A step closer to Central Europe

- status of realization
of the Oresund-Fehmarn
corridor

Henrik SYLVAN
Railtech DTU, Denmark
March 29, 2019
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1991 -treaty

As part of the agreement on construction of the Oresundsbron Sweden wanted
Denmark to investigate and build a Fehmarn Belt link
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Fors 2019 / Anlaegsarbejdet med Femern Bzelt-forbindelsen szettes i gang pa dansk side

i gang pa dansk side
Nyhedsmail - timelding g gp

Med den tyske myndighedsgodkendelse af tunnelen under Femern Beelt
er der enighed med de tyske myndigheder om, hvordan projektet skal
realiseres. Pa den baggrund har en enig forligskreds besluttet, at
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Anleegsarbejdet med Femern Baelt-forbindelsen saettes

Beslutning 26 marts 2019
Start pa bygge- og anleegsaktiviteter Femern Baelt

anlaegsarbejdet skal saettes i gang pa dansk side, sa vi kommer et skridt
neermere at realisere de store gevinster ved en fast forbindelse over

Femern Beelt.
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Fehmarn Link construction approved

= Build the new harbour
at production site

= Build the tunnel
production facility

= Build the tunnel portal
(Danish site)

=  Workers City.

= |ncrease robustness of
grand opening in 2028

= Perhaps a process of
trial (in Germany)

=  Would not stop Danish
initial works



Immersed tunnel technique
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Contracts signed
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Socio Economy

Rail infrastructure improvement
as a driver for economic growth

« Scandinavian-German trade = 100 billions/year
« The Nordics = 10" largest economy
* In need of more capacity / accessibility

« Strong political priority

Billion euro p.a

Import Export



Vision

Masterplan in discussion and
realization

Travel time targets

*Stockholm-Malmo
5:15h (now)
2:30h (20407?)

*Copenhagen-Hamburg
5:05h (now)
2:30h (2028)

*Oslo-Copenhagen
7:30h (now)
3:00h (?)
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Scale

Corridor investments

» Hamburg-Copenhagen: 12 billions €
» Copenhagen-Stockholm: 16 billions €

» Second Oresund tunnel link: 6 billions €

Choice of concept:
*Passenger and freight transport
*Only passenger trains: max 320 km/h

*Mixed traffic: max 250 km/h
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N |n construction

s Study phase completed

B Preparing for start

Max speed




Scenarios

Scenario B chosen for 2028, C or D could come later

/f

Scenario A

Travel time
Hamburg-Copenhagen:

4:40 today
¥
3:40 incl FehmarnBelt Link

¥
3:00 incl DK basic alternative 2

3:00 excl DE rail investment

- 3:00
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Scenario B

Travel time
Hamburg-Copenhagen:

4:40 today
¥
3:40 incl FehmarnBelt Link

¥
3:00 incl DK basic alternative 2

¥
2:30incl DE upgrade +160

- 2:30

Scenario C

Travel time
Hamburg-Copenhagen:

4:40 today
¥
3:40 incl FehmarnBelt Link

¥
2:40 incl DK High-Speed
¥
2:00 incl DE High-Speed

- 2:00

Scenario D

Travel time
Ham nhagen:

4:40 today
¥
3:40 incl FehmarnBelt Link

¥
2:35 incl DK High-Speed Plus

¥
1:35 incl DE High-Speed Plus

- 1:30




10 separate stages

Many sections and complex organization

Investments for
12 billions

State grants

EU-CEF 20% on
hinterland rail line

Maximum support
for Fehmarn rail
tunnel 40% (20%)

German hinterland
line gets support
from EU
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Responsible: DB Netze

Capacity Oresund line 0,1
Responsible: Banedanmark

New line Cph-Ringsted 1,6
Responsible: Banedanmark
Rebuilt old line 0,1
Responsible: Banedanmark
New Storstrom bridge 0,5
Responsible: Vejdirektoratet
Hinterland line upgrade 1,2
Responsible: Banedanmark
Fehmarn Belt tunnel 7,0
Responsible: Femern A/S
Puttgarden-Liibeck 1,7
Responsible: DB Netze
Hamburg-Ahrensburg 0,3




Progress

First section in Denmark to open in 2019

—— New railway line under
— EXisting railway lines
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New Storstremmen Bridge

Opens in 2023
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@resund line capacity expansion

New Airport train terminal

Existing metro

Existing
railway
station

Planned
railway
station




Bottlenecks

Emdrup Ryparken

Sva nemﬁ\é

Poul H. Plads
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New Geography

Moving Germany to
Scandinavia

=The Fehmarn Belt tunnel intends to
establish a new geography

=In our perception we'll find that
Hamburg and Berlin are getting
closer to Scandinavia.

*Hamburg "moves” itself to the
South coast of Denmark.
And Berlin placed nearby!

Visions and plans of the
future Scandinavian
TEN-T network

[ Main North-South corridor

o—> ' Changing geograp




New geography

Scandinavia closer to
Central Europe

=...reduction in time distance "move”
Norwegian and Swedish cities closer to
Oresund, and thereby closer to the
central European markets

=With new lines in Sweden cities
come even closer to central europe

Visions and plans of the
future Scandinavian
TEN-T network

[ Main North-South corridor

o—> ‘ Changing geograp




Semi high speed

Changes in travel times

Shanghai-Beijing 1318 km
Marseille-Paris 750 km
Taipei-Kaohsiung 345 km

Madrid-Barcelona 625 km e ——

Briissel-Paris 310 km
Tokyo-Osaka 515 km

Saarbriicken-Paris 380 ki

London-Paris 475 km

Malaga-Madrid 480 km
Seoul-Busan 417 km
Berlin-Hamburg 286 km
KéIn-Paris 530 km
Stockholm-Goteborg 451 km
Hannover-Frankfurt 312 km
Miinchen-Kassel 455 km
Frankfurt-Brissel 390 km
Copenhagen-Hamburg 355 km

1:00
m After

2:00

Before

3:00

4:00

5:00

230-290
km/h

210-230
km/h

190-210
km/h

170-190
km/h

150-170
km/h

130-150
km/h

Average
speed

6:00 “hours
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Many good examples of
major improvements

->Very high speed
210 — 260 km/h (avg)

—->High speed
170 — 210 km/h (avg)

->Semi high speed
140 — 170 km/h (avg)
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Various services — 15t stage
Timetable toward 2028 ]
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Mode comparison

Copenhagen — Hamburg centre-to-centre
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Major increases in pax volume

Experiences

before after change
Paris-Lyon Travel time 3:46 1:59 -47%
Passengers 12,500 22,200 +78%
Bruxelles-London Travel time 4:52 201 -59%
Passengers 1,154 3,885 +237%
Amsterdam-Paris Travel time 5:16 3:18
Passengers 0,676 1,425 +111%
Madrid-Sevilla Travel time 5:10 230  -52%
Passengers 1,311 3,639 +178%
Frankfurt-Berlin Travel time 6:15 4:.02 -35%
Passengers 6,570 9,855

1507 p—

*) pass. in millions
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Impact of fixed links
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Antal passagerer per ar (1.000)
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Trains as market leader

Rail market share — from low to high

100%

=T =Y -
= A high market share 0% \.‘ .
rallt?]gatlnst ?ll_r defpen/ds 0% § Roe Stockholm-Copenhagen (with new Link)
on the travelling time 6 £
. . =
o
higher train speed . . \ ‘P
; _ Stockholm-Copenhagen (=3 hours)
Stockholm-CqDenhaqen. 0% Q—
The construction of the \
o : . \ ~L
new main line will lead to 50% @ ~ ~o
much faster train S S i\
services 40% Se ) LS Soo
= Market share for rail 0% Stocidmlin- CoPenhagen EOW): 0
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high 10% o
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0%
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Trains as market leader
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Rail market share — from low to high

= Hamburg-Copenhagen:
The market position of
train services would be
strengthened from
medium to (very) high
market share (=85%)

= Berlin-Copenhagen
Market share raise from
very low to medium-high
(—=45-50%)

100%

90%

80%

70%
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2 3 4 5 g Travel time;
hours



Large market potential

—
=
=

i

Break-even analysis of various scenarios of demand

Passengers

Passengers,

2.500.000

High elasticity

Passengers,

2.000.000

medium elasticity

1.500.000

Passengers
e e e e e e e e o LOwelasticity
Expected
— profit
basis

1.000.000

500.000

Fare 50 €,
fixed cost

Fare 70 €,
fixed cost

Fare 100€, 20

High cost,
fixed fare

Central
estimate

Low cost,

fixed fare fixed cost  Departures
(need 2 train

set)

= Demand
A market forecast
predicts 1.9 million pax

= Cost
A small system with
trains running regularly
needs 0,7 million pax
(no profits)

= |tis possible to run a
service with max price of
50 €

Source: Market study: Improved trains service
Oresund-Hamburg. COWI 2014



Train operations

Togsaet

Railway operation on the line e O [cry

= Present service Hamburg-Copenhagen
Stop or change during construction years

CRRC | CRH380B Hitachi | AT 200

= Rolling stock - -
- DSB increasing its fleet with 26 Vectron locos =1 ==
for 200 km/h (crossborder) '
- DB will have few multi-system trains

- SJ to buy 30 new trainsets for international traffic ~ ™*""'"**""™ e e e
for 250 km/h and multisystem 15/25 kV, ERTMS.

= Other operators:
NAH/Schleswig-Holstein CAF Oaris-Fiytog
MOVIA/Regionstog >
MTR
Snalltaget

Lokomotiver og vogne

Alstom og Bombardier | M7 Siemens | Viaggio Skoda | Push-pull

Future trains, DSB 201/7
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Train operations

Interregional might be loco-hauled trains

= DB new Talgo 230 trains = DSB vectron
Multi system for Amsterdam-Berlin
No orders for DE-DK-SE trains

Interregio trains fx like Railjet on the line
Copehagen-Hamburg



Hinterland line Puttgarden-Liibeck =

= DB Projektbau promiss upgraded line
ready for 2028 (1,3 billion €)

= New Fehmarnsund Brucke in planning
Single part section

= Probably ready in 2030 (0,5 billion €)




Capacity Lubeck-Hamburg Hbf
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HH-link

= Alternative 1: Only road connection
Alternative 2: Road and rail connection

= Local line Helsingborg-Copenhagen in 51 minutes (13 stations)
= No freight train capacity. No fast long distance trains
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Deutschland Takt
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= Copenhagen — Berlin

fmn_ TN = Copenhagen — Bremen
= Coepnhagen — Hannover
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Corridor Oresund-Fehmarn ready 2028

Conclusions

« Sweden: construction work in progress (1 billion of total € 16 billion)

« Denmark: construction progress (€ 5 billion out of € 10 billion)

« Germany: final decision pending (approx. € 2 billion commitment)

* A point of no return has been reached (State Treaty etc.)

A second Oresund tunnel link between DK and SE has been agreed to study

« Financial analyses anticipate high return on investment, robust market forecasts
* Railway operators a little reluctant in procurement of new train sets

* Only 9 years for opening - therefore the time schedule not very long !
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