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rTYNDP 2018 Presentation g—:

1. Role of TYNDP

2. ENTSOG and ENTSO-E TYNDP 2018 scenarios
3. Assessing the needs for the future

4. Achieving the internal gas market is at hand
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Ed Package regulatory framework for Gas(@;

Directive 2009/73/EC
Unbundling - ]

separation of transmission from supply to customers

Regulation EC No 715/2009

(or “Gas Regulation”) Regulation EC No 714/2009

ENTSOG

European Network of Transmission Agency for the Co-operation of
Operators for Gas European Energy Regulators



TYNDP: an ENTSOG regulatory task ‘G;

TYNDP is developed bi-annually

Task defined by Reg. (EU) 715, Reg. (EU) 347 and Reg. (EU) 2015/703

European Commission approved the Cost-Benefit Analysis Methodology applied
to TYNDP

ACER monitors TYNDP and issues a formal Opinion on TYNDP



Role of TYNDP gj

Assess the Assess
infrastructure for projects as a

Frame secure, competitive whole:
possible and sustainable Do they
futures gas supply mitigate the

to EU consumers: infrastructure

Further infra needs? needs?

Stakeholder engagement

ACER and European Commission



r TEN-YEAR NETWORK DEVELOPMENT PLAN (Q—\’ g

EU TYNDP is built on TEN-E Regulation and plays a role as a starting point in the wider process
of PCls selection, managed by the European Commission and Regional Groups.

TYNDP PCISELECTION PROCESS
ENTSOG EC + REGIONAL GROUPS
Call for
grants
EC
Assess Studies Projects
Fr;ln:ethe - | Infrastructure | 3 ﬁl.-s-s_-es:'- Serlectlon PCl list - ~ selected
uture needs projects process — for grants
Works
Investment

request
— NRAs
€ Promotars
P oter bmit thei submit their
p:j“;r.ts t:s:'n::le ’ projects to EC selects
PCI call PCI projects
Mature
PCI projects
EVERY 2 YEARS

Every two years ENTSOG (together with ENTSO-E) plan, assess and test the infrastructure against
possible future scenarios to secure energy demand for the next decades. TYNDP is a highly inclusive
and transparent process, building on input from numerous stakeholders.



r'I'YNDP process gj

Scenario Report TYNDP Report Project Fiches

TEN-YEAR NETWORK
DEVELOPMENT PLAN

2018

SYSTEM ASSESSMENT REPORT

Frame the future Assess
of the energy Infrastructure Assess Projects
sector needs

In collaboration
with ENTSOE



rI'YNDP 2018 timeline

MAR ‘16 DEC ‘16 DEC

‘17

O

*
I
]

(*) Dependant on CBA 2.0

< IO

I_O|

Public workshop, webinar, SJWS or Prime Mover WS
Consultation with the member states

Public consultation

Submission of projects in TYNDP

Gas 2" CBA methodology

Inclusion of projects

in TYNDP

}

JUL ‘18

Promoters to submit their projects to TYNDP and
submissions to be verified against TYNDP Guidelines

System &
needs
assessment

Draft TYNDP
report

,-__-\

g

—

DEC ‘18

}
)

Projects assessment
*

ENTSOG to identify EU-wide
infrastructure gaps
I 1
Draft TYNDP reporting EU-wide
infrastructure gaps

Final TYNDP report }

JUL ‘19

Project-Specific CBA (for
intended PCl applicants)

Final report
including P-S CBA
for intended PCI
applicants

|
2015 2017 018 > 2019

[

TYNDP is a highly inclusive and transparent process
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TYNDP 2018 Report Main elements

= 7 A
<4} ”(,“——‘1.:’ ; %

[

TEN-YEAR NETWORK
DEVELOPMENT PLAN

2018

SYSTEM ASSESSMENT REPORT

entsod

Demand
Scenarios

= ENTSOG TYNDP 2018 - Gan Quatity Outiook

Scenarios

ENTSOG TYNDR 2018 - Annex &
L% EMTSOG TYNDP 2010 - Anssen & - Project Table

L4 ENTSOG TYNDP 2010 - Anseen A - Clumiary

- ENTSOG TYNDP 2018 - Annes

Infrastructure
gaps

L5 TYMDP 2018 - Arsnen € Capucinion

CBA 2.0

~ ENTSOC TYNEP 2018 - Annes

Assessment

L5 101306 TYNE 2010 - Anmen 1 - Methoduings:

s [NTSO0 TYNC 2010« Ansue 0 - SUIC Vabems

b EMTHON TYNER 2018 Asvwen ) - ot Vioes

- ENTSOG TYNOP 3018 - Anes £

L ENTI00 TINDPI01N Anran D31 Asaiyuin, Chmstic_snd mappty S mans

O Part of TYNDP 2018 i

b ENTIO0 TYNDPIN Aara B8 Analii Supoty Sonsve iapeninen

PS-CBA Project AR

Fiche Version 2.0 applied to " s e

TYNDP 2018

10
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2nd ENTSOG CBA Methodology

Main improvements:

more streamlined methodology

increased transparency

refined supply and supply price methodology
refined market modelling assumptions
indicators simplification

project grouping guidelines

compulsory cost provision

improved sensitivity analysis

11
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rJoint ENTSOs TYNDP scenarios @ 2

TYNDP 2018 scenarios built in a consistent and comprehensive way
by ENTSOG and ENTSO-E

TYNDP 2018
Scenario
Report

Main Report
L f

The expertise of gas and electricity TSOs also ensures
that the scenarios are broadly technically feasible; for
instance, making it possible to maintain the energy
balance at all time in each country.

This is key to test the need and performance of possible future
infrastructure in challenging but realistic situations.

13



rJoint ENTSOs TYNDP scenarios g"; .

from TYNDP 2017.... ... to TYNDP 2018
2016 2020 2025 2030 2040
2_020
R anmeent "‘. ------- P vision
B T Lk - K. i
et .' » Forecast
Visi
Near Mid 1 Scenario
Vision 2 2 Scenarlos
(coal vs gas merit 3 Scenarios
ENTSO-E: TYNDP 16 ENTSOG: TYNDP 17 order switch)

3 Scenarios

Common scenarios ensure consistent assessment of System needs

and Infrastructure Projects

14



rScenarios frame the possible futures

Stakeholder feedback supported a range of demand scenarios

Scenarios are not forecasts, not visions

GLOBAL
CLIMATE
ACTION

SUSTAINABLE
TRANSITION

2020 2025 2030 2035 2040 2045 2050
Distributed Distributed DISTRIBUTED
switch in 2025 Gen_etettI‘o:l ------------- Generation GENERATION
. @ External from
‘ /1\19% ) 15% /‘\27% L 25% European Commission
p 9% 1% 13% 1%
,' o Bl 1% ol 1% @ ENTSO-E/ENTSOG
Best Best.” The EUCO Global Climate Scenario
Estimate Estimate Scenario Action
®-------- o*--------- _ ,i\ System share of wind
A 13% 5% te% 6% AN18% is% e A3®%LEA% | suctom share
1.8% 4% . 5% MEHo0% _-- 9% Ml 3% of solar power
. sustainable” ' Sustainable : ;
* Transition Transition s gtoriod i
o, o oL 1 129 il Power-to-gas
+20/° 8% "\29 Rt 125 ™ share of demand
3% Mo% 5% Ml 0%

15
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Scenarios Characteristics

Distributed Generation: Prosumers at the centre — small-scale generation, batteries

and fuel switching society engaged and empowered.

@
Sustainable Transition: Targets reached through national regulation, emission
trading schemes and subsidies, maximising the use of existing infrastructure.

Global Climate Action: Full speed global decarbonisation, large-scale renewables
development in both electricity and gas sectors.

16
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I-CO2 reduction: meeting EU targets \

mt CO, equivalent 40% Reduction 60% Reduction

80% Reduction

2,500

Gas displacing coal for power generation
significantly reduces CO, emissions in 2025

2,000

1200 2030 EU target

1,000

500

1990 2020 2025 | 2025 ST DG EUCO LSt DG GCA

CBG GBC 2030 2030 30 2040 2040 2040

EUZ28 percentage reduction of CO, emissions from power and gas sectors by scenario

All scenarios have been built as realistic and technically sound, aiming
at reducing emissions by 80 to 95% in line with EU targets for 2050 17




rEnergy Efficiency @ g

Multiple energy mixes achieve the EU Energy efficiency target

The target can be met both with...

[ ...Decreasing gas demand ] ...Increasing gas demand

Better efficiency of gas heating More efficient gas-fired generation
replacing coal generation

Electrification of heating
Gas mobility displacing oil demand

Highly efficient gas condensing

boilers
18



r : . C tsog
Gas demand in 2030 and 2040 in line —

with external scenarios

TWh/year
ENTSOs Scenarios within the range of IEA scenarios

7000 (WEO 2018)

6,000

5,000

4,000

3,000

2,000

1,000

0
ST DG EUCO IEA IEA IEA ST DG GCA IEA IEA

2030 2030 30 WEOQ18 WEQ18 WEQ16 2040 2040 2040 WEOQ18 WEOQ18
CPS NPS 450S CPS NPS

2030 2040

IEA
WEQ16
450S
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rI'YNDP scenarios since 2011 S
TYNDP 2017 scenarios were considering lower
demand for 2017 than actually observed

History

TWh/y
6,500

6,000

5,500

5,000

4,500

4,000

V’

3,500

3,000
2000 2005 2010 2015 2020 2025 2030 2035 2040
e Historic 0 eessss TYNDP2012  eeeses TYNDP2013 = sessss TYNDP15 Green
------ TYNDP15 Grey == == TYNDP17 European Green Revolution == = TYNDP17 Blue Transition e TYNDP 18 Best Estimate GBC

e TYNDP18 Distributed Generation e TYNDP18 Sustainable Transition

TYNDP 2018 scenarios start with a lower demand

than any of TYNDP 2017 scenarios in 2020 20
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rEU Energy consumption —

Gross Inland Consumption
BY FUEL — EU-28 — 1990-2016 (Mtoe)

Fuel switch since 2014:
Solid decreasing, gas
increasing

Gas provides >20%

EU Energy
Consumption

RRSERRRKR  GROSS INLAND CONSUMPTION - BY FUEL - EU-28 -
2016 (% TOTAL)

==} Petroleum and Products =0 Solid Fuels —0 Gases
= Nuclear - Renewables —O Wastes, Non-Renewable Total = 1640.6 Mtoe

Source: Eurostat

. . . O Petroleum and Products
Heating and cooling is O Gases
9 O Solid Fuels
50% EU Final Energy e N
1 1F1 O Renewables
Demand' Slgnlflcantly O Wastes, Non-Renewable

covered by Gas

Source: Eurostat
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rGas and electricity demand in TYNDP 18 g—; g

ENTSOs interlinked model
Energy demand for Europe until 2040

Gas to power demand stemming from power generation mix

Coordinated approach on heating and transport sectors
Gas demand / sector

Electricity demand

Twh/y

_________________________________________ 5000
4500
4000
3500
3000
2500
2000
1500
1000

500

" 2020

" GCA
2040

-
2040

" EUCO
2030

" DG
2030

Transport

©osT
2030

2025
GBC

2025
CBG

DG
2040

2020 2025 2025 ST

CBG GBC 2030
M Electricity Demand  — — — — 2015 Demand

DG
2030

EUCO
2030

ST
2040

DG
2040

GCA
2040

Residential & Commercial M Industrial Power = = = =Historic Demand Average

Decarbonisation and energy efficiency reshape energy demand
Gas plays an essential role in decarbonisation

Gas demand decrease in some scenarios, natural gas partially compensated by
renewable gas




rGas system to cope with seasonality @ 2

Gas and Electricity consumption

GwWh/d

——Electricity demand ——Gas demand
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Seasonal Gas Demand Summer
W| nter
2020 2020 2025 2025 2025 2025 ST ST DG DG EUCOEUCO ST ST DG DG GCA GCA
CBG CBG GBC GBC 2030 2030 2030 2030 30 30 2040 2040 2040 2040 2040 2040

Gas demand in TYNDP 2018

Gas system to ensure the seasonal supply and demand adequacy

23



rCIimatic stress - gas consumption (Q\/ >3

Demand during cold spells does not follow annual volume trends.
The gas infrastructure is designed to cope with peak demand situations.

Annual de
TWh
10,000

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

0

mand ) DEMAND
History s

30,000

25,000

20,000

15,000

10,000

5,000

0
2009/10 2010/11 2011/12 2012/13 2013/14 2014/15 2015/16 2016/17 2017/18
@R Annua | Demand (TWh/gas year - left axis)
e Highest Daily Demand (GWh/d - right axis)
Highest 2-week Demand (GWh/d - daily average - right axis)

200

2020 2025 2025 ST 2030 DG 2030 EUCO ST 2040 DG 2040 GCA
CBG GBC 2030 2040
® Final Demand Gas Demand for Power

Gas peak demand TYNDP 2018

Peak demand is a key element of infrastructure design.

Gas peak demand is mostly maintained over time, especially for power generation




rDecarbonisation of gas supply

Percentage share of green gas supplying total gas demand by scenario
16

14

11%
- 12
|
£
2 5%
5 0.1%
L4
s 8
-y
w
E 12.9%
w 0
2 0%
b 4 8.6% 9.2%
& )
2 4.9% 4.5%
4.0% -
37% -
1.8%
" 2020 2025 2025 " ST DG EUCO " ST DG  GCA
CBG GBC 2030 2030 2030 2040 2040 2040

7 Biomethane M Power-to-gas

Different scenarios considering different levels

of renewable gas penetration
Gas infrastructure can further support CO, reduction and

integration of renewable and decarbonised gases

25



rSupply needs over time

Renewable gases can compensate the decline of the EU

indigenous production depending on the scenarios

In the different scenarios, import needs remain significant

TWh' 8,000 Maximum imports
7,000 ' potential
6,000
5,000
4,000
%000 Minimum imports
2,000 potential
1,000 I I I
- 2020 2025 2025 EUCO GCA
CBG GBC 2030 2030 30 2040 2040 2040

M Conv. Production M Biomethane ™ P2G ™ Import Needs

Access to new supply sources — indigenous or extra-EU - would
contribute to maintain supply diversification and flexibility -




Outlook: TYNDP 2020 Scenarios
ENTSOG & ENTSO-E are currently developing 2020 scenarios:

1 bottom-up scenario in compliance with National Energy and Climate Plans
2 top-down Full-energy scenarios compliant with the targets of the Paris Agreement
Key aspects:

Decarbonisation

Centralization/de-centralization

Deep investigation of decarbonisation of gas supply: Biomethane, P2G, Blue
Hydrogen

Next events:
> 18.04.2019: Webinar on Storyline Release
> Beginning of July: Publication of draft Scenario Report

We need and appreciate your contribution. Please contact and sign in

ENTSOG’s TYNDP distribution list to receive the latest info and invitations to our events
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I The existing infrastructure g\_, J

b

At EU level

Diversified pipeline imports

A well-developed transmission
network

LNG terminals all around Europe

Underground storages in most
EU countries

+ 100,000 MW

Gas storage capacities B LNG capacities
L, i i [ =, P ./- -\--\,
e I____._ 5 .r-m\I |'ﬁ |
eonnBll 2020695
I T T T T T > I = T = T = T - *
0 10 5 100 200 TWh 10000 40,000 80000 MW

Gas interconnections in 2018

= |=———] =i ] 29
< 13,500 MW 13,500-20,000 MW 20,000-30,000 MW 30,000-40,000 MW =40 000 MW




Highly resilient existing gas infrastructure (

1100 TWh

4
oy
a9

High storage capacity § ¢

}ﬁ‘
800 GW

High storage deliverability

3

p‘

—

High import capacities




r C sog
What the EU gas infrastructure already {—

achieves

Security of supply
Resilience to extreme temperature
Resilience to many supply and infrastructure disruptions

Market integration and competition
Most of Europe has access to diversified supply sources
Hub prices converge most of the time — especially in Western Europe

Sustainability
The existing EU gas infrastructure is generally already able to
contribute to significant CO, reduction and to complement
renewable generation and integrate renewable gases

In specific areas further infrastructure needs remain

31
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entso
I-Is further infrastructure needed? S 2

TYNDP assesses the gas infrastructure Sustainability Security of Supply

against the Union energy policies Market Integration

Are they achieved with the existing infrastructure and FID projects?

Existing+
FID projects -

e .. p \T‘ : e ‘_'-_-‘:-:"
i Existing + FID + et

Advanced projects S ’“
5 : S = _ e Existing + FID + 2
Low infrastructure level Advanced infra. level 34 pCl projects

PCI infra. level

TYNDP assesses further
infrastructure development

: No further FID projects + advanced projects
infrastructure needs _ _ ,
FID projects + 3™ PCl list projects

33




Low Infrastructure level (:

Reference infrastructure development for identification of
infrastructure gaps:
Existing infrastructure

+

Projects having made their Final Investment Decision (FID projects)

Minimum development of
infrastructure common to all
scenarios

FID projects

Existing
infra

LOW

34



Advanced Infrastructure level (: =

Advanced infrastructure level is considered to assess the impact of

Existing infrastructure

+

Projects having made their Final Investment Decision (FID projects)

+

Projects to be commissioned by 2024 having initiated their permitting
process or FEED studies (or having been granted CEF funding for FEED)

Advanced
infrastructure common to all non-FID
projects

FID projects

Existing
infra

Advanced

35



PCI Infrastructure level (:;

PCl infrastructure level is considered to assess the impact of

Existing infrastructure

+

Projects having made their Final Investment Decision (FID projects)

+

Additional projects of the 3™ PClI list not having made their FID yet

Minimu m development of Non-FID
infrastructure common to all projects with
sssssssss PCl label

FID projects

Existing
infra

PCl

36



ENTSOG European model builds on
TSOs national expertise
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r Reaching EU’s climate targets with the —
gas infrastructure

Hybrid system allows significant
CO2 reductions at low cost

2500

Gas infrastructure can cope with
increasing shares of renewable gas

2000
Additional infrastructure could further support
renewable gas integration and CO2 reduction

500 I I
D | I | I I | | I | I I ] I | I |

1990 2020 2025 2025 ST DG  EUCO ST DG GCA
CBG GBC 2030 2030 2030 2040 2040 2040

=y
o
=
=

-t
=
=
=

mt CO2 equivalent

m A% Reduction =&0% Reduction 80% Reduction
39



I- Sustainability g;_, g

Developing and integrating renewable sources of enerqgy further
contributes to a low-carbon future

Today’s EU gas infrastructure - with existing power plants - is already able to complement
and support renewable electricity generation and integrate renewable gases.

Primary Electricity Storage
Secondary Carriers Final demand
oil I Electricity E-Grid
Coal I i Other
H power
i H end-uses
Hydr
Wind I LT heat
Sol.
_ H2/CH4
Nutlearl i 3 G-Grid Transport
Biomass A
A y - BioG IHTh t
J 4
N I
Natural "ﬁ@l Other g
G H’”’T‘ . nd-u
Gas Storage

It is fundamental to take a holistic approach to the energy system



entsog

k@




Security of Supply ‘\C

Assessment of the resilience of the European gas system to cope with
various stressful events

Climatic stress
Peak day demand *

2-week cold Spe|| SUPPLY DISRUPTION
YN -
Supply route disruptions in case of climatic stress* 4
Ukraine route " %

Belarus route /{

Imports to Baltic states and Finland
Algerian import pipelines

Infrastructure disruption
Single Largest Infrastructure disruption of each country, during a peak day

Results generally shown for peak day unless specified differently

42
*Based on risk groups defined by SoS regulation 2017/1938 (Annex I)
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Climatic stress C
Assessment of 1-in-20 peak day and 1-in-20 2-week cold spell

The European gas system is resilient to extreme climatic stresses in all scenarios (1-in-
20 peak day and 1-in-20 2-week cold spell)

Exposure to demand curtailment is limited to Croatia in all scenarios (and to North-
Macedonia in some instances)

2025 BEST ESTIMATE
(Gas before Coal)

2030 SUSTAINABLE

2040 SUSTAINABLE
TRANSITION

TRANSITION

. . Remaining Flexibility ~ Share of Curtailment
Climatic Stress for Peak Day — 7§
0%-15% >15% 0%-15% 15%-30% 30%-50% >50%

43
<:I Infrastructure bottleneck
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rSuppIy disruption —

‘ Resilience to supply route disruptions in climatic stress conditions ‘

Baltics & Finland

4

\@?\ South supply

All Algerian pipelines

Disruptions scenarios defined in SoS regulation 2017/1938

44



rUkraine transit route disruption

Peak day conditions

2020 FID projects mitigate the
situation in 2020

( entsog
C—

£ . @
¢ W
3 e

[

However, some remaining gaps are
identified after 2020...

"‘%:f'

Remaining Flexlhlllty Share of Curtailment

I — FID projects

0%-15% 15%-30% 30%-50% > 50%

ST

2030 DG
FID projects

p

ST ‘ 2040
- FID projects
L 4




o . . . At
rUkrame transit route disruption =9

FID + Advanced projects

2025 BEST ESTIMATE
(Gas before Coal)

2030 SUSTAINABLE

2040 SUSTAINABLE
TRANSITION

TRANSITION

Remaining Flexibility = Share of Curtailment
] 7 5 |
0%-15% >15% 0%-15% 15%-30% 30%-50% >50%

Advanced projects mitigate the situation after 2020 in all scenarios

46




. ] entso
I-Belarus disruption \ .

Peak day conditions

Most of European gas system is resilient

FID projects

2020 BEST ESTIMATE

2030 DISTRIBUTED
GENERATION

2040

Remaining Flexibility =~ Share of Curtailment
I 5 _§ |
0%-15% >15% 0%-15% 15%-30% 30%-50% > 50%

[Lithuania and Poland can be exposed in the longer term ]




) . entso
I-Belarus disruption \ .

FID + Advanced projects

2025 BEST ESTIMATE

2030 SUSTAINABLE
(Gas before Coal)

TRANSITION

2040 SUSTAINABLE
TRANSITION

Remaining Flexibility = Share of Curtailment
] 7 5 |
0%-15% >15% 0%-15% 15%-30% 30%-50% >50%

Advanced projects mitigate the situation after 2020 in all scenarios
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I-Baltic States and Finland disruption K

Peak day conditions d

Finland and Estonia exposed to demand

curtailment in all scenarios

FID projects DG / GCA

2020 BEST ESTIMATE

2030 DISTRIBUTED
GENERATION

Remaining Flexibility =~ Share of Curtailment
] 7 5 |
0%-15% > 15% 0%-15% 15%-30% 30%-50% > 50%
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rBaltlc States and Finland disruption =9

FID + Advanced projects

2025 BEST ESTIMATE

2030 SUSTAINABLE
(Gas hefore Coal)

2040 SUSTAINABLE
TRANSITION

TRANSITION

Remaining Flexibility = Share of Curtailment
I .5 B |
0%-15% >15% 0%-15% 15%-30% 30%-50% > 50%

Advanced projects mitigate the situation for Estonia after 2020 in all scenarios,

but Finland remains exposed to significant demand curtailment
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Algeria pipeline imports disruption C—

Peak day conditions
Iberian peninsula is exposed to limited

demand curtailment (£10%) in all scenarios

in ST 2040, the exposure to demand curtailment is higher (20%),
showing a potential infrastructure bottleneck.

FID projects

2020 BEST ESTIMATE

2030 DISTRIBUTED
GENERATION

2040 DISTRIBUTED
GENERATION

Remaining Flexibility =~ Share of Curtailment
] 7 5 |
0%-15% > 15% 0%-15% 15%-30% 30%-50% > 50%
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rAlgeria pipeline imports disruption —

FID + Advanced projects

2040 SUSTAINABLE
TRANSITION

2025 BEST ESTIMATE
(Gas before Coal)

2030 SUSTAINABLE
TRANSITION

Remaining Flexibility = Share of Curtailment
] 7 5 |
0%-15% >15% 0%-15% 15%-30% 30%-50% >50%

Advanced projects mitigate the situation for Iberian peninsula

after 2020 in all scenarios but Sustainable transition in 2040

52



I-Single Largest Infrastructure Disruption (ffi_[ltgog

FID projects

Countries at the border of the EU with limited interconnections to neighbouring
countries rely on their largest infrastructure to satisfy their demand

South-Eastern Europe is also exposed in the shorter term DG / GCA

2020 BEST ESTIMATE 2030 DISTRIBUTED
GENERATION

[ In ST (2030-2040), SLI disruption in Slovakia can expose Europe ]
to an overall gas shortage (=400 GWh on a peak day)

Maximum exposure to demand curtailment in case of disruption of a 53
Single Largest Infrastructure
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Single Largest Infrastructure Disruption —

d

A
- 4

FID + Advanced projects

2025 BEST ESTIMATE
(Gas before Coal)

.

G
W i35

15% %
I [
0% 30% 100%

2030 DISTRIBUTED
GENERATION

2040 DISTRIBUTED
GENERATION

¢

Maximum exposure to demand curtailment in case of disruption of a
Single Largest Infrastructure

Advanced projects mitigate the situation in South-Eastern

Europe as of 2025 in all scenarios
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Adaptation of L-gas to H-gas ‘

Netherlands, Germany, Belgium and France markets are partly
supplied with L-gas

Production 240 Production 73
1TsO ” = i
7DS0 H adaptedto L (*) 300 L-gas Consumption 230
L-gas Consumption 270 Share of total 30%
consumption
Share of total 60%
consumption Number of customers 49M
Number of customers 6,8M
5Ts0
161DsO
Production 0
1750
5DSO L-gas Consumption 50
Share of total 30%
consumption
Number of customers 1,6 M
~14.5 millions of customer
Production 0
1750 ~ 600 TWh / year
3050 L-gas Consumption Lo
Share of total 10% Rounded figures

consumption

Number of customers 1,3M

Starting from 2020, part of the local gas demand in BE, FR and DE will be
converted from L-gas to H-gas

L-H gas conversion is already considered in the Low Infrastructure
assessment

ENTSOG has run PS-CBAs for L-H gas conversion projects in Belgium and
France



rSecurity of Supply — Supply flexibility @‘\/ 2

Low infrastructure level ensures the necessary flexibility to cope with
a peak day

Gas storages and LNG terminals provide most of the extra supply flexibility

e 1
2020 BEST ESTIMATE LOW 2030 DISTRIBUTED GENERATION LOW 2040 DISTRIBUTED GENERATION LOW

45%
39%

40%

36%
35%
30%
23%
25% >
16%
15%
10% 9% 1 8%
50 3% A% 6%
0% L 1% 0% 0% 0% B 1% 1% 0% o%

B Russia (RU) Norway (NO) [ Algeria (DZ) Lybia (LY) [ Azerbaijan (AZ) [ Turkmenistan (TM) [ Turkey (TR)
[0 NMational Production (NP) [l LNG (carriers and tanks) [l vGs

56



entsog

Security of supply

Already achieved

> Resilience to climatic stresses (1-in-20 conditions)

> Resilience to a large number of supply and infrastructure disruptions

Further infrastructure needs

> Mitigating the impact of Ukraine route disruption in South-Eastern Europe

> Mitigating the impact of Belarus route and Russian imports disruption in
North-Eastern Europe

> To mitigate impact of national largest infrastructures disruptions in specific
countries
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rMarket modelling assumptions
Supply prices

29.00

The range of each supply is
2500 depending on the entry costs to

2300 “ _I EU and shipping cost for LNG
2100 / Sam— — I Differentiated supply prices

RV — embedded in the reference price

1900 — for NbA

17.00 Configu ration

27.00

15.00 T T T T T T T T T T T T T T T
LNG LNG LNG Japan LNG LY TRI LNG LNG LNG 174 LNG RUfor RUfor NO AZ
AU PE us Ret. s5 Pipe Pipe ME T NO Pipe AN  North- East Pipe  Pipe
West  Pipe

Pipe
Example of the merit order of the supply sources in the Reference case
(Japan reference price purely indicative)

Russia maximisation Low price

Russia minimisation High price

5 price configurations to assess the

sensitivity to each supply source LNG maximisation Low price
LNG minimisation High price

South gas supply maximisation [ Firile-

Note: Supply assumptions consulted with stakeholders on 13 February 2018 working session on modelling and 29

market related assumptions



rMarket layer
Infrastructure tariffs

Supply Source Access and
Marginal Prices

Interconnections

LNG Terminals

+160.000 MW

Marginal Prices considering
infrastructure costs

+ 100,000 MW - o
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Supply Source “commercia

Supply Source Access indicator (SSA) measures the number of supply sources
an area can access

This supply source diversification ability is calculated from a market
perspective, as the ability of each area to benefit from a decrease in the price
of the considered supply source (such ability does not necessarily mean that
the area has a physical access to the source)

Tariffs pancaking effect allows for more realistic source spread among countries

SSA indicates the number of sources for which a decrease in price can benefit
to more than 20% of the demand of a country
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rSuppIy Source “commercial” Access g\—/ g

FID projects

Most countries access 3 sources but several areas have a
significant access to only 1 or 2 supply sources

2020 BEST ESTIMATE

GENERATION ‘ 2040 ‘

5 -

Numberof Sources (S54) — Several areas have a significant access to
only 1 or 2 supply sources

1 2 3 4 5

62



Eupply Source “commercial” Access (@3 d

FID + Advanced projects

2025 BEST ESTIMATE 2030 DISTRIBUTED 2040 DISTRIBUTED
(Gas before Coal) GENERATION GENERATION

Number of Sources (SSA)

Advanced projects ensure access to 3 and more sources to almost all of the EU
in 2030 except for Greece and the Iberian peninsula in some scenarios
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Competition — Supply Source Dependenc{

Supply Source Dependence (SSD) measures the Unreducible share of this
source necessary for a country to cover its demand on a yearly basis

Under cooperative behavior: countries will align their dependence level as long
as infrastructures allow for it

Countries will align their minimum source share if infrastructure allows for it
between countries indicate an

Dependence > 25% indicates that at least one quarter of the demand need to
be supplied from this source
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rSupply Source Dependence

> Europe relies on a minimum share of Russian gas to achieve its supply and
demand adequacy in 2020 and 2025

TWh/year

Norway
8000 ——— _—
7000

6,000

5,000

4,000

3,000

2,000

1,000

0

2020 2030 2040

[0 Max Supply Potential without Norway
I Minimum Supply Potential without Norway

[ National Production and Renewables

= = Maximum Demand and Exports

~ = Minimum Demand and Exports

European Level Supply and Demand

Adequacy with no supply from Norway

TWh/year

LNG

6,000

5000

4000

3000

2,000

1000

2020 2030

[ Max Supply Potential without LNG
I Minimum Supply Potential without LNG
0 National Production and Renewables

= = Maximum Demand and Exports

~ = Minimum Demand and Exports

European Level Supply and Demand
Adequacy with no supply from LNG

entsog

(QD

TWh/year

Russia

6,000 ——
5,000

4,000
Dependence on

3000 Russian supply until

2030

2,000

1,000

0
2020 2030 2040

[0 Max Supply Potential without Russia
I Minimum Supply Potential without Russia
[ National Production and Renewables

- = Maximum Demand and Exports

= = Minimum Demand and Exports

European Level Supply and Demand
Adequacy with no supply from Russia
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rSupply needs over time

Access to new supply sources — indigenous or extra-EU - would contribute to

maintain supply diversification and flexibility and supply dependence limited

TWh' 8,000 Maximum imports
7,000 ' potential
6,000
5,000
4,000
%000 Minimum imports
2,000 potential
1,000 I I I I
- 2020 2025 2025 EUCO GCA
CBG GBC 2030 2030 30 2040 2040 2040

M Conv. Production M Biomethane ™ P2G ™ Import Needs



rCompetition — Supply Source Dependence(@-* .

The gas system allows for efficient cooperation between countries so that most of
them can share the same dependence

FID projects

Eastern Europe has limited alternative to Russian supply

SSD-RU SSD-RU
2020 BEST ESTIMATE 2030 DISTRIBUTED
GENERATION

SSD-RU
2040 DISTRIBUTED
GENERATION

, ‘Fi’

.

%

b
{.‘"

e
.

10% 50%

0% 30% 100%



rCompetition — Supply Source Dependence(@—* 2

FID + Advanced projects

Advanced projects ensure cooperation for all Europe to share the

same level of dependence from 2025 onwards

S5D-RU

SSD-RU
2025 BEST ESTIMATE 2030 DISTRIBUTED
(Gas before Coal)

SSD-RU
2040 DISTRIBUTED
GEMERATION GENERATION

10% 50%

0% 30% 100%
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rCompetition — Supply Source Dependenca@ 2

LNG FID projects

The gas system allows for efficient cooperation between countries in all Europe
Iberian peninsula has limited alternative to LNG supply

SSD-LNG S5D-LNG SSD-LNG
2025 BEST ESTIMATE 2030 DISTRIBUTED 2040 DISTRIBUTED
(Gas before Coal) GENERATION

GENERATION

0% 30% 100%
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rCompetition — Supply Source Dependence(@—* 2

LNG

FID + Advanced projects

Advanced projects reduce the dependence of the

Iberian peninsula to LNG supply, especially in 2025

SSD-LNG
2025 BEST ESTIMATE
(Gas before Coal)

10%

2030 DISTRIBUTED
GENERATION

55D-LNG

2040 DISTRIBUTED
GENERATION
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LICD LNG and Interconnection Capacity diversification €

‘ LICD focuses on connections to the EU market ‘

LOW 2025

FID projects LICD is an HHI indicator

The lower the more diversified

Geographical location related:

Countries with 2 borders cannot
score below 5000

Countries with 3 borders cannot
score below 3333

ADVANCED 2025

> Most European countries have an
indicator below 5 000

> Countries with a limited number of
borders have a LICD higher than 5 000.

> Advanced projects improve the
situation in South-Eastern Europe,
Ireland, Denmark and Sweden

3,300
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Supply mix (

The Low infrastructure level allows Europe to access the
maximum potential of each supply source
FID projects

TWh/year BEST ESTIMATE 2020 TWhi'year SUSTAINAIELE TRANSITION 2030

6,000

Max LNG potential Max RU potential

T m . |'/l N B

. . . u

EI I I | I

T T T
RU Min I SOUTH MAX LNG MAX LNG Min RU MAX RU Min SOUTH MAX

3.000 —

||
2,000
1000
0
LNG Min

Reference LNG MAX

E- 1
=
=

Some projects bring access to new supply sources or increase the potential of
existing sources
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Price convergence

Russian supply price sensitivity

2025 BEST ESTIMATE
(Gas before Coal)
(RUMAX)

2030 DISTRIBUTED
GENERATION
(RU MAX)

2030 DISTRIBUTED
GENERATION
(RUMAX)

entsog

(c:‘

FID projects

2030 DISTRIBUTED
GENERATION

F

{

8.

2025 BEST ESTIMATE
{Gas before Coal)
(RU Min)
i i
x (¥

£T - N
P &
A

FID + Advanced projects

-

&

7

w

9

2025 BEST ESTIMATE 2030 DISTRIBUTED )
al GENERATION
(RU Min)
K
o, ,r:
\ y
-f
-10 +05 +2.0 +5.0 73
] J |
-3.0 -0.5 1.0 +3.0
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Price convergence (

Russian supply price sensitivity FID projects

tin) ‘
All Europe can benefit from low Russian price , ‘,l
| c

- D EEETT » [

Eastern-Europe generally well connected to Russian supply but
limited diversification exposed Eastern Europe to high Russian price

2025 BEST ESTIMATE 2030 DISTRIBUTED ‘ | 2025 BEST ESTIMATE 2030 DISTRIBUTED
(Gas before Coal) ‘ GENERATION (Gas before Coal) .‘ GENERATION

™ rw _‘! tr___ , - *z

L3

FID + Advanced projects
2030 DISTRIBUTED
B S ESTATE e T kol
(RU MAX) (RUMAX) (RU Min) (RU Min)
-5.0 20 -05 -0 +05 +2.0 5.0 74
] ] J |
-3.0 1.0 0 -3.0 0.5 1.0 +3.0



Price convergence

Russian supply price sensitivity

All Europe can benefit from low Russian price

Eastern-Europe generally well connected to Russian supply but limited
diversification exposed Eastern-Europe to high Russian price

Low price
Marginal prices average deviation

1.20
1.00
0.80
0.60
0.40
0.20
0.00

Gas before
Coal

2025

DG

1.00
0.80

0.60

0.40

0.20
ST DG GCA ST

0.00
EUCO 30

2030 2040

RU max Low ® RU max Advanced

High price

1.20

DG

Gas before
Coal

2025

Marginal prices average deviation

ST DG GCA

EUCO 30 ST

2030 2040

RU min Low = RU min Advanced

Advanced projects improve price convergence in all scenarios 75




Price convergence
LNG supply price sensitivity

2025 BEST ESTIMATE 2030 DISTRIBUTED
(Gas before Coal) GENERATION
(LNG MAX) (LNG MAX)

e
K

x ‘
Low price

2025 BEST ESTIMATE 2030 DISTRIBUTED
(Gas before Coal) GENERATION
(LNG MAX) (LNG MAX)

t?‘.‘ ’ t"
S S
wee P2

-5.0 _ 2.0 | -0.5

2025 BEST ESTIMATE
(Gas before Coal)
(LNG Min)

2025 BEST ESTIMATE
(Gas hefore Coal)
(LNG Min)

g

2030 DISTRIBUTED
GENERATION
(LNG Min)

4

2030 DISTRIBUTED
GENERATION
(LNG Min)

i

»
oy

. P

FID + Advanced projects

FID projects
|

%
'

™

L0 +0.5

-3.0

420 +50

7 7 |
0.5 +10 +3.0
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Price convergence (

Most of Europe can benefit from low LNG price, with some

FID projects

«u30 DISTRIBUTED
GENERATION
(LNG Min)
V% ‘

limitations in Eastern Europe
(S bore Comy - SeneriTion (oo Con
(LNG MAX) (LNG MAX) (LNG Min)

2025 T ESTIMATE High LNG price is generally impacting all Europe with a higher
(LNG MAX) .
exposure in Western Europe

-5.0 -20 -0.5 10 +0.5 +2.0 +5.0
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Price convergence

Most of Europe can benefit from low LNG price, with some

1.20
1.00
0.80
0.60
0.4

o

0.20
0.00

Gas before
Coal

2025

Marginal prices average deviation

DG

limitations in Eastern Europe

High LNG price is generally impacting all Europe with a higher

exposure in Western Europe

High price

1.20
1.00
0.80
0.60
0.40
0.20
0.00
EUCO 30 ST DG GCA ST
2030 2040
LNG maxLow ™ LNG max Advanced

Gas before
Coal

2025

Marginal prices average deviation

DG ST DG GCA

EUCO 30

2030 2040

LNG min Low = LNG min Advanced

ST

Advanced projects improve price convergence in all scenarios
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Competition & Market Integration

Already achieved

> Most of Europe can access diversified supply sources

> The infrastructure allows for efficient cooperation between countries
showing low level of dependence on LNG and Russian supply

> Infrastructure allows for hub price convergence, especially in Western
Europe

> Most countries have balanced entry capacities in comparison to their
geographical location

Further infrastructure needs

> To ensure more diversified access to supply sources — in the Baltics, South-
East Europe and Iberian Peninsula

> To lift high dependence to a specific supply source
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I- Projects overview

35

30

25

20

15

10

5

0

Projects by commissioning year and by project status

10
18 26
7
15
12
3 2

2018 2019 2020 2021 2022 2023 2024 2025 from 2026

HFID ®Advanced

80% of FID and Advanced projects are

expected to be commissioned by 2022

entsog
(’:_-_‘:‘

The necessary projects are to be

commissioned in the coming years

Overview of total average cost by commissioning year and project
status (Billion €)
25.0

20.0

15.0

100
50 I
m B — —

2018 2019 2020 2021 2022 2023 2024 2025 from 2026

Y ®mFID mAdvanced

bln EUR

Large-scale import projects
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Conclusion

Assessing infrastructure needs for the future requires
energy scenarios covering the range of possible futures

The gas infrastructure is already well developed and
- Close to achieving the EU internal gas market
- Ready to further support a low-carbon future

The energy situation is not the same all over Europe
- In specific areas, further infrastructure is still needed
- The necessary projects are to be commissioned in the coming years
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Conclusion

Stakeholder are welcome to take part to the TYNDP public
consultation (until 29 March).
https://www.surveymonkey.com/r/VDQDHD2

More on TYNDP 2018:
https://www.entsoqg.eu/tyndp#entsoqg-ten-
vear-network-development-plan-2018

TEN-YEAR NETWORK

DEVELOPMENT PLAN
Have your say! 2018

SYSTEM ASSESSMENT REPORT
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TYNDP 2020

May — June 2019

TYNDP 2020 Project collection

Open to renewable and
decarbonisation projects

Summer 2019

Publication and public consultation

TYNDP 2020 draft scenario report

e 3 scenarios

e Carbon budget approach towards 2050

e Holistic approach to the energy system )
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Thank You for Your Attention

Louis Watine —, Deputy Manager, System Development
Stefano Astorri — Investment Subject Manager, System Development
Cihan Soenmez— Scenario Subject Manager, System Development

ENTSOG -- European Network of Transmission System Operators for Gas
Avenue de Cortenbergh 100, B-1000 Brussels

EML: Louis.watine@entsog.eu, stefano.astorri@entsog.eu, cihan.soenmez@entsog.eu
WWW: www.entsog.eu




