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Action Plan for Power Sector Decarbonisation o

BACKGROUND European

Union

A collaborative report from the Clean Energy Ministerial (CEM) on Lessons Learned for Rapid Decarbonization of Power Sectors was
delivered to energy ministers and presented at the 13t CEM (CEM13) in the United States in September 2022. In light of these
lessons learned and discussed at CEM13, several jurisdictions signaled intent to develop Action Plans for power sector
decarbonization, to be released at CEM14 in India in July 2023.

These Action Plans complement, but are differentiated from, other international power sector initiatives such as the Breakthrough
Agenda (whose broad purpose is to raise collective ambition) and the Global Power System Transformation (G-PST) Consortium
(whose goals are to convene power system operators to accelerate research innovations and foster peer learning). The Action
Plans, supported by the 21st Century Power Partnership and other CEM workstreams via direct technical assistance and capacity
building, are intended to focus on select implementation actions given each country’s existing power sector goals and activities,
and are an opportunity for countries to display leadership in power sector decarbonization.

These Action Plans are voluntary, developed by each country individually, not comprehensive of all activities within the
jurisdiction, and are living documents that are subject to change.
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https://www.nrel.gov/docs/fy22osti/83951.pdf
https://www.21stcenturypower.org/
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EU POWER GENERATION MIX European

Union

* Around 23% of the final energy consumed in the EU is electricity and it comes from different sources.

* In 2020, renewable energy sources accounted for 39% of the electricity supply in the EU, overtaking fossil fuels (36%) as the main power source for the first
time. In addition, 25% of the electricity came from nuclear power plants.

« Among renewable sources, the highest share of electricity came from wind turbines (14%), hydropower plants (13%), biofuels (6%) and solar power (5%).

* The sources of electricity production vary among the Member States

Production of electricity by source, EU27, 2020 (in %) Use of renewables for electricity in the EU (2011-2020, GWh) Net electricity generation, EU27, 2021
——— 0 (%, based on GWh)

1200

z
d

Geothermal
02%

ol
£
|

Italy I

Ireand — : 1000 Solar Other

ctvm: 1 1 5.8 %
Germany ] Hydro

m — il 800 13.3%

|

Hungary I 1

otm - 600 Combustible
Homana - fuels
Lmuana o | 41.9%

Span I | "

Belgum — jm| 400 Wind

Siovenia = 13.7%

Siovakia ———

Astra o
Denmark |

Friond I ——— { 200

France [ 1

Luxembourg 1

Suessn | 0

Nonizy 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 Nuclear

lesland | 25.0%

T T T
0 10 0 30 40 50 L] 0 & @

M Meossitiels w 4 Mnucear 8 M Wwinié M Wiyao $ M Poones & @ soar 8 O Homer &

Hydro includes pumped hydro, which for certain Member States, in particular Lithuania and Luxembourg, leads to a higher share for this category.
Other includes electricity from geothermal, non-renewable waste, heat from chemical sources and other sources.
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Source : JRC analysis from Eurostat dada Source : Eurostat

Source: Furostat - access to dataset
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Action Plan for Power Sector Decarbonisation: Planning

EU POWER SECTOR DECARBONISATION: A PATHWAY TO 2050

EU power generation, by technology, for Reference and 1.5°C Scenarios
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The Global Energy and Climate
Outlook (GECO) of the EU’s Joint
Research Centre (JRC) provides
long-term global and EU energy
and emissions projections under
different scenarios.

In the 1.5°C Scenario, the EU
power generation mix is
dominated by wind and solar.
Nuclear is the third largest source
of generation.

Power plants fitted with carbon
capture and storage (CCS) provide
only 1.9% of generation in 2050.
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https://joint-research-centre.ec.europa.eu/geco_en

Action Plan for Power Sector Decarbonisation: Planning e
EUROPEAN GREEN DEAL Furopean
The European Green Deal (2019) is the EU's long-term, whole-
. Climate Social = .
P e S of-the-economy plan to make Europe climate neutral by 2050.
Emissions trading /' Carbon Border
© for road transport 9% « Adjustment
and buildings N echanism . . o
i Ao The European Climate Law (2021) made climate-neutrality a
» & for power, industry, % < . . . .
g e, \ TTEE / legally binding target for the block, along with reducing

o & i B & T »>—a greenhouse gas (GHG) emissions by at least 55% by 2030,
Forestry / ) Directive /
I T 30 £ ey compared to 1990 levels.
R oty % CLIMATE » R e 3
. TARGETS
; \ p Renewable . . o . . .
o Tonn p— w1 In 2021, the Commission presented its ‘Fit for 55' legislative
p / _ irective .. . . .
2L . 4 Alwaies N ™S package, outlining policy measures to reduce GHG emissions by
' \Infrastructure / ! . . .
AU o . sﬁm\ 55% by 2030. The package included the revision of the
Lot BRI emissions / uelf N . . . .
PR & e B——&  Marime renewable energy directive, increasing the targeted share of
SRR e renewable energy in the EU mix to “at least 40%” by 2030,
e from the initial target value of 32%.
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https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://climate.ec.europa.eu/eu-action/european-green-deal/european-climate-law_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/delivering-european-green-deal_en
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REPOWEREU European

Union

 The REPowerEU plan is the EU’s response to global energy
market disruption caused by Russia's invasion of Ukraine.

* |t seeks to transform Europe's energy system by ending the EU's
dependence on Russian oil and gas imports, and tackling the
climate crisis.

* The measures in the REPowerEU Plan include energy savings,
diversification of energy supplies, and accelerated roll-out of
renewable energy.

* Itaimsto increase the share of renewables in the EU energy
mix to 42.5% by 2030.
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The REPowerEU package includes Commission
recommendations on speeding up permit-granting
procedures for renewable energy projects and facilitating

|
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. SMART INVESTMENT
Power Purchase Agreements (C/2022/3219 final): Faster, National and European plans:
shorter, and digitalized procedures; Better identification and PATIOTRN S0 RVERET e,

faster permitting and innovation
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planning of land and sea areas; Easier grid connection -
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https://ec.europa.eu/commission/presscorner/detail/en/fs_22_3133
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EMISSIONS TRADING SYSTEM

Since 2005, the EU Emissions Trading System (ETS) has successfully
set a price for carbon and steered investments into cleaner,
greener technologies in the participating industries such as
electricity generation and energy intensive industries.

Emissions have been cut by 42.8% in the main sectors covered:
power and heat generation and energy-intensive industrial
installations.

As a market-based system, the ETS ensures that emission
reductions take place where it is cheapest to do so. As a result,
most emission reductions until now have taken place in the
power sector.

The legislative framework of the EU ETS was revised in 2018 and in
2021 in line with the EU's 2030 emissions reduction target (55%).
The Commission proposed to increase the 2030 emission
reduction targets for ETS sectors from -43% to -61% (against 2005
levels), as well as annual emissions reductions of 4.2%.
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EU ETS CO2 price, €/t (2012-2022)
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https://climate.ec.europa.eu/eu-action/eu-emissions-trading-system-eu-ets_en
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Action Plan for Power Sector Decarbonisation: Building X o

RENEWABLE ENERGY DIRECTIVES Furopean
. . 2022 REPowerEU Plan: EC
Renewable Energv Directive (RED) proposal to raise target for

The Renewable Energy Directive (2009/28/EC) and its revisions provide the legal framework for the 2030 to 45%

development of renewable energy across all sectors of the EU economy, and supports cooperation 2021 < e

enewabple ener
across EU countries. Since the introduction of the RED in 2009, the share of renewable energy in Directive: EC prc?gosal to
gross final energy consumption has kept growing, reaching 22% in 2020. raise target for 2030 to 40%

RED revision => 42.5% renewable energy by 2030 M o
The ambition and measures in the directive have been reviewed several times (2018, 2021, 2023) in coal for the first time
line with the evolution of EU energy and climate policies. _
> In May 2022, as part of the REPowerEU Plan, the EC proposed to increase the share of B e aole =herdy
renewables (COM/2022/230 final). target for 2030
» In April 2023, EU co-legislators reached a provisional political agreement to raise the target share o
of renewable energy in the EU total energy consumption to 42.5% by 2030, with an additional " | oo e O ear
2.5% indicative top-up that would allow reaching 45%. (Note: subject to formal adoption) energy
The revised RED will increase (int. al.) the share of renewables in various sectors (heating and 2009 Renewable Energy
cooling, transport, industry, buildings, etc.), boost investments, and strengthen criteria for Directive: EU target of 20%
. . renewables by 2020 and
sustainable bloenergy. national binding targets
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WIND AND OFFSHORE RENEWABLE ENERGY PoLicy (2020) European

Union

Cumulative installed capacity of onshore (left) and offshore wind (right) in

Wind accounted for over one-third (37%) of the total electricity
the EU (2010-2021)

o0 . generated from renewable sources in the EU in 2021 (source:
= 180 . Eurostat).
g:jz = The wind sector is also a significant contributor to the EU
% 120 1 = _% I economy: it provided between 240,000 and 300,000 jobs in 2020,
8 1% 5 - ! La= §12 n of which about 62,000 were in the offshore wind industry
< : --I!==_ 3" ll (source: WindEurope).
& mEEp=En s g
& 4 o= 2 .
E SRR u B e . O EU wind strategy & Offshore renewable energy (COM(2020)741)
° - - - f f - : f E : - E ‘—'g . " * Capacity needs (not targets), calculated against policy
SREsREEEEERE S - il objectives.
m
Austria = Belgium “Bulgaria ? 1H i 111 L ] l * By 2030: to bring online at least 510 GW of wind capacity
e e [ Jeeh Repeble ernmever2egs (incl. 60 GW of offshore, starting from 12 GW in 2020) and 1
= France Germany = Greece coaooaaaasad GW of ocean energy capacity.
ey e o o Gegun  sDemark <finne * By 2050: 300 GW of offshore wind capacity and 40 GW of
-:etherlénds -:ola'nd -Zor;:gal u Netherlands -Portugaly = Spain ocean energy CapaCity
emene P ! J:'; . = Sweden 6 202 => a massive change of scale: 30x multiplication of offshore
Source: JRC based on GWEC (2022) renewable capacity (at an estimated cost of EUR 800 billion)
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https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2020:741:FIN&qid=1605792629666
https://ec.europa.eu/eurostat/web/products-eurostat-news/w/DDN-20230119-1
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SOLAR PHOTOVOLTAIC PoLicy (2022) European

Union
EU solar PV net Capacity additions and forecast Current European c-Si PV manufacturing landscape in August 2022.
(2021-2027) vs. Required additions needed to . ¢-Si Value Chain
Cummulative EU solar PV generation per country reach REPowerEU targets Status Quo - PV Production e mgsi
2010-2021 Overview of PV production along the value chain ~ ® Poly-Si
( B ) 80 ® Ingot / wafer
180 % 70 ] Source: Map: kartoxjm (fotolia) / europakarte.org .\ :\:/Ie"d |
y 34 odule
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Source: JRC analysis based on Eurostat L0 i
Source: IEA -

Communication on EU solar energy strategy: COM(2022)221
* By 2025: to bring online over 320 GW of solar photovoltaic capacity (in 2020, the
EU had 136 GW of installed solar PV capacity)
* By 2030: to bring online almost 600 GW of solar photovoltaic capacity
* =>average annual additions of 46 GW (from 2020 levels)

w77 7TV 7 ) Rentsch, update August 2022
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https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022AE3515&qid=1682590629396
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PROGRESS MADE: RENEWABLE CAPACITY ADDITIONS IN 2022 European

Union

New installed capacity in 2022 for renewable energy sources in the EU was 57 GW,
including:

@ 15 GW for wind power generation (+34% more than in 2021)

@ 41 GW for solar power generation (+47% more than in 2021)

@ 1 GW for other renewables power generation

For 2023, industries expect an additional 69 GW of new renewable energy capacity.
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TRANS-EUROPEAN NETWORKS FOR ENERGY (TEN-E) European

Union

New regulation on guidelines for trans-

Energy infrastructure, the backbone of a secure and European energy infrastructure (EU
climate-neutral energy system 2022/869)

Interconnectors are the circulatory system of the EU allowing energy ] )

to flow seamlessly across borders, ensuring security of supply, the New TEN-E infrastructure categories:
integration of renewable energy and keeping prices in check. offshore, hydrogen, electrolysers,

The EU’s cross-border energy system has developed significantly SATEINE G grl-d.s, as well as ('|n addition
since the 1990s and in particular through the modernised TEN- to the. e'Iectr|.C|ty transmission) smart
energy policy since 2013 and is more resilient and flexible than any electricity grids, CO, networks and
system across the globe. energy storage

It is a true European success story of integration, cooperation and

miutyaksupport Ten-Year Network Development Plan >
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TEN-YEAR NETWORK DEVELOPMENT PLAN (TYNDP)

TYNDP

Every two years, the European
Network of Transmission System
Operators for Electricity (ENTSO-E)
and gas (ENTSO-G) publishes a non-
binding EU-wide ten-year network
development plan.

The TYNDP builds on national
and regional investment plans
prepared by the transmission
system operators (TSOs).

The TYNDP is consulted with
stakeholders who contribute to
its elaboration via open
workshops, public
consultations, and meetings.

=><_ 21st CENTURY
POWER PARTNERSHIP

TYNDP is the result of a collaborative effort

European

National Commission

System
Operators and A .
ENTSO-E gency for the

Cooperation of
Energy Regulators

Joint Research
Centre

National
competent Other

authorities and stakeholders
Regulators

VIDEO: https://youtu.be/szlc6dcNWrc

European
Union

High-Level Report on TYNDP 2022 was

published in January 2023.

>

ENTSO-E TYNDP 2022 includes a scenario
analysis, system needs analysis, and project
assessment.

Overall, the ENTSO-E TYNDP 2022 portfolio
represents 43,000 km of lines or cables.
ENTSO-E TYNDP will assess 141 transmission
projects, of which 85 are cross-border
projects, and 23 storage projects.

You can check how these projects respond

to the 2030 and 2040 scenarios here: TYNDP
2022 Project Collection
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https://youtu.be/szIc6dcNWrc
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/high-level-report.pdf
file:///Users/songjiabj/Desktop/0916-01_%E9%87%8D%E7%82%B9%E6%8A%A5%E5%91%8A-211%E4%BB%BD/tyndp2022-project-platform.azurewebsites.net
file:///Users/songjiabj/Desktop/0916-01_%E9%87%8D%E7%82%B9%E6%8A%A5%E5%91%8A-211%E4%BB%BD/tyndp2022-project-platform.azurewebsites.net
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PROJECTS OF COMMON INTEREST (PClIs) European

Union

The PClIs are key infrastructure projects aimed at completing the European energy
market, ensuring security of supply, and achieving the EU’s 2030 and 2050 energy
policy and climate objectives. Projects selected as PCls can benefit from many
advantages stemming from the Trans-European Network - Energy (TEN-E) Regulation,
including:

» accelerated permit granting;

‘»,. v
N |/
AN

ILLION

» improved regulatory treatment;

» the possibility to apply for financial support under the Connecting Europe Facility
(CEF) for Energy: total budget of €5.84 billion (2021-2027);

» dedicated rules to facilitate the development of offshore renewable grids; :"?.'_OEJ:EC;I_S(?’EIS)MMON

» strengthened cross-sectoral energy infrastructure planning. - Works & Studies

#CEFEnergyPCls

In order to be eligible for inclusion in the PCl lists, electricity and hydrogen projects
must be part of the latest available EU-wide ten-year network development plan
(TYNDP).
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Action Plan for Power Sector Decarbonisation: Operating

EU ELECTRICITY MARKET DESIGN European

Union

The EU is a zonal market. Individual market
areas or Bidding Zones are mostly coextensive
with the EU Member States (formerly national - . .
networks). Each bidding zone is a separate Capacity ' ggg?&ﬂgn of Capacity Calculation

part of the European electricity market. o= |[ol0] = 11[e)al * Flow based capacity approach
 Path for merging of regions

Cross-border market foundations

Bidding Zones are defined by structural
congestions:

* Unlimited exchange allowed inside a Bidding * Designation of NEMOs

: * Rotating Market Coupling
Zone Capac_lty Operator function
 Capacity calculation occurs between Bidding allocation | Obligation for an intraday
Zones platform (XBID)

In each bidding zone, a separate forward, day-
ahead, and intraday market etc. exist.

1 i Bidding « Social welfare analyses
Bidding zones are physically coupled by zones * Model based and splitting /

interconnectors, and the electricity markets review merging scenarios
are coupled via market coupling.

Bidding zones in the EU + UK

— (% CLEANENERGY
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RENEWABLES INTEGRATION AND FLEXIBILITY DEVELOPMENT European

Union

EC proposals in revised Electricity Market Design (com(2023) 148 final)

* The need for flexibility solutions to integrate variable
renewables is increasing (source: ACER). Enhance non-fossil flexibility sources (demand response and storage, etc.)

180

* NRAs shall issue a report on the need for flexibility in the electricity system every
140 two years.

160

TWh/year

20

120 * Member States shall define an indicative national objective for demand side

1:; response and storage.

= I Clarify the role of system operators

0 * Peak shaving product: TSOs may procure a peak shaving product to reduce
electricity demand during peak hours.

* Transparency: TSOs and DSOs to provide information about the availability of grid

connection capacity, and the status and treatment of the connection requests.

Daily flexiblity needs Weekly flexibility needs Yearly flexbility needs

= 2025 2030

* Challenge: Increasing the share of renewables needs to

be balanced with non-fossil flexibility. e Dedicated metering: System operators can use the data from dedicated metering
e Gasis playing a dominant role in providing the required devices for the observability and settlement of DR and flexibility services.
flexibility. * Network tariffs: Take into account operational costs in network tariffs and
« Main fossil-free alternatives: demand response (DR) and TSOs/DSOs remuneration, to incentivize the use of flexibility services.

storage (with 70 GW of available capacity today).

* However, there is currently low participation of DR and
storage in electricity markets. * Allowing cross-border intraday trading closer to real time (30 min).
* Mandatory sharing of liquidity in the intraday market, also within a bidding zone.

Create more opportunities for trading (of renewables and flexible sources)

= 215t CENTURY é\ " CLEAN ENERGY
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SMART METERING DEPLOYMENT European

Union

At the level of DSOs:

Smart meter roll-out

—Jpl By 2020, smart EU Directives (2009, 2019) have been a great stimulus
i meters have covered to the deployment of smart metering systems: 95% of

<20%

- No information

43% of the electricity
consumers, with a
total of 123

million installed
smart meters.

distribution system operators (DSOs) have started
implementing a smart meter roll-out program (JRC
DSOs Observatory 2022).

Estimation of Status of smart

4

Advancing Clean Energy Toget

hi 77% of meter roll-
r in
eaching 00 out by DSOs.
European
customers by 2024.
m Completed roll-out ® About to complete a roll-out
®mRoll-out in progress ® Early stage/pilot
Source: Vitiello, Andreadou, Ardelean, and Fulli (2022)* No roll-out
* Data has been retrieved from published reports until 31/12/2021
Source: JRC DSOs Observatory 2022
(A ENERGY
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Action Plan for Power Sector Decarbonisation: Operating

CITIZENS” ENGAGEMENT: ENERGY COMMUNITIES & ENERGY SHARING European

Union

Two use cases

The EU legal framework recognises Energy Communities, enabling citizen-

Useg
. . . . o . o\ Le® o ’”o,,e
driven action, contributing to the decarbonisation of the power system, 6&@\;\\3@:«;@\ co?r?;ﬁ,ity "REsYlos,,,
. . . ey \).“\\,25\\ apaC/‘
and allowing for direct benefits to citizens. as OVY \ .
. . . . Scenario 2: Consumers
Its reform (COM(2023) 148 final) will give consumers the right to share : o jointy invest, rent o lease 54
}/\ (T renewable energy assets -
renewable energy: .m W &
* Consumers will have the right to have injected electricity deducted P, R
. . :i‘l:}
from their total metered consumption . S areray il oniniriie _
e System operators will need to collect, validate, and communicate interval (against a service foe) -
relevant metering data """:‘j‘;;j-; —
Renewable Energy Directive on common rules Revision of the Electricity shvedpliaky Sst el =
Directive (2018) to for the internal market for Market Design (2023) to e, GRS Y
empower Renewable electricity (2019) to enable give the right to share ZIIN
Energy Communities active consumer participation renewable energy =
""" oleole
ey . o . . wamann ? A
Energy Communities Rep05|torvf .T)up_portlng local actors in the creationand | | 3a\ (LLU
management of energy communities in urban areas. Self- ‘m

consumption [z2z555)

Rural Energy Community Advisory Hub: technical and administrative advice for
creation of energy communities in rural areas.

European
Commission
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https://energy-communities-repository.ec.europa.eu/index_en
https://rural-energy-community-hub.ec.europa.eu/index_en
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GREEN DEAL INDUSTRIAL PLAN European

Union

With the Green Deal Industrial Plan (GDIP), the Commission will promote the creation of a more supportive environment
for deploying the clean technology manufacturing capacity required to meet Europe’s ambitious green targets.

v' The productivity in the clean energy sector is about 20% higher on average across the economy
v" The European economy counted 4.5 million green jobs in 2019, up from 3.2 million in 2000

GLOBAL TRENDS i’ The GDIP is based on four complementary pillars

** The International Energy Agency estimates
that the global market for key mass-

manufactured clean energy technologies will | '?‘\

be worth around USD 650 billion a year by
2030 — more than three times today’s level.
(IEA, Energy Technology Perspectives 2023)

A predictable and Faster Enhanced Open trade for
** The related energy manufacturing jobs could simplified requlatory access to skills resilient supply
more than double in the same time period. environment funding chains

POWER PARTNERSHIP
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* https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/high-level-report.pdf
* https://energy-communities-repository.ec.europa.eu/index _en

* https://rural-energy-community-hub.ec.europa.eu/index _en
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https://joint-research-centre.ec.europa.eu/geco_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal_en
https://climate.ec.europa.eu/eu-action/european-green-deal/european-climate-law_en
https://commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-green-deal/delivering-european-green-deal_en
https://climate.ec.europa.eu/eu-action/eu-emissions-trading-system-eu-ets_en
https://ec.europa.eu/commission/presscorner/detail/en/qanda_21_3542
https://ec.europa.eu/commission/presscorner/detail/en/fs_22_3133
https://ec.europa.eu/eurostat/web/products-eurostat-news/w/DDN-20230119-1
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2020:741:FIN&qid=1605792629666
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52022AE3515&qid=1682590629396
https://eepublicdownloads.blob.core.windows.net/public-cdn-container/tyndp-documents/TYNDP2022/public/high-level-report.pdf
https://energy-communities-repository.ec.europa.eu/index_en
https://rural-energy-community-hub.ec.europa.eu/index_en
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This report was authored by the European Commission’s Directorate-General for Energy (DG ENER) and Joint
Research Centre (JRC), in collaboration with Clean Energy Ministerial (CEM) workstreams such as the 215t Century
Power Partnership. The content herein does not necessarily represent the views of the Clean Energy Ministerial
workstreams or other contributors, including any of the participating governments and organizations, the CEM
Secretariat, or the U.S. Department of Energy. No warranty is expressed or implied, no legal liability or responsibility
assumed for the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed,
and no representation made that its use would not infringe on privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring.

If you wish to cite these slides, please first contact: peter.horvath@ec.europa.eu
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