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Basic definitions

Sector coupling presents an effective way of fossil-fuel phase out in
multiple sectors such as electricity, heat and transport by connecting
sectors and using decarbonized electricity or energy carriers produced
from decarbonized sources.

Source: CSSC, Short_definition_of CSSC_v1.docx
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Basic definitions

Energy storage plays an important part in energy sector since its development.
Currently, fossil fuels come in various forms and can be stored in well-developed
storage infrastructure.

In a process of decarbonisation, electricity and other forms of renewable energy
cannot be stored following the same methodology since i.e. electricity production
must always be equal to consumption and renewable energy has intermittent nature.

Therefore, electricity must be converted to a different form (e.g. batteries, pumped
hydro or compressed air, thermal energy, cross-vector integration) in order to store it
successfully or specialized energy storage has to be built (i.e. thermal storage).

Source: CSSC, Short_definition_of CSSC_v1.docx
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Electricity system and electric grid

* Electricity system includes physical infrastructure for electricity
generation, transport and use as well as organized electricity market

regulator
rules

"t : s

electricity supplier

Source: http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-
markets-in-the-eu.pdf



http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-markets-in-the-eu.pdf
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Electricity system and electric grid

* The electric grid connects electricity generators and cosumers by
transmission and distribution networks

- Electricity generators can be solar panels or smallwaterwheels to large hydro-
electric dams, nuclear or coal power stations

Type :.fi;:‘:abI: type of fuel flexibility :::Tl;on f'kcg}zp;mk:;sli?ms

coal firm fossil medium no 0.95

natural gas firm fossil high no 0.55

biomass firm renewable medium | Y regrowth of !Jir;?mass
compensates emissions

nuclear firm nuclear low

hydro with dam firm renewable very high considered as

solar variable renewable very low zero-emission

wind variable renewable very low energy sources

geothermal firm renewable high

Source: http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-
markets-in-the-eu.pdf



http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-markets-in-the-eu.pdf
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Electricity system and electric grid

Electric grid

- Transmission networks are networked grids of long-distance power lines and
are operated by transmission system operators /TSO)

- Distribution networks take electricity from the transmission networks and

distribute it to consumers. They are managed by distribution-system
operators(DSO)

Source: http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-
markets-in-the-eu.pdf



http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-markets-in-the-eu.pdf
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EU Internal energy market

* Liberalisation of gas and electricity markets started in 1990s.
Examples of introduced measures:

- free choice of gas and electricity suppliers for industrial and domestic
consumers

- new electricity market rules to meet the needs of renewable energies and to
attract investments

- requirement for the Member States to prepare contingency plans for potential
electricity crises

- increased competences of Agency for the Cooperation of Energy Regulators
(ACER) in cross-border regulatory cooperation when there is the risk of
national and regional fragmentation

Source: https://www.europarl.europa.eu/factsheets/en/sheet/45/internal-energy-market



https://www.europarl.europa.eu/factsheets/en/sheet/45/internal-energy-market
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EU Internal energy market

Some main achievements:

Facilitation of cross-border management of electricity grids: in case of an
electricity crisis CooEeration between transmission system operators (TSOs) inside
the EU, TSOs in neig bourinF countries and the European Agency for the
Cooperation of Energy Regulators should strengthen risk-preparedness
(2019/943/EU)

Market-based ﬁrinciples regarding the operation of electricity markets: prices will
be formed on the basis of demand and supply; customers will benefit from market
rules and will be active market participants; incentives for decarbonised electricity
generation will be market-based; barriers to cross-border electricity flows will be
progressively be removed; producers will be directly or indirectly responsible for
their electricity sales; new conditions under which Member States could set up
capacity mechanisms and the principles for their creation will be set out.

Source: https://www.europarl.europa.eu/factsheets/en/sheet/45/internal-energy-market



https://www.europarl.europa.eu/factsheets/en/sheet/45/internal-energy-market
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EU Internal energy market

Some main achievements:

* Energy market regulation: establishment of the European Agency for the
Cooperation of Energy Regulators (operating since 2011), which:

promotes cooperation between national regulatory authorities at regional and
European level

monitors development of the network and the internal electricity and gas markets

has the competence to investigate cases of market abuse and to coordinate the
application of appropriate penalties with the Member States

However, member states are responsible for applying sanctions applicable to
infringements

* Creating structures of cooperation for European Network Transmission
Systems Operators (ENTSOs): for electricity and gas

Source: https://www.europarl.europa.eu/factsheets/en/sheet/45/internal-energy-market



https://www.europarl.europa.eu/factsheets/en/sheet/45/internal-energy-market
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EU Internal energy market

Some main achievements:

* Security of the supply of electricity, natural gas and oil

- Established measures for safeguarding the security of electricity supply,
ensuring the proper functioning of the internal market for electricity, an
adequate level of interconnection between Member States, an adequate level

of generation capacity, and balance between supply and demand / Regulation
(EU) No 2019/941

- Obligation for a minimum of oil stock / Regulation (EU) No 2019/941

- Energy Security Strategy for a stable and abundant supply of energy for
European citizens and the economy (COM(2014) 0330)

Source: https://www.europarl.europa.eu/factsheets/en/sheet/45/internal-energy-market



https://www.europarl.europa.eu/factsheets/en/sheet/45/internal-energy-market
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EU Internal energy market

Some main achievements:

* Trans-European Networks for Energy (TEN-E)

- It identifies projects of common interest (PCls) and priority projects among
trans-European electricity and gas networks.

- PCls for energy are funded by the Connecting Europe Facility for energy (CEF-E)

Source: https://www.europarl.europa.eu/factsheets/en/sheet/45/internal-energy-market



https://www.europarl.europa.eu/factsheets/en/sheet/45/internal-energy-market

(t )))

“lnterreg Energy Union, Green Deal and
anube Transnational Programme Renewables

Energy transition is the shift from carbon heavy energy sources (oil, coal, oil shale) to low-carbon
ones (wind, solar, biofuels).

The term describes the totality of the social, economic, technological and political changes that
must be made to shift from a fossil fuel dominated economy towards one with reduced emissions,
improved resource efficiency and improved human welfare.

The energy transition from a fossil fuels dominated economy to a low carbon one has become the
critical dimension for European Union energy policy, fuelling its commitment to reduce the carbon
intensity of the economy by 43% by 2030 (Clean Energy for all Europeans 2006. p 2). The policy
target seems ambitious considering that the EU average for greenhouse gas emissions has gradually
increased during the past thirty years. Furthermore, the European community has committed to
reducing its CO2 emissions up to 80-95% by 2050.

Source: PANEL Guidebook, 2018
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* Establishment of the Energy Union with 5 dimensions:

- Diversification of Europe's sources of energy and ensuring energy security
through solidarity and cooperation between EU countries

- Fully integrated internal energy market
- Improved energy efficiency
- Climate action, decarbonising the economy

- Prioritising research and innovation to drive the energy transition and improve
competitiveness.

Source: https://ec.europa.eu/energy/topics/energy-strategy/energy-union en



https://ec.europa.eu/energy/topics/energy-strategy/energy-union_en
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Renewables
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and fostering innovation

Transforming the
Increasing the EU’s Climate EU's oy fora A zero pollution ambition
ambition for 2030 and 2050 sustainable future for a toxic-free environment

\
Preserving and restoring
ecosystems and biodiversity
|

Supplying clean, affordable
and secure energy
From ‘Farm to Fork”: a fair,
healthy and environmentally
friendly food system

Mobilising industry
for a clean and circular economy
\ /
Building and renovatingin an Accelerating the shift to
sustainable and smart mobility

energy and resource efficient way

Leave no one behind
(Just Transition)

Financing the transition

A European
Climate Pact

TheEUasa
global leader

Source: https://eur-lex.europa.eu/legal-content/EN/ALL/?uri=CELEX%3A52019DC0640
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The Renewable Energy Directive (2009/28/EC) establishes an overall
policy for the production and promotion of energy from renewable
sources in the EU. It requires the EU to fulfil at least 32% of its total
energy needs with renewable energy by 2030 and builds on the already
achieved progress, including the achievement of the EU target of 20%
renewables by 2020.

Source: https://ec.europa.eu/energy/topics/renewable-energy/renewable-energy-
directive/overview de#irenewable-energy-in-the-european-green-deal



https://ec.europa.eu/energy/topics/renewable-energy/renewable-energy-directive/overview_de#renewable-energy-in-the-european-green-deal
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Effort sharing Regulation / 2021-2030 targets

Member State greenhouse gas emission reductions in 2030 in relation to
their 2005 levels determined in accordance with Article 4(3) from

Regulation 2018/842
Croatia -7%
Austria -36%
Slovenia -15%
Bulgaria -0%
Romania -2%
Czech Republic -14%
Slovakia -12%
Germany -38%

Source: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:0J.L .2018.156.01.0026.01.ENG



https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=uriserv:OJ.L_.2018.156.01.0026.01.ENG
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Between 2005 and 2019, the
renewable energg share
almost doubled, driven by
dedicated policies and
support schemes, as well as
increased economic

competitiveness (EEA, 2019).

This was equivalent to an
average annual increase of
0.7 percentage points. The
increase seen in 2019 (of 0.8

ercentage points) was the
argest in 7 years.

Energy Union, Green Deal and

Renewables

Fig. 1: Progress towards renewable energy source targets since 2005
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Source: https://www.eea.europa.eu/data-and-maps/indicators/renewable-gross-final-energy-consumption-

5/assessment



https://www.eea.europa.eu/data-and-maps/indicators/renewable-gross-final-energy-consumption-5/assessment
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Electricity markets in the EU

Markets may vary in geographical scope, time scale and type of
customer

Retail markets: Main actors are suppliers (who offer electricity
approved by the competent regulator) and consumers (who have the
right to choose their supplier)

- Suppliers have different offers based on price or the origin of the electricity

- Electricity prices for industrial consumers are generally lower than those for
households

Wholesale markets: Main actors are generators, electricity suppliers
and large industrial consumers

Source: http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-markets-in-the-eu.pdf



http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-markets-in-the-eu.pdf
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Electricity markets in the EU

* Renewable electricity in member states: most common support mechanisms for
- feed-in tariffs
- feed-in premiums
- Competitive auctions are becoming more common

« Within the Danube region, Feed-in Tariff (FiT) schemes are the most widespread form of
renewable energty subsidy. Renewable FIT systems subsidize RES depending on
renewable planttype and size. As feed-in support systems dominate the Danube region,
auctions have been only introduced at the beginning of 2017 in a few EU countnes of the
Danube region German% Hungary, Slovenia, and still needs to be implemented in
Croatlag Tenders are either organlzed for predefined renewable energy types or bigger
installations. Subsidy is awarded at the auction depending on the financial performance of
the project. (3SMART project)

Source: http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-markets-in-the-eu.pdf

3SMART project: http://www.interreg-danube.eu/approved-projects/3smart/section/deliverables (3Smart_Deliverable_3_2_1__final.pdf)



http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-markets-in-the-eu.pdf
http://www.interreg-danube.eu/approved-projects/3smart/section/deliverables
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Recovering electricit?/ demand made
more space for fossil fuels in the mix,
but rising wind and solar generation
ut a cap on their expansion.
enewables and fossils fuels were
competing neck to neck for primacy in
the mix. In the end, the share of
electricity generated by burning coal,
gas and oil reached 38% in Q42020,
while renewables scored one
percentage point lower. Nuclear
eneration. remained under pressure
due_to rising renewable penetration
in Sweden. lts share fell to 25% in
’[CB?ng%‘erence quarter (from 26% in

Electricity markets in the EU

Figure 15 — Monthly electricity generation mix in the EU
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Source: ENTSO-E, Eurostat, DG ENER. Data represent net generation. Fossil fuel share calculation covers power generation from coal, lig-
nite, gas and ail

Source: http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-markets-in-the-eu.pdf

3SMART project: http://www.interreg-danube.eu/approved-projects/3smart/section/deliverables (3Smart_Deliverable_3_2_1__final.pdf)



http://www.easyres-project.eu/wp-content/uploads/2019/02/understanding-elecricity-markets-in-the-eu.pdf
http://www.interreg-danube.eu/approved-projects/3smart/section/deliverables
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RES en ergy p roduction Share of energy from renewable sources in the EU Member States

(2019, in % of gross final energy consumption)
All Member States increased :
their renewable energy share “1 - «;
between 2004 and 2019, || P
sixteen have at least doubled ST
their share ° LTI Ere. -

eurZsta;ﬂ

Source: https://ec.europa.eu/eurostat/cache/infographs/energy/bloc-4c.html
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Electricity supplied to the market

The volume of electricity supplied to
the market is defined as the total
net volume of electricity produced
minus export plus import minus the
electricity absorbed by pumping
(pumped storage).

In 2019, the aggregated EU imports
of electricity decreased by 0.8 % and
exports increased by 0.9 %.

Source: https://ec.europa.eu/eurostat/statistics-

Electricity production by source, 2019
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Figure 3: Breakdown of electricity production by source, 2019
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explained/index.php?title=Electricity generation statistics %E2%80%93 first results#Production of electricity
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Electricity markets in the EU

Import and Export of energy
Figure 28 — Member States’ net export/import positions within the EU in 2020 and 2019

60TWh

S0TWh

Figure 28 compares net balances of £h¥sical
electricity flows among EU Member States in
2019 and 2020.The pandemic, coal-to-gas. o
switching and rising renewable generation in somn
certain regions combined to make net.

trading positions more balanced than in
previous years. ton

The main origins of EU energy imports have .

20TWh

changed somewhat in recent years. Russia | 0
has maintained though throughout the whole 2om
period 2008-2018 its POSITIOD as the leading o
supplier to the EU of the main primary |
energy commodities — hard coal, crude oll o
and natural gas o

Enzthalance of flows 2020 Onet balance of flows 2019

Source: https://ec.europa.eu/energy/sites/default/files/quarterly report_on_european_electricity markets g4 2020.pdf

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy production and imports#The EU and its Member States are all net importers of energy



https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_production_and_imports#The_EU_and_its_Member_States_are_all_net_importers_of_energy
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GDP and jobs in energy sector

GDP and Energy

GDP is the most commonly used Flaure 2.8 Eﬂ?%fﬁéﬂ?f;ﬁﬁﬁ‘éi?ﬂi;ﬁeﬁﬂ'ﬁiﬁ?&?ﬁﬂ?E?;gySCQnm
indicator for income and growth. In P
line with earlier IRENA estimates

(IRENA, 2019a), the Transforming
Energy Scenario boosts global GDP
in 2050 by 2.4% over the Planned
Energy Scenario. The cumulative
gain from 2019 to 2050 amounts to
USD 98 trillion.

-05
2019 2025 2030 2035 2040 2045 2050

Based on IRENA analysis

Source: https://www.irena.org/publications/2020/Apr/Global-Renewables-Outlook-2020
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GDP and Energy

The European Union is expected
to gain as much as USD 2 950 per
capita per year, but for most

regions it is between USD 660 to

about USD 100.

Global

367

GDP and jobs in energy sector

Figure 4.12 Regional differences in GDP gains per capita

Regional cumulative GDP gain under the Transforming Energy Scenario compared with the
Planned Energy Scenario (in USD, per person per year)

2950
95 Rest of
Europe
659 529
North European 256 Southeast East
America Union Asia Asia
Middle East
and North Rest of
. -159 Africa 82 Asia
Latin { =
935 America
and the Sub-Saharan
Caribbean 28 Africa -298 Oceania

Based on IRENA ar
Disclaimer: The de:

tions employed and the presentation of material herein do not imply the expression
conce! on, country, territory, city or area

Source: https://www.irena.org/publications/2020/Apr/Global-Renewables-Outlook-2020
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Jobs in the overall energy sector

Under the Transforming Energy
Scenario, jobs in the overall
energy sector — comprising
transition-related technologies
(renewable energy, energy efficiency,
and power grids and energy
flexibilityl), fossil fuels and nuclear
power — could reach 100 million by
2050.

GDP and jobs in energy sector

Figure 2.2 Energy sector jobs growth: Reaching 100 million in 2050
Global energy sector jobs under the Planned Energy and Transforming Energy scenarios,

in 2017 2030 and 2050
Jobs (million)
100
Power grid:
and energy
80 flexibility
Energy
60 efficiency
@ Renewabl
@ Fossil fuels
40
- @ Nuclear
’ . l l l .
0
* *
2017 2030 2030 2050 2050
Planned Transforming Planned Transforming
Based on Energy Energy Energy Energy
IRENA analysis Scenar io Scenario Scenari io Scenario

"Power grids and energy flexibility makes reference to all those elements that provide the flexibility needed to operate a power
system with high shares of renewable power, and includes storage, demand management, and the power transmission and
distribution grids.

Source: https://www.irena.org/publications/2020/Apr/Global-Renewables-Outlook-2020
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GDP and jobs in energy sector

Jobs in the renewable energy sector

Figure 2.3 Renewable energy jobs: Dominated by solar energy technology
Global renewable energy jobs for the Planned Energy Scenario and the
Transforming Energy Scenario in 2017, 2030 and 2050

Jobs (million)

The Transforming Energy Scenario s
leads to an increase of renewable 40 ]
energy jobs. Figure 2.3 presents the L
global evolution of renewable energy jﬁ @ ocen
EJbs by technology, from 20172 to . - B ® Geotmr
030 and 2050 for both the Planned " — oun
Energy and_Transforming Energy o — [
scenarios. The latter would yield close ;
to 30 million renewable energ¥10bs t)5y 0 —— —a
2030 and 42 million by 2050. The 2050 LT e wdonwa v e
estimate represents a 64% increase Roowdss e Samre  Sanwe  Senao

over the Planned Energy Scenario.

Source: https://www.irena.org/publications/2020/Apr/Global-Renewables-Outlook-2020
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GDP and jobs in energy sector

Annual commitments to off-

grid renewable energy

Off-grid renewables saw a
much larger use of equity and
a much lower use of debt
iInstruments, compared to the
overall energy access sector.

Flgure 32 Annual commitments to off-grid renewable energy by investor region, 2013-2019

Source: https://www.irena.org/publications/2020/Nov/Global-Landscape-of-Renewable-Energy-Finance-2020
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Thank you for your time!
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