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OBJECTIVES OF TYNDP

=  Explore and explain a vision of the future power system

= Highlight investment needs based on coordinated regional
planning studies

» Assess cost/benefits of projects of pan-European relevance
in a transparent and non-discriminatory manner

=  Provide data, assumptions, methodologies
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TYNDP PROJECTS — EUROPE NEEDS THEM BUILT
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TYNDP 2018: DELIVERABLES
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TYNDP 2018 TIMELINE

Scenario development
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Coordinated planning

Project identification I

- Public consultation

Scenario
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TYNDP 2018 & MAF 2017 scenario building framework

INPUT

SCENARIOS

ENTSO-E's
REPORT

Short term

uncertainty increase

s> Long term

1 year 5 years

* Security of supply

» Generation adequacy outlook

» Grid “as it is” + project commissioned

» Best national info on generation mix

Europe

* ‘predictive’ scenarios - forecast

» Bottom-up = “build on national outlook”

Up to 10 years - time need to complete a high-
priority electricity infrastructure projects across

10 years

15 years

- Grid “as it should be” to achieve the

“vital” Interconnected European grid

- Pan-EU system adequacy

- Best national prospective on...
- climate policy target 2030
- energy efficiency

- ‘exploratory’ scenarios - differ
enough from each other - NO forecast

- top-down - Pan-EU optimizatio

Ten-Year Network
Development
Plan 2016

TYNDP package
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CURRENT SCENARIO BUILDING STORYLINES
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SCENARIO BUILDING — METHODOLOGY

- What do you need to build scenarios?
- How do you handle complexity?
« What do you get out of it?

Scenario
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IDENTIFICATION OF THE SYSTEM NEEDS : PAN-
EUROPEAN REPORT AND REGIONAL INVESTMENT PLANS
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PLANNING STUDIES

Scenarios and sensitivities

Market-based target capacities



PLANNING STUDIES

Scenarios and sensitivities

Market-based target capacities

Network studies

Example of North Sea region




PLANNING STUDIES

Scenarios and sensitivities

Market-based target capacities

Network studies

Investment needs & Project candidates

Note: map focuses on cross-border projects only




PROJECT ASSESSMENT

Most projects influence each
other

How do we ensure an objective
and transparent assessment?

Imfpact is based on taking a project out of the
reference; or adding it on top of the
reference

A reference grid for each time horizon, which
includes all mature projects

Impact is measured by several indicators

Full approach documented in Cost Benefit
Analysis Methodology, developed by ENTSO-E
in past years, reviewed and approved by
ACER and EC.
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CBA 2.0 - MAIN PROJECT ASSESSMENT INDICATORS

_ Approach oo It
ut one ata time
Indicators FIT
= Multi-criteria approach B
= Some criteria scenario-specific
= Coordinated ENTSO-E study
C

= Specific tailoring for storage projects
= Based on scenario/project data available on A . .

ENTSO-E website "

C
Costs /I Socio- economic welfare I
/ \ | cO2variation | D C
Env/social impact 3*20 i ! RES integration | Reference 5
I Losses I grld

Take One Out at a Time

(TOOT)
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Security of supply

System stability |
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SECI INTEGRATION UNDER ENTSO-E UMBRELLA

v Terms of Reference for SECI TSP approved by SDC - e >
23 May, Reykjavik. Duration: 2 years. ENTSO-E

member TSOs
+

SDC Non-ENTSO-E
supporting

parties

Special project
SECI

TYNDP-related studies

- Regional studies
- Pan-European Studies studies

Other regional
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ENTSO-E TYNDPs and RgIPs
from RG Continental South

East point of view
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Regional investment plans as part of TYNDP packages

The TYNDP 2016 and the six Regional Investment Plans associated are supported by regional and pan-European analyses and
take into account feedback received from institutions and stakeholder associations. The work of TYNDPs is splitted in two key
phases:

* The first phase is devoted to common planning studies and results in the six Regional Investment Plans and the
identification of a list of TYNDP2016 project candidates. During this phase also a set of TYNDP scenarios are developed.
 The second phase will be dedicated to coordinated project assessments using the Cost Benefit Analysis Methodology (CBA)

and based on common scenarios. The results are published in the main TYNDP report.

These common planning studies aim to identify the grid bottlenecks and potential investment solutions of pan-European
significance for a 2030 time-horizon, in a robust, unified and consistent manner based on best available joint TSO expertise.

TYNDP2012

RgIP2012

TYNDP2014
RgIP2014 RglP2015 TYNDP2016 { } { }

| | | | : : : : >
2012 2013 2014 2015 2016 2017 2018
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Last Regional investment plan 2015 of CSE

The RgIP2015 for RG CSE comprises results and findings already reported in the TYNDP2014 and the relevant RgIP 2014 and
the main findings of the Common Planning Study (CPS) for the region.

The CPS was a necessary step for the efficient transmission planning of the region and important findings came out:
O compared to the projects included in the TYNDP2014,

J new needs were detected and

0 some new candidate projects to further strengthen the major North to South and East to West corridors have been determined
and proposed to be added to the RgIP and to be assessed in the view of the TYNDP2016.

TYNDP2012

RgIP2012

TYNDP2014
RgIP2014 RgIP2015 TYNDP2016 { } { }

2012 2013 2014 2015 2016 2017 2018
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Key messages of the Continental South East region

Main drivers of grid development in the CSE region can be briefly summarized to the following:

e Increase of Transfer Capacities and Market Integration facilitation: The grid in the CSE region is rather
sparse compared to the rest of the continent. This leads to insufficient transfer capacities; the increase of
existing transfer capacities (both cross-border and internal) is a prerequisite for the market integration in the
region. Also, the price difference between the Balkan region and Italy comprises a major driver to increase
the transfer capacities to Italy through undersea links across the Adriatic Sea and the SI-IT borders.

e Massive RES integration: The exploitation of RES in the Region is lacking (except GR, BG, RO). The
anticipated largest RES integration (mainly wind, PV and hydro) in the region in order to achieve EU and

National targets require extensive grid developments.

e Evacuation of future conventional generation mostly in the West part of the Region.
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Market Results in RgIP2015

All regions have jointly investigated all borders in order to identify the most beneficial ones based on a criteria of
SEW/cost-ratio. The SEW indicator represents the socioeconomic welfare of a full-year market simulation. The
cost indicator is an estimation of the capex of a potential cross-border capacity increase, including necessary
internal reinforcements.

On the basis of the four iterations performed under the framework of the Common Planning Studies for the
Reference scenario, eight of the most beneficial borders within RG CSE have been identified.

Additional Interconnec tion
L Capacity [MW]
EA-HE 500
BAME Mo additonal capaciy
BA-ES Mo additonal capaciy
BEG-GE. 1500
BG-MEC 500
BG-EO Mo additonal capaciy
EG-BES 500
GE-AL 500
GE-ITS Mo additonal capaciy
GR-MNE 500
HE-ME Mo additonal capaciy
HE-B.§ 500
HILES Mo additional capacity
ME-AL Mo additonal capaciy
ME-E5 Mo additonal capaciy
ME-AL Mo additonal capaciy
ME-E5 Mo additonal capaciy
EO-BS 500
RS -AL No additional capacitv entso@ 22




Network Results in RgIP2015

In the framework of the CPS in RG CSE in Vision 4 from TYNDP2014, and based on market simulations,
screenshots were made for all hours in the year 2030 and load flow calculations were carried out on them (year
round calculation). The results of power flow calculations on the Vision 4 of TYNDP2014, which can be defined
as extreme vision for the CSE region, showed that the network in CSE is heavily loaded, even in base case. In
base case overloads are seen 27% of the time.
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List of new projects identified like system needs in RgIP2015 (1)

In order to answer the overloads occurring in analysed scenario (V4 TYNDP2014) the representatives of CSE
TSOs agreed on a list of new projects.

Lines overload at the borders between Bulgaria and Serbia, | s L Slovakia | _ el
Bulgaria and FYR of Macedonia, as well as Romania and - et A : ",
Serbia will be solved with two new projects: double 400 kV :- S Hungary 8 7" Voldava

OHL Sofia West (BG) - Nis 2 (RS) and the doubling of the fh\

existing 400 kV Djerdap 1 (RS) - Portile de Fier (RO). Er-anm J .}\ Rumama_\\
Whamd
BT L2 0VIN

Constraints on the transmission line on the border between -"____ | e

Bulgaria and Greece, which is observed on the future 400 ; : rralﬂ Bulgaria
kV Maritsa East (BG) - Nea Santa (GR) will be solved by / Y3 —7/‘
doubling that transmission line. >

.ﬁ.ltlanla

Overload at the border between Romania and Hungary will
be solved by building a new 400 kV OHL Debrecen (HU) - Greece

Oradea (RO). ~ b\,

entso@ 24



List of new projects identified like system needs in RglIP2015 (2)

In order to support increase of cross-border capacity, and at the same time, according to the national needs for
upgrading the existing 220 kV network to 400 kV level, two internal projects were nominated in Serbia.

T\ sPc | Ukrair
. Slovakia

The first project consists in upgrading the existing 220 kV A i ‘ i

voltage network in central Serbia to 400 kV voltage level. . Hungary\ L~ Moldova

This project is directly related to increasing the cross border f"‘ -\

capacity between Serbia and Bulgaria as well as increasing ':“”“’ -" .}\ Femania

the cross border capacity between Serbia and Montenegro "[\Fﬁ‘.mnd

and Serbian and Bosnia-Herzegovina. I grzegon

The second internal project in Serbia consists in closing the F/ ‘f‘

400 kV ring around the city of Belgrade. This project ] B

resolves overloads that were noticed on the OHL 400 kV

Pancevo 2 (RS) - Belgrade 20 (RS) in Common planning
studies. Grecee

2 \ 7
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Borders with reconfirmed or new projects for TYNDP2016
assessment

BEIG s — new TYNDP projects (among which the
ones identified during the Common Planning Studies)

— re-confirmed TYNDP2014 projects




CSE Projects classified like mid-term projects

. . . i b A
Mid-term _projects: Projects to  be ﬂ““wm

commissioned by 2022 and they are Hungary MoLOov
assessed by TOOT method against '

the expected 2020 network if is \fp::m 3\ ﬁﬂmanla*\
acknowledged in the latest national

| i havi i I r=|_n.1nc| rr_1|3
plans or is having intergovernmenta mgwm
agreement; % &\
Bul -.,.arn
r‘

Ak ;|n-l i

Turke
Greece ’

Cyprus Syria
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CSE Projects classified like long-term projects

Long-term projects: Projects to be
commissioned by 2030 and they are
assessed by TOOT method against
the expected 2030 network and PINT
method against the expected 2020
network if the project is acknowledged
in the latest national plans or is having
intergovernmental agreement;

Hungary

rﬂn-;

Italy

Croatia

Basnia and
Herzegovina

2eroia

Albania

Romania

Greece

M OL00OYE

LY

Turkey

FEN

Syria
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CSE Projects classified like future projects

id Term nmher Layers T

Future project: All other projects which

. H L | MIEODE
do not fall under the previous ungary
categories and they are assessed with Croatia— ./ Romania
PINT method against the expected o Ty R
2030 network. Hlerradivineal Dia
Ita{'}’ Bulgaria
/
Klhanis
Greece Turkey

!//f Cyprus Syria

| i
A aAn
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Main barriers for power exchanges in CSE region

In TYNDP2016 it has been identified ten main
barriers for power exchanges.

CSE barriers:

» Further interconnection of Italy with its neighboring
countries: to link the Italian RES capacities and load with
the Alpine hydro-storage on the North frontiers, and to
connect the Italian system and main islands to the heart
of the European market, to the Balkans and North African
countries (8)

» Further interconnection of South-East Europe with
Central Europe, to allow for mutual support (9) ,

» Further interconnection across the Balkan peninsula (10),
taking advantage of the high RES potential in the East
(e.g. Romanian wind, Greek solar) to supply load centers
in the West, from Serbia through Montenegro to Italy.




Eastern Balkan boundary (1)

Strengthening the interconnection from BG, RO and GR to the rest of South-East
Europe

' Slovakia

Strengthening the E—W and the N—S corridors is a i
prerequisite for market integration and the exploitation of the " / Moldova
high RES potential in the East part of South-East Europe.

Romania

Increase of transfer capacity through the boundary at the West
borders of Bulgaria and Romania and the North borders of
Greece, will allow the increase of exports to West Europe and,
through the Balkan, to Italy both from thermal low cost
generation in Bulgaria and Romania and from RES installed in
Bulgaria, Romania and Greece, depending

on the examined Vision

\
"\
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Eastern Balkan boundary (2)
Strengthening the interconnection from BG, RO and GR to the rest of South-East

Europe

The analyses show that increase of transfer capacity
over the examined boundary, results in an increase

of societal welfare (ASEW) in all visions, up to a certain
point where the respective variation curve reaches

a saturation region. The highest saturation values for
ASEW appear in Visions 1 and 4.

Detailed TYNDP project CBAs show that average SEW
contributions per project in the perimeter of this
boundary range from 20 to 50MEuro/year. This
corresponds to about 62 MEuro/year per additional GW
of transfer capacity.

Interconnection target for 2030

Making the balance between societal welfare gain and
Infrastructure investment costs for increasing levels

of interconnection, the optimal level of interconnection
ranges from 5 GW to 8.5 GW.

ASEW [fyr]

s
un
(=1

=2
]

Boundary capacity [MW]

—ar— 2030 ReferenceCapacty ——Vison 1
—igion 2 — \figion 3

Vision 2
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Looking forward to new RgIP2017 and TYNDP2018

The new RglIP2017 will be released in autumn in 2017.

The TYNDP2018 and RgIP2017 will more then ever focus on identifying longer — run pan — European
relevance system needs(beyond ten-fifteen years).

2040 scenarios will be explored and corresponding investment needs; CBA project assessments will be
examined for two mid-term study years (2025, 2030).

Market simulations will take into account 34 year climate database.
System identification needs will be performed on the same scenarios as projects will be assessed.

RG point of view it is expected to confirm system needs by IoSN for every future projects identified in
RgIP2015.
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