96.8 MTOE IN 2020

The outlook for solid biofuel
energy use in 2020 was dull. To start
with, the abnormally mild winter
and warm weather experienced
across Europe curbed the demand
for solid biofuels. According to the
Copernicus Climate Change Service
(C3S) figures, 2020 was the hottest
year on record for Europe, and
brought the hottest decade ever
recorded to a close, while CO2
concentrations rose relentlessly.
In hard terms, Europe’s annual
temperature was 0.4°C higher than
in 2019, and its hottest. The COVID
pandemic’s economic fallout not
only resulted in lower heating
needs, butalso lower energy needs
in the European Union. Solid bio-
fuel energy has enjoyed a much
better year in 2021 and Europe’s
2020-2021 winter heating season
was much longer. Now solid biofuel
energy should do much better be
it for producing electricity or heat.
It has emerged unscathed by the
huge fossil fuel price hikes and
that of natural gas in particular,
because of the economic recovery
in Europe and all over the world.

According to Eurostat, EU-27 solid
biofuel primary energy consump-
tion remained stable at 96.8 Mtoe
in 2020 (96.9 Mtoe in 2019). This
data was updated on 25 January
2022 to include statistical revi-
sions (over several years) under-
taken by several Member States
at the end of 2021, some of which
were significant (such as for
Poland). The revisions result from
more refined surveys of wood
consumption and household
wood consumption in particular.
Primary energy production from
solid biofuel, which accounts for
solid biofuel taken from European
Union soil, contracted slightly. Itis
put at 94.3 Mtoe in 2020 (95 Mtoe
in 2019), which signifies a 0.8%
drop. The difference, made up by
net imports, plus or minus stock
variations, primarily took the form
of wood pellets and wood chips
from the United States, Canada
and Russia.

While the European Union is an
importer, major exchanges also
take place between the Member
States. Forested countries such as
Estonia and Latvia export a signi-
ficant part of their production.
They contrast with countries such

as Denmark, the Netherlands, Italy,
Belgium, and Poland that import
part of the solid biofuel they use.

While primary energy consump-
tion remained almost stable
across the EU, individual Member
States’ variations are more mixed.
The strongest increase can be cre-
dited to the Netherlands, whose
consumption rose from 1.6 Mtoe
in 2019 to 2.3 Mtoe in 2020 (by
699 ktoe), posting annual growth of
45%. Much of this can be attributed
to higher wood pellet imports for
electricity production in its power
plants (see further on). Over the
same period, solid biofuel primary
energy consumption increased in
Sweden (by 303 ktoe or 3.2%), Cze-
chia (by 119 ktoe or 3.7%) and Portu-
gal (by 108 ktoe or 4.2%). However, it
fell in France (by 496 ktoe or 4.8%),
Finland (by 571 ktoe or 6.3%) Ger-
many (by 161.1 ktoe or 1.2%) and
Italy (by 159.1 ktoe, or 1.9 %).

The tables differentiate the two
uses of final energy derived from
solid biofuel, namely electricity
(table 2) and heat (for heating or
industrial processes). Solid biofuel
heatisin turn differentiated, depen-
ding on whether it comes from the
processing sector and is then distri-
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buted via heating networks (table 3)
or used directly by the end consu-
mer (in the residential or industrial
sectors) (table 4).

Eurostat reports that solid biofuel
heat consumption directly used by
end consumers across the EU-27,
slipped by 1 Mtoe between 2019
and 2020 (by 1.4% compared to
2019) down to 67.5 Mtoe in 2020
(68.5 Mtoe in 2019). Most of this
drop can be accredited to the lower
residential heating needs of seve-
ral countries.

Solid biofuel heat sold to heating
networks (by the processing sector)
dipped by 95 ktoe (by 0.8% year-on-
year) to 11.3 Mtoe in 2020 across
the EU of 27. The heating networks
using much less solid biofuel were
those of Sweden (14.1%, 355 ktoe)
and France (6.9%, 82 ktoe) in parti-
cular. Higher solid biofuel consump-
tion by the heating networks of the
Netherlands, Poland, Denmark,
Estonia and Luxembourg partly
offset this trend.

Inthe European Union of 27, almost
three-quarters of the solid biofuel
electricity output, quantified at
83 TWh in 2020, was generated in
CHP plants (74.5%). This input
continued to increase (by 3%
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Primary energy production and gross inland consumption of solid biofuels* in the European Union in 2019 Gross electricity production from solid biofuels* in the European Union in 2019 and 2020 (in TWh)
and 2020 (in Mtoe)

2019 2020
2019 2020

Elelctrilcity CHP plant Total Elelctrilcity CHP plant Total
Production Consumption Production Consumption only plant only plant
Germany 12.764 12.904 12.766 12.743 Germany 5.055 5.984 11.039 5.169 6.058  11.227
Sweden 9.458 9.583 9.900 0.886 Finland 1.318 10.999 12.317 1.030 9.730  10.760
France 10.376 10.410 9.859 9.914 Sweden 0.000 11.220 11.220 0.000 9.501 9.501
Poland 9.006 9.394 8.964 9.330 Poland 1.564 4.877 6.441 1.557 5.376 6.933
Finland 8.949 9.006 8.327 8.435 Netherlands 0.537 2.300 2.838 1.012 4773 5785
Italy 7.262 8.513 7-124 8.353 Spain 3.009 0.876 3.885 3.646 0.895  4.541
Spain 5.035 5.035 5.054 5-054 Italy 2.132 2.108 4.240 2.180 2.291 4.470
Austria 4.672 4.620 4.804 4.666
Denmark 0.000 4.353 4.353 0.000 4.302 4.302
Czechia 3.370 3.247 3.522 3.367
- France 0.506 3.375 3.882 0.670 3.289 3.959
Romania 3.456 3.458 3.401 3.395 A - 5 586 s .
ustria 0. 2.922 . 0.890 2. .
Portugal 2.830 2.537 2.904 2.645 703 2 3 2 745 3-034
Latvia 2455 1.489 2.285 1.407 Belgium 1.990 1.301 3.291 2.034 1.285 3.319
Hungary 2.053 2.069 2.036 2.053 Portugal 1.040 1.709 2.749 1.453 1.753 3.206
Estonia 1763 1.043 1706 1.135 cZechia 0.002 2.397 2.399 0.002 2.497 2.499
Bulgaria 1.620 1.524 1.680 1.609 Estonia 0.245 1.015 1.260 0.320 1.426 1.746
Netherlands 1.440 1.553 1.531 2.252 Hungary 0.543 1.226 1.769 0.563 1.101 1.664
Croatia 1.487 1.281 1.511 1.312 Bulgaria 0.314 1.232 1.546 0.173 1.300 1.472
Denmark 1.493 2.990 1.440 2.993 Slovakia 0.000 1.130 1.130 0.000 1.120 1.120
Slovakia 1399 1.389 1321 1313 Croatia 0.000 0.477 0.477 0.000 0.559 0.559
Lith i 1.248 1.26 1.2 1.28 .
fthuania 4 3 73 4 Latvia 0.000 0.575 0.575 0.000 0.520 0.520
Belgium 1.188 1.868 1.174 1.843 -
Romania 0.047 0.403 0.450 0.061 0.433 0.494
Greece 0.771 0.810 0.741 0.787
A Ireland 0.329 0.017 0.346 0.408 0.025 0.433
Slovenia 0.548 0.548 0.529 0.529
ireland 0.237 0.263 0.223 0.258 Lithuania 0.000 0.331 0.331 0.000 0.373 0.373
Luxembourg 0.114 0.110 0.172 0.168 Luxembourg 0.000 0.160 0.160 0.000 0.266 0.266
Cyprus 0.025 0.027 0.023 0.027 Slovenia 0.000 0.151 0.151 0.000 0.155 0.155
Malta 0.000 0.002 0.000 0.001 Greece 0.009 0.016 0.024 0.012 0.038 0.050
Total EU-27 95.018 96.936 94.273 96.759 Total EU-27 19.404 21.178
*Excluding charcoal. Source: Eurostat *Excluding charcoal. Source: Eurostat
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year-on-year) with an additional
2.4 TWh. However, the growth rate
was slightly lower (5.6% between
2018 and 2019, or 4.3 TWh).

The biggest increases can be cre-
dited to the Netherlands which
doubled its output over the 12
months (by 103.8%) to produce
5.8 TWh (2.9 TWh), Spain (by
16.9%, 656 GWh), Poland (by 7.6%,
492 GWh), Estonia (by 38.6%,
486 GWh) and Portugal (by 16.6%,
457 GWh).

THE COMMISSION
PROPOSES STRICTER
SUSTAINABILITY
CRITERIA

The European Commission’s recent
“Fit for 55” package has underlined
the EU’s continued commitment

to sustainable biofuel energy. To
achieve its climate and environ-
mental goals, it plans to introduce
sustainability criteria for stepping
up bioenergy use and encourage
Member States to roll out bioenergy
support schemes for wood biofuel
that is eligible under the cascade
use principle. The principle stipu-
lates that the highest economic
and environmental value use of
wood biomass must be applied in
the following order of priority: the
production of wood-based pro-
ducts, the extension of their useful
life, their reuse, recycling and only
then followed by energy recovery
or treatment as waste.

The Commission’s proposal for
stricter sustainability criteria is
also consistent with European
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strategy for protecting biodiver-
sity, primarily through the ban on
using biomass from virgin forests,
peat bogs and wetlands for energy
purposes. From 2026 onwards,
financial support for using forest
biomass in all-electric facilities
will be curtailed. Likewise, there
will be no financial incentive to
produce energy from sawlogs,
veneer logs, stumps and roots for
installations that do not meet the
minimum greenhouse gas-saving
thresholds. Lastly, the EU’s sustai-
nability criteria for biomass usage
will apply to > 5 MW heat and elec-
tricity facilities.

Implementation of these stricter
criteria should enable biofuel
energy to contribute fully

to the more ambitious N

3

Gross heat production in the transformation sector from solid biofuels* in the European Union in 2019 and in

2020 (in Mtoe)

2019 2020

Total EU-27

*Excluding charcoal. Source: Eurostat

Heatp‘l’:r']{ CHP plant Total Heatp‘l’:;{ CHP plant Total
Sweden 0.667 1.852 2.519 0.604 1.561 2.165
Finland 0.747 0.894 1.641 0.784 0.849 1.633
Denmark 0.497 0.927 1.424 0.480 1.002 1.482
France 0.600 0.595 1.196 0.547 0.567 1.113
Austria 0.536 0.357 0.893 0.598 0.349 0.947
Germany 0.156 0.437 0.593 0.154 0.454 0.608
Lithuania 0.397 0.140 0.537 0.368 0.144 0.512
Italy 0.085 0.432 0.517 0.096 0.409 0.506
Poland 0.078 0.302 0.380 0.100 0.345 0.446
Latvia 0.183 0.165 0.347 0.172 0.163 0.335
Estonia 0.086 0.201 0.287 0.106 0.225 0.331
Netherlands 0.056 0.197 0.253 0.095 0.227 0.321
Czechia 0.038 0.145 0.183 0.040 0.174 0.214
Bulgaria 0.009 0.141 0.151 0.009 0.132 0.141
Slovakia 0.041 0.085 0.126 0.041 0.088 0.129
Luxembourg 0.004 0.055 0.059 0.004 0.092 0.096
Hungary 0.033 0.051 0.084 0.032 0.054 0.086
Romania 0.023 0.043 0.066 0.021 0.061 0.081
Croatia 0.000 0.074 0.074 0.000 0.080 0.080
Slovenia 0.012 0.023 0.035 0.012 0.028 0.039
Belgium 0.000 0.008 0.008 0.000 0.011 0.011
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- 4 5 renewable energy targets under
Heat consumption from solid biofuels* in the countries of the European Union in 2019 and 2020 (in Mtoe) EurObserv’ER projection of electricity production from solid biofuelsin ~ the terms of a recast Renewable
the EU-27 (in TWh) Energy Directive. The proposal
83.0 national 1.1 percentage point
of which of which of which of which 76.3 80.6 ’ increase, anindicative renewable
Total  final energy derived Total  final energy derived ’ energy target of 2.1 percentage
consumption heat** consumption heat** . . . .
points in heating and cooling
Germany 10.239 9647 0.593 10.021 9.413 0.608 networks, anew indicative target
r 8146 6 3.8 3 of a 1.1 percentage point annual
rance 9-342 14 119 621 7-70 1.113 increasein renewable energy use
Sweden 7.660 5.140 2.519 8.130 5.965 2.165 in industry and a reference to
Poland 8.073 7.693 0.380 7.892 7.447 0.446 achieve at least a 49% renewable
energy share of the energy
Italy 7.205 6.688 0.517 6.969 6.463 0.506 used in buildings. European
Finland 7.228 5.587 1.641 6.841 5.208 1.633 renewable heat policy in all the
. key decarbonation sectors will
Austria 3.950 3.057 0.893 3.966 3.019 0.947 i
L NN 0 BN 000 NN . be reset if all these measures are
Spain 3.810 3.810 0.000 3.648 3.648 0.000 2018 2019 2020 2030 adopted
Romania 3.451 3.385 0.066 3.432 3.350 0.081 Source: EurObserv'ER The contribution of solid bio-
Czechi 6 3 6 3 fuels to electricity production
zechia 2.095 2.511 0.183 2.79 2.562 0214 in this new arrangement should
Denmark 2.460 1.036 1.424 2.465 0.983 1.482 6 continue to expand over the next
Portugal 1.812 1.812 0.000 1.802 1.802 0.000 decade butataslower pace. The
EurObserv’ER projection of heat consumption* from solid biofuels in use of solid biofuel, and more
Hungary 1.605 1521 0.084 1614 1528 0.086 the EU-27 (in Mtoe) generally bioenergies (biogas
Bulgaria 1.173 1.022 0.151 1.293 1.152 0.141 87,0 and waste-to-energy) will have a
Latvia 1313 0.96 0.34 1.240 0.90 0.33 70.8 ’ more supportive role, smoothing
: 965 347 : 905 335 788 ’ 78.8 out variations and contributing
Belgium 1.211 1.203 0.008 1.147 1.136 0.011 to adjusting supply to peaks in
Lithuania 1.150 0.612 0.537 1.143 0.631 0.512 demand. Moreover, priority will be
: given to energy efficiency. Growth
Croatia 1.116 1.043 0.074 1.142 1.062 0.080 will essentially be underpinned by
Slovakia 1.123 0.997 0.126 1.026 0.897 0.129 the concomitant development of
Netherlands 0.925 0.672 0.253 1.018 0.697 0.321 CHP plants to meet the renewable
i heat demand coming from heating
Estonia 0.691 0.405 0.287 0.763 0.432 0.331 networks and industry.
Greece 0.789 0.789 0.000 0.760 0.760 0.000
Slovenia 0.516 0.481 0.035 0.502 0.462 0.039
Ireland 0.185 0.185 0.000 0.180 0.180 0.000 oo TR oo TR AR
2018 2019 2020 2030
Luxembourg 0.083 0.024 0.059 0.124 0.027 0.096
*Final energy consumption and gross heat production in the transformation sector.
Cyprus 0.025 0.025 0.000 0.026 0.026 0.000 Source. EurobservER
Malta 0.002 0.002 0.000 0.001 0.001 0.000

Total EU-27 11.373

*Excluding charcoal. **Gross heat production in the transformation sector. Source: Eurostat
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CONCENTRATED SOLAR POWER

Concentrated solar power (CSP)
plants cover all the technologies
devised to transform solar radia-
tion energy into very high tempe-
rature heat for onward conversion
into electricity. There are tower
plants, whose heliostat fields
(devices fitted with reflectors to
track the sun) concentrate sun-
light onto a receiver at the top of
a tower, parabolic trough plants
comprising parallel line-ups of
long half-cylindrical reflectors
that revolve around a horizontal
axis to track the sun and concen-
trateits rays on ahorizontal tube.
There are also Fresnel plants com-
prising rows of flat reflectors that
pivot, tracking the sun to redirect
and concentrate the sun’s rays per-
manently on an absorbing tube. A
fourth, less widespread category,
consists of parabolic plants with
a parabolic reflector that reflects
the sun’s rays onto a convergence
point, as the reflector’s base is
automatically orientated opposite
thesun to trackit. One CSP techno-
logy feature is the plants’ ability
to smooth out electricity produc-
tion using a thermal storage buffer.
This storage is usually achieved by
heating molten salts in a tank to

keep them at high temperature. In
so doing, generating times can be
increased by more than ten hours.

GLOBAL CSP CAPACITY
OF 6410.9 MW AT THE
END OF 2020

The countries and regions that
offer suitably conducive sunlight
conditions, such as China, India,
Australia, South Africa, the Middle
East,and the Maghreb are currently
involved in CSP development. The
Protermosolar (Spanish Solar Ther-
mal industry Association) website
put global CSP plant capacity at
6 410.9 MW at the end of 2020 (6
310.9 MW at the end of 2019, conso-
lidated figure). Protermosolar’s
scoreboard has just one single
entry for a newly-commissioned
CSP plantin 2020. The CNNC Royal
Tech Urat 100-MW capacity parabo-
lic trough, which is China’s biggest
plant of this type, started feeding
the grid on 8 January 2020. Construc-
tion of the plant absorbed a total
investment of 2.9 billion RMB (379
million euros). It features a molten
salts system that offers 10 hours
of storage, and it is expected to
produce 350 GWh of electricity per
annum. The Cerro Dominador Ata-
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cama 1 plant in Chile is the latest
plant to go onstream, inApril 2021.
This 110-MW tower plant breaks
new ground with its 17.5-hour sto-
rage system that enables it to ope-
rate 24 hours round the clock, with
enough capacity to supply 380 000
city dwellers. The plant has 10600 x
140-m?reflectors (called heliostats)
that concentrate the sun’s rays on
the top of a 250-metre-high tower.
The molten salts circulating in the
receiver can be heated to over 560°C
and are stored in large tanks for
subsequent use to generate elec-
tricity through a steam turbine.
This far-flung project located on
the other side of the world, obtai-
ned funding from the European
Union’s LAIF programme and the
German Development Bank KfW. It
was constructed by a consortium
formed by Acciona-Abengoa.

2 328.8 MW IN THE

EUROPEAN UNION

The capacity of the European
Union’s stock of CSP plants remai-
ned static in 2020. The last time a
plant was connected to the grid -
a9-MW capacity Fresnel demons-
tration plant for the eLLO project
-wasinthe summer of 2019 in the

Pyrénées Orientales, France. If all
the various pilot and demonstra-
tion plants are factored in, capa-
city remains stuck at 2 328.8 MW.
Eurostat’s net maximum capacity
data points to 2306 MW (2 304 MW
in and 2 MW in Germany). The
reason for the difference is that
certain countries do not publish
figures for their demonstrators.
This capacity is highly concentra-
ted in Spain whose official ins-
talled Concentrated Solar Power
capacity stands at 2 304 MW (i.e,,
99% of EU capacity taken together).
Eurostat reports that Spanish CSP
output was measured at 4992 GWh
in 2020, compared to the previous
year’s 5 683 GWh. The reference
year for Spanish CSP is 2017 when
its CSP plants generated 5347 GWh.
The Spanish CSP sector will finally
begin a new chapterinits history
since it connected its last CSP
plant in 2014. On 31 December
2021, the Spanish Ministry for
the Ecological Transition and the
Demographic Challenge (MITECO)
announced the launch of its 3rd
Renewable Energy Economic
Regime (REER) round of tende-
ring for a total of 500 MW of
capacity allocating 200 MW M
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Concentrated solar power plant in operation* in the European Union at the end of 2020

Project

Technology

Capacity Commisionning
(MWe) date

Planta Solar 10 Central receiver 10 2007
Andasol-1 Parabolic trough 50 2008
Planta Solar 20 Central receiver 20 2009
Ibersol Ciudad Real (Puertollano) Parabolic trough 50 2009
Puerto Errado 1 (prototype) Linear Fresnel 1.4 2009
Alvarado I La Risca Parabolic trough 50 2009
Andasol-2 Parabolic trough 50 2009
Extresol-1 Parabolic trough 50 2009
Extresol-2 Parabolic trough 50 2010
Solnova1 Parabolic trough 50 2010
Solnova 3 Parabolic trough 50 2010
Solnova 4 Parabolic trough 50 2010
La Florida Parabolic trough 50 2010
Majadas Parabolic trough 50 2010
La Dehesa Parabolic trough 50 2010
Palmadel Rio Il Parabolic trough 50 2010
Manchasol 1 Parabolic trough 50 2010
Manchasol 2 Parabolic trough 50 2011
Gemasolar Central receiver 20 2011
PalmadelRiol Parabolic trough 50 2011
Lebrija1 Parabolic trough 50 2011
Andasol-3 Parabolic trough 50 2011
Helioenergy 1 Parabolic trough 50 2011
Astexol Il Parabolic trough 50 2011
Arcosol-50 Parabolic trough 50 2011
Termesol-50 Parabolic trough 50 2011
Aste 1A Parabolic trough 50 2012
Aste 1B Parabolic trough 50 2012
Helioenergy 2 Parabolic trough 50 2012
Puerto Errado Il Linear Fresnel 30 2012
Solacora Parabolic trough 50 2012
Solacor 2 Parabolic trough 50 2012
Helios 1 Parabolic trough 50 2012
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Moron Parabolic trough 50 2012
Solaben 3 Parabolic trough 50 2012
Guzman Parabolic trough 50 2012
La Africana Parabolic trough 50 2012
Olivenza1 Parabolic trough 50 2012
Helios 2 Parabolic trough 50 2012
Orellana Parabolic trough 50 2012
Extresol-3 Parabolic trough 50 2012
Solaben 2 Parabolic trough 50 2012
Termosolar Borges Parabolic trough + HB 22.5 2012
Termosol 1 Parabolic trough 50 2013
Termosol 2 Parabolic trough 50 2013
Solaben 1 Parabolic trough 50 2013
Casablanca Parabolic trough 50 2013
Enerstar Parabolic trough 50 2013
Solaben 6 Parabolic trough 50 2013
Arenales Parabolic trough 50 2013
Total Spain 2303.9

France

La Seyne sur mer (prototype) Linear Fresnel 0.5 2010
Augustin Fresnel 1 (prototype) Linear Fresnel 0.25 2011
SUN CNIM (Ello project) Linear Fresnel 9 2019
Total France 9.75

Archimede (prototype) Parabolic trough 5 2010
ég?PiT?setdLeo-gBiyoda Molten Parabolic trough 0.35 2013
Freesun Linear Fresnel 1 2013
Zasoli Linear Fresnel + HB 0.2 2014
Rende Linear Fresnel + HB 1 2014
Ottana Linear Fresnel 0.6 2017
Total Italy 8.15
Aalborg-Brgnderslev CSP project Hybrid. Parabolic Trough 5.5 2016
Total Denmark 5.5

Jiilich

Central receiver

1.5

2010

Total Germany

Total European Union

HB (Hybrid Biomass). *Pilots and prototypes included. Source: EurObserv’ER

1.5
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to CSP plants. CSP plant projects
will have to provide six hours of
storage capacity, enabling them
to be hybridized with photovol-
taic, biomass or biogas. However,
the ministry pointed out that if
the auction capacities geared to
CSP (200 MW), biomass (140 MW)
and other renewable technology
plants (20 MW) are not fully allo-
cated, the remaining capacity
could be assigned to other bids
from these same technologies.
Successful bidders will have four
years to get their projects on
stream. The ministry is also on
record for promising that two new
rounds of tendering for 200 MW
each will be launched in 2023 and
2025. Thus, the Spanish govern-
ment has guaranteed the launch

of three tenders for a total of
600 MW of capacity, which might
seem inconsequential in view
of Spain’s National Energy and
Climate Plan (NECP) roadmap.
As it stands, the Target Scenario
provides for combined capacity
of 7 303 MW by the end of 2030
(5 000 MW more than the current
capacity), with an intermediate
goal of 4 803 MW by the end of
2025. Yet, the new tenders at last
offer the sector the opportunity
to construct a new generation of
plants equipped with the latest
technologies (primarily storage)
on Spanish soil.

Portugal also has designs on CSP,
but the second tender published
at the end of August 2020 (when
670 MW of the initial 700 MW tar-
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get was retained) did not commit
to CSP plants despite the fact that
part of the procedure covered all
types of solar plants with storage
and were thus open to CSP plants
and hybrid (PV-CSP) plants. The sto-
rage requirements for this second
innovative category, were at least
20% of the total capacity with 1
hour of storage at nominal rating.
Finally, 483 MW of solar systems
with storage capacity were retai-
ned, but all of them gave prefe-
rence to PV systems + batteries.
Perhaps the next round of tende-
ring will facilitate the roll-out of a
CSPsectorin Portugal encouraged
by the deployment of new projects
in neighbouring Spain and the
ability of these projects to reduce
storage costs. Portugal is without

2

European Union concentrated solar power capacity trend (MW)
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adoubt one of the most promising
countries for setting up a CSP sec-
tor,asits NECP has a 300-MW target
for 2030. Elsewhere in Europe, no
new CSP projects or tenders have
been announced, leaving aside the
demonstration projects we already
know of, such as the EOS Green
Energy project planned at the
earliest for 2022 or 2023 in Cyprus.
In the other countries whose sun-
light conditions are conducive to
CSP technologies, the Greek pro-
ject (with a 70-MW target by 2030)
is currently running late and is
more conducive to demonstrator
sites. The prospect of developing
CSPin Italy has taken a back seat
as the Italian government has its
attention focussed on developing
other sectors. So, for the next few
years Spain will continue to lead
the European concentrated solar
power plant sector.

3

EurObserv’ER projection of the evolution of CSP capacity installed in
the EU-27 (in GW)

3000

23198 2328.8 2328.8

2018

Source: EurObserv’ER
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OCEAN ENERGY

Seas and oceans offer an
invaluable source of energy that
can be harnessed in five ways - as
tidal energy, marine current power,
wave energy, energy recovered
from temperature and salt content
differences between two bodies of
water (thermal and osmotic energy
respectively). The European Union
is uniquely endowed to develop
these technologies thanks to
the diverse and complementary
nature of its sea basins - the many
different areas from the Baltic, Sea
in the north, the Atlantic Ocean,
the Mediterranean Sea, to the
Black Sea. Tens of prototypes are
being tested. They exemplify the
flourishing expansion of ocean
energy also known as marine
energies. The segment leading the
pack uses marine currents and is
gathering feedback from full-scale
prototypes, i.e., one-megawatt
turbines of “commercial” size while
the equipment is still undergoing
modification and being perfected.
The strategy is to briefly put them
through their paces, typically for
one or two years, to validate the
technological options.

AT LEAST 248 MW OF
CAPACITY IN SERVICE

IN 2020

Itis hard to draw up an inventory
of the ocean energy capacity in
service because of the myriad test
projects. Regardless of whether or
not the prototypes are connected
to the grid, they are excluded from
any regular official monitoring,
while the rapid succession of pro-
totypes (immersion, improvement
and decommissioning phases)
tested over short periods only
compounds the task of accurately
counting the projects in service.
Official statistical monitoring of
the net capacity of projects harnes-
sing wave, tidal and marine current
energy, internationally classified
as “tide, wave and ocean” energy
productsisongoing. Eurostat puts
net maximum capacity at 216.6 MW
in the EU-27 (218.9 MW in 2019).
The official tally for the electricity
produced by ocean energies, is
508.8 GWh in 2020 up from 499 GWh
in 2019. Now only two European
Union countries monitor their
output, namely France (481.8 GWh,
with a0.6% rise over the 12-month
period to 2020) and Spain (27 GWh,
with a 35% rise). The output data
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for France excludes the Rance
power plant’s pumped storage
contribution to the plant’s output,
as the only energy acknowledged
as renewable is the tidal energy.
For the time being, because of the
low production levels and statisti-
cal confidentiality rules, the other
EU countries with an ocean energy
sector do not produce statistics.
Installed capacity, the calcula-
ted capacity of prototypes and
pre-commercial demonstrators
in service during 2020, is another
monitoring indicator. It shows
that the ocean energy capacity of
the EU-27 increased to 248.3 MW.
This figure includes the Rance
tidal power plant’s 240 MW of
capacity in France and the 4.5 MW
of Spain’s ocean thermal energy
plant operated by Enagas at the
Port of Huelva. This latter plant
harnesses the temperature dif-
ferential between the ocean and
the liquified natural gas delive-
red to the terminal. Although the
UK is now outside the European
Union, our table coversit, because
its waters host many prototypes
developed by European players.
Their combined capacity
came to 6.5 MW in 2020.

!
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1

List of projects using ocean energies having been active during the year 2020 in the European Union

Ssummary

Device Developper

Device Name

Technology

Location

Date

Total capacity (MW)

EDF La Rance Tidal Range Alstom Bulb Turbine (La Rance) Tidal_Range Brittany - La Rance 1966 240.00
Test at SEM REV GEPS Techno Wavegame prototype Wave SEM REV 2019 0.12
Hydroquest in Paimpol Brehat Hydroquest HydroQuest Tidal_Stream Brittany - Paimpol Brehat 2019 1.00
Total France 241.12

Planta de Huelva Enagas OTEC* Huelva. Andalousia 2013 4.50
ZZT:ET; c:;?éf:\t;)v:rs:j‘:ct Voith Hydro Mutriku Wave Pais Vasco 2011 0.30
Full scale test Wavepiston Wavepiston Wave Plocan. Gran Canaria 2020 0.20
Total Spain 5.0
Netherlands Tocardo Tidal_Stream Oosterscheldedam

Total Netherlands 1.25
Total Netherlands 1.25

Test in Denmark Crestwing Tordenskiold Wave Port of Fredrikshaven 2018 0.30
First commercial project Minesto DG1oo Tidal_Stream Faroe Islands 2020 0.10
Total Denmark 0.40

Portugal

Swell Project

AW-Energy

WaveRoller

Wave

Peniche

2019

0.35

I Total Portugal

0-35I
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Messina Strait ADAG Kobold Tidal_Stream Strait of Messina 2000 0.05
Wavenergy Wavenergy REWEC3 Wave Civittavecchia 2016 0.02
PC8o Platform (Eni) Wave for Energy ISWEC Wave Ravenna 2019 0.05
Total Italy 0.12

Total EU-27

United Kingdom

Port of Heraklion SINN Power SP WEC 3rd Gen Wave Heraklion 2017 0.04
Port of Heraklion SINN Power SP WEC 4rd Gen Wave Heraklion 2018 0.07
Total Greece 0.11

Eco Wave Power - Gibraltar Eco Wave Power Wave Clapper Wave Gibraltar 2016 0.10
MeyGen phase 1A Andritz HS1500 Tidal_Stream Pentland Firth 2016 4.50
Shetland tidal array Nova Innovation M1oo0 Tidal_Stream Bluemull Sound. Shetland 2016 0.30
MeyGen phase 1A SIMEC Atlantis Energy AR1500 Tidal_Stream Pentland Firth 2016 1.50
Shetland tidal array Nova Innovation Maioo Tidal_Stream Bluemull Sound. Shetland 2020 0.10
Total United Kingdom 6.50
*Ocean thermal energy project (between ocean and Liquified natural gas). Source: Ocean Energy Europe (for wave and tidal stream

and tidal range projects), EurObserv’ER (ocean thermal energy projects)
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Capacity* and electricity production from ocean energy in European Union in 2019 et 2020 (GWh)

MW GWh MW GWh
I France** 214.1 479.0 211.8 481.8 I
Spain 4.8 20.0 4.8 27.0

Total EU-27

*Net maximum electrical capacity. ** Electricity production excluding pumped storage. Source: Eurostat.

The capacity of the various sites in
service is not representative of all
the machines tested over the last
decade. In its annual publication,
Ocean Energy - Key Trends and
Statistics 2020, the Ocean Energy
Europe association, monitored the
tidal and wave energy converter
projects installed around Europe.
According to the publication, only
three projects for a total of 280 kW

3

using ocean currents were immer-
sed in 2020 (two in the UK and one
in the Faroe Islands), while asingle,
200-kW wave energy converter pro-
jectwas installed in Spain. The only
project to be installed in European
Union waters was to the very south,
off the shores of Gran Canaria (one
of the Canary Islands), in the Atlan-
tic Ocean on the same latitude as
Morocco. The project’s developer,

EurObserv’ER projection of the evolution of ocean energy net capacity

in the EU-27 (in MW)
223.2 218.9
2018 2019

Source: EurObserv’ER

1000

216.6
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Wavepiston, is developing a pis-
ton-type wave energy converter
prototype, designed to generate
547 MWh per annum (enough to
supply 540 households). The proto-
type’s test programme is scheduled
to end in 2023. The company aims
to commission a pre-commercial
project in 2025 with electricity cos-
ting €200 per MWh and desalina-
ted water at 1 euro per m3 and to
reduce these costs to € 40 per MWh
and 0.25 euro cents respectively by
2032.

There was a little more activity in
2019, as three ocean current pro-
jects were installed with greater
capacity (1 520 kW)- two in French
and one in UK waters, in addition
to 633 kW of combined capacity
spread across six wave energy
converter projects (two in the UK
and one each in Portugal, France,
Belgium and Italy). The biggest
project installed is that of the
French developer HydroQuest. Its
1-MW vertical axis current energy
converter called HydroQuest Ocean
isimmersed atadepth of 35 metres
in the Paimpol-Brehat test site,
Brittany. The prototype measures
25 metres wide by 11 metres in
height and it weighs 1 400 tonnes.
It injected electricity in real ope-
rating conditions throughout its

2%>-year-long test and was raised
from the water in September 2021
for expert assessment. This proto-
typeisthe precursorto the Flowatt
project to be sited at Raz Blanchard
inapilot17.5-MW farm comprising
seven HydroQuest machines due to
beimmersed in 2025. Finnish deve-
loper AW Energy, which is develo-
ping its Waveroller technology,
installed the highest capacity pro-
jectin2019.A350-kW prototype was
immersed and installed on the sea
bed, 820 metres off the Portuguese
coast at Peniche. It was successfully
connected to Portugal’s electricity
grid for two years and was taken
out of the water for assessmentin
August 2021.

Ocean Energy Europe ascribes the
sector’s modest activity in 2020
to the pandemic which delayed
several projects by depriving
them of certain components but
announces a stronger roll-out in
2021 with 2.9 MW of projects slated

to use ocean currents (off the coast
of Scotland and the Faroe Islands)
and 3.1 MW of ready-to-go wave
energy converter projects off the
coasts of Spain and the UK. Ocean
Energy Europe also states that
according to their figures 27.9 MW
of projects using current energy
have been rolled out since 2010,
and that of this total, 10.1 MW are
currently in the water, which means
that17.8 MW of projects have been
decommissioned having finished
their test programmes. As for wave
energy conversion technology,
12 MW of projects have beenrolled
out since 2010, but only 1.1 MW of
them were in the water in 2020.

THE TARGET SET

FOR 20301S 1 GW

After years of testing and the pro-
liferation of full-scale prototypes,
the commercial phase should not
be long in coming. Ocean Energy
Europe reckons that the sector will
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embark on a new project phase
between 2023 and 2025 with more
robust machines that pave the way
to commercial operation in higher
capacity farms. For instance, Cor-
Power Ocean has invested 16 mil-
lion euros and is currently setting
up a research and development,
manufacturing and servicing
centre for its wave energy conver-
ters at Viana do Castelo, Portugal.
The European Commission is par-
ticularly committed to developing
ocean energies. Thus, developers
have access to funding via dedica-
ted projects through the Horizon
2020 research and innovation pro-
gramme (e.g.: Ocean_2G project,
FIoTEC project) or via the NER 300
programme (e.g.: Stroma project).
Developers can also take up inter-
regional project funding through
the European Interreg programme.
On 19 November 2020, the European
Commission published the EU stra-
tegy for offshore renewable ener-
gies that covers both offshore wind
energy and ocean energies. One of
the key actions adopted is that the
Commission will collaborate with
the Member States and regions,
and this extends to the islands,
to coordinate the use of the funds
available for ocean energy techno-
logies. Aforum drawing on national
governments, EU authorities and
industry will also be created to plan
grid deployments and ensure fast
access to the sea. The medium-and
long-term targets of this strategy
for ocean energy are to achieve
total EU capacity of 100 MW by 2025,
1GW by 2030 and 40 GW for 2050. As
it stands, only Spain, Portugal and
Ireland have adopted wave energy
deployment plans of 50 MW by 2030,
70 MW by 2030 and 110 MW by 2035,
respectively. ll
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The Member States of the Euro-
pean Union had an important
deadline to meetin 2020, because
it marked their success or failure
to meet their renewable energy
targets as set outin the Directive
2009/28/EC. In addition to the main
target for all energy uses made by
end users (electricity, heating and
cooling, transport), the directive
also defined a specific target for
the transport sector. It provides
for each Member State’s transport
sector (road, railway and others)
to use at least 10% of renewably-
sourced energy including liquid
(biodiesel, bioethanol etc.) and
biogas fuel (biomethane) and also
renewably-sourced electricity (in
trains, trams, subways, electric
cars, electric buses and other
vehicles).

THE TARGET WAS
REACHED ACROSS THE
EUROPEAN UNION

The Eurostat SHARES tool’s
published results (updated on
1 February 2022) suggests that
the transport target was rea-
ched across the EU-27, namely a
10.2% share in 2020 (8.8% in 2019).
The renewable energies share

of transport fuel has gradually
increased from 1.4% in 2004 to
10.2% in 2020. Yet, this result was
clinched in an unusual context,
that of the COVID-19 pandemic,
which reduced mobility needs
across the European Union. Accor-
ding to Eurostat, total final energy
consumption in transport (road,
rail and other) which is used as
the denominator for calculating
the transport target, dropped by
11.6% between 2019 and 2020 from
274.1 Mtoe in 2019 to 242.3 Mtoe
(multipliers included for the
renewable share). Despite the
reduced mobility needs, consump-
tion of renewable energies used in
transports, which corresponds to
the numerator for target calcula-
tions, actually increased between
2019 and 2020. If the multipliers
relating to the use of advanced
biofuels and renewable electri-
city in transports are factored in,
renewable energy consumption
in transports (liquid, gaseous
biofuel and renewable electri-
city) increased from 24.1 Mtoe in
2019 to 24.8 Mtoe in 2020, which
represents 2.7% growth. If the
multipliers are left out of the
calculations, renewable energy
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consumption in transports was
still positive, but rose more
slowly from 17.8 to 18 Mtoe (1.3%
between 2019 and 2020).

If we go into detail, the biofuel
componentis entirely responsible
for this rise in the renewable
energy share used in transport. Bio-
fuel consumption was supported
by legal increasesin biofuel incor-
poration rates in the road fuels of
countries seeking to achieve their
transport target. Across the Euro-
pean Union, sustainable biofuel
consumption in transport as per
the criteriaset outin the Directive
2009/28/EC rose from 15.94 Mtoe
in 2019 to just under 16.25 Mtoe
in 2020 (by 317 ktoe). According to
Eurostat, compliant biofuels
account foralmost all biofuel

1.In the past this barometer was
exclusively dedicated to biofuels. From
now on it will coverall the renewable
energies used in transport. The
Observ’ER team viewed this develop-
ment as essential, given the growing
importance of alternative technologies
to combustion engines.
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Biofuels consumption for transport in the European Union in 2019 (in ktoe)

France 2544.3 653.3 0.3 3197.9 3197.9
Germany 1904.1 732.6 56.8 2693.4 2692.4
Spain 1626.6 140.6 0.0 1767.1 1761.5
Sweden 1185.2 93.2 109.5 1387.9 1387.9
Italy 1245.7 30.4 40.9 1317.0 1317.0
Poland 837.8 187.3 0.0 1025.1 1025.1
Netherlands 418.2 198.7 18.7 635.6 635.6
Austria 430.8 56.5 0.4 487.7 485.4
Belgium 352.8 106.3 0.0 459.1 459.1
Finland 340.1 89.2 6.8 436.1 424.7
Romania 314.5 97.8 0.0 412.4 412.4
Czechia 266.9 73.5 0.0 340.4 340.4
Portugal 275.6 8.2 0.0 283.8 283.8
Denmark 163.8 43.7 5.2 212.7 212.3
Hungary 155.2 45.7 0.0 201.0 201.0
Ireland 161.9 26.2 0.0 188.1 188.1
Greece 160.7 24.0 0.0 184.6 160.8
Bulgaria 144.7 31.8 0.0 176.5 148.4
Slovakia 132.6 19.8 0.0 152.4 152.4
Luxembourg 111.1 17.1 0.0 128.2 128.2
Slovenia 90.1 4.2 0.0 94.4 94.4
Lithuania 65.4 9.7 0.0 75.1 75.1
Croatia 61.9 1.0 0.0 62.8 62.8
Latvia 26.5 7.3 0.0 33.8 33.8
Estonia 20.3 7.4 5.2 32.8 32.4
Cyprus 11.3 0.0 0.0 11.3 11.3
Malta 11.1 0.0 0.0 11.1 11.0
Total EU-27 13 059.0 2705.6 243.7 16 008.3 15935.2

*Including HVO. ** Including biomethane blended in the natural gas grid allocated to the transport sector with appropriate
traceability requirements. *** Compliant biofuels (Articles 17 and 18 of Directive 2009/28/EC). Note: Breakdown between types
of biofuel has been estimated by EurObserv’ER. Source: Eurostat (Total and compliant biofuels).
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Biofuels consumption for transport in the European Union in 2020 (in ktoe)

Germany 2613.0 702.3 76.0 3391.3 3388.4
France 2089.5 554.6 0.6 2644.8 2639.9
Spain 1439.9 98.0 0.0 1538.0 1535.7
Sweden 1212.4 93.2 100.5 1406.2 1406.2
Italy 1245.1 19.6 82.1 1346.8 1345.9
Poland 856.5 183.0 0.0 1039.5 1039.5
Belgium 568.7 97.3 0.0 666.0 666.0
Netherlands 301.8 226.4 34.6 562.9 562.9
Romania 391.6 91.6 0.0 483.3 483.3
Austria 353.6 55.0 0.4 409.0 406.8
Finland 301.8 93.5 9.5 404.8 390.6
Czechia 307.8 65.8 0.0 373.6 373.6
Hungary 194.1 83.9 0.0 278.0 278.0
Portugal 255.7 6.4 0.0 262.1 262.1
Denmark 172.6 79.8 8.5 260.9 256.3
Greece 150.0 68.3 0.0 218.2 190.0
Ireland 155.1 19.4 0.0 174.5 174.5
Bulgaria 143.4 26.5 0.0 169.9 159.6
Slovakia 127.1 25.9 0.0 153.1 153.1
Luxembourg 126.6 13.8 0.0 140.4 140.4
Lithuania 87.2 15.8 0.0 103.0 103.0
Slovenia 84.9 8.0 0.0 93.0 93.0
Croatia 64.8 0.8 0.0 65.6 65.6
Estonia 32.8 6.2 14.5 53.5 53.4
Latvia 31.5 12.8 0.0 44.2 44.2
Cyprus 26.0 0.7 0.0 26.6 26.6
Malta 13.8 0.0 0.0 13.8 13.3
Total EU-27 13 347.6 2 648.6 326.78 16 323.0 16 251.9

*Including HVO. ** Including biomethane blended in the natural gas grid allocated to the transport sector with appropriate
traceability requirements. *** Compliant biofuels (Articles 17 and 18 of Directive 2009/28/EC). Note: Breakdown between types
of biofuel has been estimated by EurObserv’ER. Source: Eurostat (Total and compliant biofuels).
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3

Biofuel consumption whose raw materials used are considered to be equivalent to twice their energy content
in 2019 and 2020 (in ktoe)

Italy
Germany
Spain
Netherlands
Sweden
France
Ireland
Portugal
Hungary
Czechia
Finland
Slovenia
Luxembourg
Bulgaria
Belgium
Greece
Denmark
Estonia
Slovakia
Croatia
Poland
Cyprus
Austria
Latvia
Malta
Lithuania
Romania
Total EU-27

403.2
17.6
9.3
88.7
244.9
37.4
5.2
0.0
0.0
0.0
115.4
0.2
0.0
6.0
6.0
0.0
6.8
5.7
0.0
0.0
16.5
0.0
117
0.0
0.0
0.0
0.0
974.6

571.2
605.0
191.3
414.1
58.8
163.6
160.9
177.5
118.0
53.3
0.0
42.8
28.6
44.8
11.8
34.9
13.6
9.1
30.1
37.8
0.0
11.3
3.9
0.0
10.6
0.0
0.0

2792.9

974.4
622.6
200.6
502.7
303.8
201.0
166.2
177.5
118.0
53.3
115.4
43.1
28.6
50.8
17.8
34.9
20.4
14.8
30.1
37.8
16.5
11.3
15.5
0.0
10.6
0.0
0.0

3767.5

407.6
113.6
66.9
98.1
240.5
46.1
10.9
7.0
0.1
6.5
87.1
16.2
0.0
16.6
16.7
0.0
12.6
22.5
0.0
0.0
34.8
0.0
9.8
9.9
0.1
0.0
0.0

1223.7

536.5 944.0
591.7 705.3
484.7 551.6
301.3 399.4
58.0 298.4
186.5 232.6
154.1 165.0
153.1 160.1
144.0 144.1
81.2 87.7
0.0 87.1
49.1 65.3
60.3 60.3
39.2 55.8
38.8 55.5
41.2 41.2
25.7 38.4
14.5 37.0
36.2 36.2
35.2 35.2
0.0 34.8
18.5 18.5
3.3 13.0
0.2 10.1
7.5 7.6
0.2 0.2
0.0 0.0

3060.8 4284.4

1. Advanced biofuels means biofuels that are produced from the feedstock listed in Part A of Annex IX of the Directive (EU)
2009/28/EC. 2. Biofuels that are produced from the feedstocks listed in Part B of Annex IX of the Directive (EU) 2009/28/EC.

Source: Eurostat.
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consumptionin transport(99.6%in
2020), only 71.1 ktoe in 2020 could
not demonstrate compliance.
Reduced mobility needs hit the
amount of renewable electricity
used in transport, which fell by
5% in the European Union from
1.88 to 1.79 Mtoe (see table). The
drop in renewable electricity
consumption by railway trans-
port was partly offset by the
rise in the number of electric
vehicles on the road. Renewable
electricity consumption in road
transport increased by almost
50% (by 47.5% year-on-year)
from 76.5 to 112.8 ktoe, but road
transport is still only a minor
renewable electricity segment
compared to the railways that
dominates renewable electricity
consumption. Incidentally, the
increase in biofuel consumption
mainly benefited those biofuels
subject to double accounting of
their energy content (see inset).
According to Eurostat, consump-
tion of “advanced” biofuels (not
derived from food crops), rose
by about 13.7% (see table) from
3.8 Mtoe in 2019 to 4.3 Mtoe in
2020 (by 516.9 ktoe). Thus, double
the amount, i.e, 8.6 Mtoe in 2020,
was incorporated into the trans-
port target. This trend indicates
a small year-on-year drop in
agrofuel consumption across the
European Union in favour of bio-
fuel transformed from non food
crop feedstock. The latter now
accounts for more than a quarter
of the biofuels used in European
Union (26.4% in 2020 compared
to0 23.6% in 2019). This trend is in
step with the amended 2009/28/
EC Directive that capped the agro-
fuel share at 7% of Member States’
final energy consumptionin trans-
portsin 2020.

THE MEMBER STATES’
RESULTS ARE UNEVEN
The SHARES tool is used to take
stock of the countries that have met
their renewable energy targets in
transports. The hard facts are that
only 12 countries met or overshot
their Renewable Energy Directive
transport target. Sweden is way
out in front with a 31.9% share,
followed by Finland (13.4%), the
Netherlands (12.6%), Luxembourg
(12.6%), Estonia (12.2%), Hungary
(11.6%) and Belgium (11%). Slovenia,
Italy, Malta, Austria and Ireland also
achieved their targets., while eight
other countries with less thanaone
percentage point difference were
very close to achieving their targets
with shares ranging from 9.9% for
Germany and 9.1% for Bulgaria.
The gaps are wider for countries
like Croatia (6.6%), Poland (6.6%),
Lithuania (5.5%) and Greece (5.3%,
provisional figure). Between 2019
and 2020, all the Member States
with the exception of France (with
no change at 9.2%) and Finland (-0.9
of a percentage point) increased
their renewable energy share in
transport. Some of the countries
waited until the last year to fulfil
their commitments by signifi-
cantly increasing their renewable
energy share: Estonia (by 5.9 pp),
Luxembourg (by 4.9 pp), Belgium
(by 4.2 pp) and Hungary (by 3.5 pp).
Because biofuel transport fuels
are traded easily, certain Member
States with a dearth of this type of
resource or that placed production
restrictions on their sectors had no
trouble procuring biofuels from
other countries.

A PARADIGM SHIFT

The minimum renewable energy
target in transport stipulated in
the RED Il for 2030 is 14%. As it
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stands today, this target looks
inconsequential, if not to say
obsolete, given the European Com-
mission’s Green Deal to raise the
binding renewable energy target of
the EU’s energy mix to 40% in 2030.
Effectively, the new focus on road
transport carbon neutrality means
the gradual abandonment of agri-
cultural biofuel, in favour of using
all-electric vehicles, advanced
biofuels, renewable fuels of non-
biological origin (RFNBO) or fuels
based on recycled carbon. This
paradigm shift, or sustainable
transport energy policy reset will
be protracted, given the inertia
of past policies. Yet, it will take a
sea change over the rest of this
decade to turn the European tar-
get of becoming the first climate-
neutral continent by 2050 into
reality. The transport sector will
have to make a 90% reduction in
GHG emissions by 2050 as indica-
ted in the Green Deal for Europe.
The European Commission has
already formalized the way ahead
and the legal framework. In July
2021, it presented a set of twelve
draft regulations and directive
revisions to set Europe on track
to reduce GHG emissions by 55%
in 2030 (compared to 1990 levels).
This approach, known as “Fit for
55", is part of the follow-up to the
December 2020 vote for this 55%
target by the European Parlia-
ment and the Green Deal voted in
December 2019.

The Commission proposes an
increase to match its renewable
energy level for transport in this
new package, by setting a 13%
GHG intensity reduction target
(compared to the previous 9%
target). Additionally, Europe has
raised the advanced biofuel
sub-target from atleast 0.2%
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- Renewable electricity used in transport (road, rail, other transport modes) in 2019 and 2020 (in ktoe)

) Ren. electricity ‘Ren:electricity Ren. electricity in all Total ) Ren. electricity .Ren:electricity Ren. electricity in all Total

in road transport in rail transport other transport modes in road transport in rail transport other transport modes
Germany 10.0 335.4 0.0 345.4 14.4 345.6 0.0 360.0
Italy 4.0 162.7 171.7 338.4 5.6 135.5 154.1 295.1
France 8.8 226.5 34.3 269.6 11.7 192.0 27.1 230.9
Austria 0.9 122.4 78.7 201.9 0.9 117.5 78.9 197.3
Sweden 14.5 140.7 0.0 155.2 28.2 128.8 0.0 157.0
Spain 4.9 109.0 9.6 123.4 6.1 88.5 6.4 101.0
Poland 0.9 84.1 6.3 91.3 2.1 80.1 5.7 87.9
Netherlands 14.3 43.4 0.0 57.7 18.6 41.3 0.0 60.0
Belgium 2.7 42.9 0.5 46.2 3.7 40.5 0.5 44.7
Czechia 1.8 43.8 1.6 47.3 2.0 41.7 1.8 45.5
Romania 1.4 36.2 0.7 38.3 1.5 36.0 15 39.0
Hungary 11 30.6 0.3 32.1 1.7 31.6 0.3 33.6
Finland 2.2 23.7 0.0 25.9 4.0 21.7 0.0 25.6
Denmark 2.6 21.2 0.0 23.8 5.1 22.7 0.0 27.9
Portugal 0.5 22.2 0.3 23.0 0.5 18.6 0.3 19.3
Slovakia 0.6 11.7 1.8 14.2 0.7 11.6 1.7 14.0
Croatia 0.1 9.6 13 10.9 0.1 9.3 1.5 10.8
Bulgaria 1.0 8.3 0.3 9.6 1.0 10.2 0.3 11.5
Slovenia 0.1 6.2 0.2 6.4 0.1 5.6 0.2 5.8
Greece 0.5 4.9 0.0 5.4 0.6 5.0 0.0 5.6
Latvia 1.2 3.2 0.3 4.7 1.3 2.9 0.2 4.3
Luxembourg 0.2 4.0 0.0 4.2 0.5 3.6 0.0 4.1
Ireland 0.7 1.4 0.0 2.1 1.2 1.4 0.0 2.5
Lithuania 1.0 0.4 0.7 2.1 11 0.4 0.5 2.0
Estonia 0.5 0.3 0.7 15 0.4 0.3 1.2 1.9
Malta 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.1
Cyprus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total EU-27
Source: Eurostat.
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The new renewable energy directive (2018/2001)
raised the renewable energy target (described
as the “minimum share” to be achieved) for the
transport sector to 14% in 2030. It reformulated
and added new sustainability and GHG reduction
criteria and set new specific targets for biofuels
produced from waste (oils and fats) and raw
materials not sourced from food crops. The RED
Il directive provides for the energy accounting
of the biofuel (andbiogas) energy content share
used for transport and produced from certain raw
materials2 to be doubled in countries that use
them in order to achieve the set target of 14%.
This double accounting applies to “advanced
biofuels” (and biogas), that are produced from
the raw materials listed in Annex IX, part A of
the directive (algae, forestry waste and residue,
from the timber sector, straw, manure, sewage
sludge, raw glycerine, bagasse, and others). It also
applies to biofuels (and biogas) produced using
other raw materials listed in part B of the same
annex, namely, used cooking oils and animal fats.
However, biofuels produced from these B-listed
materials are not deemed to be “advanced”
and therefore do not contribute to the specific
minimum share targets vested in advanced bio-
fuels. To encourage the industrial development
of “advanced biofuels”, the RED Il provides for
a specific 0.2% target in 2022, and targets of at
least 1% in 2025 and at least 3.5% in 2030 for each
Member State. The Directive enables the Mem-
ber States to depart from these limits if they can
prove that the sourcing of the relevant raw mate-
rials is problematic.

Other incentives have been implemented to
encourage more GHG gas sparing modes of trans-
port. The renewable electricity share is deemed
to equate to four times its energy content when
employed by road transport and 1.5 times its
energy content when employed by rail transport.
The contribution of fuels suppled to air and mari-
time transport equates to 1.2 times their energy
content, excluding biofuels produced from crops
that ordinarily feed humans and animals. These
incentives reduce the biofuel volumes required
to be physically incorporated to achieve the
minimum 14% in 2030. The RED Il also set a cap
on biofuels produced from crops traditionally
intended to feed humans and animals (that are
defined as “agrofuels”). Their share in 2030 will
face a double constraint: firstly, they will be pro-
hibited from exceeding a maximum share of 7% of
final energy consumption in the transport sector
and secondly, their share will not be permitted
to exceed more than one percentage point more
than their 2020 rate. If they wish to, Member
States may also set lower limits and make dis-
tinctions between types of biofuel. The RED Il has
finally introduced a contribution limit capped at
1.7% by 2030 for biofuels and biogas produced
from used oils and animal fats (Annex IX, part B).

2. The raw materials in question are listed in Annex IX of
the RED II.

in 2022t00.5% in 2025 and to 2.2%
in 2030 and introduced a 2.6% sub-
target for renewable fuels of non-
biological origin. This sub-target
anticipates the fact that RFNBOs
will most likely play a major role
in such sectors as aviation and
maritime transport that will be
dependent on liquid fuels in the

long term. These synthetic fuels
that combine carbon dioxide
with hydrogen, will be sourced
from green hydrogen produced
by water electrolysis exclusively
from renewable electricity. The
RED Il article on renewable fuels
of non-biological origin (RFNBO)
should shortly be published. It will
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define the scheme and methodo-
logy under which the hydrogen, be
it locally produced or imported,
could be labelled as renewable
hydrogen in Europe, thereby
determining its sustainability and
eligibility for subsidies. The sun-
drenched and semi-desert regions
of Spain, Portugal and North Africa

4

Share of energy from renewable sources in transport (in %)
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(Morocco, Tunisia and Algeria)
capable of accommodating solar
farms with capacities of seve-
ral hundred megawatts should
broadly benefit from these new
green hydrogen markets because
the competitiveness of the pho-
tovoltaic solar kWh that these
regions can produce cannot be
matched. North Sea offshore wind
energy offers another significant
means of producing renewable
hydrogen on a large scale in the

United Kingdom, Germany, the
Netherlands and Denmark. This
sectoris aided by the presence of
exceptional wind resources, vast
underwater gas grid infrastruc-
tures and by a major hydrogen
support policy. There is another
proposal in the pipeline on the
implementation of a new regu-
lation to roll out an alternative
fuel infrastructure (that repeals
Directive 2014/94/EU). This regu-
lation proposes that the elec-

tric charging network should be
extensively expanded on main
trunk roads to provide an elec-
tric charging station every 60 km,
while there would be a charging
station every 150 km for hydrogen
vehicles. That should mean 1 mil-
lion electric charging stations
in 2025 and 3.5 million in 2030.
Another crucial lever is that the
European Commission intends to
extend the carbon market to the
transportand building sectors.
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EUROPEAN PLAUDITS
FOR RENEWABLE ENERGIES

This summary makes a preliminary appraisal of
actual renewable electricity production in 2020,
i.e., non-normalized for hydroelectricity and wind
energy, in addition to the various types of renewable
energy used in the EU-27 for heating and cooling
before drawing up a more thorough catalogue of
the specific Member States’ successes in achieving
their renewable energy targets set in the Renewable
Energy Directive 2009/28/EC.

THE 1000-TWH THRESHOLD FOR RENEWABLE
ELECTRICITY CROSSED BY THE 27

It has taken the European Union two years to make up
for the equivalent loss of renewable electricity out-
put resulting from the United Kingdom’s departure.
The EU-27 has again crossed this symbolic 2000-TWh
threshold two years after crossing it as the EU-28.
According to Eurostat’s 25 January 2022 data updates,
gross European non-normalized renewable electricity
excluding pumped storage output came to 1058.4 TWh
in 2020, posting 8.1% year-on-year growth (978.7 TWh).
It beats the 2019 figure by 79.6 TWh. To put this into
perspective, this difference is more than the total
gross electricity output of a country such as Austria
(72.6 TWh in 2020). In 2020, renewable energies provi-
ded 38.1% of total gross electricity productionin the
EU-27 (Eurostat puts this at 2 781.4 TWh). Renewable
energies have the valuable assets of diversity and
complementarity, which let all the major renewable
electricity production sectors to play their part with
increases by wind energy of 30.2 TWh; hydropower
of 26 TWh; solar of 20.5 TWh and biomass of 3 TWh.
Wind energy consolidated its position with 397.4 TWh

of actual output as the leading renewable electricity
generating sectorin the European Union. Its share of
total renewable electricity production increased very
slightly between 2019 and 2020 (from 37.5 to 37.6%),
and as the year 2020 was a good year for wind energy,
its normalized output at 376.4 TWh was higher than
the level of the last 5 years.

Wind energy provided 14.3% (12.7% in 2019) of the
European Union’s total gross electricity output in
2020 measured at 2 781.4 TWh (12.7% share in 2019).
This share is much higherin the leading countries that
have put wind energy at the centre of their energy
transition in the north, south, west or at the heart of
Europe. In 2020, wind energy dominated Denmark’s
electricity mix (56.8% in 2020) and reached 35.8% in
Ireland, 29.2% in Lithuania, 23.2% in Portugal, 23.1%
in Germany and 21.4% in Spain. At the same time 16 of
the 27 countries’ wind energy sectors generated more
than 10% of their total electricity output.

Between 2019 and 2020, the countries that enjoyed
the biggestincreases contributing to therise in wind
power production were Sweden (7.7 TWh, for a total
of 27.5 TWh), Germany with an additional 6.2 TWh
(for a total of 132.1 TWh), France (5.0 TWh, for a total
of 39.8 TWh), the Netherlands (3.8 TWh, for a total of
15.3 TWh) and Belgium (3 TWh, for a total of 12.8 TWh).
In the case of the Netherlands and Belgium, the sharp
growth in wind power output (33.3% and 30.1% res-
pectively) can be ascribed to the grid connection of
new offshore wind farms over the last two years. The
surge in Swedish and Finnish output (by 38.7% and
31.8% respectively) can be put down to the connection
of land-based wind farms and better winds than in
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2019. Southern European countries such as Italy and
Portugal had poor winds and both of them saw their
outputdrop by 1.4 TWh.

Now, the proportion of wind power generated offshore
of the total wind power in the EU-27 increased. Offshore
wind power output reached 47.3 TWhin 2020 (40.2 TWh
in 2019),amounting to a 11.9% share (compared to 10.9%
in 2019). This proportion was over 50% in Belgium (54.6%
of wind power), while it was 40.4% in Denmark, 35.7%
in the Netherlands and 20.7% in Germany.
Hydropower is the second pillar of renewable
electricity production in the European Union. After
mediocre results in 2019, 2020 was a good year overall
for actual hydropower output (excluding pumping
and non-normalized output). European Union
hydropower outputincreased by 26 TWh (320.3 TWhiin
2019 t0 346.3 TWh in 2020), at the same pace as overall
renewable electricity production (by 8.1% year-on-
year).As aresult, it maintained its 32.7% share of total
renewable electricity production. Increases in output
were registered in Northern Europe - in Sweden and
Finland - and also in France, Spain, Portugal and Italy.
Finland enjoyed the sharpest growth of the major
European hydropower producer countries (27.9%
between 2019 and 2020) which equates to a 3.5-TWh
increase and total output of 15.9 TWh. The biggest
increase in production was posted in Sweden (7 TWh
between 2019 and 2020), which equates to 10.7%
growth. In 2020, Sweden was the European Union’s
top hydropower producer with 72.4 TWh of output
excluding pumping. It was followed by France, whose
output excluding pumping also shot up (by 9% year-on-
year, adding 5.1 TWh) for a total of 62.1 TWh.
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Growth remained positive, albeit at a lower level in
2020. Italy kept its third place in the European Union
producer rankings, with 47.6 TWh (2.7% year-on-year
growth, or 1.2 TWh). Spain and Portugal’s hydropower
output can vary significantly from one year to the
next. Growth was measured at 37% for Portugal (which
added 3.3 TWh to make a total of 12.2 TWh) and 23.8%
for Spain (which added 5.9 TWh, to make a total of
30.5 TWh).

Further to the east of Europe the output figures were
mixed. Between 2019 and 2020, output dropped in
Germany (by 7.1%, or 1.4 TWh), Greece (by 16.4%, or
0.7 TWh), Bulgaria (by 3.7%, or 0.1 TWh) and Romania
(by 1.3%, or 0.2 TWh) while it increased in Poland (by
8.2%, or 1.2 TWh), Austria (by 2.9%, or 1.2 TWh) and
Czechia (by 6.8%, or 0.1 TWh). All in all, this region’s
output levels were lower than in recent years.
While wind and water contributed most to generating
renewable electricity, solar power is expanding
faster than any other renewable source. Solar power
complements hydropower particularly well, because
itallows hydropower generation to be postponed to
the end of the day when the demand for electricity
is atits highest. Solar energy had a particularly good
year in 2020. As it happens, the European continent
enjoyed the highest number of sunshine hours since
satellite readings beganin 1983. This sunshine record,
combined with theincreasein production capacities,
explain the surge in solar power production. Eurostat
explains that EU solar electricity output reached
144.2 TWh in 2020 (139.2 TWh of solar photovoltaic
and 5 TWh of CSP), posting 16.5% growth and

an additional 20.5 TWh. As CSP output contracted
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1

Share of each energy source in renewable electricity generation in the EU-27 (in %)

0.7%
12.6% (6.7 TWh)
(123.8TWh) Geothermal power
Solar Power
16.4% \ 0.1%
(160.2 TWh) (0.5TWh)

Biomass Ocean energy

37.5% 32.7%
(367.2TWh) _~ (320.3 TWh)
Wind power Hydraulic

power

2019: total 978.7 TWh

0.6%
13.6% (6.7 TWh)

(144.2TWh) Geothermal power

Solar Power
15.4% 0.0%
(163.2TWh) (0.5TWh)

Biomass

Ocean energy

37.6% 32.7%
(397.4TWh) _~ (346.2 TWh)
Wind power Hydraulic

power

2020: total 1058.4 TWh

Notes for calculation: Hydro is actual (not normalised) and excluding pumping. Wind is actual (not normalised). All electricity production

from bioliquids (compliant and non compliant) is included (non compliant bioliquids electricity production represents 127.7 GWh in 2019
and 127.7 GWh in 2020). Renewable electricity from biogas blended in the gas natural grid is included (it represents 532.9 GWh in 2019 and
680.3 GWh in 2020). Source: EurObserv’ER based on Eurostat database.

slightly in 2020, solar photovoltaic alone can claim all
the credit for this growth. Solar energy now underpins
electricity production in the European Union.
It-accounted for 13.6% of its renewable electricity
output and 5.2% of total electricity output. In 2020,
this share was as high as 11.1% in Malta (0.2 TWh of
solar power generated), 9.2% in Greece (4.4 TWh), 8.9%
in Italy (24.9 TWh), 8.5% in Germany (48.6 TWh) and 7.9%
in Spain (20.7 TWh).

Biomass energy in all its manifestations (solid bio-
mass, biogas, renewable municipal waste and liquid
biomass), generated 163.2 TWh of electricity in 2020,
which is a year-on-year 1.9% (3 TWh) increase. The
momentum for the growth in electricity production
primarily comes from its solid biomass form, which
expanded by 3.0% over the year to 83 TWh in 2020
(adding 2.4 TWh). The Netherlands registered the
highest increase by doubling its output level between
2019 and 2020 (by 103.8%) to generate 5.8 TWh (or
2.9 TWh). This was achieved by increased use of wood
pelletsin co-combustion with coal in the RWE Amers
gand Uniper MPP3 power plants. Biomass electricity

outputs increased in Spain (by 16.9%, or 656 GWh),
Poland (by 7.6%, or 492 GWh), Estonia (by 38.6%,
or 486 GWh) and Portugal (by 16.6%, or 457 GWh)
However, these increases were counterbalanced by
significant drops in biomass power generation in
Sweden (by 15.4%, or 1.7 TWh) and Finland (by 12.6%,
or1.6 TWh), both of which can be explained by falls in
electricity needs. Biogas electricity was also positive.
If in addition to plants that exclusively use biogas
produced on site, we include the biomethane (puri-
fied biogas) injected into the grid and used remotely
in gas-fired power plants, biogas electricity output
reached 56.3 TWh, which is a 0.8 TWh rise. As for the
other biomass sectors, the input from renewable
urban waste slipped to 18.9 TWh in 2020 (by 0.1 TWh)
as did liquid biomass electricity production (by
0.1 TWh) to 5 TWh. There was hardly any change in
the output of the European Union’s geothermal
(essentially Italian) and ocean energies (essentially
French) electricity generating sectors between 2019
and 2020, whose production levels were 6.7 TWh

and 0.5 TWh, respectively.
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Share of energy from renewable sources in gross electricity consumption, 2019-2020 (%) - Directive 2009/28/EC
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Notes for calculation: Hydro is normalised and excluding pumping. Wind is normalised. Solar includes solar photovoltaics and solar thermal
generation. All other renewables includes electricity generation from gaseous and liquid biofuels (only the compliant part), renewable
municipal waste, geothermal, and tide, wave & ocean. Renewable electricity from biogas blended in the natural gas grid is also included.
*Year 2020 (provisional for Greece). Source: Eurostat SHARES (updated 1% February 2022)
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Share of each energy source in renewable heat and cooling consumption in the EU-27 (in %)
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3.6% (3.9 Mtoe)
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Heat pumps
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Liquid
biofuels
0.9%
(0.9 Mtoe)
76.3% Geothermal
(79.8 Mto.e) 0.4%
biofuels (G4 Mtos)
Charcoal

2019: total 104.6 Mtoe
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2020: total 105.0 Mtoe

4

Note for calculation: Renewable sources for heating and cooling correspond to the sum of final energy consumption of renewables fuels in
Industry and Others Sectors, of production of derived heat from renewable fuels and heat pumps. Final energy consumpion and derived heat
from biogas blended in the grid is included. Final energy consumption and derived heat of liquid biofuels (compliant and non compliant) is

included. Source: EurObserv’ER based on Eurostat database.

RENEWABLE HEAT HELD FIRM

THANKS TO HEAT PUMPS

According to Eurostat data (updated on 25 January
2022), compiled by EurObserv’ER, the amount of
renewable energy used for heating and cooling
increased slightly from 104.6 Mtoe in 2019 to 105 Mtoe
in 2020. This indicator covers the energy consumed
directly by industrial end-user and “other sector” users
(such as residential, commercial, agriculture, forestry
and fishery), heat produced by the processing sector
(derived heat) and the renewable production recove-
red by heat pumps. Final energy consumption and
heat production from the processing sector of the
biogas injected and blended in the natural gas grid
arealsoincluded in this indicator.

Analysis of the contribution made by each renewable
energy sector to total energy consumption for heating
and cooling confirms that reliance on solid biomass
contracted by 1 Mtoe between 2019 and 2020 (from 79.8
to 78.8 Mtoe). Requirements for solid biofuels fell in
the first place because of the abnormally mild winter
of 2020, and more generally because of an abnormally

hotyear across Europe, which reduced the use of hea-
ting appliances, primarily in the residential sector. The
economic fallout of the Covid-19 pandemic limited the
European Union’s energy needs, compounding the
drop in heating needs, and so did nothing to serve
the interests of solid biomass heat consumption.
We should point out that solid biomass heat
consumption in the EU-27 was higher than in the pre-
vious year, mainly because of the far-reaching statis-
tical consolidation made at the end of 2021 in Poland,
which was applied retroactively back to 2018, increa-
singis solid biomass heat consumption (final energy
and derived heat consumption) by about 2.6 Mtoe.
Other countries have similarly made consolidations
of this type for recent years. They can often be put
down to more in-depth studies of wood consumption
and the implementation of more accurate calcula-
tion methods. However, Poland’s consolidation level
is particularly significant.

Momentum in the heat pump (HP) sector is much live-
lierand enough to make up for the loss made by

solid biomass (it added 0.92 Mtoe, to finish with
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Share of energy from renewable sources for heating and cooling, 2019-2020 (%) - Directive 2009/28/EC
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Note for calculation: Renewable sources for heating and cooling correspond to the sum of final energy consumption of renewables fuels

in Industry and Other Sectors, of production of derived heat from renewable fuels and heat pumps. Final energy consumpion and derived
heat from biogas blended in the grid is included. Only final energy consumption and heat derived from liquid biofuels compliant with the
requirements of Directive 2009/28/EC are included. * Year 2020 (provisional for Greece). Source: Eurostat SHARES (updated 1% February 2022)
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Share of energy from renewable sources in total gross final energy consumption in 2019 and 2020
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*Year 2020 (provisional for Greece). SHARES tool version 2020 takes into account specific calculation provisions as provided by Directive
2009/28/EC, in addition to the new possibility to allocate domestically produced biomethane to the transport sector on the basis of the
mass-balance system (with appropriate traceability requirements). Source: Eurostat SHARES (updated 1° February 2022)

atotal of 13.3 Mtoe in 2020). European Union-wide HP
market data for 2020 confirms the inroads made by
this technology in the heating and cooling segment.
It has taken advantage of the policies of countries
that have introduced regulations favourable to elec-
trifying heating needs (France, Finland, Sweden, etc.)
and the increase in summer cooling needs (another
consequence of climate warming) for the area of
reversible heat pumps in cooling mode. Everything
is ready for the contribution of HPs to accelerate
towards climate targets during this decade, made
possible by a much more aggressive building energy
renovation policy.

Other sectors apart from HPs have boosted the
increase in total renewable heat consumption - bio-
gas (0.32 Mtoe, or 4.1 Mtoe), renewable municipal
waste (0.14 Mtoe, or a total of 4 Mtoe), solar energy
(0.09 Mtoe, or a total of 4 Mtoe) and liquid biomass
(0.06 Mtoe, or a total of 1.1 Mtoe).

Between 2019 and 2020, the distribution between

the various renewable heat sectors worked to the
detriment of solid biofuel (from 76.3 to 75%) and to
the benefit of heat pumps (from 11.8 to 12.7%). The
biogas share rose from 3.6 to 3.9%, the renewable
municipal waste share from 3.7 to 3.8%, solar from 2.3
to 2.4%, geothermal energy remained at 0.8%, liquid
biomass from 1to 1.1%, and charcoal stayed at 0.4%.

SPECIFIC GOALS OF THE EUROPEAN
DIRECTIVE

A 37.5% RENEWABLE SHARE OF GROSS
ELECTRICITY CONSUMPTION

The renewable electricity production monitoring
indicator used to calculate the Renewable Energy
Directive (2009/28/EC) target differs from the above
indicator, as it factors in normalized output for hydro-
power and wind energy (using the normalization for-
muladefinedin annex Il of the directive), to even out
the vagaries of climate as regards rainfall and wind,
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and thus give a fairer portrayal of the efforts made by
each Member State. Furthermore, it only includes the
electricity output sourced from liquid biomass that
is certified as compliant (see Method and definitions
inset). The normalized hydropower output figure adop-
ted for the EU-27 was 345.1 TWh in 2020 (343.2 TWh in
2019), and that of wind energy was 376.4 TWh in 2020
(348.4 TWh in 2019). Total renewable electricity produc-
tion, namely the numerator used for calculating the
renewable energy share of gross electricity consump-
tion, is thus putat 1036 TWhin 2020(982.7 TWh in 2019),
which is a 5.4% year-on-year increase. The total elec-
tricity production figure adopted (the denominator)
is 2764 TWh for 2020 (2 882.9 TWh in 2029), which is a
4.1% decrease.

This change raised the renewable electricity share
from 34.1% in 2019 to 37.5% in 2020, or a 3.4 percen-
tage point (pp) gain. The “normalized” renewable
electricity share has more than doubled (x 2.4) and
gained 21.6 pp over the period, if we compare it with
2004 (15.9%), the first reference year when targets
were included.
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Graph 2 shows that the Member States’ renewable
electricity shares can vary wildly depending on their
renewable energy potential and the support policies
setup. Austria has the highest renewable electricity
share of the EU (78.2% in 2020), followed by Sweden
(74.5%) and Denmark (65.3%). The renewable electri-
city share is also over 50% in Portugal, Croatia and
Latvia (with 58%, 53.8% and 53.4% respectively). The
six countries with the lowest renewable electricity
shares are Poland (16.2%), Czechia (14.6%), Luxem-
bourg (13.0%), Cyprus (12%), Hungary (11.9%) and
Malta (9.5%).

If we consider this reference period (2004-2020), we
can see that many EU countries have enjo