" Bos
Witteveen

Assessment framework for
nature-protecting ana
nature-enhancing measures

Study on nature-protecting and nature-enhancing measures for energy
infrastructure in the North Sea

North Sea Consultation and the Ministry of Economic Affairs and Climate

14 October 2024

NOORDZEEOVERLEG



Project Assessment framework for nature-protecting and nature-enhancing measures

Client North Sea Consultation and the Ministry of Economic Affairs and Climate

Document Study on nature-protecting and nature-enhancing measures for energy infrastructure
in the North Sea

Status Final version 02

Date 14 October 2024

Reference 144151/24-014.807

Project code 144151

Project Leader D.wW. Dusseljee MSc

Project Director Drs. L.G. Turlings

Author(s) A. Hermans MSc, B. Schilt MSc, J.J. van der Endt MSc, mr. M. Smit

Checked by Dr.ir. R.LJ. Nieuwkamer, D.W. Dusseljee MSc

Approved by D.W. Dusseljee MSc

Paraph

Address Witteveen+Bos Raadgevende ingenieurs B.V. | Deventer

Daalsesingel 51c

P.O. Box 24087

3502 MB Utrecht

The Netherlands

+31 30765 19 00
www.witteveenbos.com
CoC 38020751

This report is a translation of a text originally composed in Dutch: Hermans, A., Schilt, B., van der

Endt, J.J., Smit, M., & Dusseljee, D. (2024). Afwegingskader natuurvriendelijk bouwen Noordzee. Onderzoek
naar natuurbeschermende en natuurversterkende maatregelen voor energie infrastructuur op de Noordzee
(Definitief 138138/24-003.391). Witteveen+Bos, in opdracht van het Noordzeeoverleg.

The Quality management system of Witteveen+Bos has been approved based on ISO 9001.

© Witteveen+Bos

No part of this document may be reproduced and/or published in any form, without prior written permission of Witteveen+Bos, nor may it be used for
any work other than that for which it was manufactured without such permission, unless otherwise agreed in writing. Witteveen +Bos does not accept
liability for any damage arising out of or related to changing the content of the document provided by Witteveen+Bos.



TABLE OF CONTENTS

FOREWORD

SUMMARY
ABBREVIATIONS

1 INTRODUCTION
1.1 Background

12 Definitions

1.3 Approach

14 Reader’s guide

2.1
2.2

3.1
3.2

33

34

PROTECTION, ENHANCEMENT AND THE CARRYING CAPACITY OF

THE NORTH SEA

State of the North Sea

Measures

ASSESSMENT FRAMEWORK FOR NATURE-PROTECTING AND

NATURE-ENHANCING MEASURES

Following the assessment framework
Principles

3.2.1 Requirements for following the assessment framework
322 Preconditions

Multi-criteria decision analysis

3.3.1 Nature protection and nature enhancement
3.3.2  Technology Readiness Level
333 Costs: impacts on installation phase and operational phase

Results assessment framework

CONCLUSION AND RECOMMENDATIONS

Last page

10

10
12
12
14

15

15
17

18

19
19

19
20

21

21
25
26

26

27

27



Vi

APPENDICES

Catalogue nature-protecting and nature-enhancing measures
Activities at the North Sea

List of measures

Pressure factors from Marine Strategy Part 1

List of species

References

Number of
pages
12

8
5



FOREWORD

The ecological carrying capacity and quality of the North Sea are under pressure due to climate change and
the human activities in the North Sea. Additionally, significant transitions in the fields of energy, food, and
nature are currently taking place in the North Sea. For the successful realisation of these transitions, it is
crucial that they are balanced and coherent, both now and in the future.

The North Sea Agreement (NSA), a cooperation agreement between the Dutch government, industry,
shipping, fisheries, and nature and environmental organizations, has laid an important foundation for
creating a healthy and resilient North Sea. One of the agreements in the NSA is that 'periodic agreements
will be made in the North Sea Consultation on the Best Available Techniques for mitigation and nature-
enhancing construction and ecologically friendly practices and their application to new installations and
objects.’ But what exactly are these Best Available Techniques? And how can (new) nature-protecting and
nature-enhancing techniques be weighed for application in the new energy infrastructure in the North Sea
under the North Sea Agreement's motto 'Going the extra mile for a healthy North Sea'?

The 'Assessment framework for nature-protecting and nature-enhancing measures' provides a practical tool,
including a catalogue of nature-protecting and nature-enhancing measures, for all parties involved in design
and implementation choices for the creation of new energy infrastructure. With this framework, the most
current nature-protecting and nature-enhancing possibilities can be explored from the initial sketch,
identifying the contributions to nature that can be realized and how these can be weighed. In the
subsequent phases, this can be further detailed, ensuring that decision-making is based on an integral
assessment where nature interests are balanced.

In short: a highly valuable tool that facilitates the energy transition while simultaneously strengthening the
North Sea's nature and improving its ecological carrying capacity. In the North Sea consultation, we look
forward to seeing the nature-protecting and nature-enhancing applications in the near future!

Best regards,

Advisory Committee Best Available Techniques on behalf of the North Sea Consultation
Nicolien Vrisou van Eck (EBN),

Rob van Tilburg (Stichting Natuur and Milieu)

Arendo Schreurs (ElementNL)

Florentine van der Wind (Ministry of Economic Affairs and Climate Policy)
Kees Stiggelbout (NedZero)
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SUMMARY

Through the North Sea Agreement (NSA), the government and stakeholders jointly address 3 major
transitions in the North Sea: the energy transition, the nature transition, and the food transition. Additionally,
the NSA contributes to the implementation of the national climate agreement and the international Paris
Agreement. It is agreed within the NSA that all existing and new developments in the North Sea must fit
within the carrying capacity of the ecosystem, and there is an ambition to realize installations and objects
with the smallest possible negative footprint. The adoption of nature-protecting and enhancing measures,
which go beyond the legal requirements of national and international legislation, are an integral part of
these agreements.

The relevance of nature protection and enhancement is well known, given that the carrying capacity of the
North Sea is under pressure due to, among other things, climate change and various human activities on the
North Sea [lit. 1]. The NSA includes the commitment to protect and enhance the North Sea's nature, and to
maintain a balance between the energy transition and the food and fisheries transition. In line with this,
nature-protecting or enhancing measures can be taken during the development of energy infrastructure in
the North Sea, which further reduce pressure factors, or even contribute to the carrying capacity of the North
Sea.

However, it is not always clear which measures are available, which have the greatest expected positive
impact, what the associated costs are, whether the measure is technically feasible and scalable, and which
considerations should be made in this regard. This report presents nature-protecting and enhancing
measures that can be considered, along with an assessment framework to evaluate these measures based on
various criteria.

Figure 0.1 The assessment framework for nature-protecting or enhancing measures. TRL = Technology Readiness Level
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The criteria within this framework relate to expected ecological impact, technical feasibility, and costs. Safety
and permissibility are prerequisites that a measure must meet. The assessment framework is schematically
represented in Figure 0.1. Each topic is assigned a result or score according to a predetermined
methodology.
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The assessment framework for nature-protecting and enhancing measures presented in this report primarily
aims to provide a shared, transparent basis for the North Sea Consultation to discuss these measures. It
supports initiators, involved governments, and other stakeholders in weighing measures against each other,
and reaching consensus on the added value of measures and their application. As a guide (and inspiration), a
catalogue of measures has been compiled that can be considered within existing and upcoming projects.
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ABBREVIATIONS

Table 0.1 Abbreviations

Abbreviation Term

ADD Acoustic Deterrent Device

AUV Autonomous Underwater Vehicle

BAT Best Available Technique

BCT Beyond Compliance Technique

ccs carbon capture and storage

EBN Energie Beheer Nederland

EMF Electromagnetic Fields

EAC Economische Zaken en Klimaat / Ministry of Economic Affairs
ISO International Organisation for Standardization

MSFD Marine Strategy Framework Directive

MCDA Multi criteria decision analysis

MONS Monitoring-Onderzoek-Natuurversterking-Soortbescherming
NGO Non-government organisation

NWEA Nederlandse WindEnergie Associatie (now NedZero)

NSA North Sea Agreement

OCEaN Offshore Coalition for Energy and Nature

OSPAR The Convention for the Protection of the Marine Environment of the North-East Atlantic (the Oslo-

convention and the Paris-convention)
SZW Ministry of Social Affairs and Employment

Wozep Wind op zee ecologisch programma (Wozep ecological programme)
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INTRODUCTION

Translation notice: This report (including the foreword, acknowledgments, summary, appendices, and the
accompanying Excel files) is a translation of a text originally composed in Dutch [lit. 2]. Please note that there is
a minor content adaptation in this translation, omitting content that is deemed especially relevant regarding
specifically Dutch legislation (see paragraph 1.2). In case of any other inconsistencies between this translation
and the original Dutch version, the Dutch version takes precedence.

1.1 Background

With increasing global energy demands, the development of offshore energy sources and infrastructure is
receiving significant attention. This includes the development of offshore wind and other (renewable) energy
sources, as well as the use of (existing) oil and gas installations. The North Sea Agreement (NSA, see text
box) states that all existing and new developments in the North Sea must be integrated in the carrying
capacity of the North Sea ecosystem. The NSA also formulates the ambition to implement these
developments with the smallest possible negative footprint and, where possible, to create a 'plus' for nature.

The North Sea Agreement, NSA

The North Sea Agreement (NSA) is a collaboration agreement between the Dutch government, industry, and
environmental organizations. It focuses on the sustainable use of the North Sea for energy generation,
fishing, and nature protection. The North Sea Consultation is a consultative body comprising the
aforementioned stakeholders, through which the NSA is implemented. The goal is to find a new equilibrium
between economic development and the preservation of the marine ecosystem, with wind energy playing a
significant role in the energy transition.

In provision 5.2 of the NSA, it is stated:

All existing and new developments must be integrated in the carrying capacity of the ecosystem and based on
the formulated ambition to implement them with the smallest possible negative footprint. Within the North Sea
Consultation, periodic agreements are reached on the best available techniques for mitigation and nature-
enhancing building and ecologically friendly activity and the consequences on new installations and objects.

More information about the North Sea Agreement can be found at www.noordzeeoverleg.nl.

For this reason, the NSA includes agreements about formulating so-called (beyond legally required) Best
Available Techniques (BAT) for nature-protecting and nature-enhancing construction, operation, and
decommissioning of mining infrastructure and renewable energy infrastructure. By building in a
nature-protecting and nature-enhancing manner, the aim is to minimise potential negative effects and, if
possible and desired, to enhance North Sea's nature. Such measures go beyond merely complying with legal
requirements, such as compliance with the Environment and Planning Act.

T Since January 1, 2024, the Environmental Act has been in effect. Among others, the Nature Protection Law and the Water Act

have been incorporated into it.
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The North Sea Consultation has therefore asked Witteveen+Bos to compile a catalogue (Appendix I) that
describes various measures for nature-protecting and nature-enhancing measures for the installation,
operation, and decommissioning of - among other assets - offshore wind farms, the offshore grid, offshore
assets for gas and oil extraction, hydrogen production and transport, and CCS (carbon capture and storage).

In addition to compiling this catalogue, Witteveen+Bos was asked to develop an assessment framework for
the application of these measures. With this framework, measures can be assessed based on various criteria,
including expected ecological impact, legal implications, technical considerations, and costs. This allows for
the comparison of different measures and provides insight into which (combinations of) techniques and
measures are preferred in over others in specific projects.

The assessment framework can support both the initiator (of the installation/operation/ decommissioning of
energy-related offshore infrastructure) and involved stakeholders in choosing nature-protecting and nature-
enhancing measures.

It is important to note that different procedures and regulations apply to each sector involved in energy
infrastructure in the North Sea. For example, in the case of the mining sector, initiators of oil or gas
extraction must apply to the Ministry of Economic Affairs and Climate (EAC), who can issue a permit.
Regarding offshore wind, the Ministry of EAC publishes site decisions, within designated wind energy areas.
The Offshore Wind Energy Act then offers 4 different procedures for granting permits for the development
of these areas (see the text box below).

Offshore Wind Energy Act - permit procedures

The Offshore Wind Energy Act provides 4 options for granting permits:

1 A procedure with subsidy - The participant who requests the least subsidy for the energy the wind farm
will produce wins.

2 A comparative assessment - Based on ranking criteria.

3 A comparative assessment with a financial bid - Bidding parties also offer a financial amount for the right
to operate the plot.

4 Auction - The winner is the party that offers the highest financial amount.

As such, there are various possible procedures within energy development in the North Sea. Thus, at

different stages in these procedures, decisions are made regarding the implementation of nature-protecting

and nature-enhancing measures. This report is intended as a first step to facilitate a consensus-oriented

discussion about the possible application of nature-protecting and nature-enhancing measures during the

installation, operation, and decommissioning of energy infrastructure using an assessment framework. The

framework and the catalogue provide guidance for discussions about:

- The potential effectiveness of measures.

- The investments required.

- Making additional agreements.

- Where in these different procedure’s additional nature-protecting and nature-enhancing measures can
best be implemented.

The assessment framework and the catalogue do not have legal status but serve as a discussion tool. They
form a first step in implementing the agreements made in the NSA (provision 5.2). When new information
becomes available about the application of measures or the integration of the assessment framework in
practice, this will be a reason to adjust and optimise the framework.
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1.2 Definitions

In the North Sea Agreement, the terms BAT and (beyond compliance) BAT are used. In this report, the terms
‘nature-protecting measures’ and ‘nature-enhancing measures’ are used instead. The text box below includes
the definitions for nature-protecting measures and nature-enhancing measures. In the Dutch version of this
report, the substantiation for stepping away from using the term BAT in the context of the developed
assessment framework and Dutch legislation, is provided in an additional Appendix. This part has not been
included in this English version of the report.

Working definition nature-protecting measures
Techniques and measures aimed at preventing negative effects on nature as a whole or, when this is not
possible, at limiting them, with effectiveness demonstrated or reasonably expected.

Techniques and measures refer to both the applied techniques and measures, and the way the installation,
processes and/or methods are prepared, designed, constructed, maintained, operated, and decommissioned.

Nature-protecting refers to preventing or reducing negative effects and impacts of activities for offshore
energy development on all living organisms, their habitat, and the ecosystem.

Working definition nature-enhancing measures
Techniques and measures aimed at enhancing nature, with effectiveness demonstrated or reasonably
expected.

Techniques and measures refer to both the applied techniques and measures, and the way the installation,
process, and/or methods are prepared, designed, constructed, maintained, operated, and decommissioned.

Enhancing refers to actively restoring and stimulating all living organisms, their habitat, and the ecosystem,
without the measure being specifically aimed at preventing or reducing the effects and impacts of offshore
energy development.

For instance, mitigating pile driving noise falls under nature protection, while placing an artificial reef falls
under nature enhancement. Nature enhancement can then be subdivided into restoration (restoring what
once was) and creation (something new); and nature protection into prevention (preventing an impact) and
mitigation (reducing an impact).

1.3 Approach

The assessment framework is developed using a multi-criteria decision analysis (MCDA). An MCDA is a
systematic approach to rank potential solutions for a specific problem based on various criteria and prioritize
them. This goes beyond regular cost-benefit analyses or cost-effectiveness analyses - a trade-off is made
between more than 2 criteria. Advantages of an MCDA include that it leads to an insightful and transparent
framework, making it clear how different criteria are assessed [lit. 3]. It also allows for applying a desired
weighting per criterion per project, making the assessment framework applicable to different situations and
interests (see Chapter 2 for further explanations). This way, the assessment framework forms a basis for
discussions within the North Sea Consultation and the constituencies of the participating partners about
applying nature-protecting and nature-enhancing measures.
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There are various ways to conduct an MCDA. The standard approach is to assess different options, in our
case, nature-protecting and nature-enhancing measures, against various criteria, assign a value or weighting
factor, and make a well-considered choice based on this. An MCDA consists of 8 steps [lit. 3]:
Determining the context: what is the goal, who are the involved parties and stakeholders (Chapter 1).
Inventory of possible options (measures table, Appendix IlI).

Establishing criteria (Chapter 2).

Scoring the criteria (Chapter 2).

Determining the weighting factors for the criteria (Chapter 2).

Combining scores and weightings to calculate the final values (Chapter 2).

Investigating the result (North Sea Consultation workshop, January 11, 2024).

Analysing the pros and cons of weightings and criteria (Chapter 3).

0 ~NOoO U A WN =

For designing the assessment framework, activity lists were compiled, linked to their possible (negative)
ecological impact. The way in which the activity list, ecological impacts, nature-protecting and nature-
enhancing measures, and the assessment framework are interconnected, is shown in Figure 1.1.

Figure 1.1 Schematic overview of the way the activity list, ecological impacts, nature-protecting and nature-enhancing measures,

and the assessment framework are interconnected
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The activity list is an overview of all activities associated with energy generation and energy infrastructure at
sea, broken down by phase of the lifecycle of those activities: design, construction, operation, and
decommissioning. The level of detail of the activities is chosen to allow grouping of impacts on the marine
environment. For example, trenching and ploughing are grouped together because the activities have a
similar impact or offer the same opportunities for nature. These activities are then grouped by type of
impact. The types of impacts are based on the descriptors of the Marine Strategy Framework Directive
(MSFD) and existing inventories of the Offshore Coalition for Energy and Nature (OCEaN).
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The activity and measures list were presented to external experts from knowledge institutes, engineering
firms, NGOs, and energy developers, including Van Oord, Deltares, Sif, Siemens Gamesa, Tennet, De Rijke
Noordzee, Shell Eneco, ONEDyas, ARK Rewilding, and the Renewables Grid Initiative. Based on input from
discussions with these parties, industry representatives from the North Sea Consultation, and available
literature, an assessment framework was then developed to assess these nature-protecting and nature-
enhancing measures. Earlier versions of this framework were discussed in workshops with members of the
North Sea Consultation, and feedback was collected. Coordination also took place with a steering
committee, consisting of representatives from EBN, ElementNL, EAC, Nature and Environment, and NWEA
(now NedZero).

The activity and measures list form the basis and substantiation of the catalogue that describes the measures
for nature-protecting and nature-enhancing construction and operation of energy infrastructure (Appendix
I). This catalogue is a snapshot: it concerns measures that are identified as of 2023. It is important that this
list is periodically reviewed, so the most up-to-date nature-protecting and nature-enhancing measures are
included and can be applied in the assessment framework. It is also important that the effects of these
measures are monitored in practice. Additional insights gained through monitoring contribute to evaluating
the measures as effectively as possible.

14  Reader's guide

Chapter 2 provides an introduction to nature-friendly construction and how nature-protecting and nature-
enhancing measures can contribute to the carrying capacity of the North Sea. Chapter 3 explains the
assessment framework and the considerations underlying it, with an explanation of the various weighting
factors. Chapter 4 describes the conclusion and recommendations.

The appendices contain the catalogue for nature-protecting and nature-enhancing construction (Appendix )
and background information; in the form of the activity list (Appendix Il) and the measures lists

(Appendix Ill). Appendices IV and V contain the pressure factors from the MSFD and the species lists, which
are necessary to go through the assessment framework. Appendix VI contains the bibliography and sources.
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PROTECTION, ENHANCEMENT AND THE CARRYING CAPACITY OF THE NORTH SEA

By taking nature-protecting measures, the negative effects of the development of energy infrastructure in
the North Sea can be mitigated. Nature-enhancing measures can positively contribute to the state of the
North Sea's nature. This is relevant, given that the ecological carrying capacity of the North Sea is under
pressure not only due to climate change but also due to the multitude of economic interests and human
activities [lit. 1].

Loss of carrying capacity can lead to a decline in biodiversity, disruption of ecological processes and
ecosystem services, and ultimately a further overall decline in the quality of the ecosystem. It is beneficial to
gain insight into which measures might contribute most to maintaining, restoring, or even increasing the
ecological carrying capacity of the North Sea. Thus, nature-protecting and nature-enhancing measures can
contribute to the continuation of human activities and the preservation of natural values. The carrying
capacity in relation to possible measures is discussed in the following paragraphs.

2.1 State of the North Sea

The goal of taking nature-protecting and nature-enhancing measures is to protect or improve the carrying
capacity of the North Sea for occurring (protected) species. Carrying capacity can be roughly defined as the
maximum size of populations that a particular ecosystem, in this case, the Dutch North Sea, can support [lit.
4]. Both human influences (such as fishing, disturbance, pollution) and non-human influences (such as
temperature, turbidity) and combinations thereof (such as food availability) affect this carrying capacity.

Good Environmental Status

A low carrying capacity of the North Sea for species means a poor or suboptimal state of nature. For many
species, however, it is not known what the precise carrying capacity of the North Sea is, how it can be well
defined, and how this carrying capacity is and has been influenced by (past) human activities [lit. 4]. One way
to still estimate the state of nature when specific information about carrying capacity is lacking is through
the Good Environmental Status as defined within OSPAR and the MSFD. This is 'the environmental status of
marine waters where they provide ecologically diverse and dynamic oceans and seas that are clean, healthy,
and productive' [lit. 5].

Qualitatively, this Good Environmental Status is assessed on 11 descriptors, and the most recent assessment
comes from the Quality Status Report of 2023 [lit. 1].? Especially the species groups with a low assessment
could benefit from nature-protecting and/or nature-enhancing measures. Below, the carrying capacity for
different species groups based on the QSR [lit. 1] is discussed.

Pelagic habitats, zooplankton, food web

The pelagic habitats are subdivided into the zone close to river mouths, where the salinity fluctuates; the
coastal zone (the majority of the Dutch North Sea) and the Continental Shelf. For the zone with fluctuating
salinity, the environmental status is unknown; the coastal zone and the Continental Shelf do not meet a
good environmental status [lit. 1].

2 For the methodology behind this assessment, please see www.ospar.org.
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Regarding human actions, the input of nutrients from land use is the main pressure factor. Climate change
and acidification, along with changes in the physical and chemical condition of the sea, are important
(future) pressure factors.

Possible contribution of measures to carrying capacity

Energy generation in the Dutch North Sea has no significant connection with nutrient input. Nature-
protecting and nature-enhancing measures in the catalogue also do not directly impact climate change or
acidification.

Fish

A Good Environmental Status for fish is achieved when 80 % of the species within a species group are in
good condition. This is not achieved for the North Sea: 1 of the 13 assessed coastal/diadromous species, 25
of the 86 demersal species, and 8 of the 20 pelagic species achieve a good environmental status [lit. 1]. The
status of most shark and ray species is unknown, but some do achieve a good environmental status.

The main pressure factors are fishing (direct mortality and bycatch) and climate change.

Possible contribution of measures to carrying capacity

Indirectly, energy generation can contribute to a decrease in direct mortality and bycatch because in
protection zones of installations and within plots (wind energy), other uses are limited, and for example,
bottom-trawling fishing is not allowed. When these areas are suitable as living/foraging/nursery areas,
whether optimized by nature-enhancing measures or not, this can positively contribute to the carrying
capacity for fish in the North Sea.

Birds

Within OSPAR, birds are subdivided into functional groups based on their foraging behaviour: surface
feeders, divers, benthic feeders, grazers, and waders. Divers and grazers achieve a good environmental
status, the other species groups do not [lit. 1].

It appears that both the decrease in breeding success and population size are caused by prey shortages [lit.
1]. These prey shortages are expected to be mainly caused by climate change (temperature) and overfishing.
There are also direct effects of climate change, causing species to overwinter further north. Other
contributing factors are human activities at sea (disturbance and direct mortality), bycatch, pressure on
breeding areas on land, and recently avian influeNSA.

Possible contribution of measures to carrying capacity

Reducing disturbance and direct mortality (from collisions) are factors that nature-protecting measures can
contribute to. Measures that reduce optical and noise disturbance involve adjusting the intensity and
frequency of light and sound and reducing the amount of movement in a project area. Measures to prevent
direct mortality from collisions can partly counteract this, as these measures are intended to make objects
more visible or audible.

Marine mammals
Both cetaceans (in the Dutch part of the North Sea: the harbour porpoise) and seals do not achieve a Good
Environmental Status [lit. 1].

Climate change, noise disturbance, habitat loss, and loss of prey species, and bycatch are the main reasons
for not achieving the Good Environmental Status. For cetaceans in particular, significant disturbance is
expected from renewable energy development, both during construction and decommissioning, and from
shipping traffic during the operational phases of wind farms.

Possible contribution of measures to carrying capacity
Nature-protecting measures for this species group mainly involve reducing noise disturbance, both
impulsive (caused by activities such as pile driving) and continuous noise (caused by activities such as

shipping).
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2.2 Measures

During the installation, operation, and decommissioning of energy infrastructure in the North Sea, nature-
protecting and enhancing measures can be taken that affect the carrying capacity of the North Sea (such as
measures that increase food availability) or affect the extent to which species can utilize this carrying
capacity (such as measures that reduce disturbance). The (potential) effectiveness of these measures
depends on various factors/criteria. Through the assessment framework for nature-protecting and enhancing
construction in Chapter 3, insight can be gained into some of these criteria.
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ASSESSMENT FRAMEWORK FOR NATURE-PROTECTING AND NATURE-ENHANCING
MEASURES

The purpose of the assessment framework is to evaluate available nature-protecting or nature-enhancing
techniques/measures based on various criteria, including nature, technical feasibility (Technology Readiness
Level, TRL), and costs. It can serve as support for initiators, governments, and other stakeholders to decide
on implementing these measures (see Chapter 1).

The assessment framework does not have legal status, but it functions as a tool for discussion. It enables the
comparison of different nature-protecting measures designed for the same pressure factor. This helps in
identifying the most ecologically promising, the most technically developed, or the most cost-effective
measure. Additionally, packages of measures, consisting of measures that affect different pressure factors,
can be compared. The main outcome of using the assessment framework is gaining insight into the potential
ecological impact, risks, and costs of the proposed measures. Figure 3.1 schematically represents the
assessment framework. An Excel macro file (available in Dutch and English) has been developed to facilitate
the use of the assessment framework. This file can be used, but the framework can also be followed based
on the text. The following paragraphs provide an explanation of how to use the assessment framework.

Figure 3.1 The assessment framework
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3.1 Following the assessment framework

It is recommended to compare measures with similar goals within the assessment framework; thus, not to
compare a measure aimed at reducing underwater noise with a measure aimed at reducing collision victims.
However, measures such as increasing burial depth and bundling cables, both intended to reduce exposure
to electromagnetic fields, can be compared. Note that an assessment framework has been designed
separately for nature protection and nature enhancement. These are independent frameworks and should
not be compared with each other.

The assessment framework can also serve as support in designing a measure, as it provides insight into
which aspects are important for the ecological success of a measure. For example, it can be used to
determine which implementation scale of a measure is important, so that it can be just as, or even more,
effective than another measure with the same goal but with higher costs or impact on planning. Or perhaps
a measure can be adjusted so that it applies to multiple species or multiple pressure factors, thereby scoring
higher. In this way, the assessment framework can contribute to achieving the highest possible cost/benefit
ratio for a measure. The evaluation of the measures depends on the specific design, location, and scale at
which the measure is applied. Therefore, no fixed score is attached to the measures.

In the approach of a traditional MCDA, different weighting factors are also assigned to the various
assessment criteria. This allows one to determine which criteria weigh more heavily than others before
deciding which measure is rated the best. Within the nature-protecting and nature-enhancing measures, we
have provided some benchmarks with weighting factors. However, the different assessment criteria (nature
enhancement or protection, TRL, and costs) have not been given a weighting factor. This was done to make
the assessment framework applicable in as many situations as possible, with different interests. Users are
encouraged to determine the appropriate weighting factors for their project themselves.

Circularity, emissions, and social impact are not part of this ecological assessment framework.

3.2 Principles
3.2.1 Requirements for following the assessment framework

To follow the assessment framework, a measure must be proposed in a location-, scale-, and time-specific
manner. This refers to both the location of the project area and the specific location within the project area
(see box). Without this information, it is not possible to determine the permitability, potential positive
contributions to nature, nor the impact on the installation/operation phase.

Definition of ‘project area’

For the assessment framework, we define the project area as the area in which the anthropogenic source
causing the pressure factor is physically present (in the context of nature-protecting measures); or the area
where there is physical land use during the operational phase (in the context of nature-enhancing measures).

Defining a project area can be customized for each project or intervention. It is particularly important to
document this transparently and traceably.

For a gas pipeline, for example, where nature-protecting measures are taken against ship disturbance during
the installation phase, the entire route where the underwater noise exceeds the background noise is the
project area. If nature-enhancing cable and pipeline crossings are used during the operational phase, only
the existing cable and pipeline crossings are considered the project area.
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A second requirement is that when following the assessment framework, the initiator must use the current
state of the art and the best available scientific knowledge, insofar as can reasonably be expected of the
initiator. This may include reading (recent) scientific literature, grey literature such as project reports or
monitoring campaigns, contacting parties with experience in implementing the measure, or consulting
experts/scientists who can provide insights into the expected degree of ecological success.

3.2.2 Preconditions

Before the assessment framework for a specific measure can be followed, a number of preconditions must
be met: safety and permit feasibility. If these are not in place, the measure is not applicable and cannot be
further assessed.

Safety

Working safely is an important focus, especially in the offshore environment. In fact, almost every activity or
measure carries a certain safety risk. As long as the implementation of the measure complies with the
applicable (legal) safety standards (including standards from the International Organization for
Standardization (ISO) and the Inspectorate of the Ministry of Social Affairs and Employment (SZW, formerly
the Labour Inspectorate), and the safety standard of the initiator, the measure can proceed through the
assessment framework. A Risk Assessment Method Statement (RAMS) or a similar risk analysis method can
be used to establish the risk profile and identify possible mitigating measures to bring the risk profile to an
acceptable level.

Table 3.1 Precondition: safety

Assessment Showstopper

-

safety risk the measure results in an unacceptable risk profile the measure results in an acceptable risk profile during
during the installation or operational phase, the installation, operational, or decommissioning phase,
thereby not meeting the safety standard and meets the safety standard

Permit feasibility

The permissibility of a measure is often difficult to determine in advance. Measures that, at the time of
following the assessment framework, do not comply with national, European, or international legislation fall
under non-permissible. This applies, for example, to artificial reefs at cable crossings outside wind farms. If a
measure is not permissible, this results in a no-go: the measure must be adjusted before the assessment
framework can be followed again.

Relevant legislation includes, among others, the Mining Act, the Environmental Act, and the Offshore Wind
Energy Act. International legislation and regulations, such as aviation safety guidelines, can also be
important. A lawyer, a permitting expert, or an experienced professional in implementing nature-protecting
and nature-enhancing measures can assist in making this assessment.

It is recommended to always present (new) measures in a preliminary discussion with the competent
authority to get an estimate of their permissibility.

Table 3.2 Precondition: permit feasibility

Assessment — Showstopper Attention

measure is, under current legislation not feasible possibly feasible
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3.3  Multi-criteria decision analysis

Three assessment criteria have been defined:

- Nature protection/nature enhancement effect:
Over time.
In space.
In intensity.

- Technological readiness level (trl).

- Costs: the impact on installation or operation.

These criteria can be measured in various ways: numerically (for example, in the case of TRL); binary
(presence or absence, yes or no); or qualitatively. The result of going through the assessment framework is
the ability to systematically and transparently compare measures and packages of measures in terms of their
expected contribution to nature, TRL, and costs.

3.3.1 Nature protection and nature enhancement

Nature protection

Nature protection techniques are designed to mitigate the negative effects of human activities on nature. In

the assessment framework, the degree of nature protection is evaluated based on time, space, and intensity.

This is based on the activities list in Annex Il, which is linked to human-induced pressure factors on the North
Sea. Within the assessment criterion, pros and cons can be scored. These should be added together to arrive
at a final score per measure.

Effect reduction

A nature protection measure limits the scope of the effects of an activity in space (a smaller area is affected),
time (the duration of the effect decreases), and/or casualties (the number of casualties decreases). Since
these techniques are applicable to various types of projects, these pillars are assessed relatively (%)
compared to the impact that would occur if this technique were not applied.

A nature protection measure can influence different types of effects. In the assessment framework, the
primary effect of the measure is evaluated, which directly results from applying the measure. When there is
more than one, the effect to be assessed is chosen. In many cases, this will be the effect that scores the
highest number of points in total.

Pressure factors

To further quantify the expected degree of nature protection, the OSPAR/MSFD descriptors that describe a
Good Environmental Status for the North Sea are used. The Marine Strategy Part 1 [lit. 5] contains an
overview of the main pressure factors and activities for the Dutch part of the North Sea (for background
information, we refer to the Noordzeeloket).

These pressure factors are specifically defined and organized per MSFD descriptor (see Annex IV).4 Here too,
a relative reduction of the pressure factor is considered. At the time of writing this report, a Good
Environmental Status is not achieved for almost all descriptors (see [lit. 1] and Chapter 3).

Contributing (beyond legal requirements) to reducing pressure factors is therefore directly valuable for
achieving a Good Environmental Status.

Currently, work is being done on an update of Marine Strategy Part 1. It is possible that new or different pressure factors will be
included in this update. This does not change the functioning of the assessment framework.

D1 Biodiversity, D2 Non-indigenous species, D3 Commercial fish and shellfish, D4 Food webs, D5 Eutrophication, D6 Sea-floor
integrity, D7 Hydrographical conditions, D8 Contaminants, D9 Contaminants in fish and other seafood, D10 Marine litter, D11
Introduction of energy, including underwater noise.
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If a technique additionally contributes to one or more pressure factors as defined in Marine Strategy Part 1,
it means that the technique helps reduce a pressure factor that is considered important in the Dutch North
Sea. Protective measures that apply to multiple descriptors/species groups, therefore, score a higher number
of points.

Degree of certainty

Not all measures are proven effective. This is partly due to the highly innovative nature of nature protecting
measures. In the assessment framework, this is taken into account by evaluating the extent to which the
ecological effect of the measure has been demonstrated. This ranges from an unproven technique (score 1),
or only from a theoretical basis, to an application in a relevant environment including monitoring of the
(ecological) functioning (score 5), also see Table 3.3.

The commercial/operational certainty of the measure is not considered here. This is included in the separate
pillar, Technology Readiness Level (TRL).

Effect range

Finally, the score is weighted relative to the area affected by the measure, from <10 % of the project area to
the full footprint and beyond the project area. A measure that impacts beyond the project area scores the
most points. Thus, measures that are applied on a large scale or have a wide reach, and therefore possibly
impact the regional level, are rated the best.

Table 3.3 Criterium nature protection: positive scoring

reduction in area, 1-10 % 11-30 % 31-50 % 51-80 % >80 %
victims, and/or
duration of impact
compared to not
implementing the
measure

contribution to 1 2 3 4 5 or more
reducing the number
of pressure factors*

portion of the project <10 % 11-50 % 51-90 % >90 % entire project
area affected by the area and
measure beyond
certainty in achieving not only theoretical/ effect similar measure measure
the result confirmed by hypothetical confirmed in effectively proven confirmed by
monitoring/re effect confirmed lab/test setup through monitoring/
search by expert or through monitoring/ research
modelling research
score — weighted average: (1*decrease + 1*pressure factors + 3*portion project area) + 1*certainty /30*5

*  As defined in the Marine Strategy Framework Directive Part 1, Annex VI.

Negative effects

Aside from the protective effect of mitigating measures for one or more species/habitats, it is possible that

certain techniques may have (potential) negative effects on one or more other species/habitats. To address

this, an assessment has been added in which negative points can be assigned. The scientific certainty of this
negative effect is also taken into account.

If there is an increase in one or more pressure factors (row 1, table 3.4), then the number of negative points

is the average of 3 components (row 1, 2, and 3 of table 3.4). If there is no negative contribution to pressure
factors, no negative points are assigned.
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Table 3.4 Criterium nature protection: negative scoring

Negative 0
scoring —
increase in the 5 or more 4 3 2 1 none
number of
pressure
factors*
increase in >80 % 51-80 % 31-50 % 11-30 % 1-10 % 0%
intensity, area,
or duration of
pressure factor
in the project
(highest counts)
certainty of confirmed by similar effect effect only not
negative effect monitoring/ confirmed by confirmed in theoretical/| confirmed by
research monitoring/r lab/test hypothetical monitoring/
esearch setup or effect research
through confirmed by
modelling expert
score — if there is a negative contribution to pressure factors: average of the above points, otherwise 0

Nature enhancement
There are several ways to quantify the ecological value of an area, and thereby also the effects of nature
enhancement. This is briefly explained in the framework below.

Defining ecological value
Any quantification of ecological value is inherently a simplification of the actual biodiversity and natural
values present in an area [lit. 6]-[lit. 8]. Therefore, it is crucial to establish such an indicator with care [lit. 9]. In
general, several approaches are distinguished:
1 Analysing species or habitat richness, with an emphasis on, for example:
Species/habitats with a protected status.
Red List species, and/or.
Endangered species/habitats.
2 Using indicator species.
3 Expressing the total economic value of nature by valuing the goods and services that the ecosystem
provides to society.

A combined approach of the first 2 methods has been chosen, influenced partly by the third approach. This
choice was made to align as closely as possible with existing policy frameworks and to integrate the
assessment framework into the existing system. The third approach is challenging and therefore less suitable
for the target groups for which the assessment framework is intended and is thus not directly included.

The basis of the nature-enhancing assessment criterion is the OSPAR list of habitats and species, and the
Natura 2000 list of habitats and (typical) species designated in coastal and/or offshore areas. These lists are
included in Annex V. To substantiate the possible effects, the current distribution of species (based on, for
example, the European Marine Observation and Data Network EMODnet or North Sea surveys [lit. 10] and
habitat suitability maps (such as those for the European flat oyster (Ostrea edulis), the honeycomb worm
(Sabellaria spinulosa), the horse mussel (Modiolus modiolus), and the sand mason worm (Lanice conchilega)
prepared by Deltares [lit. 11] can be used.
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A nature-enhancing measure that impacts the ecosystem level scores high because a positive effect occurs
through the chain: more than one OSPAR/Natura 2000 habitats/species benefit from the measure.
Nature-enhancing measures for a single species thus score lower. Similar to nature protection, a framework
for evaluating potential negative effects of a measure is also added for nature enhancement. These scores
(positive and negative) should be combined to arrive at a final score.

The spatial and temporal scales are taken into account in the assessment. Small-scale, short-term measures
are valued at 1 point. Measures that have an impact beyond the project area and/or beyond the duration of
the operational phase of the project are valued at 5 points. This partly corresponds to the distinction in scale
made by Ter Hofstede et al. in [lit. 12]: measures are distinguished on the micro-scale (use of materials) to
the meso-scale (a part of an installation), to the macro-scale (an entire project area, such as the space
between turbines) and mega-scale (connectivity between different projects). Measures applied on a large
scale, and thus potentially affecting the ecosystem, score higher points.

Table 3.5 Criterium nature enhancement. Positive scoring

- I

Scoring — 1 2 3
# OSPAR / Natura 2000 - - 1 2 3 or more
habitats benefiting from
the measure
# OSPAR / Natura 2000 1 2 3 4 5 or more
species (not birds)
benefiting from the
measure
# OSPAR / Natura 2000 1-2 3-4 5-6 7-8 9 or more
birds benefiting from the
measure
portion of the area where <10 % 11-50 % 51-90 % >90 % entire project area
the measure has a positive and beyond
effect compared to the
project area
duration of the positive <10 % or only <50 % 50-90 % >90 % throughout the
impact of the measure during the entire operational
compared to the installation phase with a lasting
operational phase phase effect
certainty in achieving the not confirmed only effect similar measure measure confirmed
result by theoretical/ confirmed effectively proven by monitoring/

monitoring/res hypothetica in lab/test through research

earch | effect setup or monitoring/
confirmed through research
by expert modelling

score —

average of the above

Negative effects

As with nature-protecting measures, a nature-enhancing measure can also have a negative effect on another
pressure factor — such as artificial reefs on sandy bottoms, which can compromise sea-floor integrity.

Table 3.6 outlines how this is assessed. Explicit attention is also given to the material usage of
nature-enhancing measures.

Negative points are assigned when there is an increase in a pressure factor and/or a negative assessment of

material usage. The average of the individual negative points is then taken. Material usage should be
assessed based on the type of material that constitutes the largest portion of the measure.
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Table 3.6 Criterium nature enhancement. Negative scoring

increase in the 5or 4 3 2 1 none
number of pressure more
factors*
increase in intensity, >80 % 51-80 % 31-50 % 11-30 % 1-10 % 0-1%
area, or duration of
pressure factor in
the project (highest
counts)
certainty of negative confirmed similar effect effect only not
effect by confirmed by confirmed in theoretical/|  confirmed by
monitoring monitoring/re lab/test setup hypothetical monitoring/
/ research search or through effect research
modelling confirmed by
expert
material use® no native to the partly native|  fully native to
area and/or to the area / the area / or
biodegradable biodegradabl| biodegradabl
material e material e material
score — if there is a negative contribution to pressure factors or material use: average of the above points,

otherwise 0

*  As defined in the Marine Strategy, Part I.

3.3.2 Technology Readiness Level

To indicate the various phases of developing a technology, the Technology Readiness Level (TRL) is used.
This system consists of 4 phases, with 9 TRLs. Phase 1 (TRL 1-3) is the exploratory phase, in which
fundamental and applied research is conducted and the concept is tested. Phase 2 (TRL 4-6) is the
development phase, in which prototypes are tested on a lab scale (TRL 4) and validated in a test environment
(TRL 5); and finally, the concept is extensively tested in a relevant test environment (TRL 6). Phase 3 (TRL 7-8)
is the demonstration phase, where the concept is tested in an operational environment (TRL 7) and the
innovation takes its final form (TRL 8). In this phase, certifications are obtained and it is proven that
expectations are met. Phase 4, TRL 9, is an innovation that is both technically and commercially ready.

The TRL concerns the operational/commercial feasibility of the measure and does not include proof of

ecological effectiveness. When the TRL is below 5, there is no indication yet that a design works in a
(relevant) test environment.

Table 3.7 Technological Readiness Level (TRL)

> Ecologically responsible material can be a subjective concept, but it certainly does not include steel, plastic, or regular

concrete. Examples are materials such as limestone or ecological concrete mixes. This can be discussed when applying the

assessment framework.
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3.3.3 Costs: impacts on installation phase and operational phase

In the assessment, the impact on planning, costs, and materials is considered. In most cases, a nature-
enhancing or protective measure will increase costs for the initiator. It may be that measures have a similar
effect but differing consequences for costs and/or planning. The ‘better’ measure is cost-efficient and
achieves a greater positive effect with the same resources. To distinguish this, the impact on installation and
operation is weighed.

For estimating costs, attention should be given to the following aspects:

- Design costs.

- Material acquisition costs.

- Installation costs, including: - Increased risk of longer execution time (impact on planning); - (Additional)
measures for safety; - (De)mobilization costs.

- Maintenance, including: - Maintenance of the measure (including impact on planning); - Change in
maintenance of the primary installation as a result of the measure; - Change in lifespan of the primary
installation as a result of the measure.

- Removal costs at the end of lifespan.

The costs are not classified or linked to a score but are absolutely included in the assessment framework. The
cost estimates are thus sufficient to compare the economic value or impact of the measures.

Ecological monitoring (to determine the effectiveness of the measure) or (scientific) communication is not
included in the assessment framework as part of the measure's costs.

34 Results assessment framework

The intended outcome of going through the assessment framework is to objectively gain insight into the
ecological added value, technical feasibility, and costs of one or more nature-protecting or nature-enhancing
techniques/measures.

Comparing different nature-protecting measures designed for the same pressure factor results in identifying
the most ecologically effective, technically advanced, or most cost-effective measure. The final result of
going through the assessment framework can be in a completed version of the Excel macro. Another option
is to go through the framework in text form. The outcome of this process can then be summarized as shown
in the image below (Figure 3.2).

Figure 3.2 Example of results of the assessment framework

SAFETY AND NATURE PROTECTION OR TRL
PERMITS NATURE ENHANCEMENT

EXAMPLE A 8 €

EXAMPLEB — -

EXAMPLE C
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CONCLUSION AND RECOMMENDATIONS

Nature-protecting and nature-enhancing measures can play a role in maintaining, restoring, or even
increasing the carrying capacity and quality of the North Sea ecosystem, with the assessment framework
serving as a guide or discussion tool. This report is intended as a first step to facilitate a consensus-driven
discussion on the potential application of nature-protecting and -enhancing measures during the
construction, operation, and decommissioning of energy infrastructure using the assessment framework.
Annex | contains the catalogue with a selection of measures that are currently available, including the latest
insights in nature-protecting and nature-enhancing asset construction.

Recommendations for the application of the assessment framework and further research include:

Continuously refining and updating the assessment framework and the catalogue (Annex I) by testing it
in practice in multiple concrete scenarios. These can also include ongoing or completed projects.

Given the rapid developments in this field, it is recommended to evaluate after 18 to 24 months whether
newly available knowledge on nature-protecting/nature-enhancing measures or changes in legislation
and regulations necessitate an update of the assessment framework. This is particularly important as
negative effects of measures may only become apparent later, were not anticipated beforehand, or were
not previously (well) researched.

Digitalizing the assessment framework via the North Sea Consultation and making it available to various
users in this way.® Digitalization also facilitates updating by, for example, linking legislative and
regulatory frameworks (including species lists), which are now statically included in the annexes of this
report. Additionally, a digital platform makes it easier to collect user feedback to optimize the
assessment framework.

Continuously determining which species and habitats need priority protection based on the assessment
of the Good Environmental Status (MSFD, OSPAR) and national protection goals (Natura 2000).
Prioritization can be based on the goals set in the Marine Strategy (update expected in 2024) and the
protection status as established in the national Bird and Habitat Directive reporting (update expected in
2025).

Investigating whether the assessment framework should handle nature-enhancing measures differently
during and after the decommissioning phase (in relation to both the expected ecological effects and cost
estimates), as scaling up decommissioning is expected for both mining and offshore wind in the future.
Exploring how circularity, material usage, emissions, and social impact can be incorporated into the
decision-making process for applying certain measures.

6

At the time of this translation, the Dutch version has been made available to the public already.
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APPENDIX I: CATALOGUE NATURE-PROTECTING AND NATURE-ENHANCING
MEASURES

This catalogue describes various measures for nature-protecting and nature-enhancing construction and
operation during the installation, operation, and decommissioning of offshore wind farms, the offshore grid,
offshore assets for gas and oil extraction, hydrogen, and CCS (carbon capture and storage). This catalogue is
a snapshot and is not comprehensive: it consists of grouped measures that are identified as of 2023, linked
to the relevant pressure factors from the MSFD (for nature-protecting measures) and relevant target species
(nature-enhancing measures).
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NATURE-PROTECTING MEASURES

MINIMISING
LIGHT PoLLUTION

NP1 - Minimising light pollution

Adjusting the frequency, colour, and intensity of light to
minimise light pollution.

Project phase: all phases.

Relevant pressure factors (MSFD)
D1 - birds - disturbance of species due to human presence.

Explanation

Minimising light pollution has the greatest effect in areas
where the initial light pollution is low, thus at a certain
distance from the coast, shipping routes, and other human
influences.

NP2 - Primary noise mitigation

Primary noise mitigation of shipping, for example by
adjusting the engines, propellers, or the design of the
ship's bow/machinery room. This mitigation reduces the
initial noise production. Project phase: all phases.

Relevant pressure factors (MSFD)

D1 - marine mammals - introduction of anthropogenic
noise (background noise)

D11 - introduction of energy, including underwater noise
- introduction of anthropogenic noise (background
noise)

Explanation

Primary noise mitigation has the greatest effect in areas
where the background noise is low, thus at a certain
distance from the coast, shipping routes, and ports.

NP3 - Decreasing vessel speed / vessel slowdown
Reducing sailing speed, thereby lowering noise production. s
Project phase: all phases.

Relevant pressure factors (MSFD)

D1 - marine mammals - introduction of anthropogenic
noise (background noise)

D11 - introduction of energy, including underwater noise -
introduction of anthropogenic noise (background noise)

Explanation

Decreasing vessel speed has the greatest effect in areas
with limited background noise, thus at a certain distance
from the coast, shipping routes, and ports.
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WORKING OUTSIDE SENSITIVE SEASON S

PLOUGH

NP4 - Working outside sensitive seasons

This can apply to birds (avoiding the moulting and
breeding periods or the period when bird migration
reaches its highest density) and marine mammals
(avoiding the moulting and nursing periods). Project
phase: all phases.

Relevant pressure factors (MSFD)

D1 - birds - disturbance of species due to human
presence. Depending on the activity for which seasonal
work is employed, it can also contribute to reducing
underwater noise.

Explanation
Seasonal work/working outside sensitive seasons can be
considered in almost any situation.

NP5 - Alternative burial methods cables/pipelines
Adjusting the burial method of cables and pipelines to
minimise the degree of seabed disturbance and turbidity.
Project phase: construction.

Relevant pressure factors (MSFD)
D1 - seabed habitats - physical disturbance

Explanation

The measure has the greatest effect in silt-rich sea beds,
where turbidity from laying cables is greater than on
sandy sea beds.

NP6 - Acoustic Deterrent Device below water

ADD (Acoustic Deterrent Device) below water to deter
species and prevent exposure to high sound intensities.
Project phase: construction.

Relevant pressure factors (MSFD)

D1 - fish - introduction of anthropogenic noise (loud
impulsive)

D1 - marine mammals - introduction of anthropogenic
noise (loud impulsive)

D11 - introduction of energy, including underwater noise
- introduction of anthropogenic noise (loud impulsive)

Explanation

ADD can be applied anywhere but must be tuned to the
appropriate frequencies and should never have a greater
disturbing effect than the disturbance they are meant to
protect against.
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NP7 - Piling procedures

Piling procedures (including soft start). This means that
piling does not start at full intensity all at once, but the
intensity is gradually increased. Also after an interruption,
piling does not restart at full intensity right away.
Simultaneous piling can also fall under this measure.
Project phase: construction.

Relevant pressure factors (MSFD)

D1 - fish - introduction of anthropogenic noise (loud
impulsive)

D1 - marine mammals - introduction of anthropogenic
noise (loud impulsive)

D11 - introduction of energy, including underwater noise
- introduction of anthropogenic noise (loud impulsive)

Explanation
Piling protocols can be applied anywhere.

NP8 - Horizontal Directional Drilling

Horizontal Directional Drilling (HDD) is a method
for laying cables or pipelines, where a tunnel is
drilled horizontally to pull the cable or pipeline
through. Project phase: construction.

Relevant pressure factors (MSFD)
D1 - seabed habitats - physical disturbance

Explanation

The measure has the greatest effect in areas where
the seabed ecology may take longer to recover due
to the presence of vulnerable or long-lived species.

NP9 - Micro-siting

Micro-siting is the local-scale adjustment (a few to tens of
meters) of the layout of an area to avoid ecologically
valuable areas. Project phase: (pre-)construction.

Relevant pressure factors (MSFD)

May contribute to various pressure factors, depending on
the species. It can involve (biogenic) reefs or other
biodiversity hotspots, and it aims to reduce seabed
disturbance (D1) and exposure to EMF (D11).

Explanation

Must be preceded by an ecological survey to determine
the locations.
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NP10 - Noise mitigation at the source

Primary noise mitigation in installation techniques. This
involves noise mitigation at the source of installation
techniques (mainly piling), such as applying specific
dampers or alternative piling methods. Project phase:
construction.

Relevant pressure factors (MSFD)

D1 - fish - introduction of anthropogenic noise (loud
impulsive)

D1 - marine mammals - introduction of anthropogenic
noise (loud impulsive)

D11 - introduction of energy, including underwater noise
- introduction of anthropogenic noise (loud impulsive)

Explanation
Primary noise mitigation can be applied everywhere.

NP11 - Noise mitigation from the source

Secondary noise mitigation in installation techniques.
This involves noise mitigation further away from the
noise source, such as sound barriers. Project phase:
construction.

Relevant pressure factors (MSFD)

D1 - fish - introduction of anthropogenic noise (loud
impulsive)

D1 - marine mammals - introduction of anthropogenic
noise (loud impulsive)

D11 - introduction of energy, including underwater noise
- introduction of anthropogenic noise (loud impulsive)

Explanation
Secondary noise mitigation can be applied everywhere.

NP12 - Bundling of infrastructure (cables)

Bundling cables to reduce overall seabed disturbance
and disruption. This may also limit the impact of
electromagnetic fields on the marine environment.
Project phase: (pre-)construction.

Relevant pressure factors (MSFD)

D1 - seabed habitats - physical disturbance Potential
future factor

D11 - introduction of energy - electromagnetic fields

Explanation
Bundling cables can be applied anywhere, provided there
is sufficient space.

Witteveen+Bos | 144151/24-014.807 | Appendix | | Final version 02



NP13 - Increasing burial depth

Burying cables deeper to limit the impact of EMF in areas of
greater ecological value. Project phase:
construction/operation.

Relevant pressure factors (MSFD)
Potential future factor: D11 - introduction of energy -
electromagnetic fields

Explanation
Especially effective at the river delta mouths or close to the
coast.

NP14 - Acoustic Deterrent Device above water

ADD (acoustic deterrent devices) above water to deter birds
and bats before major disturbances occur or to prevent direct
mortality. Project phase: operation.

Relevant pressure factors (MSFD)
D1 - birds - disturbance of species due to human presence

Explanation

ADDs can be applied anywhere but should never have a
greater disturbing effect than the disturbance they are
intended to protect against.

NP15 - Hydrodynamic optimization

Hydrodynamic optimization of the design to reduce underwater
turbulence around the structure. Project phase:
pre-construction/operation.

Relevant pressure factors (MSFD)

D1 - seabed habitats - changes in hydrological conditions
(transparency)

D7 - changes in hydrographic conditions - changes in
hydrological conditions (change in sediment content)

Explanation

Should primarily be applied in parts of the North Sea where the
water column is stratified for at least part of the year. In a fully
mixed water column, the measure has less effect, impacting only
sediment displacement.
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NP16 - Nature-friendly coatings

Using environmentally friendly coatings, and thus
fewer or no coatings that release toxic substances
into the marine environment through wear.
Project phase: operation.

Relevant pressure factors (MSFD)
D8 - contaminants - introduction of other
substances

Explanation
Environmentally friendly coatings can be applied
everywhere.

NP17 - Decreasing speed moving parts /
shutdown on demand

Reducing the speed of moving parts on
structures, such as rotor blades of wind turbines.
Shutdown on demand involves the immediate
shutdown of turbines during sensitive periods,
such as bird migration. Project phase: operation.

Relevant pressure factors (MSFD)

D1 - birds - removal or mortality/injury of wild
species (direct mortality) D1 - birds - disturbance
of species due to human presence

Explanation

Speed-reducing measures can be applied
everywhere but are most effective in areas
important for bird species. Shutdown on demand
can also be applied everywhere but is most
suitable in areas along bird migration routes.

NP18 - Increasing visibility

Increasing the visibility of parts with collision risk
for birds and bats. This mainly concerns moving
structures, such as rotor blades of wind turbines.
Project phase: operation.

Relevant pressure factors (MSFD)
D1 - birds - removal or mortality/injury of wild
species (direct mortality)

Explanation

Visibility-enhancing measures can be applied
everywhere but are most effective in areas
important for bird species.



NP19 - Increasing rotor tip height

Increasing the rotor tip height can reduce the collision risk for
birds when the tip height exceeds the flight altitude of the
species. Project phase: operation.

Relevant pressure factors (MSFD)

D1 - birds - removal or mortality/injury of wild species (direct
mortality)

D1 - birds - disturbance of species due to human presence

Explanation

Increasing rotor tip height can be applied everywhere but is
most effective in areas important for bird species.

Witteveen+Bos | 144151/24-014.807 | Appendix | | Final version 02

INCREASING
—ROTOR TIP WEIGHT —I'

\

|

>

-,%v‘v b— —ad
3 $ RoTor Tip
g MEIGHT
e R \




NATURE-ENHANCING MEASURES

NE1 - Nature inclusive erosion protection

Adapted (nature-inclusive) erosion protection, designed
to promote biodiversity/ecological functions, but with
erosion protection as its primary function. This can be
applied, for example, around foundations and cable
crossings.

Species/habitats

Potentially the flat oyster and flat oyster reefs, possibly
sand mason worm reefs (Sabellaria Spinulosa) or fish
species (cod). Within Natura 2000 areas, a contribution to
H1170 (reefs) is possible.

Explanation
It only impacts species/habitats when the abiotic and
biotic conditions at the location are met.

NE2 - Artificial reefs in the water column

An artificial reef structure with the primary function
of enhancing biodiversity/local ecological functions,
placed in the water column.

Species/habitats
Potentially cod and other mobile (fish) species
associated with reefs.

—(ATURE \NCLUSIVE
EROS\ON PROTECTION

;)u_»——«———““——ﬂ——-——- STAB) t.'m.(
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- IN WATER ColOMM

Explanation
It only impacts species/habitats when the abiotic
and biotic conditions at the location are met.

NE3 - Artificial reefs at the seabed

An artificial reef structure with the primary function
of enhancing biodiversity/local ecological functions,
placed on the seabed or as erosion protection.

Species/habitats

Potentially the flat oyster and flat oyster reefs,
possibly sand mason worm reefs (Sabellaria
spinulosa). Within Natura 2000 areas, a contribution
to H1170 (reefs) is possible.

Explanation

It only impacts species/habitats when the abiotic
and biotic preconditions at the location are met.

Witteveen+Bos | 144151/24-014.807 | Appendix | | Final version 02

ARTIFICIAL REEF

— SEABED—




NE4 - Artificial habitat above water
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An artificial structure (referred to here as a 'reef') with the
primary function of enhancing biodiversity/local
ecological functions, above water.

Species/habitats
Bird species, marine mammals.

Explanation

It only impacts species/habitats when the abiotic and
biotic preconditions at the location are met. Interaction
with potential other pressure factors (e.g., moving parts)
must also be avoided.

NES5 - Kickstarting/introducing species
Kickstarting/introducing species: initiating the
return/introduction of certain species by introducing
individuals or creating suitable habitat without placing
artificial reefs.

Species/habitats

Potentially the flat oyster and flat oyster reefs, possibly
sand mason worm reefs (Sabellaria spinulosa), and fish
species (restocking). Within Natura 2000 areas, a
contribution to H1170 (reefs) is possible.

Explanation

It only impacts species/habitats when the abiotic and
biotic conditions at the location are met. Additionally, it
is important that the original cause for the decline of the
species is no longer present.

NE6 - Micro-siting

Micro-siting involves adjusting the layout of an area on a
local scale (a few to tens of meters) to avoid ecologically
valuable areas, or in this case, to place structures in
proximity to ecologically valuable areas for a potentially
greater contribution.

Species/habitats

Potentially the flat oyster, flat oyster reefs, and sand
mason worm reefs (Sabellaria spinulosa). Within Natura
2000 areas, a contribution to H1170 is possible.

Explanation

It only impacts species/habitats when the abiotic and
biotic conditions at the location are met. It must be
preceded by an ecological survey to determine the
locations.
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NE7 - Water replenishment holes — WATER REPLENIISHMENT
HOLES

Water replenishment holes - improving local water quality
by promoting flow.

Species/habitats
Potentially cod and other mobile (fish) species associated
with a reef.

Explanation
Water replenishment holes can be applied everywhere.

WATER QuALiTkr
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APPENDIX II: ACTIVITIES AT THE NORTH SEA

1.1 Energy from the North Sea

There are numerous activities related to energy generation and energy infrastructure in the North Sea where
nature-protecting and nature-enhancing construction can be applied. The purpose of compiling a list of
activities is to create an overview of these activities.

Regarding energy generation in the Dutch North Sea, oil and gas exploitation were the only relevant users
for decades. Since 2007, offshore wind energy has been added, and a goal has been set that by 2030, the
wind farms in the Dutch North Sea will have a total installed capacity of 21 GW. In the future, other potential
renewable energy sources such as offshore solar, wave energy, and tidal energy are also anticipated, which
may further diversify the energy landscape. Additionally, the method of transporting the generated power
may shift from subsea power cables to hydrogen transport. These forms of energy generation are
accompanied by various types of activities, and thus potential pressure factors on the North Sea. These
range from shipping movements and piling activities to dredging and the installation and operation of
(semi-permanent) structures on the seabed. Activities are defined here as the events that take place in
relation to the design, construction, operation, and decommissioning of energy infrastructure as a direct
result of human actions.

The activities are linked to the various possible forms of energy generation and infrastructure, broken down
by the phase of the lifecycle: pre-construction, construction, operation, and decommissioning. Subsequently,
these activities are grouped by type of impact. This categorization aligns with existing inventories, such as
those of the OCEaNs coalition. Thus, this list of activities forms the basis for identifying nature-protecting
and nature-enhancing measures and linking these activities to the appropriate pressure factors.

The following paragraphs explain the principles underlying the list of activities.

1.2 Compilation of the list of activities

The list of activities includes the following selection: shipping movements, high-impact surveys, UXO
(unexploded ordnance) removal; piling; dredging; trenching/ploughing, stone dumping; the presence of
long-term structures on/in the seabed (static and dynamic), in the water column, on the water, and above
water; brine discharge; aviation (personnel transport); and the removal of structures from the seabed, from
the water column, from the water, and from the air.

The list of activities is not a complete list of all activities that may play a role in energy generation in the
North Sea and is limited to 17 grouped activities. For (a combination of) the following reasons, some
activities are not included:
- The activity does not or hardly occur in the Dutch North Sea, and it is expected to remain so in the
future, or the activity is limited in duration, location, and impact compared to other activities on the list:
This applies, for example, to floating wind turbines.
- The activity is not part of the regular installation/operation/decommissioning but falls under
emergencies:
Such as oil spills.
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- Activities take place before the local preparation phase: - This applies, for example, to the production of
steel and concrete, and the possible extraction of sand for offshore use.
- Activities have no direct relationship with energy generation in the North Sea:
This applies, for example, to salt extraction or (excluding) fishing.

Table 1.1 further explains the choice of these activities.

Table I1.1 List of activities and substantiation of activities related to energy production at the North Sea

Activity

Description and substantiation for inclusion in the list of activities

shipping / vessel movements

the transportation of goods and people over water. For every form of energy development, and
almost in every phase of this energy development, shipping movements are required for
transporting people and materials. This pressure factor is almost continuously present to
varying degrees

high impact surveys

various possible surveys that have a greater impact than mere physical presence, including
seismic surveys (the use of an airgun or similar to map subsurface layers). Low-impact surveys
such as AUV monitoring or side-scan sonar are not included in the list of activities

UXO removal when removing UXOs (Unexploded Explosive Ordnance), a piece of ground with the UXO is
excavated. This disturbs the seabed and can release harmful substances

pile driving driving piles or other structures into the ground with a pile driver. Piling is widely used for
installing foundations for structures and turbines. Piling is considered a separate activity due to
the high level of noise disturbance from this construction method

dredging the displacement of soil from the seabed. Dredging for levelling the seabed (for example, for

placing structures) causes habitat disturbance and turbidity

trenching/ploughing

digging trenches for cables, with or without jetting to fluidize the soil. Trenching/ploughing is
used for laying cables and pipelines. This activity causes habitat disturbance and turbidity

installing erosion protection
(rocks) and similar

in the construction phase of various types of offshore energy projects, stones are dumped on a
large scale, for example, to install erosion protection. In the operation phase, this pressure
factor falls under 'presence of long-term structure on/in the seabed'

presence of long-term object
on/in the seabed (static)

the presence of structures in and on the seabed, such as stone dumping that covers sandy
habitats and provides substrate for (other types of) benthic life

presence of long-term object
on/in the seabed (dynamic)

this concerns, for example, anchor chains and dynamically stable stone dumping. While a static
structure in the operation phase no longer causes habitat destruction, moving parts underwater
can still cause this. Therefore, a distinction is made between static and dynamic structures on/in
the seabed

presence of long-term object
in the water column

presence of long-term object
on the water

presence of long-term object
above water

in the water column, on the water, and above water (in the air), structures provide hard
substrate in locations where this does not naturally occur in the North Sea. This can affect
abiotic factors (including currents and wave action) and biotic factors (including growth and
disturbance). Depending on the location (in, on, or above water) and the respective industry
(such as wind turbines, oil platforms, solar panels), there are different effects on different
species and species groups. Therefore, these effects are broken down into presence in, on, and
above water

brine discharge

in the production of hydrogen, brine (very salty water) is a byproduct. Brine can be toxic to
marine species. This consequence of hydrogen production is a potential future pressure factor

aviation

the transportation of goods and people by air. Offshore developments will occur increasingly
further from the coast, where personnel transport will primarily take place by air rather than by
water

removal of object from the
seabed

removal of object from the
water column

removal of object from the
water

removal of object above
water

if the removal of structures on a large scale occurs, it will result in disturbance and habitat
degradation, including of potentially newly formed habitats. Additionally, there is a risk of
spreading non-native species. Given the scaling up of energy at sea, these are potentially
significant pressure factors. The same distinction is maintained as for the presence of objects:
removal from the seabed, from the water column, from the water surface, and from above
water
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.3 Forms of energy generation

To gain insight into which activities are applied to which user forms, the activities from Table 1.1 are linked
to the following user forms related to energy generation in the Dutch North Sea: cables, pipelines, wind
turbines, solar panels, hydrogen installations, oil installations, gas installations, tidal energy installations,
wave energy installations, platforms (non-oil or gas installations), and other stationary structures

(non- platforms), see the third column in Table I1.3. For each user form, a distinction is made between the
preparation, construction, operation, and decommissioning phases, see the fourth column in Table I1.3.

1.4 Types of impact

All activities in the North Sea have potential effects on the marine environment and can be made more
environmentally friendly by taking appropriate measures. The potential effects are categorized into habitat
destruction, habitat creation, introduction of non-native species, movement, the addition of noise, vibrations,
light, electromagnetic fields (EMF), heat, and chemical substances to the marine environment, and the
alteration of local hydrographic conditions. This categorization is based on the descriptors of the MSFD that
are relevant in the context of energy generation, and the inventories made by OCEaN. In Table 11.2, the
various types of impact are defined.

Table 11.2 Types of impacts

Type of impact

Description

habitat destruction

process whereby the natural habitat of species is significantly damaged, degraded, or
completely destroyed

habitat creation

process whereby other habitats are created

introduction of invasive species

process whereby species are (intentionally or unintentionally) introduced by human actions,
even though these species do not naturally occur at this location

movement

movement of people or (indirectly) movement caused by people

production of noise and
vibration

noise/vibrations caused by humans or anthropogenic sources

production of light

light caused by humans or anthropogenic sources

production of electromagnetic
fields

electrical and magnetic fields caused by anthropogenic sources

production of heat

heat caused by anthropogenic sources

(chemical) pollution

pollution by chemical substances and contaminants caused by humans or anthropogenic
sources

changes in local hydrodynamic
conditions

process whereby local turbulence, currents, turbidity, temperature distribution, salinity
distribution, sediment transport, and/or currents and waves are altered

Changes in large-scale hydrographic conditions are not part of the defined impacts for the catalogue or the
assessment framework. This includes large-scale influences on wind and wave climate, stratification, currents,
and tidal transport as a result of the installation of multiple wind farms and other structures at sea. For such
aspects, mitigating measures and solutions are primarily dependent on international cooperation and area
planning, and not on individual users in the North Sea, and therefore fall outside the scope of the purpose of
this report. However, changes in local hydrography, both above and below water, are included in the table.
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The impacts on species groups are then summarized with the notations P, B, N, V, 0, and KL. This

categorization includes:

- Effects on plankton (P): - phyto- and zooplankton, moving passively with waves and currents.

- Effects on benthos (B): - phyto- and zoobenthos, bound to the seabed and/or substrate.

- Effects on nekton (n): - swimming organisms, including marine mammals and fish.

- Effects on flying organisms (f): - all that flies, birds and bats, possibly insects.

- Knowledge gap (KG). Although knowledge gaps exist for almost all possible effects, the label KL is
assigned when it is not yet clear which species an activity might impact.

This categorization was chosen because of the universal applicability of the concepts and to better clarify the

impact on habitats.

The possible impact of the activities is based on scientific literature and grey literature, namely:
- Cables: [lit. 13]-[lit. 18].

- Pipelines: [lit. 13], [lit. 19].

- Platforms: [lit. 20]-[lit. 271.

- Wind turbines: [lit. 21]-[lit. 24], [lit. 28]-[lit. 43].

- Solar panels: [lit. 44]-[lit. 46].

- Hydrogen production installations: [lit. 47].

- Oil installations: [lit. 19], [lit. 48]—[lit. 50].

- Gas installations: [lit. 19], [lit. 48]—[lit. 50].

- Tidal-energy installations: [lit. 51]-[lit. 55].

- Wave-energy installations: [lit. 56]—[lit. 60].

- Other stationary installations (not platforms): combination of the reports cited above.

Table 11.3 contains the complete list of activities, linked to user forms, phases, and possible impacts. The list
of impacts is not exhaustive; it includes the main points but leaves room for further additions.
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Table 11.3 Activities coupled to assets, phases and relevant possible impacts

Impact
Nr | Activity Asset Fase '§ % 'g o
g § .§ ‘é’_ ] = = § E 2
= T = s g & _5 E S S 3 2 2
= 2 = TG 9% 9] - £ 5 2035
o % ) ° s o g 2 w = £ g3 £=S3
28 : EE 2% | s & |2 |8 |58 |28
1 shipping / vessel cables, platforms, pipelines, wind pre-construction, B, N, P B, N, P, N, F F
movements turbines, oil installations, gas construction, F
installations, solar panels, other operation,
stationary constructions (non- decommissioning
platforms), hydrogen installations
2 high impact surveys wind turbines, platforms, cables, pre-construction B,N,P, | NF
pipelines, oil installations, solar Vv
panels, hydrogen installations, other
stationary constructions (non-
platforms), gas installations
3 UXO removal all activities pre-construction B B, N B, N, P P, B, N B,N,P, F
4 pile driving wind turbines, platforms, oil construction B B, N, P, F B F
installations, hydrogen installations, F
gas installations, possibly solar panels
5 dredging other stationary constructions (non- all phases B B,N,P, | BN, F F P,B N,F
platforms), wind turbines, cables, F
pipelines
6 trenching/ploughing | cables, pipelines construction, B B,N,P | BN, F P, B, N
operation
7 installing erosion wind turbines, oil installations, gas construction B B, N, P, B, N F P, B, N
protection (rocks) and | installations, platforms, cables, F
similar pipelines
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8 presence of long-term | cables, pipelines, platforms, wind operation B B, N B, N,P B, N,P B,N,P|BN,P B, N, P P, B
object on/in the turbines, solar panels, hydrogen
seabed (static) installations, oil installations, gas
installations, tidal energy
installations, wave energy
installations, other stationary
constructions (non-platforms)
9 presence of long-term | solar panels, tidal energy operation B, N B,N,P B,N,P |BNP|BNP|BN,P B,N,P P, B
object on/in the installations, wave energy
seabed (dynamic) installations
10 presence of long-term | platforms, wind turbines, solar operation B, N, P B, N, P B, N, P B,N,P B,N,P P, B
object in the water panels, hydrogen installations, oil
column installations, gas installations, tidal
energy installations, wave energy
installations, other stationary
constructions (non-platforms)
11 presence of long-term | solar panels, wave energy operation B, F B,N,P B,N,P|BN,F B,N,P P, B
object on the water installations
12 presence of long-term | wind turbines, oil installations, gas operation F F F F F
object above water installations, hydrogen installations,
tidal energy installations, wave
energy installations, other stationary
constructions (non-platforms),
platforms
13 brine discharge hydrogen installations operation KG P, B, N, KG
14 aviation wind turbines, oil installations, gas pre-construction, F, N F, N
installations, hydrogen installations, | construction,
solar panels, platforms operation,
decommissioning
15 removal of object cables, platforms, pipelines, wind decommissioning B, N B,N, P B B, N, F KG KG

from the seabed

turbines, oil installations, hydrogen
installations, gas installations, solar
panels
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16 removal of object wind turbines, oil installations, gas decommissioning B, N B, N, P B, N,V KG KG
from the water installations, solar panels, other
column stationary constructions (non-
platforms), platforms, other
stationary constructions (non-
platforms)
17 removal of object solar panels decommissioning B, P B, N, P B, N,V KG KG
from the water
18 removal of object wind turbines, oil installations, gas decommissioning \ B, N,V KG

above water

installations, hydrogen installations,
platforms
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APPENDIX: MEASURES

With the established list of activities, a list of nature-protecting and nature-enhancing measures has been
compiled. For each (grouped) measure, it is indicated which type of pressure factor or factors the measure
affects. Based on this table and the activity table, measures can be linked to the relevant activities.

Table I1.1 Measures and descriptions, organized by phase (pre-construction, construction, operation, and decommissioning). Some
of the measures may be legally required

Nr. Measure Description Phase
NP1 minimising light pollution adjusting light pollution by modifying colour, intensity, or pre-construction,
frequency construction,
operation,
decommissioning
NP2 primary noise mitigation noise mitigation by adjusting the engines, propellers, design, pre-construction,
for vessels or other machinery of ships construction,
operation,
decommissioning
NP3 reducing sailing speed reducing sailing speed pre-construction,
construction,
operation,
decommissioning
NP4 seasonal work/working working outside certain growth, nursing, or resting periods of pre-construction,
outside sensitive periods species construction,
decommissioning
NP5 adjusting burial method using alternative burial methods that result in less turbidity construction
and/or seabed disturbance
NP6  ADD below water acoustic deterrent devices (ADD) underwater to deter marine construction,
mammals and fish before major disturbances occur or to decommissioning
prevent mortality
NP7  piling procedures applying procedures where pile-driving noise is gradually construction
(including soft start) increased, the time between piling periods is adjusted, or other
scheduling adjustments are implemented
NP8  horizontal directional using a drilling technique instead of digging a trench to create  construction
drilling a tunnel or horizontal hole underground through which a cable
is pulled
NP9  micro-siting adjusting the layout of an area on a local scale (a few to tens of  construction
meters) to avoid ecologically valuable areas, or to place
structures in proximity to ecologically valuable areas
NP10 primary noise mitigation in noise mitigation at the source of installation techniques construction
installation techniques (mainly piling), such as applying specific dampers or alternative
piling methods
NP11  secondary noise mitigation noise mitigation further from the noise source, such as sound construction

in installation techniques

barriers
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Nr. Measure Description Phase
NP12  bundling cables bundling cables to reduce overall seabed disturbance and construction,
disruption (this may also limit the impact of EMF) operation
NP13 increasing burial depth burying cables deeper to limit the impact of EMF construction,
operation
NP14  ADD above water acoustic deterrent devices (ADD) above water to deter birds operation
and bats before major disturbances occur or to prevent
mortality
NP15  optimizing hydrodynamics adjusting the design to reduce underwater turbulence around operation
the structure
NP16 environmentally friendly not using coatings that leak toxic substances into the marine operation
coatings environment
NP17  shutdown on demand / immediately shutting down turbines during sensitive periods, operation
reducing speed of moving such as bird migration; or reducing the speed of moving parts
parts on structures, such as rotor blades of wind turbines
NP18 increasing visibility of parts increasing the visibility of parts with collision risk. This mainly operation
with collision risk concerns moving structures, such as rotor blades of wind
turbines
NP19 increasing rotor tip height increasing the rotor tip height of a wind turbine to reduce operation
collision risk
NE1 adapted (nature-inclusive) erosion protection designed to promote operation
erosion protection biodiversity/ecological functions, but with erosion protection
as its primary function
NE2 artificial reef in the water an artificial reef structure with the primary function of operation
column enhancing biodiversity/local ecological functions. This includes
distinctions between reef structures on the seabed, in the
water column, and above water
NE3 artificial reef on the seabed initiating the return/introduction of certain species by operation
introducing individuals or creating suitable habitat without
placing artificial reefs
NE4 artificial habitat above adjusting the layout of an area on a local scale (a few to tens of  operation
water meters) to place structures in proximity to ecologically valuable
areas for a potentially greater contribution
NE5  kickstarting species improving local water quality by promoting flow operation
NE6  micro-siting adjusting light pollution by modifying colour, intensity, or operation
frequency
NE7  water replenishment holes noise mitigation by adjusting the engines, propellers, design, operation

or other machinery of ships

Some measures may contribute positively to certain pressure factors but negatively to others. Such measures
(like increasing burial depth) are included in the measures table. Proper application of the assessment
framework in Chapter 2 leads to the project-specific correct evaluation of such a measure.

Material reduction (steel, concrete, plastic) is not considered a separate measure. In Table IIl.2 (next page),
the measures are categorized as nature-protecting (NB) or nature-enhancing (NV), indicating which impacts
the measure may positively contribute to. The distinction between nature enhancement through restoration
(restoring what once was) and creation (facilitating something new) and the distinction between nature
protection through mitigation (reducing an impact) and conservation (preventing an impact) is not made in
this table. This distinction is addressed in the assessment framework.
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Table I11.2 List of measures with potential contributions to nature protection and nature enhancement. NP = nature-protecting, NE = nature-enhancing, B = benthos, N = nekton, F = flying (birds/bats), P = plankton

Technique Contribution to impact reduction or nature enhancement
Type (NP/NE) © T >
5 E = o 3 g5
5 c | 2 2 S S S s w 8
53 |ES|Z8|65 - . tEE |29
5% |5%(3%83 25 |y 5 z 22 |53
28 |[£8|eg|s 25 |2 : g 98 |&6=2
NP1 | minimising light pollution NP F, N
NP2 | primary noise mitigation for vessels NP B,N, P
NP3 | reducing sailing speed NP N, F B, N
NP4 | seasonal work/working outside sensitive periods NP B,N,P,F|BN,P,F B,N,P,F|B N,P,F
NP5 | adjusting burial method NP B, N
NP6 | ADD below water NP N N
NP7 | piling procedures (including soft start) NP B, N
NP8 | horizontal directional drilling NP B, N B, N
NP9 icro-siti B, N, F B N, P
micro-siting NP
NP10 | primary noise mitigation in installation techniques NP B, N, P
NP11 | secondary noise mitigation in installation techniques NP B, N, P
NP12 | bundling cables NP B, N B, N B, N
NP13 | increasing burial depth NP B N, P B N, P
NP14 | ADD ab t F
above water NP
NP15 | optimizing hydrodynamics NP B N, P
NP16 | environmentally friendly coatings NP P,B, N
NP17 | shutdown on demand / reducing speed of moving F
parts NP
NP18 | increasing visibility of parts with collision risk NP F
NP19 | increasing rotor tip height NP F, N F,N
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NE1 | adapted (nature-inclusive) erosion protection NE B

NE2 | artificial reef in the water column NE B, N,P

NE3 | artificial reef on the seabed NE B, N,P

NE4 | artificial habitat above water NE F

NES5 | kickstarting species NE B, N

NE6 | micro-siting NE B, N, F B, N, P

NE7 | water replenishment holes NE P, B, N
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APPENDIX IV: PRESSURE FACTORS FROM THE MARINE STRATEGY PART 1

In the table below, the pressure factors from the Marine Strategy Part 1 are included, as referenced to in the
Assessment Framework. Please note that the table below is a translation of the ‘Dutch Mariene Strategie
Deel 1', which differs slightly from the English version published by the Ministry of Infrastructure and Water
Management and the Ministry of Agriculture, Nature, and Food Quality.

Table IV.1 Pressure factors from the Marine Strategy Part 1

Descriptor Species/habitat/theme | Pressure factor

D1 birds extraction or mortality/injury rate of species living in the wild (direct mortality)

extraction or mortality/injury rate of species living in the wild (via food web

changes to hydrological conditions

disturbance of species due to human presence

input of other substances (including oil, operational discharge, incidents)

fish extraction or mortality/injury rate of species living in the wild (direct mortality)

changes to hydrological conditions (freshwater-seawater migration barriers)

introduction of anthropogenic noise (loud impulse)

temperature rise due to climate change

marine mammals extraction or mortality/injury rate of species living in the wild (direct mortality)

input of anthropogenic noise (loud impulse noise and background noise)

pelagic habitats extraction or mortality/injury rates of species living in the wild

introduction or distribution of non-indigenous species

introduction of nutrients and organic material

benthic habitats physical destruction

physical disturbance of the seabed (abrasion/bottom-disturbing)

physical disturbance of the seabed (moving sand/sludge)

changes to hydrological conditions (transparency)

extraction or mortality/injury rates of species living in the wild

introduction or distribution of non-indigenous specie

introduction of nutrients and organic material

temperature rise due to climate change

D2 non-indigenous species | introduction or distribution of non-indigenous species

D3 commercially fished extraction or mortality/injury rate of species living in the wild (direct mortality)
species

D5 eutrophication introduction of nutrients and organic materials

Witteveen+Bos | 144151/24-014.807 | Appendix IV | Final version 02



Descriptor Species/habitat/theme

Pressure factor

D7 hydrographic properties | changes to hydrological conditions (alterations to bathymetry and current)
changes to hydrological conditions (alterations to silt content)
temperature rise due to climate change
D8 contaminants input of other substances (including oil, acute incidents and radioactive substances)
D9 contaminants in fish input of other substances
and other seafood for
human consumption
D10 litter input of litter
D11 introduction of energy, introduction of anthropogenic noise (loud impulse noise)

including underwater
noise

introduction of anthropogenic noise (background noise)

introduction of electromagnetic fields
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APPENDIX V: SPECIES LISTS

In 2008, the OSPAR Commission (OSPAR, the Convention for the Protection of the Marine Environment of
the North-East Atlantic) compiled a list of threatened and/or declining species and habitats in the North-East
Atlantic, for which recommendation documents have been prepared to better protect them [lit. 61]. In the
context of reporting on the status of these recommendations, a selection of the relevant species and habitats
for the Netherlands was made in [lit. 62]. Species and habitats are considered relevant if they are regularly
present in the Netherlands. The following species and habitats are included [lit. 62]:

- Invertebrates: - Sea lamprey (Petromyzon marinus).
Ocean quahog (arctica islandica). - Thornback ray (Raja clavata).
Flat oyster (ostrea edulis). - Atlantic salmon (Salmo salar).

- Birds: - Spurdog (Squalus acanthias).
Black-legged kittiwake (rissa tridactyla). - Marine mammals:

- Fish: - Harbour porpoise (Phocoena phocoena).
Allis shad (alosa alosa). - Habitats:
European eel (anguilla anguilla). - Mussel beds on intertidal flats.
Houting (coregonus lavaretus oxyrinchus). - Tidal flats.
Spotted ray (raja montagui). - Flat oyster reefs.
Atlantic cod (gadus morhua). - Sand mason worm reefs (Sabellaria
Long-snouted seahorse (hippocampus spinulosa).
guttulatus). - Sea pen and burrowing megafauna
Short-snouted seahorse (hippocampus communities.
hippocampus). - Seagrass beds (Zostera).

Environmental Law (formerly the Nature Conservation Act, area protection, and species protection)
Natura 2000 is a European network of protected nature areas established to protect and preserve
endangered plant and animal species and their habitats for future generations. In the Netherlands,
approximately 160 protected areas are managed, most of which are both Habitat Directive areas and Bird
Directive areas. Within these areas, protected habitat types, Habitat Directive species, non-breeding birds,
and/or breeding birds are designated. A total of 52 habitat types, 38 Habitat Directive species, and 102 Bird
Directive species are designated within the Dutch Natura 2000 policy (for a complete overview,

see www.natura2000.nl.

The majority of the habitat types and Habitat Directive species are bound to land or entirely freshwater and
are not relevant to the assessment framework. The following overview includes the habitat types and Habitat
Directive species (marine types and species) relevant to this project. No explicit distinction has yet been
made for birds.
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Habitat’s Directive

H1110 - Sandbanks which are slightly covered by sea

water all the time

H1130 - Estuaries

H1140 - Mudflats and sandflats not covered by seawater

at low tide

H1160 - Large shallow inlets and bays

H1170 - Reefs

H1310 - Salicornia and other annuals colonizing mud and

sand

H1320 - Spartina swards (Spartinion maritimae)

H1330 - Atlantic salt meadows (Glauco-Puccinellietalia

maritimae)

Bird's Directive

A016 - Northern gannet
A001T - Red-throated diver
A002 - Black-throated diver
AOQO05 - Great crested grebe
A007 - Slavonian grebe
A017 - Great cormorant
A034 - Eurasian spoonbill
A043 - Greylag goose
A048 - Common shelduck
AO050 - Eurasian wigeon
A051 - Gadwall

A052 - Eurasian teal

A054 - Northern pintail

H1095 - Sea lamprey

H1099 - River lamprey

H1103 - Twaite shad

H1102 - Allis shad

H1106 - Atlantic salmon

A056 - Northern shoveler
A062 - Greater scaup

A063 - Common eider
A065 - Common scoter
A067 - Common goldeneye
A069 - Red-breasted merganser
A132 - Pied avocet

A137 - Ringed plover

A138 - Kentish plover

A141 - Grey plover

A143 - Red knot

A144 - Sanderling

A149 - Dunlin

H1364 - Grey seal

H1351 - Harbour porpoise

H1365 - Harbour seal

A157 - Bar-tailed godwit
A160 - Eurasian curlew
A162 - Common redshank
A169 - Ruddy turnstone
A175 - Great skua

A177 - Little gull

A187 - Great black-backed gull
A191 - Sandwich tern
A193 - Common tern
A195 - Little tern

A199 - Common guillemot

A200 - Razorbill

Species not yet mentioned in other contexts that are relevant for species protection, with common residents
of the North Sea/relatively common species in bold:
- White-beaked dolphin.

- Minke whale.

- Bottlenose dolphin.

- Fin whale.

- Sperm whale.

- Northern bottlenose whale.

- Cuvier's beaked whale.

- Long-finned pilot whale.

- Striped dolphin.

- Common dolphin.

- White-sided dolphin.

- Noctule bat.

- Nathusius' pipistrelle.
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Finally, species protection plans are being developed and implemented within the context of MONS. The
species listed in these plans, which are not yet part of the aforementioned OSPAR, area protection, and
species protection lists, can also be included. Currently, this includes the sand mason worm (Lanice), and
more may follow.
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