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Abstract: With the blue economic sectors growing, marine macroalgae cultivation plays an important
role in securing food and energy supplies, as well as better water quality in sustainable ways,
whether alone or as part of a cluster solution to mitigate the effects of fish farming. While macroalgae
cultivation exists in Europe, it is not that widely distributed yet; with increasing marine activities
at sea, Maritime Spatial Planning (MSP) needs to ensure social recognition as well as social and
spatial representation for such a new marine activity. This comparative case study analysis of MSPs
of three eastern Baltic Sea countries explores the levels of support for the development of macroalgae
cultivation in MSP and the degree of co-location options for this new and increasingly important
sector. It presents new analytical ways of incorporating co-location considerations into the concept
of social sustainability. The results of this study support the harmonisation of views on co-location,
propose ways of using space to benefit multiple users as well as marine ecosystems, and highlight
some of the key social challenges and enablers for this sector.

Keywords: maritime spatial planning; macroalgae cultivation; blue growth; use-use interactions;
Baltic Sea

1. Introduction

It is widely acknowledged that global seafood stocks are under heavy pressure and
to avoid their collapse immediate actions need to be taken. Here, marine aquaculture
has often been proposed to increase global food security and human well-being, whilst
relieving the pressures of consumption on wild stocks [1,2]. However, in its current
form fish farming—the most widely adopted type of aquaculture—is highly resource
demanding, is a source of pollution and nutrients, and leads to habitat destruction [1].
In comparison to fish farming, marine macroalgae and shellfish cultivation is considered
a more sustainable way of generating raw resources for food and energy production [2].
Further, when cultivated as part of a multi-trophic aquaculture system—in combination
with fish, macroalgae and shellfish—it is seen as a promising method for resolving the
environmental impacts of fish farming [3]. Moreover, macroalgae farming has the potential
to mitigate eutrophication effects and local effects of ocean acidification [4] in coastal
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water bodies worldwide. Low trophic aquaculture also plays an important part in the
European Green Deal, as the sustainable blue economy has a central role in reducing
pressure on Europe’s land resources and tackling climate change effects [5–7]. Fisheries and
the aquaculture sector contribute to securing all the Sustainable Development Goals (SDGs)
but are at the core of SDG 13, to take urgent action to combat climate change and its impacts,
as well as SDG 14, to conserve and sustainably use the oceans, seas, and marine resources
for sustainable development. SDG 14, especially, has clear and important implications for
fisheries and aquaculture, including targets to reduce marine pollution, protect aquatic
ecosystems, minimize effects of ocean acidification [8], and develop scientific capacity
relevant to fisheries [9].

Within the Baltic Sea ecosystem, nutrient loading is amongst the biggest challenges [10].
The Baltic Sea is a multi-jurisdictional water body, and decades of policy initiatives to reduce
external nutrient loads have so far failed to reduce the adverse effects of eutrophication.
This is primarily due to a significant internal release of legacy phosphorus (P) and biological
nitrogen (N) fixation [11]. Macroalgae farming can offer a significant contribution to
regional sustainability, by removing large quantities of the legacy nutrients.

However, as in other European seas, the marine macroalgae industry of the Baltic Sea
Region (BSR) primarily relies on wild stocks [2,4]. Free-floating red algae Furcellaria lumbri-
calis ((Hudson) J.V. Lamouroux, 1813) has been one of the longest commercially harvested
red algae in the BSR and is continued to be harvested in the Estonian marine waters to
produce furcellaran, an additive used mostly by the food and pharmaceutical industries
for its gelling properties [12,13]. In recent years, under the encouragement of European
sustainable blue development initiatives, there has been a keen interest in commercial
cultivation of F. lumbricalis in Estonia; emergence of a few commercial cultivation sites of
Saccharina latissima [14] on the Swedish west coast [4,13,15,16]; experimental cultivation
trials of Ulva species in the Gulf of Gdansk, Poland [17], Finland [18], Hjarnø Kattegat [19],
and Estonia [20]; and experimental cultivation of Fucus vesiculosus (Linnaeus, 1753) and
Fucus serratus (Linnaeus, 1753) in the Kiel fjord, Germany [21].

There are several challenges to commercial macroalgal cultivation in the BSR, most
of which boil down to the unique environmental conditions of the Baltic, lack of technical
solutions for growing macroalgae native to the Baltic Sea, regulatory and market-related
barriers, and complexity of the project permitting process [2,22,23]. Consequently, the
economic and environmental risks of macroalgae cultivation are unclear in the Baltic Sea,
which stunts the growth of the new sector. Firstly, due to the low salinity the number of
potentially cultivated species is low and the spatially explicit production potential of these
macroalgae is poorly known. However, work is being done to understand the production
potential of key macroalgal species in the BSR [24]. Secondly, widely used cultivation
techniques are not appropriate for cultivation of macroalgae native in a significant part of
the Baltic Sea. For example, S. latissima is the only macroalgal species that has currently
viable farming solutions in the Baltic Sea [25], but the farming of S. latissima is only
economically feasible in the westernmost Baltic Sea [13]. Moreover, new farmers face
intermittent political will at different levels of governance, from the EU to state and local
authorities, and need to navigate unclear rights of access to space and resources at a time
of increasing sea use [2].

Maritime spatial planning (MSP) was introduced in the European Union (EU) as a
multi-sectoral, multi-level spatial, place-based planning instrument to address issues of
marine regulation fragmentation [26] and accommodate new sectors including offshore
renewable energy production, aquaculture, and new types of tourism, which entails use-use
as well as use-environment interaction analysis [27–29].

Assessment of interactions among maritime sectors and their potential for co-location
is an essential aspect of MSP as marine space becomes increasingly crowded [29]. Cross-
sectoral considerations and negotiations of claims for space is important for the develop-
ment of the marine macroalgae cultivation sector, as it tends to take place in the particularly
busy coastal waters due to environmental, technical, and economic reasons [2,3]. Co-
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location of activities—their occurrence at the same time and space, where one user’s
resource needs may be positively or negatively impacted by other uses [29], which can
in some cases give rise to sea space “multi-use”—is a synergetic or almost symbiotic in-
teraction. At other times, activities may not complement each other and result in either
exclusion of some activities from specific zones or more nuanced use-use interactions
underpinned by a variety of spatial, temporal, provisional, and functional reasons [29,30].
Multi-purpose platforms, a combination of offshore wind farms and aquaculture systems,
are an example of multi-use and a way of lowering the costs of development as well as
optimising the use of marine space through shared infrastructure, yet are still largely a
concept [31].

In addition to the cross-sectoral scope of MSP, suitable site pre-selection, streamlined
regulations, and licensing procedures through MSP could lower the levels of uncertainty,
speed up the decision-making process, and increase investor interest in currently non-
existing maritime sectors [32]. The significance of being included in spatial planning for a
new sector is illustrated by the success story of offshore wind farms in northern Europe,
where use-use as well as use-environment suitability assessments and strategic mapping
were carried out to support the development of the sector prior to the conception of specific
projects [33]. Consideration of marine aquaculture as a prospective future use is expected at
the EU level and can be observed in some national MSPs, but specific sites for development
are rarely designated [32].

The aim of the study is to explore the level of support in a handful of current Baltic Sea
MSPs for the development of a macroalgae cultivation sector and the degree to which these
MSP processes consider co-location options for this sector. Thereby, the study wants to
present highlights on key social challenges and enablers for this sector, as well as contribute
to new analytical ways of incorporating co-location considerations into the concept of
social sustainability, which is necessary due to increasingly crowded seas.

A comparative case study analysis of MSPs of three eastern Baltic Sea coastal countries—
Estonia, Latvia, and Poland—was performed to answer the following key questions on
social sustainability related to macroalgae cultivation:

(a) To what extent have macroalgae cultivation interests been recognised as well as
socially and spatially represented in the existing MSPs in these countries?

(b) To what degree have interactions between macroalgae cultivation and other maritime
sectors and opportunities for co-location been considered during the implementation
of these MSPs?

The focus of this study is the analysis of the socially constructed environment for
cross-sectoral sector development, with a particular focus on macroalgae and its use-
use interactions (co-location options). Therefore, the questions of production suitability
and use-environment interaction were out of scope, but are covered in other studies
(e.g., [2,4]). Similarly, it was not the environmental conditions for co-location options that
were investigated in this study, but the degree to which the eastern Baltic MSP processes
consider such co-location potentials when planning for macroalgae cultivation.

2. Materials and Methods
2.1. Study Sites

A detailed description of the conceptual approach and methods employed follows the
introduction to the case studies.

Estonia, Latvia, and Poland, as well as the marine waters under their jurisdiction (see
Figure 1), were chosen as case study countries due to similar environmental conditions;
relatively low salinity surface waters at around 5–8 psu (practical salinity unit) in Poland
and the Latvian Open Baltic coast, and 2–7 psu in the Gulf of Riga and in the coastal waters
and Estonian Archipelago [34–36], being one reason.
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Figure 1. The case study country marine waters (exclusive economic zone and territorial waters) in
the Baltic Sea.

Other reasons, also closely linked to the environmental conditions, were the shared
types of native macroalgae species between these countries [37] and the similar history of
their use. Records show that macroalgae, namely F. lumbricalis or F. vesiculosus, have been
harvested at a commercial scale at various times along the Polish, Latvian, and Estonian
coasts since the 1960s, to produce agar, iodine, alginic acid, and animal feed [13,38–40].
However, as of a result of a decline in the abundance of F. vesiculosus and F. lumbricalis due
to combined impacts of overexploitation [41] and the rapidly increasing eutrophication in
this coastal area [42], by 1973 commercial macroalgae harvesting started to be unprofitable
in Poland [43] and by the 1990s agar production stopped in Latvia. At present, the West
Estonian Archipelago (see Figure 1) is the only place in the Baltic Sea where F. lumbricalis
is still present and harvested on a commercial scale. The red algae are either collected on
the shore or the loose-lying form of the species is trawled from the seabed from the two
locations within the archipelago. At sea, F. lumbricalis is legally owned by the state and its
harvest is strictly regulated by the Estonian Fishing Act [44] to protect the species from
overexploitation. Beach-cast wrack, organic material including macroalgae washed up
ashore, was traditionally gathered by residents of coastal communities in parts of all case
study countries and is still considered as part of the cultural heritage. Further, scientists
in Poland have been exploring the possibilities of using beach wrack in biogas systems
popular tourist municipalities [45,46].

In addition to the above-mentioned reasons, the case studies have relatively well-
documented and comparable MSP processes centred on the EU MSP Directive [27] (Table A1.
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This made it possible to focus on the national scale regulatory and social systems differences
between the case studies.

2.2. The Conceptual Approach, Data Gathering, and Analysis
2.2.1. Theoretical Background

The MSP Directive describes the aim of maritime spatial planning as “promoting
the sustainable growth of maritime economies, the sustainable development of marine
areas and the sustainable use of marine resources” [27] (Article 1). Thereby, it attempts
to find area-based solutions for sustainable growth. In addition, it requires MSP to “take
into account environmental, economic and social aspects, as well as safety aspects” [27]
(Article 6) and “take into consideration relevant interactions of activities and uses” [27]
(Article 8). Sustainability and cross-sectoral management are, thus, key concepts for MSP
in Europe. Sometimes, MSP is highlighted to be an integrative process with the potential
for increased fairness through systematic trade-offs and cross-sectoral considerations [47].
However, elsewhere in the literature has put to the attention the power imbalances at stake
in MSP processes [48].

Participation and stakeholder inclusion is also at the core of MSP [27] (Article 9)
and various parts of the literature have focused on capacity building and methods for
participation (e.g., [49–51]. For example, Morf et al. [49] highlights how stakeholder
inclusion can be categorised on a participation ladder from information to deep decision
involvement of stakeholders, who could be, e.g., national planners, local planners, NGOs,
and citizens. However, social sustainability has until recently received little attention in
MSP [52]. An analytical framework for evaluating social sustainability and justice in MSP
is developed by Saunders et al. [53]. The framework includes the concepts of recognition as
the perceived legitimacy of the actors and their stakes in MSP by the planning authorities,
representation as the determinants of meaningful participation and inclusion in the decision-
making process, and distribution of goods and bads as the fairness of the distribution of
resources and burdens in society as a result of decision-making [53].

Due to the lack of historical claims to an area, it can be harder for a new sector to be
recognised politically and legally as well as be represented socially in the MSP process.
This is especially the case if other, more traditional uses claim the same marine spaces,
which could create a power imbalance [54]. Such a power imbalance can be increased,
if the new sector is not spatially represented in maps. This is because, to be visible for
decision-makers and to “be heard in decision-making” in MSP, each use needs to have its
claims for marine space made spatially visible [55]. When claims are made spatially visible,
trade-offs and negotiations regarding spatial distribution can take place [56].

While trade-offs and conflict management have been at the centre of attention in
marine management for multiple decades, the pressure on marine space continues to
grow [57]. With increasingly crowded seas, it becomes more important to recognise
and represent different sectors while also managing their often-overlapping claims for
space [56]. The concepts of co-location and multi-use have gained attention within recent
years, as ways to foster synergies between spatial claims from different sectors to better
optimize the use of marine space, as it is becoming scarcer [58]. Co-location describes
the ambition of enabling synergic marine uses to share or contribute to the resources of
each other, when possible, e.g., through multi-use constellations where uses actively share
resources [29].

Bringing this together, it is important for MSP to recognise uses, especially a new
marine use such as macroalgae cultivation. Furthermore, it is important for MSP to ensure
that such a new use is represented on maps to be included in MSP. Additionally, MSP needs
to investigate options for co-locating such a new use with other marine uses to ensure
space for it in increasingly crowded seas.
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2.2.2. Qualitative Content Analysis and Observer Knowledge: Sector Inclusion in MSP

Inductive, qualitative content analysis is a systematic, close reading of text to identify
key themes and patterns. During the analysis, the text is sorted or “coded” into a number of
relevant themes, which arise during the process and are used as empirical data to compare
the findings across different literature sources [59]. The key findings presented in this
study are the result of a collaborative inductive, qualitative content analysis, searching for
the degree to which macroalgae cultivation is recognised and represented in existing MSP.
The analysis was carried out in the summer of 2021 and was concentrated on the MSPs
publicly available at the time, accompanying documents, communications, and outputs of
international projects focused on MSP gathered through the national planning authorities
(see Table 1).

Table 1. Planning documents analysed (Full reference available in the list of references).

Country Planning Document Description/Title Date of Publication

Estonia

Estonian Maritime Spatial Plan [60] 2020
Hiiu maakonna merealade planeering (Hiiu County Maritime Spatial
Plan) [61] 2018

Pärnu maakonnaga piirneva mereala maakonnaplaneering (County
plan of the maritime area bordering Pärnu County) [62] 2017

Põllumajanduse ja kalanduse valdkonna arengukava aastani 2030
(Development plan for agriculture and fisheries until 2030) [63] 2021

Summary table of proposals submitted to the Estonian Maritime
Spatial Plan and the positions of the Ministry of Finance [64] 2021

Consultations table for Estonian MSP [65] 2021
Protocols of public consultation meetings (2019–2020) [66] 2019–2020

Latvia

Ministry of Agriculture of the Republic of Latvia. Multiannual
Framework for Aquaculture Development 2014–2020 [67] 2013

Maritime Spatial Plan 2030, The Maritime Spatial Plan for the Marine
Inland Waters, Territorial Sea and Exclusive Economic Zone Waters of
the Republic of Latvia [68]

2019

Ministry of Agriculture of the Republic of Latvia. Operational
Programme for fisheries development [69] 2021

Maritime Spatial Plan 2030 Environmental report [70] 2019
Summary of public consultations [71] 2018
Maritime Spatial Plan for the Internal Marine Waters, Territorial
Waters and Exclusive Economic Zone of the Republic of Latvia, 1st
draft [72]

2016

Developing a Pilot Maritime Spatial Plan for the Western Coast of
Latvia (BaltSeaPlan Report 16) [73] 2011

Poland

Plan zagospodarowania przestrzennego Polskich Obszarów
Morskich w skali 1:200,000 (Spatial Development Plan of Polish
Maritime Areas at scale 1:200,000) [74]

2021

Projekt planu zagospodarowania przestrzennego Szczecin and
Kamieński Lagoon (Draft Spatial Development Plan for the Szczecin
and Kamieński Lagoon) [75]

2021

Projekt planu zagospodarowania przestrzennego Zalewu Wiślanego
(Draft Spatial Management Plan for the Vistula Lagoon) [76] 2021

Szczegółowy projekt planu zagospodarowania przestrzennego
Zatoki Gdańskiej (Detailed design of the spatial development plan
for the Gulf of Gdansk) [77]

2021

Study of Conditions of Spatial Development of Polish Sea Areas [78] 2016

In the content analysis, an inclusive interpretation of the concepts of recognition and rep-
resentation was applied. The third analytical category of the Saunders et al. [53] framework,
distribution of goods and bads, was addressed through the analysis of spatial representation
and opportunities for co-location, which indicated the degree of access to space (the lack of
which would be considered an obstacle or a “burden” for the sector).
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First, in addition to overt recognition in laws, regulations, and policy, the acknowl-
edgement of interest legitimacy through “informal” means such as invitations to private
meetings and inclusion in capacity building projects [53,79] were also considered as signs
of recognition in this study. The insider knowledge by the authors of this article and
their experiences as observers of and participants in national MSP processes, as well as
from their experience in the GRASS project, provided triangulation and insight into the
“informal” processes within MSP and were used to contextualise some of the findings of
the content analysis in this study.

Second, the representation studied covers both social representation in the MSP
process through executed participation (not just invitations) as well as spatial representation
in the map.

2.2.3. Classification of Co-Location Opportunities in MSP

In all three case study countries, stakeholder consultations took place in prepa-
ration of the MSP. Based on information gathered during such stakeholder consulta-
tions, use-use interactions among sectors have been evaluated roughly in each country
already [60,78,80,81].

In this study, the descriptions of the interactions between macroalgae cultivation
activities and all other considered maritime sectors in the official MSPs were given more
details based on the investigated MSP material. More specifically, the use-use interaction
classification was expanded with more details, by dividing the information out based on
three categories: “conflicting”, “synergetic”, or “with potential for co-location under certain
conditions”. The three categories were further classified under the following four types of
underlying “spatial-temporal links” [29] to indicate “drivers” and “barriers” for co-location
and multi-use in a particular context [82]:

• Environmental links—uses affect the environment and resource needs of another use.
• Location links—marine activities take place at the water surface, within the water

column and on the seabed and at different times, and can at times overlap, which can
result in sharing or competition over marine space.

• User attraction links—change in the number of users due to the proximity of activities.
• Technical links—concerning infrastructure, tools, or safety.

These links were used to develop a colour-coded use-use interaction matrix that was
used to describe current considerations and opportunities for sector co-location in MSPs
across the case study countries, from the macroalgae cultivation perspective.

Geodata depicting current and designated future sectoral uses featured in the use-use
analysis were gathered through contact with the institutions responsible for the develop-
ment of maps in each case study country and the HELCOM Map and Data Service [83].
The layers were grouped into categories, “conflicting”, “synergetic”, or “with potential for
co-location under certain conditions”, and colour-coded according to the findings of the
use-use analysis previously described.

3. Results
3.1. Macroalgae Sector Inclusion in the MSP Processes
3.1.1. Recognition
A Formally Recognised “Future Use”

Macroalgae cultivation is a formally recognised part of the aquaculture and fisheries
sector in all reviewed plans. Aquaculture of all types is listed in the Polish legal MSP
procedure as an activity that had to be included in the planning processes by the planners
and is the only sector that does not currently use the Polish marine space but was thor-
oughly investigated as a prospective use during the MSP process. In Poland, macroalgae
cultivation is permitted to take place in areas “reserved for future use with extraction al-
lowed”, “environmentally conditioned local development”, or “multifunctional economic
growth”, as well as basins designated for offshore wind energy and the exploration and
extraction of natural resources. Similarly, in Latvia aquaculture is classified as a “general
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use”, which will be evaluated on a case-by-case basis following the offshore installation
licensing procedures, MSP recommendations on use-use interactions as well as the national,
the thematic long-term development plan of the public coastal infrastructure, and local
government interests if the offshore development is planned to take place within 2 km
from the coastline.

Environmental Benefits and Risks

As they grow, macroalgae assimilate nutrients from the surrounding environment,
which makes macroalgae cultivation and harvest an attractive activity from a Baltic Sea
environmental management perspective as well as an instrument that could help to de-
crease the concentrations of phosphorus and nitrate over time [4]. This is described as one
of the primary advantages of the activity in all reviewed plans and at times, in contrast to
the negative impacts of fish farming [68] (p. 95).

However, the results of the Study of Conditions of Spatial Development of Polish Sea
Areas conclude that cultivation may pose some threats to the environment. Further, the
environmental impact assessment (EIA) for the draft plan for the Vistula Lagoon, Poland,
does not recommend any type of aquaculture activities in the area unless it is experimental
or “scientific research”. Similarly, the current version of the draft plan for the Gulf of
Gdansk excludes aquaculture, referring to the need to protect waters from pollution, and
the final plan for the Szczecin and Kamień Lagoons allows aquaculture in seven basins,
but the EIA is focused on the negative effects of fish aquaculture as well as the predicted
negative effects of shellfish farming, recommending that all projects go through the Natura
2000 impact assessment process. Similarly, the Latvian plan states: “A significant negative
impact [of macroalgae and shellfish farming] would be expected on fish spawning grounds
and nurseries. Considering the potential environmental impact, aquaculture farms are not
recommended in coastal waters up to 20 m depth”.

Limited Socio-Economic Significance

In the Estonian Development Plan for Agriculture and Fisheries until 2030 [63], the
Estonian MSP aquaculture is recognised as a regional development measure to attract
investment outside metropolitan areas and “alleviate the seasonal nature of sea-based
employment” through the involvement of “fishermen and other marine users in the main-
tenance of aquaculture facilities” [60] (p. 22) as well as an activity with potential to add
value to coastal tourism and cultural heritage.

Apart from the recognition of the potential economic advantages of macroalgae
farming as part of a multi-trophic aquaculture system, little attention is paid to the other
socio-economic dimensions of the sector development and its significance in the Polish
and Latvian plans. In the Latvian plan, wild grown algae are associated with the supply of
some provisioning ecosystem services—raw resources for use in the production of other
materials. However, there is no link between the service supply description and macroalgae
cultivation activities.

3.1.2. Representation
Varying Degrees of Actor Representation

During the MSP consultation process in Poland, only 15 comments regarding aqua-
culture were submitted. Pressed by the legal obligation to consider the prospects of the
aquaculture sector in MSP and a lack of interest during the public consultation process, the
representation of the sector in Poland was limited to discussions between planners and
experts.

In Latvia, the sector interests were represented at the national scale by the Ministry of
Agriculture responsible for the aquaculture development strategy in Latvia, the national
Multiannual Framework for Aquaculture Development 2014–2020 [67], which mentioned
the option of marine aquaculture but did not formulate any goals towards this part of the
sector and foresaw no targeted activities for development. The lack of focused actions
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was explained by the lack of MSP at that time. However, the operational plan for fish-
eries development 2021–2027 also indicates the need for investments only at freshwater
aquaculture and, consequently, plans supporting activities only for this part of the sec-
tor [69], suggesting an overall “low” top level government interest in the development of
macroalgae cultivation activities.

During the second draft consultation period in 2018, the Kurzeme planning region
(coastal, westernmost part of Latvia) also provided feedback on the description of the sector,
notably suggesting reviewing the plan’s position discouraging co-location of aquaculture
and other offshore installations such as oil platforms or wind farms, which was taken
into account and the co-location of aquaculture and wind farms became permitted under
certain conditions. Additionally, the authors are aware of a single rejected project proposal
for commercial algae cultivation in the Gulf of Riga raised during the development of
the second draft, suggesting there has been interest from the private sector; however, no
records of private sector representatives participating in the consultation could be found.

Albeit very few in total, all the entrepreneurs currently involved in commercial
macroalgae harvest in Estonia participated in the planning process. Due to the size of
the private sector, it has close links and direct communication channels with the planning
authority and research institutions monitoring wild stocks. Three thematic meetings were
organized by the planning authority with aquaculture developers to introduce the MSP
solutions to them and get their feedback for further development.

Spatial Macroalgae Cultivation Representation during the Planning Process

Aquaculture was included in the Study of Conditions of Spatial Development of
Polish Sea Areas [78], based on the published literature and multidisciplinary expert and
practitioner knowledge, which provided spatially explicit evidence for the decision-making
process and use-use interaction analysis. Similarly, the natural growth potential of algae
in the Estonian marine waters was modelled to produce maps depicting areas of high,
moderate, and low production and to identify the most suitable sites for cultivation [60]
(p. 24). Although these assessments resulted in the sector being “allowed” in areas
where experts believe aquaculture will not conflict with other sectors in Poland, plus an
environmental suitability map for macroalgae cultivation featured within the Estonian
MSP, the sector was not designated space in the final MSPs.

In Latvia, the sector was temporarily included in the sectoral plan in the first draft of
the Latvian MSP in 2016. In the plan, macroalgae cultivation was given the right to take
place in “areas of potential development” along with other types of aquaculture, offshore
renewable energy production, and maritime tourism, “taking into account limiting natural
conditions, possible impact to marine ecosystem, as well as potential conflicts with other sea
uses.” [72] (p. 35). A total of 86.2km2 of the coastal zone in the open Baltic were designated
for algae and mussel cultivation activities [72,84,85], if they did not “create a threat to
the marine ecosystem, shipping and national security”, sectors of “primary interest” [72]
(p.25), and fulfilled the conditions required by the regulations for development of offshore
installations [86]. However, by 2019 the categories of uses of marine space were reviewed
and the aquaculture sector is no longer spatially represented in the final plan.

3.1.3. Technical Challenges and Knowledge Gaps as Barriers for Sector Recognition
and Representation

Knowledge gaps, absence of experience, and success stories from pilot studies, as well
as anticipated conflicts with other users, are the key challenges in identifying the needs
of the sector in all three case studies. For instance, the final Latvian MSP describes the
development of the sector in the Latvian marine waters as limited by the environmental
conditions said to be challenging for algae cultivation and a lack of technological solutions
to resolve the challenges, and also calls for natural scientific institution and public body
cooperation to fill in the knowledge gaps and advance the sector.

At the same time, discussions with planners suggests that expert knowledge and data
providing a better understanding of the cultivation of zebra mussel in the Szczecin Lagoon
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have made an impact on their attitudes and made them less sceptical to marine farming,
including macroalgae.

3.2. Potential for Sector Co-Location

The investigation of country-specific MSP documents on the stated nature of the
interaction between macroalgae cultivation and other activities resulted in the following
points.

For Estonia, “synergistic combined use of maritime space” is a goal within the action
plan accompanying the Estonian MSP and multi-use, or “cluster solutions” through a
common use of infrastructure and land-sea interaction, such as joint maintenance vessel
use for the upkeep of infrastructure and species harvest, are encouraged in the Estonian
MSP.

Multi-trophic aquaculture installations at sea—a combination of nutrient-adding
fish farms with the nutrient-removing algae and shellfish farming—are promoted in the
studied MSPs as an opportunity for multi-use motivated by all four types of links across
the different countries (see Figure 2). The key drivers of the synergetic interaction include
good technical links due to co-development of infrastructure and environmental benefits
of such IMTA solutions [63,68]. In addition to this, in Estonia the possibility of increased
user-attraction based on the economic benefits of added-value marine tourism, as a result
of aquaculture practice, and high added-value aquaculture products, with high export
potential (e.g., F. lumbricalis—protein pigments, nanocellulose), is suggested [63]. In Latvia,
multi-trophic aquaculture is seen to have a role to play in reaching a long-term vision
of sustainable fisheries helping “to improve the quality of the marine environment” [68]
(p. 82).

The possibility of co-location between aquaculture and offshore wind farming is
also discussed in all MSPs. In Estonia, shellfish and/or algae cultivation in wind energy
development areas is proposed to achieve a positive synergy through combined use of
space and infrastructure. In Latvia and Poland, co-location between the two sectors is
also seen as potentially synergetic, but the offshore wind energy sector is considered a
more strategically important future sector than aquaculture, classified as a “priority” sector
and a “main function” determining the use of designated planning basins respectively.
According to Latvian and Polish MSPs, co-location of the two sectors depends on the
interest in technological development by offshore wind farm developers.

In Poland, as a general rule, wind farm structures should be built first (and only then
should aquaculture structures be installed, with the permission of the Maritime Office).
However, aquaculture is strictly prohibited in areas designated for existing activities of
national strategic importance, including shipping and national defence, due to spatial
overlap and concern of environmental impacts in marine protected areas. For instance,
detailed plans for the Szczecin and Kamień Lagoons specify that aquaculture may be
carried out at a distance of not less than 500 m from permanent fishing sites, military
training areas, and fish spawning areas.

All these country-based points on macroalgae cultivation as well as other existing and
future uses are summed up in the colour-coded interaction matrix presented in Figure 2.
The matrix visually shows a cross-country comparison and has enabled the development
of maps as presented in the following section.
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Figure 2. Categorisation of pairwise interactions between macroalgae cultivation and other maritime sectors, based on how the interactions appear in the official MSPs.
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3.3. Spatial Representation of Use-Use Interactions and Potential for Co-Location

Despite not being designated space, mapping of the pairwise interactions with
macroalgae cultivation revealed that there are areas potentially available for the develop-
ment of the sector in co-existence with other sectors in all studied countries as presented in
Figures 3–5.

Figure 3. The Estonian marine space is divided into potentially synergetic, conflicting, and compatible
sea use areas from a macroalgae cultivation perspective based, on sectoral maps featured in the
current MSP considering existing and future sea uses.

Figure 4. The Latvian marine space is divided into potentially synergetic, conflicting, and compatible
sea use areas from a macroalgae cultivation perspective, based on sectoral maps featured in the
current MSP considering existing and future sea uses. The single green dot symbolising synergetic co-
existance with other aquaculture activties is the location of a mussel farm permitted and functioning
as a site of scientific research.
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Figure 5. The Polish marine space is divided into potentially synergetic, conflicting, and compatible
sea use areas from a macroalgae cultivation perspective, based on sectoral maps featured in the
current MSP considering existing and future sea uses.

In Estonia, there are clear synergetic use areas, which are sites reserved for the future
development of the offshore wind energy sector (Figure 3) [60].

In Latvia, most of the marine space seems to be already occupied by sectors, which con-
flict with macroalgae cultivation (Figure 4). This includes sectors such as shipping—well
defined shipping routes are unmistakably visible, as well as military defence and fisheries—
a mobile, temporally flexible activity present in most of the marine space (Figure 4). How-
ever, pockets of areas with potential for co-location can be seen along the open Baltic coast
and the Gulf of Riga, which may also be the more environmentally suitable locations for
cultivation of macroalgae [87].

In the Polish case, the map suggests that co-location may be possible near the coast
and in the exclusive economic zone (EEZ). However, it is important to keep in mind that
more detailed plans for the lagoons and the Gulf of Gdansk (Figure 1) (currently presented
as areas with uses “Compatible under conditions”) are being developed, thus the potential
for co-location under certain conditions in the territorial zone may change in the near
future.

4. Discussion

The increasing use of the seas and the rise of conflicts among and between existing
and emerging maritime activities has led to the idea of co-locating activities in an effort to
save space. Uses that can potentially be co-located with aquaculture include tourism, wind
farms, and other offshore renewable energy structures; or oil and gas infrastructure [88,89]
and different aquaculture species may be farmed in conjunction as integrated multi-trophic
aquaculture [90]. The potential for co-location depends on the spatial compatibility of
the uses and the environmental suitability of the area for the respective activities [29,91].
However, to realize the co-location potential requires not only technological readiness,
but also societal interest, societal and political willingness, and an adequate regulatory
framework [89,92,93].
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In the case study countries, co-location of aquaculture is promoted to varying degrees
and with different sectors. While the countries were selected inter alia because of similar
environmental conditions, it is clear that the environmental suitability for some aquaculture
species, such as bivalves and certain types of macroalgae, decreases towards the east and
north due to the decreasing salinity gradient. Therefore, it may be somewhat surprising
that Estonia seemingly promotes the aquaculture sector the most and identifies more
synergetic co-existence options for aquaculture (with tourism and offshore wind) than the
other two case study countries. A potential explanation is the recognition of the social,
economic, and environmental benefits of the (re)emerging aquaculture sector as well as
the representation of the private sector actor interests in the Estonian MSP process, plus
the close links between entrepreneurs, experts, and planning authorities as well as efforts
to map, e.g., the potential of macroalgae growth. Such recognition may foster societal
readiness and political willingness for the sector itself and its co-location possibilities.

In Latvia, the spatial representation of the aquaculture sector was not transferred into
the final MSP plans, and a further study of the legal status of aquaculture in Latvia revealed
a misalignment in the legislation and MSP, as the current regulations in force [94] identify
eight additional permit areas for the installation and operation of equipment necessary for
aquaculture activities, which are not referred to within the MSP. To operate at one of these
sites, a project proposal must be reviewed by the Ministry of Agriculture regarding the
planned activity through tender. In addition, the spatial co-location potential is the least,
when compared to Estonia and Poland, which is likely due to the lack of political support
and interest at the national level as well as a lack of private sector voices resulting in a one-
dimensional, environment-focused description of the benefits of macroalgae cultivation.
Like in the other countries, the key obstacles preventing site designation were said to be
technological and environmental uncertainty.

Whilst limited sector recognition and representation in MSP is an outcome of a number
of different factors, including a shortage of actors with interests and experience, the end
result is a “chicken and egg” situation or a “wicked” problem, where the spatial needs of a
future sector are underrepresented in the plan due to a lack of actors and voices, which
leads to weak support for sector development, lengthy offshore project permitting process,
and, ultimately, a lack of investor interest [22,95]. Moreover, the case studies highlight
that, as a regulatory system, MSP is a highly political process, which ends up creating an
environment advantageous for some economic activities but not others [96] and, instead of
levelling the playing field for all sectors, perpetuating the status quo and existing power
differences [26].

In both Latvia and Poland, co-location of aquaculture with other sectors is only
regarded feasible and permitted under specific conditions, e.g., as long as it does not
interfere with the main uses of the sea. Poland, furthermore, foresees those installations,
such as windfarms and extraction platforms, as needing to be built first and aquaculture
developments should follow. However, it can be debated whether this is a feasible order
of events. In a study from the UK, it is recommended to develop aquaculture projects
and renewable energy infrastructure, such as wind farms, in conjunction, so that the legal
rights in tenure are clear and secure and to ensure commercial viability [89]. Such co-
development of offshore wind and aquaculture may also be better suited to highlight the
less visible benefits of co-location for wind farm operators. To have synergetic co-existence
between these two sectors, the benefits for both sides must be clear [89]. For the wind
farm operators, the benefits may include offsetting of environmental impacts and a societal
licence to operate [89,93]. However, it may also be necessary to create specific incentives
for the larger sectors, such as offshore wind, to engage in co-location activities [97].

The co-location of offshore wind and aquaculture has been researched and suggested
as a viable option for two decades [98], and the benefits are clear for the aquaculture
sector [89]. However, in an MSP process not only the view of sectors that should be co-
located count but also the other marine uses and stakeholders. In this study, the focus
was on the inclusion of the aquaculture sector in the MSP process and the co-location
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potential; it was not investigated to what extent other sectors may have played a role
in supporting or hindering the spatial recognition and representation of this sector. The
Germany MSP process, just having finished the second planning cycle in the EEZ, provides
an interesting example in this respect, as all the statements issued by different stakeholders
and sector representatives are freely available online. Aquaculture is not a big actor in the
German EEZ; it is not represented on the MSP maps and in the plan document, only the
potential for co-location with wind farms and other installations is recognized. However,
the official statements issued show that wind farm operators and the nature protection
agency are largely against a co-location with aquaculture because of operational security
concerns by the former and environmental concerns by the latter. Thus, even if co-location
of aquaculture and wind farms is promoted politically, implementation may be aggravated
by opposition from other sectors, not the least from the sector supposed to act as the
“partner” in co-location.

There is not an easy solution to overcome the variety of problems for the aquaculture
sector to become established. However, a needed step is the recognition and spatial
representation of the sector in the MSP process, to literally put the sector on the map. Maps
of co-location potential, as presented in this study, may furthermore support a clearer
delineation of the spatial needs of the sector, visualize the “saved space” when utilizing
the co-location potential, and shed light on the overall availability of space for macroalgae
cultivation activities through opportunities for co-location and multi-use in each country;
they have also been overlapped with maps depicting macroalgae production potential, to
identify the most suitable locations for project development [87]. It is important to keep
in mind that the mapping of sectors in three broad groups creates an impression that the
interactions are well defined and “fixed” to a location; however, a different approach to
mapping sector interactions (for instance, depicting the nature of the conflicts, synergies,
and conditions of co-location), would reveal that interactions are much more nuanced.

Pilot sites for new marine uses and multi-use constellations are good enablers for new
marine uses, and MSP can thus advantageously enable pilot facilities to take place [88].
Today, many MSPs operate as first versions. Therefore, these MSPs may become more
detailed in time, as the plans are updated [99] and potentially consider European Com-
mission initiatives like the comprehensive cross-sectoral EU Algae initiatives, currently in
preparation. This might increase the number of marine uses that the plans cover, including
macroalgae cultivation, and enable them to better facilitate multi-use.

At the same time, as an institutional management instrument MSP has been criticised
for non-inclusive actor representation and providing limited opportunities for dialogue
among sectors, making it ineffective at facilitating development of multi-use solutions [100].
Complementary social learning processes and alternative, less politically charged envi-
ronments such as Communities of Practice, “groups of people who share a concern or a
passion for something they do and learn how to do it better as they interact regularly” [100]
(p. 2), may be necessary to initiate collaboration and, eventually, multi-use solutions [100].

5. Conclusions

This paper evaluated the degree to which the country-specific MSP implementations
recognise and represent the macroalgae cultivation sector, and whether these MSPs consider
use-use interactions for this sector, including its potential for synergic co-location with
other marine activities.

The investigation showed that MSP does formally recognise parts of the aquaculture
and fisheries sector in all reviewed plans, with macroalgae being mentioned as a potential
future use. However, according to the MSPs and consultation protocols, the Estonian plan
was the only plan where entrepreneurs participated in the planning process. The repre-
sentation of the private sector was enabled by already established direct communication
channels between the planners, experts, and the individuals from the sector. Furthermore,
while the spatial representation was strong in all planning processes, these sectors are
given little independent focus in the final MSPs.
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In all planning documents, co-location options between macroalgae-cultivation and
other sectors are mentioned. While all countries in focus do mention multi-use potential
that depends on technological development, the Latvian documents express the most
concern for conflicts involving spatial overlaps with other sectors, which results in the
least potential options in Latvia for locating macroalgae cultivation. However, in all three
countries, conditionally compatible areas exist, underlining the need for considering co-
location when planning for such new uses. The map for Estonian macroalgae cultivation
potentials even shows synergic areas where windfarms are highlighted as a potential
synergic combination option.

The sustainability development goals (SDGs) in the world are connected, and, thus, it
is essential that MSP processes acknowledge such connectedness by, for example, consider-
ing how activities mutually interact. The analysis presented here supports the process of
putting macroalgae cultivation on the map in reality, helping MSP facilitate options to locate
this new sector. Co-location considerations are a necessity in this process, as the maps show,
due to high competition for coastal marine space. Considering and spatially representing
not only individual sectors, but also their interactions and multi-use potentials, as well as
geospatial information on the environmental conditions for macroalgae cultivation, could
ensure spatial locations with adequate social, political, and physical conditions as well as
remove barriers for the development of the sector of macroalgal cultivation.

While the MSPs in Latvia, Poland, and Estonia already recognise the macroalgae
cultivation sector to some extent, maps such as those presented in this study can facilitate
further social recognition and representation, enabling the further inclusion of relevant
stakeholders into the MSP processes, while supporting political and technical development
of the sector. Future research is needed to investigate the development of this increasingly
important new sector as the MSP plans are updated and pilot areas evolve.
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Appendix A

Table A1. Description of the MSP status and process in the case study countries.

Estonia Latvia Poland

Status and scope

Legally binding, national scale plan for the
entire marine area under the Estonian
jurisdiction expected to be adopted in early
2022.

Pilot plans for the Pärnu and Hiiu county
territorial waters had been developed before
the launch of the national scale plan and have
now been integrated in the national plan.

National MSP based on the Planning Act 2015
and the pilot plans for Pärnu and Hiiu
counties, on the earlier version of the Planning
Act.

A national scale plan for the entire marine
waters under the national Latvian jurisdiction
and the 2 km strip of internal waters
mandated to coastal municipalities was
adopted in May 2019. It is not legally binding.

The plan is based on the Spatial Development
Planning Law (1 December 2011) and
Regulation No. 740 of the Cabinet of Ministers
on the Procedures for the Development,
Implementation and Monitoring of the
Maritime spatial plan (30 October 2012).

A legally binding plan for the entire area was
developed based on the Act on Sea Areas of
Poland and Maritime Administration 2015
and has been in force since 21 May 2021. The
Polish MSP provides the legal basis for
decision-making and management of marine
space and has a direct impact on the legal
status and rights of sea users.

Before the adoption of the EU MSP Directive,
pilot plans were developed in 2008–2012 for:
the western Gulf of Gdańsk, the Middle Bank,
and the Bay of Pomerania. The pilot plans
were non-binding but informed the Polish
Maritime Administration decision-making
process as a source of best available
knowledge.

Separate, more detailed plans for the Szczecin,
Kamień, and Vistula lagoons as well as port
areas are also being developed due to the high
levels of existing or potential conflicts in the
areas.

The final draft plan for the Szczecin and
Kamień Lagoons was ready in 2019 but is still
under consultation. The first out of three
drafts for the Vistula Lagoon and the Gulf of
Gdańsk have been prepared. Once approved,
the gulf of Gdańsk plan (at a scale of 1: 25,000),
will override the coarser MSP of the area.
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Table A1. Cont.

Estonia Latvia Poland

Key drivers

The plan will be the strategic basis for all decisions regulating
sea use.

Its aim is to “attain and maintain a good status of the marine
environment and to promote the maritime economy” while
securing a “good environmental status, diverse and balanced
use” [63].

The two pilot plans were started on one hand, because of the
wind farms, as more competing interests were emerging, which
were in conflict with each other and there was a need to find a
balanced solution. The explanatory memorandum on the
initiation of plans states that an important outcome of MSP is the
avoidance or minimisation of conflicts between activities carried
out and planned at sea, as well as between marine uses and
nature. On the other hand, the aim was precisely to pilot the
maritime planning process, as such plans have not been made in
Estonia before. The experience of these two plans, although with
a slightly different approach, has been used in the preparation of
the national plan.

The key criteria for defining uses of the sea
outlined in the first draft were:
“Rational use of the sea space and minimising
of the sea use conflicts”, maintenance of the
“ecosystem integrity”.

Further consideration of “possibilities of
combined uses with similar demands for
environmental conditions and infrastructure,
not disturbing each other” and promotion of
“synergies between different uses:
Encouraging coexistence of the
complementary or interdependent
(functionally related) sea uses.” [72] (p. 33)
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Table A1. Cont.

Estonia Latvia Poland

Description of the planning
approach

The plan focuses on the principles of spatial development, and
the activities are not planned on a detailed scale. The plan
provides guidelines and states conditions for the next stages of
planning the activities, including at the local government level.
The planning solution was drafted on the basis of environmental
considerations and the best available knowledge. The inclusion
of the best available knowledge is ensured by a broad-based
expert group, cooperation with other countries, authorities and
stakeholders, and further analyzes. As in many traditional uses
(e.g., fishing, maritime transport), the rules of marine uses have
predominantly been established; the plan focuses primarily on
the combined use of the marine area and new uses of the sea.
Guidelines are provided for all areas of activity to accommodate
all different uses in the marine space [60]

In the first draft of the MSP, the marine space
and permitted uses are divided into four
categories—“areas of priority interest” and
uses of strategic importance; “areas of
potential development” focused on new uses
with elements on uncertainty; “other types of
uses of the sea and marine features”—all
activities with pre-existing legal basis; and
“areas of general use”, which permit uses of
any nature if they do not impact the
environment and are legally permitted [72].

The national marine plan at a scale of
1:200,000 divides the Polish marine space into
95 basins. In line with legislation, every basin
has been assigned a “main function”. Other
activities—“allowed functions”, may occur
simultaneously within the basin as long as
they do not disturb the main activity.
Activities not listed are not permitted within
the basin. In addition, each basin must be
described in detail in terms of the existing
conditions, the pressures occurring, the legal
acts in force and the detailed principles of
management and use of the resource,
including the relationship between the
different functions.
The planning process of the final MSP
involved the preparation of a study of the
conditions and four versions of the draft plan.
All versions of the plan were subject to an
Environmental Impact Prediction as a part of
strategic environmental impact assessment.
A preliminary version of the “Study on the
conditions of Spatial Development of Polish
Maritime Areas with spatial analysis” was
prepared in 2015, covering the exclusive
economic zone, territorial sea and internal
waters of the open coast [78].
This document describes the environmental
aspects and aspects resulting from various
forms of space use, also legal ones. It was the
first source of knowledge to start the main
MSP, first formal identification of actors and
conflicts, but the solutions.
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Table A1. Cont.

Estonia Latvia Poland

Authorities responsible The Ministry of Finance

The Ministry of Environmental Protection and
Regional Development (MoEPRD) with the
support from other ministries and sector
authorities responsible for the national MSP.
Local coastal municipality councils—coastal
plan.

Polish Maritime Area is territorially divided
between Maritime Offices in Gdynia, Szczecin,
and, until 2020, Słupsk. The Directors of
Maritime Offices are the local maritime
administrative bodies of the Ministry
responsible for maritime affairs and they are
responsible for preparing and consulting the
plans before implementation

Public and sector
consultation process

All interested parties were able to propose their suggestions on
the values and uses of the maritime space during the planning
phase. They were invited to map their ideas during the almost
one-year period on the official MSP website.
http://mereala.hendrikson.ee/ideekorje.html (accessed on 10
November 2021)
The planner has used a broad approach in stakeholder
engagement using a variety of channels. All invitations for
stakeholder meetings were published in national and regional
newspapers; on Facebook; on the webpage of Ministry of
Finance and the dedicated planning webpage; e-mail invitations
were sent to interested parties through mailing lists that
included professional associations, participants from other
similar meetings and people who had subscribed to the e-mails.
Furthermore, physical posters were posted on frequented places
such as notice boards in the town central squares. Content
articles were published in several publications.
A round of thematic meetings with stakeholders was carried out
during the preparation of the MSP, to validate the solution before
they are made public and to discuss specific issues with relevant
stakeholders.
MSP solutions were introduced at various international and
national meetings, including introduction to aquaculture at the
Baltic Blue Growth conference.

Detailed plan for public, sector and expert
engagement [71]. “Priority sectors” such as
shipping, and the offshore wind energy sector
had targeted consultations with sectoral
representatives [65].

There were four draft plans, each one was
subject to public review.
In total, 2053 requests for change were
submitted and the number of applicants was
232.
There were also eight sectoral (~8*50
participants), four major national (~700
participants), and three international
consultation meetings (~33*12 participants).

http://mereala.hendrikson.ee/ideekorje.html
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Table A1. Cont.

Estonia Latvia Poland

Priority or strategically
important sectors

Existing and well-established uses have had a clear preference
when accommodating new uses. New uses need to be
accommodated where the old ones do not exist. The wind
energy sector has had the strongest influence out of the new uses
and much clearer objectives.
For example, an environmental NGO won
a court case, and the offshore wind energy theme was removed
from the Hiiu MSP by ruling of the National Court of Estonia
[98].

Existing strategically important sectors
include shipping, fishing, tourism, national
security, and nature conservation.
Offshore wind farm development is also
foreseen in the near future, and the sector is
considered a “priority sector” despite
currently not existing.
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17. Brzeska-Roszczyk, P.; Barańska, A.; Kruk-Dowgiałło, L. Review of selected methods of macroalgae cultivation in the marine
waters. BIM 2017, 32, 129–136. [CrossRef]

18. Suutari, M.; Leskinen, E.; Spilling, K.; Kostamo, K.; Seppälä, J. Nutrient removal by biomass accumulation on artificial substrata
in the northern Baltic Sea. J. Appl. Phycol. 2016, 29, 1707–1720. [CrossRef]

19. Christiansen, E.R. The Potential of Ulva for Bioremediation and for Food and Feed. Master’s Thesis, National Food Institute,
Aarhus University, Kongens Lyngby, Denmark, 2018. Available online: https://docplayer.dk/154782299-And-for-food-and-feed.
html (accessed on 10 November 2021).

20. Anneliis Kõivupuu. Macroalgae Sector in Estonia: Past, Present and Future Perspectives. 2021. Available online: https://www.
kurzemesregions.lv/wp-content/uploads/2021/05/Estonia-macroalgae-sector_Anneliis.pdf (accessed on 10 November 2021).

21. Meichssner, R.; Stegmann, N.; Cosin, A.; Sachs, D.; Bressan, M.; Marx, H.; Krost, P.; Schulz, R. Control of fouling in the aquaculture
of Fucus vesiculosus and Fucus serratus by regular desiccation. J. Appl. Phycol. 2020, 32, 4145–4158. [CrossRef]

22. Lähteenmäki-Uutela, A.; Rahikainen, M.; Lonkila, A.; Yang, B. Alternative proteins and EU food law. Food Control 2021, 130,
108336. [CrossRef]

23. Thomas, J.E.; Ramos, F.S.; Gröndahl, F. Identifying Suitable Sites for Macroalgae Cultivation on the Swedish West Coast. Coast.
Manag. 2019, 47, 88–106. [CrossRef]

24. Kotta, J.; Jänes, H.; Paalme, T.; Peterson, A.; Kotta, I.; Aps, R.; Szava-Kovats, R.; Kaasik, A.; Fetissov, M. GoA 2.1.
Assessing the PanBaltic Potential of Macroalgae Cultivation and of Harvesting Wild Stocks. 2021. Available online:
https://www.submariner-network.eu/images/grass/outputs/GRASS_OA21_pan-Baltic_map_depicting_potential_of_
macroalgal_cultivation_and_harvesting.pdf (accessed on 10 November 2021).

http://doi.org/10.1038/s41559-017-0257-9
http://www.ncbi.nlm.nih.gov/pubmed/29046547
http://doi.org/10.3389/fmars.2020.626389
http://doi.org/10.1016/j.marpol.2020.103853
http://doi.org/10.3389/fmars.2019.00107
https://ec.europa.eu/commission/presscorner/detail/en/ip_21_2341
http://doi.org/10.1016/j.marpolbul.2021.112321
http://www.ncbi.nlm.nih.gov/pubmed/33839571
http://doi.org/10.3389/fmars.2017.00100
https://helcom.fi/media/publications/BSEP155.pdf
https://helcom.fi/media/publications/BSEP155.pdf
http://doi.org/10.1126/sciadv.aar8195
http://doi.org/10.1515/bot-2016-0062
http://doi.org/10.1515/bot-2019-0019
http://doi.org/10.1016/j.algal.2017.07.025
http://doi.org/10.1016/j.marpolbul.2020.110962
http://www.ncbi.nlm.nih.gov/pubmed/32469791
http://doi.org/10.5604/01.3001.0010.6980
http://doi.org/10.1007/s10811-016-1023-0
https://docplayer.dk/154782299-And-for-food-and-feed.html
https://docplayer.dk/154782299-And-for-food-and-feed.html
https://www.kurzemesregions.lv/wp-content/uploads/2021/05/Estonia-macroalgae-sector_Anneliis.pdf
https://www.kurzemesregions.lv/wp-content/uploads/2021/05/Estonia-macroalgae-sector_Anneliis.pdf
http://doi.org/10.1007/s10811-020-02274-2
http://doi.org/10.1016/j.foodcont.2021.108336
http://doi.org/10.1080/08920753.2019.1540906
https://www.submariner-network.eu/images/grass/outputs/GRASS_OA21_pan-Baltic_map_depicting_potential_of_macroalgal_cultivation_and_harvesting.pdf
https://www.submariner-network.eu/images/grass/outputs/GRASS_OA21_pan-Baltic_map_depicting_potential_of_macroalgal_cultivation_and_harvesting.pdf


Sustainability 2021, 13, 13888 23 of 25

25. Peteiro, C.; Sánchez, N.; Martínez, B. Mariculture of the Asian kelp Undaria pinnatifida and the native kelp Saccharina latissima
along the Atlantic coast of Southern Europe: An overview. Algal Res. 2016, 15, 9–23. [CrossRef]

26. Saunders, F.; Gilek, M.; Day, J.; Hassler, B.; McCann, J.; Smythe, T. Examining the role of integration in marine spatial planning:
Towards an analytical framework to understand challenges in diverse settings. Ocean Coast. Manag. 2019, 169, 1–9. [CrossRef]

27. Directive 2014/89/EU of the European Parliament and of the Council of 23 July 2014. Establishing A Framework for Maritime
Spatial Planning. 2014. Available online: http://data.europa.eu/eli/dir/2014/89/oj (accessed on 10 November 2021).

28. Ntona, M.; Morgera, E. Connecting SDG 14 with the other Sustainable Development Goals through marine spatial planning. Mar.
Policy 2018, 93, 214–222. [CrossRef]

29. Bonnevie, I.M.; Hansen, H.S.; Schrøder, L. Assessing use-use interactions at sea: A theoretical framework for spatial decision
support tools facilitating co-location in maritime spatial planning. Mar. Policy 2019, 106, 103533. [CrossRef]

30. Schupp, M.F.; Bocci, M.; Depellegrin, D.; Kafas, A.; Kyriazi, Z.; Lukic, I.; Schultz-Zehden, A.; Krause, G.; Onyango, V.; Buck, B.H.
Toward a Common Understanding of Ocean Multi-Use. Front. Mar. Sci. 2019, 6, 165. [CrossRef]

31. Abhinav, K.A.; Collu, M.; Benjamins, S.; Cai, H.; Hughes, A.; Jiang, B.; Jude, S.; Leithead, W.; Lin, C.; Liu, H.; et al. Offshore
multi-purpose platforms for a Blue Growth: A technological, environmental and socio-economic review. Sci. Total Environ. 2020,
734, 138256. [CrossRef] [PubMed]

32. Stelzenmuüller, V.; Gimpel, A.; Gopnik, M.; Gee, K. Aquaculture Site-Selection and Marine Spatial Planning: The Roles of
GIS-Based Tools and Models. In Aquaculture Perspective of Multi-Use Sites in the Open Ocean; Buck, B., Langan, R., Eds.; Springer
International Publishing: New York, NY, USA, 2017.

33. Jay, S. Planners to the rescue: Spatial planning facilitating the development of offshore wind energy. Mar. Pollut. Bull. 2010, 60,
493–499. [CrossRef] [PubMed]

34. Kotta, J.; Paalme, T.; Kersen, P.; Martin, G.; Herkül, K.; Möller, T. Density dependent growth of the red algae Furcellaria lumbricalis
and Coccotylus truncatus in the West Estonian Archipelago Sea, northern Baltic Sea. Oceanologia 2008, 50, 577–585.

35. Skudra, M.; Lips, U. Characteristics and inter-annual changes in temperature, salinity and density distribution in the Gulf of Riga.
Oceanologia 2017, 59, 37–48. [CrossRef]
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77. Urząd Morski w Gdyni. Szczegółowy Projekt Planu Zagospodarowania Przestrzennego Zatoki Gdańskiej; Urząd Morski w Gdyni:
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