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This report summarises the status of the four conceptual designs as at 1 October 2011 for the 

four possible designs for the fixed link as drawn up by Femern A/S. The report describes work 

in progress, and changes to the design and construction methods in relation to the final project 

can be expected. The report provides an overview of the conceptual designs and as such 

does not present the full technical basis for project approval.  

The preferred technical solution, an immersed tunnel, forms the basis for the project that 

Femern A/S will submit for approval by the authorities.   

In Denmark, final approval will take the form of a Construction Act passed by the Danish Fol-

ketinget while in Germany the project will be approved by the relevant authorities in Schles-

wig-Holstein.  

In the event of discrepancies between the Danish, German and English versions of the Con-

solidated Technical Report, the English version prevails.  
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Introduction  

This Consolidated Technical Report presents four technical variants of the many suggestions 

for a Fehmarnbelt Fixed Link between Denmark and Germany. The variants are the result of 

the consultanciesô efforts to create the best solutions on the basis of data provided by Femern 

A/S. 

The Fehmarnbelt Fixed Link is designed and planned by Femern A/S, a subsidiary of the Dan-

ish state-owned Sund & Bælt Holding A/S. The political condition for the link is a state treaty, 

signed by the German and Danish governments and approved by the respective parliaments 

in 2009. 

The descriptions are all based on the same requirements for the link to accommodate a dual 

track railway and a four lane motorway, plus requirements on safety, quality and life expectan-

cy.  

The four variants described here are an immersed tunnel, a bored tunnel, a cable stayed 

bridge and a suspension bridge. The report gives an overview of the design, the possible work 

methods and the permanent structures, including the corresponding land works. It also pro-

vides an estimate of the necessary workforce and the quantity of materials needed. 

The Fehmarnbelt Fixed Link is work in progress, and the texts and illustrations represent the 

project level as of October 2011. The design and selection of construction methods will be 

prepared by the contractors, and consequently the described design and working methods in 

this report may be changed accordingly.  

On 25 November 2010 Femern A/S recommended to the Danish Transport Minister an im-

mersed tunnel as the preferred technical solution. On 1 February 2011, the Danish politicians 

behind the project followed this technical recommendation. 
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1. The Immersed Tunnel 

 

 
 

Major features 

The major features of the immersed tunnel solution include: 

¶ A dual track railway and a four lane motorway link with emergency lanes in both direc-

tions in an immersed tunnel, approximately 18 km in length 

¶ Cut and cover tunnels at each landfall on the Danish and German sides, linking the 

tunnel to the surface 

¶ Portal buildings at each entrance to the tunnel 

¶ Ramps for the road and railway on the approaches to the tunnel 

¶ Road and railway connections on both sides of the tunnel, linking to existing infrastruc-

ture 

¶ Reclamations areas at both coasts (the great majority at the Lolland coast) for the dis-

posal of seabed material dredged from the tunnel trench 

¶ Toll collection facility on the Danish side 

¶ Facilities for Operation & Maintenance (O&M) on both sides, including facilities for cus-

toms and emergency response authorities  

¶ Modifications to the surrounding secondary road network, including the construction of 

new local roads, etc. 
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Figure 1-1: Conceptual design alignment  
(road shown in blue and railway shown in red) 

 (EEZ: Exclusive Economic Zone 
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Alignment 

The alignment for the immersed tunnel solution is shown in plan in Figure 1-1 and in longitudi-

nal profile in Figure 1-2. The route passes east of Puttgarden, crosses the Fehmarnbelt in a 

soft curve and reaches Lolland east of Rødbyhavn.    

The actual alignment and landfall locations were chosen in a process which included environ-

mental considerations in addition to the costs and technical issues of connecting to the exist-

ing infrastructure. The environmental considerations led to the definition of a "low impact corri-

dor" within which the final alignment could be chosen. A number of alignments were investi-

gated and optimised with regard to the spatial resistance factors identified for the project area.  

 

Description of Permanent Works 

Tunnel elements 

The tunnel elements accommodate a combined road and railway in one level within a concrete 

structure. A steel and concrete composite construction with the same layout could be a feasi-

ble alternative design if proposed by the contractor. 

There are two types of tunnel elements: standard elements as shown in Figure 1-3 and special 

elements as shown in Figure 1-4. Standard elements represent the cross-section for the ma-

jority of the immersed tunnel. Special elements are located approximately every 1.8 km and 

serve a number of functions. In addition to providing space for the technical installations, they 

give maintenance staff access to all areas of the tunnel with a minimum of disruption to traffic. 

  

 

 

Figure 1-2: Longitudinal profile of the alignment 

showing the depth beneath the surface of the sea 
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Standard elements 

The Fehmarnbelt Fixed Link tunnel will be constructed from 79 standard elements. All stand-

ard elements have the same geometric layout and are, to a high degree, interchangeable. The 

approximate cross-sectional dimensions of the standard elements are as shown in Figure 1-3. 

Each standard element is approximately 217 m long.  

The two road tubes in the standard elements are approximately 11.0 m wide and are located 

on the west side of the tunnel. Each road tube contains two traffic lanes, one emergency lane, 

marginal strips and a step barrier along the walls. The roof over the road tubes is elevated for 

a short length at the centre of the element to create a niche for the installation of ventilation jet 

fans or signage.  

A central gallery, approximately 2 m wide, is located between the two road tubes. The gallery 

is divided into three levels. The lower level contains pipelines from the drainage sumps and 

water supply pipes for the fire hydrants and fire suppression system. The mid level of the cen-

tral gallery is located at road level, and provides space for use by maintenance staff and a 

place of temporary refuge in the event of an evacuation from one road tube to the other. The 

upper part of the central gallery is used as a service gallery, predominantly for cable routing 

from the special elements to the installations throughout the tunnel. 

Two railway tubes, each with a width of approximately 6 m, are located on the eastern side of 

the tunnel. Each tube has space for one track, constructed as slab track. Emergency walk-

ways are located on both sides of each track, and the tubes include space for ventilation jet 

fans without any additional structural changes. The dimensions of the railway tubes are such 

that trains are able to pass through safely at speeds up to 200 km/h, whilst keeping the pres-

sure waves from the trains within an acceptable limit. 

 

 

 

Figure 1-3  Cross-section of standard element with dimensions in metres 
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Special elements 

There are 10 special elements along the length of the immersed tunnel. They provide space 

within the tunnel for the electrical and mechanical equipment needed for the operation sys-

tems of the tunnel. Each special element is unique and cannot be interchanged with other 

elements. 

The approximate cross-sectional dimensions of the special elements are as shown in Figure 

1-4. The special elements penetrate deeper into the ground than the standard elements in 

order to house a lower level for equipment rooms beneath the road and railway such as 

pumps and transformers. At the same time, the maintenance staff get access to all road and 

rail tubes regardless of the traffic. In the western road tube is a lay-by for parking of service 

vehicles outside the emergency lane, from where there is access to the underlying levels via 

stairs at both ends of the lay-by and via a lift at one end. These access provisions make the 

special elements wider on the western side compared to the standard tunnel elements. 

Tunnel trench 

The tunnel elements are placed below the original seabed in a dredged trench, as shown in 

Figure 1-5. 

 

Figure 1-4:  Cross-section of special element with dimensions in metres 
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A bedding layer of crushed rock is placed in the base of the dredged tunnel trench and forms 

the foundation for the elements. A combination of locking fill and general sand fill is backfilled 

along the sides of the elements, while a protection layer of large stones is placed across the 

top of the element. This layer is in general 1.2 m thick, but can vary depending on the location 

along the alignment.  

The function of the locking fill is to lock the tunnel element into position in the trench and pre-

vent any movement from taking place due to hydraulic loads or the placement of the general 

fill. The protection layer protects the element against any sinking ships or dragging anchors. 

Within the Natura 2000 area, covering a stretch of approximately 4 km, further backfilling with 

dredged material on top of the protection layer will be made, so that the natural seabed is 

quickly re-established.  

The tunnel is placed at such a depth that the stone protection layer is always below the exist-

ing seabed level, with the exception of the near-shore areas at to Fehmarn and Lolland. At 

these locations, the seabed is locally raised to incorporate the protection layer over a distance 

of approximately 250 m from the proposed new coastlines.    

 

Figure 1-5: Cross section of dredged trench with tunnel element and backfilling 
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Where the roof of the standard elements is locally raised to provide space for the jet fans, the 

thinner protection is compensated by adding an extra layer of protective concrete.  

Technical installations in the tunnel 

Power supply 

The electrical power supply supports all systems within the tunnel and the portal buildings 

except for the railway traction power. A number of high voltage cables with transformers will 

be installed in the tunnel. 

Electricity from Danish sources will be used to power the full length of the tunnel for normal 

operation. A German supply will power the German landside facilities under normal operating 

conditions.  

Ventilation  

The ventilation system consists of several sub-systems: 

¶ Ventilation of the road and rail tubes 

¶ Ventilation/cooling of plant rooms in the tubes 

¶ Ventilation of the central gallery between the road tubes 

¶ Ventilation/cooling in the portal buildings 

 

The road and rail tubes are provided with a system of jet fans to assist ventilation when nec-

essary. The system is capable of handling normal operation as well as maintenance and 

emergency situations. During normal operation the tunnel will primarily be self-ventilating due 

to the piston effect of vehicles and trains dragging air through the tunnel. 

 

Fire suppression  

A water-based deluge system will be installed in both road and rail tubes. The system is de-

signed to limit the size and spread of a fire, and thus provide a number of positive safety ef-

fects, including: 

¶ Better conditions for self-rescue 

¶ Better conditions for intervention by fire and rescue services 

 

Figure 1-6:  Longitudinal ventilation by jet fans in road tunnel 

 



 

Page 17/164 
  

 WORK IN PROGRESS  Consolidated Technical Report 

 

¶ Protection of the tunnel structure and fixed equipment from excessive damage until fire 

and rescue services appear 

 

The system is divided into short zones. The relevant zones are activated by the control room 

operator on the basis of information from the monitoring systems. 

The deluge system is designed to keep any fire under control until the arrival of the fire ser-

vices. Upon their arrival, it is expected that the fire brigade will assume control of the event 

(assisted by the tunnel authorities). A separate permanently pressurised fire hydrant system 

will provide water for the fire services, enabling them to extinguish the fire.  

Tunnel drainage 

During normal operation the tunnel drainage system will collect rainwater run-off from the ap-

proach ramps and water used for cleaning the tunnel. The drainage systems on the approach 

ramps are designed to minimise the volume of water that flows from the ramps down into the 

tunnel.  

The volume of wash water from each washing cycle will depend on the type washing machin-

ery and the chosen frequency of washing. The water used for cleaning the road tubes contains 

the same pollutants as normal storm water run-off from a motorway, with a content of heavy 

metals, polycyclic aromatic hydrocarbons (PAH), oil and suspended solids. There will also be 

soap in the wash water. 

In case of accidents a mixture of chemical spills and fire fighting water can be collected and 

contained by the drainage system for subsequent processing. 

A number of sumps (collecting tanks) collect the waste water, and pumping stations transport 

the water from the tunnel to the portal buildings where it will be treated in accordance with 

environmental regulations before being discharged into the Fehmarnbelt. 

Lighting within the road tubes  

Lighting within the road tubes is of primary importance for safety, particularly the prevention of 

traffic accidents, but will also have a significant influence on the aesthetic impression of the 

tunnel environment. Creative lighting with different shades of colour and decorations on the 

tunnel walls will relieve or reduce any discomfort users may have from driving in a tunnel. 
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Figure 1-7: Creative lighting in road tubes 
 

The road tube lighting will account for a significant part of the power consumption within the 

tunnel. However, the rapid development of LED light sources will probably make it possible to 

fulfil the lighting requirements with significantly lower energy consumption than with the pre-

sent technology. 

In the event of a power failure, part of the lighting system will be powered by an emergency 

supply. A secondary lighting system will include a series of lighting components aimed at cre-

ating safe conditions for exiting the tunnel. Escape routes will thus be lit and unambiguous 

signage such as lit door surrounds, lit exit signs and roadway guidance lights will be installed. 

Permanent lighting is not planned in the rail tubes. However, emergency lighting will be pro-

vided for use in the event of evacuation. 

Communication  

The communication systems comprise an array of different systems for use during normal 

operation and during emergencies. 

During normal operation, public broadcast radio within the tunnel and the provision of anten-

nae for mobile telephones will provide the comfort required by the tunnel users. In case of 

emergency, users can phone from one of the emergency stations in the tunnel, and the tunnel 

staff can address persons in the tunnel via a Public Address system (PA system). 

The Closed Circuit Television system (CCTV) is also a key system, which will provide detailed 

information on all incidents in the road and rail tubes. During incidents or emergencies a public 

address system in combination with an Intelligent Transportation System (ITS) will be used to 

guide road users and regulate traffic. In addition, the fire and rescue servicesô radio systems 

will provide an independent communication system for the emergency services. 

Traffic management  

Road traffic is supervised in a control and supervision centre located in the portal building on 

the Danish side (the rail system is supervised by the Danish and German rail traffic control). 

An Intelligent Transportation System (ITS) will be installed to manage traffic inside the road 

tubes and on the landside approach motorways on both Fehmarn and Lolland. 
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The system comprises signs with variable commands or text, for example speed limits and 

warning signs in addition to supplementary text messages. The ITS will be used in both nor-

mal and emergency situations to communicate necessary information and control the flow of 

traffic by, for example, lane or tube closures or changes in the speed limit. 

All vehicles passing the tunnel portals will be monitored and guided by the system. Toll sys-

tems for road traffic will also be established at the portal buildings. 

All vehicles passing the tunnel portals will be monitored and controlled by the system. 

Data acquisition and control (SCADA)  

The SCADA (Supervisory Control and Data Acquisition) system supervises and controls all the 

technical systems in the tunnel and the portal buildings, with the exception of the rail system, 

which is supervised by Danish and German rail traffic control. 

The primary supervision centre linked to the SCADA system will be in a control room in the 

Lolland portal building. This is supplemented by a secondary control room in the Lolland portal 

building and an emergency control room on Fehmarn. The SCADA system facilitates mainte-

nance and assists in creating a high level of safety and reliability. 

Railway systems  

The rail systems inside the tunnel include the following: 

¶ Railway tracks 

¶ Catenary systems 

¶ Signalling and control systems 

Reclamation areas 

Reclamation areas are planned along both the German and Danish coastlines that will ac-

commodate the seabed material from the dredging of the trench for the immersed tunnel. The-

se areas will be landscaped into green areas.  

The size of the reclamation area on the German coastline has been minimised. Two larger 

reclamation areas are planned along the Danish coastline on both sides of Rødbyhavn. These 

will absorb the majority of the dredged material from the trench excavation.  

Fehmarn coast 

As designed, the proposed reclamation area on the Fehmarn coast will not extend further out 

into the Fehmarnbelt than the breakwaters for the existing ferry harbour at Puttgarden and will 

not impact the protected area at Grüner Brink. The coast at Marienleuchte to the southeast will 

not be affected either. 

The extent of the Fehmarn reclamation is shown in Figure 1-8. The reclamation area is de-

signed as an extension of the existing terrain with the natural hill turning into a plateau behind 



Page 20/164  

Consolidated Technical Report 

 
  WORK IN PROGRESS  

 

a dike. The shape of the dike is designed to include a new beach close to the residential areas 

at Marienleuchte. 

It is intended that the new land is to be landscaped to create an enclosed pasture and grass-

land habitat. 

 
  

 

Figure 1-8:  The extent of the proposed reclamation on Fehmarn 

 (dotted white line) 
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Lolland coast 

As designed, the proposed reclamation areas along the Lolland coast do not extend further 

out into the Fehmarnbelt than the breakwaters for the existing ferry harbour at Rødbyhavn and 

will not impact the protected area at Hyllekrog.  

The extent of the reclamation areas on Lolland is shown in Figure 1-9. There are two reclama-

tion areas on Lolland, located on either side of the existing harbour. The reclamation areas 

extend approximately 3.7 km east and 3.5 km west of the harbour and reach approximately 

500 m into the Fehmarnbelt.  

The total area is approximately 300 ha, with approximately 130 ha west of the harbour and 

approximately 170 ha east of the harbour. 

The existing dike along the coastline will be largely retained and will continue to function as 

the storm surge dike. Stone protection will be placed in front of the new reclamation areas 

facing the sea. At the eastern end of the reclamation, the dike will gradually become a higher 

till cliff that will, in the long term, be eroded to a limited extent, releasing sand for the stretch 

east of the till cliff. This stretch is designed with a smooth connection to the existing beach at 

Hyldtofte Østersøbad. 
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New beaches will be established within the reclamation areas to the west. One beach is con-

nected to the existing harbour via a series of small channels that are interlinked to a long la-

goon for recreational activities, water sport, swimming, etc.  

To the east there will also be a lagoon with two openings towards Fehmarnbelt and with 

breakwaters at the openings to limit the wave flow into the lagoon area ï this lagoon will have 

a more natural wetland appearance. 

In its final form, the reclamation area will consist of three types of landscape: recreation areas, 

wetlands and grasslands - each with different natural conditions and potential uses. The dif-

ferent areas can still be modified to provide the best conditions for wildlife and recreational 

activities. 

 

Figure 1-9:  The extent of the proposed reclamation on Lolland 

 (dotted white line) 
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Fehmarn portal building and ramp area 

The Fehmarn tunnel portal building is located behind the existing coastline in a dip in the land-

scape. The main features of the portal building and ramp area, shown in Figure 1-11, are as 

follows: 

¶ Ramps for road and railway 

¶ A cut and cover tunnel, including a lightscreen structure 

¶ Main sump and green sump, connected to a drainage system 

¶ Portal buildings 

¶ Sea defences  

 

 

 

Figure 1-10: Landscaping of reclamation 
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Road and rail ramps 

The road and rail ramps have different designs due to their different gradients and horizontal 

alignments. As the road and railway descend along the ramps, they are gradually aligned to 

be parallel and at the same level before entering the cut and cover tunnel. Figure 1-12 shows 

a number of cross-sections along the ramps. 

The concrete section of the ramps is a U-shaped reinforced concrete structure with base slab 

and retaining walls that create a watertight trench in the ground. 

 

Figure 1-11: Main features of the portal building and ramp area on Fehmarn 

(enlarged vertical scale) 
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Cut and cover tunnel section with lightscreens 

Before entering the fully enclosed cut and cover tunnel, the road and railway enter the light-

screen section, which provides a gradual transition from daylight to the artificial tunnel lighting. 

This section is partially enclosed, but is provided with intermittent transverse slots which allow 

daylight to pass. Lightscreens are installed across these slots for passive control of light admit-

tance onto the road below. 

 

Figure 1-12: Cross-sections through the Fehmarn portal and ramp 
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The cut and cover part beyond the lightscreens is approximately 440 m long. The base slab, 

side walls, and roof are constructed from in-situ cast reinforced concrete.  

Portal building 

The necessary installations for the operation and maintenance of the tunnel are installed in the 

portal building on Fehmarn ï however being the back-up system for the main control centre 

located on Lolland. The portal building is placed below terrain level west of the tunnel. The 

installations in the portal building include: 

¶ A back-up system for the main control centre in the portal building on Lolland 

¶ Technical installations for operating the tunnel  

¶ Fire suppression system  

¶ Main sump and green sump for the drainage system 

¶ Underground loading bay 

 

As shown in Figure 1-11, the main sump is located under the cut and cover tunnel and collects 

the drainage run-off from the portal building and ramp area. The sump includes sand traps and 

oil skimmers to retain any pollutants within the run-off. Water from the main sump is treated to 

the required standard for discharge. 

Storm surge protection 

The protection of the tunnel on Fehmarn against flooding consists of a closed ring of a storm 

surge dike surrounding the portal building and ramp structures (as shown in Figure 1-13), 

which tie back into the existing terrain.  

The dike structure contains an internal layer of impermeable material on top of the underlying 

natural clay stratum in order to minimise seepage.  

The flood protection structures are designed to accommodate long-term settlements during 

the isostatic sinking of Fehmarn, sea level rise due to global warming and a 1 in 10,000 years 

storm surge frequency.  
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The proposed motorway passes over the crest of the storm surge dike as it climbs out of the 

tunnel on the naturally rising terrain.  

The shallow railway gradients mean that the railway must pass through the storm surge dike in 

a cutting. In the event of an extreme storm surge, storm surge protection barriers will be in-

stalled across the railway. The side walls of the railway ramps have the same height as the 

storm surge dike, and thus match the protection provided by the permanent dike. 

In addition to the storm surge dike, stone protection is placed on the seaward side of the rec-

lamation area. This forms the lower part of the sea defences for the portal building and pro-

tects against the highest waves. The seaward storm surge dike is armoured and is over 10 m 

wide to limit any wave over-topping. The area between the sea defences and the storm surge 

dike is also protected by rock armouring, which also covers the tunnel. Landscaping is made 

for the majority of the armoured plateau to harmonise the structure with the existing land-

scape. 

 

Figure 1-13: Dike perimeter and sea defences on Fehmarn 
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Works on land, Fehmarn 

A number of infrastructure improvements will be made on land in both Germany and Denmark, 

including the construction of a new motorway and railway to access the tunnel. An overview of 

the various works on Fehmarn is shown in Figure 1-14. 

 

 

 

Figure 1-14: Overview of structures on Fehmarn 


