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INTRODUCTION

For this TYNDP 2018, ENTSOG has carried out another extensive
assessment of the European gas system to identify potential
investment needs and how projects submitted to TYNDP can help
mitigating these needs. To prepare this new edition, ENTSOG has
also made significant adaptations compared to TYNDP 2017 to
continuously improve the assessment and meet stakeholders’

expectations.

COST-BENEFIT ANALYSIS METHODOLOGY 2.0 (CBA METHODOLOGY 2.0)

TYNDP 2018 assesses the infrastructure in
accordance with the new Cost-Benefit
Analysis Methodology developed by
ENTSOG and approved by the European
Commission in January 2019.

This new CBA methodology aims at
delivering a comprehensive assessment

bringing more clarity with a reduced number
of indicators and an easier interpretation of
the results. Thi is done with with the
introduction of a new approach to supply
assumptions, the implementation of a
market layer in ENTSOG modelling, and fur-
ther monetisation of the indicators.

ENTSOG AND ENTSO-E JOINT SCENARIOS

For the first time, TYNDP 2018 edition
assesses the potential investment needs
against the common scenarios developed
jointly with ENTSO-E, the association of
electricity TSOs, ensuring consistency
between the Ten-Year Network Development
Plans of both energy carriers.

The different scenarios developed by the
ENTSOs aim at representing a range of
different possible futures to capture the
needs for investment and the impact of
projects along different storylines. All
scenarios are on track to meet the EU decar-
bonisation targets by 2030, taking different
pathways.

Project Assessment

Reduction in Cost of Gas Supply

Indicators: Supply Cost Saving (€),

Indicator: SSD (% of demand)

Supply Source Access *

Indicator: SSA (# of sources accessed)

Increase in Market Diversification *

Indicator: LICD (HHI index)

Bi-directionality Balance

Indicator: BDP (0 to 1)

Reduction in Exposure to Curtailed Demand fead

Indicator: CD (% of demand/€)

Remaining Substitution Benefits *

Indicator: RF (% of demand)

Fuel Substitution Benefits

Indicators:

Fuel Cost savings
Cost savings (€)

CO, savings
Qty (tCO,/y), Monetised (€)

CAPEX (€)

Marginal Price Convergence (€) OPEX (€/y)

Supply Source Dependence Reduction e

X Used also for infrastructure

Residual Impact

Enviromental Impact
Qualitative. (€)

Criterion:

Market integration
Competition

Security of supply
NISEEDLIIY

gaps identification

Figure 1.1: Assessment metrics and Regulation criteria
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Figure 1.2: The scenario building framework for the TYNDP 2018.
Renewable Energy Systems (RES) share of demand for electricity and gas

The Best Estimates scenarios for 2020 and  ysis on the merit order of coal and gas in the
2025 reflect national and European regula- power sector.
tion currently in place, with a sensitivity anal-

FOR 2030 AND 2040, THE LONGER-TERM SCENARIOS ARE:

4 Sustainable Transition (ST) reflecting a quick and economically sustainable CO,
reduction by replacing lignite and oil in the power sector and in part transport sector,

4 Distributed Generation (DG) reflecting a more decentralised approach with a higher
penetration of renewable gases, and renewable energy in general,

4 Global Climate Action (GCA) representing a global effort towards full speed
decarbonisation with increased energy efficiency and decreasing gas demand,

A . the core policy scenario of the European Commission
achieving Climate and Energy targets by 2030.

Further details about the scenarios and the methodology used by the ENTSOs (including the
data) in their joint scenario building exercise can be found in the TYNDP scenario report®.

1) https:/entsog.eu/publications/tyndp#ENTSOG-TEN-YEAR-NETWORK-DEVELOPMENT-PLAN-2018
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Global Climate
Action

Sustainable
Transition

Distributed
Generation

2020 Best Estimate
2025 Best Estimate (Coal before Gas)
2025 Best Estimate (Gas before Coal)

Distributed Generation

Sustainable Transition

Global Climate Action

Figure 1.3: Abbreviations and colour code of the different scenarios

INFRASTRUCTURE LEVELS

The selection of the proper level of development of infrastructure is key for the identification
of infrastructure gaps and a reliable system and project assessment.

4 Low infrastructure level,

the reference

The low infrastructure level is formed by
existing infrastructure and projects with
FID status representing the minimum
level of infrastructure development
considered for the identification of
infrastructure gaps and against which to
assess projects.

TYNDP 2018 assesses what the current
infrastructure, complemented with FID
projects, already achieves and which are
the remaining gaps that may trigger
additional investment.

4

Advanced and PCl infrastructure
levels

Once the infrastructure gaps are
identified, the assessment of the
European gas system is complemented
by assessing the overall further impact
of additional infrastructure levels:

the Advanced infrastructure level
including existing infrastructure and
projects with FID and Advanced status
(projects to be commissioned before
2025, which have started the permitting
process or their Front-End Engineering
Design). The advanced criteriais further
elaborated in the Infrastructure chapter
(Annexe A),

the PCI infrastructure level gathering
all the projects from the 3¢ PCI list,
although it includes projects of very
different maturity.

Minimum development Advanced Non-FID
of infrastructure Non-FID projects with
common to all scenarios projects PCI label
FID FID FID
projects projects projects
Existing Existing Existing
infrastructure infrastructure infrastructure
Low Advanced PCI

Basis for the

infrastructure gaps

System complementary

perspective

basis for project-specific assessment for all 4th PCI

applicants

Figure 1.4: Infrastructure Levels
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F.1

F.1.1

F.1.2

F.1.3

FROM DRAFTTO

FINALTYNDP 2018

WHAT HAS HAPPENED SINCE THE DRAFT TYNDP

PUBLICATION?

ENTSOG released the draft publication of
TYNDP 2018 on 31 December 2018 and
launched a public consultation which was
opened from 18 February to 29 March 2019
to continue the focus on stakeholder
engagement and continual improvement of
the report.

On 21 March, within the public consultation
period, ENTSOG hosted a TYNDP Presenta-
tion Day open to all stakeholders in Brussels.
This was designed to give a high-level intro-
duction to the TYNDP and its role as part of
EU regulation, a summary of the content
provided and more insight into the results
produced in the 2018 edition. This offered a

WHY A FEEDBACK SECTION?

This section aims at gathering the feedback
received from both ACER and the stakehold-
ers. It handles what from this feedback could
already be addressed in the final TYNDP
2018. Handling of such feedback is covered
in the feedback section itself, rather than in
the related sections of the TYNDP, to facili-
tate the overview. For further feedback that
could be taken into consideration for future
editions of the TYNDP this section indicates
into to which process it will feed.

wide range of stakeholders an open forum
where they could ask questions and partici-
pate in discussions regarding any aspect of
the TYNDP process. The TYNDP Presenta-
tion is available on ENTSOG website?.

On 9 May 2018, the draft TYNDP 2018 was
submitted to ACER, together with the results
of the public consultation, for its Opinion.
The Opinion was published on 27 June 2019.
Itindicates where ACER sees improvements
from the previous edition of TYNDP, and
provides recommendations for improve-
ment, split between the short and the medi-
um to long-term.

The section has been structured to first re-
spond to the ACER Opinion, covering both
the short-term recommendations relating to
TYNDP 2018 and also the medium to long-
term recommendations for future editions
of the TYNDP. This is followed by an analysis
of the public consultation. Individual an-
swers to the public consultation can be
found in the new Annex F.

REVIEW SECTION COMPARING PAST ASSUMPTIONS AND
PROJECTIONS OF GAS DEMAND AND SUPPLY AND THEIR

ACTUALLY OBSERVED LEVELS

From one TYNDP edition to the next,
ENTSOG critically review the TYNDP input
data, in particular the demand scenarios and
supply potentials. For each new TYNDP
edition ENTSOG develop elements that are

discussed as part of the stakeholder
engagement process, and this comparison
is a way to better formalise its usual critical
review of assumptions.

1) https://www.entsog.eu/sites/default/files/2019-03/INV190314%20-%20TYNDP%202018%20Presentation%2021%20March%20

-%20final _0.pdf
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Figure F.1: Actual EU Gas Supply 2009 - 2018, TYNDP Supply Potentials data

SUPPLY

Figure F.1compares the supply potentials for
TYNDP 2017 and TYNDP 2018 with the actu-
al historical EU imports. For Russia, LNG
Algeria and Libya those imports have
materialised in the range of the potentials as
expected in TYNDP 2018. Norway has shown
actual imports above expected potentials.

National production expectations were part
of the data collection realised mid-2017. The
observed levels have varied from the esti-
mated plans. The production cap imposed
on the Groningen field in the Netherlands is
the main driver for such difference. The
Dutch Ministry of Economic Affairs originally
announced in January 2014 a production
cap of 42.5bcm for 2015. This cap was

DEMAND

In TYNDP 2018 total gas demand was made
up of Final Gas Demand (defined as Resi-
dential & Commercial, Industrial and Trans-
port sectors) and Gas Demand for Power
Generation. Sectoral split of gas demand
was provided by data collection.

Industrial demand was assumed as stable in
Sustainable Transition, with energy efficiency
offset by increases in output. Distributed
Generation see a reduction of industrial de-
mand, with a linear progression of 1% p. a.
applied.

revised down on a number of occasions be-
tween December 2014 and until mid-2019
and was finally set to 16 bcm for the gas year
2019. Actual production in gas year 2018
was reported as 20 bcm.

As part of the TYNDP 2018 process, the sup-
ply potentials were amended again to better
correlated with the historical EU import. In
particular, ENTSOG has developed a new ap-
proach to the LNG maximum supply poten-
tial, making use of information from the IEA
World Energy Outlook. During the Stake-
holder’'s engagement process for TYNDP
2018, the new supply potentials were pre-
sented and discussed, resulting in further
adjustment of some of the sources.

Transport demand development was based
on publicly available data from the NGVA
(Natural Gas Vehicle Association), using his-
toric NGV penetrationin the EU28 from 2011
to 2016 and country level data on vehicles
and filling stations?. Growth rates have var-
ied between 3 % and 10 %, with an average
of 5.5% over these years. Based on this
data, Distributed Generation low growth was
set at 2 % p. a, Sustainable Transition high
growthat4.5%p.a

2) https://www.ngva.eu/downloads/NGVA_Europe_Statistical_Report-2017.pdf

Ten-Year Network Development Plan 2018 - System Assessment Report
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Figure F.2: Actual EU Gas Demand 2000 — 2018, TYNDP Demand Scenario data

For the first time gas for power generation
for all scenarios was the result of the
ENTSO-E modelling results. During the data
collection phase, gas and electricity TSO
worked together to discuss gas installed
capacity on a country level basis. Yearly gas
demand for power generation averages are
calculated from the average of all approved
models across all climate years.

In the TYNDP 2018, different scenarios were
developed using different assumptions re-
garding the global context and the evolution
of both the final gas demand and power gen-
eration sectors.

The Best Estimate scenarios for 2020 and
2025 were based on TSO perspective, re-
flecting all national and European regula-
tions in place, whilst not conflicting with any
of the other scenarios. A sensitivity analysis
regarding the merit order of coal and gas in
the power sector was included for 2025 fol-
lowing stakeholder input regarding the un-
certainty on prices, even in the short term.

Sustainable Transition covered quick and
economically sustainable CO, reduction by
replacing coal and lignite by gas in the power
sector. Gas also displaces some oil usage in
heavy transport and shipping. The electrifi-
cation of heat and transport develops at a
slower pace than other scenarios. In this
scenario, reaching the EU goal (80-95 %
CO, reduction in 2050) requires rapid devel-
opment during the 2040s to be achieved
through increased technological adoption or
evolution.

Distributed Generation placed prosumers at
the centre. It represented a more decentral-
ised development with focus on end user
technologies. Smart technology and dual
fuel appliances such as hybrid heat pumps
allow consumers to switch energy depend-
ing on market conditions. Electric vehicles
see their highest penetration with PV and
batteries widespread in buildings. These de-
velopments lead to high levels of demand
side response available. Biomethane growth
is strong as connections to distribution sys-
tems grow utilising local feedstocks.

Figure F.2 shows the progression of EU level
actual demand, versus the result of the data
collection done for TYNDP 2018 under the
Best Estimate, Sustainable Transition and
Distributed Generation scenarios. TYNDP
2017 scenarios were considering lower de-
mand for 2017 than actually observed. In
TYNDP 2018 scenarios starts with a lower
demand than any of TYNDP 2017 scenarios
(in 2020)

It is important to note that the actual de-
mand levels shown reflect the actual weath-
er conditions, whereas data collected for the
scenarios represents yearly demand under
average climatic conditions.

There was a drop of around 11 % for gas de-
mand between 2013 and 2014, driven by
many factors such as low coal and CO, pric-
es pushing gas out of the power generation
mix, a continuation of the slow economic
situation and a significantly warmer than
average year, leading to significant reduction
in the need for heating.

Ten-Year Network Development Plan 2018 — System Assessment Report
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EU gas demand in 2015 saw a 4 % recovery
from the previous year to 4,595 TWh, which
can again be linked to a number of factors
with sectoral differences at a country level.

During 2016, EU gas demand increased
again by 6.7 % to 4,903 TWh. The reduction
in gas prices that had started towards the
end of 2015 continued into first half of 2016,
and although gas prices increased in the fi-
nal quarter of the year, coal prices increased
68 % compared to same period in 2015
meaning gas competitiveness increased in
the power generation market. Power genera-
tion analysis has shown a significant coal to
gas switch in a number of countries during
2016, linked to the above-mentioned price
situation, but this was also influenced by the
ongoing Carbon Price Floor® policy in the
UK.

In 2017 further increase in gas demand was
observed, reaching 5,077 TWh (+3,5 %).
Coal to gas switch continues moderately.
Gas prices were higher comparing previous
year — strong demand of gas for power and
storage injections have supported gas price
in EU hubs during summer and increase in
gas demand in winter.

In 2018 stabilisation in the context of gas de-
mand was observed - 5080 TWh was
reached, meaning that value was compara-
ble to 2017. At the beginning of the year,
Europe experienced an extreme cold spell.
Gas hub tested to limit on cold snap and
prices reached multi-year highs. These

circumstances led to declaration of early
warning in few European countries and as a
consequence of the situation, significant gas
withdraw from storages was observed. Later
the year, during summer, gas consumption
was lower and allowed to fill the gas storages
to be prepared in case of any events. Last
quarter of 2018 showed decrease of gas
demand comparing with the 2017

In TYNDP 2018 all scenarios have been built
as realistic and technically sound, based on
forward looking policies, whilst also being
ambitious in nature and aiming at reducing
emissions. For the first time, the ENTSOs for
gas and electricity have worked together,
using their expertise to provide broadly
technically feasible a joint set of scenarios.
This uniquely common approach has led to
resolutely forward-looking scenarios. This is
key to test the need and performance of
possible future infrastructure in challenging
but realistic situations. Future scenario
development processes will seek to enhance
and improve gas and electricity interactions,
looking for synergies, leading to better
sharing of data and cooperation.

3) https://www.gov.uk/government/publications/excise-notice-ccll6-a-guide-to-carbon-price-floor/excise-notice-ccl16-a-guide-to-

carbon-price-floor

Ten-Year Network Development Plan 2018 — System Assessment Report



F.2 ACER OPINION AND
RECOMMENDATIONS

F.2.1

The full ACER Opinion on the draft TYNDP 2018 can be found on the
ACER website!, the following section will provide responses in the
same order as the Conclusions of the Opinion.

RECOGNITION OF IMPROVEMENTS

The ACER Opinion included the following recognition of improvements achieved in the
process, methodology and outcome of the draft TYNDP 2018 in comparison to TYNDP 2017:

a)

b)

c)

d)

e)

The development, in consultation with
stakeholders, and the publication and
application of a Practical Implementa-
tion Document (“PID"), setting techni-
cal and administrative criteria for
projects applying for inclusion in the
TYNDP 2018.

The common ENTSO-E and ENTSOG
process for the development of the
scenarios for the TYNDP 2018, and the
preparation of a stand-alone “scenario
report”.

The new structure of the TYNDP, which
now consists of several volumes rather
than a single one, and in particular the
release of a stand-alone “system
assessment report” volume, which
assesses infrastructure needs and
investment gaps.

The provision of a window of opportuni-
ty for NRAs to check the input data of
the submitted TYNDP candidate pro-
jects. The Agency notes that NRAs’
checks of project data resulted in some
cases in improvements in such data in
terms of quality, accuracy and consist-
ency, by using information in National
Development Plans (“NDPs"). The
Agency recommends ENTSOG to
continue providing such data review
opportunities to NRAs in the future.

The increased level of transparency on
the consistency between the NDPs and
the TYNDP.

f)

g)

h)

Theincreased level of project cost trans-
parency. Capital expenditure (CAPEX)
data is available for 81 % of the TYNDP
projects, partly through data provided
by promoters (61 %) and partly
estimated by ENTSOG (20 %).

The use of an updated CBA methodolo-
gy (CBA 2.0), which allows for increased
transparency of the PS CBA results as
part of the TYNDP process, reduces and
simplifies some of the non-monetised
indicators, and provides guidelines for
project grouping.

The improvements of the model and the
modelling assumptions used for TYNDP
and CBA assessments, by including a
new approach to supply assumptions
and price methodology and the use of
infrastructure tariffs and long-term
capacity bookings in the assessments.

The improvement of ENTSOG's model-
ling tool topology, which now makes a
distinction between the H- and L-gas
markets and networks in the countries
where L-gas is currently available (i. e.
Belgium, France, the Netherlands and
Germany).

1) https://acer.europa.eu/Official_documents/Acts_of_the_Agency/Opinions/Opinions/ACER%200pinion%2014-2019%200n%20

the%20ENTSO0G%20draft%20TYNDP%202018.pdf

Ten-Year Network Development Plan 2018 — System Assessment Report
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F.2.2 SHORT-TERM RECOMMENDATIONS

F.2.21

ACER Opinion provides for a number of
short-term recommendations (Section 4,
page 32) listed in the table below, in the or-

derthey appear in ACER opinion. The TYNDP
topic to which these recommendations refer
to are also indicated in the table below.

Below, handling of ACER recommendations is indicated per related TYNDP topic.

ACER short-term recommendations Related TYNDP topic Paragraph in which the
recommendation is handled

Transparent Feedback summary document Additional section in the Feedback chapter
final TYNDP

List of the projects excluded from the TYNDP Infrastructure projects 2.2.1

2018 for failing to meet the PID criteria, along

with the underlying reasons.

Further indication on project grouping for PS-CBA  Project assessment 2.2.2

Completing the PS-CBA assessments with the Project assessment 2.2.2

Economic Performance Indicators and other

information

Further clarity and transparency on the ranges for ~ Assessment methodology 2.2.3

gas prices used for building the supply curves

under the new modelling approach.

Further information on the number of projects Infrastructure projects 2.2.1

included in the TYNDP 2017 and commissioned
by the time of the adoption of the TYNDP 2018.

Table F.1

INFRASTRUCTURE PROJECTS
Projects excluded from TYNDP

Starting with the TYNDP 2018 edition, the
submitted projects have also to comply with
specific administrative and technical criteria
for theirinclusion in the TYNDP, as defined in
the "ENTSOG Practical implementation doc-
ument (PID) for developing the 10-year net-
work development plan 2018" ?). This docu-
ment follows the European Commission’s
recommendation on “Guidelines on equal
treatment and transparency criteria to be
applied by ENTSO-E and ENTSOG when de-
veloping their TYNDPs", as set out in Annex
1.2 (5) of Regulation (EU) No 347/2013). In
line with ENTSOG PID, project promoters
were asked as part of the project collection
to provide data and documents as a proof
for the fulfilment of the administrative and
technical criteria. The ENTSOG PID was
consulted in a dedicated workshop held on
24 November 2017 and reviewed by the
European Commission.

ENTSOG initially identified seven projects
liable to rejection from TYNDP 2018. Follow-
ing the rules set in the Practical Implementa-

tion Document, concerned promoters were
allowed to provide additional information in
supporting their TYNDP application. In the
end, only project UGS-N-141 (Construction
of new gas storage facility on the territory of
Bulgaria) was excluded from TYNDP 2018
missing fundamental technical information
and given its very low level of maturity.

Projects commissioned since draft
TYNDP

Data collection for projects is along and very
important process for ENTSOG as itis a fun-
damental prerequisite to the modelling and
simulations. The input data are the basis for
the network assessment and data are
collected early in the process of TYNDP.

For TYNDP 2018, the data collection process
ended in March 2018 and, as a result, all the
data used to run the simulations, including
projects data, are time stamped on March
2018. Therefore, by the date of publication of
the TYNDP. a number of projects submitted
for the assessment were actually commis-
sioned.

2) https://www.entsog.eu/sites/default/files/entsog-migration/publications/TYNDP/2018/TYNDP062_180119_Practical_Implemen-

tation_Document_FINAL.pdf
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Below the updated list of all TYNDP 2017 projects commissioned before the publication of the Final

TYNDP 2018.

Project name Promoter Status in Draft
TYNDP 2018
FID

LNG-F-147 Revythoussa (2nd upgrade) DESFAS.A.

TRA-F-214 Support to the North West Snam Rete Gas S.p.A. FID

market and bidirectional
cross-border flows

TRA-F-230 Reverse Flow Transitgas FluxSwiss FID
Switzerland
TRA-F-241 MONACO section phase | bayernets GmbH FID
(Burghausen-Finsing)
TRA-F-331 Gascogne Midi TIGF - GRTgaz FID
TRA-F-337 CS Rothenstadt GRTgaz Deutschland FID
GmbH
TRA-F-343 Pipeline project Open Grid Europe FID
"Schwandorf-Finsing" GmbH
TRA-F-344 Compressor station Open Grid Europe FID
"Herbstein" GmbH
TRA-F-345 Compressor station "Werne" Open Grid Europe FID
GmbH
TRA-F-43 Val de Sadne project GRTgaz FID
TRA-F-45 Reverse capacity from CH to GRTgaz FID
FR at Oltingue
TRA-F-753 West to East operation of the ~ GRTgaz Deutschland FID
IP Waidhaus GmbH
TRA-F-768 Extension Receiving Terminal ~ NEL Gastransport, FID
Greifswald Fluxys Deutschland,
Gasunie Deutschland
Transport Services
GmbH
TRA-N-1138  South Caucasus Pipeline SOCAR Midstream Advanced Non-
Future Expansion - SCPX Operations LLC FID
TRA-N-902 Capacity increase at IP eustream, a.s. FID
Lanzhot entry
UGS-F-1045  Bordolano Second phase STOGIT S.p.A. FID
UGS-F-259 Bordolano first phase STOGIT FID
TRA-F-1228  Interconnection with UGS in Snam Rete Gas S.p.A. FID
Cornegliano Laudense
UGS-F-242 Cornegliano UGS ITAL Gas Storage FID
TRA-F-221 TANAP - Trans Anatolian SOCAR (The State Oil FID

Natural Gas Pipeline Project Company of the
Azerbaijan Republic)

Commissioning

Year

2018

2018

2018

2018

2018
2018

2018

2018

2018

2018
2018

2018

2018

2019

2019

2018

2016
2018

2018
2019

Table F.2: List of projects submitted in TYNDP 2017 and commissioned before publication of

Final TYNDP 2018

With regards to project TRA-N-1138, only
South Caucasus Pipeline Expansion (SCPX)
was commissioned in 2019 while South

Caucasus Pipeline Further Expansion

(SCPFX) is still planned.

Ten-Year Network Development Plan 2018 — System Assessment Report
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F.2.2.2

F.2.2.3

PROJECT ASSESSMENT
Project grouping for PS-CBA

In line with the European Commission
Opinion, the ENTSOG 2" CBA Methodology
includes general principles on project
grouping that ENTSOG has applied to
projects having indicated their intention to
apply for the 4" Project of Common Interest
Selection Process during the TYNDP 2018
Project Collection.

Project groups were built by ENTSOG based
on the 3 PCI List and the technical
information submitted by promoters for
their projects. The resulting project groups
were discussed with the European
Commission and ACER during dedicated
Cooperation Platform. Project groups were
not “proposed by project promoters” as
stated in the ACER Opinion.

As part of the TYNDP 2018 Project-Specific
Analysis ENTSOG has published, already
with the draft TYNDP 2018, the list of all
modelled and non-modelled projects, the
related groups and the principle applied to
create those groups®.

More detailed information on the reasoning
of each grouping have been included in each
single Project Fiche, that includes also the
main technical information of the projects
forming the group and their project-specific
assessment results?.

ASSESSMENT METHODOLOGY

The following intends to complement the
Draft TYNDP 2018 Annex D (chapter 2.3
“Supply Curve™) providing more information
onthe ranges for gas prices used for building
the supply curves under the new modelling
approach.

For each supply source, the following is done

1. A reference price is determined (as
already explained in Annex D)

2. Avreference supply curve is determined
by drawing a straight line between two
points with (X\Y) coordinates, where the
X_axis is the supply used in GWh/day,
and the Y_axis is the price of the addi-
tional supply in MWh/day.

a. Low point (O supply used, Reference
price — 2.5 EUR/MWh)

b. High point (SupplyMax2020,
Reference price + 2.5 EUR/MWh)

ACER and NRAs are invited to contact
ENTSOG in case of request for clarification
on specific groups reasoning.

CBA indicators

In line with the European Commission Opin-
ion on ENTSOG 2" CBA Methodology, the
assessment carried out by ENTSOG for
TYNDP is a Multi-Criteria Assessment that
includes qualitative, quantitative and mone-
tised benefits. Despite the supposed
simplicity in comparing monetary benefits
against costs, monetisation is not in fact a
trivial exercise and not all benefits can be
actually monetised. Monetary benefits are
uncertain and hard to capture while costs
represent more certain information. Addi-
tionally, monetization depends on assump-
tions and inputs, and market behaviour and
monetisation could be in conflict with
expected simplification.

For those reasons, the publication of the
Economic Performance Indicators (EPI)
might lead to wrong interpretation of results,
encouraging the readers of the Project Fiche
to give more emphasis only to monetised
benefits while disregarding other benefits
(e. g. supply dependence reduction).

EUR/MWh RU price curve

30
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I

20—
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O T T T T
0 2,000 4,000

6,000 8,000

—e— Price EUR/MWh

Figure F.3.1: RU price curve

3) https:/www.entsog.eu/sites/default/files/2019-05/Final%20PS-CBA%20Grouping_190508_rev.xIsx
4) https://www.entsog.eu/sites/default/files/2019-04/TYNDP%202018%20Project-Specific%20CBA%20Results.pdf
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» TWh/y



Where SupplyMax2020 is the maximum EUR/MWh RU price curve
potential for the given supply defined for the
year 2020. This means that, if the maximum
potential of 2020 is used, the average price
of the supply will be the reference price. &

On top of this price curve, to reach the EU 20 /

gas market, the following is added: —_

30

15

4 For pipe supply, the entry tariff cost into
EU

4 For LNG, the shipment cost

10

3. The supply curve set for 2020 is extrap-
olated linearly. This means that, if in
other years, the model uses more supply 0(‘)
than the 2020 potential, it will pay a
higher price for each additional drop of —o— Price EUR/MWh  --#-- Price extrapolated EUR/MWh
gas.

T T T T 1 TWh/) y
4,000 6,000 8,000

T
2,000

Figure F.3.2: RU price curve

The following tables gives the values used for
2020 and the extrapolated curves.

2020 price curves Extrapolated price curves

Initial- | Initial- Initial- | Initial-

Price Step Price Step

EUR/ EUR/ EUR/ EUR/

MWh MWh MWh MWh
AZ 17.86 0.00 22.86 301 AZ 17.86 0.00 22.87 302
™ 17.86 0.00 22.86 301 ™ 17.86 0.00 22.87 302
Dz 18.99 0.00 23.99 1,221 Dz 18.99 0.00 24.99 1,465
LNGAN  18.28 0.00 23.28 563 LNGAN  18.28 0.00 27.06 987
LNGAU  20.45 0.00 25.45 14 LNGAU  20.45 0.00 40.23 56
LNGME 17.20 0.00 22.20 1,394 LNGME  17.20 0.00 24.71 2,095
LNGNO 18.06  0.00 23.06 157 LNGNO  18.06 0.00 34.23 509
LNGPE  19.21 0.00 24.21 46 LNGPE  19.21 0.00 24.29 47
LNGSS  18.59 0.00 23.59 511 LNGSS  18.59 0.00 34.14 1,590
LNGTT  18.13 0.00 23.13 75 LNGTT  18.13 0.00 23.14 75
LNGUS 20.14  0.00 25.14 422 LNGUS 20.14  0.00 40.01 1,675
LY 19.06  0.00 24.06 325 LY 19.06 0.00 24.07 326
NO 18.06  0.00 23.06 3,300 NO 18.06 0.00 23.06 3,300
RU 18.18 0.00 23.18 5,855 RU 18.18 0.00 24.00 6,816
TR 20.07 0.00 25.07 60 TR 20.07 0.00 35.09 181

Table F.3 + F.4: Values used for 2020 and the extrapolated curves

Ten-Year Network Development Plan 2018 — System Assessment Report
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F.2.2.4

Therefore, when interpreting the following
graph presented in Annex D, one must
understand that the first drop of “RU for
North-West Pipe"” gas is actually 2.5 EUR/
MWh cheaper than the reference price pre-
sented here, and hence will be used before
the last drop of “NO Pipe” gas.

This approach also ensures to have more
competition among sources and avoid “all or
nothing"” situations where cheapest sources
are used fully first

EUR/MWh

29.00

Two last corrections are made to the price
curves:

1. In order to match some benchmark like
average price of imported gas in Europe,
all curves are translated upward or
downward, depending on the year and
the demand scenario. This does not
change the merit order of the sources.

2. Inminimization (respectively maximiza-
tion) price configuration, the minimized
(respectively maximized) supply has its
price curve shifted upward (respectively
downward) by 5 EUR/MWh.

25.00

23.00 — I
21.00 / I I

Japan price reference

1900 —— for NbA —
17.00
1500 T T T T T T T T T T T T T T T
LNG LNG LNG Japan LNG LY LNG LNG LNG DZ LNG RUfor RUfor NO AZ
AU PE us Ref. SS Pipe ME T NO Pipe AN North-  East Pipe

West Pipe Pipe

Figure F.4: Example of the merit order of the supply sources in the Reference case (for the purpose of this example

the Japan reference price here showed is purely indicative). The range of each supply is defined by the

consideration entry cost to deliver the supply to EU as well as the shipping cost for LNG.

NRAs COMMENTS ON THE TYNDP 18 PROJECTS

As part of its Opinion, ACER offered national
regulatory authorities (NRAs) to provide
comments on TYNDP projects. These com-
ments are available as an annex to ACER
Opinion® and provides a additional informa-
tion on projects, in addition to the promoter
information as provided as part of TYNDP
Annex A.

The comments from the NRAs in particular
reflect recent project information and, in
many cases, own NRAs views on projects
benefits. In some cases, NRAs identified in-
correct data.

Regarding more recent project information,
it is a standard feature of projects that they
keep on evolving as time is passing. In

TYNDP, the information on projects has to
be frozen at one point in time, to ensure that
the development process is performed in a
timely manner in line with the TYNDP publi-
cation timeline, the Project of Common
Interest Process and the need for ACER to
release its Opinion.

As explained in TYNDP 2018 Infrastructure
Chapter, already during TYNDP 2018 Project
Collection process, ACER and NRAs were
shared with the project data collected for
their review and feedback. Promoters were
informed on the informal preliminary com-
ments provided by ACER and NRAs and
could amend the information provided dur-
ing the project data collection if deemed
necessary. Therefore, Draft TYNDP 2018

5) http://www.acer.europa.eu/Official_documents/Acts_of_the_Agency/Opinions/Opinions/ACER%200pinion%2006-2017.pdf
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Annex A already includes the NRAs feedback
whenever considered by promoters.

Some project data have been updated after
March 2018, and in some occasion reflected
in national NDPs. Such updates are not
included in the Final TYNDP 2018, to ensure
consistency between the project informa-
tion used to perform the TYNDP assess-
ment, and the project information published,
both frozen at March 2018. In this context,
NRAs input on recent project information
represents a valuable additional information
for stakeholders not to be lost even if not
included in the Final version of TYNDP 2018.

In many occasions, comments from NRAs
refer to the actual merit of the project. In
some cases only one of the NRAs whose
country is concerned by a specific project
have provided some comment. In this re-
gard, it must be noted that TYNDP is based
on transparent and consulted rules (includ-
ing the approved 2" CBA Methodology) for
project inclusion and assessment, ensuring
a non-discriminatory process and preven-
tion of conflict of interest. ACER and NRAs
views on projects benefits would be better
addressed in the context of providing the
Opinion to the draft Project of Common In-
terest list.

In two cases NRAs has asked for further
clarification on the ENTSOG assessment (as
below).

A with regards to the comment from CRE,
as explained in TYNDP 2018 Annex D
(Methodology), a value of 600 EUR/
MWh has been used in TYNDP 2018 as
Cost of Disruption of Gas (CoDG) to
quantify the monetary impact of any
avoided demand curtailment. When ap-
plying the 600 EUR/MWh value to the
avoided curtailed demand, ENTSOG has
considered a 5% probability (1-in-20
years) in order to take into account, the
lower probability of occurrence of peak
and stressful situations. For the specific
project TRA-N-429 ENTSOG has used
two different CODG values: 600 EUR/
MWh (with 5 % probability) for peak sit-
uations and the ACER Study value of
147 EUR/MWh for the yearly assess-
ment. This is already explained in the
PS-CBA Project Fiche;

4 The interpretation of the results for the
Supply Source Dependence indicator in
the Low infrastructure level has also
been further detailed for clarification
(section 2.3.2, page 38 of the System
Assessment Report®).

6) https://www.entsog.eu/sites/default/files/2019-02/entsog_tyndp_2018_System_Assessment_web.pdf

Ten-Year Network Development Plan 2018 — System Assessment Report

17



18

F.2.3

F.2.3.1

MEDIUM-TERM AND LONG-TERM RECOMMENDATIONS

The following table illustrates the medium
and long-term ACER Opinion recommenda-

ACER long-term recommendations (TYNDP18)

Implementing recommendation regarding scenarios

Better incorporate market perspective on infrastructure
gaps.

Improve the CBA Methodology

Improve model and modelling

Planning of future TYNDP processes

Extend the perimeter of project assessment

Encourage promoters to provide more information
on costs

Provide more information on renewable gas
technologies

Develop sustainability indicator for reduction of CO»
and methane emissions

Assessment of necessary adaptations of gas
infrastructure to inject RES and decarbonised gases,
and related costs

Consider the level of utilisation, and contractual
and physical congestion for assessing the need for
additional infrastructure

Quantify targets for cross border needs, similar to elec-
tricity TYNDP.

Develop metrics to identify unrealistic projects.

Making obligatory for promoters to provide information
related to incremental capacity process

Continue joint ENTSOs scenario development process

Reconsider eligibility guidelines for TYNDP projects

tionand the TYNDP (or ENTSOG) processes
where are or can be tackled.

Related TYNDP/ENTSOG process

TYNDP scenario report
TYNDP / System assessment

CBA methodology (roadmap)
CBA application
TYNDP process
TYNDP / Project assessment
TYNDP process

TYNDP / Scenario report and System assessment

TYNDP / Project assessment

TYNDP / Project assessment

TYNDP / System assessment

TYNDP / System assessment

TYNDP / Prctical Implementation Document

TYNDP / System assessment

TYNDP process / Scenario process

TYNDP process / Practical implementation document

Table F.5

The below section addressed the medium-term and long-term recommendations of ACER

Opinion.

TYNDP 2018 DEVELOPMENT PROCESS

TYNDP Scenarios

ENTSOG, together with ENTSOE, has already
implemented a number of recommenda-
tions of the opinion 10/2018 in the TYNDP
2020 scenario building process and will con-
sider further recommendations in the
Scenario report itself.

Better planning of the future TYNDP
processes

ACER recommends to better plan the future
TYNDP processes, in order to make sure

Ten-Year Network Development Plan 2018 - System Assessment Report

that the official submission of the draft
TYNDP for the Agency’'s opinion contains
also the information regarding the consulta-
tion process, as required by Articles 9(2)
and 10 of Regulation 715/2009.

ENTSOG is constantly working on improving
the TYNDP process and its synchronisation
with the PCl selection process. At the same
time, it is important to underline that the
implementation in each new TYNDP of new
elements from stakeholders (including
ACER’s) have an inevitable impact on the
timeline extension and its uncertainty.



F.2.3.2

For TYNDP 2020, and in line with ACER
recommendation, ENTSOG intends to
plan for the process in line with Articles
9(2)and 10 of Regulation 715/2009, and
to publish the draft TYNDP mid-2020.

Eligibility guidelines for TYNDP
projects (Project Implementation
Document)

ACER recommends that ENTSOG pro-
pose adequate eligibility guidelines to
filter out unrealistic projects from future
TYNDPs.

For TYNDP 2018, ENTSOG has devel-
oped the Practical Implementation

TYNDP SYSTEM ASSESSMENT

Information on renewable and
decarbonised gas technologies

For the first time, TYNDP 2020 will
collect “energy transition related”
projects (ETR) related to the decarbon-
isation of the energy and the gas sys-
tems. The description of the projects
and their assessment against the EU
climate targets will provide more insight
into the potential of gas for supporting
the energy transition towards COP 21
and EU 2050 targets.

ENTSOG welcomes ACER considera-
tion that the gas infrastructure catego-
ries defined in Annex Il (2) of Regulation
(EU) No 347/2013 should be revisited
to include renewable gas projects. To
the extent that renewable gas projects
are included, the way in which sustaina-
bility is assessed should also be recon-
sidered in the CBA methodology or its
application.

Identification of the infrastructure
gaps

ACER recommends completing the
task of identifying the infrastructure
gaps, especially with respect to cross-
border capacities.

It is part of the TYNDP role to identify
infrastructure gaps. ENTSOG under-
stands that ACER recommends that in-
frastructure gaps are quantified in
terms of the necessary cross-border
capacities. ENTSOG stands ready to
clarify the recommendation with ACER.
Yet, whenever TYNDP identifies an
infrastructure gap, the solution to miti-
gate the situation is not unique and may
consist in a cross-border interconnec-
tion, but also alternatively in an LNG
terminal or astorage.Inthis perspective,

Ten-Year Network Development Plan 2018 — System Assessment Report

Document (PID) defining the criteria for
a project to be eligible for TYNDP. The
PID is revised with every new edition of
the TYNDP allowing for the inclusion of
new criteria based on the feedback
received from previous editions.

ENTSOG welcomes the proposal of
ACER to develop a metrics in order to
provide early warnings for “clearly
unrealistic projects” or “conceptually
doubtful projects”. Such metrics poten-
tially based on the information collected
during the TYNDP project collection
could be implemented in the future
TYNDP editions.

it would be too restrictive to consider
the issue only from a cross-border ca-
pacity perspective and would not
ensure a level-playing field assessment
of all types of projects.

However, it must be noted that, for most
of the indicators, the application of a
threshold common to all type of
projects is possible and is actually
already done by the Regional Groups in
the context of the Project of Common
Interest Selection process. When there
is no one-size-fits-all threshold, those
thresholds can be adapted depending
on the needs of the specific regions.

Finally, it is important to remember
that, unlike for the electricity sector, the
gas sector has no infrastructure devel-
opment target set by the Regulation.

Information on incremental capacity
projects

In TYNDP 2018, projects resulting from
the demand assessment in the context
of the Incremental Capacity process
are listed in the “Infrastructure Report”
chapter 5.8 Incremental Capacity
Process. For TYNDP 2020, promoters
are asked to indicate when their pro-
jects are triggered by an Incremental
Capacity process too.

Fortthe future TYNDP editions ENTSOG
welcomes and invites promoters
providing more information on projects
triggered by CAM NC. However, with
regards to the recommendation by
ACER of making obligatory the provision
ofinformation related to the incremental
capacity process, ENTSOG cannot force
any promoter in submitting their
project.
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F.2.3.3

F.2.3.3

TYNDP PROJECTS ASSESSMENT

Develop sustainability indicator
for reduction of CO2 and methane
emissions

For the first time, TYNDP 2018 project
assessments were including a section of CO,
emissions savings. Following the feedback
received from stakeholders, ENTSOG will
continue to develop sustainability indicators
to consider the impact and benefits of gas
infrastructure projects.

CBA METHODOLOGY

ENTSOG is constantly working in improving
indicators in view of each TYNDP application
of its CBA Methodology. Already more mon-
etisation has been ensured in TYNDP 2018.

Consideration of the results of the
Agency’s study on the Cost of Disruption
of Gas Supply (CoDG)

The 2" CBA methodology has been
approved by the European Commission in
January 2019 and has been applied to
TYNDP 2018. The assessment of the gas
system and the projects has been simplified
and the indicators further monetised. The
cost of demand curtailment applied by
ENTSOG was not based on the Cost of
Disruption of Gas (CoDG) study by ACER
due to the late publication of the study, but
the monetised results are nevertheless com-
parable.

ENTSOG reiterates that a uniform CoDG
value is consistent with the cooperative ap-
proach to be applied for very severe disrup-
tions as per the new Security of Supply Reg-
ulation (EU) 2017/19387. Countries will act
in a cooperative way significantly reducing
the impact of very severe disruptions in the
most vulnerable countries, as per the new
Security of Supply Regulation. Considering
different values as indicated by the ACER
Study would implicitly hamper such cooper-
ative approach. Additionally, using a uniform
value of CoDG across the countries ensures
comparability and harmonised project as-
sessment. It must also be noted that, in the
4 PC| Selection Process, the Cooperation
Platform decided not to consider such study
as input to the process for lack of clarity on
some assumptions and on the way those
results could have been actually used for the

Assessment of adaptations of gas
infrastructure to inject RES and
decarbonised gases

Following the inclusion of energy transition
related projects (ETR) in TYNDP 2020,
ENTSOG may have the possibility to asses
projects related to the adaptation of the gas
infrastructure to the injection of RES or de-
carbonised gases. However, the potential
ETR projects submitted to TYNDP 2020
may not be limited to such projects and will
give the opportunity to ENTSOG to further
adapt the TYNDP assessment to new types
of projects.

purpose of the PCl process (for example
whether a probability of occurrence is al-
ready considered or not). For TYNDP 2020,
ENTSOG is further investigating the consid-
eration of the CoDG defined in ACER's study.

Improvement of the indicators, for exam-
ple by applying indicators and metrics
used in the Agency’s Market Monitoring
Report

Regarding the improvement of market inte-
gration indicators and the proposal of ACER
to base the needs assessment on ACER's
Market Monitoring Report, it is important to
consider that identifying needs for the future
based on historical information and not re-
sulting from an infrastructure assessment
may result in inappropriate assessment,
ENTSOG assessment focuses exclusively on
those needs that require new infrastructure
to be mitigated.

Incorporation of the best available informa-
tion on long-term contracts into the model-
ling assumptions & Analysing the level of
utilisation and contractual and physical con-
gestion of existing entry and cross-border
infrastructure

From TYNDP 2018, ENTSOG already consid-
ers long-term capacity booking contracts.
These contracts, if signed before the time-
horizon considered for the assessment, ba-
sically represent a given for the user, and
therefore sunk cost that are not expected to
impact on its short-term use of the capacity.
Their inclusion, and until their expiration,
allows to take into accountin the TYNDP and
infrastructure gaps identification the
expected minimum level of utilisation of
existing infrastructures.

7) https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32017R1938&from=EN
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In the long-term, however, with these
contracts expiring, gas could flow through
any possible route.

Consideration of the long-term capacity
booking contracts and minimum supply
potentials will be continued for TYNDP 2020,
to reproduce the most realistic use of the
infrastructure.

With regards to long-term supply contracts,
those are already included, at European
level, in the “minimum” defined for each sup-
ply source potential. The different supply
sources minimums are based on public
available literature, exchanges between
ENTSOG and the main suppliers as well as
on the stakeholders feedback received
during dedicated workshops. As already
stated also in the ACER opinion, long-term
supply contracts at country level represent a
commercially sensitive information and are
subject to multiple uncertainties. Additional-
ly, in a (at least) 20-years time horizon as-
sessment, observed historical supply-long
term contracts require several assumptions
in terms of renewal that could bring to un-
derestimation of the identified infrastructure
gaps in the future.

Consistent and interlinked electricity
and gas networks and market model

After the publication of the focus study on
the interlinkages between gas and electricity
infrastructure and projects, ENTSOG, with
ENTSOE, will further improve their joint sce-
nario building exercise and develop a screen-
ing methodology to identify future projects
requiring a dual system assessment both on
the gas and electricity side ; and subse-
quently, the ENTSOs will develop the dual
assessment methodology for those projects.

TYNDP modelling

ENTSOG continuously seeks at an efficient
and result-oriented improvement of its mod-
elling tool, in a transparent manner, consid-
ering stakeholders’ feedback. To do so,
ENTSOG builds on its NeMo Kernel Group,
which is composed of TSO members and
focuses on modelling. ENTSOG tool is de-
signed for efficient EU-wide simulations: it
builds on detailed national expertise and to-
pology while ensuring a level of detail that
provides an efficient EU-level perspective.
The description of the model and the meth-
odology is described in the Annex D of the
TYNDP for full transparency.

Infrastructure tariffs

Stakeholder consultation on market related
assumptions and supply potentials is part of
the standard stakeholder engagement pro-
cess of ENTSOG. This will be pursued for
next TYNDP editions.

Continuing improving the treatment of
LNG

For the first time in TYNDP 2018, LNG was
considered as a multi-source supply. Howev-
er, following stakeholders’' recommendation,
when assessing market integration and
competition needs, LNG is simulated as a
one global market. Different presenters in
the recent workshop on TYNDP 2020 Supply
Potential acknowledged the global aspect of
LNG.

Requiring CBA projects assessments
for all the TYNDP projects instead of PCI
applicants only

In line with Regulation (EU) 347/2013
ENTSOG runs project-specific cost-benefit
analysis (PS-CBA) only for projects having
declared their intention to apply during
TYNDP project collection. This does not re-
place the actual PCI application organised
by the European Commission and under its
responsibility. While Regulation (EU)
347/2013 states that only projects “having
reached a sufficient degree of maturity”
should receive a PS-CBA, ENTSOG, assess-
ing any project indicating its intention to
apply for the following PCl selection process
independently on their "maturity” level
already assesses a broader scope of pro-
jects. Such approach is also welcomed by
the European Commission in its opinion on
the 2n CBA Methodology.

Additionally, it must also be noted that the
ACER request is actually in conflict with the
recommendation for a better planning of
future TYNDP processes and their synchro-
nisation with the PCl selection process since
it would imply more or less doubling the time
needed for PS-CBA.

Providing project cost information
irrespective of their intention to apply for
PCl status

ENTSOG support and encourages maxi-
mum level of transparency from promoters.
At the same time ENTSOG must respect the
request for confidentiality for projects not
applying for PCl selection process. Addition-
ally, there is no problem of same footing
comparability since those projects do not
receive a project-specific cost-benefit
analysis.

Ten-Year Network Development Plan 2018 — System Assessment Report
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F.3 PUBLIC CONSULTATION AND
STAKEHOLDER FEEDBACK

ENTSOG opened the public consultation on draft TYNDP 2018 for
6 weeks from 18 February to 29 March 2019. Their responses are
available in Annex F of the TYNDP.

F.3.1 ANALYSIS OF THE PUBLIC CONSULTATION FEEDBACK

ENTSOG's efforts to continuously simplify single report and to focus on the most
and clarify were welcomed by the relevant information while providing the
stakeholders in the 2018 edition. The editing exhaustive information in the annexes, made
choice to publish dedicated reports to the the TYNDP 2018 easy to read and navigate
main sections of the TYNDP instead of a through.

Is TYNDP 2018 easy to read and navigate through? Are the maps, graphs and tables easy to understand?

[N very easy easy [N very easy easy
difficult I very difficult difficult I very difficult
Figure F.5
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Most interesting topics

The overview of the topics identified as most
interesting by stakeholders indicates that
TYNDP is seen by a large share of stakehold-
ers as a valuable source of European-wide
information. It indeed highlights that the
expectations of the stakeholders are mainly
focused on the assessment of the infrastruc-
ture and specific projects, as well as on the
TYNDP modelling methodology. The de-
crease in interest in the joint ENTSOG and
ENTSOE scenarios compared to TYNDP
2017 can be explained by the time delay
between the publication of the TYNDP
Scenario report in March 2018 and the
TYNDP Assessment report in December
2018 and the fact that the joint TYNDP
Scenario report was submitted to a dedicat-
ed public consultation.

Most interesting topics

The collection and analysis done by
ENTSOG, is a highly valuable source of infor-
mation, as well as a necessary input to the
simulations and the assessment of the infra-
structure.

New elements introduced for TYNDP
2018:

ENTSOG introduced a number of new
elements in TYNDP 2018, some of those as
former voluntary additions that were added
to the recent CBA methodology 2.0 applied
for the first time to the 2018 edition. Stake-
holders were consulted on their views on
these new elements. All the elements are
considered as valuable by the stakeholders.
Some, such as the supply and market as-
sumptions — which were discussed with
stakeholders in a dedicated workshop?®, and
the new market features for the infrastruc-
ture modelling are particularly appreciated.

Most valuable new elements in TYNDP 2018

Joint ENTSOG and ENTSO-E Scenarios

Infrastructure Report:
Information on infrastrusture projects

System Assessment Report:
Identification of the infrastructure needs

[ New structure of TYNDP (3 seperate reports)

Joint Scenario report for ENTSOG and
ENTSO-E TYNDPs 2018 (published in March 2018)

New supply assumptions
(price and LNG as multi-source supply)

B System Assessment Report: I New market features for the modelling
Assessment of TYNDP projects (consideration of infrastructure tariffs and Long-Terr
Capacity bookings)
N system Assessment Report:
TYNDP simulation results provided in Annex E I other
[N Information on the TYNDP modelling (Annex D)
N Long-term Gas Qualitiy Monitoring Outlook
I other
Figure F.6

1) https://www.entsog.eu/events/tyndp-2018-2nd-cba-methodology-working-session-entsog-consult-stakeholders-on-modelling-

and-market-related-assumptions
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The main improvements ENTSOG has
brought to the 2018 editions are all consid-
ered increasing the usability of the TYNDP.
All stakeholders see value in the publication
of all simulation results and the description
of the modelling as annexes, with no need for
further improvement, and they support the
focus on the relevant scenarios in the re-
ports when assessing the infrastructure
needs or the impact of new projects. They
also support the focus on a limited, but
relevant, number of cases.

Increased transparency in TYNDP 2018:

Stakeholders also welcomed the publication
of the grouping of projects for Project-Spe-
cific Cost Benefit Analysis (PS-CBA) ahead
of the draft TYNDP.

Enhancement of unsability of the Assessment chapter

%

Stakeholders’ feedback consideration
since TYNDP 2017:

One of the main feedbacks from TYNDP
2017 was the lack of clarity of the assump-
tions and inputs for modelling that was ad-
dressed in the feedback section of the 2017
edition. However, for TYNDP 2018, the new
structure and improvements in the descrip-
tion of the methodologies as well as stake-
holder engagement in the definition of these
assumptions has proven to be efficient since
the comment has not been raised in the
public consultation.

Are those sections valuable to stakeholders
%

100 100
90 90 —
80 80 —
70 70 —
60 60 —
50 50 —
40 40 —
30 30 —
20 20 —
10 10 —
0 0 T T T 1
Dedicated ~ Presentation Consistency Focusona Publication  Need for Description  Need for
System of results for between the limited of all improvement of the improvement
Assessment  the most Supply number of simulation modelling
report relevant Distribution  simulations results in in Annex D
scenarios cases in cases Annex E
TYNDP and
Security
Regulation
2017/1983
[ Yes No
Figure F.7
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2 ASSESSMENT OF REASONABLE

INFRASTRUCTURE NEED AND
INVESTMENT GAPS
(LOW INFRASTRUCTURE LEVEL)

The Low infrastructure level is the basis for the identification of
priority areas facing an investment gap. It consists of the existing
infrastructure and the FID projects. forty two FID projects have been
submitted for this TYNDP edition.

The following Tables 2.1 and 2.2 list those
projects. The FID projects represent an
overall investment around 35 Billion €. It
incorporates large scale projects for which

costs have been publicly reported (including
Nord Stream 2 and TANAP) which represent
a large share of the overall costs of FID
projects.

FID projects with direct impact in the low infrastructure level

Project name Project commis-
sioning year first

LNG-F-147 Revythoussa (2™ upgrade) Greece 2018
LNG-F-163 Gran Canaria LNG Terminal Spain 2027
LNG-F-178 Musel LNG terminal Spain 2020
LNG-F-183 Tenerife LNG Terminal Spain 2021
LNG-F-229 Zeebrugge LNG Terminal - 5% Tank Belgium 2019
LNG-F-272 Upgrade of LNG terminal in Swinoujscie Poland 2023
TRA-F-1028  Albania - Kosovo Gas Pipeline Albania 2022
TRA-F-1138  South Caucasus Pipeline - (Future) Expansion — SCP-(F)X Azerbaijan 2018
TRA-F-1193  TAP interconnection® Italy 2019
TRA-F-1228  Interconnection with UGS in Cornegliano Laudense Italy 2018
TRA-F-1241  Interconnection with production in Gela Italy 2020
TRA-F-137 Interconnection Bulgaria — Serbia Bulgaria 2022
TRA-F-190 Poland - Slovakia interconnection Slovakia 2021
TRA-F-208 Reverse Flow TENP Germany Germany 2018
TRA-F-212 Gas Interconnection Poland-Lithuania (GIPL) — PL section Poland 2021
TRA-F-214 Support to the North West market and bidirectional Italy 2018
cross-border flows
TRA-F-221 TANAP - Trans Anatolian Natural Gas Pipeline Project Turkey 2018
TRA-F-230 Reverse Flow Transitgas Switzerland Switzerland 2018
TRA-F-241 MONACO section phase | (Burghausen-Finsing) Germany 2018

Table 2.1: FID projects with direct capacity impact in the low infrastructure level
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Project name Project commis-
sioning year first

TRA-F-247 North - South Gas Corridor in Western Poland Poland 2020
TRA-F-275  Poland - Slovakia Gas Interconnection (PL section) Poland 2021
TRA-F-298 Rehabilitation, Modernization and Expansion of the NTS Bulgaria 2021
TRA-F-334 Compressor station 1 at the Croatian gas transmission Croatia 2019
system
TRA-F-341 Gas Interconnection Poland~Lithuania (GIPL) Lithuania 2021
(Lithuania's section)
TRA-F-358 Development on the Romanian territory of the NTS Romania 2019
(BG-RO-HU-AT)-Phase |
TRA-F-378 Interconnector Greece—Bulgaria (IGB Project) Bulgaria 2020
TRA-F-45 Reverse capacity from CH to FR at Oltingue France 2018
TRA-F-51 Trans Adriatic Pipeline Greece 2019
TRA-F-895 Balticconnector Estonia 2019
TRA-F-902 Capacity increase at IP Lanzhot entry Slovakia 2019
TRA-F-915 Enhancement of Estonia-Latvia interconnection Estonia 2019
TRA-F-918 Capacity4Gas — CZ/SK Czechia 2020
TRA-F-928 Balticconnector Finnish part Finland 2019
TRA-F-937 Nord Stream 2 Germany 2019
TRA-F-941 Metering and Regulating station at Nea Messimvria Greece 2019
TRA-F-954 TAG Reverse Flow Austria 2019
UGS-F-1045  Bordolano Second phase Italy 2020
UGS-F-242 Cornegliano UGS Italy 2018
UGS-F-260  System Enhancements — Stogit — on-shore gas fields Italy 2027
TRA-F-286 Romanian-Hungarian reverse flow Hungarian section 1%t stage  Hungary 2019
TRA-F-752 Capacity4Gas — DE/CZ Czechia 2019

Table 2.1: FID projects with direct capacity impact in the low infrastructure level

FID projects without direct impact in the low infrastructure level

Project name Country Project Commis-
sioning year First

TRA-F-1271  Compressor Station Krummhoern Germany 2022
TRA-F-329 ZEELINK Germany 2023
TRA-F-331 Gascogne Midi France 2018
TRA-F-340 CS Wertingen Germany 2019
TRA-F-43 Val de Sadne project France 2018

Table 2.2: FID projects without direct capacity impact in the low infrastructure level
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SUSTAINABILITY

Supporting Renewable Energy Sources

The European gas infrastructure can achieve
the supply and demand adequacy with
different supply mixes and different shares
of renewable gases over the whole-time
horizon for all demand scenarios?. The infra-
structure, and in particular gas storages,
offer the necessary flexibility to make use of
the full potential of renewable generation
and cope with challenging situations such as
peak days under climatic stress.

Regarding the sustainability pillar of the EU
Energy Policy, gas infrastructures already
offer a flexible system able to support the
development of renewable energies. These
infrastructures are able to transport a low
carbon fuel to support the development of
intermittent renewable power production
and enable alarge-scale injection of non-fos-
sil gas (biogas/biomethane or gas from
power-to-gas processes). Gas infrastruc-
tures provide the advantage of storing
renewable energy as well as transporting en-
ergy at relatively low costs. New investment
may allow further integration of renewable
sources and achieve further level of decar-
bonisation.

Power to Gas

Power to Gas projects are not assessed as
part of TYNDP 2018 as they are not eligible
for the project collection and their potential
are covered only partially. However, as part
of their cooperation?, and in view of further
assessment, ENTSOG and ENTSO-E consid-
er the electricity system and the gas system
could be considered as complementary to
each other:

4 The electric system allows the produc-
tion of large quantities of renewable en-
ergy, but it has limitations to provide
long term electric storage.

4 On the other hand, the gas system's
ability to store large quantities of
renewable energy is very high.

4 The electric system is a fast, real time
system and as such, it is featured with
limited long-term flexibility, whereas the
gas system is flexible, also long-term
and can provide its flexibility to the elec-
tric system. The continuously growing
penetration of the renewables increases
the need for electricity ancillary services
to cope with the large amount of volatile
energy and thus has a significant impact
on the technical and financial aspects of
the electricity system operation. There-
fore, from a system perspective, a
coupling of electricity and gas will result
in a more stable overall system as a
whole. In addition, the societal costs of
the combined sectors could eventually
decrease because:

4 the complementary characteristics of
the two sectors support each other so
that RES can be integrated more
efficiently,

4 existing infrastructure which will require
some adaptations could potentially be
used (e. g. gas grid and gas storage),

4 continued utilisation of existing end
user technology, when conversion is not
cost efficient or fast enough,

4 gas storage (in addition to a number of
hydro power storage systems which
could also be expended) is the only
known seasonal storage with sufficient
capacity, and

4 synthetic gases are valuable energy
carriers for heating, transportation and
the chemical industry, together with
biomethane and decarbonised gas.

The European Commission and the
European Council support the approach of
implementing P2G facilities from the system
perspective.

Additional elements related to sustainability
criteria are available in the TYNDP 2018
ENTSOG and ENTSO-E Joint Scenario
Report (CO, emissions savings related to
the different scenarios, electricity genera-
tion, power-to-gas and biomethane).

1) See SoS chapter for more details.

2) ENTSO-E and ENTSOG joint paper: Power to Gas — A Sector Coupling Perspective (https://www.entsog.eu/public/uploads/files/
publications/Press %20Releases/2018/ENTSOs %20Position %200n %20Sector %20Coupling_Madrid %20Forum.pdf)
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SECURITY OF SUPPLY NEEDS

Security of supply needs are assessed be
measuring the ability of the European gas
system to ensure the continuity of gas
supply to all countries under various stress
conditions.

This section assesses the resilience of the
European gas system to cope with various
stressful events:

4 Climatic stress
4 Supply route disruptions
4 Infrastructure disruptions

Theresilience of the gas system is measured
by calculating the Remaining Flexibility (RF
indicator) of the system when coping with
the various stressful events and, be it the
case, the level of demand curtailment (CR in-
dicator: curtailment rate) to which the EU is
exposed. Those indicators are calculated at
country/balancing zone level over the whole
time horizon of the TYNDP assessment.

Remaining flexibility measures the resilience
of a Zone as the additional share of demand
each country can cover before no longer be-
ing able to fulfil its demand without creating
new demand curtailment in other Zones.

CLIMATIC STRESS

Climatic stress conditions result in high gas
demand situations and are therefore
challenging for the gas system. The ability of
the system may be challenged to cope with:

4 apeak day demand also considered as
the design case for most of the gas in-
frastructures,

4 a 2-week cold spell when the average
demand is relatively lower compared to
a peak day, but having a longer duration
and being still higher than the demand
in average climatic conditions.

Peak day (see figure 2.1)

The assessment shows that the EU gas sys-
tem is resilient to peak demand situations
for all scenarios.

In the longer term though, from 2025
onwards, in the low infrastructure level,
Croatia is exposed to an increasing demand
curtailment in all scenarios due to
infrastructure limiting the flow from Slovenia
and Hungary. This exposure is the result of
an increasing demand in Croatia driven by
the power generation®. Infrastructure rein-
forcement may be required to cope with high
demand situations in Croatia.

Demand curtailment is the value of the
unsatisfied demand. The curtailment rate is
the ratio between demand curtailment and
demand.

Demand elasticity

When assessing the impact of a climatic
stress on the gas infrastructure, the demand
is considered static and no elasticity in the
demand is considered. This assumption is
necessary to perform a consistent assess-
ment across the different years and the dif-
ferent scenarios of the TYNDP.

Indeed, as observed in past events, a high
demand event, especially if combined with a
tight supply or infrastructure situation may
trigger a demand reaction to the increase of
prices, hence resulting in a reduction of the
demand. However, such demand elasticity is
subject to various assumptions that differs
from one country to the other, and that
ENTSOG cannot access. Therefore, for the
sake of consistency and transparency, the
level of exposure to demand curtailment is
always presented in percentage of the
demand assuming no demand reaction to
the different stressful events.

FYROM is exposed to a demand curtailment
in 2020 and 2025 due to infrastructure
limiting the flow from Bulgaria. The situation
is mitigated from 2030 onwards (except for
Sustainable Transition in 2030).

In Sustainable Transition scenario, Western
Europe shows a rather low level of Remain-
ing Flexibility in 2030 and in 2040 due to a
highest gas demand displacing higher
carbon fuels for power generation and trans-
portation, and to a limited penetration of
renewable gas sources not compensating
the decrease in the national production. For
the same reason, in Sustainable Transition
scenario in 2040, Poland show a rather low
level of Remaining Flexibility.

In most of the countries, penetration of
renewable gas sources are compensating the
decline of conventional production in Distrib-
uted Generation scenario, EUCO 30 and Glob-
al Climate Action scenario, supporting the
European security of gas supply. However,
renewable gases do not compensate for the
decrease of conventional national production
at EU level in Sustainable Transition scenario,
resulting in an increasing need for seasonal
flexibility ensured by gas storages. Figure 2.1
shows the simulation results for a Peak Day.

3) see TYNDP 2018 Scenario Report Annex |
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2020 BEST ESTIMATE 2025 BEST ESTIMATE

(Gas before Coal)

2030 DISTRIBUTED
GENERATION

2040 DISTRIBUTED
GENERATION

2030 SUSTAINABLE
TRANSITION

2040 SUSTAINABLE
TRANSITION

Remaining Flexibility ~ Share of Curtailment
IS S
0%-15% > 15% 0%-15% 15%-30% 30%-50% > 50%

Figure 2.1: Climatic Stress for Peak Day
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2020 BEST ESTIMATE

2030 DISTRIBUTED
GENERATION

2030 SUSTAINABLE
TRANSITION

Remaining Flexibility

0%-15% >15%

Share of Curtailment
B [ S I
0%-15% 15%-30% 30%-50% > 50%

2025 BEST ESTIMATE
(Gas before Coal)

2040 DISTRIBUTED

GENERATION

2040 SUSTAINABLE
TRANSITION

Figure 2.2: Climatic Stress under a 2-Week Cold Spell situation
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2-week cold spell (see figure 2.2)

The European gas system is resilient to a
2-week cold spell in all the scenarios along
the TYNDP time horizon.

As observed in the peak day, from 2025
onwards, in the low infrastructure level,
Croatia is exposed to an increasing demand
curtailment in all scenarios. This exposure is
the result of anincreasing demandin Croatia
driven by the power generation.

Conclusion about Climatic Stress
(Peak Day and 2-Week Cold Spell)

The European gas system is well connected
to the various supply sources (imports and
indigenous) and the infrastructure — includ-
ing gas storages and LNG terminals — offers

SUPPLY ROUTE DISRUPTIONS

Most of the gas consumed in Europe is im-
ported through pipelines and LNG cargos.
The disruption of a supply route can have a
significant impact on the infrastructure and
its ability to satisfy the demand.

This section investigates the additional im-
pact of a supply route disruption during a
high demand situation (climatic stress).

The assessment focuses on the disruptions
listed in the Union-wide simulation of gas
supply and infrastructure scenarios carried
out for the risk assessment defined in Article
7, Regulation (EU) 2017/1938 (hereafter
SOS Regulation) concerning security of gas
supply. More specifically, those disruption
cases expected to show a risk of demand
curtailmentin the Union-wide simulation are
assessed in this section:

1. Ukraine route

2. Belarus route

3. Imports to Baltic states and Finland
4. Algerian import pipelines

Note: the assessment is limited to the im-
pact of a supply disruption occurring during
apeak day and a 2-week cold spell. The SOS
Regulation consider also disruption with
longer duration as assessed in the Union-
wide SoS simulation report.

For disruptions simulations, demand curtail-
ment follows the logic of unified allocation.
Inunified allocation, allmember States with-
in the risk group defined in Annex | of Regu-
lation 2017/1938 cooperate by avoiding a
demand curtailment to the extent possible
by transporting other supply and further-
more by sharing the curtailment equally in
such a way that they try to reach the same
curtailment rate.

the necessary flexibility to cope with the
highest demand situations in all scenarios,
including Sustainable Transition character-
ised by the highest gas demand. Regarding
Distributed Generation scenario, consider-
ing anintermediate demand with the highest
penetration of renewable energy, the system
shows the highest Remaining Flexibility on
EU average in 2040 with almost all countries
above a threshold of 15 % in case of a peak
day.

However, considering the LOW infrastruc-
ture level, some infrastructure reinforce-
ments may be required to reduce the expo-
sure of Croatia to a possible demand
curtailment during peak day situations as of
2025.

From the assessment, the gas infrastructure
results to be resilient to disruptions. Howev-
er, all analysed routes lead with some specif-
ic demand curtailments in some of the sce-
narios on the long term. Additionally, the
Ukraine transit disruption leads to demand
curtailment from 2020 in all scenarios.

Results are presented for Design Case and
2-Week Cold Spell and aim at identifying the
additional effects of a route disruption to
the situation observed under climatic
stress conditions.

Ukraine Transit Disruption

This assessment considers the disruption of
all gas imports via Ukraine during climatic
stress situations.

This case considers the disruption of the
transit through Ukraine and the risk group is
formed by Austria, Bulgaria, Croatia, Czech
Republic, Germany, Greece, Hungary, ltaly,
Luxembourg, Poland, Romania, Slovenia and
Slovakia.

RISK GROUP

Figure 2.3: Risk group for Ukraine transit
disruption
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Peak Day (see figure 2.4)

During a peak day, the Ukrainian transit dis-
ruption simulation results show a potential
demand curtailment in Bosnia and Herzego-
vina, Bulgaria, Croatia, Hungary, Romania,
FYROM and Serbia®. Infrastructure gaps can
be observed between these countries and
the surrounding EU countries.

The situation is getting worse in 2025 with a
risk of demand curtailment which is increas-
ing lightly. The situation improves for
Bulgaria but worsens for Romania, Serbia,
FYROM, Croatia and Hungary.

The commissioning of Bulgaria/Serbia and
Greece/Bulgaria interconnectors allow for
cooperation with northern countries.

Greece is not significantly affected by a
Ukrainian route disruption thanks to the
expansion of the Revythoussa LNG terminal.

In Romania, results show an infrastructure
limitation, and therefore an infrastructure
gap, preventing Romania from cooperating
efficiently with its neighbouring countries
and therefore further mitigating the situation.

The EU gas system resilience does not im-
prove in South-Eastern Europe in 2030.
However, if Western Europe generally shows
a relatively high level of Remaining Flexibility
in 2030 and 2040 in all scenarios except for
Sustainable Transition, South-Eastern Eu-
rope is still exposed to demand curtailment.

In Sustainable Transition Western Europe is
affected by the Ukraine route disruption and
is showing a very low Remaining Flexibility in
some countries (France, Spain, Portugal,
United Kingdom, Ireland, Belgium and the
Netherlands). The overall European curtail-
ment is rather significant being around
1,200 GWh/d starting from 2030.

The overall evenly distributed level of de-
mand curtailment in South-Eastern Europe
in 2030 and 2040 in all scenarios, and espe-
cially in Sustainable Transition, shows that
the infrastructure allows for a good coopera-
tion between the concerned countries ex-
cept for Romania where infrastructure rein-
forcement may be required to reduce its
level of exposure. However, the overall level
of demand curtailment in the region, despite
the possibility of cooperation between the
different countries, shows a high depend-
ence of the region to the gas imported via
the Ukraine route.

The simulation results show that in case of
disruption of Ukraine transit route, Europe

has not sufficient capacities of alternative
import routes from Russian supply to be
able to satisfy its demand and keep export-
ing gas to Ukraine, resulting in an overall
shortage of around 1,100 GWh/d of gas in
2030 and 2040 in Sustainable Transition
scenario (including Germany and lItaly for
around 600 GWh/d in 2030 and around
450 GWh/d in 2040).

In Distributed Generation and Global Cli-
mate Action scenarios, the reduction in de-
mand combined with a higher penetration of
renewable gases shows that the intercon-
nections between European countries allow
gas storages together with the LNG termi-
nals to provide the necessary flexibility to
cope with a Ukraine route disruption occur-
ring during a peak day and fully mitigates the
exposure to an import limitation. However,
infrastructure limitations continue to expose
Romania, Bulgaria, FYROM, Bosnia, Croatia
and Serbia to a risk of demand curtailment.

2-week cold spell (see figure 2.5)

Under a 2-week cold spell and Ukraine route
disruption, results show that the EU gas in-
frastructure is resilient with 3 exceptions.

Bulgariais exposed in 2020 to arisk of signif-
icant rate of demand curtailment, but antici-
pated increase of national production and
the new infrastructure commissioned before
2025 mitigate the situation in the following
years of the assessment.

Romania is exposed to a risk of demand
curtailment from 2025 onwards for all
scenarios, with a curtailment rate over 20 %
in 2030 and over 30 % in 2040 for all
scenarios whereas its neighbouring coun-
tries are not exposed. This identifies an infra-
structure gap concerning Romania against
its resilience to a Ukraine route disruption
during a 2-week high demand event.

FYROM is also exposed to demand curtail-
ment in 2025 and in 2030 in Sustainable
Transition scenariotoa30 % level of demand
curtailment. In 2040, the risk is mitigated in
all scenarios.

For all scenarios and over the whole time ho-
rizon of the assessment, Croatia is not addi-
tionally impacted by a 2-week disruption of
the Ukraine route. Interconnections between
European countries allow gas storages to-
gether with the LNG terminals to provide the
necessary flexibility to cope with a Ukraine
route disruption occurring during a 2-week
cold spell.

4) Although Croatia and FYROM are exposed to demand curtailment in climatic stress conditions, they are additionally impacted by a

Ukraine transit disruption
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Figure 2.4: Ukraine Transit Disruption — Peak Day
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TRANSITION

Remaining Flexibility ~ Share of Curtailment
N O S
0%-15% > 15% 0%-15% 15%-30% 30%-50% > 50%

2025 BEST ESTIMATE
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Figure 2.5: Ukraine Transit Disruption — 2-Week Cold Spell
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Belarus Transit Disruption

This assessment considers the disruption of
all gas imports via Belarus during climatic
stress situations and the risk group is formed
by Czech Republic, Belgium, Finland, Esto-
nia, Germany, Latvia, Lithuania, Luxem-
bourg, Netherlands, Poland and Slovakia

Peak day (see figure 2.7)

Under a Belarus transit disruption, most of
the gas system is resilient but Poland and
Lithuania, directly connected to Belarus, are
exposed to demand curtailment in 2030 and
2040 in Sustainable Transition scenario and
to a lesser extent, Lithuania is also exposed
in Distributed Generation scenario.

In 2030 Distributed Generation scenario
and in 2040 in all scenarios, due to Swinou-
jscie LNG terminal project, Poland and Latvia
show a relatively high remaining flexibility
whilst Lithuania is facing demand curtail-
ment. This indicates an infrastructure gap
preventing Lithuania from receiving support
from its neighbouring countries to satisfy its
demand.

In 2040 in Sustainable Transition scenario,
demand is increasing in Poland and the
country is exposed to a significant risk of de-
mand curtailment together with Lithuania.
This indicates another possible infrastruc-
ture gap in Poland in 2040 in case the Sus-
tainable Transition scenario would material-
ise.

In case of a Belarus route disruption and
considering the decommissioning of
Klaipeda LNG FSRU in 2024, the new inter-
connection capacity between Poland and
Lithuania is not sufficient to prevent Lithua-
nia from demand curtailment in 2040 in all
scenarios.

In addition, in 2040 in Sustainable Transition
scenario, infrastructure reinforcement
would help Poland to cope with a disruption

of imports from Belarus.

In scenarios with higher penetration of
renewable (Distributed Generation and
Global Climate Action scenarios), Poland is
not exposed to demand curtailment, even if
its demand is increasing over time.

In case of Belarus disruption, results show
that the reduction in the overall import ca-
pacity from Russia cannot be fully compen-
sated by the other Russian supply import
routes in Sustainable Transition scenario. As
a conseqguence, the other supply sources
have to be used at their maximum potentials
and gas storages and LNG tanks at their
maximum capacities to ensure the security
of supply of Europe.

However, in Distributed Generation and
Global Climate Action scenarios, the overall
decrease of EU demand combined with the
higher penetration of renewable gases limits
the need for imports and allows for more
flexible use of storages and LNG tanks dur-
ing a peak day.

2-week cold spell (see figure 2.8)

During 2-week high demand situations,
results show that EU gas system is resilient
to a Belarus route disruption.

However, in 2030 EUCO 30 and in 2040 in
Sustainable Transition scenario, due to an
increase of demand combined with a limited
penetration of renewable production, some
infrastructure limitations expose Poland and
Lithuania to a risk of demand curtailment,
showing possible infrastructure need.

RISK GROUP

Figure 2.6: Risk group for Belarus transit
disruption
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Figure 2.7: Belarus Transit Disruption — Peak Day
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Figure 2.8: Belarus Transit Disruption — 2-Week Cold Spell
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Disruption of pipeline imports to the
Baltic States and Finland

This assessment considers the disruption of
all imports in Finland, Estonia and Latvia
during climatic stress situations and the risk
group is formed by Estonia, Finland, Latvia,
Lithuania and Czech Republic, Belgium,
Germany, Luxembourg, Netherlands, Poland
and Slovakia®.

Peak Day (see figure 2.10)

The results show that Finland and Estonia
are exposed to a high risk of demand curtail-
ment (CR>50 %) from 2020 onwards. Sim-
ulations show an infrastructure limitation,
and therefore a gap, between Latvia and
Estonia in all scenarios over the whole time
horizon of the assessment. The interconnec-
tion capacity from Latvia to Estonia limits
the cooperation of Latvia with Finland and
Estonia. However, in all scenarios Finland
and Estonia share the same level of demand
curtailment, showing the interconnection
between Finland and Estonia allows for an
efficient cooperation.

Lithuania is not exposed to a risk of demand
curtailment in 2020 since it has access to
LNG via the Klaipeda FSRU that is consid-
ered to be decommissioned in 2024.
However, GIPL project to be commissioned
in 2021 connects Poland to Lithuania and
therefore creates apossibility for cooperation
between both countries from 2022 onwards.
The overlapping of the 2 projects between
the commissioning of GIPL and the
decommissioning of Klaipeda allows Lithua-
nia to be exposed to a limited risk of demand
curtailment.

On the other hand, the new connection
between Lithuania and Poland (GIPL) and
the possibility for cooperation between both
countries from 2022 creates the possibility
that Poland and the rest of Europe can help
limiting the exposure to a risk of demand
curtailment in Lithuania in 2030 and 2040
(less than 5%). In 2030, for Sustainable
Transition scenario, Lithuania is not exposed
to demand curtailment and shows some
remaining flexibility.

However, in 2040 the higher demand for
Poland in Sustainable Transition can result in
some infrastructure limitations and may
expose Poland to a limited level of demand
curtailment.

2-week cold spell (see figure 2.11)

During a 2-week cold spell, simulation results
show similar conclusions than for a Peak
Day. Estonia and Finland can cooperate, but
an infrastructure limitation prevents Estonia
and Finland to further mitigate their level of
exposure to demand curtailment
(> 40 %) in all years of the assessment and
for all scenarios.

Lithuania and Poland however, shows no risk
of demand curtailment during a 2-week high
demand situation.

RISK GROUP

Figure 2.9: Risk group for Baltic states and
Finland disruption

5) Compared to ENTSOG EU-wide SoS simulation, the risk group for Baltic States and Finland considered in TYNDP 2018 has been
extended to other countries belonging to Belarus risk group. The FID project GIPL is part of the low infrastructure level and connects
the Baltics states and Finland group to Poland and therefore allow for cooperation between all concerned countries.
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Figure 2.10: Disruption of pipeline imports to the Baltic States and Finland — Peak Day
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Figure 2.11: Disruption of pipeline imports to the Baltic States and Finland — 2-Week Cold Spell
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Algerian Pipeline import routes
Disruption

The simulation considers the disruption of
all the imports pipelines from Algeria to the
EU during climatic stress situations (peak
day and 2-week cold spell) and the risk
group is formed by Austria, Croatia, France,
Greece, Italy, Malta, Portugal, Slovenia and
Spain.

The Import pipelines from Algeria to EU dis-
rupted in this case are:

1. MEG Pipeline between Algeria and Spain

2. MEDGAZ Pipeline between Algeria and
Spain

3. TRANSMED Pipeline between Algeria and
[taly

Results show that for all scenarios, until
2030, the European gas systemiis resilient to
a disruption of all import pipelines from Al-
geria. As of 2030, whilst the EU is generally
resilient, even if locally the Iberian Peninsula
may be exposed to a limited risk of demand
curtailmentin all scenarios resulting from an
increasing demand in all scenarios.

The exposure of Croatia to a risk of demand
curtailmentis a consequence of the climatic
conditions and not related to the supply dis-
ruption as described in section 2.2.1.

Peak Day (see figure 2.13)

The European infrastructure is generally re-
silient to a disruption of all import pipelines
from Algeria.

However, from 2025 onwards, Spain and
Portugal may be exposed to a limited risk of
demand curtailment that could increase in
2040 in the Sustainable Transition scenario

RISK GROUP

Figure 2.12: Risk group for Algerian pipeline
import routes disruption

following the significant increase in Peak De-
mand in the Iberian Peninsula (+40 % com-
pared to 2020) combined with a locally lim-
ited level of penetration of renewable gases
production.

In all scenarios, the increasing demand in
Spain, and to a lesser extent in Portugal in
2030, may resultininfrastructure limitations
exposing the Iberian Peninsula to demand
curtailment.

2-week cold spell (see figure 2.14)

The EU gas system s resilient to a disruption
of all pipelines from Algeria during a 2-week
cold spell.

However, in 2040 in Sustainable Transition
scenario, Spain and Portugal are exposed to
a limited level of demand curtailment
(<10 %).

Ten-Year Network Development Plan 2018 — System Assessment Report
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Figure 2.13: Algerian Pipeline import routes Disruption — Peak Day
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Figure 2.14: Algerian Pipeline import routes Disruption — 2-Week Cold Spell
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Supply mixes under high demand situations

Under high demand situations the supply
and demand balance depend on a signifi-
cant share of storage injection. Over time the
storages together with LNG and Russian
supply replace the disappearing flexibility
from National production. Also, in some
scenarios as Global Climate Action or
Distributed Generation the decrease in the
supply from conventional National Produc-
tion is replace by renewable gases. This is
sensitive to the demand evolution explored
in the scenarios. The charts in figures 2.17 -
2.19 illustrate the evolution in the different
scenarios.
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Russian gas is the only source showing an
increasing share in the different scenarios
analysed configuration. Regarding LNG,
available LNG flexibility in the tanks is used in
addition to the LNG deliveries from carriers.
The volumes in tanks are the difference
between the operative fill level of the LNG
tanks and their technically required mini-
mum fill level. In total, when the regasifica-
tion capacities are fully used on the peak day
as the other supply sources, Europe relies on
storages to ensure at the minimum 36 % of
the gas supply in peak day events in
Distributed Generation scenario and at the
minimum 43 % in Sustainable Transition
scenario.
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Figure 2.15: Supply Mix on Peak Day for 2020/2025
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Figure 2.16: Supply Mix on Peak Day for 2030
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Figure 2.17: Supply Mix on Peak Day for 2040
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SUPPLY ADEQUACY IN NORTH-WEST EUROPE:

THE CHALLENGE OF L-GAS AREAS

Status of L-gas production and related
conversion plans

While most of Europe is supplied with high-
calorific gas (H-gas), specific areas covering
parts of the Netherlands, Germany, Belgium
and France are supplied with low-calorific
gas (L-gas) coming from the Groningen field
(Netherlands), German fields and H-gas
conversion facilities (e. g. by injection of
nitrogen). These L-gas demand and supplies
are connected through specific infrastruc-
tures with limited connections to the respec-
tive neighboring H-gas network. The average
yearly L-gas energy demand is currently
about 600 TWh/y.

The decline of the European productionis an
EU-wide concern. It is even more significant
with regard to L-gas production due to the
fact that L and H-gas are not substitutable
and due to the limited number of L-gas pro-
duction fields. Earthquakes related to the
production of the Groningen field in the pre-
vious years have led the Dutch authorities to
limit the production for the coming years
while leaving some flexibility to adapt to cold
situations.

Considering on the one hand the foreseen
end of the Dutch L-gas exports to Belgium,
France and Germany by 2030 as well as the
declining German L-gas production, and on
the other hand the current L-gas demand in
Belgium, France and Germany (around
330 TWh/y), itis necessary to engage a con-
tinuous process of converting areas current-
ly supplied by L-gas to H-gas. Belgium,
France and Germany have prepared national
conversion plans coordinated at bilateral
and multilateral levels (e. g. the Gas Plat-
form), and have started with the first steps of
the planned conversion sequence. The fore-
seen conversion process includes the devel-
opment of specific gas transmission infra-
structure (or adaptation if existing) to
integrate the L-gas and the H-gas networks
and to bring H-gas supplies to the L-gas are-
as to be converted. Main infrastructure pro-
jects related to L/H conversion are further
described in the North-West Gas Regional
Investment Plan (NW GRIP) and the respec-
tive National Development Plans.

On 8 January 2018 a new gas production in-
duced earthquake occurred at Zeerijp in the
province of Groningen. After this earthquake
the State Supervision of the Mines in the
Netherlands gave the advice to reduce the
gas production from the Groningen field as
fast as possible to a maximum of 12 bcm.
Following this advice, the Dutch Minister has
decided to reduce the Groningen production
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as fast as possible to 12 bcm followed by a
further decline to O bcm and terminate the
production from the Groningen field by
2030.

To achieve this, in addition to the conversion
plans in Belgium, France and Germany, the
Netherlands will invest in a new nitrogen
plant at Zuidbroek which can produce
pseudo L-gas as of the second quarter 2022.
In addition, additional nitrogen will be
purchased which can produce pseudo L-gas
from gas year 2020 - 2021. Furthermore,
industrial clients in the Netherlands will be
converted from L-gas to H-gas. These meas-
ures to reduce the Groningen production
were published in an addendum of the
national network development plan 2017,
which was published in June 2018.

In the meantime, the Gas act in the Nether-
lands has been altered with the purpose that
the production from the Groningen field will
never be more than is required from a secu-
rity of supply perspective. This means that
the blending stations of GTS will produce
baseload and the Groningen field with the
other sources (storages) will cover the rest
of the market.

In addition to these volume reducing meas-
ures, the Minister also decided to close the
production clusters in the Loppersum
region. This decision will reduce the capacity
of the Groningen field by approximately
25 %. This reduced capacity has been used
in the calculations in this TYNDP 2018.

L-gas in the TYNDP simulations

Since the previous TYNDP 2017, ENTSOG
has endeavored to improve the modelling
tool by separating the H- and L-gas markets
in Belgium, France and Germany in its topol-
ogy , and hence capturing the specific na-
ture of L-gas transport.

In line with the improved topology, the de-
mand data used for this TYNDP 2018 has
been collected both for H-gas and for L-gas
separately. To reflect the planned conversion
processes in Belgium, France and Germany,
the concerned TSOs have submitted the
L-gas demand with a decreasing trend, in
line with the projected decrease in L-gas
export capacity from the Netherlands. At the
same time the H-gas demand is showing a
comparable increase.

Because of the match between decreasing
L-gas demand in Belgium, France and Ger-
many (assuming the realisation of the
planned L/H conversion infrastructure pro-
jects and corresponding market conversion)



i

Picture courtesy of Fluxys TENP

and decreasing export capacities for L-gas
from the Netherlands, the EU system wide
analysis in TYNDP 2018 does not show a
specific infrastructure gap related to the de-
creasing L-gas production. This system-wide
analysis shows that the security of supply
risks related to the decrease in L-gas pro-
duction and related export capacities in the
Netherlands will be mitigated by the L/H
conversion projects in the concerned coun-
tries.

As the current L-gas zones represent isolat-
ed systems, the materialization of the
planned L/H conversion projects will allow
them to be integrated into the global H-gas
system which in turn will lead to an improve-
ment in terms of Security of supply, Compe-
tition, Market Integration, and Sustainability:

With the conversion of L-gas demand to
H-gas, involved customers are not sub-
ject anymore to the security of supply
risks related to L-gas supply.

The current L-gas system with a very
limited number of entry points will no
longer be vulnerable to an infrastructure
disruption  when integrated into
the existing H-has grid.

Neither will it be mostly depending on
indigenous L-gas supply, but rather
have access to a number of supply
sources identical to the H-grid in that
country.

Customers now supplied by L-gas will
have access to H-gas instead of having
to switch to other fuels.

The infrastructure projects related to the
L/H conversion in respectively Belgium and
France have been selected as Project of
Common Interest in the 3 PCl list following
a dedicated CBA analysis based on TYNDP
data and methodology. Thanks to the im-
proved modelling methodology, ENTSOG
will this time take care of the PS-CBA of
these projects, that have again applied for
the PCl label in the 4" PCl selection.

Ten-Year Network Development Plan 2018 — System Assessment Report
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SINGLE LARGEST INFRASTRUCTURE DISRUPTION (SLID)

This section investigates the impact of the
disruption of the single largest infrastructure
of a country during a Peak day.

The SLID measures the curtailed demand
following the disruption of the single largest
infrastructure entering a given country
(excluding storage and national production).

This simulation allows to identify potential
infrastructure limitation for the considering
country and the others European countries.

The simulation of the single largest infra-
structures of the different countries look at
the impact of such disruptions at a European
level and replaces the former N-1 indicator of
TYNDP 2017 that was a pure capacity-based
indicator limited at country level.

The table of Single Largest Infrastructure
Disruption for each country considered can
be found in Annex D.

Northern boundaries of Europe

The largest infrastructures of Ireland and
Sweden consider the interconnections to
their only neighbouring countries. Therefore,
their disruption result in a risk of significant
demand curtailment (CR >80 % for Ireland
and Sweden) for all scenarios and all differ-
ent assessment years.

The disruption of the Single Largest Infra-
structure of Finland, could expose Finland
and Estonia to a risk of demand curtailment
of 40 % to 60 % depending the scenarios
and years of the assessment.

Eastern Europe

Bulgaria is exposed to 60 % more demand
curtailment in 2020, but a prospective in-
crease of domestic production and the infra-
structure commissioned before 2025 miti-
gates the situation from 2025 onwards in all
scenarios.

Croatia (30 % to 40 % of demand curtail-
ment), FYROM (100 %), Bosnia (100 %) and
Romania (20 % to 40 %) are also additional-
ly impacted by their Single Largest Infra-
structure disruption compared to a Peak
day. Additionally, in case of disruption of the
Single Largest Infrastructure in Slovenia
(around 50 % in all scenarios and years),
Croatiais exposed to a curtailment rate from
20 % to 30 %.

Serbia is exposed to a high rate of demand
curtailment in 2020 (70 %), but from 2025
onwards, the interconnection Bulgaria—Ser-
bia helps mitigating the exposure down to
10 % in all scenarios. Additionally, the de-
mand curtailment is also shared with Bosnia
in the same proportions.
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Greece is exposed to demand curtailment in
case of disruption of its Single Largest Infra-
structure in all years of the assessment and
for all scenarios. The simulation shows a risk
of demand curtailment of 25 % in 2025
increasing to 35 % in 2030 in Sustainable
transition scenario and decreasing to 20 %
to 30 % in 2040 depending on the scenario.
The change in the exposure to demand cur-
tailment in Greece follows the evolution of
the peak demand in the different years and
scenarios. Additionally, the demand curtail-
ment is also shared with FYROM from 10 %
to 30 %.

In case of disruption of the Single Largest
Infrastructure in Slovakia, results show that
Slovakia is resilient in all years and all
scenarios of the assessment. However, In
Sustainable Transition scenario in 2030 and
2040, the demand curtailment observed in
Slovakia and other EU countries reflects an
infrastructure limitation at EU level, not limit-
ed to Slovakia. Therefore, in case of disrup-
tion of the Single Largest Infrastructure in
Slovakia, Europe has limited alternative im-
port capacities from Russian supply to be
able to satisfy its demand and keep export-
ing gas to Ukraine, resulting in an overall
shortage of around 400 GWh/d of gas in
2030 and 2040 in Sustainable transition
scenario.

In Distributed Generation and Global Climate
Action scenarios, the reduction in demand
combined with a higher penetration of
renewable gases shows that the intercon-
nections between European countries allow
gas storages together with the LNG termi-
nals to provide the necessary flexibility to
cope with a Ukraine route disruption occur-
ring during a peak day and fully mitigate the
exposure to an import limitation.

Western Europe

The disruption of the Single Largest Infra-
structure of UK would locally expose UK and
Ireland to some demand curtailment in
2030 and 2040, limited to 10 % maximum in
Sustainable Transition.

The disruption of the Single Largest Infra-
structure of Spain would expose Spain and
Portugal to a risk of demand curtailment in
Sustainable Transition scenario in 2040
around 15 %. And in case of SLI of Portugal,
Portugal is exposed to a risk of demand
curtailment around 30 % depending of the
different scenarios.
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Figure 2.18: Maximum exposure to demand curtailment in case of disruption of a
Single Largest Infrastructure
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CONCLUSIONS ON SECURITY OF SUPPLY RELATED NEEDS

The existing gas infrastructure in Europe,
along with the foreseeable reinforcements —
having already taken the final investment
decision — is already providing sufficient
flexibility for transmitting supplies to the de-
mand areas in most of Europe. Likewise, the
penetration of renewable gases in Western
Europe reduces the risks of dependence on
large infrastructure. It can stand a high num-
ber of route disruption situations, as well as
for most countries the disruption of the larg-
est single infrastructure (SLID), including
under a high demand situation. Neverthe-
less, the assessment of the security of sup-
ply related needs, under the low infrastruc-
ture level, shows that some additional
capacity could be needed in the following ar-
eas:

4 Countries in South-Eastern Europe
which would need additional import and
interconnection capacity (Bosnia and
Herzegovina, Bulgaria, Croatia,
FYROM, Hungary, Romania and Serbia)
to cover the risk of a Ukraine route dis-
ruption.

4 In Sustainable Transition Western
Europe is affected by the Ukraine route
disruption and is showing a very low
Remaining Flexibility in some countries
(France, Spain, Portugal, United King-
dom, Ireland, Belgium, Netherland). The
overall European curtailment is rather

COMPETITION NEEDS

SUPPLY SOURCES ACCESS

The access to different supply sources is a
prerequisite for competition. The ability to
have access to different supplies, as well as
the volumes of these supplies, is taken into
account for the identification of supply diver-
sification needs.

The 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 de-
crease in the price of the considered supply
source (such ability does not necessarily
mean that the area has a physical access to
the source).
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significant being around 1,200 GWh/d
starting from 2030 (including Germany
and ltaly for around 300 GWh/d in
2030).

4 Poland and Lithuania could be exposed
to demand curtailment for Belarus dis-
ruption for Sustainable Transition in
2040.

4 Spain and Portugal could be exposed to
demand curtailment for Algerian dis-
ruption for all the scenarios from 2030
onwards.

4 Croatia on the long run, if their demand
outlook materialises,

4 Romania, the foreseen increased pro-
duction would not be maintained over
time (Romania increases its production
until 2025 and then it decreases sharp-

ly).

4 Bosnia and Herzegovina, Croatia, Esto-
nia, Finland, FYROM, Greece, Ireland,
Luxemburg, Portugal, Romania, Slove-
nia and Sweden, and potentially on the
longer run Slovakia and Lithuania, to
mitigate their exposure to the risk of dis-
ruption of their main infrastructure.

The assessment under the different scenari-
os shows a sensitivity of the different results
based on the demand evolution.

The ability of an area to access a given
source is measured through the supply
source diversification indicator (SSDi). The
SSDi is expressed as a percentage in the
range O to 100 %, with e.g. 30 % corre-
sponding to the supply cost of the area being
30 % responsive to a decrease in price of
source S. The bigger the SSDi, the better the
access to source S from a price perspective.
A country has been considered as having a
significant access to a supply source when
the SSDi to this source is higher than 20 %,
which means that a decrease in the price of
this supply source would impact at least
20 % of the country supply bill. Alternatively,
an SSDi of 0 % means the country gets no
benefit from a low price of the concerned
source.
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Figure 2.19: The situation of SSDi for each supply for Europe in 2020 Best Estimate

Of course, the indicated reference threshold
has to be red considering the demand of
each country. For the larger gas markets, a
lower threshold could be relevant to indicate
diversification provided by some supply
sources.

Figure 2.19 shows the situation of SSDi for
each supply for Europe in 2020. The detailed
results from the following maps allow identi-
fying how a different threshold would impact
on the results. The approach is based on
marginal gas prices and therefore a country
is considered benefiting from a source when
having the possibility to commercially
access that source.

Figure 2.20 shows the number of sources for
each country. The results are presented for
Best Estimate in 2020, Best Estimate (gas
before coal) in 2025, Distributed Generation
in 2030 and 2040 and in Sustainable Transi-
tion in 2030 and 2040 in the low infrastruc-
ture level.

Simulation results show that a large majority
of European countries can benefit from a
decreasing price of at least 3 different
sources for all years and scenarios. From
2020 onwards, there is a decrease of
number of sources (4 to 3) due to decreas-
ing national production.

However, Estonia, Hungary, Croatia and
Greece access only 2 sources in 2030 Sus-
tainable Transition scenario and 3 in Distrib-
uted Generation.

Finland access to Russia and LNG sources in
2020 but with higher demand in 2025
onwards, in all scenarios, Finland access
only one source, Russia. LNG source is under
20 %.

Romania, FYROM, and the Iberian Peninsula
never access more than 2 sources in all
scenarios and for the whole time horizon of
the assessment.
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Figure 2.20: Number of supply sources per country
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From 2025 onwards, the commissioning of
the interconnection Bulgaria—Serbia, allows
Bulgaria to access 3 sources including the
Norwegian supply. Also, the commissioning
of GIPL allows the Baltic states to access
Norwegian supply.

For countries accessing LNG, LNG being a
diversified source imported from different
LNG basins and suppliers, it should be noted

SSDi-NO MM SSDi-LNG all W SSDi-DZ

that the ability of a country to access a
specific LNG basin/supplier is related to its
supply contracts more than the ability of its
infrastructure to access different LNG sup-
pliers.

The following graphs informs in more detail
the situation across Europe for the different
SSDi per country and give the details of the
Supply Source Access maps.
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Figure 2.21: Best Estimate 2020 — SSDI indicator by country
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Figure 2.22: Best Estimate (Gas before Coal) 2025 — SSDI indicator by country
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Figure 2.23: Distributed Generation 2030 — SSDI indicator by country
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Figure 2.24: Sustainable Transition Scenario 2030 — SSDI indicator by country
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Figure 2.25: Distributed Generation 2040 — SSDI indicator by country
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Figure 2.26: Sustainable Transition Scenario 2040 — SSDI indicator by country

23.2

SUPPLY SOURCE DEPENDENCE (SSD)

The Supply Source Dependence (SSD)
should be understood as the minimum
share of a given source in the supply mix,
being the source share, which cannot be
substituted by the other supply sources. The
analysis is done over the whole year. It has
both a European and a country-level
dimension. On a European level, it relates to
the overall demand and supply volumes that
are available. The European level situation
therefore reflects a supply gap and not an
infrastructure gap.

The SSD is assessed independently for each
extra-EU supply under the assumption that
countries interact in a cooperative way.

As a consequence of such cooperative
behaviour, different levels of dependence
between neighbouring countries indicate an
infrastructure limitation that can be only
mitigated by infrastructure reinforcement.

Ten-Year Network Development Plan 2018 — System Assessment Report
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Figure 2.27: European Level Supply and Demand
Adequacy with no supply from Norway

Norwegian Supply

The results for the SSD indicator for
Norwegian supply show no dependence for
all European countries on Norwegian gas.
The other suppliers can satisfy the European
demand and the infrastructure is sufficient
to provide gas. As shown in Figure 2.27, the
maximum supply potential without consid-
ering Norwegian supply can cover the evolu-
tion of demand in all scenarios.

Results show that Europe is generally not
dependent on Norwegian gas and, at coun-
try level, the infrastructure network is well
developed for all countries to access alterna-
tive sources.

Russian Supply

The results of SSD indicator for Russian
supply show dependence for all of Europe on
Russian gas in 2020 and 2025 and to a
lesser extent in the other years and
scenarios. Nevertheless, at EU level, the gas
infrastructure allows to maximise the other
sources. This indicates that the European-
level situation is purely a supply gap,
reflecting that Europe relies on a minimum
share of Russian gas to achieve its supply
and demand balance. The increasing flexibil-
ity of other sources over time reduces
accordingly the dependence to Russian gas.
Yet, some country-level limitations exist and
are detailed below. As said, some areas show
higher dependence to Russian gas.
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In all scenarios, the Baltic region (Lithuania,
Latvia, Estonia and Finland) is more depend-
ent on Russian supply after the decommis-
sioning in 2024 of the LNG FSRU in Klaipéda.

In 2020 in South-Eastern Europe, Bulgaria
and FYROM higher dependence, reveal infra-
structure limitation between these countries
and their neighbours. However, from 2025 on,
the wider sharing and decrease of the de-
pendence in this region relates to the foreseen
commissioning of a number of projects in the
region (TAP, Interconnector Greece-Bulgaria
and Interconnector Bulgaria-Serbia).

Romania, in 2020, reduce dependence with
Russia related to its national production. But
this dependence increases in 2025 onwards
due to the announced decrease in national
production and an infrastructure limitation
with his neighbours.

Over time the increasing LNG potential is not
sufficient to mitigate the supply gap in Sus-
tainable Transition scenario. However, in Dis-
tributed Generation scenario, considering the
lowest demand with a higher penetration of
renewable gases, Eastern European countries
(Finland, the Baltics, Poland, Czech Republic,
Hungary, Slovakia and Croatia) show a signifi-
cantly lower dependence to Russian supply.

In all scenarios, Eastern European countries
listed above are showing a level of depend-
ence significantly higher than the rest of Eu-
rope. This reveals an infrastructure limitation
preventing those concerned countries to
align their level of dependence with Western
and Central Europe countries. Since they
have limited alternative import capacities or
limited storage volumes that could allow
them to import more from alternative sup-
pliers in summer.
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Figure 2.28: European Level Supply and Demand
Adequacy with no supply from Russia
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Figure 2.29: SSD RUSSIA — Scenarios and years — Maps results
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LNG

The results of the SSD indicator for LNG
supply show limited dependence for most of
Europe on LNG. At EU-level, the gas
infrastructure allows to maximise the other
sources. This indicates that the European-
level situation is purely a supply gap,
reflecting that Europe relies on a minimum
share of LNG to achieve its supply and
demand balance. Yet, some country-level
limitations exist and are detailed below.

The results for the SSD indicator for LNG
show dependence for the Iberian Peninsula
on the global LNG market, reflecting an
infrastructure limitation preventing further
substitution of LNG by pipe supply.

In Sustainable Transition scenario, for the
most part of European countries, the overall
increase in demand combined with a lower
supply potential due to low penetration of re-
newable gas compared to the other demand
scenarios, results show a general increase in
the dependence of Europe to LNG (SSD
around 13 %). Some suppliers have no more
flexibility (Algeria, Libya and Norway), so this
dependence is a supply gap and not
infrastructure related. However, Azerbaijan,
Russia and Turkey have still flexibility. The
infrastructure limitation with these suppliers
impact the most of European countries and
the unified mode mitigate the dependence.

However, the eastern Countries showing
high dependence to Russian supply show
absolutely no dependence to LNG (Baltic
Countries, Finland, Bulgaria, Bosnia Herze-
govina, Hungary, Romania and Serbia).
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Figure 2.30: European Level Supply and Demand
Adequacy with no supply from LNG

Figure 2.31 shows the results for SSD to LNG
supply in Best Estimate, Distributed Genera-
tion and Sustainable Scenarios.

For countries accessing LNG, whilst LNGis a
diversified source imported from different
LNG basins, results regarding the depend-
ence to the different LNG basins show that
no country is dependent on a single LNG
basin.

Picture courtesy of Enagas
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Figure 2.31: SSD LNG — All scenarios and years — Maps results
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2020 BEST ESTIMATE

2,000

LICD - LNG AND INTERCONNECTION CAPACITY DIVERSIFICATION

This indicator was called Import Route Di-
versification inthe previous TYNDP (2017). It
was focused on how balanced the import ca-
pacity of a given country is.

The LNG and Interconnection Capacity
Diversification (LICD) does not consider the
capacities from import route and transit
route but only the LNG terminals capacities
andtheinterconnections capacities between
European Countries.

Fach border entry capacity is capped by the
country average day demand (incl. gasifica-
tion), to avoid results for a small demand
country being distorted by a big transit
capacity.

This indicator shows the diversification from
the perspective of market integration. It
measures the diversification of paths that
gas can flow through to reach a market area.

The LICD is an HHI® indicator and ranges
from O to 10,000. The lower the value, the

2025 BEST ESTIMATE
(Gas before Coal)

3,300

better the diversification is. Where a country
would have two borders the LICD cannot be
lower than 5,000, and for a country having
three borders the LICD cannot be lower than
3,333. See Annex F for detailed information
about the indicators’ formulae.

The results of the LICD indicator are inde-
pendent from the scenarios. Since a large
majority of the FID projects are to be com-
missioned between 2020 and 2025, the
changes in LICD values differ only between
these two time horizons.

Results show that the diversification
improves in South-Eastern Europe between
2020 and 2025 due to the commissioning of
a number of projects in the region (IGB,
Interconnection Bulgaria — Serbia and Inter-
connection Slovakia — Poland).

Due to their limited number of borders,
countries located at the boundaries of
Europe generally show a higher index
compared to Central Europe countries.

2030 DISTRIBUTED
GENERATION

s W
«
'g‘ )/

—

Figure 2.32: LNG and Interconnection Capacity Diversification — Maps results

6) Herfindahl-Hirschman Index
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CONCLUSION ON COMPETITION NEEDS

The infrastructure gaps hampering compe-
tition are identified by assessing the ability of
countries to prevent a too high dependence
to a given source and symmetrically to
benefit from diversified supplies. These
results have been complemented with a
monetary perspective (see Market Integra-
tion Needs, following chapter).

Cyprus and Malta which are currently
completely disconnected from Europe
mainland

In the South-Eastern and Central-East-
ern area

— South-Eastern countries are highly
dependent on Russian supply,

— Several FID projects mitigate the
infrastructure limitations in Bulgaria
as of 2025  (Interconnexion
Greece — Bulgaria in particular),

— Romania faces infrastructure limita-
tions with its neighbouring countries
(Hungary, Bulgaria),

— Greece faces infrastructure limita-
tions in sharing LNG with neighbour-
ing countries,

— The Central-Eastern area faces an
increasing dependence on Russian
gas on the long run, highlighting
some infrastructure gaps to limiting
the diversification of supply sources.

Picture courtesy of REN

The SSDIand SSD indicators help support the
analysis. The gas infrastructure generally
allows most countries to cooperate in mitigat-
ing the dependence to a given source by
ensuring access to diversified supplies.
Nevertheless, the assessment of the competi-
tion needs, under the low infrastructure level,
shows potential needs in the following areas,
often resulting from the same limitations as
identified in terms of security of supply:

Inthe Western area

— The Iberian Peninsula have access
mainly to LNG and Algerian gas when
other Western countries access more
sources.

In some instances, infrastructure limita-
tions prevent countries with a direct
access to LNG from sharing this access
completely with neighbouring countries

AtEuropean-level, ageneral degradation
of the diversification potential over time
related to the decrease of the European
indigenous production can be compen-
sated by the production of new gases
for some scenarios (Distributed Gener-
ation, Global Climate Action) or new
import routes.

Ten-Year Network Development Plan 2018 - System Assessment Report
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MARKET INTEGRATION NEEDS

MARGINAL PRICE

This section investigates how Marginal Pric-
es of European countries are sensitive to
contrasted supply price configurations and
their ability to converge.

New features in TYNDP 20187
4 New supply price methodology
4 Tariffs included for the first time

4 Long-term capacity bookings included
for the first time

Reference case

It is not expected that the reference supply
prices or arbitrary price differentials select-
ed will materialise in the future, nor that the
prices determined in the EU's internal hubs
by modelling will fully reflect internal de-
mand and supply drivers. ENTSOG is aware

Interpretation of marginal prices

A difference in marginal price between two
connected countries can be the result of a
transmission tariff, an infrastructure limita-
tion or both.

As reference marginal prices are different for
every year and every scenario of the assess-
ment, comparisons between countries, sup-
ply configurations or infrastructure levels
are valuable only when comparing within the
same year and same scenario.

For the purpose of maximising and minimis-
ing supply flows from individual sources in
order to assess extreme transportation
potentials of the grid a standardised
approach has been defined. For the minimi-
sation and maximisation of supplies the
price curves of these supplies are set higher
or lower by an arbitrary spread of 5 €/MWh
making this supply more or less attractive.
The import price of the other sources is not
changed.

The Reference price per scenario and time
horizon have been built using a full supply
price methodology for the different supply
sources using price information from IEA
World Energy Outlook 2017 and is detailed in
the TYNDP Scenario report.

Infrastructure tariffs used for this TYNDP
reflects the current 2018 tariffs for
Transmission and tariffs used for LNG and
Storage are described in the Annex D.

that the actual development of prices is so
volatile that the source used for the Refer-
ence price is probably already outdated at
the time of publication of the TYNDP report
and there are new forecasts available.

The following supply configurations were
analysed:

4 Russian gas supply maximised
(low Russian price)

4 Russian gas supply minimised
(high Russian price)

A4 NG supply maximised (low LNG price)
4 LNG supply minimised (high LNG price)

4 South gas supply gas maximised
(low Azeri, Libyan, Algeria prices)

In the following maps, the reference price
(0), used to compare the marginal prices, is
the same average price used in the reference
case for the same scenario and the same
years. It is the middle price of the reference
cases.

7) The definition and the methodology of infrastructure tariffs and Long Term Capacity Bookings used for the assessment are detailed

in Annex D
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Figure 2.33: Marginal Price — Reference case
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Figure 2.34: Marginal Price — Russian Maximisation (Low price)

Maximisation of Russian supply

A low price for Russian gas can have an
influence on nearly all European countries in
terms of country-level average supply price.
The effect appears stronger for the Eastern
part of the EU.

Ten-Year Network Development Plan 2018 — System Assessment Report
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Figure 2.35: Marginal Price — Russian Minimisation (High Price)

Minimisation of Russian supply

In 2020, Best Estimate scenario, we obtain
the same results than for reference case. For
reference case, we already reached the low-
er boundary for Russian supply.

High price of Russian supply impacts all
European countries. Countries of Eastern
and South-Eastern Europe are more
exposed while in Western Europe and
Greece, the impact of an expensive Russian
supply is less significant.

On the longer term, the overall increase of
supply flexibility from the other sources
reduces the impact of a high Russian supply
price.

Ten-Year Network Development Plan 2018 — System Assessment Report
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Figure 2.36: Marginal Price — LNG Maximisation — Low Price

Maximisation of LNG supply

Low LNG prices benefit most Europe in
2020. Countries with a direct connection to
LNG supply are the first beneficiaries and
depending on the available capacities and
tariffs, this impact allows to propagate fur-
ther to other countries.

In 2025, the difference in marginal price be-
tween Greece and Bulgariais higher than the
transmission tariff. Therefore, it shows some
infrastructure limitation preventing Greece

Ten-Year Network Development Plan 2018 — System Assessment Report

to share the benefits of a cheap LNG supply
with the rest of Europe. Simulation results
show that after 2025 a larger part of Europe
can benefit from a cheap LNG supply: mar-
ginal prices are more aligned in almost all
South-Eastern Europe.

The overall EU impact evolution over time is
also enhanced by the increasing LNG supply
potential in all scenarios.
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Figure 2.37: Marginal Price — LNG Minimisation — High Price

Minimisation of LNG supply

A high LNG price can influence the marginal
price in most of Europe with a more limited
impact on some Eastern European countries
connected to the Russian supply that show
lower marginal prices (Finland, Baltic Coun-
tries, Hungary, Romania and Bulgaria).
These countries are locally less exposed to a
high LNG supply price but cannot help re-
ducing the exposure of their neighbouring
countries.
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Figure 2.38: Marginal Price — South Max — Low Price

Maximisation of Southern gas supply

Since the Southern supply potential (Azer- pacts of cheap South Countries gas on over-
baijan, Libya, Algeria) is small compared to all EU prices are limited and show no differ-
the European demand, the estimated im- ence compared to reference case.
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Annual EU supply mix per configuration

This part analyses the impact of contrasted
EU supply mixes on the EU supply and de-
mand balance and gas infrastructure. This is
achieved through supply configurations in-
tended at maximising or respectively mini-
mising specific supply sources such as Rus-
sian gas and LNG.

The next figures show the EU annual supply
and demand balance for the years 2020,
2025, 2030 and 2040 for these contrasted
supply mixes and the range for each supply
source.

Picture courtesy of S.G.I.

At EU level, the low infrastructure level allows
each source to reach its maximum potential,
under the corresponding contrasted supply
mix. At country level, some infrastructure
limitations exist. They are identified in other
parts of this chapter.

The infrastructure in the Low infrastructure
level also provides high flexibility at EU level.
This is shown by the wide range of possible
supply mixes. This can be mainly observed
on the long run, where the supply flexibilities
are wider.

The low infrastructure level does not allow
the internal market to make full use of the
Romanian indigenous production over the
whole time horizon.

Ten-Year Network Development Plan 2018 — System Assessment Report
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Figure 2.39: Annual EU supply mix per configuration 2020
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Figure 2.40: Annual EU supply mix per configuration 2025
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Figure 2.41: Annual EU supply mix per configuration 2030
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Figure 2.42: Annual EU supply mix per configuration 2030
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Figure 2.43: Annual EU supply mix per configuration 2020
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Figure 2.44: Annual EU supply mix per configuration 2025
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Dz AZ LNG LY NP NO RU TR ™
2020 5%-10% 1%-1% 7%-19% 1%-3% 22%-22% 21%-25% 31%-42% 0%-0%  0%-0%
2025 7%-9% 2%-2% 13%-28% 2%-2% 14%-14% 20%-20% 25%-39% 0%-0%  1%-1%
7%-10% 2%-2% 9%-28% 2%-3% 15%-15% 20%-22% 25%-41% 0%-0%  1%-1%
7%-10% 2%-2% 12%-29% 2%-3% 13%-13% 20%-22% 23%-39% 0%-0%  1%-1%
2030 7%-11% 2%-2% 11%-30% 2%-3% 14%-14% 20%-23% 21%-36% 0%-0%  1%-1%
9%-9% 2%-2% 16%-31% 2%-2% 10%-10% 20%-20% 26%-40% 0%-0%  1%-1%
8%-13% 2%-2% 8%-30% 2%-3% 15%-15% 19%-24% 23%-38% 0%-0%  1%-1%
2040 8%-12% 2%-2% 9%-31% 2%-3% 14%-14% 20%-23% 21%-37% 0%-0%  1%-1%
8%-11% 2%-2% 17%-33% 2%-2%  7%-7% 20%-20% 26%-42% 0%-0%  1%-1%

Figure 2.45: Range of EU supply mix per configuration
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CONCLUSION ON MARKET INTEGRATION NEEDS

The TYNDP assessment concludes that, if
liquid hubs were in place all over Europe,
market were perfectly functioning, and di-

structure limitations in terms of market inte-
gration, and subsequently diversification of
supplies, in particular for the following areas:

versification would allow a sufficient compe-
tition between supply sources, the infra-
structure would presumably allow marginal
prices to converge across most of Europe. A

4 Between Greece and countries further
north.

Between Poland and Baltic States.

Between Poland and countries south of
Poland.

Nevertheless, previous sections results A
related to competition have also shown that
inability to ensure sufficient diversification
hampers competition in some areas of
Europe. The assessment identifies infra- A

A

Between Romania and its neighbours.

Between Croatia and neighbours.

. Picture courtesy of Netdgas
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3 ENERGY SYSTEM-WIDE

COST-BENEFIT ANALYSIS
OF ADVANCED PROJECTS

The previous section provided a thorough analysis of what the
current infrastructure, complemented with FID projects, already
achieves. It concludes that the Low gas infrastructure level already
offers a high resilience and market integration. Nevertheless, some
remaining needs can subsist in specific areas in order to achieve the
European internal energy market. These needs persist on the long
run while taking into account the evolution of the gas demand
pattern to achieve the European energy and climate targets.

This section therefore assesses the overall
further impact of the projects having an ad-
vanced status, by comparing the results of
the Advanced infrastructure level to those of
the Low infrastructure level. The projects of
advanced status are defined as the ones
that are planned to be commissioned until
2024 and in addition either the front-end en-
gineering design phase or permitting phase
has been started (see Infrastructure chapter
for further details).

The 72 projects with advanced status are
listed in Tables 3.1 and 3.2. Although having
an advanced status, some of these projects
may not all materialise.

Projects are taken into account in the
assessment from the year following their
commissioning.

The relevant capacities for this infrastruc-
ture level can be found in the Annex D.

Advanced projects with direct impact in the advanced infrastructure level

Project name Project commis-
sioning year First

LNG-N-1146 Cyprus Gas2EU Cyprus 2020
LNG-N-198  Porto Empedocle LNG Italy 2021
LNG-N-297  Mugardos LNG Terminal: Storage Extension Spain 2022
LNG-N-30 Shannon LNG Terminal and Connecting Pipeline Ireland 2022
LNG-N-32 Project GO4LNG LNG terminal Gothenburg Sweden 2020
LNG-N-62 LNG terminal in northern Greece/Alexandroupolis — LNG Section Greece 2020
LNG-N-82 LNG terminal Krk Croatia 2019
LNG-N-962  Tallinn LNG Estonia 2022
TRA-N-10 Poseidon Pipeline Greece 2022
TRA-N-1058  LNG Evacuation Pipeline Kozarac—-Slobodnica Croatia 2023
TRA-N-1173  Poland - Denmark interconnection (Baltic Pipe) — onshore Poland 2022
section in Poland
TRA-N-12 GALSI Pipeline Project Italy 2019
TRA-N-123  Varosfold CS Hungary 2022
TRA-N-1268  Romania-Serbia Interconnection Romania 2020
TRA-N-1277  Upgrading GMS Isaccea 1 and GMS Negru Voda 1 Romania 2019
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Project name Project commis-
sioning year First

TRA-N-1322  Development on the Romanian territory of the NTS
(BG-RO-HU-AT)-Phase Il
TRA-N-133  Bidirectional Austrian Czech Interconnection (BACI)*

TRA-N-136  Czech-Polish Gas Interconnector (CPI)

TRA-N-161 South Transit East Pyrenees (STEP) - Enagés
TRA-N-21 Bidirectional Austrian-Czech Interconnector (BACI)
TRA-N-252 South Transit East Pyrenees (STEP) — Teréga
TRA-N-256 Iberian-French corridor: Eastern Axis-Midcat Project

TRA-N-271 Poland — Denmark interconnection (Baltic Pipe) -
offshore section

TRA-N-273 Poland - Czech Republic Gas Interconnection (PL section)
TRA-N-291 NOWAL-Nord West Anbindungsleitung

TRA-N-31 Melita TransGas Pipeline

TRA-N-320  Carregado Compressor Station

TRA-N-339  Trans-Caspian

TRA-N-357 NTS developments in North-East Romania

TRA-N-361  GCA 2015/08: Entry/Exit Murfeld

TRA-N-377 Romanian—Hungarian reverse flow Hungarian section 2" stage
TRA-N-394 Norwegian tie-in to Danish upstream system

TRA-N-423 GCA Mosonmagyarévar

TRA-N-561 Poland-Ukraine Interconnector (Ukrainian section)
TRA-N-592 Looping CS Valchi Dol - Line valve Novi Iskar

TRA-N-593  Varna-Oryahovo gas pipeline

TRA-N-594  Construction of a Looping CS Provadia — Rupcha village
TRA-N-621 Poland-Ukraine Gas Interconnection (PL section)

TRA-N-63 LNG terminal in northern Greece/Alexandroupolis —
Pipeline Section

TRA-N-68 lonian Adriatic Pipeline

TRA-N-70 Interconnection Croatia/Serbia
(Slobdnica—Sotin—Backo Novo Selo)

TRA-N-727 Iberian—French corridor: Eastern Axis — Midcat Project
TRA-N-75 LNG evacuation pipeline Zlobin—Bosiljevo—-Sisak—Kozarac

TRA-N-763 EUGAL - Europaische Gasanbindungsleitung
(European Gaslink)

TRA-N-780 Baltic Pipe project — onshore section in Denmark
TRA-N-90 LNG evacuation pipeline Omisalj—Zlobin (Croatia)
TRA-N-974  LARINO-RECANATI Adriatic coast backbone
TRA-N-975 Sardinia Gas Transportation Network

UGS-N-1229  Underground Natural Gas Storage in Dumrea Area
(UGS Dumrea)

UGS-N-138 UGS Chiren Expansion
UGS-N-233  Depomures

Romania

Czechia
Czechia
Spain
Austria
France
France

Poland

Poland
Germany
Malta
Portugal
Turkmenistan
Romania
Austria
Hungary
Denmark
Austria
Ukraine
Bulgaria
Bulgaria
Bulgaria
Poland

Greece

Croatia

Croatia

Spain
Croatia

Germany

Denmark
Croatia
Italy

Italy
Albania

Bulgaria

Romania

* Implementation of BACI as a PCI will depend on the outcome of the pilot project ‘Trading Regional Upgrade’
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2024
2022
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2020
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2021
2019
2022
2022
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2022
2020
2022
2022
2022
2020
2020

2022
2023

2024
2020
2019

2022
2019
2022
2020
2024

2024
2020
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Project name Project commis-
sioning year First

UGS-N-294  Islandmagee Gas Storage Facility 2022

UGS-N-356  Underground Gas Storage Velké Kapusany Slovakia 2023

UGS-N-374  Enhancement of In¢ukalns UGS Latvia 2020

TRA-N-829  PCI 5.1.1 Physical Reverse Flow at Moffat interconnection United 2020
point (IE/UK) Kingdom

TRA-N-86 Interconnection Croatia/Slovenia (Lu¢ko-Zabok—Rogatec) Croatia 2021

TRA-N-382  Enhancement of Latvia-Lithuania interconnection Latvia 2021
(Latvian part)

TRA-N-66 Interconnection Croatia—Bosnia and Herzegovina Croatia 2020

(Slobodnica—Bosanski Brod)

TRA-N-302 Interconnection Croatia-Bosnia and Herzegovina (South) Croatia 2021

TRA-N-283 31P between Portugal and Spain Portugal 2024
(pipeline Celorico—Spanish border)

TRA-N-628 Eastring — Slovakia Slovakia 2023

TRA-N-325 Slovenian-Hungarian interconnector Hungary 2022

Table 3.1: Advanced projects with direct impact in the advanced infrastructure level

Advanced projects without a direct impact in the advanced infrastructure level

Project name Country Project commis-

sioning year First

LNG-N-296  Mugardos LNG Terminal: 2™ Jetty Spain 2020

TRA-N-1057  Compressor stations 2 and 3 at the Croatian gas tranmission ~ Croatia 2022
system

TRA-N-1267  Upgrade Siilstorf station Germany 2019

TRA-N-139 Interconnection of the NTS with the DTS and reverse flow at Romania 2019
Isaccea

TRA-N-362  Development on the Romanian territory of the Southern Romania 2020
Transmission Corridor

TRA-N-500 L/H Conversion Belgium Belgium 2022

TRA-N-809  Additional East-West transport Germany 2020

TRA-N-814  Upgrade for IP Deutschneudorf et al. for More Capacity Germany 2019

TRA-N-950  Guitiriz-Lugo—Zamora pipeline Spain 2024

TRA-N-964 New NTS developments for taking over gas from the Romania 2019

Black Sea shore

Table 3.2: Advanced projects without a direct impact in the advanced infrastructure level

Note: The assessment of the Advanced infrastructure level focuses on the improvement
achieved by commissioning of Advanced projects and their ability to mitigate the needs iden-
tified in the Low infrastructure level. When advanced projects mitigate infrastructure needs
across all scenarios, the maps presented in the report show the improvement for scenarios
where the needs are the most important.
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3.1 SECURITY OF SUPPLY NEEDS

This section assesses the benefits from advanced projects in improving the resilience of
the EU gas system to cope with various stressful events:

4 Climatic stress
4 Supply route disruptions

4 Infrastructure disruptions

3.1.1  CLIMATIC STRESS

Peak day
2020 and 2025:

In Croatia, the risk of demand curtailment
from 2025 onwards identified in the Low
infrastructure level is mitigated in the ad-
vanced infrastructure level. This improved
situation results from the planned commis-
sioning of Krk LNG terminal in Croatia and
the strengthened connection to Slovenia,
which itself is better connected to other
markets via Austria.

2030 and 2040:

Europe is not exposed to any risk of demand
curtailment in any scenario. The advanced
projects fully mitigate the risk of demand
curtailment except for FYROM. In Sustaina-
ble Transition scenario in 2040, FYROM mit-
igate the risk of a demand curtailment.

2025 BEST ESTIMATE
(Gas before Coal)

2030 SUSTAINABLE
TRANSITION

Share of Curtailment
|
15%-30%

Remaining Flexibility

0%~-15% >15% 0%-15%

However, exposure of FYROM to demand
curtailment in 2025 is not improved since no
advanced project is increasing the entry
capacity to FYROM. The remaining flexibility
during high demand situationsis significantly
improved in Central and South-Eastern
Europe.

Furthermore, most of the countries of
Central and North-East Europe see anincre-
ment in their remaining flexibility.

2040 SUSTAINABLE
TRANSITION

I
30%-50%  >50%

Figure 3.1: Climatic Stress for Peak Day
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3.1.2  SUPPLY ROUTE DISRUPTIONS

This section investigates the impact of the advanced projects on the assessment of a sup-
ply route disruption during a high demand situation (climatic stress).

Ukraine Transit Disruption
Peak Day

Under Ukrainian transit route disruption, the
Advanced projects improve the situation
and fully mitigate the risk of demand curtail-
ment in South-Eastern Europe from 2025
onwardsin all scenarios, except for FYROM®.
The new infrastructure linking South-East
Europe to the Western markets and the new

2025 BEST ESTIMATE
(Gas before Coal)

2030 SUSTAINABLE
TRANSITION

Share of Curtailment

Remaining Flexibility
|
>15%

0%-15% 0%-15% 15%-30%

30%-50%

connections to LNG and new supply sources
from the Black sea and the Caspian region
have beneficial effects. Also, regarding Bul-
garia, internal reinforcement and UGS
Chiren expansion mitigate the demand cur-
tailment from 2025.

2040 SUSTAINABLE
TRANSITION

>50%

Figure 3.2: Ukraine Transit Disruption-Peak Day

8) Although FYROM is exposed to demand curtailment in climatic stress conditions, it is additionally impacted by a Ukraine transit

disruption.
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Belarus Transit Disruption

This assessment considers the disruption of
all gas imports via Belarus during climatic
stress situations.

2025 BEST ESTIMATE
(Gas before Coal)

2030 SUSTAINABLE
TRANSITION

»

%
I/

o

’

Share of Curtailment

Remaining Flexibility
|
>15%

0%-15% 0%-15% 15%-30%

Peak day

Under Belarus disruption, the Advanced
projects improve the situation and fully miti-
gate the risk of demand curtailment in
Eastern Europe from 2025 onwards in all
scenarios, except for FYROMI.

2040 SUSTAINABLE
TRANSITION

I
30%-50%  >50%

Figure 3.3: BELARUS Transit Disruption-Peak Day
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2025 BEST ESTIMATE

(Gas before Coal)

Remaining Flexibility
|
>15%

0%-15%

Disruption of pipeline imports to the Baltic States and Finland

This assessment considers the disruption of
all imports from Russia in Finland, Estonia
and Latvia during climatic stress situations.

Peak Day

Under disruption of pipeline imports to the
Baltic States and Finland, the advanced pro-
jects, mitigate the risk of demand curtailment
in Estonia from 2025 onwards with the com-
missioning of Tallin LNG terminal. However,

2030 SUSTAINABLE
TRANSITION

Share of Curtailment
|
15%-30%

0%-15%

Finland is still exposed, but to a lesser extent,
to demand curtailment as of 2020 as the in-
terconnection capacity with Estonia faces
some limitations. Furthermore, the exposure
of Lithuania to a risk of demand curtailment
in case of a peak day is fully mitigated with a
limited risk of congestion of the interconnec-
tion Poland - Lithuania and Latvia - Lithuania
in Distributed Generation scenario due to the
increasing demand in Lithuania.

2040 SUSTAINABLE
TRANSITION

30%-50%  >50%

Figure 3.4:Disruption of pipeline imports to the Baltic States and Finland — Peak Day
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Algerian Pipeline import routes Disruption

The simulation considers the disruption of 1. MEG Pipeline
all the imports pipelines from Algeria to the between Algeria and Spain
o i it sress tuatons (5562 weDaz ppelne

Y pell)- Import pip between Algeria and Spain

from Algeria:
3. TRANSMED Pipeline
between Algeria and Italy
2025 BEST ESTIMATE 2030 SUSTAINABLE 2040 SUSTAINABLE
(Gas before Coal) TRANSITION TRANSITION

Remaining Flexibility Share of Curtailment
IS N
0%-15% >15% 0%-15% 15%-30% 30%-50%  >50%

Figure 3.5: Algerian Pipeline import routes Disruption — Peak Day

Peak day Even if the risk remains limited, the Peak De-
mand increase in the Iberian Peninsula
(+40 % compared to 2020) combined with
a locally limited level of penetration of re-
newable gases production, deteriorates the
However, in 2040 in Sustainable Transition situation between 2030 and 2040 in case of
scenario, the advanced projects cannot fully disruption of pipeline imports from Algeria.
mitigate the risk of demand curtailment.

Under Algerian pipe disruption in 2030, the
advanced projects mitigate the risk of the
demand curtailment in Spain and Portugal.

Ten-Year Network Development Plan 2018 — System Assessment Report
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3.1.3

SINGLE LARGEST INFRASTRUCTURE DISRUPTION (SLID)

Advanced projects allow Europe to access to
alternative supply routes and sources.

Northern Europe

The Tallin Terminal project allow Estonia to
mitigate the risk of demand curtailment in
Estonia from 2025 onwards (Curtailment
rate = 0 %) but not in Finland because of the
infrastructure limitation of the Baltic Inter-
connector. Finland is still exposed to a risk of
demand curtailment with a curtailment rate
at 40 % to 60 %.

In 2040 Sustainable Transition scenario, in-
terconnections between Poland with neigh-
bouring countries mitigates the risk of de-
mand curtailment for Both Poland and
Lithuania.

Sweden is no more exposed to a risk of de-
mand curtailment with the Terminal project
Gothenburg and exposure of Denmark is
also mitigated with the commissioning of the
Baltic Pipe reinforcement towards its Na-
tional Production.

The Terminal project in Ireland partially miti-
gates the risk of demand curtailment and
the limited exposure of UK and Ireland in
case of disruption of UK Single-Largest In-
frastructure is not significantly improved by
the advanced projects.

Ten-Year Network Development Plan 2018 — System Assessment Report

Eastern Europe have a large number of pro-
jects that either mitigate the risk in the event
of SLID from 2025 onwards or significantly
reduce it:

4 Croatia with Terminal project Krk

4 Romania with National Production
which nevertheless decreases from
2030 onwards and Romania is getting
gas from Ukraine via Transbalkan

4 Slovenia with new interconnection pro-
jects (Croatia and Austria)

4  Greece and FYROM from 2025 onwards
with notably the terminal project Alex-
androupolis

4 Serbia with new interconnection project
with Croatia.

4 Incase of Slovakia SLID Europe is no
longer exposed to Demand Curtail-
ment.

4 Bosnia does not improve its situation
for all scenarios and years.

Western Europe

Advanced projects fully mitigate the risk of
demand curtailment in case of SLID of
Spain. Spain has still a risk of demand cur-
tailment in 2040 in Sustainable Transition
scenario. Portugal presents the same risks
of demand curtailment (the projects are in-
complete and do not mitigate the risks).



2020 BEST ESTIMATE 2025 BEST ESTIMATE
(Gas before Coal)

2030 DISTRIBUTED
GENERATION

2040 DISTRIBUTED
GENERATION

2030 SUSTAINABLE
TRANSITION

2040 SUSTAINABLE
TRANSITION

15% 50%

0% 30% 100%

Figure 3.6: Maximum exposure to demand curtailment in case of disruption of a Single Largest
Infrastructure
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3.2

3.21

COMPETITION NEEDS

SUPPLY SOURCES ACCESS

Already from 2025, the commissioning of
advanced projects (Tallin LNG terminal,
Latvia-Lithuania interconnection and

2020 and 2025:

The diversification of the Iberian Peninsula is
similar in the Advanced infrastructure level,
with a temporary improvement in 2030 in

2030 and 2040:

In Greece, the advanced projects connect
Greece to Italy and increase the capacity to
Bulgaria. As a result, more European coun-
tries can physically access Azeri and Turk-
men gas. However, the consequence is that,
whilst more European countries can benefit
from a decrease in Azeri/Turkmen price,
Greece can less benefit from it and therefore
the SSDiindicator for Azeri gas cannot reach
the 20 % threshold in Greece in the ad-
vanced infrastructure level.

In 2030, comparing the situation of Ad-
vanced infrastructure level with Low, the sit-
uation improves especially in 2030 Sustain-
able Transition for France, Switzerland and
marginally for Spain in 2030 (Distributed
Generation) due to enhancement in the in-

Ten-Year Network Development Plan 2018 — System Assessment Report

InCukalns UGS) allows the Baltic States and
Finland to access at least 3 supply sources
from a market perspective.

Distributed Generation scenario and an ac-
cess to 4 sources in the long term in 2040 in
Global Climate Action scenario.

terconnection in the area that improves the
access to Algerian and Norwegian supply in
these countries.

Concerning Romania, the situation is im-
proved by the increment in the interconnec-
tion between Romania and Bulgaria and be-
tween Romania and Hungary.

In the longer term in 2040, the situation is
improved for most part of Europe, especially
in Finland and Romania, and most countries
can access 3 or more sources in all scenari-
0s. Spain and Portugal can also benefit from
the advanced projects in Global Climate Ac-
tion scenario, but not in Distributed Genera-
tion and Sustainable Transition.

Picture courtesy of TAP




2020 BEST ESTIMATE 2025 BEST ESTIMATE

(Gas before Coal)

2030 DISTRIBUTED
GENERATION

2040 DISTRIBUTED
GENERATION

2030 SUSTAINABLE 2040 SUSTAINABLE
TRANSITION TRANSITION

2 3 4 5

Figure 3.7: Number of supply source per country
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The following graphs inform in more detail the situation across Europe for the different SSDi
per country.
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Figure 3.8: Best Estimate 2020 — SSDI indicator by country
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Figure 3.9: Best Estimate (Gas before Coal) 2025 — SSDI indicator by country
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Figure 3.10: Distributed Generation 2030 - SSDI indicator by country
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Figure 3.11: Sustainable Transition Scenario 2030 - SSDI indicator by country
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Figure 3.12: Distributed Generation 2040 - SSDI indicator by country
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Figure 3.13: Sustainable Transition Scenario 2040 - SSDI indicator by country
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3.2.2

SUPPLY SOURCE DEPENDENCE (SSD)
Russian Supply

By 2020, the advanced projects enable the
countries of South-Eastern Europe to signif-
icantly reduce their dependence on Russian
gas and to share the same levels of depend-
ence as their neighbours, except for Bulgaria
and FYROM, which remain with an equiva-
lent dependence.

For most scenarios, as of 2025, all EU coun-
tries are significantly reducing their depend-
ency (SSD < 2% in 2030 and O in 2040).

SSD-RU
2020 BEST ESTIMATE

;P‘“

»

SSD-RU

2030 DISTRIBUTED
GENERATION
10% 50%
|
0% 30% 100%

It should be noted that countries of North-
Eastern Europe (Finland, Estonia, Lithuania,
Latvia) also show no dependence in 2040
after a significant decrease in 2030 following
the commissioning of advanced projects in
the region.

In Sustainable Transition scenario, the de-
pendence decreases strongly and stabilises
at most around 20 % for the most depend-
ent countries.

SSD-RU
2025 BEST ESTIMATE
(Gas before Coal)

SSD-RU
2040 DISTRIBUTED
GENERATION

Figure 3.14: SSD RUSSIA — Scenarios and years
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SSD-LNG
2020 BEST ESTIMATE

SSD-LNG
2030 DISTRIBUTED
GENERATION
10% 50%
[
0% 30% 100%

SSD-LNG
2025 BEST ESTIMATE
(Gas before Coal)

f

SSD-LNG
2040 DISTRIBUTED
GENERATION

Figure 3.15: SSD LNG - All scenarios and years

Global LNG supply

In the advanced infrastructure level, results
show a significant decrease of the market
dependence of the Iberian Peninsula to the
global LNG supply.
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3.23

LNG AND INTERCONNECTION CAPACITY DIVERSIFICATION - LICD

The results compared to the Low infrastruc- Sweden and Switzerland. Nevertheless,
ture level show that most European coun- some countries with little diversification re-
tries are improving their diversification. The main stable (Bosnia, Finland, United King-
most significant developments are Romania, dom, Spain, Portugal).

Croatia, Czech Republic Ireland, Slovenia,

Figure 3.16: LNG and Interconnection Capacity Diversification — LOW infrastructure level

ADVANCED 2025 ADVANCED 2030

Figure 3.17: LNG and Interconnection Capacity Diversification — Advanced infrastructure level
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3.3 MARKET INTEGRATION BENEFITS

3.31 MARGINAL PRICE
Reference case:

In Reference case, the advanced level is im- tries (Croatia, Greece, Bulgaria, Romania)
proving price convergence for all scenarios, and in South-West (Italy).
especially in South-Eastern European coun-

Picture courtesy of.EGSZ
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2020 BEST ESTIMATE
(Reference)

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

Figure 3.18: Marginal Price — Reference case — Advanced Infrastructure level
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2020 BEST ESTIMATE
RU MAX

2030 DISTRIBUTED
GENERATION
(RU MAX)

2030 SUSTAINABLE
TRANSITION
(RUMAX)

-3.0 1.0 0

2025 BEST ESTIMATE
(Gas before Coal)
(RU MAX)

2040 DISTRIBUTED
GENERATION
(RU MAX)

2040 SUSTAINABLE
TRANSITION
(RUMAX)

Figure 3.19: Marginal Price — Russian Maximisation — Advanced infrastructure level

Marginal prices in Price configuration “RU Max":

The advanced infrastructure level allows
Western and South-Eastern countries to

Ten-Year Network Development Plan 2018 — System Assessment Report

benefit of attractive prices on the same ba-
sis as countries directly supplied by Russia.
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Figure 3.20: Marginal Price — Russian Minimisation — Advanced Infrastructure level

Marginal prices in Price configuration “RU Min":

Advanced projects generally increase the
ability of European countries to decrease
their dependence towards Russian gas. All
European countries are therefore improving
their situation in case of a high Russian gas

price, and a better marginal price conver-
gence is observed. However, the impact is
more limited for those countries directly
connected to the Russian imports.
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Figure 3.21: Marginal Price = LNG Maximisation — Advanced Infrastructure level

Marginal prices in Price configuration “LNG Max":

With the consideration of Advanced LNG ter-
minal projects, many countries and neigh-
bouring countries directly benefit from at-

Ten-Year Network Development Plan 2018 — System Assessment Report

tractive LNG prices (South-East, Baltics and
North-East countries). Price convergence is
observed for all scenarios.
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Figure 3.22: Marginal Price — LNG Minimisation— Advanced Infrastructure level

Marginal prices in Price configuration “LNG Min”:

A high LNG price can influence the marginal due to the advanced infrastructure projects
price in most of Europe with a more limited ~ which facilitate the North-South and East-
impact than in the low infrastructure level West flows.
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CONCLUSION ON THE ASSESSMENT ADVANCED PROJECTS

The advanced projects prove efficient in
terms of improving security of supply, diver-
sification and competition.

In terms of security of supply advanced pro-
jects provide the following benefits:

4 Croatiais no longer exposed to demand
curtailment in case of peak demand, in-
cluding on the long-run.

4 Bulgaria and Romania are totally pro-
tected

4 The Baltic States and Poland improve
their resilience in case of short-term
route disruptions.

4 South-Eastern countries fully mitigate
the risk of demand curtailment from
2025 onwards, except for FYROM, in
case of short-term Ukrainian route dis-
ruption.

4 Many countries reduce or mitigate their
exposure to a risk of demand curtail-
ment in case of disruption of their single
largest infrastructure.

The advanced projects additionally deliver in
terms of improving competition, by increas-
ing route and supply diversification and con-
sequently lifting local high dependence to
specific supply sources. In particular, the
Baltic States and Finland are connected to

Picture courtesy of Fluxys Belgium | David Samyn
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the main EU gas grid and can access three
supply sources, decreasing their depend-
ence to Russian gas.

Finally, the advanced projects, by improving
competition and market integration, prevent
a large number of Eastern European coun-
tries to be subject to monopolistic supply
behaviour.

The overall investment costs for all advanced
projects represent 27 Bn€. The actual costs
of achieving the above listed benefits would
certainly be much lower as some advanced
projects potentially compete in terms of
delivering security of supply, competition
and market integration to the areas in need.

Even with the materialisation of advanced
projects, some needs would still not be
covered:

4 In FYROM, Bosnia and Herzegovina the
SLID remains close 100 % on the long
run.

4 Finland, Lithuania, Ireland, Portugal,
Romania, Serbia and Sweden improve
their situation but not totally (Security
Of Supply, Market).
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4.1.2

IMPACT OF THE PROJECTS ON
THE THIRD PCI LIST

This section focuses on the benefits of 3" PCl list projects without a
FID status yet, independently from their advancement status. The
identification of infrastructure gaps in the Low infrastructure level
(section 6.3) forms the basis for this impact assessment.

The relevant projects for this infrastructure
level can be found in Annex A, the relevant
capacities in Annex C.

As a general result, the implementation of all
projects in the 3 PCl list would be a signifi-
cant contribution in strengthening the Euro-
pean gas infrastructure.

SECURITY OF SUPPLY NEEDS

CLIMATIC STRESS

The climatic stress without disruption shows
a risk of demand curtailment only for FY-
ROM in some scenarios: in 2025 for Best Es-

SUPPLY ROUTE DISRUPTIONS

This section investigates the additional im-
pact of a supply route disruption during a
high demand situation (climatic stress) and

These results cannot be directly compared
to those of the advanced infrastructure level
as on one hand a number of advanced pro-
jects are not part of the 3¢ PCl list, and on
the other hand a number of 3 PCl list pro-
jects do not have an advanced status.

timate (coal before Coal) and in 2030 for
Sustainable Transition.

the benefits that PCl projects provide in that
situations.
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Ukraine Transit Disruption
Peak Day

For the Ukrainian transit route disruption,
PCI projects fully mitigated the risk of de-

The new infrastructure linking South-East
Furope to the Western markets and the new
connections to LNG in that region have ben-
eficial effects. Also, regarding to Bulgaria, the

mand curtailment for Europe from 2025 on-

wards except for FYROM® commissioning of the Bulgarian projects

and Interconnection Greece Bulgaria pro-
jects, that increment the entry capacity and
mitigate the demand curtailment from 2025
awards.

d
=

2025 BEST ESTIMATE
(Gas before Coal)

2030 SUSTAINABLE
TRANSITION

2040 SUSTAINABLE
TRANSITION

P

- N

Remaining Flexibility
]
>15%

Share of Curtailment

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

Figure 4.1: Ukraine Transit Disruption-Peak Day

9) Although FYROM are exposed to demand curtailment in climatic stress conditions, it is additionally impacted by a Ukraine transit
disruption, specially in 2040 Global Climate Change and Sustainable Transition because without disruption FYROM don't show any
curtailment.
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Belarus Transit Disruption
Peak Day

Under a Belarus transit disruption, the PCI
projects, fully mitigate the risk of demand
curtailment for Poland and Lithuaniain 2030
and 2040. However, in 2040, Northern Eu-
rope countries show a low remaining flexibil-
ity due to the cooperation between countries
like in the low infrastructure level.

2025 BEST ESTIMATE 2030 SUSTAINABLE
(Gas before Coal) TRANSITION

Remaining Flexibility Share of Curtailment

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

Concerning Lithuania, the demand curtail-
mentis completely mitigated in all scenarios
except in 2040 Sustainable Transition due to
the commissioning of the enhancement of
Latvia-Lithuania interconnection. Therefore,
the situation improves from low infrastruc-
ture level.

2040 SUSTAINABLE
TRANSITION

I
30%-50%  >50%

Figure 4.2: BELARUS Transit Disruption-Peak Day
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Disruption of pipeline imports to the Baltic States and Finland
Peak Day

Under disruption of all imports to the Baltic However, from 2025 onwards, PCI projects
States and Finland, results show that, in the improve the situation in Lithuania for all sce-
PClinfrastructure level, Finland and Estonia narios.

continue to be exposed to a high risk of de-

mand curtailment (CR > 50 %) from 2020

onwards.

2025 BEST ESTIMATE
(Gas before Coal)

2030 SUSTAINABLE
TRANSITION

2040 SUSTAINABLE
TRANSITION

Remaining Flexibility Share of Curtailment
| S N
0%-15% >15% 0%-15% 15%-30% 30%-50%  >50%

Figure 4.3: Disruption of pipeline imports to the Baltic States and Finland -Peak Day
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Algerian Pipeline import routes Disruption

The situationisimproving in all the years and
scenarios for the Iberian Peninsula with a
low risk of demand curtailment in 2025 and
2030 (below 5 %). In Sustainable Transition
scenario in 2040, with an increasing peak
demand in Spain (+40 % compared to

2025 BEST ESTIMATE
(Gas before Coal)

2030 SUSTAINABLE
TRANSITION

Remaining Flexibility Share of Curtailment

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

2020), the risk is partially mitigated down to
15 % compared to 20 % in the low infra-
structure level. For Portugal the situation is
also partially mitigated with a risk of demand
curtailment downto 15 % compared to 20 %
in the low infrastructure level.

2040 SUSTAINABLE
TRANSITION

|
30%-50%

|
>50%

Figure 4.4: Algerian Pipeline import routes Disruption — Peak Day
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4.1.3

2025 BEST ESTIMATE

(Gas before Coal)

SINGLE LARGEST INFRASTRUCTURE DISRUPTION (SLID)

Northern Europe

In 2040 Sustainable Transition scenario, in-
terconnections between Poland and Czech
Republic mitigates the risk of demand cur-
tailment for Both Poland and Lithuania.

Sweden is no more exposed to a risk of de-
mand curtailment with the commissioning
of the LNG terminal project Gothenburg and
for Denmark the risk is mitigated with the

2030 SUSTAINABLE
TRANSITION

commissioning of the Baltic Pipe reinforce-
ment towards its National Production.

SLID impact on Finland and Estonia is not
improved in the PCl infrastructure level.

The LNG terminal project in Ireland partially
mitigates the risk of demand curtailment
and the situation is unchanged in UK.

2040 SUSTAINABLE
TRANSITION

Figure 4.5: Maximum exposure to demand curtailment in case of disruption of a Single Largest Infrastructure

South-Eastern Europe

Projects from the 3 PCl list either mitigate the risk in the event of SLI from 2025 onwards or

significantly reduce it:
4 Croatia with Terminal project Krk

4 Serbia with new interconnection project
with Croatia.

4  Romania with interconnections pro-
jects with neighbour countries and the
National Production which nevertheless
decreases from 2030 onwards

4 Slovenia with new interconnexions
projects

Western Europe

PCI projects fully mitigate the risk of de-
mand curtailment in case of SLID in the Ibe-
rian Peninsula in all scenarios specially for
Portugal from 45 % in 2020 to 20 % in 2025,

Ten-Year Network Development Plan 2018 — System Assessment Report

4  Greece and FYROM from 2025 onwards
with the terminal project Alexandroupo-
lis

4 Incase of Slovakia SLID Europe is no

longer exposed to Demand Curtail-
ment.

All those projects are also part of the
Advanced infrastructure level.

to 25 % in 2030 and to less than 10 % in
2040. Spain has only a risk of demand cur-
tailment in 2040 in Sustainable Transition
scenario.
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421

2025 BEST ESTIMATE

(Gas before Coal)

)

COMPETITION NEEDS

SUPPLY SOURCES ACCESS

Already from 2020 the access to supply
sources in the PCl infrastructure level is im-
proved in South-Eastern Europe for all years
and in all scenarios.

On the longer run, the situation in Finland
continues showing an infrastructure limita-
tion and only count with one source.

2030 DISTRIBUTED
GENERATION

&

—

Number of Sources (SSA)
I . |
1 2 3 4 5

The 3" PCl list projects improve temporarily
the access of the Iberian Peninsula to addi-
tional supplies in 2030 in Distributed Gener-
ation scenario, but the effect is not visible in
2040.

Figures 4.7 to 4.9 inform in more detail the
situation across Europe for the different
SSDi per country.

2040 DISTRIBUTED
GENERATION

Figure 4.6: Number of supply source per country

[0 sspi-Np I SSDi-RU

SSDi-NO MMM SSDi-LNGall [ SSDi-DZ SSDi-LY I SSDI-AZ  ceeeee: Threshold (20%)
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Figure 4.7: Best Estimate (Gas before Coal) 2025 - SSDI indicator by country

Ten-Year Network Development Plan 2018 — System Assessment Report

105



[ sspDi-NP [ SSDi-RU SSDi-NO M SSDi-LNG all [ SSDi-DZ SSDi-LY W SSDi-AZ  -eeeeee Threshold (20%)
%
100

90

80

70

60

50

40

20 h
10 ||
&

. R $ X N &
& & & F L &
W Q,é"é‘g?oo Q,\\\% < ’QQQ,Q Qq,"‘ Qp&
&'bé g'\g'g
<

Figure 4.8: Distributed Generation 2030 — SSDI indicator by country
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Figure 4.9: Distributed Generation 2040- SSDl indicator by country
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422 SUPPLY SOURCE DEPENDENCE (SSD)
Russian Supply LNG supply

PCI projects generally allow all EU countries PCI projects reduce the dependence of Eu-
to share their dependence and therefore to ropean countries close to O % as of 2030 for
significantly reduce it in Eastern Europe. all scenarios. However, the impact for Spain

However, dependence on Russian gas re- and Portugal remains very limited.
mains significant for the Baltic States and
Finland.
SSD-RU SSD-RU SSD-RU
2025 BEST ESTIMATE 2030 DISTRIBUTED 2040 DISTRIBUTED
(Gas before Coal) GENERATION GENERATION

PN
PN

é

10% 50%

0% 30% 100%

Figure 4.10: SSD RUSSIA — Scenarios and years — Maps results

SSD-LNG SSD-LNG SSD-LNG
2025 BEST ESTIMATE 2030 DISTRIBUTED 2040 DISTRIBUTED
(Gas hefore Coal) GENERATION GENERATION
10% 50%
I
0% 30% 100%

Figure 4.11: SD LNG — All scenarios and years — Maps results
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4.2.3

LNG AND INTERCONNECTION CAPACITY DIVERSIFICATION - LICD

The results show that most European coun-
tries are improving their diversification com-
pared to the Low Infrastructure level. The
most significant developments are in Roma-
nia, Bulgaria, Serbia, Denmark, Ireland and
Sweden. To a lesser extent, the following
countries are improving their situation with-

LOW 2025

out reaching a sufficient level of diversifica-
tion: Czech Republic, Greece, Hungary,
Poland, Slovakia, Slovenia and Spain. Never-
theless, some countries with low diversifica-
tion remain stable (Estonia, Bosnia and
Herzegovina, Finland, United Kingdom,
Latvia, Lithuania and Portugal).

LOW 2030

Figure 4.12: LNG and Interconnection Capacity Diversification — LOW Infrastructure Level

PCI1 2030

Figure 4.13: LNG and Interconnection Capacity Diversification — PCl Infrastructure Level
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4.3

CONCLUSION

3PCl list projects mitigate some needs identified in the Low infrastructure level:

Security of Supply

4  Croatiais no longer exposed to demand
curtailment in case of peak demand, in-
cluding on the long-run.

4 Overall Europe and especially South
Eastern countries results protected
from demand curtailment or remaining
flexibility limitation in case of short-term
Ukrainian route disruption including on
the long-run.

4  The Baltic States and Poland improve
their resilience in case of short-term
route disruptions.

Competition

The access to supply sources is improved to
the point where all European countries have
access to a minimum of 3 different supply
sources (2030). In the long term, Finland
and the Iberian Peninsula have access to 2
sources.

The 3@ PCllist projects additionally deliver in
terms of improving competition, by increas-
ing route and supply diversification and con-
sequently lifting local high dependence to
specific supply sources. Dependence on
Russian supply is mitigated in all parts of

4  Many countries reduce or mitigate their
exposure to a risk of demand curtail-
ment in case of disruption of their single
largest infrastructure.

4 Compared to the Advanced infrastruc-
ture level, exposure of Finland and Esto-
nia to demand curtailment in case of
supply disruption or infrastructure dis-
ruption (SLID) is not mitigated.

Europe but in the Baltic States and Finland
where dependence remains relatively signif-
icant. The Iberian Peninsula dependence on
LNG is also significantly mitigated.

Regarding the LICD indicator, 3 PCI list
projects improve the situation and almost all
European countries show an index below
5,000.

Ten-Year Network Development Plan 2018 — System Assessment Report
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COUNTRY CODES (ISO)

AL Albania
AT Austria
AZ Azerbaijan

BA Bosnia and Herzegovina

BE Belgium
BG Bulgaria
BY Belarus
CH Switzerland
CY  Cyprus

Cz Czech Republic
DE Germany

DK Denmark
DZ Algeria
EE Estonia
ES Spain

Fl Finland

FR France

GR Greece
HR Croatia
HU Hungary
IE Ireland
IT Italy
LT Lithuania
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LU
LV
LY

MA

ME

MK

MT
NL

NO
PL
PT

RO
RS

RU
SE

SK
™
TN
TR
UA
UK

Luxembourg
Latvia

Libya
Morocco
Montenegro
FYROM
Malta
Netherlands, the
Norway
Poland
Portugal
Romania
Serbia
Russia
Sweden
Slovenia
Slovakia
Turkmenistan
Tunisia
Turkey
Ukraine

United Kingdom
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stakeholders via public consultation. The
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warranty of any kind as to the completeness,
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or any use of results based on this informa-
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claims all warranties and representations,
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out limitation, warranties or representations
of merchantability or fitness for a particular
purpose. In particular, the capacity figures of
the projectsincluded in TYNDP are based on
preliminary assumptions and cannot in any
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TSO/s concerned, of capacity availability.
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PCl candidate. For the relevant assessments
in terms of value of each PCI the readers
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