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Executive Summary
This report presents the results of an 8-week consultancy project conducted under the
Academic Consultancy Training (ACT) of Wageningen University & Research in May and June
2020. The North Sea Consultants is a multidisciplinary team of Master students at
Wageningen University & Research that developed this project for De Rijke Noordzee (The
Rich North Sea; DRNZ) as the project commissioner. DRNZ aims to enhance biodiversity in
the North Sea and rebuild benthic ecosystems by creating reefs of artificial or natural materials
within the operation grounds of offshore wind farms (OWFs). The goal of this project was to
identify viable approaches to permanently install artificial reefs within OWFs in the Dutch North
Sea. In doing so, the North Sea Consultants support the commissioner in the long-term goal
of enhancing biodiversity in the North Sea.
This report first provides insight into the legal situation around the obligatory removal of
structures and substrates placed in the North Sea through a law analysis. Subsequently, a
stakeholder analysis assesses the perspectives of stakeholders on (permanent) artificial reefs.
Third, the benefits of oyster reefs on the ecosystem are reviewed. Eventually, a multi-criteria
analysis evaluates alternative reef materials. The analysis contributes to answering the
research question in which ways artificial reef-building substrates can remain permanently on
the seafloor of OWFs.
Based on the results, it is concluded that the legislation offers some possibilities to keep the
reefs permanently on the seafloor, for example through permits or exemption mechanisms.
Among stakeholders, there is broad support for nature enhancement activities, as also
illustrated by the future governance plans regarding the spatial use of the North Sea. While
oyster reefs in the North Sea play a crucial role in the marine ecosystem, they are also
associated with negative impacts on the marine environment. Biorock reef systems are the
most suitable system for natural enhancement in the North Sea, especially regarding current
legislation.
The recommendations comprise (among others):
●
●
●
●

Making use of the legal opportunities and apply for exemptions and tolerance policy
Making use of stakeholder perspectives on nature enhancement in application for
permits or exemptions
Conserving and restoring the oyster reef due to its essential roles in the marine
ecosystem
Implementing biorock reefs system for faster reef formation.
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Summary boxes
In every section, several summary boxes can be found for a comprehensive overview of the
relevant information. The summary boxes are structured in the following way:
Summary Box 1

The Dutch Waterwet

p. 21

Summary Box 2
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p. 25

Summary Box 3
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p. 41

Summary Box 4

Meanings of biodiversity enhancement
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Abbreviations
CICES
DRNZ
EEZ
ENGO
ESA
ESS
EZK
I&W
LNV
MCA
MA
OWF
RVO
RWS
TEEB
WWF

The Common International Classification of Ecosystem Services
De Rijke Noordzee (The Rich North Sea)
Exclusive economic zone
Environmental non-governmental organisation
Ecosystem services analysis
Ecosystem services
Ministerie van Economische Zaken en Klimaat
Ministerie van Infrastructuur en Waterstaat
Ministerie van Landbouw, Natuur en Voedselkwaliteit
Multi Criteria Analysis
Millennium Ecosystem Assessment
Offshore wind farm
Rijksdienst voor Ondernemend Nederland
Rijkswaterstaat
The Economics of Ecosystems and Biodiversity
World Wildlife Fund for Nature
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1. Introduction
The world’s oceans and seas are at risk. Nature is declining globally at unprecedented rates,
especially in the marine environment, from coastal areas to the deep sea (IPBES, 2019).
Fishing, pollution, and sea-use change are the biggest drivers of nature deterioration in the
marine environment (IPBES, 2019). Simultaneously, climate change aggravates the
challenges marine ecosystems are faced with (IPBES, 2019). The influence of human actions
is manifest in unprecedented losses of biodiversity (IPBES, 2019). It is expected that under
current developments the decline of nature accelerates, leaving more than half of global
marine species on the brink of extinction by the year 2100 (UNESCO, n.d.).
Similarly, the North Sea is facing enormous challenges. It provides water, food, resources and
energy and is therefore of enormous value to society. However, its biodiversity declines
accordingly. While there have been national and international attempts to conserve nature, it
is clear that solutions are complex due to the extensive use of the North Sea for human
purposes.

1.1 Context
The North Sea is a diverse ecosystem that contains considerable resources and energy
potential. Its water temperature ranges from 6 to 9°C in winter and 12 to 14°C in summer
(Morris et al., 2018). The North Sea is therefore a temperate environment for various species
such as oysters and coral reefs. Before the 1900s, the Dutch part of the North Sea used to
harbour a large number of natural reefs which served as habitats for numerous species,
including crabs, fish, and sponges (Bureau Waardenburg, 2020). However, these ecosystems
are threatened by the increasing intensity of human activities such as fishing, mining, and
dredging.
The Dutch North Sea serves a variety of functions, as illustrated in figure 1. One of the
functions is the generation of wind energy in offshore wind farms (OWFs). Next to electricity
generation, OWFs also contribute to nature enhancement. The scour protection zones of
OWFs serve as habitats for species that provide ecosystem services. Van Duren et al. (2016)
found that circular areas within these zones assist in forming complex habitats to increase the
colonisation of marine invertebrates and algae (Leonhard & Pedersen, 2005). In addition,
various species can use the hard substrates of the foundations and reclaim habitat loss due
to human activities (Lengkeek et al., 2017). One typical reef building species is the European
flat oyster which supports the establishment of reef communities. In chapter 5, oyster ecology
is described elaborately.
De Rijke Noordzee (DRNZ; English: The Rich North Sea) is a collaborative program of
Stichting de Noordzee (Foundation the North Sea) and Stichting Natuur & Milieu (Foundation
Nature & Environment), sponsored by the Nationale Postcode Loterij (National Postcode
Lottery). DRNZ aims to enhance biodiversity in the North Sea and rebuild benthic ecosystems
by creating reefs of artificial or natural materials within the operation grounds of OWFs. In
doing so, DRNZ aims to simultaneously address the challenges of renewable energy
generation and enhancement of biodiversity. Several structures for artificial reefs have been
deployed in OWFs. At the moment, DRNZ establishes a Nature Development Toolbox as a
knowledge base (E. van Onselen, personal communication, May 14, 2020).
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Figure 1. Map indicating the locations of wind farms (marked with yellow dots) within the Dutch part of the North
Sea. Marked in light green, light blue and yellow are Natura 2000 areas protected under the Birds Directive and
Habitats Directive. Adopted from Kamermans et al. (2018).

The intensity of human activities in the North Sea makes it a contested space for
various stakeholders, including fishermen, nature development organizations, and OWF
operators. For example, fishing is prohibited in OWFs, which conflicts with the interests of
fishermen. Not only the allocation of space between actors and their interest is a major
challenge in the North Sea. Also, conflicts exist between Dutch legislation and artificial reefs
as strategies to reconstruct biodiversity. Currently, Dutch law obliges the removal of all
structures deployed on the seafloor and therefore impedes the permanent deployment of
artificial reef-building substrates. These challenges aggravate the general problem of reduced
10

biodiversity through the loss of habitats and are further elaborated in this report. To contribute
to DRNZ’s long-term goal of enhancing biodiversity, a comprehensive multi-disciplinary
analysis is needed.

1.2 Purpose and research objective
The specific problem addressed in this project is the lack of viable approaches to permanently
place artificial reefs on the seafloor of OWFs in the Dutch part of the North Sea.
Artificial reefs can contribute to biodiversity enhancement. However, it is still unclear
how substrates can be deployed within a certain period of time in line with Dutch law.
Therefore, DRNZ requires information on the legislative situation.
Since the North Sea is an increasingly contested space, close collaboration with its
stakeholders is necessary. Stakeholders are those groups of or individual actors that are
affected or have the interest, power, or knowledge to affect the problem and its possible
solutions. Moreover, stakeholders have the power to influence the permit decision-making
process. Since the stakeholders are expected to have various oppositions, conditions and
comments to DRNZ’s project, an exploratory stakeholder analysis is conducted.
Other essential aspects to consider are the ecological implications of reefs. A
qualitative review of the ecosystem services of oyster reefs assesses their benefits.
Subsequently, it is important to recognize the benefits that the offshore artificial reefs bring to
the ecosystem. Initially the aim was to find the negative effects of removing them, but this
could not be found in the supporting literature. Therefore the chapter can now be used to argue
that permanent placement of reefs is preferred by highlighting the ecosystem services
provided by oyster reefs.
Finally, it is necessary to identify ways in which artificial reefs can be deployed in an
environmentally and technologically viable manner. Therefore, alternative materials to be used
for the artificial reefs will be explored considering various criteria related to environment and
economics.
To achieve the long-term goal of enhancing biodiversity in the North Sea, a clear
understanding of the Dutch Waterwet (Water Act) and its economic and environmental impacts
is fundamental. Unclarified stakeholder perspectives, unidentified implications on the
ecosystem and a lack of understanding of technical alternatives add to DRNZ’s challenge and
therefore require scrutiny. This project addresses these needs by, first, providing a deeper
understanding of the obligatory removal of structures and substrates placed in the North Sea
through a law analysis; second, by conducting a stakeholder consultation to assess the
perspectives of stakeholders; third, by reviewing the benefits that oyster reefs have on the
ecosystem; and fourth, by providing an overview and analysis of alternative materials for the
construction of artificial reefs.
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1.3 Research questions
This project aims to find solutions to keep artificial reefs permanently on the seafloor, thereby
contributing to the long-term goal of biodiversity enhancement in the North Sea. To do so, the
project aims to assess the current legislative situation that impedes long-term deployment of
artificial reefs and its ecological implications, identify key stakeholders and their perspectives
and identify alternative reefs within OWFs. Our team members perform the project within
ecological, technical and societal contexts.
In order to reach the aim of this project, the following main and sub-research questions
are addressed.

Main research question
1. In which ways can artificial reef-building substrates be allowed to remain permanently
on the seafloor of OWFs areas in the Dutch North Sea?

Sub-research question
1. How does the Dutch Waterwet require the removal of substrate from the seafloor?
2. Who and what are the perspectives of key stakeholders for nature enhancement in
Dutch OWFs?
3. What are the benefits of oyster reefs to the ecosystem (of the North Sea)?
4. Which alternative materials are suitable to construct artificial reefs on the North Sea
floor?

Overview report structure
Summarizing text boxes are used to increase the structure and readability of the report. The
flowchart (figure 2) provides an overview of the structure of the document and the relations
between the topics. The order of the sub-research question represents the order of the report.
First, the Waterwet is discussed, as it is the foundation of finding opportunities to permanently
place artificial reefs. Second, stakeholders are assessed as they have interests and power
related to the ecosystem and alternative materials. The ecosystem is discussed third as its
analysis is a practical chapter. It focuses on assisting in the permit application and
recommends a future research focus. Alternative materials complete the report as an
important contribution to the permit application and the interests of the stakeholders. The
arrows indicate the relations between the topics.
-

-

-

The Waterwet influences and is influenced by the stakeholders. In addition, the
Waterwet determines which materials can be used, but the permit requests and
possible exemptions are influenced by the type of reef material.
The stakeholders have an additional influence on the ecological assessment. Part of
the references used are from the stakeholders who may have an interest in these
results. Stakeholders also play a role in the review of the materials, as they can object
to the use of materials in the permit request.
The ecological assessment influences the Waterwet and stakeholders as it can
contribute to the permit request and stakeholder acceptance.

12

-

-

The alternative materials are influenced by the law as it can lead to either an
acceptance for a permit request or exemption, or a rejection. The stakeholders have a
similar influence, as their acceptance of the material could influence the permit request
and acceptance of the project.
All topics combined lead to the recommendations and conclusion, which assist in
finding opportunities to permanently place artificial reefs in OWFs.

Figure 2. flowchart overview of the report
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2. Methodology
2.1 Law analysis
The law analysis focuses on how the Waterwet includes the obligation to remove the substrate
from the seafloor. In the analysis, the focus is on the Dutch North Sea (including the Exclusive
Economic zone) (Rijkswaterstaat, 2020a) and organisational sections, as they are most
applicable for the research. The goal of the law analysis is to assist in finding opportunities
and threats for getting permission for the permanent placement of artificial reefs. Only the
Waterwet and its referrals are analysed due to the time constraints of this research. The
project, as mentioned throughout the report, refers to the organisation and placement of
artificial reefs, which is expected to be organised and executed by DRNZ.
Open coding was used to create an overview of the law and highlight themes and
important elements. The coding focused on the creation of categories and tags. The selected
laws were coded according to the following categories: Aim/Goal, Responsible institutions,
Exemptions, Requirements, and Expired laws. The codes have been used to identify the
requirements for the project and artificial reefs. In addition, it was used to discover if there are
exemptions for loopholes which could serve the goal of permanently placing artificial reefs on
the North Seafloor.
The analysis has been completed by reading the Waterwet, highlighting the laws
relevant for the project or permanently placing artificial reefs. The references made in the
Waterwet are checked, but only the article that the Waterwet refers to. If the referred article
mentions other articles it was not checked. The Waterwet refers to the Wet windenergie op
zee (Law wind energy at sea) (2015), which includes additional regulations [1] that focus on
the OFW laws that are not covered on the Waterwet. An overview of all the referrals used in
the report can be found in Appendix 1. They are separately cited with MLA to increase
readability and make the law references easier to find. Also, the use of direct quotes in the law
findings is different in contrast to the rest of the report for reasons of readability.

2.2 Stakeholder analysis
The stakeholder analysis aims to identify the stakeholders to DRNZ and their perspectives
about artificial reefs. The stakeholder analysis comprises two methodological approaches:
desk research based on the available literature and stakeholder consultation via email. The
data gathered through desk research and stakeholder consultation have been subject to a
content analysis in order to answer sub-research question 2.
Generally, both desk research and stakeholder consultation have been used for all
stakeholders with few exceptions (see Appendix 2 for a detailed overview). Two groups of
stakeholders are excluded from email consultation: funding partners and legislators.
Legislators are excluded here because they were approached for the analysis of the Dutch
Waterwet (see section 2.1). The funding partners are excluded since their involvement in
DRNZ is limited to financial support.
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2.2.1 Desk research
Desk research is the first of two methodological approaches utilised for the content analysis
on which the stakeholder analysis builds. Desk research has been conducted through a webbased document search. Both the websites of stakeholders and search engines (Google) were
used to locate documents, brochures, statements, interviews, news items, and other channels
of information that provide information on stakeholders’ perspectives. To ensure comparability
of search result, the search terms for the desk research were pre-defined and are given in the
following table 1.
Table 1: Search terms (in English and Dutch) utilised for the literature research to SQ2.

Nature enhancement/development

Natuur ontwikkeling

Biodiversity

Biodiversiteit
De Rijke Noordzee
Luchterduinen, Borssele, Blauwwind

(Artificial) reefs

(Kunstmatige) riffen

Oyster banks

Oesterbanken

Wind farms/wind parks

Windenergie

North Sea

Noordzee

Multiple use of space

Meervoudig ruimtegebruik

For the content analysis of the information gathered through desk research, open coding was
used. The content analysis has been carried out by (re-)reading the relevant information and
highlighting the relevant aspects. The codes have been used to identify stakeholders’
perceptions of nature enhancement in general, artificial reefs in particular, the functions of
OWFs and the roles of stakeholders therein. The codes applied to the literature were:
●
●
●
●
●
●
●
●

General attitude: support/opposition towards DRNZ
Current state of nature/biodiversity
Functions of biodiversity/artificial reefs
Conditions for nature enhancement
Benefits of artificial reefs
Risks of artificial reefs
Multiple use of space
Role of stakeholders

The information found in the documents was used to complement the findings of the
stakeholder consultation in the stakeholder analysis.

2.2.2 Stakeholder consultation
Stakeholder consultation is the second of two methodological approaches utilised for the
stakeholder analysis. Several stakeholder groups were approached via email to gain insights
into their perspectives on nature enhancement in the Dutch OWFs. The full email can be found
in appendix 3. The questions asked were:
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●
●
●

●

What is your organisation’s perspective on biodiversity enhancement activities in the
North Sea?
What is your organisation’s perspective on artificial reefs as biodiversity enhancement
options within OWFs?
What benefits or risks does your organisation perceive from leaving artificial reef
substrate on the seafloor at OWFs within the Dutch exclusive economic zone (EEZ) of
the North Sea?
Does your organisation have objections to artificial reefs permanently remaining on the
North Seafloor? Please elaborate on your answer.

The stakeholders were offered to provide their answers either via email or through an online
questionnaire. They were invited to reply in either English or Dutch. Those stakeholders that
did not react after four working days have been called via phone to ensure that the email was
delivered and as a reminder for participation.
For the content analysis of the responses gathered through the stakeholder
consultation, open coding was used. The content analysis has been carried out by (re-)reading
the responses and highlighting the relevant aspects. The content analysis helped to identify
stakeholders’ perceptions of nature enhancement in general, artificial reefs in particular, the
risks and benefits perceived of DRNZ’ goals and reasons for opposition. The responses from
the stakeholders were coded according to the scheme above (section 2.2.1). The results have
been combined with the results gathered through the content analysis of the desk research
and are the basis for the stakeholder analysis given in section 3.2.

2.3 Analysis of oyster reefs
To answer the sub-question 3, the methodology applied in this case study is Ecosystem
services analysis (ESA) and the TEEB framework. The goal of the analysis is to explore oyster
reefs, their ecological benefits and risks, and their long-term effects.

2.3.1 Ecosystem services analysis (ESA)
Ecosystem services analysis (ESA) is a tool that bridges ecosystems and human well-being
(Leemans & De Groot, 2003). Ecosystem services refer to those functions of ecosystems that
humans benefit from (Hales et al., 2005). Ecosystem services analysis is regarded as an
integrated ecosystem management strategy and discusses the structure, processes, functions
and interactions between organisms and the environment (Hales et al., 2005).

2.3.2 TEEB framework
TEEB (The Economics of Ecosystems and Biodiversity) is a framework that takes ecosystem
and human well-being into account from an economic, ecological and social perspective with
indicators performed as profits and values (Fisher et al., 2013).
The reason for using TEEB, in this case, is that the TEEB framework usually uses
political and economic factors as the main drivers, and it focuses on the overall availability of
ecosystem services (Fisher et al., 2013). Although environmental conditions are constantly
changing, the types of ecosystem services provided are relatively fixed, which makes
assessment possible. Figure 3 shows the TEEB framework. In answering the sub-question 3,
16

it is necessary to apply the TEEB classification criteria and adopt a partial framework from
indirect drivers to benefits for human well-being. It includes Drivers (Direct: Habitat destruction
& Indirect: Policy permission) → Ecosystem (Marine and flat oyster ecosystem) → Services
→ Benefits.

Figure 3: The overview of the TEEB framework (Fisher et al., 2013)

2.4 Multi criteria analysis
To find and evaluate alternative materials for reef development for the DRNZ programme,
multi criteria analysis (MCA) is applied. MCA is a decision-making tool that has been
developed for complex multi-criteria problems. MCA is used to compare and rank alternatives,
while considering their respective consequences (Fortuin, 2019). Alternative materials are
potato starch, sand, ceramic and tires. Reef systems made of these materials are ceramic
materials, tires, biorock, 3D-printed reefs, and BESE-elements®. These reef systems are
analysed in relation to three criteria: characteristic, environment and economy. These criteria
comprise different indicators: effects on biodiversity, durability, stability, degradation time,
environment impact and cost. Each reef system is given a score for each criterion, using a 05 scale consisting of 0 - not applicable, 1 - strongly unfavourable, 2 - unfavourable, 3 acceptable, 4 - very favourable, 5 - outstanding (Fortuin, 2019).
Besides, different criteria have different weights for the final score. The biggest weight
proportions are given to effects on biodiversity and environmental impact which take 30% of
each, while the rest like stability, durability, degradation time, and cost are accounted for 10%.
Based on the MCA result, advice for the most suitable material can be made.
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3. The Dutch Waterwet
Chapter 3 provides an overview of the goals, institutions, legal requirements, and exemptions
of the Dutch Waterwet. The chapter is divided into two main topics: the law (3.1) and the
opportunities and threats for getting permission for the permanent placement of artificial reefs
(3.2). The law section focuses on the procedure, components and parties involved regarding
acquiring a permit. The opportunities and threats related to the project focus on the length of
the permit and the removal of artificial reefs. Each subchapter contains a summarising text
box. Table 2 provides a complete overview of the opportunities and traits of the law regarding
the project and permanent artificial reefs. The translated laws are in cursive to clarify the
difference between the law and the interpretations. Section 3.3 Omgevingsloket (online
environmental permit application agency) provides an overview of the estimated permits to be
requested. The section is last as it does not specifically relate to the Waterwet, but is
considered useful for the commissioner.

3.1 The law
3.1.1 Background
The Waterwet mainly regulates the management of water systems, including flood defenses,
surface water and groundwater bodies (Rijkswaterstaat, n.d.). The main compartments of the
national spatial water policy are described in a water plan, which also serves to provide a
structural vision [2]. The Dutch Government is currently working on the
Onderhandelaarsakkoord voor de Noordzee (in short: Noordzeeakkoord; North Sea Accord).
But the Waterwet (2009) is analysed to give an insight into the current legislation.

3.1.2 Goal
The Waterwet aims to protect and improve the ecological quality of the water systems and to
fulfil the societal functions of water systems [3]. This overlaps with the goal of DRNZ to
enhance biodiversity with the use of artificial reefs. Both aim to improve the environmental
quality of the North Sea. For the project, it means there is a collective goal which can be aimed
for by both the government and DRNZ.

3.1.3 Responsible institutions
3.1.3.1 Maintenance
The Dutch state is responsible for the Dutch section of the North Sea, and it is thus also
responsible for the maintenance. The ministry can assign the full or partial maintenance of
state waters to non-state governmental institutions [4]. This occurs in agreement with the
constitution and demonstrates the decentralised maintenance of the state water. As a result,
the state water, with its components and water systems, are owned by the state but managed
by Rijkswaterstaat (Directorate-General for Public Works and Water Management; RWS)
(Rijkswaterstaat, 2020b).
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3.1.3.2 Beheerder
The beheerder (administrator) of the North Sea has several responsibilities. The beheerder
plays a significant role in the planning of the North Sea and in the enforcement of the law. The
Sea and Delta department of RWS is the coordinative administrator of the Dutch North Sea
(Informatiehuis Marien, n.d.) and is hereafter referred to as the beheerder. The beheerder is
responsible for creating a management plan for the specific sections of the sea, for creating a
ledger and overview map, and for the administrative enforcement of the Waterwet.
A beheerder of an area will create a management plan for the water systems that are
under his or her control [5]. The plan must include measures and facilities to comply or add to
the execution of the national standards and needed to develop, operate and protect state
waters; additional assigned functions; the intentions of the management; and an overview of
the financial resources necessary to execute the plan and maintain the area. Stakeholders
have a say in the preparation, forming and design of the management plan and must consult
border crossing authorities when safety risks influence their waters [6]. The management plan
is, therefore, not only checked by the institutions, but also by other interested stakeholders.
The stakeholders hold power to protest or lobby permit requests and possibly influence the
decision made by the minister. Chapter 4 introduces the stakeholders of the project.
In addition, the beheerder is responsible for creating a ledger that describes what
position, shape, size, and construction of the human-made structure must uphold [7]. It will
become part of an overview map, which includes all state structures - structures that the
beheerder is responsible for - and its bordering protection zones. The construction or
alterations to a state structure must be described in a project plan. The project plan must at
least include a description of the work and the methods used and provisions aimed to undo or
limit damages resulting from the work. It is also expected that the overview map will be
incorporated in the Gebiedspaspoort (Area passport), which is an element from the
Noordzeeakkoord (Overlegorgaan Fysieke Leefomgeving, 2020). The overview above
provides the information needed to propose alterations or additions to the OWF. However,
rather than describing damages, should the project plan focus on the opportunities it provides
in nature restoration, as that is the main selling point of the project. Possible damages should
not be left out but included in a risk assessment and the removal plan.
The beheerder is also responsible for the administrative enforcement of the managed
water systems, protected zones and the disposal of substances in surface water. Information
to execute administrative enforcement must be collected and registered. Also, complaints
about administrative enforcement must be handled [8]. The beheerder is, therefore, an
essential player in the project, as the agency is responsible for the disposal of substances and
must communicate its enforcement to the state. Once a permit is granted, regular contact with
the beheerder is needed to monitor and evaluate the project and its (positive) effects on the
area.
It is useful to know that Dutch criminal law applies to all who in, or above, the EEZ
break the regulations in this law [9]. It is assumed that the law will not be abandoned. However,
this information can be used in future research to find the consequences of not complying to
the regulations by, for example, leaving a structure on the seafloor after the permit expired.
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3.1.4 Permit
The following sections discuss the permit information found in the Waterwet. Omgevingsloket
online is used to indicate which permits need to be applied for and at which institution. The
Omgevingsloket is not part of, or referred to, in the Waterwet. However, its results are
discussed in section 3.3 as it is deemed important information for the commissioner.

3.1.4.1 Requirements
A permit must comply with several requirements in order to be granted. The ecological quality
(of the North Sea) must match chapter 5 of the Wet milieubeheer (Environmental management
law) and comply with its environmental goals. In the case of national importance, the minister
(van Infrastructuur en Milieu: of Infrastructure and the Environment) can make an integration
plan [10]. The integration plan determines how much of the zoning plan (Plangebied) will
remain the same [11]. A zoning plan includes information on the rules and usage of an area
(Netherlands Enterprise Agency, n.d.). It could be possible to lobby for a change in the zoning
plan and allow for an ecological addition. The pressure on biodiversity is a well-known issue.
Integrating a multi-functional integration plan could assist in the restoration of nature. Creating
a multi-functional plan is in line with the current approach for the future design of the North
Sea. This is explained further in section 4.3.3.

3.1.4.2 Permit request
It is not made clear in the law which permits and procedures must be followed. Part 3.4
regarding the preparations for the (permit) request as mentioned in the Algemene wet
bestuursrecht (General Administrative Law) is not applicable for the disposal of substances,
which do not lead to adverse effects on the chemical and environmental quality of the water
systems which are allowing invalid permits [12]. It is also mentioned that when applying for a
disposal permit the request must be announced in one or more day-, news- or advertisement
papers and include the date of the request [13]. The date is essential to add as the deciding
body will decide on the request within eight weeks after the date of the request, but this can
be expanded with a maximum of six weeks.

3.1.4.3 Regulations and limitation
A permit for a North Sea project can contain regulations and limitations. Regulations can
include a financial security statement to assure the completion of permit required obligations
and cover liability for damages. Also, it can uphold actions which are damaging the water
system and compensate for adverse effects on the ecosystem, from the action or caused by
the upholding of the action [14]. For artificial reefs, this translates to having the financial means
to complete the project and that in addition to a monitoring and evaluation plan, it is obligatory
to create an action plan in case of adverse environmental effects. The action plan should cover
the liabilities and compensations for adverse effects. However, the compensation can also be
bidirectional when the project is put on hold, resulting in lower environmental impacts, for
which the organisation can be financially compensated.
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3.1.4.4 Disposal related decision-making
There are several factors which influence the permit decision-making regarding the dumping
of substances and steps which needs to be followed. When a measure related to the disposal
of substances is made, it will be announced in a state newspaper. After the announcement
everyone will have the possibility to express their concerns within four weeks [15], which again
refers to the rights and influence of stakeholders. The decision about the measure is also
included; the current condition of the environment; consequences for the environment;
possibilities of nature protection; environmental quality demands; and the financial and
economic implications of the measure [16]. These components and steps must, therefore, be
covered and completed in the permit request for an artificial reef.

3.1.4.5 Subtraction
Receiving a permit does not mean it will stay in place for its planned duration. A permit can be
fully or partially subtracted when; the circumstances or facts behind the permitted actions are
no longer deemed acceptable; the permit holder does not resist it; the permit is not used for
three consecutive years [17] or; a binding treaty has been signed stating it is obligated. In case
of the latter the permit will not be retracted if alterations or additions can be made to the permit
to reduce its impacts [18]. This means that as long a permit is required to keep the artificial
reefs on the seafloor, a permit holder is needed. If the organisation (permit holder) ceases to
exist and does not pass the permit on to a new holder, the artificial reefs must be removed.

3.1.4.6 OWF Permit
The following part refers to the application of an OWF permit. The information is shared as it
gives information about the acuity of a permit in the EEZ. A permit for an OWF needs to include
the time frame, the specific lot, and in which timelines the granted activity needs to be
completed [19]. A permit will only be granted if the request is sufficiently plausible and that the
construction and operation of the wind park is; executable, technically achievable; financially
achievable; can start within four years of granting the permit; is economically feasible within
the timeframe of the permit, and complies with the lot selection [20]. In the current OWF permit
there is no stakeholder section present. However, adding stakeholders is in development as
multi-use space is an element of Gebiedspaspoorten in the Noordzeeakkoord (see section
3.2.3).

Summary Box 1 The Dutch Waterwet
●
●

●
●

The Waterwet aims to protect and improve the ecological quality of the water
systems and to fulfil the societal functions of water systems [3].
The beheerder of the North Sea is responsible for creating a management plan for
the specific sections of the sea, creating a ledger and overview map, and the
administrative enforcement.
A permit contains regulations and limitations and must comply with various
requirements.
A multi-functional integration plan can assist in the restoration of nature.
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●
●

Having the financial means to complete the project and creating a monitor and
evaluation plan is crucial.
As long as the permit is required to keep the artificial reefs on the seafloor, a permit
holder is needed.

3.2 Opportunities and Threats
The aim of this section is to create an overview of opportunities and threats of the Waterwet.
Table 2 summarizes the findings and provides an overview of the opportunities and threats of
chapter 3.1 and 3.2.

3.2.1 Tolerance
The Netherlands has policies and laws in place which tolerate (gedoog) certain activities. The
quality of the bottom of a water surface area can obstruct the achievement of a desired
environmental goal. When that occurs, it can be decided that it is a necessity to intervene [21].
The beheerders can, when it is needed to fulfil their tasks, impose obligations to rightful
claimants to research the ground and tolerance of the required interventions [22]. For the
project, this means that the beheerder can tolerate the placement of artificial reefs when the
reef aids in achieving environmental goals. In that case, the party, DRNZ, has to carry out
investigations. If the right holders do not grant permission, DRNZ can request the beheerder
or the competent authority to impose a tolerance obligation as per Article 5.21 [23]. Therefore,
if it is decided that the OWF needs to contribute to nature enhancement or serve a multifunction usage, DRNZ has the opportunity to make use of the tolerance obligation.
The tolerance obligation concerns “activities that do not justify expropriation
(onteigening) and where the interests of the rights holder - in relation to the purpose that the
government serves - are hardly harmed” (Kenniscentrum InfoMil, n.d.). It is applicable for
research and for maintenance, repair, alterations, and construction of state structures. The
procedure of the tolerance obligation is as follows: the beheerder has to register the tolerance
obligation in the public registers of the land registry. The tolerance obligations are referred to
as Beperkingen besluit (restricted decisions) in the appendix of Aanwijzingsbesluit Wet
kenbaarheid publiekrechtelijke beperkingen onroerende zaken (Helpdesk water, n.d.). More
information can be found in Handboek Water (Water Manual) on the following webpage:
https://www.infomil.nl/onderwerpen/lucht-water/handboek-water/wetgeving/waterwet/aanlegbeheer/gedoogplichten/.
The beheerder also makes requirements to the imposed tolerance obligation to assure
that the damages to the rightful claimants are sufficiently insured [24]. Rightful claimants must
tolerate the maintenance to the state structures when it is completed by or under the
supervision of the beheerder [25]. The beheerder, therefore, must also consider the possible
damages and liability of projects. If the artificial reefs become a state structure, DRNZ gets
the additional opportunity to argue for maintenance rights if the artificial reefs require it. A state
structure is a surface water body, salvage area, flood defence or supporting art piece
(Waterwet, 2009) and is surrounded by a protection zone. A beheerder can place or adjust a
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water structure by making a project plan which describes the needed work and the execution
methods. The project plan is, or will become, part of the ledger (see 3.3.2).

3.2.2 Wind energy at Sea law
The Waterwet refers to the Wet windenergie op zee (2015), which lists the exemptions of the
Waterwet in regard to OWF. It states that governmental decisions related to the off-shore wind
parks are made per lot and based on; the fulfilment of the societal functions of the sea and the
importance of purpose-oriented spatial use; the environmental importance, including the
ecologic concerns; the realisation costs; and the connection between the wind park and the
grid [26]. The artificial reefs could assist in ecological concerns and argue its relevance and
need by highlighting its environmental importance. The permit application process is described
in Part 3.4 of the Algemene wet bestuursrecht. However, as mentioned above, the disposal of
substances [26] is exempted. Thus, the material and type of artificial reef determine whether
or not this procedure needs to be followed. If the material is degradable it is exempted from
Part 3.4. However, if it is not degradable it needs to follow the procedures mentioned in that
law.

3.2.3 Timeframe
The timeframe of the OWF permit is a crucial element of the project, as DRNZ wishes to leave
artificial reefs permanently on the seafloor. This can be either done by using a material which
does not have to be removed (if the permit request leads to this conclusion), or to use a
material which will decay within the permit timeframe. The timeframe is fitting for the life
expectancy of a wind park and the specific area but will not exceed 30 years [19]. The timeline
in which the project has to be completed can, under certain conditions, be exempt by the
minister [19]. For the project, this could mean that the artificial reefs can remain for 30 years
if the minister does not exempt the removal obligation. The exemption conditions are not
mentioned in the law, but perhaps this information can be requested by the ministry of
Infrastructuur en Milieu.
Even after a decision of the minister a permit can be changed or retracted when [27];
the provided information in the permit application process was incorrect or incomplete, and a
different decision would have been made if the circumstances were fully known; the activities
in the permit are no longer executed; this is justified by changes in the technical or financial
possibilities of the holder; or when the holder of the permit ceases to exist [28]. Also, the permit
can be retracted when; when: it is not following the lot decisions; when there is no compliance
to the rules related to the permits’ activities as described in the Waterwet and the wind energy
at sea law. It can be concluded that the timeframe can be adjusted or excused. However,
correct information and complying to the rules, regulations and legislation is crucial to place
and maintain artificial reefs on the North Sea floor.

3.2.4 Removal
The costs and terms of the removal assurance, if not the destruction or reuse of wind
parks, will be determined in the lot decision. The obligations of the permit and lot are for the
current or last permit owner. Ambtenaren (Civil servants), selected by the minister or in
consultation with other ministries, are responsible for checking the compliance to the law [29].
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For the project, this means DRNZ needs to create a removal plan and execute the removal if
they are the last owner of the permit for the reefs. If the OWF are the permit owners, they carry
the removal responsibility. The Noordzeeakkoord (Overlegorgaan Fysieke Leefomgeving,
2020) aims for multi-use of areas, which could mean that the artificial reefs could be included
in the lot decision of the OWF. However, it is currently assumed that a separate permit is
needed to construct the artificial reefs, as thus it is also assumed that a reef removal plan
needs to be created.

3.2.5 London Protocol
The London Protocol (International Maritime Organization, 2006) is a treaty which could
influence the project due to its partially obligatory compartments. It has been in place since
1975 and is one of the first global conventions to protect the marine environment from human
activity. The objective of the convention is “to promote the effective control of all sources of
marine pollution and to take all practicable steps to prevent pollution of the sea by dumping of
wastes and other matter” (International Maritime Organization, n.d.). The Netherlands is one
of the 87 states that are part of this convention.
The London Protocol includes a general obligation, which adopts a reverse list
approach in which it is implied that “all dumping is prohibited unless explicitly permitted”
(International Maritime Organization, n.d.) It is illegal to deposit substances in surface water
unless there is; a permit granted by the minister or exemption was granted by the general
measure of management (algemene maatregel van bestuur) [30]. Without a permit granted by
minister it is illegal to; discard created structures on the seabed created structures [31]; discard
substance from a vessel, aircraft, or from an on the seabed created a structure, with the intent
to actively intervene in the marine environment and influence natural processes, as assigned
in Annex 4 of on the 7th on November 1996 created London protocol [32]. Discarding the
seabed created structures are not included in this law when it aims to place or leave solid
substances or objects with a different aim than to dispose of them [33]. This creates a window
of opportunity for artificial reefs built from seabed created structures to be allowed to be
permanently placed on the seafloor.

3.2.6 Expired laws and missing information
The legal protection chapter of the law expired on 01.01.2020 and has not been revised
(Waterwet, 2009). The consequence of the expiration is not known by the team, as there is no
legal background among its members.
In addition, in the Waterwet, there is a referral to Annex IV of the London Protocol,
which aims to protect the marine environment by prohibiting incineration at sea, the export of
waste, and other matters of ocean dumping (International Maritime Organization, n.d.). Annex
I of the Protocol (International Maritime Organization, 2006) is not referred to by the Waterwet
but will be discussed as it includes a list of materials which may be considered for dumping.
The list contains:
●
●
●

Dredged material.
Sewage sludge.
Fish wastes or material resulting from industrial fish processing operations.
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●
●
●
●

●

Vessels and platforms or other human-made structures at sea.
Inert, inorganic geological material.
Organic material of natural origin.
Bulky items primarily comprising iron, steel, concrete and similarly non harmful
materials for which the concern is physical impact and limited to the circumstances
where such wastes are generated at locations with no land-based alternatives.
Carbon dioxide streams from carbon dioxide capture processes for sequestration in
sub-seabed geological formations

The list does not guarantee that the materials are allowed to be dumped, but it opens up the
option to be granted permanent placement. The accord also defines that dumping does not
include
“placement of matter for a purpose other than the mere disposal thereof, provided that
such placement is not contrary to the aims of this Protocol; and … abandonment in the
sea of matter (e.g., cables, pipelines and marine research devices) placed for a
purpose other than the mere disposal thereof. The disposal or storage of wastes or
other matter directly arising from, or related to the exploration, exploitation and
associated off-shore processing of seabed mineral resources is not covered by the
provisions of this Protocol.” [34]
The artificial reefs aim to assist biodiversity enhancement. It is therefore estimated that the
reefs are not viewed as dumping, leading to the estimation that it is allowed to be
(permanently) placed.
Article 4 of the same report mentioned that the dumping of other waste than listed
above would require a permit, following the procedure in Annex 2. Also, the last sentence of
section two “Particular attention shall be paid to opportunities to avoid dumping in favour of
environmentally preferable alternatives” [35] highlights an opportunity for the permanent
placement of degradable artificial reefs. However, it is essential to note that the London
Protocol has no compliance mechanisms, but it does actively promote compliance with a
subsidiary group (International Maritime Organization, 2007).

Summary Box 2 Opportunities and threats to the Dutch Waterwet
●
●
●

There are policies and laws in place which tolerate (gedoog) certain activities.
It is also possible for a minister to adjust or excuse the timeframe, but the conditions
for the exemption are not known.
In the London Protocol there is a window of opportunity for artificial reefs to be built
from seabed created structures and be allowed to permanently remain on the
seafloor.
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Table 2: overview opportunities and threats related to the Dutch Waterwet.

LAW
or OPPORTUNITIES
POLICY

(Water wet,
2009), text
reference 2

The Waterwet and DRNZ share the goal to
improve biodiversity and enhance nature.

(Water wet,
2009), text
reference 6

(Overlegorg
aan Fysieke
Leefomgevi
ng, 2020)

THREATS

Stakeholders can protest against a
permit request and thus influence the
decision making.

The integration of an artificial reef is in line
with the goal to make the planning of the
North Sea multi-functional.

(Water wet,
2009), text
reference
17

As long as the permit is required to keep
the artificial reefs on the seafloor, a
permit holder is needed.

(Water wet,
2009), text
reference
22

The beheerder can tolerate the placement of
artificial reefs when the reef aids in
achieving the environmental goals.

(Water wet,
2009), text
reference
23

Request the Tolerance obligation to possibly
receive the power to conduct research.

(Wet
windenergie
op
zee,
2015), text
reference
19

The timeframe of the OFW is 30 year, by
finding a material which decays in time could
the removal cost be avoided.

The timeframe of the OFW is 30 year,
using a material which does not decay
in 30 years could result in removal
costs.

26

(Wet
windenergie
op
zee,
2015), text
reference
19

The minister can grant exemption from the
timeline of a permit

(Wet
windenergie
op
zee,
2015), text
reference
27 & 28

A permit can be altered.

A permit can be retracted or altered.

(Internation
al Maritime
Organizatio
n,
2007),
text
reference
33

In the London Protocol, discarding seabed
created structures are not considered
dumping when it aims to place or leave solid
substances or objects with a different aim
than to dispose of them [33].

In the London Protocol it is illegal to
discard substance (without a permit)
from a vessel, aircraft, or from an on the
seabed created a structure, with the
intend to actively intervene in the marine
environment and influence natural
processes [33].

(Waterwet,
2009)

It is unknown what the effects are of the
expiration of the legal protection section
of the Waterwet.

Annex IV of the London Protocol was
not found.

(Internation
al Maritime
Organizatio
n, 2007)

Annex I of the London Protocol lists that with
a permit Inert, inorganic geological material
and Organic material of natural origin can be
dumped.

Annex I of the London Protocol lists that
with a permit Bulky items primarily
comprising iron, steel, concrete and
similarly non-harmful materials for
which the concern is physical impact,
and limited to the circumstances where
such wastes are generated at locations
with no land-based alternatives.
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(Internation
al Maritime
Organizatio
n,
2007),
text
reference
34

In the London Protocol it is not considered
dumping when it is a placement of matter for
a purpose other than the mere disposal
thereof, provided that such placement is not
contrary to the aims of this Protocol (nature
protection).

(Internation
al Maritime
Organizatio
n, 2007)

The
London
Protocol
compliance mechanism

has

no

3.3 Omgevingsloket
The Omgevingsloket (Omgevingsloket online, n.d.) is a website where the requirement of a
permit can be checked. It is the site to apply for a permit following the application procedure.
The permit check is used to provide an indication regarding the needed permits for the project.
The results of the check are:
Water permit:
● Stoffen brengen in een oppervlaktewaterlichaam of op een zuiveringtechnisch werk
(Disposing substances in a waterbody or on a water filtering system)
○ A water permit is obligatory to dispose a substance which is not covered in the
guidelines of Besluit lozen (Decision disposal)
● Natuur ontwikkelen of inrichten (Development or organization or nature)
○ Using a (water) state structure or protection zone: Water Permit is obligatory
on the ground and approval of the waterschap (water authority).
● Using a state structure or protection zone.
○ Other activities in, or close to, a water surface body
■ Using a (water) state structure or protection zone: Water Permit is
obligatory on the ground and approval of the waterschap (water
authority).
○ A water permit is obligatory to place, put down, or leave installations or cables
and pipes.
Notifications to be made at Omgevingsloket:
● Activities in the North Sea or at the beaches: Using a state structure or protection zone.
○ The selected options are Maintenance, construction, adaptations or other uses
than in accordance with the function of the state structure, by or on behalf of
the beheerder. Carrying out other activities that, in the opinion of the beheerder,
do not adversely affect water management, by its nature, limited size or short
duration
■ Obligation to notify under the water regulations: You have to notify the
beheerder 4 weeks before the start of the project. There is a duty of
28

■

care (zorgplicht) under the Water Besluit (Water Decree) that applies to
the use of the state structure. There are also general rules under the
Water Regulations that you must comply with.
The treating (behandelend) authorization is RWS

Notifications to be made outside of Omgevingsloket:
● Stoffen in zee brengen (Disposing of substances in the sea)
○ In principle, the disposal, discharge or incineration of your category of
substances is prohibited. Contact Dienst Noordzee (North Sea service) of RWS
in Rijswijk for more information via the phone number 070 - 336 6600.
Omgevingsloket also provides an overview of all the possibly needed appendixes. However,
the overview document consists of 94 pages, and is thus not added to the report.

3.4 Limitations
The initial aim was to discover the reason behind the inclusion of the obligation to remove
substrate from the seafloor in the Waterwet. However, interviews with law experts were not
possible due to the time limit and limited responses. Also, the team does not have the legal
background to conclude the motivation of the law.
Only the Waterwet is analysed in this chapter. The referrals to other laws and policies
within the Waterwet are checked, but no additional laws have been reviewed. This is due to
the lack of background knowledge and timeframe of the consultancy project. Not all references
in the Waterwet could be analysed, as Annex IV of the London Protocol was not found.
The Omgevingsloket is checked with the basic knowledge of the project. It can be used
as an indicator, but no final conclusion can be drawn from it.
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4. Stakeholder overview and analysis
In addition to being a natural habitat, the North Sea provides space for many different
functions, such as food supply, energy supply, resource supply, recreation, shipping, military,
among others (van der Wal & Wiersinga, 2011). In consequence, actors and their interests in
the North Sea are manifold. For DRNZ, this means that there are a variety of stakeholders to
its pilot projects.
Stakeholders are understood as those individuals, groups of individuals and
organisations that “have an interest (stake) and the potential to influence the actions and aims
of an organisation, project or policy direction” (Brugha & Varvarovsky, 2000, p.239).
Stakeholders’ interests, powers and their interconnections can be diverse and change over
time (Brugha & Varvarovsky, 2000). To successfully implement a project, it is indispensable
to understand the perspectives and roles of stakeholders. At the same time, stakeholder
consultations can be a legal requirement for projects (see section 3.1.3.2). A stakeholder
analysis helps understanding the effects of projects, identifying potential risks and benefits,
and providing stakeholders the opportunity to make their perspectives perceivable (Ward &
Chapman, 2008).
The stakeholder analysis provides DRNZ an overview of the stakeholders and their
perspectives regarding the risks and benefits of artificial reefs within OWFs. The following
section first introduces the stakeholders to DRNZ (section 4.1). In the following stakeholder
overview, the stakeholders are classified and arranged in a power-interest matrix (section 4.2).
Subsequently, the stakeholder analysis illustrates their interests, concerns and perspectives
(section 4.3), based on the findings from the desk research and stakeholder consultation.

4.1 Stakeholder introduction
In the following subsections, different stakeholder groups and stakeholders to DRNZ and its
pilot projects are presented. Other actors that have no direct stake in DRNZ’s projects - such
as the military or contracting companies that are not working together with DRNZ - are not
covered here. Also, the stakeholders are limited to Dutch actors, since the focus of the project
revolves around Dutch policies. Therefore, the European Union is not considered here,
although we acknowledge that EU legislation plays a role for DRNZ.
A summary of the stakeholders to DRNZ is provided in table 3. An overview of the
research method of consultation applied per stakeholder is given in Appendix 2 (see also
section 2.2).

De Rijke Noordzee
De Rijke Noordzee (The Rich North Sea; DRNZ) is the commissioner to this consultancy
report. DRNZ is a programme aiming to combine wind energy and nature enhancement to
assist with their long-term goal of supporting biodiversity in the North Sea. For example, by
installing artificial reefs and placing oysters on the seafloor, DRNZ wants to make optimal use
of the space in OWFs, support nature and gather knowledge for future OWFs in the North
Sea.
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The steering group of DRNZ includes the directors of Nature & Environment and The
North Sea Foundation who coordinate the program director. The program director is in charge
of several pilot projects. The projects comprise the Luchterduinen and Borssele OWFs as well
as an Offshore Innovation Lab. The pilot projects are implemented through project leaders
who work in close collaboration with OWF operators, scientists, ecologists, and other
stakeholders (De Rijke Noordzee, n.d.).
DRNZ is realised through a €8.5 million contribution from the Nationale Postcode
Loterij (National Postcode Lottery; on behalf of other parties such as Vattenfall and ASN
Bank).

Academic researchers
DRNZ works closely with researchers who help in the design, scientific monitoring, reporting
and implementation of the project. The scientific board of DRNZ guides the project. External
scientists, such as academics from the Wageningen UR Marine Research institute (previously
known as IMARES) help to identify the risks, benefits and conditions of the project, next to
ecological consultancies.

Legislators
The Dutch Exclusive Economic Zone (EEZ) and the activities therein are regulated by the
Rijksoverheid (the Dutch national government) and its various ministries and regulations (see
section 3.1). An overview of the agencies that are most closely involved with the regulation of
DRNZ’ activities is given below.
Ministerie van Infrastructuur en Waterstaat
The Ministerie van Infrastructuur en Waterstaat (Ministry of Infrastructure and Water
Management; I&W) is a Dutch ministry active in the fields of spatial planning and water
management, among others. Under its responsibility is the Rijkswaterstaat as a governmental
agency.
Rijkswaterstaat
Rijkswaterstaat is the executive agency of the Dutch Ministry of Infrastructure and Water
Management. RWS is the main authority that manages the administration of the North Sea.
RWS grants permits for activities in the North Sea under the Waterwet, which regulates
infrastructure and substrates deployed on the seafloor. RWS also coordinates the
environmental management associated with offshore wind energy.
Ministerie van Landbouw, Natuur en Voedselkwaliteit
Another important actor is the Ministerie van Landbouw, Natuur en Voedselkwaliteit (Ministry
of Agriculture, Nature and Food Quality; LNV). LNV is the Dutch authority that addresses
fishery and natural conservation policies, aiming for the protection of Dutch fauna and flora. It
is the leading authority for issuing environmental permits or exemptions under the wet
natuurbescherming (Nature Conservation Act).
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Ministerie van Economische Zaken en Klimaat
The Ministerie van Economische Zaken en Klimaat (Ministry of Economic Affairs and Climate;
EZK) is responsible for environmental, climate change and renewable energy policies, such
as the wet windenergie op zee (Offshore Wind Energy Act). It contributes to the realisation of
wind parks in association with energy companies, stakeholders, and the public. Moreover,
EZK is the commissioner to the Offshore Wind Ecological Program (WOZEP), which
investigates the ecological effects of OWFs.
De Rijksdienst voor Ondernemend Nederland
De Rijksdienst voor Ondernemend Nederland (The Netherlands Enterprise Agency; RVO) is
the executive agency of EZK and LNV. It coordinates the application and permit procedure for
OWFs through its Energy Projects Office.

Fishery groups
Fishers may be among the historically oldest group of stakeholders of the North Sea. The
Netherlands has a long maritime history and diverse maritime economy (FAO, 2007). Although
fishery accounts for less than 0.1% of the Dutch GDP, the Dutch fleet contributes to a
considerable amount of income, economic activity and employment (European Commission,
n.d.), especially in the southwestern part of the country (FAO, 2007). In 2019, 731 fishing
vessels were registered in the Netherlands (European Commission, 2020). The Dutch fishery
sector creates a revenue of ca. €4 billion and 6200 full-time jobs in ca. 300 companies (Dutch
Fish Marketing Board, n.d.).
The fishers face different challenges, such as resource depletion (fish stock decline),
fishing restrictions, market competition, and the limited amount of fishing grounds in the Dutch
EEZ (FAO, 2007). Also the increasing installation of OWFs, the ban on pulse fishing, the
Covid-19 crisis, by-catch laws and the developments around Brexit leave the fishery sector in
uncertainty (Rijksoverheid, 2020b).
To grasp the many individual fishers and fishing companies, we identified two
professional fishing organisations as representative key stakeholders.
VisNed
VisNed is the largest advocate for the interests of the fishing industry in the Netherlands,
especially of the cutter fishers. It is the umbrella organisation under which several production
organisations (POs) are represented, including the POs of Southwest Netherlands, Urk, Kop
van Noord-Holland and Texel. VisNed represents the fishermen’s interests nationally and
internationally in cross-regional and sectoral issues, such as pulse fishing, nature
conservation, social issues or the spatial use of the North Sea (VisNed, n.d.).
Nederlandse Vissersbond
The Nederlandse Vissersbond (Dutch Fishers Federation) is a professional representative
organisation for Dutch fishermen working in sea fishing, shellfish fishing, aquaculture
(mussels) and inland fishing. It represents the POs Nederlandse Vissersbond and IJsselmeer
and has more than 300 members. The Nederlandse Vissersbond aims at protecting,
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representing and working towards fishers’ interests in the light of legally regulated catching
quota and environmental conservation strategies, among others (Nederlandse Vissersbond,
n.d.).

OWF and grid operators
The OWF and grid operators have an important stake in this project, since it is their operation
grounds on which artificial reefs are or will be deployed under the DRNZ programme. For this
report, the OWF and grid operators that collaborate with DRNZ are of top priority. Under this
category fall the Danish multinational energy company Ørsted (operating Borssele wind parks
I & II), the Dutch energy producer and supplier Eneco (operating Luchterduinen and Prinses
Amalia wind park), the Blauwwind consortium, consisting of shareholders of Partners Group,
Shell, Eneco, DGE and Van Oord (currently constructing Borssele wind parks III & IV). TenneT
is the national grid operator, which is responsible for managing energy transmission through
offshore cabling and platforms. In addition, several other OWFs exist or are in planned for
future construction, such as Gemini or Hollandse Kust. For clarity of the research, we focus
on the OWF partners of DRNZ in this report, based on the information of collaboration provided
on the DRNZ website.
The offshore energy sector in the Netherlands expects significant growth opportunities
due to the massive roll out of OWFs (Rijksoverheid, 2020a; Velthuijsen, Hensgens & Muller,
2018). The offshore wind energy production will be increased from currently ca. 1 Gigawatt
(GW) to 3.5 GW in 2023 and eventually 11.5 GW in 2030 (Rijksoverheid, 2020a). The Dutch
energy transition will lead to a 17% to 26% cover of the Dutch EEZ by OWFs (Matthijsen et
al., 2018).

Expert partners for offshore activities
To successfully install artificial reefs on the seafloor in Dutch OWFs, several expert partners
support DRNZ. Next to the academic researchers outlined above, several consultancies and
contractors are involved with the pilot projects of DRNZ (expert partners that are not directly
involved with DRNZ are not listed). The consultancies Bureau Waardenburg and SASCON
are involved in the design, monitoring, and implementation of nature enhancement activities
at Luchterduinen park. In addition, the maritime contractor Van Oord assists in the practical
implementation and installation of artificial reef substrates on the seafloor at several pilot sites
of DRNZ.

Management of similar projects
DRNZ is not the only programme that aims at nature enhancement through reef-building
organisms in the North Sea. ARK Nature and the World Wildlife Fund for Nature (WWF) have
in collaboration with other stakeholders worked on recovering shellfish beds in the Dutch
coastal zone (Voordelta). Moreover, ARK Nature and WWF-NL developed a project in a first
attempt to actively restore shellfish beds with the help of artificial substrate at the Borkum Reef
Ground. It was found that the introduction of oysters is possible and that artificial reefs can
support the enhancement of oyster populations (Didderen et al., 2020).
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Management of similar projects
Due to its focus on nature enhancement and biodiversity, the pilot projects of DRNZ involve
several environmental non-governmental organisations (ENGOs).
Natuur & Milieu
Natuur & Milieu (Nature & Environment) is one of the two NGOs active in the steering
committee of DRNZ. Natuur & Milieu is a Dutch NGO that aims for climate change mitigation
and the restoration of biodiversity, following the vision of a “sustainable future for everyone”
(Natuur & Milieu, n.d.-a). Natuur & Milieu is active in many different areas such as renewable
energy, sustainable mobility and healthy food and cooperates with politicians, companies,
environmental organizations, and other interest groups.
Stichting De Noordzee
Next to Natuur & Milieu, also Stichting De Noordzee (The North Sea Foundation) is part of the
steering committee of DRNZ. Stichting De Noordzee is a Dutch environmental organization
committed to environmental protection and sustainable use of the North Sea. Together with
partners and stakeholders, The North Sea Foundation works towards four goals: space for
nature, a clean sea, sustainable food and renewable energy (Stichting De Noordzee, n.d.).
WWF-NL
Although not directly involved in the project management of DRNZ, the Wereld Natuur Fonds
(World Nature Fund; WWF-NL) has been identified as a stakeholder to DRNZ. WWF-NL is the
Dutch branch of the World Wildlife Fund for Nature (WWF), one of the most commonly known
nature conservation organisations. WWF-NL fights nature deterioration and biodiversity loss.
It is dedicated to a vision of people and nature living together in harmony, both in terrestrial
and marine settings (WWF, n.d.). WWF-NL is involved in the ARK pilot project of biodiversity
restoration at Borkum Reef Ground and has expressed its support for nature enhancement
actions (WWF, 2019).
Greenpeace
Greenpeace is an environmental organisation which works on climate change and biodiversity
and is widely known for its spectacular activities. During the Brent Spar affair in the 1990s,
Greenpeace demonstrated the influence ENGOs can exert in marine governance.
Greenpeace’s powerful position had a considerable effect on the decisions made regarding
the removal of infrastructure and substrate from the seafloor under the OSPAR convention
(Jørgensen, 2012). For this reason, the Dutch Greenpeace branch is considered an important
stakeholder in this project, although it is not directly involved in the project.

4.2 Stakeholder overview
Stakeholders can be classified according to different criteria, such as power, interest, claims
and legitimacy (Ramos et al., 2011). The categorisation used here is based on the work of
MacArthur (1997), who distinguishes primary, secondary and external stakeholders. Primary
stakeholders refer to those individuals or groups of actors that expect benefits through the
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implementation of the project or are directly affected by the project. Those involved indirectly,
who contribute to the implementation of the project, are secondary stakeholders. Those that
potentially gain benefits from the project without being directly involved are referred to as
external stakeholders. This classification is utilised in the following table 3, where primary
stakeholders are referred to as class I, secondary stakeholders as class II, and external
stakeholders as class III.
Table 3: Overview list of stakeholders, their classification (class.) according to Ramos et al. (2011), their sector
and their stake in DRNZ, based on the information given in section 4.1.

Stakeholder

Class. Sector

Stake/interest in project

Natuur &
Milieu

I

NGO

Reef restoration; biodiversity enhancement

Stichting de
Noordzee

I

NGO

Reef restoration; biodiversity enhancement; sustainable
use of the North Sea

Eneco

I

Private (OWF
operator)

Market competition (tender process); positive effect on
reputation; reduction of ecological impact

Blauwwind

I

Private (OWF
operator)

Market competition (tender process); positive effect on
reputation; reduction of ecological impact

Ørsted

I

Private (OWF
operator)

Market competition (tender process); positive effect on
reputation; reduction of ecological impact

TenneT

I

Private
(grid
operator)

Market competition (tender process); positive effect on
reputation; reduction of ecological impact; aiming for
corporate social responsibility

Academic
researchers

I

Public
(research
institutions)

Scientifically accountable implementation of the
project; data collection; monitoring; assessment of
risks and benefits; access to funds

Bureau
Waardenburg

II

Private
(consultancy)

Scientifically accountable implementation of the project;
data collection; monitoring; assessment of risks and
benefit; business opportunity

SASCON

II

Private
(consultancy)

Scientifically accountable implementation of the project;
data collection; monitoring; assessment of risks and
benefit; business opportunity

Van Oord

II

Private
(contractor)

Installations as business opportunity

National
Postcode
Lottery

III

Private

Financial support of innovative project

Rijksoverheid

III

Public (central
government)

Meeting renewable energy and nature protection goals;
balancing different claims of use in Dutch EEZ

VisNed

III

Private (fishery
industry)

Increased fish resources; opportunity for
multifunctional use of space in the Dutch EEZ;
participation in societal change

Nederlandse
Vissersbond

III

Private (fishery
industry)

Increased fish resources; opportunity for multifunctional
use of space in the Dutch EEZ;
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Greenpeace

III

NGO

Biodiversity enhancement; ecologically sound rollout of
OWFS

WWF-NL

III

NGO

Biodiversity enhancement; ecologically sound rollout of
OWFS

ARK Nature

III

NGO

Biodiversity enhancement; ecologically sound rollout of
OWFS

In projects such as DRNZ, different potentially conflicting interests and claims require
consideration for a successful project outcome. To illustrate their respective interests and
powers, a power-interest matrix can be constructed (Johnson, Scholes & Whittington, 2008).
This grid arrays stakeholders in a two-by-two matrix where the dimensions are the
stakeholder’s interest in the issue and the stakeholder’s power to affect the future of the issue.
The power versus interest grid helps identify the relevant stakeholders and whose interests
and power must be taken into account in order to address the issue at hand. The position in
the resulting four quadrants shows whether stakeholders should be managed closely, kept
satisfied, kept informed or monitored to successfully engage with the issue (Bryson, 2004).
For the stakeholders identified for DRNZ, this classification is given in figure 4. The
Rijksoverheid, including legislators, ministries and executive agencies have the largest
amount of power over the artificial reefs installed under DRNZ. Their interests are limited to
meeting national energy and nature conservation goals and legal compliance. Of less power
are the funding partners, who affect the course of the programme through their financial
support. Their interest in the issue itself is potentially rather limited. OWF and grid operators
have similar power, as they are in the position to decide whether they cooperate with DRNZ
and support the installation of artificial reefs within their operation grounds. ENGOs have a
steering power through their position in the management of DRNZ and similarly the highest
interest in the programme. Academic researchers and expert partners (executors and
consultants) provide support in the placement and scientific monitoring of artificial reefs.
Fishery groups are limited to voicing support or opposition but have no direct power over the
outcome of the project.
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Figure 4: Power-interest matrix for the stakeholders to DRNZ (based on section 4.1). ENGOs - environmental
non-governmental organizations; OWF companies - offshore wind farm companies.

4.3 Stakeholder analysis
This section explains the results from the email consultation. Out of 18 requests 8 stakeholders
participated. Almost every stakeholder group was represented in the participation, except for
the ‘Management of similar projects’ group. The responses from stakeholders are discussed
according to the questions that were posed to them in section 4.3.1. It is structured in a way
that not every answer is discussed. Instead, the general support or opposition of the
stakeholders regarding requested subjects is first assessed shortly. Subsequently, their
considerations, comments or conditions are handled more elaborately. The email with the
request for the participation of the stakeholders as well as their full responses are found in
Appendices 3 and 4.
Next, to obtain a deeper understanding of the vantage points of the stakeholders the
results from the desk research and the consultation are analysed according to the different
perceived meanings in biodiversity enhancement of windfarms in the North Sea in section
4.3.2. Finally, it is important to discuss the current developments in the design of the North
Sea. Hence, the Onderhandelaarsakkoord voor de Noordzee (North Sea Accord; in short:
Noordzeeakkoord) is discussed and explained in section 4.3.3. This discussion refers to the
future plans of most stakeholders in this research regarding OWFs on the North Sea and multiuse of space.
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4.3.1 Results of the stakeholder consultation
What is your organisation’s perspective on biodiversity enhancement activities in the
North Sea?
All stakeholders seem to be in support of biodiversity enhancement activities on the North
Sea. Most of them, especially environmental organizations, experts and academia, state it as
a necessity. While there is general support, some of the stakeholders also have comments.
According to prof.dr. Han Lindeboom (HAME), oyster reefs with a high biodiversity
have completely disappeared from the North Sea floor due to overfishing of oysters in the late
19th century. Trawling has further caused the removal of stones, leaving the seafloor sandy
and without hard substrate for oysters to establish on. Instead, this left the seafloor very
suitable for sole and plaice. He would opt for protected zones in the North Sea: “To enhance
biodiversity once more we need large Marine Protected Areas with no fisheries (certainly no
trawling). These areas should be closed for ever and it will take 20 to 30 years before we may
expect a clear change in the ecosystem” (HAME, personal communication, June 08, 2020).
Hein Sas MSc (SASCON) states that bottom trawlers are known to destroy reefs,
which are keystone to biodiversity. He explains that, as a precondition, there should be notake and no-bottom trawling zones to allow for nature restoration. These zones could for
instance be in OWFs. Hein Sas expects that certain reef forming organisms will establish reefs
at these zones by themselves. Some other reef forming organisms, in particular shellfish, will
need to be reintroduced in the North Sea. An interesting experiment to consider next to using
artificial reefs, he suggested, is leaving parts of the area of the OWFs alone, to see what
happens spontaneously.
Prof.dr. AJ Tinka Murk (Wageningen University), states that it is a good idea as long
as nature can decide where to establish itself.
Nederlandse Vissersbond agrees that biodiversity enhancement activities on the North
Sea can be favourable for fisheries if this increase in biodiversity contributes to a robust fish
stock.
What is your organisation’s perspective on artificial reefs as biodiversity enhancement
options within offshore wind farms (OWFs)?
Among the respondents there is also little opposition against using artificial reefs as
biodiversity enhancement options within OWFs. Also, most of them explain that just the
presence of wind farms foundations and additional scouring protection will already stimulate
reef forming organisms to establish. The comments that the respondents gave are, however,
more diverse and focus on the applicability of OWFs as biodiversity enhancement if there is
no long-term plan for the North Sea.
Eneco’s representative favours natural reefs over artificial reefs. Therefore it would be
better to increase the effectiveness of the necessary measures for sustainable energy than
placing additional reefs. Also, a clear, long-term vision for the future should be established.
Practically, this means that the duration of the artificial reefs should also be incorporated into
the planning. For now it is obligatory for OWF operators to clean up and remove structures up
to 5 meters below the sea surface after 20-30 years of service, while reef forming organisms
38

would have established themselves there. Eneco’s representative proposes that a long-term
solution could be to keep the structures there so they could take the function of artificial reefs
(Eneco, personal communication, June 15, 2020).
Prof.dr. Han Lindeboom (HAME) states artificial reefs are a good approach to enhance
biodiversity. However, he remains critical about the applicability of the OWFs for biodiversity
enhancement, since the OWFs will be removed after decommissioning and they are scattered
over the North Sea. He states it is preferred that a few larger areas will be designated for
biodiversity enhancement than doing this in many wind farms: “It is better to designate a few
larger areas within the Marine Protected Areas for biodiversity enhancement than doing this
in many wind farms that will be removed after decommissioning. It is also better to do this in
one or two larger areas within the wind farm or in a designated area than doing this per turbine”
(HAME, personal communication, June 08, 2020). For this a clear vision on the long term
future of the North Sea is necessary.
Hein Sas (SasCon) states the artificial reefs could be helpful as additions to setting
substrate and shelter. However, in line with his statement on leaving nature to develop itself
he says that: “Overall, the amount should be limited and hence the benefits are necessarily
small” (SasCon, personal communication, June 05, 2020).
The representative from Greenpeace explains that, since these areas will not be
available for fishing and transport: “OWFs form ideal locations as protected areas from which
nature can recover. Therefore, artificial reefs which boost the biodiversity in these areas are
regarded positive” (Greenpeace, personal communication, June 10, 2020). Additionally, the
representative comments that the construction of the artificial reefs and the materials used
should be done sustainably; it should do more good than harm.
The representative from TenneT states that “adding hard substrate via artificial reefs
is non-debated as having a positive impact on biodiversity” (TenneT, personal communication,
June 15, 2020). However, the representative says that local circumstances need to be taken
into consideration as there is “no ‘one size fits all' solution, not yet at least. Improvements in
structure design, and location specific designs are important elements to consider” (TenneT,
personal communication, June 15, 2020).
As the representative from Ørsted describes, the integration of the artificial reefs (and
other biodiversity options) is not simple. It is highly complex and very specific to the location
and OWF characteristics. The Ørsted representative further stresses that it is also not without
risk and cost to the OWF developer: “The cost aspect cannot be ignored in a competitive
market of zero subsidy wind farm tenders or future OWF auctions” (Ørsted, personal
communication, June 11, 2020). Increased risks to the structural integrity of the wind farms
will put the OWF developers in a financially precarious position. Ørsted therefore favours to
have “a large degree of flexibility in terms of reef design, location within the OWF, installation
time and methodology etc. to allow for optimisations and synergies with the OWF design and
installation” (Ørsted, personal communication, June 11, 2020). Collaboration with the artificial
reef developers will be necessary to make sure that the artificial reefs will not harm the
installations.
The representative from the Nederlandse Vissersbond states that “If biodiversity can
be increased by these artificial reefs, this will contribute to nature development and that should
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count towards the government's task in the field of nature conservation and restoration. In
short: the construction of wind farms then means including nature development at that location
.. and not as now nature areas to compensate for the negative effects of wind farms”
(Nederlandse Vissersbond, personal communication, June 10, 2020).
What benefits or risks does your organisation perceive from leaving artificial reef
substrate on the seafloor at OWFs within the Dutch exclusive economic zone (EEZ) of
the North Sea?
The stakeholders contribute various perceptions of risks leaving artificial reefs permanently on
the seafloor in OWFs, based on their expertise and workfield. The risks focus on the materials
used to make the artificial reefs, the effectiveness of the current plans, whose responsibility
the reefs are after DRNZ’s project ends and indirect threats of leaving the reefs.
The representative from Greenpeace also does not perceive many risks, assuming
that the placement of the artificial reefs does not damage the living substrate or the ecosystem.
It is also highlighted that sufficient research has been done preventing the use of invasive
species in the artificial reefs.
TenneT’s representative also perceives risk regarding the materials used for the reefs;
in both the stability and whether they could have long-term environmental impacts. The
representative also adds that: “it doesn't seem to make sense to remove objects after the
lifetime of the OWF and/or grid assets, as these objects were placed to increase biodiversity
levels” (TenneT, personal communication, June 15, 2020).
Prof.dr. Han Lindeboom (HAME) stresses that he would opt to put these reefs in a few
well-protected areas in the North Sea, not seeing many risks if it is planned this way. It would
be beneficial for the larger North Sea ecosystem. Regarding doing this at OWF sites he states:
“If you do it in many small areas with a few pipes or reef balls per turbine, this is gardening in
the North Sea and will hardly be beneficial for the ecosystem at large.” (Han Lindeboom,
personal communication, June 08, 2020). He also explains that removing the artificial reefs
from the seafloor is: “a useless exercise for biodiversity enhancement. (...) The risk is a large
waste of money” (HAME, personal communication, June 08, 2020).
The representative from Ørsted sees benefits regarding the overall contribution to
biodiversity and that there are no future financial or technical risks due to the obligation to
remove the reefs. However, there is also a risk if the OWF owner is liable and responsible for
the reefs after the OWF is decommissioned. The representative therefore poses the question:
“Could the reefs hamper future OWF repowering/developments in the same area?” (Ørsted,
personal communication, June 11, 2020).
The representative from Nederlandse Vissersbond identifies indirect threats of placing
the artificial reefs on the seafloor: “Artificial reefs could become (artificial) ecosystems with
(new) species that would subsequently gain a protected status. That would in turn be a risk
for fisheries if those species are caught as by-catch” (Nederlandse Vissersbond, personal
communication, June 10, 2020).
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Does your organisation have objections to artificial reefs permanently remaining on the
North Seafloor? Please elaborate on your answer.
Finally, the permanent placement of artificial reefs was also met with little opposition from the
stakeholders. Most of the stakeholders echoed their aforementioned concerns, comments and
conditions.
Prof.dr. Tinka Murk (Wageningen University) gave a clear response to this question:
“Certainly not! I think it is a shame to allow people to remove rich and biodiverse habitats
unless it is really important for e.g. safety reasons” (Tinka Murk, personal communication,
June 05, 2020). She then adds that if this is necessary, moving the reefs with the organisms
attached to them should also be considered. As a precondition though, the substances that
are put and left on the seafloor cannot be harmful. Furthermore, Tinka challenges the used
term of ‘artificial reefs’, stating that “It is nature that follows upon the opportunities people
created, it is not artificial” (Tinka Murk, personal communication, June 05, 2020).
Hein Sas (SasCon) repeats his earlier statements in saying that “the artificial reefs
should not be deployed in large amounts, so the benefits are small, as are the risks. Leaving
a small amount of artificial reefs on the seafloor should therefore be no problem” (SasCon,
personal communication, June 05, 2020).
Nederlandse Vissersbond’s representative shares that there are no objections ‘’as long
as it remains within the OWFs” (Nederlandse Vissersbond, personal communication, June 10,
2020).
Considering their perceived risks and benefits, Ørsted’s representative states that: “we
overall find it sensible to leave artificial reefs permanently on the North Sea floor. In addition,
we feel that in order to maintain the conservation benefits artificial reefs would need to be left
permanently on the seafloor” (Ørsted, personal communication, June 11, 2020).
Prof.dr. Han Lindeboom states that he has no objections. However, he explains that
“not the (complete) removal of the structures after the operational phase should be the aim
but the permanent protection of the 'new biodiversity'. There are different ways to reach this
goal, but a new legal approach on marine protection is prerequisite, both nationally and
internationally” (HAME, personal communication, June 08, 2020).

Summary Box 3 Stakeholder analysis
●
●

●

8 out of 18 requests for participation were answered; all stakeholder groups - except
for the group ‘Management of similar projects’ - are represented.
There is general support for biodiversity enhancement activities on the North Sea,
using artificial reefs for biodiversity enhancement and permanently leaving the reefs
on the North Seafloor.
Comments and conditions came from various perspectives and generally focus on
the materials used for the reefs, the necessity of specifying individual biodiversity
enhancement cases at OWFs and the effectiveness of the current plans and the
need for a secure, long-term vision for the North Sea.
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4.3.2 Analysis of the meanings of biodiversity enhancement in OWFs
The responses to the stakeholder consultation show that there are many different vantage
points to biodiversity enhancement in OWFs. Generally, all stakeholder groups acknowledge
the factual upscaling of OWFs and its far-reaching effects on nature and the spatial order of
the North Sea. Also, biodiversity enhancement is uncontested among stakeholders as a
favourable objective for the North Sea. However, different stakeholders attach different
meanings to the role of OWFs beyond climate change mitigation.
During the stakeholder analysis, various themes emerged that illustrate how
stakeholders understand biodiversity enhancement through artificial reefs within OWFs.
These different meanings of stakeholders are potentially closely related to their conditions and
limitations for artificial reefs and their permanent installation on the seafloor. Assessing these
themes therefore elucidates the reasonings underlying the perspectives of stakeholders. A
thorough understanding of stakeholders’ perspectives based on these meanings can help the
commissioner in responding to the diverse stakeholder interests and claims. To get a deeper
understanding of the meanings that stakeholders attach to biodiversity enhancement, the
insights from the stakeholder consultation are complemented with results from the desk
research in the following sections.
Killing two birds with one stone: reconciling climate change mitigation & biodiversity
OWFs are generally regarded as opportunities to counteract climate change through the
generation of renewable energy. Beyond that, the function of OWFs can be complemented by
nature enhancement. Making use of OWFs as sites of both nature enhancement and climate
change mitigation is a theme that was prominent among ENGOs. For ENGOs, this means
tackling two global challenges through one approach. Natuur & Milieu, for example,
emphasizes that the multifunctional use of OWFs can “help our Earth in two ways: renewable
energy against climate change, and nature enhancement for more biodiversity in the North
Sea” (Natuur & Milieu, n.d.-b). All ENGOs identified as stakeholders to this project highlight
the importance of the fact that the “growth of renewable energy takes place with respect for
nature and within the ecological carrying capacity” (Stichting De Noordzee et al., 2020). In this
sense, nature enhancement activities in OWFs are understood as killing two birds with one
stone: counteracting both climate change and biodiversity loss. The long-term effects of
biodiversity enhancement may be much larger than its short-term effects and subsequent
removal. No stakeholder stated clear opposition towards the permanent installation of artificial
reefs, which would support its long-term effectiveness.
Enhancing support for OWFs
The Netherlands have experienced a significant level of public and political opposition against
renewable energy projects (Verhees et al., 2015). Especially the close proximity to wind parks
in this densely populated country has been an important motive for resistance (Verhees et al.,
2015). Although offshore projects can help to reconcile this issue, resistance and opposition
are still not off the table (Sikma, 2020). In this sense, several stakeholders understand nature
enhancement as opportunities to enhance support for OWFs. Natuur & Milieu claims that
projects such as DRNZ foster public enthusiasm by making people “think more positively about
the further roll-out of sustainable energy at sea” (Natuur & Milieu, n.d.-b). Closely related is
the notion that the continuous debate about the perks and perils of offshore wind energy can
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be provided with more thorough knowledge, if nature enhancement projects are carried out
and closely monitored (Vattenfall, 2019).
Biodiversity enhancement as a competitive advantage
The massive rollout of offshore wind energy pursued by the Dutch government promises
economic opportunities and revenues for OWF and grid operators (Graré et al., 2018). To
become a business partner in the energy transition, OWF and grid operators have to
participate in tender auctions and receive permits for the construction and operation of OWFs
(see section 3.1). Nature enhancement helps to meet the legal requirements for nature
conservation (Eneco, n.d.) “so that damage to nature is prevented” (TenneT, 2017). If
permanently installed reef structures increase their effectiveness for biodiversity
enhancement, meeting (and exceeding) legal requirements can be expected to benefit the
OWF operators.
Beyond legal compliance, unique and innovative business strategies can also secure
companies a competitive advantage (Ireland & Webb, 2007). OWF operators have understood
the uniqueness of fostering artificial reefs in OWFs. They claim to be “global pioneers in the
field” (Eneco, n.d.), giving them a potentially strategic advantage in contrast to companies
refraining from such projects.
However, it must be acknowledged that artificial reefs and especially their permanent
installation also pose risks to companies on the OWF market. Especially the responsibility and
the “cost aspect cannot be ignored in a competitive market of zero subsidy wind farm tenders
or future OWF auctions” (Ørsted, personal communication, June 11, 2020). However, by
installing reefs permanently, “no future financial or technical risks related to
removal/decommissioning of the reef substrates are expected” (Ørsted, personal
communication, June 11, 2020). This provides firms a financial incentive to support DRNZ in
its goal of permanent installations.
Biodiversity enhancement as a compromise in the competition for space
The North Sea is used for a multitude of purposes by many actors. Due to the limited maritime
space within the Dutch EEZ, the Dutch government aims at “space-efficient use” (Ministerie
van Infrastructuur en Waterstaat, 2014, p.35). However, the extensive negotiations about the
Noordzeeakkoord (Overlegorgaan Fysieke Leefomgeving, 2020) (see the following section)
revealed the complexity of the spatial organisation of the North Sea. Especially the fishery
industry is concerned about their role in the future use of the North Sea. In the view of
fishermen, the closure of fishing grounds for both nature conservation and OWFs imposes an
unproportionally large burden upon them (van Urk, 2020). Smaller fishing grounds are
expected to lead to fewer catches and lower revenues (Stichting ProSea, n.d.). In this way,
fishermen are “hit twice” (Drijver et al., 2020): fishing grounds are not only lost to the rollout of
wind energy, but also to additional areas assigned as nature compensation for the installation
of OWFs (van Urk, 2020).
In this sense, the fishery sector perceives biodiversity enhancement within OWFs as
a way to compensate for the installation of OWFs. A representative of Nederlandse
Vissersbond explains that if artificial reefs can increase biodiversity, they should be counted
towards nature conservation measures (Nederlandse Vissersbond, personal communication,
June 10, 2020). This would mean that nature development could take place within OWFs
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instead of in additional compensation areas. This aspect is also closely related to the doubts
voiced by some fishermen regarding the purpose and effectiveness of protected areas (van
Urk, 2020; Café Weltschmerz, 2016).
In consequence, fishermen anticipate that OWFs are acknowledged as sites of nature
enhancement. This is potentially related to the expectation that it could lead to the closure of
fewer areas for fishing and access to larger fishing grounds than currently envisioned in the
Noordzeeakkoord (Overlegorgaan Fysieke Leefomgeving, 2020). It is not clear whether this
expectation is realistic. However, this approach could help overcome the disunity among the
fishing sector, manifested in the rejection of the Nederlandse Vissersbond to further participate
in the negotiations about the Noordzeeakkoord. What is clear, however, is that biodiversity
enhancement through artificial reefs also benefits the fishery industry (Nederlandse
Vissersbond, personal communication, June 10, 2020). The effects may be even larger if the
reefs are installed permanently.

Summary Box 4 Meanings of biodiversity enhancement
Different stakeholders attach different meanings to the role of biodiversity enhancement
within OWFs. It is understood as a reconciliation of climate change mitigation and
biodiversity, as a means to enhance support for OWFs, as a competitive advantage and as
a compromise in the competition for space. The permanent installation of reefs appears to
be supported in the stakeholders’ meanings.

4.3.3 Onderhandelaarsakkoord voor de Noordzee (North Sea Accord)
The findings of the stakeholder analysis have to be regarded in the wider context of the current
political situation. At the moment, the Noordzeeakkoord is on the political table as an
orientation for the future vision of the North Sea. The decisions made in the Noordzeeakkoord
will be decisive for the future work of DRNZ. Therefore, the Noordzeeakkoord, its purpose,
content and perspectives are described in the following section.
Competition for space on the North Sea has increased in recent years and the great
challenge that lies ahead for its future design requires broad support. Therefore, the Ministry
of Infrastructure, which carries responsibility for its coordination, has requested an exploration
of the opportunities for an accord between its stakeholders (Overlegorgaan Fysieke
Leefomgeving, 2020). The agreements in this Noordzeeakkoord form the basis for the
Ministerie van Infrastructuur en Water’s Strategische Agenda voor de Noordzee 2030
(Strategic Agenda for the North Sea 2030) and the Programma Noordzee 2022-2027 (North
Sea Program 2022-2027) and also the relevant policy documents of the Ministerie van
Economische Zaken such as the Routekaart Windenergie Op Zee Na 2030 (Roadmap for
Offshore Wind Energy 2030). The accord states that the government and stakeholders
mutually commit themselves to loyal cooperation in the implementation of the agreements of
this accord.
Many of the stakeholders that came to an agreement in this accord are also included
in the consultation of this project. The common stakeholders are the Ministerie van
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Infrastructuur en Water, TenneT, VisNed, Nederlandse Vissersbond, Stichting de Noordzee,
Natuur & Milieu, Greenpeace and WWF. DRNZ is not included as a stakeholder.
The accord describes how the stakeholders agree on overarching principles on the
functions of the North Sea from which they continue their negotiations. These starting points
are based on the transitions regarding nature, energy supply (referring among others to the
establishment of OWFs) and food supply (fishing) on the North Sea. The text refers various
times to the low quality of the ecosystem and its biodiversity. One of the principles is to guard
this quality and to restore it. Continued and increased use of the North Sea must fit within the
ecological capacity of the ecosystem. The North Sea is referred to as a commons: ‘’a shared
property for which we all share the responsibility to look after it” (Overlegorgaan Fysieke
Leefomgeving, 2020, p.11). Practically this means that there needs to be more protection of
areas on the North Sea for biodiversity as well as additional measures to limit negative effects
on nature. The busier the North Sea becomes, the more should be invested in its health. In
the text these efforts are referred to as the ‘’extra miles we have to make on the road to a
healthy North Sea’’ (Overlegorgaan Fysieke Leefomgeving, 2020, p.9).
To make optimal use of the scarce space multifunctional use of space is a guiding
principle. It is for example mentioned that objects and installations create new habitats and
can contribute to nature. To this end, activities in the North Sea will require a site-specific
approach. On top of the priorities for the design of the North Sea is a need for a clear inventory
of the use and characteristics of specific areas so that customized plans can be made. The
accord gives a name to these site-specific plans: ‘Gebiedspaspoorten’ (Area Passports).
Gebiedspaspoorten aim to make the specific characteristics of areas in the North Sea and the
balance between interests explicit for further proceedings. They will at least contain
information about the possibilities for future shared use by current and new users, in line with
the purpose for which the area is designated; as well as the current natural qualities and the
current users of the area.
The guiding principle of multifunctional use of space as envisioned in the
Noordzeeakkoord coincides with the short-term goal of DRNZ, i.e. making use of the
conditions in OWFS by placing artificial reefs there. The anticipation of new habitats and
nature enhancement through objects and installations corresponds to DRNZ’s goal of
installing artificial reef structures on the seafloor. Moreover, the site-specific
Gebiedspaspoorten represent an opportunity to define the areas which are suitable for
permanent installation of reef structures. Even the development of a catalogue of criteria for
these installations is possible, under collaboration of all stakeholders.
Some elements in the Noordzeeakkoord will be developed in the future. Most relevant
for DRNZ is first of all the future weighting of the abovementioned factors in the
Gebiedspaspoorten that are considered in the decision-making for a site-specific plan. It is
described in the Noordzeeakkoord that “The ‘New Economy’ on the North Sea requires space
for (upscaling) robust pilots and unambiguous policy with clear principles for granting permits
and locations” (Overlegorgaan Fysieke Leefomgeving, 2020, p.14). In this quote, the ‘new
economy’ refers to the multi-use of space for economic purposes: a network of actors
dedicated to this goal is the Community of Practice Multi Use North Sea 2030. Similar further
clarification on the Gebiedspaspoorten will also provide more predictability in the permit
application for projects in biodiversity enhancement such as DRNZ’s (see section 3.1.4).
Second, the legal form of the future collaboration of the stakeholders is still to be established.
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Overlegorgaan Fysieke Leefomgeving, the agency that also managed and documented the
negotiations of the Noordzeeakkoord, will address this governance structure in a separate
recommendation in the future (Overlegorgaan Fysieke Leefomgeving, 2020).
The most recent activity in the approval of this accord are queries by political parties
of the Tweede Kamer (House of Representatives), which are answered by the minister of
Infrastructuur en Waterstaat. The latest documented interaction was made available on June
11, 2020 (Vaste Commissie Infrastructuur en Waterstaat, 2020).

Summary Box 5 The North Sea Accord
●

●

●

Many of the stakeholders from this research have officially come to an accord on
overarching principles and considerations for the organization of the North Sea,
which has been documented by Overlegorgaan Fysieke Leefomgeving. DRNZ is not
included as a stakeholder in this accord.
Site-specific approaches are deemed necessary and will be designated as
‘Gebiedspaspoorten’. These will specify the characteristics of specific areas and
contain information about the possibilities for multi-use. This mechanism will be
further developed and is relevant to DRNZ’s application for a permit.
This accord is currently being presented to the Tweede Kamer (House of
Representatives).

4.4 Methodological limitations
Social research is inherently limited by a variety of factors. To ensure scientific credibility of
this project, the following paragraphs describe the limitations to the stakeholder analysis.
First, the current Covid-19 situation made contact with stakeholders complicated. Even though
communication was digital, several stakeholders indicated that they do not have the resources
to respond due to the changed employment and working situations. This is probably closely
related to those answers that were extremely short and lacked motivations or explanations
Second, we would like to point towards the limitations of a stakeholder analysis. It must
be kept in mind that stakeholders are individuals who inhabit different roles and have various
interests in society. Their perspectives do not necessarily have to conform with the
organisation’s perspective. Also, it is important to recognise the stakeholder analysis
performed here as a temporal snapshot.
Lastly, it is important to point towards the limitations of objectivity. In every stakeholder
project, there is some degree of selective bias, since the researchers bring in their
interpretations and assumptions of the project. In this sense, we as researchers become
stakeholders to DRNZ ourselves. This is an inevitable process in the stakeholder analysis
which needs to be acknowledged (Varvasovszky & Brugha, 2000).
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5. Ecological Assessment
The following figure 5 shows the steps of the ecological assessment and the applied
methodology. Step 1 is to specify the study area and explain the reasons for focusing on this
area. Step 2 focuses on the target species and what conditions the species need. Oyster reefs
are used as an example to illustrate the conditions suitable for artificial reef expansion. Step
3 describes the advantages of artificial reefs, accordingly based on oyster reefs. Step 4 is the
conclusion.

Figure 5. Overview structure of the ecological assessment

5.1 Background knowledge
This part of the report aims to evaluate the impact of removing artificial reefs from the North
Sea seafloor. Artificial reefs can provide habitats and help to establish a reef ecosystem, which
can provide a variety of ecosystem services (Lukens & Selberg, 2004). Ecosystem services
(ESS) are the benefits society obtains from ecosystems (Costanza et al., 1997). This
assessment focuses on marine and flat oyster ecosystems among artificial reefs.
To assess the impact of leaving or removing artificial reefs from the sea floor, Borssele
Wind Farm Zone (BWFZ) is selected for the research. At BWFZ, there are several working
sites of DRNZ present. The BWFZ, as shown in figure 6, is located at the southern border of
the Dutch Exclusive Economic Zone (EEZ) (Netherlands Enterprise Agency, 2016a). There is
a sand extraction area in the southeast of BWFZ and a piloting area in the east (Netherlands
Enterprise Agency, 2016a). The Belgian dedicated offshore wind zone is located in the
southwest (Netherlands Enterprise Agency, 2016a). Anchoring areas and a shipping corridor
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are located at the north side of the zone (Netherlands Enterprise Agency, 2016b). The BWFZ,
which is approximately 344 km2 is 22.2 km away from shore and the water depth is
approximately 16-38 m (Netherlands Enterprise Agency, 2016b).
According to DRNZ, the area of nature enhancement project in Borssele III & IV for flat
oyster is 800 m2, following research and calculations will be conducted based on this study
area.

Figure 6. The BWFZ and surrounding areas (Netherlands Enterprise Agency, 2016a)

5.2 Background research
5.2.1 Target species
Target species are indicators of biodiversity, which include reef building species, reef
benefiting species and reef associated species. To give a brief overview of these species,
representatives of each species group are listed below.
In the North Sea, flat oyster is a reef building species, which is known to create a stable
environment from an originally unstable one (Bureau Waardenburg, 2020). Reef benefiting
species are able to live in a moving and soft environment. When turned into hard and stable
reefs, their habitats are improved (Bureau Waardenburg, 2020). One typical species for reef
benefiting species is the Atlantic cod, which is widely dispersed in the North Sea (Heessen,
Daan, & Ellis, 2015). Reef associated species rely on hard substrates to settle, while
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enhancing functions of reefs at the same time (Bureau Waardenburg, 2020). European lobster
is categorised as reef associated species, which requires holes or crevices to hide (Hermans
et al., 2020). Usually this shelter is larger than their body size.

5.2.2 Conditions of oyster reefs
European flat oyster is categorized as a native reef building species to the North Sea with a
complex life cycle. It is also a filter-feeder species with contribution to ecosystem purification
(Sas et al., 2019). Thus, this section gives an overview of living conditions of European flat
oysters. Smaal et al. (2015) asserted that abiotic conditions such as current movement,
substrate, temperature, bottom disturbance, and water depth influence flat oyster reefs. Other
crucial factors are biotic conditions including disease, food availability, and predators that
constrain the growth of oyster (reefs)..

Abiotic condition of oyster reefs
According to Didderen et al. (2019), the area of study depth is varying between 10 and 40 m,
with a maximum current between 0.4 to 1.0 m/s. The water temperature is ranging from 3 to
19°C. This data fits the requirements for European flat oysters based on Sas et al. (2019) who
state that oysters require temperatures between 30C in winter, and 30°C in summer.
Abiotic factors influence flat oysters in different ways. Temperature can influence the
incidence of disease correlated with seasonal changes (de Kantzow et al. 2016). Another fact
is delivered by Dutertre et al. (2010) showing that the temperature also has an effect on
recruitment as well as the growth due to metabolism processes. Water depth can influence
the growth of oysters in terms of survival. This is mainly because oysters have a higher chance
of survival in greater water depth due to predator avoidance, even though this is not a variable
that is directly examined to have such effect (Byers et al., 2015). Current circulation also plays
an essential role in oyster growth. This was studied by Mitchell (2001) who shows that water
flow affects the phytoplankton availability as well as the spat stage of the oyster. In this stage,
oysters need to attach to the substrate. Current may flush away the oysters, leading to death.

Biotic condition of oyster reefs
Sas et al. (2019) describe that the habitat area of the North Sea has a low sedimentation rate
and low predation pressure on oysters. However, Gercken & Schmidt (2014) show that
species such as invertebrates, some species of fish, and birds are potential predators of
oysters. Moreover, starfish and crab pose a threat, especially for young oysters.

5.3 Marine and flat oyster ecosystem services analysis (ESA)
5.3.1 Comparison of ESA criteria
To evaluate the benefits of artificial reefs, this section compares the three common criteria for
assessment: the Millennium Ecosystem Assessment (MA), The Economics of Ecosystems
and Biodiversity (TEEB) and The Common International Classification of Ecosystem Services
(CICES). Table 5 shows that there are three ecosystem services among which MA focuses
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particularly on policy impact. However, in this section, considering that the long-term goal is
to increase species diversity, habitat is more analytically valuable when considered as a
separate category. Additionally, the complementary table of CICES for abiotic outputs is very
detailed. It provides very high research value in abiotic and biotic ecosystem services.
Therefore, the following table 4 refers to the classification method of CICES (Version 5.1) table
and lists the detailed ESS code in it.
Table 4. Comparative overview of MA, TEEB and CICES criteria (Brouwer et al., 2013)

Criteria

Millennium Ecosystem
Assessment （MA）

The Economics of
Ecosystems and
Biodiversity (TEEB)

The Common International
Classification of
Ecosystem Services
(CICES)

Advantages

High policy impact and it
defined ESS

-Habitat services is
separate category
-Avoid repeating the
final services and
intermediate one

-Avoid repeating the final
services and intermediate
one
-Explanatory tables can
be developed

Disadvantages

Without difference between
mid and final services

Without intermediate
service

Prioritize the needs of EU
countries

5.3.2 Overview of Marine and flat oyster ecosystem services
According to section 5.1, the type of artificial reef intended for BWFZ are flat oyster reefs.
Therefore, the ESA here takes the oyster reef as an example. The seafloor area under the
wind farm is the research area. The following table shows the sub-ecosystem services
provided by marine and flat oyster ecosystem services. The CICES code refers to the official
CICES table for clarification.
Table 5. Overview of relevant sub services in the Marine and oyster ecosystem services (Grabowski et al., 2012)

Function

CICES code

Subservices

Provision

1.1.2.1

Target species and other
species

Habitat

2.2.2.3

Biodiversity enhancement

5.3.3 Provision services
Artificial reefs provide habitats for species such as crabs, fish, starfish and sponges (Sas et
al., 2019), which is the reason that reefs attract broad interest for biodiversity enhancement.
To provide more detailed knowledge on the benefits of artificial reefs for biodiversity, the
relevant literature is reviewed in this section.
Hard substrates usually provide crevices and holes, which increase the complexity of
the surroundings (van Duren et al., 2016). A more complex environment results in a higher
biodiversity, including invertebrates and sea grass, due to the complexity of available habitat
(Leonhard & Pedersen 2005). Oysters have been utilised for such nature enhancement
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activities and the results have been positive. Oysters exhibit excellent survival and growth
rates in relation to hard substrate (Sas et al., 2019). Bouma (2012) describes the Egmond aan
Zee wind farm where oysters were collected several times after completion of the OWF. There,
sampled species showed large densities of colonisation. For instance, the density of starfish
was almost 180 individuals per square meter. Additionally, 8 new species were found. Several
non-indigenous species are also identified, such as skeleton shrimp. Studies from Vanagt et
al. (2013) in Prinses Amalia Wind Farm indicate a significant development of biodiversity.
Densities of attached species were 3 to 10 times higher than initially, with 4 new species
recorded. This wind farm has been colonised 75% by soft corals and shows the positive effect
to the ecosystem by artificial reefs.
Besides invertebrates, vertebrates like cod benefit from hard substrate, especially
seasonally. Due to the reefs’ function as feeding and hiding spaces (Kristensen et al., 2017),
cod are usually attracted by reefs, gathering for prey and shelters. In summer and autumn,
adult cod are observed assembling around reefs, expressing fidelity and residency, while in
winter the density of cod is smaller (Reubens et al., 2013).
The literature demonstrates that the longer reefs stay, the higher the species
abundance can be expected, which conforms to the goal of DRNS. Harrison and Rousseau
(2020) also point out that older reefs offer more complexity of habitats, with more food
availability for target species than younger reefs.

5.3.4 Habitat services
The complex marine and oyster reef ecosystems offer habitats to benthic animals, various
types of seaweed, and species such as the European flat oysters (Lengkeek et al., 2017). The
number of these species is dynamic (Lengkeek et al., 2017). For example, Spirulina in the
North Sea area has a high density due to high abundance, as shown by Rijkswaterstaat
(2018), but can vary both temporally and spatially.
In addition, the species abundance of artificial reefs is very different from that of natural
reefs (Coolen, 2017). A similar study by Coolen (2017) shows that the species richness of
natural reefs is much higher than that of artificial reefs. The predicted value is 56% higher than
the observed value, while it is only 36% for artificial reefs (Coolen, 2017). According to
Grabowski et al. (2012), oysters provide many non-market ecosystem services.

5.4 Critical evaluation
The oyster reefs are used as an example to illustrate services of artificial reefs. Oyster reefs
near the coast provide regulation services for non-oyster harvesting ecosystem services such
as water purification, carbon burial, coastline protection, and landscape processes (Grabowski
& Peterson, 2007). However, these services are mainly provided by reefs near the coast
(Grabowski et al., 2012). There is no detailed literature on man-made cages placed in the
vicinity of wind turbines. However, it is clear that man-made reefs provide habitats for a variety
of organisms (Grabowski et al., 2012). Therefore, benefits of habitat and provision are
expected for offshore artificial reefs.
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Evaluating the efficiency of ESS is a good way to evaluate environmental status
because ESS represents the benefits of the whole ecosystem. Considering that the long-term
goal is to improve biodiversity of the habitat, the conditions for recruitment can be considered
in more detail, such as the period and location of the release of the artificial reefs and whether
the artificial reefs withdrawn or new reefs are redeployed. In addition, other solutions are using
degradable materials or applying shells as settlement substrate (Sas et al., 2018).

Summary Box 6 Marine and flat oyster ecosystem service
●
●
●

The benefits of offshore artificial reefs mainly show as provision of species
abundance and habitat for marine organisms.
The future research directions, based on our current findings, is to conduct an
ecological benefit assessment and research different reef structures.
Evaluating the efficiency of ecosystem services is a good way to evaluate current
situations.

6. Alternative Materials for Reef Development
6.1 Introduction
In chapters 3 and 4, our team worked on insights into legislation and opinions of different
stakeholders. Benefits of artificial reefs is discussed in chapter 5. In this part of the consultancy
project, innovative solutions to conduct DRNZ’s projects complying with existing regulations
are explored.
Traditional materials for reef development are concrete, steel hulled vessels, wood,
shell, rock etc, which are ineffective or could pollute the environment (Lukens & Selberg,
2004). Alternative materials to construct artificial reefs are identified for building the artificial
reefs. These materials are nature occurring materials or are biodegradable, so there is no
need to remove these reefs after the programme ends. Besides, other materials are discussed
to give cheap or environment-friendly options for the programme. Subsequently, multi criteria
analysis (MCA) is applied to analyse reef systems made by these materials. Characteristic,
environmental and economic criteria are discussed. Effects on biodiversity, durability, stability,
degradation time, environmental impact and cost are indicators of these three criteria. Among
them, effects on biodiversity and environment impact are emphasized, which means they have
greater weights than other indicators. Based on the MCA result, the biorock reef is identified
as the most competent and suitable reef system for this project.

6.2 Reef Materials & System
Alternative materials consist of biodegradable material such as potato starch, nature occurring
material such as sand, non-natural substances such as ceramic and tires. Detailed information
on these materials is provided in the following chapters. Reef systems of these materials
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(ceramic materials, tires, biorock, 3D-printed reefs, and BESE-elements®) are described and
evaluated.

6.2.1 Ceramic material
One of the developments of artificial reefs is ceramic materials. Some other materials have
been developed such as bamboo, concrete, fiberglass, plastic, metal and marine alloy,
however, every material has its drawbacks. For example, bamboo or wood are easy to get
scattered by current circulation, and causes worse degradation for the seabed.

Figure 7. Ceramic reef developed in Japan laboratory (Kalam et al., 2018)

Furthermore, concrete blocks which are commonly used as artificial reefs in various
configurations have limited application due to their high cost. As an alternative, ceramic
represents one of the best options. Ceramic is economic, environmentally friendly, and
appears to be suitable for marine environments (Kalam et al., 2018). Ceramic as an alternative
in artificial reefs was also introduced by the London Convention and Protocol and United
Nations Environment Program (2009) as an ecological benefit for the marine ecosystem and
is known as EcoReefs.

6.2.2 Tires
Tires have been used as artificial reefs in many places. The motivation of using tires is the
development of fishing reefs with abundant materials that can be easily handled and
assembled at minimum cost (possibly no cost). Simultaneously, tires as reef material provide
possible solutions to the solid waste problems (Lukens & Selberg, 2004). In addition, the use
of tires provides benefits and drawbacks that need to be considered:
Benefits:
1. vehicle tires are light and easy to be handled,
2. the quantities are available in high amount,
3. tires are low-cost material for either deployment and removal process, which is suitable
for the North Sea case that has regulation constraints.
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Figure 8. Artificial tire reefs project deployed at Florida (Lukens & Selberg, 2004)

Lukens & Selberg (2004) report that tires have been massively implemented in some regions
such as New Jersey, Texas, and Florida. However, the use of tires is under debate since it
might lead to negative impacts for the environment due to its chemical compounds. According
to MacDonald (1994), artificial reefs made out of tires represent a way of waste disposal
framed as an opportunity for disguised ocean dumping.
In general, there are two methods to convert vehicle tires to artificial reefs: 1.) deploy
the tires directly into the water which tend to be unstable reef structures, 2.) build a reef out of
the tires in combination with concrete to make the structure compact (Sherman & Spieler,
2006). But after all the main concern about tires usage is the harmful ecological impact of the
tires on the environment. Aleksandrov et al. (2002) emphasizes that rubber leachate from
vehicle tires contains zinc, copper, oil product, paraformaldehyde, and acetone.

Figure 9: Tire reef structure (Sherman & Spieler, 2006)
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6.2.3 Biorock 2.0 Modification Artificial Reefs
The Biorock system has been under study for years and appears to provide various benefits
for the marine ecosystem. Biorock is a technology that allows reefs to grow faster by utilizing
electricity. In this regard, the electricity can be obtained from solar panels, or OWFs if possible,
which denotes the formation of sedimentation and electro-accumulation of minerals
(Janarthanan et al., 2017, Goreau & Prong, 2017). Biorock systems consist of a structure
made of metal, steel, and can use either magnesium, alumunium, or titanium materials
(Zamani et al., 2010). The biorock installation is explained by Spenhoff (2012) who stated that
the component of that system needs an electrically conductive frame, welded, submerged,
and anchored in the sea bottom.
Goreaue & Hilbert (2005) concluded that the biorock system has some benefits such
as faster growth reefs, and can maintain the reef even though in unideal condition such as
high temperature. In addition, biorock modified 2.0 is permeable and porous to the wave
compared to concrete reef balls. Safran (2009) further supported that the biorock system can
rapidly build up a dense fish population and is favoured by juvenile fish development. The idea
in using this model is to modify the material by using degradable material such as ceramic
combined with iron as a conductor of electricity. By combining these two, the reef and its
community will be established faster due to the electro-system, but it will be also eroded in the
next coming period (Goreau & Prong, 2017).
Figure 10 shows the model of a biorock system made of steel or iron that is attached
to the electric current through anode and cathode. Goreau et al. (2004) argue that this system
accelerates the calcification process and increases the algae symbionts that eventually attract
marine organisms. These artificial reefs have been implemented in many places such as
Maldives, Indonesia, and Thailand. It has proven to perform successfully as a spawning,
nursery, and feeding ground for marine ecosystems such as fish and oysters (Nanami et al.,
2018).

Figure 10: The Biorock system (Goreau et al., 2004)
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6.2.4 3D-printed reefs

Figure 11: Schematic diagram of 3D-printed reef (Reef Design Lab, n.d.)

3D-printed reefs can be used in any desired shape and can be made from locally dredged
material like sand (Hermans, Bos, & Prusina, 2020). These reefs provide habitat as a shelter
which can feed ground and/or nursery for target species (Hermans et al., 2020). The printed
reefs provide horizontal surface areas which can be shelter for species such as lobsters and
crabs, while also representing a growing habitat for oysters (Hermans et al., 2020). The 3Dprinted reefs provide a large surface area with a relatively compact space, which ensures high
food availability for target species (Hermans et al., 2020). Besides, 3D printed reefs can
produce a similarly textured and rough surface as natural reefs to encourage the growth of
marine flora and fauna. Simultaneously they bear tailored shapes with overhangs, undercuts
and hiding places for marine creatures (Boskalis, 2018). The reefs shown in figure 9 are 3Dprinted reefs currently tested in the North Sea.
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Figure 12: 3D-printed reef by Boskalis (Zachary, 2019)

An example of 3D-printed reefs is introduced in Boskalis’s report, which is shown in figure 12
(Boskalis, 2017). Boskalis carried out an artificial reef pilot project in Monaco. They printed
reefs with sand which are approximately 2 meters in diameter and 1 meter high, weighing 2.5
tons when dry (Boskalis, 2017). Boskalis installed six 3D printed artificial reef units off the
coast of Monaco. These have shown positive results: algae, worms and other invertebrate
species have found their home on the reef, and fish are swimming in and around the reefs
(Boskalis, 2017). Figure 13 shows the reef condition one year after installation. The big
challenge for these 3D-printed reefs will be the upscaling of production and parallel reduction
of production costs.

Figure 13: 3D-printed reef by Boskalis one year after installation (Boskalis, 2018)
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6.2.5 BESE-elements®

Figure 14: BESE-elements® (BESE, n.d.)

On the website of BESE (https://www.bese-products.com/), another biodegradable material is
presented: Biodegradable Ecosystem Engineering Elements (BESE-elements®). These are
3D structures made out of potato starch. BESE-elements® can be a temporary structure and
protection for organisms, facilitating their establishment. After establishment, the ecosystem
provides a structure on its own. During the establishment of the reef, the BESE-elements®
break down. The degradation time of this material depends on the environmental conditions,
but ranges generally from 10 to 20 years. The European oyster matures as male within one
or two year , changes after the first spawning to female, and then switches to male again.
Older oysters can spawn twice during one spawning season: once as a male and once as a
female (Smaal et al., 2015). Considering the reproductive process of flat oysters, a
degradation time of 10 to 20 years is sufficient to generate a self-sustaining replacement of
oyster reefs.
Placing flat oysters on BESE-elements® and installing the system on the seafloor can
therefore be considered a starting point to establish a reef ecosystem and to enhance
biodiversity. These properties make the BESE-elements® a viable option for DRNZ’s projects.

6.3 Identification of Indicators
To conduct a MCA, indicators for characteristic, environment and economic criteria are in the
following identified and introduced. Indicators for characteristic criterion are effects on
biodiversity, durability, stability and degradation time. Environmental impact is the indicator for
environmental criterion and cost is the indicator for economic criterion.
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6.3.1 Characteristic criterion
Effects on biodiversity
The effects on biodiversity of the artificial reefs made by the materials described in 6.2 are
crucial in this analysis, since a positive environmental effect is the main goal of DRNZ’s
projects. The effects are discussed for different target species, which are described in 5.2.1.
Reef building species are key species for reef biodiversity. Flat oyster is one of the
most promising reef building species of DRNZ. Flat oysters start life as male and switch
between male and female usually after three years (Bayne, 2017; Walne, 1974). Oyster spat
disperse before settling on a hard substrate. Then they adhere or fix themselves to the
substrate and do not disperse further. Oyster shells in existing oyster beds are preferred
substrate for oyster spat to settle (Smaal et al., 2015). Since settled oysters are easily buried
by sand and sediment, locations with little sediment movement are the optimal sites for oysters
(Bureau Waardenburg, 2020).
Oyster bed development is a self-reinforcing process due to the positive feedback of
existing oyster shells. Therefore, artificial reefs that provide the flat oysters a substrate to grow,
settle and develop the oyster bed are needed to contribute to long-term benefits for
biodiversity. Therefore, the effect of the reefs for enhancing oysters is an important aspect to
the analysis. Moreover, the ability of the reefs to provide a shelter for reef associated species
and reef benefitting species is another important aspect. These are beneficial to biodiversity
enhancement in the short term.
Species selectivity is also an important effect on biodiversity to consider. The materials
and systems that have been described in 6.2 are suitable for some certain species. For
example, the use of ceramic has been applied in laboratory scale in Japan, and it portrays a
good sample on how these ceramic reefs are able to host bacteria, diatoms, plankton, and
other aquatic organisms inside (Kalam et al., 2018).
Similarly, the impact of tires can be seen in terms of organisms, epifauna, or fish
associated with tire reefs. In Florida, for instance, tire reefs indicate to be a successful project.
The great number of epibenthic communities developed there show that epifaunal growth is
proportional to tire stability (Lukens & Selberg, 2004).
Also the biorock system can provide benefits for particular species. Rizal & Faizal
(2018) have tested that biorock can attract coral reef species. NOAA (2019) further explained
the species that usually can be found in coral reefs such as fish, clams, sponges, oyster bed,
shrimp.
3D-printed reefs can mimic the morphology of staghorn coral known as Acropora
cervicornis as a host of some reef fish and invertebrate species (Pérez-Pagán et al., 2018).
Furthermore, Reef Design Lab also developed a 3-printed reef structure for oyster deployed
at the North Sea. LIkewise, BESE-elements® are designed in order to provide protection for
near-shore habitats such as mangrove, seagrass, and other aquatic organisms like oysters
(Burnham, 2020).
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Durability
Likewise, the durability of the reefs is important. If the structure is easily trapped by sand or
destroyed by chemical and physical forces in the marine system, it is likely to lose the function
of the reef (Lukens & Selberg, 2004; Lengkeek et al., 2017). Therefore, the durability of the
reef to maintain its function and effectiveness in the seabed are considered in the analysis.
Stability
Stability of the reefs is important for slow growing species (Lengkeek, et al., 2017). When the
reefs roll over in a storm or in a current, slow growing species such as sponges or oysters
may be damaged. The ability for a reef to remain in its original configuration and on the
permitted site are important. This property is also considered in the analysis (Lukens &
Selberg, 2004).
Degradation time
Another essential aspect is the degradation time of reef materials. This is related to the agenda
to leave the structure underwater since the removal program of the reefs might require more
budget allocation. Fang et al. (1997) explains that the corrosion time for material depends on
solubility with water. The degradation process is addressed by Yang et al. (2018) who argue
that the metabolism of reef microorganisms potentially leads to corrosion of the structure.

6.3.2 Environmental criterion
Environmental impact
The reef structure has to be safe for the environment. Many structures have been studied
recently to examine the ecological impact. Some materials are dangerous for the environment
due to the leaching of chemical compounds. Collins et al. (2002) analysed the environmental
impact of tires, for instance, to show that the environmental impact is a crucial aspect for the
artificial reefs.
Since artificial reefs are increasingly popular for ecosystem management and
conservation, environmental impact should be one of the main concerns (Ehrenfeucht, 2014).
Baine (2001) also emphasizes the importance of a variety of factors of artificial reefs, among
which is the environmental impact.

6.3.3 Economic criterion
Cost
Next to the potentially ecological damage, another problem in the reef removal are high costs.
Generally, cost calculations comprise two aspects in budget allocation: reef deployment
(creation) and removal (reallocation). Frank (2017) provides an example of how production
and installation costs have been an influential aspect on artificial reef formation. Furthermore,
cost consideration also includes the maintenance cost of each material and system. For
instance in biorock, the electricity supply requires budget allocation.
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Cost also has a vital role in the project implementation especially in feasibility of the
project. According to management planning, if there are several alternative pathways for a
project, the requirements are time, cost and effectiveness, among others (Swink et al., 2006).

6.4 Multi Criteria Analysis
Several possible materials have been proposed and described in the previous section as
alternative artificial reefs. The next main question is which material is going to be used, that
comply with the characteristics above. Therefore, MCA is used to grade and compare
materials using a 0-5 scale consisting of: 0: not applicable, 1: strongly unfavourable, 2:
unfavourable, 3: acceptable, 4: very favourable, 5: outstanding (Fortuin, 2019).
Table 6 shows the score of each indicator and the final scores. The biggest weight
proportions are given to effects on biodiversity and environmental impact which take 30% of
each, while stability, durability, degradation time, and costs are accounted for 10%. This is
due to the level of urgency that becomes the main concern of building artificial reefs. Every
single aspect matters, but some others might have bigger percentages to consider.
Table 6: Results of MCA

Criterion

Indicators

Systems

Weight%

Ceramic Tires Biorock 3D-printed
BESEreefs system Reefs
reefs
elements®

Characteristic

Effects on biodiversity

3

2

5

4

2

30

Durability

2

4

5

5

4

10

Stability

3

2

5

5

3

10

Degradation time

4

1

4

2

5

10

3

2

4

5

5

30

Cost

4

5

3

2

3

10

Final score

3.10

2.40

4.40

4.10

3.60

Environment Environmental impact
Economy

From the table, Biorock reefs have the highest score. Detailed discussions are in the following
chapters.

6.4.1 Effects on biodiversity
Ceramic materials developed by Kalam et al. (2018) are porous with a rough surface, which
is beneficial and attractive for reef associated species like sharks to attach their eggs to, and
also has a positive effect for reef benefiting species to attain an improvement for food
availability. But due to the small size of the reef, which has a diagonal length of 120 mm and
height of 100 mm (Kalam et al., 2018), artificial reefs made by this material are not suitable for
reef building species to grow in it, only the surfaces can be available for oysters to settle. So
the score of effects on biodiversity of ceramic is 3.
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Similar to ceramic reefs, tires are beneficial and attractive for reef associated species
and reef benefiting species which can provide shelter and enhance food availability. But for
reef building species, the oyster is not preferable to grow on tire chips (Mann et al.,1990), so
the score for tires is 2.
For biorock and 3D-printed reefs, due to their big and complex structures and rough
surfaces, they are suitable for all target species. What’s more, because biorock reefs are
charged, they can attract more organisms and build up a dense fish population (Safran, 2009),
which means the reef ecosystem development is boosted. Therefore, the 3D-printed reefs are
scored 4 and biorock is a bit higher with 5.
In contrast to ceramic and tires, BESE-elements® can only be applied for reef building
species establishment. The material consists of single layers which have a complex 3dimensional structure with a large surface area and many cavities. It is a good starting point
for oysters to grow on and to establish a reef structure by the self-reinforcing process. Oyster
bed development takes quite a long time so the appearance of benefits for reef associated
species and reef benefiting species requires a long period. Based on these facts, the score of
BESE-elements® is 2.

6.4.2 Durability
Durability refers to the functional time for the reefs. Like mentioned before, ceramic reefs are
small-sized, which means they are easy to be trapped in sand and sinking into the seabed.
Regarding the low durability, ceramic is scored 2. Tires and BESE-elements® are quite
resistant to chemical and physical forces but not as concrete as biorock and 3D-printed reef,
which are made of materials like sand, therefore tires and BESE-elements® are 4 while
biorock and 3D-printed reefs are 5.

6.4.3 Stability
Because of the large size and high density of biorock and 3D-printed reefs, they are very
stable which leads to a score of 5 in this indicator. Ceramic reefs are small-sized but if they
are well fixed into the seabed, they can be still quite stable. BESE-elements® are lightweight
and there might be fluctuation in the structure if the current is intense, but because of the large
area and low center of gravity, they are also quite stable. The score of ceramic reefs and
BESE-elements® are both 3. Tires are prone to be dispersed by currents and wave action
(Gibbons et al., 1989). It is difficult for slow-growing species to settle on tires and develop
without being disturbed. Considering the unsatisfactory stability, the score for tires is 2.

6.4.4 Degradation time
In the previous description, those materials have different degradation time. Ceramic, for
instance, has been known to be degradable due to kinetic movement of the water (tidal
currents, swell, waves). Kalam et al. (2018) further explained that ceramic is eroded because
of the kinetic energy in the ocean, and it is measured that ceramic erosion rate is higher than
other substrates. In addition, the degradation of ceramics also follow the mechanism of
indirect, incongruent, or heterogenous dissolution which involves the increase in the velocity
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of medium (Sudha et al., 2018). However, a specific figure of degradation periode placed in
water of ceramic-made artificial reefs still cannot be found.
In contrast, vehicle tires are not categorized as a degradable material. Lukens &
Selberg (2004) detail that tires cannot be degraded even after many years underwater. Vehicle
tires are made of rubber, fabric wire, added with chemical compounds which have been global
concern due to environmental impact (Mohajerani et al., 2020). Moreover, after the removal
action of the tire reefs, the chemical substances will still remain underwater as micro elements.
Hence, score 1 as strongly unfavourable is put on the scoring table.
Subsequently, biorock 2.0 are modified from the common biorock system which uses
iron or steel, but then it is now combined with ceramic material. Further investigation is focused
on the iron or steel that is used as the structure, according to Rahmanto and Gunawan (2002)
the corrosion of iron under salt water is five times higher than normal water, in this sense, iron
is corroded approximately 5.99 x 10-6 g/cm2 s. According to this, score 4 out of 5 is given
which makes biorock very favourable. On the other hand, biorock is also required to have
cable, anode & cathode, and other supporting stuff to connect to the electricity which is coated
by additional substances such as AE (asphalt enamel), FBE (Fusion Bonded Epoxy),
Neoprene and multilayers PE (polyethylene) PP (polypropylene) and PU (polyurethane) for
underwater purpose especially in salt water (Senna et al., 2018), but then those are
undegradable which means need to be removed manually.
3D-printed artificial reefs are designed and constructed using sand, therefore this
material is not degraded which is given score 2 (unfavourable), but eroded into small grain
size. Since then, Prémaillon et al. (2017) classified the erosion time for hard rock to be 2.9 10 cm/y. If the 3D-printed reefs have 3 m size, so it will be eroded for roughly 30 years.
BESE elements are made of organic material which is easy to degrade, then it is given
score of 5 (very outstanding), according to the official website, BESE-elements® are claimed
to be degraded for 10-20 years, and 2-4 years for type 1 as well as type 2 respectively. In that
regard, the size of the structure is 922x455x20 mm, and weight is about 0.44 gram/sheet
(BESE Official, 2020).

6.4.5 Environment impact
Each material could generate different environmental impact, and it is an essential thing to
consider whether the material is environmentally friendly. Ceramic is non toxic and allows for
rapid colonization (Frank, 2017). Additionally, Mallela et al. (2017) also argued that ceramic
material has no adverse impact on the seabed ecosystem, since its implementation in
Jamaica. Kalam et al. (2018) also justify that the use of ceramic material is suitable since it
has minimum impact to the surrounding environment. Therefore, ceramic is given 4 as the
score which is very favourable.
On the other hand, tires might pose different impacts, according to Lukens & Selberg (2004).
Tires can also generate drawbacks which are listed below. Therefore, tires are given the score
2:
1. the deployment of tires as artificial reefs might not be viewed as environmentally
acceptable by regulators,
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2. possibly have minor leaching of petrochemical or heavy metal compound that might
have adverse impact to marine environment, however, Collins et al. (2002) argued that
tires that are placed underwater is protected from ultraviolet degradation, so it has a
stable and neutral environment which could limit leaching,
3. Tires are not soluble and biodegradable, so they last indefinitely.
4. Micro elements due to wear down after some times of deployment.
Likewise, biorock also has possible impacts on the environment, one main concern is related
to overcharging. This could cause a negative effect on the fish juveniles, and coral mortality
rate. Another impact is on the anode, since this part is acidic and high oxidizing that causes
no organism to live or attach in this part (Global coral, 2020). So, in general biorock is assigned
a score of 4 (very favourable).
A 3D-printed reef is given 5 (very outstanding) and seen as giant stone or rock that is placed
underwater for reef building. A specific adverse impact is not revealed yet, but it is assumed
to have impact on the sediment stability. Furthermore, the impact of these artificial reefs will
exist, if this is not carefully planned or constructed that could destroy the natural ecosystem
(NOAA, 2020). Similarly, BESE-elements® are made of potato starch which is an organic
matter, that is biodegradable material that will have less negative impact on the environment
(given a score of 5). According to the BESE-element website, this structure is environmentally
friendly, made of renewable material, carbon neutral and non-toxic product.

6.4.6 Cost
DRNZ should also consider the cost of the material. Ceramic material is a good choice, since
it has low cost and is biodegradable (Kalam et al., 2018). Furthermore, Frank (2017) estimates
the cost of the ceramic artificial reefs depends on its design and structure, and it could be
constructed in many shapes and sizes (1 m x 1.5 m) since ceramic is highly durable, then it is
given 4 to be very favourable material. Similarly, tires also have a low cost structure to be used
as artificial reefs. Moreover, Lukens & Selberg (2004) listed that vehicle tires are a no-cost
structure and also abundant in the landfill, which is why tires have a score of 5 to be
outstanding in cost.
Then, biorock is one of the options, the cost estimation to install this biorock 2.0
modification is roughly $10-120/meter depending on the material price at each location
(Goreau and Hilbert, 2005) and this could be expensive so 3 score is given noted as still
acceptable, while 3D-printed reefs could have higher price depends on the dimension which
makes it to have 2 score (unfavourable), which is approximately €8,000 for a maximum base
area of 1.5m2 (Hermans, Bos, & Prusina, 2020). However, requirement for production of
BESE-elements® is easier than 3D-printed reefs which leads to a lower price than 3D-printed
reefs that are given a score of 3 to be acceptable material in this project.
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6.5 Results
Considering the characteristic, environmental and economic criteria, biorock reefs score the
highest. Most of the properties are outstanding or very favourable, while only costs score
relatively low. Therefore, biorock reefs are the most suitable biodegradable system for DRNZ
when it is impossible to leave the reefs on the seafloor permanently. Next to that, applying
biorock for reef development can also be helpful to ask for permission as mentioned in 3.1.4.

6.6 Limitations
During the research into alternative materials for reef development, there are some limitations.
First of all, some of the indicators regarding the materials can only be evaluated qualitatively,
which leads to some extent of subjectivity by the consultants (teams). Secondly, all the
evaluation and analysis are based on the literature review. Due to the corona-crisis and the
limitation of time, experiments could not be conducted to attain concrete data. Therefore,
although a recommendation is made, the application of these materials requires further
research and field tests in the North Sea. Lastly, within the scope of the consultancy project,
it is not possible to evaluate other indicators like the adaptability of different materials at
different locations. Thus further research is needed.

Summary Box 7 Alternative materials for reef development
●
●
●

Artificial reef systems made by alternative materials are ceramic reefs, tire reefs,Biorock
2.0 Modification Artificial Reefs, 3-D printed reefs and BESE-elements®.
Indicators of MCA are effects on biodiversity, durability, stability, degradation time,
environmental impact and costs.
Most suitable reef system is Biorock 2.0 Modification Artificial Reefs.
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7. Recommendations
On the basis of the current findings it is recommended to make use of the opportunities in the
law and use biorock to construct artificial reefs. It is also recommended to keep close contact
with the stakeholders and consider their perspectives in future plans. The text below shows
the interaction between the recommendations, whereas table 7 provides an overview and
summary of the recommendations per chapter. Bold highlights are used to emphasize the
most important elements of the recommendations.
DRNZ is advised to make use of the opportunities in the law and apply for the
exemptions and, if needed, use the tolerance policies. Ideally, the material used for the reefs
would be degradable within the permits’ timeframe or be allowed for dumping. The alternative
material biorock could assist in receiving a permit due to its outstanding or very favourable
properties. Biorock can be degraded in decades and its effectiveness for biodiversity
enhancement is excellent. It is also recommended to research the opportunities of the artificial
reefs becoming a ‘state structure’ by contacting the beheerder. The Omgevingsloket
provides information regarding the needed permits and its application. However, it is
recommended that the commissioner completes the revise the Omgevingsloket as well to get
more specific results.
In addition to the legal requirements and alternative materials it is important to ensure
that stakeholders approve the permit request. Therefore, DRNZ is advised to include the
stakeholder’s general approval of nature enhancement in the proposition of an
exemption. This will show that there is general support and approval for nature enhancement
through artificial reefs. It is also in line with the government’s long-term goal of multifunctional
use of space and may heighten the chances of successfully applying for exemptions for
artificial reefs. To maintain support and satisfaction of stakeholders, we advise DRNZ to use
the different meanings that stakeholders attach to nature enhancement in OWFS as a
basis for their interaction and communication with stakeholders. It is also advised to stay in
close contact with the stakeholders and repeatedly consult stakeholders, as stakeholder
perspectives may change with the forthcoming policy decisions, such as the
Noordzeeakkoord.
DRNZ is advised to lobby regarding an amendment of the law, as there is an
opportunity to advocate for some flexibility regarding artificial reefs with the aim of nature
enhancement. Making the law more flexible would assist in future nature enhancement
projects and supports achievement of DRNZ’s long-term goal of biodiversity enhancement in
the North Sea. The stakeholders should also be included and/or considered while
lobbying, especially as some are included in the creation of the Noordzeeakkoord. Besides
lobbying, it is recommended to closely follow the future developments of the North Sea
governance structure (both nationally and internationally) in general and the
Gebiedspaspoorten specifically.
Conducting future studies on the role of DRNZ in optimising multifunctional use
of space can further strengthen the influence of the organization. Specifically, DRNZ can
consider its contributions to the Community of Practice Multi Use Noordzee 2030, a
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learning network that enables a successful spatial ordering of the North Sea for economic
purposes. Access to this network may be facilitated through Natuur & Milieu and Stichting De
Noordzee, who are both involved in the steering committee of DRNZ and members of the
Community of Practice. In doing so, DRNZ can become an integral partner to make the “extra
miles” necessary for a rich and healthy North Sea.
Based on our current findings of the classification of ecosystem services, some
possible research directions hope to receive more attention during the literature review
process. For example, according to Baine (2001), the effectiveness of man-made reefs can
be evaluated by comprehensive environmental impact assessment; calculation of
expected benefits; evaluation of alternative design schemes and different resettlement
schemes.
Therefore, from the perspective of ecological benefits and environmental assessment,
a cost-benefit analysis is a very suitable research direction. In this way, the ecosystem
services can be analysed and the total value of the ecosystem in the limited research area
can be calculated by assigning values to them (De Groot et al., 2010). It is recommended to
research the alternatives of removal, such as leaving part of degradable materials in the
turbines or using shells as settlement substrate (Sas et al., 2018). These can be used as part
of future research directions.
Table 7: summary of the recommendations

General recommendations
On the basis of the current findings it is recommended to make use of the opportunities in
the law and use biorock to construct artificial reefs. It is also recommended that there is
close contact with the stakeholders and consider their perspectives in future plans.
3.1 Waterwet recommendations
-

-

-

In the current law, it is recommended to make use of the opportunities and apply for
exemptions and tolerance policy. It is also recommended to get in contact with the
beheerder.
For the future law it is recommended to lobby for making the North Sea accord
flexible regarding artificial reefs with the aim of nature enhancement. Also to provide
a proposition to what should be allowed and highlight the unclarities and
uncertainties related to the current permit application.
It is recommended to complete the permit check on Omgevingsloket.nl

3.2 Stakeholder analysis
-

Base stakeholder communication on the meanings of nature enhancement
Continuous consultation of stakeholder
Use stakeholder perspectives in the application for the exemption
Conduct research on DRNZ’ role in multifunctional use of space
Closely follow future developments of national and international policy-making

3.3 Ecological Assessment
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-

-

The effectiveness of artificial reefs can be evaluated by comprehensive
environmental impact assessment; calculation of expected benefits; evaluation of
alternative design schemes and different resettlement schemes
Conserving and restoring the oyster reef due to its essential roles in the marine
ecosystem
Further and deeper research on the alternatives of oyster reef removal
and/allocation

3.4 Alternative materials
-

The biorock reefs system is the most suitable option for DRNZ due to its favourable
or outstanding properties.
Biorock is the most suitable reef system when it is impossible to get permission to
leave the reefs on the seafloor permanently.

8. Conclusions
The aim of the report is the identification of ways in which artificial reefs can permanently be
placed within OWF in the Dutch North Sea. The law, stakeholders, ecological assessment,
and materials are considered and the results are combined to create recommendations.
The Waterwet gives insights into the current legislative situation regarding the
permanent placement of artificial reefs. The obligations that without a permit of exemption, the
reef cannot be placed. There are several requirements in getting a permit, of which the need
for a permit holder is an example. However, there are also opportunities in the Wateract, such
as the tolerance policies and the possibility of an excused timeline. The Omgevingsloket can
be used to check which permits need to be requested or which institutions to contact for more
information regarding exemptions. It is recommended to make use of the opportunities and
apply for exemptions and tolerance policy. It is also advised to complete the permit check on
Omgevingsloket.nl.
The stakeholder analysis provides DRNZ an overview of the stakeholders and their
perspectives regarding the risks and benefits of artificial reefs within OWFs. The found
stakeholder groups are DRNZ, academic researchers, legislators, fishery groups, OWF and
grid operators, expert partners for offshore activities, and the management of similar projects.
There is general support for biodiversity enhancement activities on the North Sea, using
artificial reefs for biodiversity enhancement and permanently leaving the reefs on the North
Seafloor. Comments and conditions for the artificial reefs generally focus on the materials
used for the reefs, the necessity of specifying individual biodiversity enhancement cases at
OWFs, the effectiveness of the current plans, and the need for a secure, long-term plan for
the North Sea. Having artificial reefs is understood as a reconciliation of climate change
mitigation and biodiversity, as a means to enhance support for OWFs, as a competitive
advantage and as a compromise in the competition for space. Overall, it can be concluded
that the permanent installation of reefs appears to be supported in the stakeholders. It is
recommended to use stakeholder perspectives in the application for the exemption and to
conduct research on DRNZ’ role in multifunctional use of space.
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The benefits of oyster reefs are shown in the ecosystem sub services. Subsequently
oyster reefs have vital roles in the ecosystem. The roles are described in two categories;
provision and habitat service. Provisioning service focuses on providing shelter for marine
species, while habitat service concerns on providing recruiting platforms for marine
organisms.However, negative impacts caused by artificial reefs cannot be neglected. Based
on the research from Hermans et al. (2020), high risks contain competition and food limitation.
Different target species could possibly compete for space, nutrition and dissolved oxygen. The
emergence of non-indigenous species may also join the competition, compressing the living
space of target species. With further research carried on and the development of monitoring
techniques, these negative impacts are hopefully to be solved.
The considered alternative materials for the artificial reef are ceramic, tire, sand, and
potato starch, and according to MCA ceramic material is more preferable. In addition are/were
several alternative reef systems considered and compared. The systems are ceramic reefs,
tires systems, biorock Reefs, 3D-printed reefs, and BESE-elements®. The systems/they are
assessed on the effects on biodiversity, durability, stability, degradation time, environmental
impact, and cost. It can be concluded that the most suitable option is the biorock reefs, as
most of the properties are outstanding or very favourable. It should be mentioned however,
that the costs are not ideal.
Biorock is also the most suitable reef system when it is impossible to get permission
to leave the reefs on the seafloor permanently. Biorock can be degraded in decades and its
effectiveness for biodiversity enhancement is excellent, while it has reasonable price,
competitive performance and low environmental impact. Therefore, it is recommended to use
biorock as a material in artificial reefs.

69

References
Aleksandrov, BG, Minicheva, GG, & Strikalenko, TV (2002). Ecological aspects of artificial
reef construction using scrap tires. Russian Journal of Marine Biology , 28 (2), 120126.
Baine, M. (2001). Artificial reefs: a review of their design, application, management and
performance. Ocean & Coastal Management, 44(3-4), 241-259.
Bayne, B. L. (2017) ‘Reproduction’, in Biology of oysters. Development. London: Academic
Press, pp. 565–701. doi: 10.1016/B978-0-12-803472-9.00009-1.
BESE. (n.d.). Ecosystem Restoration with BESE-elements®. Retrieved May 18, 2020 from:
https://www.bese-products.com/biodegradable-products/bese-elements/
Boskalis (2018). CSR Report 2018. Retrieved June 15, 2020 from:
https://boskalis.com/downloadcenter/download/eyJmaWxlVWlkIjoxNjM3NCwicmVmZXJlbmNlVWlkIjoxMDQ0Mn0%
3D/794a0d838bfd026eec99d6a1eb507fc4fc60210c.html
Bouma, S. (2012). Benthic communities on hard substrates of the offshore wind farm. Rep
by BurWaardenbg Bv Noordzeewind, 84.
Brouwer, R., Brander, L., Kuik, O., Papyrakis, E., & Bateman, I. (2013). A synthesis of
approaches to assess and value ecosystem services in the EU in the context of TEEB.
VU University Amsterdam.
Brugha, R., & Varvasovszky, Z. (2000). Stakeholder analysis: a review. Health policy and
planning, 15(3), 239-246. https://doi.org/10.1093/heapol/15.3.239
Bryson, J. M. (2004). Chapter 12: Getting Started with Strategic Planning. Strategic planning
for public and nonprofit organizations: A guide to strengthening and sustaining
organizational achievement (pp. 338, 339). John Wiley & Sons.
Bureau Waardenburg. (2020). Options for biodiversity enhancement in offshore wind farms
(report
NO.
19-0153).
Retrieved
from
https://www.buwa.nl/fileadmin/buwa_upload/Bureau_Waardenburg_rapporten/2020/1
8-0660_The_Rich_North_Sea_options_for_biodiversity_enhancement_in_OWFs_07022020-reduced.pdf
Burnham, S. (n.d.). BESE-elements: Foundations for Restoring Ecosystems.
Naturestructure: infrastructure for nature. Retrieved June 06, 2020 from:
https://naturestructure.com/bese-elements-foundations-for-restoring-ecosystems/
Byers, JE, Grabowski, JH, Piehler, MF, Hughes, AR, Weiskel, HW, Malek, JC, & Kimbro, DL
(2015). Geographic variation in intertidal oyster reef properties and the influence of
tidal prism. Limnology and Oceanography, 60 (3), 1051-1063.
Café Weltschmerz. (2016, October 25). Waarom altijd "ruzie" in de visserij?; Dick Veerman
met Pim Visser en Han Lindeboom [Video]. YouTube. Retrieved from
https://www.youtube.com/watch?v=JlI4ymuLOaA&feature=youtu.be
70

Collins, K. J., Jensen, A. C., Mallinson, J. J., Roenelle, V., and Smith, I. P. (2002).
Environmental impact assessment of a scrap tyre artificial reef. – ICES Journal of
Marine Science, 59: S243–S249.
Coolen, J. W. P. (2017). North Sea reefs: Benthic biodiversity of artificial and rocky reefs in
the southern North Sea (Doctoral dissertation, Wageningen University).
De Groot, R. D., Fisher, B., Christie, M., Aronson, J., Braat, L., Haines-Young, R., ... & Portela,
R. (2010). Integrating the ecological and economic dimensions in biodiversity and
ecosystem service valuation. In The Economics of Ecosystems and Biodiversity
(TEEB): Ecological and Economic Foundations (pp. 9-40). Earthscan, Routledge.
de Kantzow, M., Hick, P., Becker, JA, & Whittington, RJ (2016). Effect of water temperature
on mortality of Pacific oysters Crassostrea gigas associated with microvariant ostreid
herpesvirus 1 (OsHV-1 µVar). Aquaculture Environment Interactions, 8, 419-428.
De Rijke Noordzee. (n.d.). Over ons: Team & partners. De Rijke Noordzee. Retrieved May 18,
2020 from: https://www.derijkenoordzee.nl/team-partners
Didderen, K., Bergsma, J. H., & Kamermans, P. (2019). Offshore flat oyster pilot
Luchterduinen wind farm. Results campaign, 2, 19-184.
Didderen, K., Lengkeek, W., Bergsma, J.H., van Dongen, U., Driessen, F.M.F., & Kamermans,
P. (2020). WWF & ARK Borkum Reef Ground oyster pilot. Active restoration of native
oysters in the North Sea - Monitoring September 2019. Bureau Waardenburg Report
no.19-227. Retrieved from https://www.ark.eu/sites/default/files/media/wwf-and-arkborkum-reef-ground-oyster-pilot.pdf
Didderen, K., Lengkeek, W., Kamermans, P., Deden, B., Reuchlin-Hugenholtz, E., Bergsma,
J. H., ... & Sas, H. (2019). Pilot to actively restore native oyster reefs in the North Sea:
comprehensive report to share lessons learned in 2018 (No. 19-013). Bureau
Waardenburg.
Drijver, M., Wiegman, G. J., van Beveren, K., Bakker, P., van Balsfoort, G., & Maat, A. J.
(2020, May 12). Een Noordzeeakkoord, akkoord? De andere kant. Visserijnieuws.
[Opinion
piece].
Retrieved
June
16,
2020
from:
https://www.visserijnieuws.nl/nieuws/14878-een-noordzeeakkoord-akkoord-deandere-kant
Dutch Fish Marketing Board. (n.d.). The Dutch Fish Industry in Facts and Figures. Retrieved
May 19, 2020 from: https://dutchfish.nl/en/netherlands-fish-nation/dutch-fish-industryfacts-and-figures
Dutertre, M., Beninger, P. G., Barillé, L., Papin, M., & Haure, J. (2010). Rising water
temperatures, reproduction and recruitment of an invasive oyster, Crassostrea gigas,
on the French Atlantic coast. Marine environmental research, 69(1), 1-9.
Ehrenfeucht, S. (2014). Artificial coral reefs as a method of coral reef fish conservation.
Honors, UC-Boulder.

71

Eneco. (n.d.). Oesterproject. Windpark Eneco Luchterduinen. Retrieved May 18, 2020 from:
https://www.eneco.nl/over-ons/wat-we-doen/in-de-praktijk/windpark-enecoluchterduinen/oesterproject/
European Commission. (2020). Fleet statistics about EU fishing Vessels. Fleet Register.
Retrieved May 19 from: https://webgate.ec.europa.eu/fleet-europa/stat_glimpse_en
European Commission. (n.d.). European Maritime and Fisheries fund: The Netherlands [Fact
sheet].
Retrieved
June
05,
2020
from
https://ec.europa.eu/fisheries/sites/fisheries/files/docs/body/op-netherlands-factsheet_en.pdf
Fang, Q., Sidky, PS, & Hocking, MG (1997). The effect of corrosion and erosion on ceramic
materials. Corrosion science , 39 (3), 511-527.
FAO. (2007). National Aquaculture Sector Overview Netherlands. In: FAO Fisheries and
Aquaculture
Department
[Fact
sheet].
http://www.fao.org/fishery/countrysector/naso_netherlands/en
Fisher, J. A., Patenaude, G., Meir, P., Nightingale, A. J., Rounsevell, M. D., Williams, M., &
Woodhouse, I. H. (2013). Strengthening conceptual foundations: analysing
frameworks for ecosystem services and poverty alleviation research. Global
Environmental Change, 23(5), 1098-1111
Fortuin, K. (2019). Lecture 10 | Multi-Criteria Analysis [Powerpoint slides]. Retrieved from
Environmental Systems Analysis: Methods and Applications, Wageningen University
& Research, from: https://brightspace.wur.nl/d2l/le/content/24259/Home
Frank, M. (2017). Artificial reefs: marine and freshwater applications. CRC Press.
Gercken, J., & Schmidt, A. (2014). Current status of the European Oyster (Ostrea edulis) and
possibilities for restoration in the German North Sea. Neu Broderstorf.
Gibbons, M. C., Mann, R., & Wright, L. D. (1989). Laboratory and field studies of oyster larvae
settlement on three substrates, oyster shell, tire chips, and expanded shale, and the
relative mobility of the three substrates.
Global Coral. (2020). Summary of Advantages, Disadvantages, and Safety of Biorock™ Coral
Reef and Fisheries Restoration Technology. Retrieved June 17, 2020 from:
http://www.globalcoral.org/_oldgcra/Summary%20of%20Advantages,%20Disadvanta
ges,%20and%20Safety%20of%20Biorock%20.htm
GOREAU, T. J., CERVINO, J. M., & POLLINA, R. (2004). Increased zooxanthellae numbers
and mitotic index in electrically stimulated corals. Symbiosis.
Goreau, TJ, & Prong, P. (2017). Biorock electric reefs grow back severely eroded beaches in
months. Journal of Marine Science and Engineering, 5 (4), 48.
Grabowski, J. H., Brumbaugh, R. D., Conrad, R. F., Keeler, A. G., Opaluch, J. J., Peterson,
C. H., ... & Smyth, A. R. (2012). Economic valuation of ecosystem services provided
by oyster reefs. Bioscience, 62(10), 900-909.
Grabowski, J. H., & Peterson, C. H. (2007). Restoring oyster reefs to recover ecosystem
services. Ecosystem engineers: plants to protists, 4, 281-298.

72

Graré, V., Kühn, F., Küster, F., & Schlosser, A. (2018, July 12). The offshore-wind industry’s
moment of reckoning. McKinsey & Company. https://www.mckinsey.com/businessfunctions/sustainability/our-insights/the-offshore-wind-industrys-moment-of-reckoning
Harrison, S., & Rousseau, M. (2020). Comparison of Artificial and Natural Reef Productivity
in Nantucket Sound, MA, USA. ESTUARIES AND COASTS.
Hales, S., McMichael, A. J., & Butler, C. (2005). Ecosystems and human well-being - health
synthesis : a report of the millennium ecosystem assessment. World Health
Organization.
https://public.ebookcentral.proquest.com/choice/publicfullrecord.aspx?p=284690
Heessen, H. J., Daan, N., & Ellis, J. R. (2015). Fish Atlas of the Celtic Sea, North Sea, and
Baltic Sea: based on international research-vessel surveys: Wageningen Academic
Publishers.
Helpdesk water. (n.d.) Gedoogplichten. Helpdesk water. Retrieved June 25, 2020, from:
https://www.helpdeskwater.nl/onderwerpen/wetgeving-beleid/waterwet/vragenantwoorden/gedoogplichten/.
Hermans, A., Bos, O. G., & Prusina, I. (2020). Nature-Inclusive Design: a catalogue for
offshore wind infrastructure: Technical report (No. 114266/20-004.274). Witteveen+
Bos.
Informatiehuis Marien. (n.d.). Rijkswaterstaat Zee en Delta. Informatiehuis Marien. Retrieved
June 24, 2020 from: https://www.informatiehuismarien.nl/producten/marienegids/organisaties/rijkswaterstaat-zee/
International Maritime Organization. (2006). 1996 PROTOCOL TO THE CONVENTION ON
THE PREVENTION OF MARINE POLLUTION BY DUMPING OF WASTES AND
OTHER MATTER, 1972. London: International Maritime Organization.
International Maritime Organization. (2007). COMPLIANCE PROCEDURES AND
MECHANISMS PURSUANT TO ARTICLE 11 OF THE 1996 PROTOCOL TO THE
LONDON CONVENTION 1972 (pp. 1 - 2). London: International Maritime
Organization.
International Maritime Organization. (n.d.). Convention on the Prevention of Marine Pollution
by Dumping of Wastes and Other Matter. Imo.org. Retrieved June 16, 2020 from:
http://www.imo.org/en/OurWork/Environment/LCLP/Pages/default.aspx
IPBES. (2019). Summary for policymakers of the global assessment report on biodiversity and
ecosystem services of the Intergovernmental Science-Policy Platform on Biodiversity
and Ecosystem Services. IPBES secretariat. https://ipbes.net/sites/default/files/202002/ipbes_global_assessment_report_summary_for_policymakers_en.pdf
Ireland, R. D., & Webb, J. W. (2007). Strategic entrepreneurship: Creating competitive
advantage through streams of innovation. Business horizons, 50(1), 49-59.
https://doi.org/10.1016/j.bushor.2006.06.002
Janarthanan, Anne. (2017). UNDER WATER CONSTRUCTION UNDER BIOROCK
TECHNOLOGY. IJARBEST. 3. 223-230.

73

Johnson, G., Scholes, K., & Whittington, R. (2008). Exploring corporate strategy: text & cases.
Pearson education.
Jørgensen, D. (2012). OSPAR’s exclusion of rigs-to-reefs in the North Sea. Ocean & coastal
management, 58, 57-61. https://doi.org/10.1016/S0025-326X(00)00121-1
Kamermans, P., van Duren, L., & Kleissen, F. (2018). European flat oysters on offshore
wind farms: additional locations: opportunities for the development of European flat
oyster (Ostrea edulis) populations on planned wind farms and additional locations in
the Dutch section of the North Sea (No. C053/18). Wageningen, Netherlands: WUR
Marine Research.
Kalam, M. A., Mieno, T., & Casareto, B. E. (2018). Development of Artificial Reefs Using
Environmentally Safe Ceramic Material. J Ecosys Ecograph, 8(253), 2.
Kenniscentrum InfoMil. (n.d.). Gedoogplichten. Kenniscentrum InfoMil. Retrieved 25 June
2020,
from
https://www.infomil.nl/onderwerpen/lucht-water/handboekwater/wetgeving/waterwet/aanleg-beheer/gedoogplichten/.
La Peyre, M. K., Humphries, A. T., Casas, S. M., & La Peyre, J. F. (2014). Temporal variation
in development of ecosystem services from oyster reef restoration. Ecological
Engineering, 63, 34-44.
Lengkeek, W., Didderen, K., Teunis, M., Driessen, F., Coolen, J. W. P., Bos, O. G., ... & Van
Koningsveld, M. (2017). Eco-friendly design of scour protection: potential
enhancement of ecological functioning in offshore wind farms: Towards an
implementation
guide
and
experimental
set-up.
Retrieved
from
https://www.ark.eu/sites/default/files/media/Schelpdierbanken/Annual_report_Voordel
ta_2018.pdf
Leemans, R., & De Groot, R. S. (2003). Millennium Ecosystem Assessment: Ecosystems and
human well-being: a framework for assessment. Island press.
Leonhard, S., & Pedersen, J. (2005). Hard bottom substrate monitoring Horns Rev Offshore
Wind Farm-annual status report 2004. Elsam Engineering.
London Convention and Protocol and United Nations Environment Program. (2009).
Guidelines for the Placement of Artificial Reefs. International Maritime Organization
ISBN: 978-92-807-3022-7.
Lukens, R. R., & Selberg, C. (2004). Guidelines for marine artificial reef materials.
Artificial Reef Subcommittees of the Atlantic and Gulf States Marine Fisheries
Commissions.
MacArthur, J. (1997). Stakeholder analysis in project planning: origins, applications and
refinements of the method. Project Appraisal, 12(4), 251-265. https://doiorg.ezproxy.library.wur.nl/10.1080/02688867.1997.9727068
MacDonald, J. M. (1994). Artificial reef debate: Habitat enhancement or waste disposal.
Ocean Development and International Law, 25(1), 87-118.
Mallela, J., Milne, B. C., & Martinez-Escobar, D. (2017). A comparison of epibenthic reef
communities settling on commonly used experimental substrates: PVC versus ceramic
tiles. Journal of Experimental Marine Biology and Ecology, 486, 290-295.
74

Mann, R., Barber, B. J., Whitcomb, J. P., & Walker, K. S. (1990). Settlement of oysters,
Crassostrea virginica (Gmelin, 1791), on oyster shell, expanded shale and tire chips in
the James River, Virginia. Journal of Shellfish Research, 9(1), 173.
Matthijsen, J., Dammers, E., Eerens, H., Elzenga, H., van Hoorn, A., Hugtenburg, J. & Veul,
J. (2018). The Future of the North Sea. The North Sea in 2030 and 2050: a scenario
study.
PBL
Netherlands
Environmental
Assessment
Agency.
https://www.pbl.nl/sites/default/files/downloads/pbl-2018-the-future-of-the-north-sea3193.pdf
Ministerie van Infrastructuur en Waterstaat (2014). North Sea 2050 Spatial Agenda.
https://www.government.nl/binaries/government/documents/policynotes/2014/07/28/north-sea-2050-spatial-agenda/north-sea-2050-spatial-agenda.pdf
Mitchell, I. M. (2001). Relationship between water quality parameters (nutrients, seston,
chlorophyll a), hydrodynamics and oyster growth in three major Pacific oyster
(Crassostrea gigas) growing areas in southern Tasmania (Australia) (Doctoral
dissertation, University of Tasmania).
Mohajerani, A., Burnett, L., Smith, J. V., Markovski, S., Rodwell, G., Rahman, M. T., ... &
Maghool, F. (2020). Recycling waste rubber tyres in construction materials and
associated environmental considerations: A review. Resources, Conservation and
Recycling, 155, 104679.
Nanami, A., Mitamura, H., Sato, T., Yamaguchi, T., Yamamoto, K., Kawabe, R., ... & Kawabata, Y.
(2018). Diel variation in home range size and precise returning ability after spawning migration
of coral reef grouper Epinephelus ongus: implications for effective marine protected area
design. Marine Ecology Progress Series, 606, 119-132.

Natuur & Milieu. (n.d.-a). Doel & aanpak. Over ons. Retrieved May 19, 2020 from:
https://www.natuurenmilieu.nl/over-ons/doel-aanpak/
Natuur & Milieu. (n.d.-b). De Rijke Noordzee. Projecten energie. Retrieved May 19, 2020 from:
https://www.natuurenmilieu.nl/themas/energie/projecten-energie/de-rijke-noordzee/
Nederlandse Vissersbond. (n.d.). Organisatie.
https://www.vissersbond.nl/organisatie/

Retrieved

May

19,

2020

from:

Netherlands Enterprise Agency. (2016a). Project and site description Borssele Wind Farm
Zone - Wind Farm Sites I and II (version 3.). Retrieved June 19 from:
https://offshorewind.rvo.nl/file/download/43061512
Netherlands Enterprise Agency. (2016b). Project and site description Borssele Wind Farm
Zone - Wind Farm Sites III & IV (final version.). Retrieved June 19, 2020 from:
https://offshorewind.rvo.nl/file/download/44692942
Netherlands Enterprise Agency. (n.d.). Zoning plan. business.gov.nl. Retrieved June 19, 2020
from: https://business.gov.nl/regulation/zoning-plan/.
NOAA. (2019). What species live in and around coral reefs?. Retrieved June 23, 2020 from:
https://oceanservice.noaa.gov/facts/coral_species.html#:~:text=Coral%20reefs%20ar
e%20home%20to,on%20reefs%20for%20their%20survival.&text=Some%20reefs%2
0are%20even%20older%20than%20our%20old%2Dgrowth%20redwood%20forests.

75

NOAA. (2020). While artificial reefs generally enhance local economies, they can have both
positive and negative effects on ecosystems. Retrieved June 17, 2020 from:
https://floridakeys.noaa.gov/artificialreefs/effects.html
Omgevingsloket online. (n.d.). Omgevingsloket online - Wat is Omgevingsloket online?.
Omgevingsloket.nl.
Retrieved
June
25,
2020
from:
https://www.omgevingsloket.nl/Zakelijk/zakelijk/home/wat-is-omgevingsloket?init=true
Overlegorgaan Fysieke Leefomgeving (2020). Onderhandelaarsakkoord voor de Noordzee.
Retrieved June 04, 2020 from:
https://www.rijksoverheid.nl/documenten/rapporten/2020/02/10/bilage-1onderhandelaarsakkoord-nzo
Pérez-Pagán, BS, & Mercado-Molina, AE (2018). Evaluation of the effectiveness of 3D-printed
corals to attract coral reef fish at Tamarindo Reef, Culebra, Puerto Rico. Cons Evid ,
15 , 43-47.
Prémaillon, M., Regard, V., & Dewez, T. (2017). How to explain variations in sea cliff erosion
rate?. In EGU General Assembly Conference Abstracts (Vol. 19, p. 8012).
Ramos, J., Santos, M. N., Whitmarsh, D., & Monteiro, C. C. (2011). Stakeholder analysis in
the Portuguese artificial reef context: winners and losers. Brazilian Journal of
Oceanography,
59(SPE1),
133-143.
https://doi.org//10.1590/S167987592011000500015
Reef Design Lab (n.d.). 3D PRINTED REEFS. Retrieved June 02, 2020 from:
https://www.reefdesignlab.com/3d-printed-reefs-1
Reubens, J. T., Pasotti, F., Degraer, S., & Vincx, M. (2013). Residency, site fidelity and habitat
use of Atlantic cod (Gadus morhua) at an offshore wind farm using acoustic telemetry.
Marine Environmental Research, 90, 128-135.
Rijksoverheid (2020a). Renewable energy: Offshore wind energy. Retrieved June 16, 2020
from: https://www.government.nl/topics/renewable-energy/offshore-wind-energy
Rijksoverheid (2020b). Toekomstvisie voor kottervisserij. Nieuws. Retrieved from
https://www.rijksoverheid.nl/onderwerpen/visserij/nieuws/2020/06/19/toekomstvisievoor-kottervisserij
Rijksoverheid
(2009).
Waterwet.
Retrieved
June
https://wetten.overheid.nl/BWBR0025458/2020-01-01

17,

2020

from:

Rijksoverheid (2008). Wet algemene bepalingen omgevingsrecht. Retrieved June 17, 2020
from:
https://wetten.overheid.nl/BWBR0024779/2018-0728/#Hoofdstuk2_Paragraaf2.1_Artikel2.1
Rijksoverheid. (2019). Wet milieubeheer. Retrieved
https://wetten.overheid.nl/BWBR0003245/2019-1114/#Hoofdstuk7_Paragraaf7.2_Artikel7.2

June

Rijksoverheid (2018). Wet ruimtelijke ordening. Retrieved
https://wetten.overheid.nl/BWBR0020449/2018-07-01

June

17,

17,

2020

from:

2020 from:

76

Rijksoverheid (2015). Wet windenergie op zee. Retrieved June 17, 2020 from:
https://wetten.overheid.nl/BWBR0036752/2020-01-01
Rijkswaterstaat, (2018). Benthic Development In And Around Offshore Wind Farm Prinses
Amalia Wind Park Near The Dutch Coastal Zone Before And After Construction (20032017). Amsterdam, pp.13-18.
Rijkswaterstaat. (2020a). Bereik Waterwet. Helpdesk water. Retrieved June 16, 2020 from:
https://www.helpdeskwater.nl/onderwerpen/wetgeving-beleid/waterwet/vragenantwoorden/bereik-waterwet
Rijkswaterstaat. (2020b). Rijkswateren en regionale wateren. Kenniscentrum InfoMil.
Retrieved June 16, 2020 from
https://www.infomil.nl/onderwerpen/luchtwater/handboek-water/wetgeving/waterwet/begrippenalgemene/rijkswateren/#Regionalewateren
Rijkswaterstaat. (n.d.). Waterwet. Kenniscentrum InfoMil. Retrieved June 19, 2020, from
https://www.infomil.nl/onderwerpen/lucht-water/handboek-water/wetgeving/waterwet/
Rizal, M., & Faizal, A. (2018). The escalation of coral growth by biorock technology applied in
Sabang marine ecotourism. Aquaculture, Aquarium, Conservation & Legislation, 11(5),
1633-1647.
Safran, P. (Ed.). (2009). Fisheries and Aquaculture-Volume V. EOLSS Publications.
Sas, H., van der Have, T. M., Kamermans, P., & Lengkeek, W. (2018). Flat oyster pilot design
in North Sea offshore wind farm. Sas Consultancy.
Sas, H., Didderen, K., van der Have, T., Kamermans, P., van den Wijngaard, K., & ReuchlinHugenholtz, E. (2019). Recommendations for flat oyster restoration in the North Sea.
Retrieved
June
16,
2020
from:
https://www.ark.eu/natuurontwikkeling/dieren/schelpdierbanken
Senna, C. M., Santos, D., & Geraldi, T. S. (2018). Coatings for saltwater pipelines.
International Journal of Advanced Engineering Research and Science, 5(9).
Sherman, R. L., & Spieler, R. E. (2006). Tires: Unstable materials for artificial reef construction.
Transactions on Ecology and the Environment, 88, 215-223.
Sikma, G. (2020, June 5) Tegenstander windmolens op zee: "Zonde dat er een muur aan de
horizon komt te staan". NH nieuws. Retrieved June 17, 2020 from:
https://www.nhnieuws.nl/nieuws/268349/tegenstander-windmolens-op-zee-zondedat-er-een-muur-aan-de-horizon-komt-te-staan
Smaal, A. C., Kamermans, P., Van der Have, T., Engelsma, M. Y., & Sas, H. (2015). Feasibility
of Flat Oyster (Ostrea edulis L.) restoration in the Dutch part of the North Sea.
Retrieved June 10, 2020 from: https://edepot.wur.nl/335033
Spenhoff, A. (2012). The Biorock Process: Picturing reef building with electricity. Retrieved
June 11, 2020 from: https://www.scribd.com/document/321747102/The-BiorockProcess
Stichting De Noordzee, Natuur & Milieu, Natuurmonumenten, Greenpeace,
Vogelbescherming Nederland & Wereld Natuur Fonds. (2020, February 10). Reactie
Natuur- en milieuorganisaties op onderhandelaarsakkoord voor de Noordzee [Press
77

release].
Retrieved
June
16,
2020
https://www.noordzee.nl/onderhandelaarsakkoord-voor-de-noordzee/
Stichting De Noordzee (n.d.). Onze doelen.
https://www.noordzee.nl/onze_doelen/

Retrieved

May

18,

from:
2020

from:

Stichting ProSea (n.d.). De Noordzee wordt drukker. Vist ik het maar! Retrieved June 18, 2020
from: https://www.vistikhetmaar.nl/artikelen/noordzee/
Sudha, PN, Sangeetha, K., Jisha Kumari, AV, Vanisri, N., & Rani, K. (2018). Corrosion of
Ceramic Materials. Fundamental Biomaterials: Ceramics, Woodhead Publishing,
Soston , 223-250.
Swink, M., Talluri, S., & Pandejpong, T. (2006). Faster, better, cheaper: A study of NPD project
efficiency and performance tradeoffs. Journal of Operations Management, 24(5), 542562.
TenneT (2017). Samenvatting natuur en hoogspanningsnet [Brochure]. Retrieved June 10
from:
https://www.tennet.eu/fileadmin/user_upload/Company/Publications/Corporate_Broc
hures/Samenvatting_Natuurvisie_TenneT_2017.pdf
UNESCO (n.d.) Facts and figures on marine biodiversity. Retrieved May 19, 2020 from:
http://www.unesco.org/new/en/natural-sciences/ioc-oceans/focus-areas/rio-20ocean/blueprint-for-the-future-we-want/marine-biodiversity/facts-and-figures-onmarine-biodiversity/
Vaste Commissie Infrastructuur en Waterstaat (2020, June 11). Inbreng verslag van een
schriftelijk overleg over het onderhandelaarsakkoord voor de Noordzee (Kamerstuk
33450-64).
Retrieved
June
11,
2020
from:
https://www.tweedekamer.nl/kamerstukken/detail?id=2020Z02577&did=2020D23205
van der Wal, J.T., & Wiersinga, W.A. (2011). Ruimtegebruik op de Noordzee en de trends tot
2040 (WOt-werkdocument 262). Wageningen, Wettelijke Onderzoekstaken Natuur &
Milieu. Retrieved from https://edepot.wur.nl/189171
Van Duren LA, Gittenberger A, Smaal AC, van Koningsveld M, Osinga R, Cado van der Lelij
JA, de Vries MB, 2016. Rijke riffen in de Noordzee: verkenning naar het stimuleren
van natuurlijke riffen en gebruik van kunstmatig hard substraat. Deltares, Gimaris,
Wageningen Marine Research and Delft University of Technology
Van Urk, J. (2020, April 14). Het Noordzeeakkoord… akkoord?. Visserijnieuws. [Opinion
piece]. Retrieved June 11, 2020 from: https://www.visserijnieuws.nl/nieuws/14854het-noordzeeakkoord-akkoord
Vanagt, T., Van de Moortel, L., Faasse, I. M., Heusinkveld, J., & Diving, W. (2013).
Development of hard substrate fauna in the Princess Amalia Wind.
Varvasovszky, Z., & Brugha, R. (2000). How to do (or not to do).. A stakeholder analysis.
Health policy and planning. 15(3), 338-345

78

Vattenfall. (2019, April 24). Natuurbehoud belangrijk aspect van windparken op zee. Vattenfall
Newsroom.
Retrieved
June
10,
2020
from:
https://group.vattenfall.com/nl/newsroom/actueel/achtergrondartikel/2019/natuurbeho
ud-belangrijk-aspect-van-windparken-op-zee
Velthuijsen, J. W., Hensgens, R., & Muller, N. (2018). De economische bijdrage van
windenergie op zee. PricewaterhouseCoopers Advisory. Retrieved from
https://www.rijksoverheid.nl/documenten/rapporten/2018/08/31/de-economischebijdrage-van-windenergie-op-zee
Verhees, B., Raven, R., Kern, F., & Smith, A. (2015). The role of policy in shielding, nurturing
and enabling offshore wind in The Netherlands (1973–2013). Renewable and
Sustainable Energy Reviews, 47, 816-829. https://doi.org/10.1016/j.rser.2015.02.036
Visned (n.d.). Over VisNed: Organisatiestructuur. Retrieved May 18, 2020 from:
https://www.visned.nl/over-visned/po-s
Walne, P. R. 1974. Culture of Bivalve Molluscs: Fifty Years of Experience at Conwy.
Ward, S., & Chapman, C. (2008). Stakeholders and uncertainty management in projects.
Construction
management
and
economics,
26(6),
563-577.
https://doi.org/10.1080/01446190801998708
WWF (2019, September 26). Voor het eerst baby-oesters in de Noordzee. Retrieved May 20,
2020 from: https://www.wwf.nl/wat-we-doen/resultaten/updates/voor-het-eerst-babyoesters-in-de-noordzee
WWF

(n.d.). Mens en natuur in harmonie. Retrieved
https://www.wwf.nl/wat-we-doen/aanpak/ambitie

May

18,

2020

from:

Yang, Y., Ji, T., Lin, X., Chen, C., & Yang, Z. (2018). Biogenic sulfuric acid corrosion resistance
of new artificial reef concrete. Construction and Building Materials, 158, 33-41.
Zachary H. (2019, February 24). 3D Printed Coral Reefs – 4 Most Promising Projects.
Retrieved fromhttps://all3dp.com/2/3d-printed-coral-reefs-most-promising-projects/
Zamani, N. P., Bachtiar, R., Madduppa, H. H., Adi, J. W., Isnul, J., Iqbal, M., & Subhan, B.
(2010). Study on Biorock® Technique Using Three Different Anode Materials
(Magnesium, Aluminum, and Titanium). Jurnal Ilmu dan Teknologi Kelautan Tropis,
2(1).

79

Appendix 1: Law references
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
23.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.

Waterwet, article 6.5
Waterwet, article 4.1
Waterwet, article 2.1
Waterwet, article 3.1.6
Waterwet, article 4.6
Waterwet, article 4.7
Waterwet, article 5.1
Waterwet, article 8.1
Waterwet, article 8.9
Wet ruimtelijke ordening, article 3.28.1 (Wet ruimtelijke ordening, 2018)
Wet ruimtelijke ordening, article 3.28.3
Waterwet, article 6.26.2
Wet algemene bepalingen omgevingswet (2008), article 3.8
Waterwet, article 6.20.1
Waterwet, article 6.25
Wet milieubeheer, article 8.40
Waterwet, article 6.22.2
Waterwet, article 6.22
Wet windenergie op zee, article 15
Wet windenergie op zee, article 14
Waterwet, article 5.19
Waterwet, article 5.21.2
Waterwet, article 5.22.1
Waterwet, article 5.22.2
Waterwet, article 5.23
Wet windenergie op zee, article 3
Wet windenergie op zee, article 26
Wet windenergie op zee, article 25
Wet windenergie op zee, article 17
Waterwet, article 6.2
Waterwet, article 6.2.1b
Waterwet, article 6.3.1d
Waterwet, article 6.2.4
London protocol, article 1.4
London protocol, annexe 2, section 2

80

Appendix 2: Methods for stakeholder analysis
Group

Stakeholder

Email
consultation

Response
provided

Document
review

Academic
researchers

DRNZ Scientific
Board

y

y

No online information
available

WUR
Marine
Research

y

y

Review of documents
fell under ecological
analysis

Legislators

RWS

OWF & grid
operators

Eneco

y

Blauwwind

y

Ørsted

y

y

y

TenneT

y

y

y

Shell

y

y

Vattenfall

y

y

Bureau
Waardenburg

y

y

SASCON

y

Van Oord

y

y

Similar
project

ARK
Natuurontwikkeli
ng

y

y

Fisheries

Nederlandse
Vissersbond

y

VisNed

y

y

Natuur & Milieu

y

y

Stichting
Noordzee

y

y

Expert
partners

ENGOs

y

De

y

Remarks

Consulted for interview
as part of SQ1, but no
response.

y
y

y

y

No online information
available

y

81

Funding

WWF-NL

y

Greenpeace NL

y

y
y

y

Nationale
Postcode Loterij
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Appendix 3: Email consultation
Dear Madam/Sir,
My name is xxx. As manager/controller/secretary of the North Sea Consultants, I would herewith like to
invite your organisation to support us in an academic consultancy project. We have identified your
organisation as a key stakeholder to our project and hope that you can help us further by providing us
insights on your organisation’s perspective.
The North Sea Consultants is an interdisciplinary team of master students from Wageningen University
& Research. Commissioned by De Rijke Noordzee (The Rich North Sea; DRNZ;
https://www.derijkenoordzee.nl/), we conduct research and prepare an academic consultancy report
about artificial reefs in the North Sea. We aim to provide DRNZ with long-term solutions for artificial
reefs as nature enhancement options in offshore wind farms (OWFs) in the Dutch part of the North Sea.
Specifically, we address the obligatory removal of artificial substrate from the seafloor under the Dutch
Waterwet (Waterwet). To identify long-term strategies for DRNZ, we develop an overview of key
stakeholders and their perspectives on the issue.
We have identified your organisation as a key stakeholder to this project, whose interests and
experience are relevant to identify long-term strategies for artificial reefs in the North Sea. We would
therefore highly appreciate your help in this research. We ask you to provide answers to the questions
listed below, either via mail or via this Google Form (https://forms.gle/sAZB9XiaS3XTzrrV9). The
expenditure of time for this is estimated to be around 10-15 minutes. There will be no further efforts
requested from you. Also, feel free to respond in Dutch if that is your preference.
By helping us in our research, you allow your organisation’s opinion and conditions to be taken into
account by DRNZ. The information provided by you will be treated with care and will be utilised for the
academic consultancy report only.
We would like to receive insights on your organisation’s perspective regarding the following questions:
1. What is your organisation’s perspective on biodiversity enhancement activities in the North
Sea?
2. What is your organisation’s perspective on artificial reefs as biodiversity enhancement options
within OWFs?
3. What benefits or risks does your organisation perceive from leaving artificial reef substrate on
the seafloor at OWFs within the Dutch exclusive economic zone (EEZ) of the North Sea?
4. Does your organisation have objections to artificial reefs permanently remaining on the North
Seafloor? Please elaborate on your answer.
In case a written reply is inconvenient for you, we are also happy to talk to you via telephone or a video
call. If you have any questions about this project, please do not hesitate to contact us and we will
respond to your questions as quickly as possible.
Thank you very much for your help!
Best regards
Name
On behalf of North Sea Consultants
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Appendix 4: Results from email consultation
SasCon (05.06.2020)
1. What is your organisation’s perspective on biodiversity enhancement activities
in the North Sea?
It is clearly necessary to enhance biodiversity in the North Sea. Precondition, in a
relatively shallow sea such as the North Sea, is that there are no-take and no-bottom
trawling zones (such as OWF’s). Areas where the sea floor is relatively stable, under
natural conditions, should be preferred for OWF’s, from this perspective. Part of
those areas we should just leave alone, to see what happens spontaneously. I
expect that reef-forming organisms, such as Lanice, Sabellaria and Deadmans
fingers will start reefs there, which are a keystone to biodiversity. Some reef-forming
organisms, in particular shellfish, such as Ostrea edulis, will need to be reintroduced, to ‘kick-start’ their development.
1.
What is your organisation’s perspective on artificial reefs as biodiversity
enhancement options within OWFs?
Biotic reefs are of course preferred, those I elucidated above. But here and there
artificial reefs could be helpful, as additions of settling substrate and/or shelter.
Overall, the amount should be limited and hence the benefits are necessarily small.
1.
What benefits or risks does your organisation perceive from leaving artificial
reef substrate on the seafloor at OWFs within the Dutch exclusive economic zone
(EEZ) of the North Sea?
See my answer on question 2 for the benefits. As a whole, I think the risks are small
too. Even for fishery, although they do complain a lot about structures on the
seafloor. It should be kept in mind that common bottom trawling gear is easily able to
haul up stones of rather more than 1 metric tonne from the North Sea seafloor. The
huge stones in fisherman’s gardens, at the front porch of a well-known fishery
institute and on harbour quays witness to this.
1.
Does your organisation have objections to artificial reefs permanently
remaining on the North Seafloor? Please elaborate on your answer.
As I stated before, I think artificial reefs should not be deployed in large amounts, so
the benefits are small, as are the risks. Leaving a small amount of artificial reefs on
the sea floor should therefore be no problem. And certainly if on those reefs appear
to supply substrate and/or shelter for large amounts and/or diversity of organisms.
Such as the shipwrecks which are scattered all over the North Sea bottom
nowadays, displaying a great diversity and variety of organisms.
Greenpeace Nederland (10-06-2020)
1. What is your organisation’s perspective on biodiversity enhancement activities
in the North Sea?
Greenpeace fights for living oceans, therefore we are in favor for biodiversity
enhancement activities.
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1.
What is your organisation’s perspective on artificial reefs as biodiversity
enhancement options within OWFs?
As fishing boats and transport by sea have to stay away from OWFs, OWFs form
ideal locations as protected areas from which nature can recover. Therefore, artificial
reefs which boost the biodiversity in these areas are regarded positive. I do like to
add, that also the construction of these artificial reefs should be done sustainable.
(concrete produces a lot of CO2 for example) And the construction must do much
more good than harm, but I was assuming this.
1.
What benefits or risks does your organisation perceive from leaving artificial
reef substrate on the seafloor at OWFs within the Dutch exclusive economic zone
(EEZ) of the North Sea?
I assumed that Wageningen Universtity did a proper assessment which prevented
the use of invasive species in their artificial (oyster) reefs. Therefore, I see little risk,
however without assessing the whole project it is difficult to assess te risks. I also
assume that the placement of the artificial reefs does not damage the living substrate
or the ecosystem.
1.
Does your organisation have objections to artificial reefs permanently
remaining on the North Seafloor?
Not if they are not harmfull, for example if they emit harmfull chemicals than this is an
issue.
Nederlands Vissersbond (10-06-2020)
1. What is your organisation's perspective on biodiversity enhancement activities
in the North Sea?
Toename van de biodiversiteit kan gunstig zijn voor de visserij als het bijdraagt aan
robuste visbestanden die duurzaam te oogsten zijn.
1.
What is your organisation's perspective on artificial reefs as biodiversity
enhancement options within OWFs?
Als de biodiversiteit door deze kunstmatige riffen verhoogd kan worden dan draagt
dat bij aan natuurontwikkeling en zou dat moeten meetellen bij de opgave van de
overheid op het gebied van natuurbehoud en herstel. Kortom: aanleg van
windparken betekent dan inclusief natuurontwikkeling op die locatie.. en niet zoals nu
natuurgebieden ter compensatie van de negatieve effecten van windparken.
1.
What benefits or risks does your organisation perceive from leaving artificial
reef substrate on the seafloor at OWFs within the Dutch exclusive economic zone
(EEZ) of the North Sea?
Kunstmatige riffen zouden (kunstmatifge) ecosystemen kunnen worden met (nieuwe)
soorten die vervolgens een beschermde status krijgen. Dat is dan weer een
bedreiging voor de visserij als die soorten worden bijgevangen.
1.
Does your organisation have objections to artificial reefs permanently
remaining on the North Seafloor? Please elaborate on your answer.
Zolang het binnen de windparken plaatsvindt niet.
Ørsted (11-06-2020)
1. What is your organisation's perspective on biodiversity enhancement activities
in the North Sea?
We support the concept of biodiversity enhancement in the Dutch part of the North
Sea and are exploring opportunities to collaborate together with relevant parties
85

(regulators, NGO's, academics, consultants, others) on this issue. We are aware that
there is a big difference in the attitude of some North Sea countries to the concept of
biodiversity enhancement and it appears to us that the Dutch approach is the most
advanced.
1.
What is your organisation's perspective on artificial reefs as biodiversity
enhancement options within OWFs?
We are very interested in the concept of biodiversity enhancement and are currently
gaining some applied experience with installation of artificial reefs in our Borssele
1+2 OWF. However, integration of artificial reefs (and other biodiversity options) in
the OWF design is highly complex and very specific to the location and the OWF
asset characteristics and not without risk and cost to the OWF developer. The cost
aspect cannot be ignored in a competitive market of zero subsidy wind farm tenders
or future OWF auctions. In any case, it is crucial for the OWF developer to have a
large degree of flexibility in terms of reef design, location within the OWF, installation
time and methodology etc. to allow for optimisations and synergies with the OWF
design and installation.
1.
What benefits or risks does your organisation perceive from leaving artificial
reef substrate on the seafloor at OWFs within the Dutch exclusive economic zone
(EEZ) of the North Sea?
Benefit in terms of contributing to our company overall biodiversity considerations.
Benefit due to no future financial or technical risks related to
removal/decommissioning of the reef substrates. Risk if the OWF owner remains
liable and responsible for the reef structures after the OWF has been
decommissioned. Could the reefs hamper future OWF repowering/developments in
the same area?
1.
Does your organisation have objections to artificial reefs permanently
remaining on the North Seafloor? Please elaborate on your answer.
With the above answers to question 3 in mind we overall find it sensible to leave
artificial reefs permanently on the North Sea floor. In addition, we feel that in order to
maintain the conservation benefits artificial reefs would need to be left permanently
on the seafloor.
Tennet (15-06-2020)
1. What is your organisation's perspective on biodiversity enhancement activities
in the North Sea?
TenneT actively considers opportunities for biodiversity enhancement that can be
pursued as part of our offshore grid development. We do so as part of our CSRapproach (maatschappelijk verantwoord ondernemen), where we have objectives
and targets to improve in the areas People, Planet and Profit. As part of the Planet
objectives, nature enhancement was identified, and we strive to include this as an
incremental part of our offshore projects.
1.
What is your organisation's perspective on artificial reefs as biodiversity
enhancement options within OWFs?
Both within wind areas and within the safety area of TenneT's offshore assets,
opportunities can be pursued, taking local circumstances in consideration. There is
no 'one size fits all' solution, not yet at least. Improvements in structure design, and
location specific designs are important elements to consider. As such, adding hard
substrate via artificial reefs is non-debated as having a positive impact on
biodiversity.
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1.
What benefits or risks does your organisation perceive from leaving artificial
reef substrate on the seafloor at OWFs within the Dutch exclusive economic zone
(EEZ) of the North Sea?
Stability of the assets should be verified, and long term environmental impact (nonhazardous elements). Otherwise, it doesn't seem to make sense to remove objects
after the lifetime of the OWF and/or grid assets, as these objects were placed to
increase biodiversity levels. Future use of the area could be an argument, but this
could also be aligned with the existing structures as a starting point.
1.
Does your organisation have objections to artificial reefs permanently
remaining on the North Seafloor? Please elaborate on your answer.
Same as above - if risks are considered thoroughly, it should be possible.
Wageningen University - Prof.dr. Tinka Murk (05-06-2020)
1. What is your organisation’s perspective on biodiversity enhancement activities
in the North Sea?
As long as nature can decide where to come it is a good idea
1.
What is your organisation’s perspective on artificial reefs as biodiversity
enhancement options within offshore wind farms (OWFs)?
Important opportunity
1.
What benefits or risks does your organisation perceive from leaving artificial
reef substrate on the seafloor at OWFs within the Dutch exclusive economic zone
(EEZ) of the North Sea?
Rehabilitation of a fraction of the hard substrate that was removed from the North
Sea by bottom trawling
1.
Does your organisation have objections to artificial reefs permanently
remaining on the North Seafloor? Please elaborate on your answer.
Certainly not! I think it is a shame to allow people to remove rich and biodiverse
habitats unless it is really important for e.g. safety reasons. Also then it should be
considered whether the structures with their life on it could be safely moved to
another place. It is nature that followed upon the opportunities people created, it is
not artificial. Of course there should not be truly harmful substances left behind.
HAME - Prof.dr. Han Lindeboom (08.06.2020)
1. What is your organisation’s perspective on biodiversity enhancement activities
in the North Sea?
Due to over-fishing of oysters in the late 19th century, the oyster-reefs with a high
biodiversity have completely disappeared from the North Sea. More than 60 years of
trawling have done the rest of the job, removing stones and creating a very sandy
North Sea, good for sole and plaice but now for the rich North Sea that we used to
have. To enhance biodiversity once more we need large Marine Protected Areas with
no fisheries (certainly no trawling). These areas should be closed for ever and it will
take 20 to 30 years before we may expect a clear change in the ecosystem. If we
want to restore hard substrate habitats we may add artificial hard substrate but the
individual areas need to be bog enough for restoration of the entire ecosystem
including fish and larger predators.
1.
What is your organisation’s perspective on artificial reefs as biodiversity
enhancement options within offshore wind farms (OWFs)?
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This is a good approach to enhance biodiversity. Also just the presence of wind farm
foundations and additional scouring protection will increase biodiversity. However,
this is a useless exercise if the hard substratum will be removed in the future again. I
recommend an integrated approach taking into account a clear vision on the long
term future of the North Sea, including restored or artificial habitat types. It is better to
designate a few larger areas within the Marine Protected Areas for biodiversity
enhancement than doing this in many wind farms that will be removed after
decommissioning. It is also better to do this in one or two larger areas within the wind
farm or in a designated area than doing this per turbine.
1.
What benefits or risks does your organisation perceive from leaving artificial
reef substrate on the seafloor at OWFs within the Dutch exclusive economic zone
(EEZ) of the North Sea?
If you do it in a few well protected areas in the North Sea I don't see many risks. The
larger North Sea ecosystem will certainly benefit from this. If you do it in many small
areas with a few pipes or reef balls per turbine, this is gardening in the North Sea and
will hardly be beneficial for the ecosystem at large. If the wind farms are removed in
the future due to other users in these areas, the ecological gain may be completely
lost again. The risk is a large waste of money.
1.
Does your organisation have objections to artificial reefs permanently
remaining on the North Seafloor? Please elaborate on your answer.
No. But make clear choices in well defined larger areas. If the artificial structures lead
to a wanted increase in biodiversity, not the (complete) removal of the structures after
the operational phase should be the aim but the permanent protection of the 'new
biodiversity'. There are different ways to reach this goal, but a new legal approach on
marine protection is prerequisite, both nationally and internationally.
Eneco (15.05.2020)
1. What is your organisation’s perspective on biodiversity enhancement activities
in the North Sea?
It depends on the activity. Scour protection may well serve to increase hard substrate
related species and once a community has developed, should that be terminated
again when the OWF goes into decommissioning? Random placement of artificial
reefs (concrete blocks etc.) may not be favoured but stimulation/protection of natural
reef builders such as oyster, lanice and sabellaria would be good.
1.
What is your organisation’s perspective on artificial reefs as biodiversity
enhancement options within offshore wind farms (OWFs)?
Natural reefs are favoured over artificial reefs. Also the scour protection and
windturbines themself already function as an artificial reef. Better increase the
effectiveness of these necessary measures (for sustainable energy) than placing
additional artificial reefs. Furthermore the duration of these 'reefs' should be
incorporated into planning, for now OWF operators are obliged to clean up everything
to below 5 m of the sea surface, while a community has established that 20-30 year
period of the windfarm. Keeping these structures in place after decom. of OWF could
also take the function of articifial reefs.
1.
What benefits or risks does your organisation perceive from leaving artificial
reef substrate on the seafloor at OWFs within the Dutch exclusive economic zone
(EEZ) of the North Sea?
When the area remains OWF where no trawl fishery is allowed anyways no
additional risks are expected.
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1.
Does your organisation have objections to artificial reefs permanently
remaining on the North Seafloor? Please elaborate on your answer.
Depends on what is used for an artificial reef. Natural substrate less objections than
concrete structures. Although natural reef stimulation should be preferred over
artificial reefs.
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