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ENERGY CRISES:
EXACERBATING OR SOLVING THE ENERGY TRILEMMA?
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EU VISION
FORA
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FOR ALL

1
-/ | \ FULLY DECARBONISING EUROPE’S ENERGY SUPPLY
/ | Large scale electrification of the energy system coupled with
[} deployment of renewables will decarbonise our energy supply and
significantly reduce our dependency on third country suppliers

ROAD TO CLIMATE

NEUTRAL ECONOMY: A

STRATEGIC PRIORITIES

EMBRACING CLEAN, SAFE AND CONNECTED MOBILITY
Decarbonising the transport sector by using alternative means of
transport, connected and automated driving combined with the
roll-out of electric vehicles and enhanced use of alternative fuels

MAXIMISING BENEFITS
FROM ENERGY
EFFICIENCY

@ Reducing energy
PUTTING INDUSTRIAL consumption by close to
MODERNISATION AT @ @ half between 2005 and

THE CENTRE OF A FULLY
CIRCULAR ECONOMY

Reaping first mover benefits by
modernising existing.installations
and investing in new carbon
neutral and circular economy-
compatible technologies and
systems

2050

DEVELOPING SMART NETWORK
INFRASTRUCTURE AND INTERCONNECTIONS
A modern and smart infrastructure, ensuring
optimal sector coupling and enhancing regional
cooperation, is the cornerstone of the energy
transmission and distribution landscape of
tormorrow

REAPING THE FULL BENEFITS OF BIO-
ECONOMY AND CREATING ESSENTIAL

CARBON SINKS
@ Creating natural sinks by developing more
re) sustainable land-use and agriculture

TACKLING REMAINING CO; EMISSIONS
WITH CARBON CAPTURE AND STORAGE
Compensating for remaining greenhouse

gas emissions in our economy and creating
negative emissions




REPOWEREU:
COMPLEMENTS GREEN DEAL/FIT FOR 55 IN QUEST CARBON
NEUTRALITY, WHILE REDUCING DEPENDENCY ON RUSSIA

REPOWEREU TO CUT OUR DEPENDENCE ON RUSSIAN GAS

@ More rooftop solar oo Decarbonising Industry by
< 22 panels, heat pumps and I == accelerating the switch to
. N energy savings to reduce = electrification and renewable
N m our dependence on fossil m = hydrogen and enhancing our
fuels, making our homes low-carbon manufacturing
and buildings more energy capabilities.
efficient.

Speeding up renewables
permitting to minimise 2030 Doubling the
@ the time for roll-out of EU ambition for
= renewable projects and grid _'. biomethane to produce
infrastructure improvements. gy () fn 35 bcm per year by
o N\ 2030, in particular from

agricultural waste and
Diversifing gas supplies residues.

and working with
international partners to

A Hydrogen Accelerator to

move away from Russian P :

gas, and investing in the ﬁ ?eYTthp mfr:strurtcsture,dstor?ge

necessary infrastructure. SIS P, A fegrase
demand for Russian gas with
additional 10 mt of imported

renewable hydrogen
from diverse sources
and additional 5 mt of
domestic renewable
hydrogen.

Source: European Commission



REPowerEU: affordable, secure and sustainable energy

for Europe

Short-term measures

» Common purchases of gas, LNG and hydrogen via the EU Energy Platform for all Member
States who want to participate as well as Ukraine, Moldova, Georgia and the Western Balkans

« New energy partnerships with reliable suppliers, including future cooperation on renewables and
low carbon gases

e Rapid rall out of solar and wind energy projects combined with renewable hydrogen deployment
to save around 50 becm of gas imports

* Increase the production of biomethane to save 17 bcm of gas imports

« Approval of first EU-wide hydrogen projects by the summer

« An EU Save Energy Communication with recommendations for how citizens and businesses can
save around 13 bcm of gas imports

« Fill gas storage to 80% of capacity by 1 November 2022

» EU-coordination demand reduction plans in case of gas supply disruption



ANALYSES BY THE EUROPEAN CLIMATE FOUNDATION INDICATES THAT
SECURING EUROPE’S ENERGY SUPPLY AND MEETING ITS CLIMATE
COMMITMENTS ARE NOT INCOMPATIBLE

There are 15 structural levers across supply and demand available for the EU
to reduce gas demand or shift to alternative suppliers

Impact assessed per lever - not in combination

Gas offset potential?, bcm Climate impact!, MtCO2e
Lever 2022 2025 2022-2030 cumulative
€D Increase LNG imports to existing terminals _ ~57-70 - ~53-66 - ~160-200
9 Increase coal-fired power generation ! ~20-25 ~23-33 ~380-470
9 Increase piped gas imports | ~b-6 ~1-2 ~0-1
Q Accelerate RES deployment | ~4-5 ~22-28 ~ -(570-460)
6 Increase LNG import via temporary FSRU terminals | ~2-3 ~26-32 ~50-65
@ Accelerate buildings elecirification & energy efficiency | ~1-2 ' ~9-12 ~ -(290-230) -
@) Increase biomass use in power and heat generation | ~1-2 ~0-1 ~-(4-3)
) Delay industry coal-to-gas transition ~1-2 ~-(0-1) ~0-1
9 Accelerate industry electrification & energy efficiency | ~0-1 l ~10-13 ~-(75-60) l
(E] Increase nuclear power generation ~0-1 | ~3-4 ~-(60-50) '
&P Increase use of biogas and biomethane ~0-1 | ~3-4 ~-(80-65) '
(P Reduce leakage and flaring ~0 ~0-1 ~-(15-12)
B) Add new onshore LNG terminals ~0 ~8-10 ~15-20
) Expand existing onshore LNG terminals ~0 : ~6-8 ~10-15
(B Increase Green hydrogen and ammonia supply? ~0 ~-(1-0) - ~120-155

Total I -91-117 I -162-211
Russian gas supply to offset _ 153-167 _ 153-167

1.  Met change in cumulative emissions 2022-2030 from maximum lever potential vs. baseline scenario, which includes successful implementation of Fit for 55 measures

2. Theoretical potential to offset Russian gas supply (as compared to 2021 levels for levers 1,2,5,7,8,10,11,12) or reduce gas demand (as compared to 2022/25 projections for levers 2,8.9,10,13,14,15 or compared to Fit For 55 target for lever 4
(RES]): low values indicative of +/-10% wncertainty in analysis of maximum theoretical potential; actual gas offset potential realized will depend on commitment to levers as well as external factors such as global LNG price dynamics, raw material
of |abor availability, and more

3. REPowerEU target includes import of 10MT of green HZ by 2030, which would reduce dependence on imported gas as well as unlock further emissions; impact here reflects production which can be ramped up by 2025; because green hydrogen
refies on renewables that would otherwise be used to displace gas in the power sector, the impact on gas demand is negative until ~2030, at which paint the power mix is sufficiently renewable for green hydrogen to effectively displace gas

Source: Spire, European Commission, Cambridge Architectural Research, BPIE, RePowerEU, European Commission, EIA, Bloomberg, CEDIGAZ, GIIGHL, ENTSOG, Arelys, SclarPowerEurcpe, WindEurope, Fit for 55 package, FA
Windenergie an Land, European Wind Association, IREMA, BCC Research, EurObserver 2020, EHPA, CEMAC analysis, OEC, Clepa, Reuters, World Steel Association, BDH, |EA, BP Statistical Review, Rystad, North Sea Transition
Authority, Oxford Institute for Energy Studies, Mckinsey Energy Insights’ EUPipeFlow and LNGFlow



RES and H2 targets dramatically increased with RePowerEU

The EU Strategy will diversify supply and replace natural gas with renewable
gases reducing EU dependency on fossil fuels

RePowerEU

15 million tonnes
of Ha can replace
50 bcm of
natural gas

Hydrogen
Accelerator

Installed cum.
capacity EU 2021 RES target

Acceleration of renewables Facilitation of H2 integrated infrastructure
| PV and wind capacity to be RES-H2 production Creation of the
B (cforss doubled by 2025 and Wind and solar facilities to "Hydrogen Accelerator”
| 4 / tripled by 2030. be boosted by additional 80GW to to develop integrated
/ ' . facilitate renewable H, production infrastructure




EU EXTERNAL STRATEGY TO ENCOURAGE PARTNERSHIPS FOR BETTER
SUPPLY NEGOTIATING POWER AND SUPPORTING ENERGY
TRANSITION IN NEIGHBOURHOOD

Increasing LNG deliveries from Intensify cooperation with Azerbaijan,
the US and Canada and pipeline especially on the Southern Gas Corridor
and LNG gas from Norway

Political agreements with gas suppliers like
Egypt and Israel to increase LNG supplies

4 ,
- Coordination with ga
Restart energy 7 Continued cooperation buyers such as Japal
dialogue with Algeria with major producers China and Korea
in the Gulf, including

. Qatar, and Australia
w——-"'ﬁ__,_j{-

a Explore the export potential of

i ‘ sub-Saharan African countries

like Nigeria, Senegal and Angola

Source: European Commission



A NEW PARADIGM FOR ENERGY SECURITY:
FROM SELF SUFFICIENCY TO COOPERATION AND MARKET INTEGRATION

Affordability
—_— @
Sustainability

Page 9



ENERGY SECURITY AND DECARBONIZATION
CONVERGENCE OR DIVERGENCE?

Paris Agreement and other climate commitments require massive RE
scale-up and increased electrification

RE are usually national energy sources, so increasing the RE
penetration results in a higher level of self-sufficiency. But is autarchy
synonymous to energy security?

Moreover, production of Variable Renewable Energy (VRE) is difficult to
control, more decentralized and not always available when and where
needed=> threat to power system reliability and to energy security

To cope with a high RE penetration, power systems need flexibility, and
regional electricity market integration is a good way to deliver that
flexibility without hurting the other objectives of security and
affordability



REGIONAL ENERGY MARKET INTEGRATION BENEFITS
INCLUDE ENHANCED ENERGY SECURITY AND RES SCALE-UP SUPPORT

Enhanced energy security???? (depends on definition)
Increased power system flexibility and reliability

Smoothing of load duration curve

Optimized use of infrastructure and more efficient dispatch of power
plants=> lower cost of supply

Economies-of-scale on generating plants serving multiple markets

B Reduced CO2 emissions

=> Increased exchanges across borders

Might be the best solution to reconcile different objectives— for a secure low-
carbon energy supply at least cost. Possible threat to energy security?



EURO-MEDITERRANEAN ENERGY MARKET
INTEGRATION FACILITATES DECARBONIZATION...

Countries of the southern and eastern Mediterranean shores are rich in carbon-free
energy resources and creating an integrated Euro-Mediterranean market would
increase power system flexibility, thus supporting renewable energy scale-up

Key highlights of EU Green

Deal are the need to g 5 i LA *
increase cross-border - =4 —~ 7 B
trade and regional

cooperation, to better

share clean energy sources
and to interconnect
energy systems.
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In the next software update, here the stats will be shown for the selected area

Delete and start drawing a new one

.... AND INCREASES ENERGY SECURITY BOTH FOR EUROPE AND SOUTHERN/EASTERN
MED SHORE



MEDITERRANEAN INTEGRATION REQUIRES INFRA (HARDWARE)...
... AND MORE (SOFTWARE)

 Hardware: interconnectors (CEF)
o Morocco-Spain already connected
o Turkey connected to Greece and Bulgaria
o Several projects, but slow moving:
Tunisia-Italy (ELMED PCI, TuNur)
Algeria-Spain and Algeria-Italy
Israel-Cyprus-Crete (PCl)
Egypt-Cyprus-Crete (PCI) . :
Q Gas transport infrastructure underutilised, could be used for hydrogen (or bIend)
o MEG no longer used to export Algerian gas (can be used
for green hydrogen?)
o Medgaz ????
o Trans-Med declining use trend to persist
o Average utilisation of LNG terminals growing but not at full
capacity yet
J More
o Sector Coupling, optimize across energy forms
o Some harmonization of market design and convergence in market operations
o Cooperation between national TSOs (and between gas and electricity SO) and National Regulatory
Authorities ... and political will to work together

.. in summary, think whole energy system and regionally/globally
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CARBON NEUTRALITY SPREADING THROUGHOUT THE WORLD

After the EU committed to achieve climate neutrality
by 2050, the world’s largest economies have followed suit.

Turkey 80.48
United Arab Emirates 79.06
Dominican Republic 76.91 Russia 7862
Karakhstan 7582 SriLanka 77.77 o

it
coo--o~~"°
7768 Brazil

76.09 Ukraine

United states 7562

Saudi Arabia 8179
Austrotic 83.48

Japan ag9.41
China 4176 ’
- New Zealand 22.93 ,,n
Cotombia 22.67 s 4368 South Korea
= Switzertand 2235 '
a L
3 European Union 21.47 ¥
S pib--O0
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Dates of commitments to climate neutrality

@) Decisions to "achieve climate neutrality
by 2050 enshrined in law.
3 Detors based on 2021 forecast data from
= = the international Monetary Fund (IMF) and the Climate Watch
O Decisions to "achieve climate neutrality et e e e
by 2050" announced.
o - : N Note: This graph lists the commitments of the world's 50 largest
@) Decisions to "achieve climate or carbon neutrality® economies. More countries outside of this ranking have adopted
climate neutrality goals The list can be viewed here.

by 2060 at the latest”™ announced.

2. Climate neutrality aims to reduce all greenhouse gases (GHGS), while
carbon neutrality only aims to reduce carbon dioxide (CO2) emissions.

All of the largest economies that aim for climate or carbon neutrality by 2050-2060 account
for more than 80% of global GDP! By delivering on their commitments together. they have

what it takes to stabilise the climate.
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EU GREEN DEAL DRIVES CARBON NEUTRALITY
FIT FOR 55 PACKAGE IS THE IMPLEMENTATION INSTRUMENT

Interim target for
2030: -55%

In Climate Law

to reach carbon
neutrality in 2050

Beyond energy:

An industrial strategy to
innovate and to develop new
technologies while creating
new markets.

Making Europe a leader in low
carbon technologies.
Hydrogen Alliance

CBAM to prevent carbon
leakages

Increasing the EU’s Climate
ambition for 2030 and 2050

/

Supplying clean, affordable
and secure energy

Mobilising industry
for a clean and circular economy

Juilding and renovating in an
:rgy and resource efficient way

The EU as a
global leader

The European Green Deal

Financing the transition

Transforming the
EU’'s economy for a
sustainable future

The
European

Green
Deal

And leave
No one behind

Leave no one behind

The most important

Mobilising research
and fostering innovation

endeavor since the creation
of the Single Market:

\

Preserving and restorin

friendly food system
/

A zero pollution ambition
for a toxic-free environment

articulating climate,
innovation and social justice

ecosystems and biodiversity

From ‘Farm to Fork’: a fair,
healthy and environmentally

Accelerating the shift to
sustainable and smart mobility

(Just Transition)

A European
Climate Pact

Source: EC

Beyond Europe:

Green Agenda for Western
Balkans

New Agenda for Mediterranean

New strategy on international
energy engagement being

d by EC
prepared by 17




EU Hydrogen strategy for a climate-neutral Europe (s Juiy2020)
The path towards a European hydrogen eco-system step by step :

Hydrogen - h/ (@""“E Iﬁi
he Bridge between Af@and Europe 2 -~ —+ \—
- Tt
=t }\ \ % s
N P

[ Today - 2024 )—»—( 2025 - 2030 H 2030 - )

Green Hydrogen

K’E:q;“ém:"mm" Deal Froam now to 2024, we will From 2025 to 2030, From 2030 onwards,
e 5 support the installation of hydrogen needs to become renewable
. - oy at least 6GW of renewable an intrinsic part of our hydrogen will be
: ' ?;:! :“; :;{:’ LAl w"k-r_____.--- . - B o= 0N ﬁw o hydrogen electrolysers in integr‘ated energy deployed at a large
: | the EU, and the production system, with at least 40GW scale across all
of up to 1 million tonnes of of renewable hydrogen hard-to-decarbonise
renewable hydrogen electrolysers and the sectors

production of up to
10 million tonnes of
renewable
hydrogen in the EU

hiips:/fec_europa_eu/energy/sites/enerfiles/hydrogen_strategy pdf




Gas Infrastructure in Europe can be reused for hydrogen
Gas Pipeline Capacity 5-20 GW, Electricity cable capacity 0.5-2 GW
Gas transport cost roughly a factor 10 cheaper than electricity transport

e

| Gas'Pipe.l‘ines Europe Gasfont NoriicSea: Gas from North-Africa European Hydrogen Backbone
Transporting gas from gas fields at 2017 production 60 GW Natural Gas Pipeline 75% re-used gas pipelines

North Sea, Norway, Russia, Algeria, 190 bcm = 1.900 TWh 2x0.7 GW Electricity Cable 25% new hydrogen pipelines
Libya to Europe 40.000 km pipelines




Exhibit 1: Global fossil fuel demand (EJ/y) under different scenarios

510 .
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2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030

Source: BP, illustrative RMI estimates



WHAT IS ENERGY SECURITY?

A polyseme (a concept widely used, but no consensus on its meaning or precise
definition)

According to the IEA (which was created in 1974 to address the first serious
security concerns following the first Arab oil embargo): the uninterrupted
availability of energy sources at an affordable price, irrespective of economic or
political instability

This definition of long-term security of energy supply has increasingly been
complemented recently, due to the rapidly increasing RE penetration, with
concepts specific to the electricity system: power system reliability and grid
stability

Typical energy security indicators include:
Self sufficiency (or the opposite, degree of import dependency)-- overall and by fuel
Number of external suppliers, and market share of dominant supplier

Primary energy mix



POWER SYSTEM FLEXIBILITY
THE PROBLEM AND THE SOLUTIONS

Demand side e Interconnection
Response 8y & with adjacent

MEIGES

Dispatchable

power plants facilities

Gas-fired
power plant

Numerous definitions but flexibility can generally be defined as the ability of the power
system to cope with sudden and unexpected changes in demand/supply



Flexibility issues by timescale

Sudden failures

Rapid changes in electricity demand

Variability in wind and solar (single projects)

Variability in windand solar (multiple disrsed projects)

Causes

Consumer behaviour, working patterns

Weather effects on electricity demand

Battery storage

Pumped-hydro storage, compressed-air storage

Heat storage

Demand-side response

Flexible generators

“Power-to-gas” or “power-to-liquids”

Principal flexibility options

Interconnections to neighbouring systems

Seconds Minutes Hours Days Weeks Seasons

23



Sector coupling, also a source of flexibility
(DSR, storage)

* Concept initiated with the coupling of the transport
sector with the power sector: use electric vehicles (EV)
as batteries and let power flow from EV to the grid
(V2G)- since cars are parked 95% of the time

* Massive electrification of end-use sectors create new
loads high in capacity but low in energy, if not properly
managed. But if end-use sectors are coupled with each
other and with power sector, DSR potential and storage
solutions are increased

* Coupling electricity and gas (incl green gas and
hydrogen) sectors is also a source of flexibility
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