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Preface

The purpose of this book is to publish a detailed analysis of prospective
(Blue Growth) and established (Blue Economy) maritime business sectors.
The contents of the book are based on deliverables and output material from
the MARIBE (Marine Investment for the Blue Economy) project. This EU
H2020 funded research project was completed in 2016. It identified the
key technical and non-technical challenges facing maritime industries and
placed them into the social and economic context of the coastal and ocean
economy. Working with industry, MARIBE developed business plans and
real projects for the combination of marine industry sectors into multi-use
platforms (MUPs). MARIBE is the first extensive study to compare and
contrast the traditional Blue Economy with the Blue Growth newcomers.

Throughout the world there is evidence of mounting interest in marine
resources and expansion of maritime industries to create jobs and economic
growth. Energy and food security are key priorities. Expanding populations,
insecurity of traditional sources of supply and the effects of climate change
add urgency to the need to address and overcome the challenges of working in
the maritime environment. Five promising areas of activity for ‘Blue Growth’
have been identified at European Union policy level including Aquaculture;
Renewable Energy (offshore wind, wave and tide); Seabed Mining; Blue
Biotechnology; and Tourism. Work is well advanced to raise the technological
and investment readiness levels (TRLs and IRLs) of these growth industries
drawing on the experience of the traditional maritime industries such as
Offshore Oil and Gas; Shipping; Fisheries and an already established tourist
sector. An accord has to be struck between policy makers and regulators
anxious to encourage research and business incentives into sustainable de-
velopment; and developers, investors and businesses anxious to reduce the
risks of such innovative investments and ensure profitability.

In this book, sector experts working to a common template explain each
of these industries and their capacity to combine into multi-use platforms.
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XX Preface

Factors essential to prospective business plans are identified — market, struc-
ture, lifecycle, employment, innovation and investment. The book goes on
to describe progress with reformed regimes of maritime governance within
which these industries must operate. The introduction of new planning and
regulatory regimes in four Sea Basins — North East Atlantic, Baltic and North
Seas, Mediterranean and Caribbean — are examined.
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Background

For thousands of years the oceans have been highly prized and have provided
us with efficient transport and a plentiful supply of food. Therefore, it seems
obvious that our modern society should continue to use the oceans and
maximize the benefits. There might be great treasures of valuable materials,
new bio-compounds and endless energy. However society is reluctant to
change and resistant to new ideas so it is often found that new uses are not
being accepted as quickly as their advocates would like. This book aims to
show that traditional uses of the sea can coexist alongside novel technology.
Furthermore we present evidence that old and new ideas will complement
each other and the whole will be greater than the sum of the parts.

The synthesis of established and growing industries at sea is covered
by the overarching label of the Blue Economy. Traditionally this has been
split into two subsectors, the marine and maritime sectors. The maritime
sector is easier to define because it relates specifically to the transport of
goods, including ports and shipping and the supply chain that enables these
activities. The marine sector by contrast includes industrial and business
activity at sea, and those activities required to enable them. In this book we
define the blue economy in a different way, and consider nine sectors which
are split according to their maturity. The established blue economy sectors are
fisheries, offshore oil and gas, shipping and shipbuilding, tourism and recre-
ation, while the new blue growth sectors are aquaculture, blue biotechnology,
seabed mining, wave and tidal energy, offshore wind energy. Other sectors
and sub-sectors do exist, but these nine give a broad overview of the whole.



2 Introduction

More than 40% of the European population inhabits coastal areas, with
approximately 5.4 million jobs and almost €500 billion of GVA a year result-
ing from activities directly related to the Blue Economy. The Blue Economy
also largely supports aspects necessary for the welfare of the society such as
trade and transport, food and health, energy and raw materials, labour and
leisure, protection and environmental development. These activities not only
have a direct impact on their own value chains, but they largely revert indirect
benefits and very positively in other related economic sectors. In Europe,
the existing blue economy has challenges to maintain itself as a healthy and
profitable business sector. Taking each area in turn, the obvious issues are
clear. Overfishing has reduced fish stocks in some areas to critical levels,
reducing outputs. Offshore oil and gas is declining, due to reducing reserves
and the global concerns over climate change. Shipping and ship building is
a globalised sector and faces significant competition from countries with
lower wage levels. Tourism makes up a significant part of the economy
of many southern European countries and has been significantly hit by the
global financial crisis, both within those countries’ economies and with the
reduced spending power of visitors. However, seeing that there are limits
to growth for land based sectors, blue growth is seen as an opportunity
for jobs and socio-economic development. Significant growth will not come
from existing industries but from new industries that complement established
revenue streams. For example, the building of the first offshore wind turbines
in the North Sea was made possible by the skills and vessels used by the
offshore oil and gas sector. The European Commission therefore includes
Blue Growth as part of the Europe 2020 strategy (European Commission,
2014), which aims to make the most of Europe’s seas potential in order to
create long-term and sustainable socio-economic growth, while safeguarding
the natural resources provided by the sea.

The purpose of this book is to publish the detailed analysis of each
prospective and established maritime business sector. Sector experts working
to a common template explain what these industries are, how they work,
their prospects to create wealth and employment, and where they currently
stand in terms of innovation, trends and their lifecycle. The book goes on
to describe progress with the changing regulatory and planning regimes in
the European Sea Basins including the Caribbean where there are significant
European interests. The remainder of this introduction is concerned with the
introduction of concepts that are common to many of the industrial sectors
that are considered.
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Lifecycle

Maritime industries have very different characteristics. Well-established
activities, such as tourism or shipping employ a large number of people
and create a high value added. Given the maturity of these sectors their
main challenges relate to the development of new strategies, the adoption of
sustainable practices or internationalisation. Sectors that are growing, such as
aquaculture or offshore wind, have considerably increased their activity over
the past years and show a good potential for development and employment
generation. However, given their lack of consolidation in the markets, they
still need policy support and various forms of investment. Finally sectors
under development such as biotechnology, sea mining or certain renew-
able technologies (e.g., tidal, wave) will require significant investments in
research, development and testing before society can take the advantage of
their full commercial potential. Therefore, a good knowledge of the lifecycle
stages and performance of these sectors provides a promising starting point
for the creation of new business models. It also gives a complete image of the
potential synergies and barriers that may arise between different economic
sectors (technical, regulatory, social, environmental, etc.), which might be
especially important for the development of combined and multi technology
projects.

Innovation

The stereotypical view of entrepreneurs is the inventor who takes a brilliant
idea and turns it into a multi-million-dollar industry. In reality, successful
businesses rarely look like the original concept and key personnel will have
changed as the required skills change. Having said that, start-up companies
continue to be the most effective way to drive innovation forward. Large
organisations may have the spare capital to be able to afford to innovate, but
they are focused on generating revenue from existing products and services
and are reluctant to take risks with shareholder funds. Therefore, a recognised
business model is for a start-up company to be funded by venture capital until
a point where a product is developed and risk is reduced. This then allows a
larger company to buy out the start-up and grow it into a revenue generating
product line. Some of the businesses and sectors described in later chapters
are early in the innovation cycle and therefore an overview is given here
of the process. In particular, blue biotechnology is characterised by start-up
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companies, while many ocean energy companies are at the final prototyping
and commercial scale up.

Development

The early stages of innovation are focused on ideas. Costs are low in this stage
as there is a small number of paid staff. The focus is on the business plan,
proving the business concept at lab scale and protection by filing patents.
Funding is provided by the founders, business angels and innovation grants.
The value of the company is in the Intellectual Property. On the strength of
the management team, value proposition and the IP, venture capital funding
is secured. A full time management team is employed and technical work
creates prototypes and small scale operations. Some businesses may start
to generate modest revenues. Early patents are taken through the expensive
international stages and new patents are filed. The value of the business is in
the IP and technical know-how, which has less risk than earlier stages.

Transition

The business is now at the transition from testing to revenue. This requires
significant funding for full scale prototypes or trials, and may take several
funding rounds. A skilled development team will be in place so the business is
spending cash on salaries. Patent protection costs will be continuing together
with funding for labs, workshops, etc. This is the most difficult stage for most
start-up companies and the point where many fail. Even though the business
may have significant sunk costs in the value of patents and prototypes; the
capital requirements to reach a profit making situation may be larger than
venture capital funds are comfortable with and the risks may not be low
enough for corporate investment. Therefore, the monthly cash burn may
simply mean that the business fails by running out of money — ‘the valley
of death’. An alternative threat of competitors appears, because patents are
published and prototypes are in the public domain, other businesses will enter
the same market and could overtake the business.

Upscaling and Revenue

First commercial projects are delivered which may not be profitable but do
generate revenue. Confidence in the business builds with each successive
project and the structure changes from innovation to delivery. Revenues
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increase gradually. The company is bought out by a larger corporate, or a
market floatation takes place and the original founders may exit the business
at this stage. Many books have been written about the innovation process and
how to avoid ‘the valley of death’ and that will not be repeated here. In the
context of Blue Growth, the ideas of new technology are quite attractive, but
this leads to the danger of ‘technology push’, where a great idea exists but
unless there is a market willing to pay for it, it will ultimately fail. Much
more successful is ‘market pull’” where there is a genuine gap in the market
for the value proposition of the company. In some sectors, offshore wind
for example, this market has been created through government intervention
in the form of a subsidy scheme, gradually reducing as the sector grows in
scale. The Blue Growth case studies within the EU funded MARIBE (Marine
Investment for the Blue economy project (https://maribe.eu) discuss a number
of successful companies that have found appropriate niche markets willing
to purchase their product. The other distinguishing feature of the successful
Blue Growth businesses is that they are continuously raising funds through
new rounds of investments to aid transition and avoid the risks of early failure.

Policy and Regulation in Europe

Making space for the Blue Economy, encouraging growth while avoiding
conflict with the environment and other activities, requires a significant effort
in public policy and regulation for good governance. Marine space is a
commons, there is no private ownership. The preservation of public rights,
like the right to navigate and fish, and the introduction of quasi private
rights, like the right of an offshore wind farm company to exclusively occupy
space, is a matter for cooperation, negotiation and politics and, in the end,
enforcement.

There is a global move towards multi-objective marine spatial planning
(MSP) designed to balance the competing objectives of maritime industries
with each other and jointly with the environment. Europe has taken a lead
initially with the Integrated Maritime Policy (IMP) developed over the early
years of the new century and promoted by the EU marine directorate (DG
MARE). The DG MARE interest is essentially economic. It is responsible
for the Common Fisheries Policy and promotes the ‘Blue Growth Agenda’
through a series of policy pronouncements and measures. The environmental
pillar of the IMP is the Marine Strategy Framework Directive (MSFD) which
came into effect in 2008 and requires Good Environmental Status (GES)
in EU waters by 2020. The MSFD is actually the responsibility of the EU
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environmental directorate (DG ENV). The MSFD calls for a transboundary
approach to conservation with monitoring and measurement of indicators
supported by a network of Marine Protected Areas (MPAs). MPAs do not
necessarily inhibit sustainable development. Multi-use of even protected
areas is encouraged provided the issues are fully understood and provided
for. Even though the MSFD regulates use of marine resources, it does not
regulate the industrial activities or applications of marine resources (Van der
Graaf et al., 2012). The Water Framework Directive (WFD) also applies to
coastal waters up to one nautical mile from shore. It aims to control pollution
and improve water quality in a holistic way to provide ‘Good Status’. It is
organised by river basin, and so in several cases the management plan for a
river and adjacent coastal waters will encompass more than one country.

Policy and regulation affect the Blue Economy industries most directly
in the consenting procedures which are adopted for the licensing of new
developments. Developers have to show the environmental, social and eco-
nomic impacts of their proposals and their adherence to the requirements of
the law, and frequently a high degree of acceptance by affected stakeholders
and communities. This is most commonly achieved in their Environmental
Impact Statement (EIA) and through lengthy consultation and participatory
procedures, both of which are also required by legislation.

Combining Sectors

By focusing on the potential for combinations of economic activities, multi —
use of space (MUS) and multi-purpose platforms (MPP), the EU funded
MARIBE project explored new business models and investment opportunities
to encourage the further development of the Blue Economy. However, there
is no doubt that the development of new maritime industries is accompa-
nied by an increase of the human pressures in the environment and their
associated challenges: conflicts between (Kadiri et al., 2012) traditional
and emerging industries; environmental, social and economic sustainability;
regulatory conflicts. The development of MUS/MPP facilities may offer a rel-
evant solution for many of these conflicts. The search for synergies between
different economic sectors may increase the economic performance of activ-
ities, promoting at the same time a more efficient use of infrastructure and
logistical resources. Furthermore, the grouping and combination of activities,
enables marine spatial planning to facilitate an efficient and environmentally
sustainable management of maritime industries.
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At first glance the idea behind MUS/MPPs is rather simple, two or more
maritime industries sharing the same space and infrastructure in order to
optimise the use of space and benefit from operational savings. However,
they are novel concepts, and as such their development will require either
the creation of new business models or the participation and investment from
both public and private agents. In order to optimise these investments and
make MUS/MPPs commercially viable, a good knowledge of the maritime
industries involved becomes crucial. The knowledge of their operational
methods, strengths, weaknesses and potential for growth is not only useful
for management planning, but also it opens the door for the consolidation
of emerging maritime sectors. The extensive coastal areas of the EU cover a
large part of the global maritime zones. While continental EU borders with
two oceans (Atlantic and Arctic) and four seas (Baltic, North, Mediterranean
and Black Sea Sea), many of the EU outermost regions (ORs) are located
in the Caribbean Sea and the Indian Ocean. These regions not only differ in
environmental conditions, but also in their regulatory and socio-economic
frameworks. Hence, the design of business models for MUS/MPPs must
take into account the specific characteristics, needs and opportunities of each
region.

This book is motivated by the opportunities presented by the Blue Econ-
omy. In the chapters which follow, the opportunities of new and old industries
and their combinations are discussed. This material should be read in the
context of the concepts outlined above. Where is this industry in terms of
its lifecycle? What is the business opportunity and how does that opportu-
nity survive the ‘valley of death’ from concept to reality? How does that
business need to be structured to align with policy? Finally, and perhaps
most importantly, how can that opportunity combine sectors for greater
benefit?
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1.1 Introduction

As the world population is growing and poverty is gradually being alleviated,
the world is searching for new sources of protein in order to guarantee food
security. Aquaculture has been identified as a sector with high potential
for increased protein production without excessive burdens on the ecosys-
tem. Predictions by OECD-FAO for fish and seafood production and trade
(OECD/FAO 2016) indicate that future growth in seafood production will
originate from aquaculture. Although 70% of the globe consists of water,
aquaculture cannot be practised everywhere; it requires a unique set of natu-
ral, social and economic resources which must be used wisely if development
of the sector is to be sustainable. In the EU and around the globe, the
availability of areas suitable for aquaculture is becoming a major problem
for the development and expansion of the sector. Care must be taken in the
management of existing aquaculture facilities and the setting up of new pro-
duction sites to ensure that there are appropriate environmental characteristics
and that good water quality is maintained. Additionally, the consequences
of social interactions and the appropriation of marine, coastal and inland
resources must be well understood. In this chapter, we outline the status of
this industry and discuss the key issues and opportunities. Firstly, we define
what we mean by marine aquaculture.

11
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Definitions

1. EU definition: ‘aquaculture’ means the rearing or cultivation of aquatic
organisms using techniques designed to increase the production of the
organisms in question beyond the natural capacity of the environment,
where the organisms remain the property of a natural or legal person
throughout the rearing and culture stage, up to and including harvesting;
(REGULATION (EU) No 1380/2013)

2. FAO definition: Aquaculture is the farming of aquatic organisms includ-
ing fish, molluscs, crustaceans and aquatic plants. Farming implies some
sort of intervention in the rearing process to enhance production, such
as regular stocking, feeding, protection from predators, etc. Farming also
implies individual or corporate ownership of the stock being cultivated,
the planning, development and operation of aquaculture systems, sites,
facilities and practices, and the production and transport.

3. According to FAO glossary of aquaculture, mariculture is cultivation,
management and harvesting of marine organisms in the sea, in specially
constructed rearing facilities e.g. cages, pens and long-lines. For the
purpose of FAO statistics, mariculture refers to cultivation of the end
product in seawater even though earlier stages in the life cycle of the
concerned aquatic organisms may be cultured in brackish water or
freshwater or captured from the wild. This term is interchangeable with
marine aquaculture.

1.1.1 General Overview of the Sector

The Food and Agriculture Organization of the United Nations (FAO) pro-
duces regular authoritative statistical reports and publicly available databases
(FishStatJ) on aquaculture sectors and subsectors, which include production
volumes and values. This data is drawn on in this section, and refer the
reader to their reports for further information (FAO, 2016). While world
freshwater aquaculture and mariculture had similar growth rates over the past
decade and each accounted for about half of the total aquaculture production,
their species composition differs significantly. Freshwater aquaculture has
been concentrated on finfish, while aquatic plants and shellfish (including
Crustaceans and molluscs) were dominant in mariculture (Figure 1.1). For
freshwater production, highest farm-gate value (production value calculated
by using the on-farm, whole fish prices) is reported for fish production

'FAO Tech. Guidelines for Responsible Fisheries (5):40p. Rome, FAO.
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(~80%) matching the largest production sector, while in mariculture the
largest production sector (aquatic plants) only contribute marginally to the
total farm-gate values. Freshwater carps, tilapia and catfish are globally the
most important aquaculture species in terms of both volume and value. These
are generally low-value fishes for domestic consumption, providing low-cost
animal protein to ordinary consumers, but tilapia and some catfish species
(e.g. Pangasius) have become increasingly popular global commodities.
Marine shrimp and salmon are major commodities in international seafood
trade, and are two high-valued species. Marine perch-like fishes (e.g. seabass,
seabreams, groupers) do not belong to the top-10 of most important species
in terms of volume but are among the top-10 in terms of value.

Aquaculture production is now fully comparable to capture fisheries
landings when measured by volume of output on global scale. World aqua-
culture production of fish accounted for 44.1 percent of total production
(including for non-food uses) from capture fisheries and aquaculture in 2014,
up from 42.1 percent in 2012 and 31.1 percent in 2004 (FAO, 2016) From
2014 the total aquaculture production surpassed capture fisheries for human
consumption and it is expected that by 2025 aquaculture production will be
larger in volume than the capture fisheries. (OECD/FAO 2016.). According to
the latest OECD — FAO forecasts (OECD/FAO 2016) expanding aquaculture
production will remain amongst the fastest growing food sectors with a 3%
annual growth rate, which is however significantly lower than the annual
growth rate of 5.6% experienced in the previous decade. This slowdown in
expansion will mainly be due to restrictions caused by environmental impacts
of production and competition from other users of water and coastal spaces
(World Bank. 2013). For example, aquaculture farming along coasts, lakes
or rivers can conflict with urban development or tourism. This can create
problems related to water quality and scarcity and push aquaculture expan-
sion into less optimal production locations and consequently increasing costs,
this is therefore encouraging the industry to seek innovative technologies and
partnerships to maintain existing production costs.

Asian countries will remain the main producers with a share of 89%
of total production in 2025, but Aquaculture will also show an impressive
increase in developed countries, growing 26% during the same period. In
Africa, the capacity building activities of the last decade and local policies
promoting aquaculture also will raise the recent 1.7 million tonnes to 2.2
million tonnes.

The product groups listed in Table 1.1 are cultured by using various
technologies, influenced by the environment and determining the social,
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Table 1.1 Volume of main product groups in the various culture environments in 2015
(brackish water production is included in the marine environment.)

Product (in Thousands Freshwater Mariculture/Marine

of Tons) Aquaculture Aquaculture Aquaculture Total
Finfish 44,108 7,800 51,907
Crustacean 2,857 4,495 7,351
Molluscs 284 16,148 16,432
Aquatic plants 90 29,273 29,363
Other aquatic animals 523 427 950

and products

Total 47,861 58,143 106,004

Data from: (© FAO - FishStatJ 2017 March.

economic and environmental sustainability of the production. The majority
of freshwater fish are carp produced in Asia (37.5 million tons) in pond based
systems, thus ensuring the local protein supply for underdeveloped regions.
Asian countries produce the majority of mariculture farmed species which
are mainly extractive species such as molluscs (e.g. mussels and oysters) and
aquatic plants (e.g. seaweeds). Products from marine aquaculture also have an
important role in the food supply and application of aquaculture technologies
to different (new) species in marine areas have a potential to supplement the
global shortage in capture fisheries.

1.1.2 Marine Aquaculture as a Blue Growth Sector

In this book, the focus is on the mariculture technologies having a potential
for combination with other Blue Growth industries. According to the dis-
tance from the coastline and characteristics of marine aquaculture activities;
coastal, off the coast and offshore mariculture (or marine aquaculture) subsec-
tors can be distinguished, where coastal and off the coast can be considered
also as nearshore (Table 1.2):

1. Coastal and off the coast marine fish culture: Fish farming activities
less than 3 km from the shore using various technologies also including
flow-through and recirculation systems but mostly apply the open float-
ing cage net technology. In Europe Atlantic salmon, Sea bream and Sea
bass are the fish species produced in the largest quantity in marine cage
aquaculture systems.

2. Coastal and off the coast farming of molluscs and crustaceans:
Crustacean production is mostly inland or on shore pond based farming
and because of the required technology, there are only very limited
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opportunities to move the production to offshore farms (lobster cul-
tures). Mussels and oysters are produced in large volume (Figure 1.1)
using various techniques and molluscs cultures are considered as the
most promising candidates for aquaculture on offshore energy platforms
(Wever et al., 2015).

3. Coastal and off the coast production of aquatic plants (macro and
micro): While off coast micro algae production is still in experimental
stage, the production of seaweed is a well-established off the coast tech-
nology having a potential to be moved further offshore and combined
with other offshore activities.

4. Coastal and off the coast Integrated Multi-Trophic Aquaculture
systems (IMTA): The basic concept of IMTA is the farming of sev-
eral species at different trophic levels, that is, species that occupy
distinct positions in a food chain. This allows one species’ uneaten
feed and wastes, nutrients and by-products to be recaptured and con-
verted into fertilizer, feed and energy for the other crops (Chopin,
2012). As an example we can combine the cultivation of fed species
(finfish or shrimp) with inorganic extractive species (seaweeds or
aquatic plants) and organic extractive species (oysters, mussels and other
invertebrates).

5. Offshore mariculture or offshore marine aquaculture: Adopting the
FAO definition, offshore mariculture is classified as existing or potential
activities where the distance of the production unit is more than 2 km
from the coast. These are within continental shelf zones and possibly

Aquatic Aquatic Aquatic
animals plants  animals
1% 6%~ 2%

B

N

y

Production volume Farm-gate value

Figure 1.1 Relative Production volume (left) and Farm-gate value (right) by species type in
2014 for the Marine culture environment at a global level (data from FAO FishSTATYJ).
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Table 1.2  General criteria for defining coastal, off-the-coast and offshore mariculture. 1 Hs =
significant wave height, a standard oceanographic term, approximately equal to the average of

the highest one-third of the waves

Off the Coast
Parameters  Coastal Mariculture Mariculture Offshore Mariculture
Location/ <500 m from the coast 500 m to 3 km from the >2 km generally within
hydrogra- <10 m depth at low tide ~ coast continental shelf zones,
phy within sight 10-50 m depth at low possibly open ocean
usually sheltered tide >50 m depth
often within sight
somewhat sheltered
Environment Hsl usually <1 m Hs <34 m Hs 5 m or more,
short-period winds localized coastal regularly 2-3 m
localized coastal currents ~ currents oceanic swells
possibly strong tidal some tidal streams variable wind periods
streams possibly less localized
current effect
Access 100% accessible >90% accessible on at  usually >80%
landing possible at all least once daily basis accessible
times landing usually possible landing may be
possible, periodic,
e.g. every 3—10 days
Operation  manual involvement, some automated remote operations,
feeding, monitoring and  operations, e.g. feeding, automated feeding,
more monitoring and more distance monitoring,
system function
Exposure sheltered partly exposed (e.g. exposed (e.g. >180°)

>90° exposed)

Source: Lovatelli et al., 2013.

open ocean areas. The economic interest of offshore mariculture is
today primarily related to finfish (Lovatelli et al. 2013), but from a
technological point of view, seaweed and molluscs production have
good opportunities for offshore farming. Offshore finfish farming has
a specific technology using submersible floating cages and automatized
feeding system paired with remote monitoring.

1.2 Sector Industry Structure and Lifecycle

The concept of business lifecycle (sometimes referred to as product lifecycle)
is well established in economics. Influenced by Darwinian theories, Alfred
Marshal considered how industries and firms were not in a steady state and
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appeared to evolve over time (Kerr and Johnson 2015.) As aquaculture moves
offshore there will be important lessons to be learnt from existing installations
and companies. Studying existing businesses provides the opportunity to see
how barriers to growth were overcome in the past and learn lessons for future
Blue Growth. This lifecycle analysis is especially useful to define the lifecycle
stage of different aquaculture subsectors which helps to identify the benefits
of each subsectors when they are combined with other Blue Growth indus-
tries. Life cycle description of the subsectors are summarised in the Table 1.3
according to the characteristics of life stages by Kerr and Johnson and the
production and economic data of the subsectors. Based on the description of
Table 1.3 the life cycle stage of the most relevant aquaculture subsectors are
identified in Table 1.4.

Investigating these results from a business development point of view, it
can be seen that aquaculture subsectors in different life stages could benefit
from combinations with other Blue Growth sectors in various ways. Mature
subsectors like salmon and sea bass, sea bream production are considerably
limited by the available marine space. Investments in the combination of fish
farming with other industries using off the coast and offshore areas could
support the mature aquaculture subsectors to get licenses and increase their
production.

Subsectors in the growth stage are in the process of increasing their
capacity and reduce production costs. Mussel production in certain areas as
well as organic fish production could benefit significantly from investments
in combined coastal and off the coast platforms.

Offshore fish farming has only just started and can thus be classified
as development or embryonic stage in the selected regions. Combination
with other BG industries that are already in the mature and growth stage
could facilitate the technology transfer of offshore technologies to aquacul-
ture. There is also potential for the more mature industries to facilitate the
investments in offshore aquaculture sectors.

1.3 Market
1.3.1 Products and Trade Flows in the World

The expansion of seafood consumption and thereby aquaculture production
has dramatically changed the major seafood trade pathways (FAO 2016).
Salmon and trout products have increased market share over a number of
years and now represent the largest single commodity by value in the fish
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trade (16.6% of the world trade in 2013), this is clear evidence of the impact
of aquaculture on the market. The majority of salmonids are exported from
a limited number of countries which have a suitable natural environment for
salmon farming (Norway, Chile, Canada), mostly to high-income countries
although China also accounted for 4.4 percent of world salmon import in
2011. Shrimps and prawns are high value seafood commodities and are
mostly exported from developing countries to developed countries. Trade data
indicates that most shrimp import in EU comprises warm-water species which
originate mostly from aquaculture. International trade of molluscs (excluding
cephalopods) is more disperse among countries although China holds a strong
position in both import and export of molluscs.

1.3.2 Market Trends, Prices and a View of Future
Demand in the EU

Although aquaculture in the European Union is very diverse with production
spread across more than 100 species categories, a limited number of species
dominate. In 2014, 1,275,902 tonnes total aquaculture production comprised
(EUMOFA online query): 35.7% Mytilus mussels (455,079 tonnes), 14.8%
Atlantic salmon (189,476 tonnes), 13.6% other salmonids (mainly rainbow
trout, 185,663 tonnes), 7.1% oysters (91,460 tonnes), 6.2% carp (79,994
tonnes), 11.7% Sea bass and Sea bream (149,317 tonnes together). Although
the reported harvest from freshwater appears to be small relative to harvest
from seawater and brackish water, it must be recognised that Atlantic salmon
(and other salmonids harvested from seawater) are initially reared in fresh-
water and freshwater species are also reared in brackish and seawater (large
trout).

Five Member States dominate EU-28 aquaculture (Figure 1.3), account-
ing for 75% of production (Spain: 266,594 tonnes; United Kingdom: 205,594
tonnes; France: 205,107 tonnes; Italy: ca. 160,000 tonnes; Greece: 108,852
tonnes). The relative importance of the different aquaculture sectors varies
between Member States, e.g.:

e Molluscs dominate production (>60% of national tonnage) in Spain,
France, Netherlands and Ireland;

o Atlantic salmon and other salmonids (mainly rainbow trout) dominate in
the UK, Denmark, Finland, Sweden, Slovakia, Slovenia and Estonia;

e Marine finfish (including seabass and seabream) dominate in Greece,
Malta and Cyprus;

e Freshwater finfish (including carp) dominate in Germany, Poland, Czech
Republic, Hungary, Romania, Lithuania and Latvia.
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Figure 1.2 Development of Aquaculture production (in million tonnes) in the world (left)
and European Union (right) indicating that the EU does not follow the high growth rates as
displayed in other parts of the world (data from FishStat] 2017 March).
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Figure 1.3 Marine aquaculture production in the Europe in 2015 specified for each
Maribe basin and divided per production type (Marine finfish, Marine shellfish, Freshwater).
*indicates if member state is part of the EU-28. (Data from: FishStat FAO).

The aquaculture production in the EU (Figure 1.2) has stagnated for many
years in terms of the total production volume where the increases in salmonid
(Atlantic salmon, large trout) and mussel production have been cancelled out
by reductions in production of eels and other freshwater fish.

According to the predictions of aquaculture development in the period
2016-2025 (OECD/FAO 2016), developing countries will <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>