A=1.
REPORT -

AqualisBraemar LOC Group

Report Date ! 23-Jun-2021 AqualisBraemar LOC Group
ABL Report No. : 025057.00-RPT-ABL-001 LOC (Germany) GmbH London Offshore Consultants Limited
Hafentor 2 42 47 Minories

20459 Hamburg London EC3N 1DY

Germany United Kingdom

SHIPPING ANALYSIS OF THE NORTH SEA

UNDERTAKEN ON BEHALF OF

DEUTSCHES BUNDESMINISTERIUM DES INNERN, FUR BAU UND HEIMAT

Page 1 of 163



SHIPPING ANALYSIS OF THE NORTH SEA

TABLE OF REVISIONS

Rev Date
A 03/12/20
comments.
B 18/12/20
C 09/04/21
D 18/06/21

DISTRIBUTION LIST

Name

Thomas Otte

Dr. Kai Trumpler

Dominic Plug

Internal File

Description of Amendment

Position

ABL Group

Work in Progress: Draft Report.
Issued for early comments.

Final Version after review of all
relevant European stakeholders

Work in Progress: Draft Report up to
work package 02. Issued for early

Draft Report. Issued for comments.

Bundesministerium des Innern, fir
Bau und Heimat
Referat fur Européische
Raumentwicklungspolitik,
territorialer Zusammenhalt

Maritime Raumordnung / Maritime
Spatial Planning

Maritime Raumordnung / Maritime
Spatial Planning

Author

George
Savvopoulos;
Diego Cerquenich

George
Savvopoulos;
Diego Cerquenich

George
Savvopoulos;
Diego Cerquenich

George
Savvopoulos;
Diego Cerquenich

Company

Checked

Christoph
Ruck

Christoph
Ruck

Christoph
Ruck

Christoph
Ruck

A:=1

AqualisBraemar LOC Group

Approved

Johan
Gahnstrom

Johan
Gahnstrom

Johan
Gahnstrom

Johan
Gahnstrom

DEUTSCHES BUNDESMINISTERIUM DES
INNERN, FUR BAU UND HEIMAT (BMI)

BUNDESAMT FUR SEESCHIFFFAHRT UND
HYDROGRAPHIE (BSH)

HYDROGRAPHIE (BSH)

AgualisBraemar LOC Group

BUNDESAMT FUR SEESCHIFFFAHRT UND

This report (including any enclosures and attachments) has been prepared for the exclusive use and benefit of the

addressee(s) and

solely

for

t he

purpose

for w

hich it i

and Conditions or such other contract between the Company (or its affiliate) and the Client (or its affiliate) governing the

issuance of this report, the Company assumes no liability to the addressee(s) for any claims, loss or damage whatsoever

suffered by the addressee(s) as a result of any act, omission or default on the part of the Company or any of its servants,

whether due to negligence or otherwise. No part of this report shall be reproduced, distributed or communicated to any

third party without the prior written consent of the Company. The Company does not assume any liability or owe any duty

of care if this report is used for a purpose other than that for which it is intended or where it is disclosed to or used by a

third party.

Report No.: 025057.00-RPT-ABL-001

Page 2 of 163

S

prov



]
SHIPPING ANALYSIS OF THE NORTH SEA A -].

2.1

2.2

3.1

3.2

3.3

3.3.1

3.3.2

3.3.3

3.34

3.3.5

3.3.6

3.3.7

3.3.8

4.1

4.2

4.3

4.3.18

5.1

52

AqualisBraemar LOC Group

TABLE OF CONTENTS

EXECUTIVE SUMMARY ...t e e et e e et e e eaenns 6
INTRODUGCTION ...ttt ettt e ettt e e e e et e e e e et e e e ebb e aeenenns 9
GINEIAL .. 9
Yot o TSI o A =1 IR =1 (1 o | USSP 11
METHODOLOGY ...ttt ettt e e e et e e et et e e e e et e e e eeb e e e eetn e eaeeraaaaenes 14
AssuMPpLions and lIMItAtIONS ...........uuiiii e 14
ANAIYSIS SOfWAIE ...t e e e e e e et e e e e e e e e e arr e e e eaaes 14
Y/ ToTo [ I o Loy =T o] o] 4 1 T=T o USSP 14
ATEA BOUNUAIES .....eeiiiieiiiii ettt e e e et e e e e e et r e e e e e e aaaan 14
OFfSNOre WINGFAIM AFAS.......coi i 15
MELOCEAN CONITIONS ....eeeeiiiiiiee ettt e e e e e e e e e e e e e r e e e e e e e e aaan 17
BatNYMEIIY ..o e 21
TUGDOAL STALIONS ... 23
Vessel s6 traffi...and. . Al.S..dat.as.el. ... 26
Layout Of traffiC COMIOOIS. .....uiiiiiiiiiiiiiiiii ittt 32
Lateral distribution of leg traffiC ...........oovviiiiiiiiiiiiiii e 34
WORK PACKAGE 01T TRAFFIC STUDY ...ttt e 36
(7= a1 - PR 36
Main traffic diSTNCHON. ........ciiiiiiiiiiiiiiii e 37
LIz Ui (oY1 111 = S 40
Detailed leg traffic fOr 2019 ........oviiiiiiiiiiiiiiiiieee e 56
WORK PACKAGE 0217 OWF DEVELOPMENTS BETWEEN 2020 AND 2040............... 59
271 o 119 o S 60
=T o] 0T PSPPSR PPPPPPPPPP 62

Report No.: 025057.00-RPT-ABL-001 Page 3 of 163



]
SHIPPING ANALYSIS OF THE NORTH SEA A -].

AqualisBraemar LOC Group

5.3 L = o] PP PP 64
54 LT =T 0 0= 0P PPPPTT 65
5.5 The Netherlands ... 66
5.6 N[0 1T PP TP PP 68
5.7 S BN - 69
5.8 (@71 (=To [ Q] 0o o (o] o o RO PP PPPPPPPPPPPPP 70
5.8. 1 ENQIANG......eiiieiiiiiiiiiit e nnnnes 70
5.8.2  SCOUBNG. ...ttt 72
5.9 NOIH SE8 OVEIAIl .....ooiiiiiiiiiiiiiii ettt 74
6 WORK PACKAGE 031 IMPACT OF NEW DEVELOPMENTS TO NAVIGATION AND THE
RISK PROFILE. ... ettt e ettt e e ettt e e ettt e e ettt b e e e eab e e e eaba e eeeennnas 75
6.1 Risk assessment methodology and basic parameters.........cccocoooviiiiiii e, 75
6.2 Geometrical Probability ...........coiii i 76
6.2.1  CAUSALION FACION. ...ttt e e e e e e e e e e e e e e e e 76
6.2.2  Other CONSIABIALIONS .......uueeiiiiieeeiiiet ettt e e e e e e e e e e e e e e e e et r e e e e e e e e e aneenees 77
6.3 Benchmark risk i Existing renewable developments and 2019 traffic ............ccccceeeeeeee. 77
6.4 Effect of traffic increase and changes to vessel sizes between 2020 and 2040................ 80
6.4.1 Traffic volume increase and Siz€ adjUSIMENT............uuuuuuuuummiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeeeeeeeeaneee 80
6.4.2 Area of low AIS coverage in the German Bight ................uuuuiiiiiiiiiiiiiiiiiiiiiiiiiienenne 81
6.5 Effect of new offshore renewables developments and traffic transformation .................... 84
6.5.1  TraffiC VOIUME ...t e e e et s e e e e e e e e ar e e eae e 85
6.5.2 Lateral distribution Of traffic @CroSS COIMIAOIS ........uuuuuuiiiiiiiiiiiiiiiiieiiiiieireeeiereaebeeeeeeeeeeneneeee 85
6.5.3  ReSUltiNg tranSTOrMIALION .........uuuuuiiiiiiiiiiiiiiiiiii bbb bbbeebenseeneesnnnnnnes 86
6.6 Projected risk T Future developments and projected traffic for 2040 ...........cccovvvvvvvvinnnnnn. 88
6.7 Risk assessment summary and recommendations .............ccevvvveiiiiiiiiiieiiiiiiiiieeiieeeeeeeeeee 91
7 WORK PACKAGE 04 i DEVELOPING OF POSSIBLE ROUTEING MEASURES .......... 94
7.1 GINEIAL .. 94

Report No.: 025057.00-RPT-ABL-001 Page 4 of 163



]
SHIPPING ANALYSIS OF THE NORTH SEA A -].

7.2

7.3

7.3.1

7.3.2

7.3.3

7.3.4

7.3.5

7.3.6

7.3.7

AqualisBraemar LOC Group

Minimum distance from OWF to shipping lane ... 94
ROULEING MEASUIES .....eiiiiiiiieiiieiieeeee ettt ettt ettt ettt ettt ettt et e e et e e e e et e e e e e e e e e eeeeeeees 96
Western Norway & Northern Scotland.............ooooo 97
Southern Scotland and East coast of England ... 98
The English Channel & Southern section of the North Sea ..., 99
North East coast of the Netherlands.............cooovvviiiiiiiiiiiiiiiii 102
Netherlands, Germany, and DenMmark EEZS ...........cooooiuiiiiiiie e 102
Southern Norway and the SKagerrak ... 112
Northern Sea ROULE (NSR) .....ooviiiiiiiiiiiiiiiiiiieeeeeeeee et 113
REFERENGCES ... ettt ettt e e e et e e e ee e e e e et e e e enea s 115

Report No.: 025057.00-RPT-ABL-001 Page 5 of 163



]
SHIPPING ANALYSIS OF THE NORTH SEA A -].

AqualisBraemar LOC Group

1 EXECUTIVE SUMMARY

London Offshore Consultants (LOC), a part of the AqualisBraemar LOC Group (ABL), performed a
nautical risk study in the area of the North Sea, with particular interest in the current and future
offshore windfarm development between 2020 and 2040. This work is commissioned by the German
Federal Ministry of the Interior, Building and Community. The main objective of the study is to identify
the significant shipping routes in the North Sea based on current traffic patterns, and in parallel
consideration with the existing and future offshore windfarm developments and other aguaculture

installations, develop proposals for a coherent system of shipping routes in the North Sea.

The work included a traffic study, for the identification of the main shipping routes, and the
identification of the qualitative characteristics of the traffic that uses them. The study identified the
different patterns between merchant and work/support vessels, and the extent to which they utilise
the same space. The main shipping route in the North Sea, is the N-S route from the Dover Strait
along the West coast of the European Continent, through the German Bight and into Skagerrak. This
is the main merchant traffic route that conveys trans-continental traffic to the European hub ports
and the Baltic Sea, with a tear diverging to the Arctic Sea. Secondarily, there are the UK coastal
shipping route that carries traffic from the main N-S route along the East coast of the UK and the
Norwegian Coastal corridor that connects the Baltic Sea to the Northern corridor. Additional routes
crossing the central parts of the North Sea and English Channel are used by Ro-Ro and General
cargo vessels that connect the Continent to the UK. Work vessels use these corridors to mobilise,
however for most of the time operate between a project home-port and specific project locations,

with long periods of time spent offshore at the latter.

The observations of the traffic study were subsequently combined with the insight provided by the
North Sea Statesdé authorities in terms of the fu
current maritime spatial plans (or forming parts of the relevant discussions where the latter are still
under development/review) and were developed into a projection of the North Sea (excluding
Kattegat) developments layout for the year 2040. As accurate information in most cases is not
available as to the exact footprint of future developments, but rather study/tender areas, the study
conservatively assumed the full footprint of these areas in the modelling and navigational analysis

exercises.

A risk study was undertaken to identify the areas in the North Sea with the highest concentration of
collision, allision, and grounding risk. This included the modelling of the traffic corridors in the North
Sea, and the traffic quantities observed in 2019, to identify the areas in the top 5th and top 10th
percentile of risk. This formed the benchmark case for the rest of the exercise, that considered the

impact in this risk profile of initially the traffic increase anticipated between 2020 and 2040, and
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subsequently that of the change in the traffic routes induced by the development of future offshore
renewable installations. The aim was to note the areas with the most notable increases in the risk
profile. The study noted that the risk intensity in the North Sea is predominantly concentrated on and
around the main N-S traffic corridor from the Dover Strait to Skagerrak and the Baltic Sea, and the
approaches to the main hub ports of Rotterdam and Antwerp. The risk increases with the introduction
of additional traffic, and in most cases with the introduction of offshore renewables developments
that understandably reduce the space available to navigation and induce route changes.

Examined individually, the traffic increase is noted to have a more significant impact to the risk
increase compared to the traffic routes alteration. This signifies that in line with the actual fluctuation
of traffic in the coming years, the risk increase may develop sooner or later than the time assumed
in the present study. Whilst the study considers two shapshots in time, 2019 and 2040, changes in
reality will happen gradually, and thus there are opportunities for cross-country coordination and
subsequent intervention and adjustment to mitigate risks in the areas where these are found to

concentrate.

In addition, the time and sequence in which the future offshore renewables developments will
materialise will have a significant effect in the way navigation will adjust around them and the
development of risk with time. As such developments will be preceded by targeted, area-specific,
probabilistic navigational risk assessments (on up-to-date vessel traffic and intended footprint) the
authorities will have the opportunity identify and implement the interventions required safe

navigation.

On the larger scale, with marine traffic not expected to stop its growth in 2040, the North Sea states
would benefit from the promoting a denser collaboration regime for managing this change. Especially
so, as the risk introduced to the system by a change does not necessarily occur at the location of
the change, and it may thus well be transferred into a different jurisdiction. This can be as simple as
regular periodic communication between authorities on upcoming developments and observations
in the change of marine traffic and renewable industry trends, or as advanced as a joint plan
preparation, with outlined interventions to be triggered by predetermined conditions in space and

traffic.

The study concludes with risk mitigation measures in the order of route alternatives where the
planned offshore installations disrupt the current traffic pattern. Most of the routeing adjustments
regarded alteration made to circumnavigate obstructions, with little impact on the overall routeing
system of the North Sea and risk associated. The English Channel and southern section of the North
Sea are characterized by several IMO traffic separation schemes and therefore the maritime spatial

plan expected in those areas does not represent an obstruction requiring course deviation. Moving
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northward to the German Bight, the complexity of the designated areas for future developments in
the German and Danish Economic Exclusive Zones requires actions to mitigate the risk of erratic
traffic within their area of interest. This mitigation might be reached with the introduction of
recommended routes joining existing paths or with the establishing of a traffic separation scheme.
However, these mitigations involve the decision of several coastal States to proceed towards a
common objective, and it can be said that one of the present study outcomes is that better co-
ordination and consensus in the decision-making process would facilitate possible mitigation
measures and guidelines homologation amongst the various maritime authorities of the North Sea,
to facilitate consensus in the decision-making process.

The present study aspires to be a contributor in strengthening close collaboration between the
coastal States of the North Sea and a starting point in a collective approach aimed at identifying and

resolving future challenges in a productive and timely manner.

Report No.: 025057.00-RPT-ABL-001 Page 8 of 163



]
SHIPPING ANALYSIS OF THE NORTH SEA A -].

AqualisBraemar LOC Group

2 INTRODUCTION
2.1 GENERAL

The Eur opean Uni on 2030 Climate and Energy Fr ame
compliance with set EU-wide targets and policy objectives for the period from 2021 to 2030. This
framework requires that by the year 2030:

1 Atleast 40% cuts are achieved in greease gas emissions (from 1990 levels)

1 Atleast 32% share of the energy comes from renewable sources

1 Atleasta 32.5% improvement is achieved in energy efficiency
The achievement of these climate targets by the EU-member countries is expected to involve heavy
investment in renewable energy, most of which is anticipated to come in the form of offshore wind
turbines. To achieve the required output, the new offshore wind developments would have to cover
a significant area in the North Sea. With the east coast already very heavily trafficked by merchant
and work vessels, spatial demand is expected to become an important issue and a balance is sought
between attributing space to offshore wind developments and maintaining safe and effective
shipping traffic. The spatial demand may also increase due to other developments with spatial
requirements, such as aquaculture. It is noted however that what is currently envisaged is that in

most cases there can be an efficient overlap between offshore wind and aquaculture.

The North Sea constitutes a central transport hub for all countries bordering the North and Baltic
Seas, through which the vast majority of exported and imported goods to and from those countries
are being shipped. It is therefore imperative that navigational safety and route efficiency is ensured

as new offshore windfarm and other offshore developments are planned.

This wildl require effective coordination between
and permitting procedures for new offshore wind developments, as well as the maintenance,
formation, and potential alterations to navigation routes. To facilitate this liaison between the North

Sea Statesd6 authorities, a holistic analysis of t
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The present work is intended as a first step to set the basis for this liaison between the North Sea
states. The area of concern of the subject study is presented in Figure 1.

Figure 1: North Sea i Area of present study.
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2.2 SCOPE OF ABL STUDY

The scope of work for the study is split into four work packages, and includes the traffic study, liaison
with authoritiesd rNerfhiSeacantriesin termeof receiving mput oh Riture
offshore renewable developments and capturing particular interests and comments, and the
preparation of a final report constituting the culmination of the above. The work packages comprising

the scope of the study are:

1 WP 1: Traffic analysis

1 WP 2: Estimate of plans for offshore renewables or other offshore installations (incl.

aquaculture)

1 WP 3: Description and evaluation of risks for shipping traffic arising from offshore

installations according tav/P 2
1 WP 4: Proposals for safe traffic flows, including options for routing measures.
2.2.1 WORK PACKAGE 01

LOC performed a comprehensive traffic analysis in the complete North Sea. This analysis is focused
on the observed traffic of merchant and work vessels in the study area and excludes port and fluvial
areas. Also, due to the number of vessels captured in the area, the study is focused on IMO vessels,
with small work, small fishing and pleasure craft filtered out of the working datasets.

Counting lines are used in the analysis to capture the relevant traffic routes. The intention is to
provide an overview of the traffic volumes at different parts of the North Sea, and briefly comment
on the qualitative characteristics of this traffic. Where there is a need, this information is used in

further commentary in subsequent work packages.
2.2.2 WORK PACKAGE 02

LOC liaised and obtained information from th
Federal Maritime and Hydrographic Agency (BSH) on the areas considered for new Offshore Wind
Farm (OWF) developments between 2020 and 2040. The information obtained from the state
authorities was supplemented with information from online databases and, where pertinent,
discussions and literature that form part of the public domain. Hydrogen and oil & gas platforms to

be installed or decommissioned by 2040 are considered where relevant.

It is worth noting that not all such information was provided or accessible at the time of the study, as
some such developments are either still under the subject of internal debate or deemed politically
sensitive by the pertinent states and thus not shared on record for the purposed of this study. The

developments captured in this report represent best endeavours and best current information.
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