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Foreword

Climate change, biodiversity loss, increasing pollution and waste - the planetary “triple crisis”

is a strong driver for change and rethinking how we use and manage our natural resources. The
recent pandemic, the war in Ukraine and a changing geopolitical landscape are reshaping how we
view global value chains, food and energy production. In this context, decision-makers in many
parts of the world are increasingly looking towards the ocean and to various water-related or
“blue” sectors as a means of diversifying economies, meeting climate goals and supporting local
communities. The shift towards a blue economy therefore comes with large expectations but also
uncertainties. Sustainability must be at the forefront of any change.

With this in view, Formas in collaboration with Mistra and Vinnova commissioned this forward-
looking study on the potential of the blue economy in Sweden. Research and innovation will be
key in realizing the potential of the blue economy and ensuring that it will be truly sustainable.
The report highlights many opportunities and strengths that we can build on, as well as some
barriers and incentives to progress.

The insights provided by the report will hopefully be the start of a renewed discussion in Sweden
on the blue economy - on what a sustainable blue economy may look like in the Swedish context,
as well as on how research, innovation and business in Sweden can contribute in an international
setting. The “green transition” can indeed become a sustainable blue-green transition.

John Tumpane

Head of Environment Department, Formas
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Summary

This report was commissioned by Formas in collaboration with Vinnova and Mistra and

in dialogue with the Swedish Agency for Marine and Water Management (SWAM) and the
Government offices of Sweden, with the purpose of providing a concise and forward-looking
summary of how a transformative transition towards a more sustainable blue economy could
take place in Sweden, and thereby also contribute to a more sustainable development outside
Sweden. The report constitutes a basis for analysis of obstacles to and incentives for the
opportunities of a sustainable blue economy, and a roadmap for the implementation of Sweden’s
Maritime Strategy. The analysis was also used as a basis for discussions at the UN Stockholm+50
Conference (Stockholm, 2-3 June 2022) and the UN Ocean Conference (Lisbon, 27 June-1 July
2022). Target groups for this report are politicians and economic actors.

The information presented here is based on existing data from research, government documents,
industry reports and official statistics. A consultation process with key stakeholders in Sweden
was carried out in 2022, including a stakeholder workshop held on 2 December 2022. The
purpose of the workshop was to collectively detect the Swedish potential, pathways, and
necessary enablers for transformation. Based on stakeholder inputs from the 38 participants (see
Appendix) and written feedback, the report was revised and adjusted.

The report is divided into five sections: (1) an introduction setting the scene of the challenge
ahead and a way forward to guide future marine spatial planning; (2) the status of maritime
industries in Sweden broken down by sectors - for each industry we suggest a shift beyond a
sector-based focus and towards a mission-oriented approach; (3) cross-cutting pillars of Swedish
society that can contribute to the development of a sustainable blue economy; (4) final remarks;
and (5) recommendations.

Four main limitations are important to mention. First, the report does not make a systematic
review of all scientific literature. It is meant as a lighter type of document that can be easily
communicated to politicians and economic actors. Second, some sectors have better data than
others; data on the blue economy from a single source is based on the only available statistics
published by Statistics Sweden (SCB) in 2017. Third, the report builds on Sweden’s main marine
sectors because data is tracked this way; however, a key message of this report is the need to
move beyond a sector approach and towards societal missions. Lastly, while emphasis is placed
on opportunities for job creation, for increasing food security and for attaining clean energy
production, the report highlights the dire state of many of Sweden’s marine areas and the need to
ensure ocean health if we are to attain a sustainable blue economy.

Sweden’s long coastline, lakes and waterways, together with a robust innovation ecosystem,
provide opportunities for increased self-sufficiency, competitiveness, job opportunities and
international attractiveness. In several marine sectors, the development and innovation of new
businesses and products as well as new cross-sectorial alliances and partnerships are on the
rise. However, a system approach that considers not only economic growth but also social and
ecological sustainability is a precondition for a sustainable blue economy. A multifunctional
approach to marine spatial planning will be increasingly important to ensure that the ongoing
industry expansion in energy, food production, mobility and data is done in a way that at the
very least ensures resource efficiency and minimizes negative social and environmental impacts,
and at best contributes to the regeneration of coastal and marine ecosystems. To achieve
this, Sweden’s blue economy requires a national approach well connected to the European
Union and international agendas, with clearer mandates and allocation of responsibilities, and
a long-term strategic direction that increases confidence among Swedish actors to mobilize
and dare to invest at home.
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Sammanfattning

Den har rapporten har gjorts pa uppdrag av Formas i samarbete med Vinnova och Mistra och i
dialog med Havs- och vattenmyndigheten och Regeringskansliet i syfte att ge en kortfattad och
framatblickande sammanfattning av hur en transformativ omstalining mot en mer hallbar bla
ekonomi kan ske i Sverige, och ddrmed ocksa bidra till en mer hallbar utveckling utanfér Sverige.
Rapporten ska utgoéra ett underlag for analys av hinder och incitament foér den hallbara bla
ekonomins mojligheter och en fardplan for genomférande av Sveriges maritima strategi. Analysen
anvandes som underlag infor FN-konferensen Stockholm + 50 (Stockholm 2-3 juni) och FN:s
havskonferens (Lissabon 27 juni-1juli). Malgruppen &r politiska och ekonomiska beslutsfattare.

Informationen som presenteras héar &r baserad pa befintlig data fran forskning, officiella
dokument, branschrapporter och statistik. En samradsprocess med nyckelintressenter i Sverige
genomfdrdes under 2022, inklusive en intressentworkshop som hélls den 2 december 2022.
Syftet med workshopen var att gemensamt upptacka Sveriges potential, vdgar och nédvandiga
mojliggorare for transformation. Baserat pa input fran de 38 deltagarna (se Bilaga) och skriftlig
input fran nyckelintressenter, reviderades och justerades rapporten.

Rapporten ar uppdelad i fem avsnitt: (1) introduktion som beskriver utmaningar och vdgar framat
som en guide for framtida planering av den marina miljon, (2) status fér maritima industrier i
Sverige uppdelade efter sektorer — for varje industri foreslar vi en 6vergang fran ett sektorbaserat
fokus till en missionsinriktad ansats, (3) tvargdende ansatser i svenska samhéllet som kan bidra
till utvecklingen av en hallbar bla ekonomi, (4) slutsatser och (5) rekommendationer.

Fyra huvudsakliga begransningar &r viktiga att némna. For det forsta gor rapporten inte en
systematisk dversyn av all vetenskaplig litteratur. Den ar avsedd som en enklare typ av dokument
som latt kan kommuniceras till politiker och ekonomiska aktérer. For det andra har vissa sektorer
béattre data dn andra; data om den bla ekonomin baseras pa den enda tillgdngliga statistiken som
publicerades av Statistiska centralbyran (SCB) 2017. For det tredje bygger rapporten pa Sveriges
huvudsakliga marina sektorer eftersom tillgangliga data &r uppbyggt pa det sattet; dock &r ett
av huvudbudskapen i denna rapport att visa pa behovet av att ga fran enbart ett sektorfokus
och i stéllet mot en tvarsektoriell systemansats. Slutligen, medan tonvikt laggs pa mojligheter

till jobbskapande, for till exempel 6kad livsmedelssékerhet och produktion av férnybar energi,
betonar rapporten det akuta tillstdndet i manga av Sveriges marina omraden och behovet av att
sékerstélla havets valmaende om vi ska uppna en hallbar bla ekonomi.

Sveriges langa kust, sjéar och vattendrag, tillsammans med en robust innovationsmiljo, skapar
mojligheter fér en 6kad sjalvforsorjning och konkurrenskraft, samt fler jobbméjligheter och en
internationell attraktivitet. Inom flera marina sektorer 6kar utvecklingen och innovationen av
nya féretag och produkter, liksom nya tvarsektoriella allianser och partnerskap. En férutsattning
for en hallbar bla ekonomi &r en systemansats som inte bara beaktar ekonomisk tillvaxt

utan ocksa social och ekologisk héllbarhet. En multifunktionell ansats inom maritim spatial
planering blir allt viktigare for att sdkerstalla att en pagaende industriell expansion inom energi,
livsmedelsproduktion, mobilitet och data genomférs pa ett satt som garanterar resurseffektivitet
och minimerar negativa sociala och miljomaéssiga paverkningar. Utéver det borde det i basta fall
bidra till regenerering av kust- och marina ekosystem. For att det ska uppnas krévs en nationell
ansats for Sveriges bla ekonomi som &r i linje med Europeiska unionen och internationella
agendor, med tydligare mandat- och ansvarsférdelning, samt en langsiktig strategi som 6kar
fortroendet bland svenska aktorer att vdga mobilisera och investera nationellt.
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1. Introduction

The ocean - the new frontier of human activity - is being redefined by new discoveries,
technologies, national strategies and ecological imperatives. Expectations about the services and
resources that can be derived from our seas, and the opportunities for job creation and economic
growth provided by these activities, seem to grow with every new outlook. At the same time this
raises concerns over the present and future health of the ocean. This calls for a transformation

of the ways we are using marine and water resources and demands new sustainable solutions
and pathways for their implementation and upscaling. In other words, there is a need to move
away from a blue growth approach that focuses on economic gains, towards a sustainable blue
economy that includes the management, restoration and preservation of marine resources to
secure ecosystem services.

The blue economy lies at the heart of Sweden’s geography and culture. The country’s
2400 kilometres of coastline makes it one of Europe’s longest coasts, featuring

sandy and rocky beaches, fjords, archipelagos and marine areas with considerably
different bio-geophysical features. Over time, cultures, livelihoods and economies have
developed around coastal activities throughout the country.

In Sweden, the North Sea and the Baltic Sea have long been important spaces for economic
development through food supply, transport and trade. The blue economy is expected to play
a vital role in the transition to a sustainable and fossil-free society. With this context in mind, it
is fundamental to understand the status of — and the opportunities and risks emerging from - a
growing blue economy.

11 The ocean we need

The ocean holds a valuable key to our future. It is critically important for regulating climate and
as a food provider, hosting an unknown richness of biodiversity, biomass and genetic resources,
while also providing space for energy production, transportation of people and goods, recreation
and species habitat.

However, our ways of using marine space, coupled with emissions from air and land, rising
carbon dioxide levels and a changing climate, are putting a huge, combined stress on marine
ecosystems and their services (Heinze et al.,, 2021). At the same time, many of the ocean sectors
are currently in a rapid phase of acceleration (Jouffray et al., 2020). A key concern with such
acceleration is the history of overexploitation and unsustainable use that many industries have
had towards common resources.

As countries increasingly turn their attention to the sea for diversifying their economies and
ensuring the critical provision of services, there is an urgent need to radically change the way
we think and use the ocean, away from a blue growth-based approach and towards a sustainable
blue economy. This requires a transition that leads to net zero emissions of greenhouse gases,
the recovery and restoration of habitat and biodiversity, and reduced and circular resource flows
and production systems.

The High Level Panel for a Sustainable Ocean Economy estimates that the sea can
supply 40 times more renewable energy, 6 times more food, 12 million new jobs,
trillions in return on investment and 20% of the greenhouse gas emissions gap to limit
heating to 1.5-2°C (Stuchtey et al., 2020)
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The challenge is that the increased industrialization of the sea is often happening in places with
already intensive economic activity and fragile but crucial ecosystems. Even activities such as
physical constructions pose big challenges in coastal waters as they both pollute and change
local dynamics. Along with the ambitions to reach the 30% target of conserving marine space,
agreed at the Convention on Biological Diversity COP15 (IUCN, 2021), an expanding blue economy
adds pressure to the governance of common resources. Competing interests over the use of
marine areas increases the risk of conflict at local, national and transboundary levels. Attempts

to manage the ocean sustainably must therefore take into account the multiple and complex
interactions between society and the biosphere across space and time.

WHAT IS THE BLUE ECONOMY?

There are different interpretations of the blue economy. According to the World Bank
(2017) there is broad recognition that a blue economy needs to entail the sustainable
use of ocean resources for economic growth, improved livelihoods and jobs while
restoring and preserving the health of the ocean.

For the IUCN (2022), efficiency and optimization of natural marine resources within
ecological limits is paramount in the blue economy. The ocean is seen as a space for
development where marine spatial planning (MSP), especially at national level,
integrates the interests and needs of conservation, sustainable use, extractive activities,
marine transportation and coastal tourism, and ensures that the integrity and
functioning of coastal and ocean systems is maintained.

According to the UN (2022), a blue economy should be economically viable (prosperous)
and environmentally sustainable, but also culturally appropriate and should foster social
equity and human well-being.

For the EU (European Commission et al., 2021), a sustainable blue economy is a means
to achieving the objectives of the European Green Deal and ensuring a green and
inclusive recovery from the COVID-19 pandemic.

In 2015, the Swedish government decided on a national maritime strategy - for people,
jobs and the environment. The strategy is an orientation document for the work required
to develop the maritime industries and is based on three perspectives: balanced seas,
competitive maritime industries and attractive coastal areas (SWAM, 2020).

1.2 Towards a multifunctional service-based approach

Europe’s blue economy provides 4.5 million direct jobs (i.e. employment positions that are directly
involved in the production or delivery of goods or services) and is a fast-growing segment of

the EU economy (European Commission et al., 2021). The blue economy has modernized and
diversified, and innovative sectors have evolved providing new prospects and creating jobs.
Despite differences across sectors and countries, the general growth trend in marine industries

is expected to follow in the rest of the world, so that by 2030 the blue economy is expected to
double both in terms of value added and employment.

With such growth foreseen, it is fundamental to include the biosphere into our forecasts of a
blue economy and move beyond the dominant single-use and single-sector linear paradigm in
our economies. This demands a move towards approaches that can facilitate the combination of
activities for multiple social, economic and environmental gains and build on circular modes of
production and consumption.
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Multifunctional planning is highlighted in research (Przedrzymirska et al., 2021) as well as in
national policy (Havet Och Ménniskan, 2020; Nystrom Sandman et al., 2020; SwWAM, 2020) and
local management (Schubert et al., 2018) as a potential planning mechanism to ensure more
sustainable marine practices. Multifunctional planning emphasizes the potential to minimize
impacts to marine ecosystems and maximize socioeconomic benefits through the co-use of
resources, materials and services, and the co-location of activities and infrastructures (Barquet &
Green, 2022; Schupp et al., 2019; Zischg et al., 2019).

Knowledge about multifunctionality is still in an early stage and questions related to potential
gains and losses from both an economic and environmental point of view remain. However,
conceptually, Marine Spatial Planning (MSP) provides a clear entry point to operationalize
multifunctionality, in that it is foreseen to help optimize “the use of marine space to benefit
economic development and the marine environment” (European Commission, 2008). In Sweden,
the first generation of Swedish MSP plans were approved by the government in February

2022 (SwAM, 2022). Second-generation plans are being prepared with a focus on offshore

wind power (due in 2024), which is expected to provide an additional 90 terawatt-hours (TWh)
to the already planned 30 TWh.

Multifunctionality is closely related to resource-sharing, which makes it an important instrument
of the circular economy. It is also related to the ecosystem approach in the EU Marine Strategy
Framework Directive, which highlights the importance of using marine areas and resources as
long as this use does not compromise the health and functioning of ecosystems, and which has
been the basis for planning all EU marine space.
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2. Status of maritime industries in Sweden

Statistics Sweden (SCB) differentiates between the following areas: transport, maritime
technology and production, the sea as a natural resource, leisure and tourism, and services (SCB,
2017). In 2015, these sectors employed over 34 000 persons, of whom women accounted for one
third. The value added for coastal and marine industries amounted to SEK 27 717 million, or 1.2%
of value added for enterprises, not including financial enterprises (SCB, 2018).

2.1 Businesses

Compared with relevant comparative industries, the value added in the maritime industries

has shown stronger development. For the service industries and the industries linked to

marine resources and space (energy extraction, fisheries and aquaculture), the value added of
the maritime industries has grown by approximately 50 percentage points faster than in the
comparable industries. A similar development can be observed in maritime technology industries
(SwAM, 2020).

2.2 Employment

For the maritime transport industries, retail trade in leisure boats and cruises, and the maritime
natural resource industries, employment development has been lower than in comparable
industries. In the maritime technology industries and the service industries, however, it has
been better than in comparable industries. It is important to remember that maritime tourism
is narrowly defined in this indicator and does not include industries such as hotels and
restaurants. This is because business statistics do not contain pure statistics for maritime
tourism. Instead, other methods are required to estimate the extent of maritime tourism
economically (SWAM, 2020).

2.3 Exports

When it comes to merchandise exports, it is mainly in the technology industries where significant
exports can be seen. Other figures are difficult to interpret, as even small changes in absolute
numbers can have large effects on the relative figures. There is a positive development for the
maritime technology industry’s exports of goods, which, by 2017, had increased 17 percentage
points faster than exports of goods in comparative industries (SWAM, 2020).

The Port of Gothenburg is Scandinavia’s largest and is the gateway to the world
for large parts of Swedish industry. In western Sweden, there are around 3000
maritime companies with about 20 000 employees. This corresponds to 45%

of the country’s number of employees in maritime industries. Companies in the
maritime industries are spread across municipalities in the region of Gothenburg
(Business Region Géteborg, 2022).

2.4 Outlook

Forecasts on, for instance, the potential for job generation, the creation of SMEs, the export
potential of maritime activities, or what the maritime sector could imply for the provision of
critical services including food, energy, water and materials are missing for Sweden. Moving
forward, it is essential to understand the potential of the blue economy for a fossil-free transition.
Data on maritime industries that incorporate value chains, could for instance indicate the
potential that a transition away from fossil-based energy might have for service and component
suppliers beyond the coastal area.
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Marine transport

Shipping companies, ports and logistics companies

Marine technique and production

Shipyards, recreational boat industry, suppliers of technology and systems and other subcontractors to
the maritime industries.

The sea as a natural resource

Fisheries and aquaculture, energy, minerals and bioresources

Leisure and tourism

Ferry traffic, cruise operations, archipelago tourism, recreational fishing, trade in recreational craft and
marinas

Services

Ship brokerage, insurance companies, commecial sea surveying and survey services

Coherent, detailed and comparable data to track trends is needed to navigate the implementation
of efficient political instruments and incentives in value chains. However, current nation-based
statistics on the blue economy are not comparable across the world, as the methodologies used
for collecting the data differ widely (SCB, 2017). For example, the boundaries for what constitutes
a maritime industry differ from country to country, and according to a study by Statistics Sweden
in 2017, Sweden applied a stricter approach than other countries concerning what to include

in the blue economy. To date, there is no agreed approach to account for the blue economy
internationally or the criteria that should be incorporated to show a fair forecast across sectors.

Importantly, there are different understandings of what constitutes the blue economy. While
most definitions include an angle of sustainability, the extent to which the blue economy should
cater for various goals - such as economic recovery, climate neutrality, circular production,
preserving biodiversity, restoration, blue carbon capturing, mobility and trade - differs between
the conceptualizations.

Figure 1. Sweden’s position in an international context: export of fishery-related products (left); investments in wave energy research & development

(middle); environmental innovation (right).
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2.5 Blue food

Sweden’s blue food heritage has formed many coastal communities around the country. It is
included in Sweden’s cultural identity and is also a driver for tourism.

Aquaculture

In Sweden, aquaculture takes place all over the country in seas, lakes, power plant reservoirs and
on land. The most common aquaculture technique in Sweden today is floating net bags with fish.
The technology is under constant development and the establishment of aquaculture with new
technology is increasing in Sweden, both on land and offshore.

In Sweden, around 10 000 metric tons of fish, crustaceans and molluscs are grown for
consumption annually, which is less than 1% of the total production of Norwegian salmon farming.
Most production is used for food consumption. Rainbow trout, char and blue mussels account
for the largest share of production based on weight (Svensk Vattenbruk, 2022) but there is also
production of hatchery fish, i.e. fish to be released into natural waters. There are roughly 50 food
fish farms in Sweden and just as many hatchery fish farms (Swedish Board of Agriculture, 2022).

While aquaculture is often portrayed as a more environmentally friendly alternative to commercial
fishing, there are important trade-offs to consider. First, farmed predatory fish, such as salmon,
require protein-rich feed. Today, up to a third of the wild-caught fish are used as feed in
aquaculture instead of for direct human consumption. Second, aquaculture has a number of
shortcomings, particularly in open systems where the cultivated species are in direct contact
with the surrounding aquatic environment. The spread of medicines and pesticides as well as the
spread of nutrients from feed and faeces can have local effects on the surrounding water and
other aquatic organisms.

Commercial fishing

Over 90% of the world’s fish stocks are estimated to be maxed out or too heavily fished.
According to an assessment by SWAM concerning the environmental objective of a Balanced
Marine Environment, only 40% of the Swedish and EU-joint fish stocks are used sustainably
(Sveriges Miljomal, 2021.

Swedish coastal fisheries in the east have been deemed as unsustainable in terms of the status of
their main fish, their economic profitability, and even as a source of secure employment (Jagers
et al,, 2012; Johansson, 2021). Although fishing in the North Sea has declined since the reform of
the EU Common Fisheries Policy (EU CFP) in 2002, its marine ecosystems are still in a perturbed
state and there has been a shift from pelagic to benthic production (Johansson, 2021).

According to recent statistics (SWAM, 2021), catches in commercial fishing in the sea in 2021
amounted to just over 153 000 t of live weight. This is a reduction by about 18 000 t or 10%
compared with 2020. Reduced catches are noted primarily for sand eel and herring, which is
largely due to a reduced quota. It is worth noting that even cod catches remain at very low levels
due to the measures that prohibit fishing for cod in the Baltic Sea,as stocks have collapsed under
the EU CFP. The value of the landings in 2021 amounted to approximately SEK 767 million - a
reduction of approximately SEK 69 million or 8.2% compared with 2020 (SwAM, 2021).

Fish for fodder in 2021 was just over 103 000 t, compared with approximately 119 000 t in
2020. In 2021, fish for fodder accounted for approximately 76% of the total catch with a value of
approximately SEK 243 million (SWAM, 2027).

Catches in commercial freshwater fishing in 2021 slightly and generally increased in volume
compared with the previous year, amounting to a total of 1710 t (1571t in 2020), but decreased
in value by 1 million SEK. The most economically significant fish in commercial freshwater
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fishing in 2021 were crayfish and zander. The value of crayfish increased to SEK 36.7 million
(SEK 36.2 million in 2020) while the value for zander decreased to 33.8 million (SEK 38.9 million
in 2020). The catch of crayfish in 2021 amounted to 267 t (255 t in 2020); zander amounted to
4811 (527 t in 2020) (SCB, 2021.

Recreational fishing attracted 1.5 million persons in 2021, and the total catch landed was
estimated to be 12 400 t, of which 6500 t was from lakes and streams and 5900 t was from along
the coast and in the sea. Additional released catch was estimated at 11 500 t (SCB, 2021).

The real gains today

The stronger economic gains in Swedish fisheries are based on the value chains and services
developed around the fishing sector, which are primarily based on refining fish imported

from Norway. Fish imports have increased 258% since 2004, reaching 751 000 t in 2018.
Consequently, Swedish exports of fishery-related products have also more than doubled since
2008, reaching USD 4.8 million in 2018 (Figure 1). The export of Norwegian-imported fish is
what places Sweden among the top 10 largest exporters of fishery-related products in the
world and the second-largest in the EU (OECD, 2020a). This growth, however, implies that the
processing sector in Sweden may be heavily affected by policy decisions and imports from the
fishery sector in Norway.

Beyond fisheries and towards a blue food supply

The global food demand is projected to increase to 50-70% by 2050. Research shows that the
ocean could provide over six times more food than it does today — more than two-thirds of the
animal protein that will be needed to feed the future global population. With such an expected
increase, the sustainable production of blue food will depend on factors such as policy reforms,
technological innovation and the extent of future shifts in demand (Costello et al., 2020).

An increase in the primary production of seafood is crucial for food and nutrition security

and for resilience in periods of crisis, but also to create economic prosperity and reduce
transport needs. A very traditional seafood consumption pattern in Sweden - clean fillets, few
species, primarily white fish and salmon - combined with poor technological development

in the past has contributed to shaping a narrow view on what seafood entails (Appelqvist &
Lindegarth, 2019). However, recent investments in R&D are starting to change this picture

and are contributing to a more diverse view of what seafood can look like. This change comes
following a government decision to increase production of food including seafood in the country
(Government of Sweden, 2006).

The greatest potential to increase the production of blue food in Sweden is found among farmed
seafood, such as mussels or algae, but also land-based aquaculture. Farmed seafood is an
underexploited source of protein but is expected to become 36-74% higher than current global
yields by 2050. Aquaculture holds great potential to contribute to the Swedish diet and reduce
the over-70% seafood imports (Borthwick et al., 2019), but there is a need for careful assessments
of potential impacts in order to mitigate harm to ecosystems.

The development of new restructured seafood products as burgers/balls/spreads from mince

or protein ingredients retrieved from underutilized species and side streams embodies great
opportunities. Research and industry is currently exploring alternative seafoods in order to create
better conditions for the cultivation of mussels, oysters, shellfish, algae and other edible species
as a way to expand the sea-based sources of protein, reduce the climate footprint for food
production and make better use of underutilized species (Blue Food Consortium, 2022).

To realize this potential while ensuring the health of our waters and seas, there are
important Swedish technical and biological developments to draw on, including advanced
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circular water treatment techniques for water- and land-based production systems, non-fed
aquaculture such as algae, but also bivalves and other filter feeders and detritivores. There
are clear opportunities for transferring knowledge and value chains from one sector (e.g.
water treatment) to another (e.g. aquaculture) (Blue Food Consortium, 2022). The greatest
barrier is related to the regulatory framework, which is not adapted to these new industries
(SWAM & Swedish Board of Agriculture, 2021.

2.6 Offshore renewable energy’

During 2020, around 28 TWh of wind power was produced in Sweden (compared to 3.5 in 2010), of
which around half a TWh was made up of offshore wind power from Lillgrund, Karehamn, Vindpark
Vanern and Bockstigen. The last offshore wind power installation was deployed in 2013. There are
currently eight licensed wind farms at sea (or in large inland lakes), but none of these have yet been
put into use. There are several projects at different stages of the planning process, both for anchored
and floating wind structures, in more than 40 locations (Westander et al., 2022).

Table 1. The first Swedish marine spatial plan (MSP) includes areas for 20-30 TWh offshore wind, and there
is an ongoing assignment from the Swedish government to Swedish authorities to find areas and update the
second Swedish MSP with the location of an additional 90 TWh.

Construction phase 0 24-36 months

Procured/projected 0 12-18 months

Permit examination 67 18-180 months 2028-2041
Consultation 125 12 months 2029-2042
Early stage 174 18-24 months 2032-2044
Total 366

Total process time 12.5-17.5 years

Source: Adapted from the Swedish Wind Energy Association (Kinning, 2022).

Offshore wind power can supply 45% of electricity needs by 2050. A tenfold increase in
offshore wind power in Sweden is forecasted by 2030. By 2050, an extension to 167 TWh
of offshore wind power is estimated to be the most cost-effective way to meet the
increased electricity demand (Svensk Vindenergi, 2021b).

Jobs

The Swedish Wind Association (Svensk Vindenergi, 2021b) calculates that offshore wind power can
create 1500 to 4000 annual jobs in Sweden by 2030, and up to 10 000 annual jobs by 2050. For the
period 2025-2050, there is an expectation that offshore wind power can generate 165 000 jobs. An
expansion of offshore wind power also means increased demand for products along the value chain,
including foundations, cables, vessels, monitoring services, food and accommodation for staff. The
value of these goods and services in Sweden can amount to between 2 and 7 billion SEK annually
by 2030, and between 7 and 17 billion SEK annually by 2050, depending on the share of national
production as against imports.

1 The term “offshore renewable energy technology” encompasses several clean energy technologies, offshore wind, floating solar
panels and ocean energy (wave and tidal).
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Figure 2. Based on OECD statistics, number of jobs created if Sweden installs capacity of 1808 megawatts
(MW) between 2022 and 2030.

Type of employment

Direct employment Indirect employment
Categories
Direct manufacturing @ Installations Indirect manufacturing @ Other employment effects

Installations
2170

Direct

Indil ploy Direct
employment 15730 manufacturing
11390 13560

Indirect
manufacturing
9040

Source: Blanco & Kjaer (2009) and BASREC (2012)

The Swedish Wind Energy Association identified that a 10-fold increase in installed capacity
would put Sweden on path to address expected increased demand of electricity originated by
hydrogen production and transport electrification (Svensk Vindenergi, 2021a). Based on OECD
statistics, the necessary 1808 megawatts (MW) to be installed between 2022 and 2030 could be
allocated to a yearly increase. This would imply the creation of about 27 120 jobs: 13 560 in direct
manufacturing, 9040 in indirect manufacturing, 2170 in installations and 2350 through other
indirect employment effects. A prolonged expansion of offshore wind capacity after 2030 could
guarantee long-term employment.

Beyond energy efficiency and towards sustainable energy planning

Forecasts for 2050 show that the global electricity demand will almost double. The Swedish
Energy Agency forecast expects an increase from 140 TWh in 2022 to 280 TWh by 2035, and
370 TWh by 2045 (Swedish Energy Agency, 2022). The EU’s goal is that by 2030, 32% of all
electricity production will originate from renewables, and Sweden is aiming at 100% fossil free
electricity production by 2040. This will require better technology that allows for more effective
and cleaner sources of energy, less intrusive and more flexible structures that reduce impacts to
ecosystems and societies, but also better planning that considers regional differences in energy
production and demand.

The expansion of offshore wind energy will need to account for the unknown consequences
of larger wind turbines that will be installed at greater depths. A recent report commissioned
by SEPA shows that current depths range between 5 and 40 metres but new installations

are expected to expand to depths of 40 to 60 metres (Bergstrom et al., 2022). Clean wind
energy affects the local fauna and flora at every phase of the production, not only due to the
physical changes in the seabed required to set up the structures (Petruny et al., 2016), but
also due to the noise pollution generated in the construction and operation of the installations
(Bergstrom et al., 2022).



16 Stockholm Environment Institute

Marine spatial planning will play a key role in guaranteeing that clean energy
production at the very least does not interfere with the interests of other marine
activities, and at best is placed to positively contribute to ecosystems and existing
industries such as fishing and tourism.

Several positive effects have been identified as well, though conclusions are not clear cut and are
highly dependent on the specific location (Bergstrom et al., 2022). These include the potential for
wind structures to act as artificial reefs for the expansion of marine flora and fauna (De Mesel et
al., 2015). The installations could be attractive for species such as cod during the months where
they seek fodder and shelter (Reubens et al., 2014). Wind installations can also build so-called
stepping stones — small islands that provide suitable habitats — and can contribute to species
proliferation, thereby increasing habitat connectivity (Bishop et al., 2017; De Mesel et al., 2015).
Wind parks can also hinder destructive fishing activities such as trawling, as they act as natural
barriers (Bergstrom et al., 2022).

Moreover, the physical and material characteristics of the structures also define the impacts on
species and ecosystems (Bergstrom et al., 2022). Aspects such as salinity and biodiversity of
the marine areas play a role. It is therefore important to identify species that can benefit from
offshore wind power. If wind turbines are to provide appropriate grounds for habitat formation, it
is important to adapt their structures in such a way that they can mimic natural components and
characteristics so they can help achieve the environmental effect desired.

Swedish investments in other offshore energy globally

The Swedish state-owned Vattenfall invests heavily in floating platforms of wind farms in
Scotland (800 MWh), Norway and France. Vattenfall will also invest in Denmark, the United
Kingdom, the Netherlands and Germany. Beyond Vattenfall, there are three Swedish companies
with emerging floating wind technologies in pre-commercial joint projects in the North Sea,
Celtic Sea, South Korea, Skagerrak, Baltic Sea, Scotland and the Iberian Peninsula. One of them is
already listed on the Nasdaq stock exchange.

Sweden has been at the forefront regarding R&D investments in ocean energy (wave, tidal).
Between 2005 and 2019, Sweden invested more than USD 56 million on multiple forms of ocean
energy, excluding offshore wind (OECD, 2020a). The share of the total energy research, design
and development budget on ocean and offshore wind energy was 2.4% in 2019, similar to France
and the UK. Since 2010, Sweden has invested USD 27.6 million on wave energy research, design
and development, second only to the UK among countries in the OECD dataset.

Hydrogen production and infrastructure integrated in offshore energy sites are under
development. Among others, Vattenfall (Vattenfall, 2019) is aiming to be first with hydrogen
electrolysers placed directly on offshore wind turbines at the plant in Aberdeen Bay. The
Swedish company OX2 is in the joint project “the Baltic Sea Hydrogen Collector” (0X2, 2022) to
investigate possibilities for a hydrogen infrastructure connecting countries around the Baltic Sea.

2.7 Tourism and recreation

Tourism is one of the world’s largest economic sectors, creating jobs for people of all ages

and skill levels, in major cities, but also in remote, rural and coastal areas and in other, often
economically fragile, places where alternative opportunities may be limited (OECD, 2020b). In
Sweden, tourism normally corresponds to about 10% of both GDP and employment (WTTC, 2022).
The OECD (2020b) reported around 172 000 employees in the tourism sector for Sweden in 2018.
According to Statistics Sweden, 40 000 of these jobs are connected to maritime tourism, where
Baltic Sea locations represent around three-quarters of the labour market (SCB, 2018).



Towards a sustainable blue economy in Sweden 17

There is no official definition of marine tourism, hence statistics are lacking. Studies suggest that
though recreational activities take place almost everywhere along the coast and near coastal
waters, there is a concentration around larger cities, such as Gothenburg (Skriver Hansen et al.,
2027). A similar pattern can be seen around harbours. A total of 301 000 boat nights (one boat a
night) were registered in Swedish guest harbours in 2020, which corresponds to a decrease of
about 17% compared with 2019, largely attributed to the pandemic. However, the total number of
guest nights in guest harbours in Sweden increased in 2020 to just over 900 000. The largest
number of boat nights usually takes place in counties with big cities, the vast majority in Véastra
Gotaland County with 123 000 boat nights in 2020, followed by Stockholm County (18%) and
Skane County (11%) (Tillvaxtverket, 2021).

Véstra Gétaland was Scandinavia’s most visited tourist region after Stockholm in 2017.
Of all overnight stays in leisure boats in Sweden, 41% took place in western Sweden
(Tillvdxtverket, 20217). Close to 3 million or 90% of all overnight stays in a leisure boat
are made along the Gothenburg-Strémstad coastline (Tillvaxt Norra Bohuslén, 2017).

While tourism - particularly foreign tourism - was seriously impacted by the pandemic, one of
the segments that benefited from increased Swedish holidays at home (“staycations”) is nature
tourism. Even before the pandemic, there was an increased demand for nature experiences. A
likely development is that the demand for this type of tourism has intensified and been pushed
forward by the pandemic, as this has probably also been perceived as a relatively safe form of
tourism, where it is easier to keep a distance from other people (Tillvéaxtverket, 2021).

Beyond tourism and towards resilient coasts

In March 2021, the European Parliament adopted a resolution establishing an EU strategy

for sustainable tourism adapted to the Digital Agenda, the European Green Deal and the UN
Sustainable Development Goals (European Parliament, 2021). The resolution stresses “the need
to respect the marine ecosystem, promote dialogue between Member States, regional and local
authorities, stakeholders and civil society and promote the sustainable development of coastal
and maritime tourism”.

Around 80% of global tourism is coastal, which potentially brings economic growth and jobs,

but also socioeconomic trade-offs and environmental impacts (UN-Habitat, 2018). The Global
Sustainable Tourism Council provides a set of objective criteria to evaluate sustainable practices
of businesses in the tourism industry (GTSC, 2016). In Sweden, this process is handled by Nature’s
Best. The certification assists tour operators that provide, for instance, fishing, kayaking or diving
experiences to promote sustainability and obtain brand visibility to eco-conscious travellers.

The OECD (2021) highlights the pandemic as an opportunity to reconsider the tourism
system and move towards stronger, more sustainable models for tourism development
that accelerate the transition to a more inclusive and greener sector. Here, companies
have a key role to play, and coastal and marine areas have much to offer.

The digital transformation of the tourism sector is also an important development as it changes
the way we travel and experience places (OECD, 2020b). Several Swedish companies have
developed sea-based applications, targeting for example leisure boats and sportfishing, where
recommendations for sustainable activities are provided. These companies participate in co-
creation activities with both researchers and authorities, further adding to information exchange
and strengthening private-public-research collaboration.
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The 2020-2025-2030 report, produced by the World Tourism Organization for the European
Commission (UNWTO, 2014), forecasts an annual average growth of 1.4% for the EU northern
countries during 2020-2030 in the number of international tourists. If a similar growth is
expected in the labour market across all sectors of touristic activities, Sweden has the potential
to add around 6500 new jobs in maritime tourism to the ones already existing. This would bring
the figure to around 46 600 employees in the maritime tourism industry by 2030.

Multifunctional offshore platforms can also contribute to job creation and coastal and cruise
tourism. The development of a framework to guide multipurpose licensing procedures in the EU
would facilitate exploring boat tours within offshore energy and aquaculture facilities (van den
Burg et al., 2020). Even though tourism cannot be integrated with some offshore solutions due
to safety concerns, it has the potential to serve as an educational tool to promote acceptance
and understanding among multiple sectors, accelerate the combination of industries, move
recreational activities further offshore and lengthen the tourist season beyond the summer (van
den Burg et al., 2019).

Tourism activities in the coastal and marine areas could also be integrated with climate adaptation
and resilience interventions. In Sweden, 95% of the coastal municipalities are already involved in
adaptation measures to mitigate natural hazards such as sea level rise and erosion (Matschke
Ekholm et al., 2021). Nature-based solutions increase ecological value and create opportunities for
recreational activities such as hiking and photography. For instance, the LIFE Coast Adapt project
is an initiative to restore sandy beaches, develop eelgrass, create artificial reefs and construct
coastal wetlands at multiple sites in Skane County (Lansstyrelsen Skane, 2021).

2.8 Shipping

The Swedish shipping sector has a turnover of SEK 85 billion per year. It directly employs about
30 000 people (indirectly more than 100 000 people) in shipping companies, marine technology
companies, ports, authorities and academia. Shipping transports just over 170 million tonnes

of cargo and around 67 million passengers per year (NRIA Sjofart, 2021). Shipping is also an
important part of marine tourism in Sweden, as indicated in the OECD’s Sustainable Ocean
Economy Report (OECD, 2022). Pre-pandemic (in 2018), international sea passenger transport
receipts grew from USD 45 million in 2008 to USD 205 million.

However, shipping is estimated to account for 2-3% of the annual global CO, emissions. We know
that energy efficiency is strongly dependent on the type of ship, type of goods transported,

the fill rate, and commercial interests of, for example, the cargo owner. Besides CO, emissions,
shipping also causes a range of direct environmental pressures on the marine environment, such
as pollution from antifouling, scrubber wash-waters and noise, as well as the spread of invasive
species. “Projections through 2050 for the Baltic Sea indicate that shipping could be the major
source of strong acid addition to surface waters, particularly if wet scrubber systems become
widely used.” (Turner et al., 2018 Projections through 2050 for the Baltic Sea indicate that
shipping could be the major source of strong acid addition to surface waters, particularly if wet
scrubber systems become widely used).

To reach the International Maritime Organization’s greenhouse gas targets of cutting CO,
emissions by half by 2050, a palette of measures is being investigated, ranging from alternative
energy carriers (fuels) to improved energy efficiency. While Swedish ship owners have been
forerunners in the transition to a sustainable shipping industry, Swedish ships (even counting
Swedish-controlled ships) account for only 1-2% of the annual fleet in the entire Baltic Sea
(Trosvik et al., 2019).
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NEW GENERATION OF COMMERCIAL SHIPS

Oceanbird is a collaboration between Wallenius Marine, the KTH Royal Institute of
Technology and SSPA/RISE and is largely financed by the Swedish Transport
Administration. The project is developing wind-assisted car-carrying ships, with the goal
of reducing emissions to air by 90%. The first ship will sail in 2024. The project is a good
example of an effective triple helix collaboration.

ForSea operates the world’s largest battery-powered ferries, on the Helsingborg-
Helsinger route, thanks to part-financing from the EU and long-term cooperation
between shipping companies, electricity companies and industry, such as ABB.

Northern Offshore Services has designed and launched a ship series with hybrid
operation for service of offshore wind power facilities. The ships have batteries that can
be charged from land and are also prepared to be charged directly from the wind farm.

Rederi AB Gotland, through its subsidiary Gotland Tech Development, is participating in
a new research project developing fossil-free solutions for ship propulsion and a reliable
supply chain of hydrogen for Gotland’s marine traffic.

A future circular shipping economy

There are other unexploited opportunities to innovate, in the field of the circular economy. In
2022, the Nordic Innovation Panel’s assessment of the circular economy revealed that “the
maritime value chain is complex with a large group of heterogeneous players with varying circular
maturity levels...inefficiencies occur in all parts of the maritime value chain”(Nordic Innovation,
2022). The panel identified several areas with opportunities to improve the system and increase
efficiency. With regard to shipping, opportunities arise by taking a life cycle approach to the
materials used; by fostering the sharing of multifunctional platforms; by repurposing ships to
extend their lifetime; and by exploring new value chains with alternative service provision.

Table 2. Innovation opportunities to promote a circular economy.

Life cycle approach: most input materials in ships are recyclable and durable
(e.g. steel or aluminium). On average, 96% of ship materials can be recycled
Unsustainable materials | or reused. More focus on the use of sustainable indirect materials (and not
only on optimizing the safety and energy efficiency of the ship during its
operation) would significantly improve the sustainability of ships.

Underutilized capacities: one of the largest inefficiencies in the maritime
industry. Many ships are left unused for long periods of time, have long idle
times when in port, or operate with limited use of available capacity, creating
significant unnecessary costs and emissions.

Underutilized capacities

Repurposing: while most ships are built to last up to 30 years, many of these
are dismantled earlier. There are opportunities to repurpose or upgrade
ships, but the cost efficiency due to non-standardized components is often
a blocker.

Premature scrapping

Servicing: new business models that focus on service provision through
Unexploited value chains | monitoring and subscription types of services are already reducing
maintenance costs for companies and expanding the life length of ships.

Source: Adapted from the Nordic Innovation Playbook (Nordic Innovation, 2022).


https://www.theoceanbird.com/
https://www.forsea.se/?gclid=CjwKCAjwqauVBhBGEiwAXOepkdfTor16EEk5eR4YKaUF8mIdM6l6YBaM6R2VyEp5CSV4FxtdgM-qHxoCdY4QAvD_BwE&gclid=CjwKCAjwqauVBhBGEiwAXOepkdfTor16EEk5eR4YKaUF8mIdM6l6YBaM6R2VyEp5CSV4FxtdgM-qHxoCdY4QAvD_BwE
https://n-o-s.eu/
https://gotlandsbolaget.se/https:/gotlandsbolaget.se/destination-zero/horizonserien/gotland-horizon/
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Beyond shipping, the use of materials in and from the marine environment is a competence area
that supports all the blue economy sectors with sustainable, cost-efficient and reliable materials.
As activities in the marine space increase, there is a need to ensure that “circularity by design” is
built in, to optimize resource use and support the marine ecosystems, during operation and at the
end of the product’s life (Nordic Innovation, 2022).

The European Commission’s Directorate-General for Maritime Affairs and Fisheries and
Directorate-General for Environment have highlighted how important it is for the offshore
renewable and aquaculture sector to apply a circular design approach to increase resource
efficiency, design long-lasting, resilient and recyclable materials and ultimately minimize waste
generation, in line with the EU Circular Economy Action Plan and connected to the 2022 Proposal
for Ecodesign for Sustainable Products Regulation (European Commission, 2022b).

Beyond shipping and towards mobility

According to the World Bank’s Global Mobility Report (2020), global freight volumes are projected
to grow by 70% from 2015 to 2030. Passenger traffic is expected to increase by 50%, which is
estimated to correspond to an additional 1.2 billion vehicles on the earth’s road network — which is
already congested. Shipping will handle a significant portion of the growing volumes. According
to figures from the International Transport Forum, maritime transport is expected to increase by
almost 430% globally by 2050. At a national level, regardless of the above increase, Sweden is
completely dependent on functioning import and export routes. As much as 90% of our imports
and exports are done by sea at some point (NRIA Sjéfart, 20271.

Greenhouse gas emissions from all modes of transport, including maritime, should be reduced
by 90% under the European Green Deal (European Commission, 2021). Decarbonizing maritime
transport - including fishing operations, freight, passenger traffic, defence operations, and all
related infrastructure such as electric charging stations and circular sources of fuel can open up
new economic opportunities while reducing climate-changing emissions, air and water pollution,
and underwater noise..

There is great potential for Swedish technology and engineering and innovation to contribute
to a sustainable blue economy as well as creating new sources of employment. Substantial
investments in Swedish research and development are helping advance technologies for
renewable methanol (Ellis & Svanberg, 2018); to integrate renewable energy systems in small
and large ships (Ghenai et al., 2019); and to mainstream hybrid and electric propulsion systems
(Tarkowski, 2021). Moreover, research is exploring the possibilities of using biogas for ships. Most
land-based public transport in the larger cities currently runs on biogas but in the near future
is likely to be electrified leaving a surplus of biogas capacity that could potentially be absorbed
by marine transport (Jivén et al., 2022). Green hydrogen is considered to be the future fuel

for shipping. Research is currently exploring the feasibility of such a transition (Fagerstrom &
Anderson, 2019).

Lighthouse is a neutral collaboration platform gathering leading maritime stakeholders
through a triple helix collaboration between industry, society and academia and
institutes for research, development and innovation within the maritime shipping
sector. It works in close collaboration with the Swedish Maritime Technology Forum,
including the Sargasso Platform, an open innovation platform building on maritime
skill, needs and competencies. It is a free of charge service that matches those with a
challenge or an idea to those with a solution.



http://www.smtf.se
https://www.sargasso.blue/
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Low-carbon waterborne mobility options - for instance through the electrification of boats for
sports, patrolling or mobility — is an area that could experience rapid development. Although
commuting by boat accounts for a remarkably small proportion of the total amount of travel in
Sweden, there are discussions about increasing the use of inland water and marine spaces to
reduce pressure on terrestrial public transport. Recent pilot projects suggest that electrifying
boats for passenger transportation may not only be a sustainable transport solution, but its lower
operation costs could facilitate its penetration of densely populated coastal and river cities where
conventional public transport systems are reaching their full capacity (Campillo et al., 2019).
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3. Cross-cutting areas in Swedish society that can
enable a sustainable blue economy

While targeted policies and interventions are undeniably necessary for a sustainable blue
economy, countries start from different standpoints and with different strengths. These are
decisive for the type of development envisaged and supported.

An enabling welfare state reproduces a virtuous circle between economic development, welfare,
equality and democracy. The Nordic welfare model enhances learning and local experimentation
in hybrid communities and networks, and extends democracy by mobilizing well-educated
professionals and practitioners in all spheres of society to innovate (Miettinen, 2013). Two
particular strengths in Swedish society can be highlighted here: an innovation ecosystem and an
embedded ecosystem-based approach in the strategy for governing marine areas.

3.1 Innovation ecosystem

Sweden has a well-connected innovation ecosystem, consistently ranking in the top three on the
Global Innovation Index (Gll, 2021) and in the European Innovation Scoreboard (EIS, 2021). After
Silicon Valley, Stockholm produces the second-highest number of so-called “unicorns” per capita
(S, 2022). Over time, Sweden has generally been considered an innovation leader in the EU, albeit
with mixed results when it comes to entrepreneurship (Paulsson, 2019).

When looking at Sweden’s marine innovation index, in 2018 there was a rapid growth of the
maritime industries. The Maritime Innovation Index moved from 100 (base year 2016) to over
200 for 2018 (SWAM, 2020). The development of the indicator is largely explained by the rapid
increase in innovation expenditure in the maritime industries. However, these results need to
be interpreted with caution, as expenditure on maritime industry innovations is small in both
absolute and relative terms, compared with many other industries.

The success of Sweden’s innovation capacity in the blue economy is also reflected in the OECD’s
fractional counting method, which takes into account the proportion of the nationality of the
innovators. From 2000 to 2016, Sweden registered 230 ocean renewable energy inventions, 93
ocean pollution abatement inventions and 44 coastal adaptation inventions. In total, 417 ocean-
related environmental technologies were accredited to Swedish inventors, which placed the
country in the 14th position out of 121 countries (OECD, 2020a).

In recent years, several important initiatives have been linked to maritime industries and their
ability to innovate through regional marine innovation clusters. In a cluster, the idea is that
innovation work is run as a collaborative project between customers and suppliers or between
different suppliers in collaboration instead of in competition. Other projects have tried to
establish different types of local innovation arenas, where smaller companies can receive support
through business developers, innovation advisors and researchers in a continuous development
work. Along with generally improved conditions for innovations in the maritime industries, this
type of initiative can have a positive impact in defined industries and regions.

Incubators and science parks form a central part of Sweden’s ecosystem and national
infrastructure for innovation. There are over 40 generic incubators and 30 science parks with
different specializations, including marine technology and the blue economy (Swedish Incubators
& Science Parks, n.d.). Sweden has a well-developed value chain for research infrastructure, tests
and demonstrations at various scales of technological maturity, enhanced by collaboration with
complementing facilities worldwide. Additionally, the current landscape of physical and digital
research infrastructures in the country is a powerful base to boost marine innovation in the future.

There is scope for further fostering marine innovation in regional development agendas,
particularly through the Smart Specialization Strategies (S3), where nine regions in Sweden
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have objectives linked to agendas in the marine sector. Beyond national collaboration, the S3
platform is increasingly fostering transnational innovation partnerships for sustainable business
development in emerging blue markets (Morf et al., 2021).

The S3 platform connects regions around Sweden and Europe. One of the foundations
of S3 is that environmental challenges should be transformed into opportunities.
Blekinge is the only region in Europe that today has merged the two funding
instruments Missions and Smart Specialization. The region, together with Vinnova,

is part of the trans-European project TRAMI, which aims to develop a mission
methodology in Europe.

Internationally, Sweden has substantial experience in facilitating and promoting sustainability,
also at sea (e.g. lighthouses). For example, the country is one of the founding partners in the

Blue Action Fund (BAF, 2022) - one of the world’s largest public funders promoting marine
conservation and sustainable coastal livelihoods. Around the globe, Sweden is facilitating
inclusive ideation and co-creation initiatives supporting entrepreneurs, industry, research, cities
and communities, such as Hack for Earth and the Climate Smart Cities Challenge. This ecosystem
has been developed over time by ensuring policy and infrastructure conducive to its innovation.

Marine sciences

Sweden has a long-standing tradition in marine natural sciences and the country has today

the third-highest density of marine scientists in the world (Intergovernmental Oceanographic
Commission & UNESCO, 2020). Swedish marine research builds on the work carried out at 13
marine research stations, and 5 research vessels > 35 m (compared with 220 worldwide), currently
being bridged by coordinating actions (European Marine Biological Resource Centre, JERICO and
ship-coordinating activities).

EXAMPLES OF DATA INFRASTRUCTURE

The Swedish Biodiversity Data Infrastructure (SBDI, 2022) - provides data and analysis
services that offer rich opportunities for innovative, interdisciplinary research on
biodiversity and ecosystems. The Swedish National Data Service (SND, 2022) has a
primary function to support the accessibility, preservation and reuse of research data and
related materials. Together with a network of around 40 universities and public research
institutes, SND forms a national infrastructure for open access to research data.

Transforming data to knowledge is a central aspect in the transition towards smart maritime
governance. For instance, SWAM'’s report for marine spatial planning in Skagerrak and Kattegat
highlighted that better knowledge of cumulative effects on ecosystem values are found near

the coast due to higher data availability (SWAM, 2018). Incorporating mapping results of marine
values and involving academic actors are priorities to increase knowledge generation and reduce
uncertainty in the marine spatial planning process (Karlsson, 2019).

In line with the Green Deal, the Destination Earth Initiative is the EU’s next step to develop a
Digital Twin of the Ocean. The Digital Twin Ocean’s ambition is to make ocean knowledge readily
available to citizens, entrepreneurs, scientists and policymakers to design the most effective
ways to restore marine and coastal habitats, support a sustainable blue economy and mitigate
and adapt to climate change. Sweden has advanced marine ecosystem knowledge and already
includes human activities in digital monitoring and digital ocean twins.
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3.2 Ecosystem-based approach

The journey towards an ecosystem-based approach in management and planning will demand
a greater understanding of the complexity of marine ecosystems, including the human social
economical system. Despite being adopted by many management organizations in principle,
operationalizing ecosystem-based management has been a challenge globally. A mismatch in
institutional arrangements, created by the traditional sectoral focus of marine environmental
and resource management, is a main factor acting against implementation (Alexander & Haward,
2019). A second challenge refers to the lack of thresholds-based reference points for achieving
good environmental status for coastal and marine waters. There is thus a need, through
international collaboration, to develop indicators that will facilitate management in marine
ecosystems used by multiple countries (Tam et al., 2017).

In Sweden, SWAM has the broad tasks to protect, restore and ensure sustainable use of
freshwater resources and seas, including fisheries management. SWAM has developed the
marine spatial planning (MSP) tool Symphony, to assess cumulative impacts from human
activities and support the implementation of the Source to Sea approach, which includes the
relationship between upstream pressures and downstream effects. Sweden is the first country
to use cumulative impact assessments integrated with national MSP for marine management
(Hammar et al., 2020).

Symphony, the digital tool supporting ecosystem-based marine spatial planning,
was a Swedish-US joint agreement in the first UN Ocean Conference. Symphony
is used within national marine planning as well in international projects worldwide.
WIO Symphony for the Western Indian Ocean has been developed by the Nairobi
Convention, its 10 member states and Sweden.

The close collaboration between SwAM, different government agencies, and research and
innovation actors, provides a strong foundation for cross-sectoral collaboration countrywide.
Internationally, SWAM supports governments, international conventions, organizations and
processes. The initiative SWAM Ocean seeks to address the challenges pertaining to poverty
alleviation through the sustainable use of marine ecosystem services, with a focus on coastal
areas in least-developed countries and small island developing states.

Collaboration in the Baltic Sea

Successful ecosystem-based management in the Baltic Sea requires better modelling of multi-
scale ecosystem processes, geographical and cross-sectoral collaboration between stakeholders,
and innovative tools and methods that integrate both ecological and socioeconomic processes
(Dahlback et al., 2021. In Sweden, this is carried out within the framework of MSP together with
other cross-cutting processes and instruments nationally.

Nationally, SWAM is coordinating MSP through a process that brings together multiple users
of the ocean to make informed and coordinated decisions about the use of marine resources.
Internationally, SWAM coordinates Swedish efforts with regard to two intergovernmental
organizations that unite the Baltic Sea region: the Baltic Marine Environment Protection
Commission (HELCOM) (1974), which primarily focuses on the environment; and Visions and
Strategies Around the Baltic Sea (VASAB) (1992), which focuses on planning and development
issues. In 2010, HELCOM and VASAB joined forces and, since then, there has been a formal
HELCOM-VASAB Marine Spatial Planning Working Group for the Baltic Sea region.
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The joint working group has developed:

e  MSP principles

e  aRegional Baltic MSP roadmap

e guidelines for the implementation of the ecosystem approach in MSP

e guidelines on transboundary consultations, public participation and cooperation.

THE SEA AND HUMANITY

The environmental status in the seas surrounding Sweden has still not reached the
targets set out in national and international regulatory frameworks (primarily the EU’s
Marine Strategy Framework Directive and Water Framework Directive). HELCOM holistic
assessments conclude that the Baltic Sea still has a poor environmental status both with
respect to eutrophication and hazardous substances. In response to this, “The sea and
humanity” (Havet och ménniskan), published in January 2021, by the Swedish Cross-
Party Committee on Environmental Objectives (Havet Och Ménniskan, 2020) proposed
nearly 100 measures to achieve healthy ecosystems and sustainable use of marine
resources. It also suggests facilitating a holistic approach by introducing a dedicated
marine environmental law.

The ambition is that this joint effort will lead to up to 10 functional, coherent national

marine spatial plans based on an ecosystem approach. Here, Sweden has taken a leading

role in transboundary collaboration in the Baltic Sea, where SWAM has organized several
intergovernmental consultations from 2013 to 2019 to bring together countries around the Baltic
Sea (Zervaki, 2018). Much of this collaboration has focused on the greatest challenge for the
region: reducing eutrophication (Murray et al., 2019).

Despite progress in many of the contributing basins in the region, there is a need to improve

the clarity of the regulations to match environmental conditions and ensure compliance, which
requires monitoring of ecological data and dynamic transfer of scientific knowledge (Bohman,
2018). Connecting vague ecosystem goals in the legislation with ecosystem indicators such as
concentration of nutrients or turbidity and defining clear targets can improve the effectiveness of
marine management. This is in line with the European Commission’s proposal for an EU regulation
on restoration of nature. Such regulation would introduce legally binding requirements to ensure
that marine ecosystems covered by the EU nature directives do not deteriorate any further
(European Commission, 2022a)

Beyond environmental criteria, an ecosystem-based management of the ocean can help address
the lack of inclusion of the human dimension in marine governance. This would in turn contribute
to increasing awareness of ocean inequality — defined as the way marine resources are distributed
and the distribution of rights and capacity for participation in decision-making (Belgrano &
Villasante, 2021) - and ensure the integration of socioeconomic values in future MSP.
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4, Final remarks

This report has provided an overview of the current state of Sweden’s marine industries as well as
a forward-looking assessment of areas that could enable a transition to a more sustainable blue
economy in Sweden.

There are strong indications of progress, particularly in blue energy and food. However, there is
an urgent need to find solutions to common challenges and break away from sectoral thinking.
Such an approach requires a fundamental shift in how our ocean is valued and exploited, and an
integrated and adaptive ecosystem-based management of our seas. This is highly ambitious as
such an approach demands better alignment of regulations, planning and monitoring criteria with
ecosystem boundaries. It demands a fundamental shift in how we organize and utilize marine
space that goes beyond solely prioritizing economic growth, to ensuring a more effective delivery
of multiple gains for society, the environment and biodiversity. However, Swedish regulations,
planning and monitoring criteria are not adapted to new and emerging solutions. This can result
in unnecessary hindrances and delays to implementation of solutions, and risks the country
experiencing a brain drain and/or missing out on investments.

The table below synthesizes the status of Sweden’s blue economy today, and key trends
identified in this report for Sweden tomorrow.

Table 3. Sweden’s current and future blue economy.

Diversified seafood production and

Seafood consumption is based on | consumption.
Sustainable food a few traditional products. Increased aquaculture production.

supply High level of exports but reliant on | Increased processing of rest streams.

raw-product imports. Transfer of knowledge and infrastructure in

service provision.

100% renewable electricity production.

More mature technologies in hydrogen and
wave energy.

Investments in offshore wind. Expansion of offshore wind energy in areas of

. . lowest impact on valuable ecosystems.
R&D investments in wave energy. P ¥

Energy planning National ol d . Potential for generating over 25 000 jobs.
and development ational plans to expand areas for

offshore energy. Linking intermittent wind power to the
regulatory capacity of hydropower through

Export of technologies. system design.

Generation of offshore wind power and
ecosystem services on site (biodiversity and
oxygen).

Continued increase of staycations with strong

Around 40 000 coastal and )
focus on nature-based experiences.

marine-based jobs.
governance Digital transformation to change or enhance

the tourist experience.

Resilient coastal

New generations of commercial
Transport and ships are under development.
mobility Substantial investments in R&D to
develop alternative fuels.

Standardized shore-side electricity and
scrubber wash-water discharge regulation and
separation.
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5. Recommendations

The following recommendations are provided, based on insights from the report and the
stakeholder workshop:

1. There is a strong need for national coordination of marine spatial planning where the
state takes a more active planning and coordinating role for a unified systems perspective.
Additionally, agencies and particularly municipalities are in urgent need of resources
(financial, capacity, time) to be able to cope with complex challenges from multiple and often
conflicting goals.

2. Set a new net-zero emissions goal for the maritime transport system that accounts not
only for the contribution to net-zero emissions from air emissions (climate impact) but also
emissions polluting water. Move beyond shipping to include the entire maritime transport
system and landscape of actors (including the International Maritime Organization), which
means working with sustainable development along the entire chain from shipping of the raw
material/goods to the actual ships, the ports, logistics and interconnections with other modes
of transport, including the industries that rely on them.

3. Move from concept to practice in ecosystem approaches. Connect vague ecosystem
goals in the legislation with clear ecosystem indicators, such as concentration of nutrients or
turbidity. Define clear targets to improve the effectiveness of marine governance and connect
ecosystem indicators with socioeconomic ones. Agree on threshold-based reference points
for achieving Good Environmental Status. International collaboration is required to develop
indicators that will facilitate management in marine ecosystems used by multiple countries.

4. Establish a new co-benefit model that fosters multifunctional use of our seas and guides
the combinations of services that are technically possible and financially feasible. Create
incentives for regenerative multifunctionality and smooth the regulatory processes. Here,
there is an urgent need to modernize our regulatory systems, including the environmental
code (miljobalken), to allow for more flexibility and create some space for sustainable
interventions, including circular and fossil-free technologies and processes. Practically, this
could translate into benefits for the actors willing to take the lead in deploying multifunctional
solutions (e.g. shorter lead times in permit applications, or specific procurement processes
designed for multifunctional interventions).

5. Put numbers on the value of our blue economy. Forecasts are outdated in Sweden and
need to be revised. Update data on the potential for job generation, the creation of SMEs,
the export potential of maritime activities, or what the maritime sector could imply for
the provision of critical services, including food, water and materials. Moving forward, it is
important for the government and industry to understand the potential of the blue economy
for a fossil-free transition. Research could complement future official statistics with additional
data that incorporate value chains. This will show the potential that a transition away from
fossil-based energy might have for service and component suppliers beyond the geographic
delimitations of coastal and marine areas.

6. Offshore wind energy - Sweden failed to be the first but it can be the best when it comes
to offshore wind energy if it adopts a system approach where multiple criteria weigh in to
the concession-granting process. This perspective means taking a planning-first approach,
identifying multiple criteria that make areas suitable and desirable for offshore wind energy.
This is preferable to a “get-there-first” approach, where the first offer of an area is given
precedence and the choice of technology and exact placement is often decided in a later
phase of the process. A “best-price” approach is also insufficient to guarantee a sustainable
expansion of energy infrastructure, as other impacts and potential benefits over the long term
are not considered in such models.
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10.

n.

12.

13.

Enable cross-sectoral platforms to connect value chains and foster cooperation between
different industries. Having a clear aim to increase resource efficiency and circular use aligns
well with companies’ efforts to reduce capital and operational expenditure through more-
efficient production, transport and services (e.g. maintenance) and sharing costs on, for
example, impact assessments. This could also reduce the administrative burden on agencies
reviewing applications by reducing the total bulk of studies submitted in applications.

Reconnect people, places and resources. Offshore installations facing local opposition
should explore the potential to create acceptance by providing local gains for both
ecosystems and societies. There are indications that opposition to, for example, offshore wind,
is due to the fact that the impacts are felt locally but the benefits are dispersed. Dialogue with
coastal communities and the private sector is needed to understand perceptions, address
concerns and create acceptance.

Increase self-sufficiency of food and energy by investing in developing national primary
production where the blue economy has an important role to play. This requires continued
efforts to diversify blue food and the use of biomass beyond fisheries.

Force research away from silo science. Much of the marine research is happening within
the natural sciences disciplines. However, there is a need to connect studies on biodiversity,
ecosystems and climate with socioeconomic and political studies that inform marine spatial
planning processes. For example, aspects related to acceptance for offshore energy, tourism
seasons and their services, and citizen observations are necessary to complete data. Cross-
sectoral research could also contribute to improved ocean literacy.

Invest in system testbeds that make use of the various geographical opportunities and
diverse coastal and marine landscapes across the country. There is currently no testbed able
to cope with entire value chains for offshore innovations. Most testbeds focus on technical
efficiency of individual components, but there is a need to explore technical transfer across
sectors vis-a-vis social and economic innovation, and capture service and production chains.
Moreover, knowledge of and access to testbeds needs to be more clearly accessible to
potential users from industry, research and municipalities.

Improve open data sharing and accessibility through dialogue. Today, we spend
considerable amounts of time searching for data. Some of it exists but is stored in different
places, much of it is not open or free, and much still needs to be collected. Different actors will
increasingly need to collect the same type of data for different purposes. For example, seabed
maps are needed for offshore wind expansion as well as in research and for navigation. There
are many difficulties today to sharing data, including security issues and lack of dialogue
across agencies and researchers. A first step is to create a common understanding through
dialogue of what is possible to share and what is not and why.

Improve knowledge exchange with other EU countries particularly our neighbours. Most EU
member states are well under way with their marine spatial plans. All countries need similar
information, particularly for the upcoming industries, such as energy, mineral extraction,

new types of marine foods, etc. While networks at different levels have been useful to bring
actors together and discuss common challenges, the sharing of data (e.g. country reports and
assessments) could be improved. For example, many of these assessments are often written
in national languages and shared within a limited sphere of national actors; however, these are
of international interest and could be a low-hanging fruit for enhancing existing collaboration
or taking leadership in creating new spaces for knowledge exchange and collaboration.
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