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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.
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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.1

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

1FAO 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,



14 Aquaculture

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
of Tons)

Freshwater
Aquaculture

Mariculture/Marine
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
and products

523 427 950

Total 47,861 58,143 106,004
Data from: c© 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

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 FishSTATJ).
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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

Parameters Coastal Mariculture
Off the Coast
Mariculture Offshore Mariculture

Location/
hydrogra-
phy

<500 m from the coast
<10 m depth at low tide
within sight
usually sheltered

500 m to 3 km from the
coast
10–50 m depth at low
tide
often within sight
somewhat sheltered

>2 km generally within
continental shelf zones,
possibly open ocean
>50 m depth

Environment Hs1 usually <1 m
short-period winds
localized coastal currents
possibly strong tidal
streams

Hs <3–4 m
localized coastal
currents
some tidal streams

Hs 5 m or more,
regularly 2–3 m
oceanic swells
variable wind periods
possibly less localized
current effect

Access 100% accessible
landing possible at all
times

>90% accessible on at
least once daily basis
landing usually possible

usually >80%
accessible
landing may be
possible, periodic,
e.g. every 3–10 days

Operation manual involvement,
feeding, monitoring and
more

some automated
operations, e.g. feeding,
monitoring and more

remote operations,
automated feeding,
distance monitoring,
system function

Exposure sheltered partly exposed (e.g.
>90◦ exposed)

exposed (e.g. >180◦)

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.:

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

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

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

• 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 FishStatJ 2017 March).

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 consolidate their
position as lead aquaculture producers, with a share of almost 95% of global
aquaculture production. The latest trends and forecast studies also justify the
28% increase until 2025 in Europe, however the majority of this growth still
expected from the salmon aquaculture of Norway. Numerous studies indicate
a considerable increase of aquaculture production in the European Union.
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Lane et al. (2014) projected a faster growth rate of aquaculture in the
European Union than the OECD/FAO forecast for Europe estimating a total
increase of 772,000 tonnes (+56%) in volume from 2010 to 2030 with a
corresponding value increase of 2.7 billion euros and requiring an additional
395,000 tonnes of feeds.

The latest production trend estimations for the European Union can be
calculated from the data of the Multiannual National Aquaculture Plans
prepared by each member states as a strategy for the use of the European
Maritime and Fisheries Fund. The common structure of the plans required an
estimation of the impact of EU funds on the production and the estimated
projection for EU aquaculture volume in 2020 is expected to increase by
about 300,000 tonnes (25%) to a total of more than 1.5 million tonnes.

The European Aquaculture Technology and Innovation Platform (EATIP)
provides a forecast for the whole of Europe in a vision document (EATiP
2012) predicting that by the year 2030, European aquaculture will provide
annually 4.5 million tons of sustainable food products (recent production is
3 million tonnes), worth 14 billion euros, and supporting more than 150,000
direct jobs.

1.3.3 Market Trends, Prices and Supply & Demand Gaps

The European Union is a major consumption market of seafood products in
the world with 13,8 million tonnes representing EUR 49,3 billion in 2015
(EUMOFA 2016).

It is the largest importer of seafood products, absorbing 24% of total
world exchanges in value. Seafood consumption per capita in the EU seems
to have reached a plateau after a decade of dynamic growth. The consumption
per capita in 2015 was 25,5 kg which is 1 kg more than it was in 2013.
The increase in the consumption was more significant for farmed products
(+6%) than for fisheries products (+2,7%), but the consumption in the EU
market is still dominated by products originating from fishing activities (75%
of total). Tuna, cod and salmon are the main species consumed in the EU in
volume. Shrimps are the first imported species in value ahead of salmon, tuna
and cod. Seafood consumption varies a lot from one Member State to the
other. Northern Member States are more focused on processed fish (frozen,
smoked) while Southern Member States still favour fresh products and devote
a larger part of household expenditures to fish. Central and Eastern European
countries are below the EU average but register increase in consumption
(EUMOFA 2017). The data of the detailed EU wide consumer survey showed,
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that the per capita consumption trend (in kg) is slightly negative, while
the per capita real expenditure (in Purchasing Power Parities which was
calculated by multiplying the EU28 expenditure in real terms in EUR with the
volume indices of real expenditure per capita (for fish)) trend is basically flat.
(EUMOFA 2017). This widening gap between the two indicators supposes
an increase in the consumption of high value products (high quality fresh
products, processed products). Of course, these average figures hide the
different situation in member states and while for example, the average unit
value increased in the Central and Eastern European countries, in the most
Mediterranean countries this value decreased.

In 2015 Atlantic salmon was the most consumed aquaculture product
in the EU reaching 2.09 kg/capita/year consumption showing 9% and 38%
increase from 2013 and 2005, respectively. The main producer of this species
in Europe is Norway, selling the half of its yearly 1.3 million tons produc-
tion (FEAP Production Report 2007–2015) to Europe. The second largest
producer is the UK with 186 thousand tons mainly from Scotland. The main
production area for this species is the Atlantic Ocean where all production
countries continuously increase their production and looking for innovative
technologies to support this raise.

In the Baltic region fish production in the marine environment is less
developed and the main produced species is the large trout (>1.2 kg).
The biggest producers of large trout using the marine cage technology are
Denmark (10,500 t), Sweden (9436 t) and Finland (12,500 t) and accord-
ing to their EMFF Operational Programs all countries want to increase its
aquaculture production.

The fish production in the Mediterranean is dominated by the sea bass
and sea bream production mainly in coastal and off the coast cages. The main
producer countries are Greece (93,000 t) and Turkey (142,000 t) competing
with each other for the leading producer position and for the markets (FEAP
Production Report 2007–2015).

EU self-sufficiency for seafood (i.e. the production relative to its internal
consumption) increased from 44,5% to 47,5% during 2013–2014, but to keep
up with the rise of the internal demand needed an increase of catches and
production as well. While the EU covers fully its needs for small pelagics (and
even produces surpluses) it is increasingly and highly dependent on external
sourcing for groundfish, salmonids and tuna. In terms of the aquaculture prod-
ucts the self-sufficiency is much lower and only 10% of the total EU seafood
consumption (13 million tonnes) is currently come from EU aquaculture (1.3
million tonnes). These statistics suggests that demand is greater than supply
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and there is great potential to expand aquaculture production in the EU to
meet the demand, improve food security and improve the economy.

1.4 Working Environment

1.4.1 Economic Indicators for the Aquaculture Sector in the EU

In the EU, aquaculture production is an important economic activity in
many coastal and inland regions (COM 2012a), often providing employment
in marginal and remote areas. The sustainable development of European
aquaculture has been identified as a priority under reforms of the Common
Fisheries Policies (CFP) to strengthen long term food security (EU 2013).
These regulations require actions to improve the competitiveness of the
sector, whilst ensuring its long term environmental, economic and social
sustainability. Aquaculture has thereby been identified as one of five value
chains that can deliver sustainable growth and jobs within the blue economy
(COM 2012b).

Reliable data on key economic indicators are difficult to obtain for the
aquaculture sector in all the 28 Member States, but the latest report of
Scientific, Technical and Economic Committee for Fisheries (STECF 2016)
provide a good overview. While the countries participated in the report
indicated more than 12,000 enterprises, the study estimated that the total
number of companies with aquaculture as their main activity in the EU-28
is between 14 and 15 thousand. In 2014 the majority (90%) of the companies
were micro-enterprises (with less than 10 employees) and tend to be family
owned. Micro-enterprises are usually small scale rather than large companies
using capital intensive methods. The number of enterprises with more than
10 employees has increased from 1040 in 2012 to 1230 in 2014. The reported
data displays an employment of about 69 700 people in 2014, but the study
estimates that EU-28 aquaculture sector directly employs around 80,000
people. The EU aquaculture sector has an important component of part-
time work which is due to the importance of the shellfish sector that has
a significant percentage of part-time and seasonal work. Women accounted
for the 24% of the EU aquaculture sector employments, but only 19% when
measured in FTE. There is a lot of variability within the salaries paid in
each country and subsector, varying from 3,300 Euros per year in Bulgaria
to 72,100 Euros per year in Denmark.

EU aquaculture sector provided about e1 596 billion in Gross Value
Added (GVA) in 2014. This is an increase of 14% from the e1 294 billion
reported in 2012. EBIT (Earnings Before Interest and Taxes or Operating
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Profit) data from 19 countries (excluding Poland) show that the EU aquacul-
ture sector was more profitable in 2014 with a reported total EBIT of e402
million, which is an increase of 24% from the e324 million reported in 2012.

1.4.2 Driving Forces and Limitations of Aquaculture Sector

The majority of global aquaculture production is concentrated in developing
countries, in particular in Asia, while aquaculture development in more devel-
oped countries and especially in the European Union is relatively stagnant.
This partly due to a range of governance challenges, regulatory framework
and the scarcity of suitable locations. The main constrains of aquaculture
development in the EU-28 countries are often listed as the followings (Lane
et al. 2014):

• Fierce and often unequal competition with third countries that brings
market prices down. Fish farmers association in the EU says that the
strict regulation often creates a sloped playing field for third coun-
tries having for example less stringent environmental or food security
regulation.

• High labour and capital costs and administrative burdens slow down
investments in the sector.

• Lack of understanding of the spatial needs and infrastructure for the
industry among the planning authorities.

The annual growth rate of the world aquaculture in the next decade is
expected to be 2.5% (FAO/OECD), which is significantly lower than the
growth rate of 5.6% p.a. experienced in the previous decade. Driving forces
of aquaculture growth on a global level are (Guillen & Motova 2013, Lane
et al. 2014):

• Overfished and decreasing wild fish stocks, while the demand for fish is
growing

• Aquaculture is more efficient in terms of freshwater use and energy than
other animal production sectors.

• The availability of marine space for aquaculture is larger than availabil-
ity of agricultural land

• Technology development makes aquaculture more and more profitable.

Limitations of aquaculture growth on a global level:

• Dependency on and availability of sustainable fish meal sources
• Direct environmental interactions: pollutions, predators, diseases, algal

blooms
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• Poor husbandry practices: use of antibiotics, antifungal, herbicides . . .
• Consumers attitudes and trends
• Deterioration of the quality of water bodies suitable for aquaculture

1.4.3 Regulatory Framework of Marine Aquaculture
in the European Union

Aquaculture is an integral part of the reformed Common Fisheries Policy
(CFP) (REGULATION (EU) No 1380/2013). The basic regulations define
aquaculture as an important economic and food supply industry and encour-
age the development of the sector. Aquaculture has thereby been identified
as one of five value chains that can deliver sustainable growth and jobs
within the blue economy (COM 2012b). The Commission published Strategic
Guidelines for the Sustainable Development of EU aquaculture (COM 2013a)
which highlighted four priority areas to unlock the potential of the sector:
i) simplification of administrative procedures, ii) co-ordinated spatial plan-
ning, iii) competitiveness and, iv) a level playing field. Using these guidelines,
Member States (MS) has developed or are now developing multiannual
national plans for the development of sustainable aquaculture.

One of the main tool to achieve the goals of the CFP is the European
Maritime and Fisheries Fund (EMFF) which is one of the five European
Structural and Investment (ESI) Funds which complement each other and
seek to promote a growth and job based recovery in Europe. The EMFF
regulation (REGULATION (EU) No 508/2014) lay down the principal rules
how this fund is used to co-finance projects, along with national funding.
Each country is allocated a share of the total 5.7 billion Euro Fund budget,
based on the size of its fishing, aquaculture and processing industry. Member
states then draws up an operational programme (OP), saying how it intends
to spend the money. Once the Commission approves this programme, it is up
to the national authorities to decide which projects will be funded. Recently,
Member States are submitting their OPs to the commission and preparing
their national legislation and system for the distribution of the fund. The
regulations allow aquaculture investments to be supported with a maximum
funding rate of 50% of the total investment.

The development of sustainable aquaculture is dependent on clean,
healthy and productive marine and fresh waters. A prerequisite for sustain-
able aquaculture activities is compliance with the relevant EU Legislation.
The Water Framework Directive (WFD) (Directive 2000/60/EC) and the
Marine Strategy Framework Directive (MSFD) (Directive 2008/56/EC) aim
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to protect and enhance aquatic environments and ensure that the uses to which
they are put are sustainable in the long term. All mariculture activities in the
Member States has to be carried out in line with the common regulation of
MSFD to minimise the risk of the introduction of non-indigenous species
(NIS), to keep under limits the amount of discharged nutrients, organic
matter, contaminants including pesticides and litter. New aquaculture tech-
nologies also have to reduce the disturbance to wildlife, and the possibility
for escape of farmed fish. However, the magnitude of these impacts from
aquaculture in comparison with impacts from other sources (e.g. agricultural
runoff) are not known, aquaculture, alongside all other sectors, will need to
reduce impacts in order to reach Good Environmental Status (GES) under
MSFD. The role of the MSFD is becoming increasingly important to ensure
that aquaculture activities provide long-term environmental sustainability.

1.5 Innovation

1.5.1 Innovation Trends in Coastal and Off the Coast Marine
Aquaculture Subsectors

To identify the innovation trends in the aquaculture the mapping of the
research needs of the sector can provide a good indication of the main
directions. EFARO, the European Fisheries and Aquaculture Research Organ-
isations, identified the following “game changer” technical and scientific
topics enabling a European aquaculture vision to happen (EFARO 2017):
1) Develop sustainable fish feeds based on aquaculture ingredients, 2) Diver-
sification of activities, 3) Breeding: Development of breeding programmes
for the production of robust animals, 4) Seaweed Production and Value
Chains: Innovation and optimization of seaweed products and processes,
5) Develop research on aquaculture productions associations and the integra-
tion of aquaculture productions with other productions or service productions,
6) Bivalve production: Innovation and optimization of shellfish products.

Marine and freshwater aquaculture is already an efficient user of land
and freshwater while also has a lower carbon footprint than the production
of terrestrial animals, but due to its dependence on plant products such
as soy in the feed, aquaculture still uses a considerable amount of these
limited resources. Therefore, exploring new or alternative feed resources and
production sites along with the necessary technology and delivery systems
are urgently needed.
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EFARO members also launched the Cooperation in Fisheries, Aquacul-
ture and Seafood Processing (COFASP ERA-NET) to develop and strengthen
the coordination of national and regional research programmes. The COFASP
Strategic Research Agenda identified the following topics to be of impor-
tance for future development of aquaculture as a whole: 1) Market demand
(species that can be cost effectively produced), 2) Organic aquaculture
(lower the production costs relative to conventional methods), 3) Tech-
nology development (Recirculation facilities & multi-trophic aquaculture),
4) Species enhancement (Aquatic animal health and welfare, and Breed-
ing Programmes) (COFASP 2016). The ERA-NET COFASP collects and
analyses a list of projects on aquaculture, fisheries and seafood process-
ing funded at European/national level and maintain a database available at
http://www.projectsdatabase.cofasp.eu. Recently a total of 1203 aquaculture
research projects can be found in the database with e816 million total fund-
ing. From these projects 28 have activities to develop offshore aquaculture.
Many of the projects funded focussed technological development, but envi-
ronmental impact studies are also listed. The recent and planned future calls
within the H2020 program have a significant focus on multi-use possibilities
to make better use of marine space and resources.

1.5.2 Recent Technology and Expected New Technologies
in Offshore Mariculture, Opportunities and Challenges

Sturrock et al. (2008) identified offshore aquaculture and IMTA as emerging
technologies supporting the European aquaculture development. The current
development of mariculture of species such as Atlantic salmon, Sea bream
and European seabass and experimental/pilot farming of other species such
as cobia (Rachycentron canandum) and amberjacks (Seriola spp.) provides
excellent and promising technological advances for moving marine aquacul-
ture farther offshore. However, the economic viability of offshore mariculture
is a major challenge and better technologies still need to be developed. There
are also concerns about the availability of capital for investments in research
and development (R&D) and for the development of commercial farms.
Moreover, there is no clear candidate species of finfish available that has
proved both economic and physiological feasibility for offshore production
and, while species of shellfish and aquatic plants are better identified, the
economic viability of their production is still questionable. A transition from
coastal to off-the-coast and offshore mariculture will demand the develop-
ment of new or suitably adapted technologies throughout the value chain,
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with obvious scientific challenges. This is what is needed if global seafood
supply is to be increased in a way that minimizes impacts on benthic and
pelagic ecosystems as demanded by society. One of the main driving force
of aquaculture innovations recently is the so called “green licensing” system
of the Norwegian salmon industry. Norwegian governments have publicly
declared that further growth is impossible until the problems of sea lice,
escapes and pollution have been solved or, at least, considerably reduced.
Since the salmon farming companies have shown that they have the capacity
and market access for an increase of production, the government opened up
new salmon farming licenses subject to strict environmental criteria mainly
on sea lice, escape risk and other environmental factors known as “Green
Licenses” (Hersoug 2015). The interest is still very high for the valuable
available licenses and the requested new technological solutions encouraged
other marine and offshore industries like shipbuilding and offshore oil and
gas to bring in their experience to the aquaculture industry and team up with
aquaculture companies. Of course, the large salmon farming companies like
SalMar AS (www.salmar.no) and Marine Harvest AS (marineharvest.com)
also invested in innovation and developed their own technological solutions
to fulfil the requirements of green licenses. SalMar is more focused on the
offshore production and invested in Ocean Farm-1 full scale pilot facility, a
110m wide cage system under a floating platform also hosting the feed barge,
control room and maintenance facilities.

1.6 Investment

Investments in aquaculture stem from the sector itself, from private invest-
ment funds or investors and from public sources. The investment environment
of the EU aquaculture sector can be characterized as follows.

• The Future Expectations Indicator (FEI) indicates whether the industry
in a sector is investing more than the depreciation of their current assets.
According to a recent research (STECF 2016) FEI in 2014 for 19 EU
countries for the whole aquaculture sector (freshwater and marine) was
negative at 5.8% while net investments in marine aquaculture increased
by 16% from 2013–2014.

• The figures of fast growth of the sector in certain areas and increas-
ing needs for aquaculture products attracts numerous private investors.
While we will not recommend specific funds, some examples of
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funds that specifically invest in aquaculture include: Oceanis Partners,
A-Spark Good Ventures, Watershed Capital Group, Fish 2.0.

Public investments are mostly linked to the European Maritime and Fisheries
Fund (EMFF), which is the EU financial instrument to support Common
Fisheries Policy (CFP) implementation. The Commission is keen to use the
opportunities presented by EMFF to boost aquaculture growth. It therefore
requires Member States to produce Multiannual National Plans (MANPs)
outlining how each member state intend to foster growth in the aquaculture
industry. Each country is allocated a share of the total 5.7 billion Euro Fund
budget, based on the size of its fishing, aquaculture and processing industry.
The MANPs will provide information on how each member state will allocate
the funds to stimulate sustainable aquaculture (Figure 1.4), including a pre-
diction of the expected growth of the sector. Under priority 2 of the national
operational programme the following objectives can be funded:

• support for technological development, innovation and knowledge
transfer;

• the enhancement of the competitiveness and viability of aquaculture
enterprises, including the improvement of safety and working condi-
tions, in particular of SMEs;

• the protection and restoration of aquatic biodiversity and the enhance-
ment of ecosystems related to aquaculture and the promotion of
resource-efficient aquaculture;

Figure 1.4 Allocated EMFF funding (million e) for aquaculture investments in EU member
states with marine aquaculture production for the 2014–2020 period.

Source: Operational Programs of listed countries.
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• the promotion of aquaculture having a high level of environmental
protection, and the promotion of animal health and welfare and of public
health and safety;

• professional training, skills and lifelong learning.

The sum of funding budgets between 2014–2020 consisting of national
and EU contributions for promoting environmentally sustainable, resource
efficient, innovative, competitive and knowledge based aquaculture is
e1.7 billion allowing at least e3.4 billion supported investments in
European Aquaculture (http://ec.europa.eu/fisheries/cfp/emff/index en.htm).
Good access to information on the economics of offshore mariculture can
help would-be investors and coastal States in developing economically fea-
sible technologies for offshore mariculture. Member government actions
are also needed to create conditions for increased investment in mari-
culture and to allocate funds for R&D, including funding demonstration
and pre-commercial projects for a variety of species. Governments should
also encourage international cooperation and technology transfer among
stakeholders.

1.7 Uncertainties and Concluding Remarks

Marine aquaculture is a well-developed industry in the Atlantic and Mediter-
ranean regions while it is under development in Baltic, North Sea and Black
sea regions. The sector is dominated by the fish production sector in terms of
the value, but this subsector also needs higher investment and operating costs.
In terms of environmental interactions, seaweed and mollusc aquaculture is
considered to have a positive impact on the marine environment.

The most limiting uncertainties of the marine aquaculture sector are:

• Lack of available marine space for aquaculture production and different
licensing strategy of coastal countries.

• Availability and price fluctuation of fish meal which is still an important
ingredient of the fish feed.

• Even though numerous promising offshore aquaculture technologies
have been developed in the last years, none of them was tested yet for
commercial scale production.

In spite of these uncertainties, the recent technology and socio-economic
developments in the sector can provide good opportunities for the invest-
ment in offshore aquaculture in Europe. The main driving force of offshore
production is to release the pressure from coastal areas which often have
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special nature values and can’t provide more space for the expected growth
of production. However offshore development is between the development
and embryonic stage of business lifecycle, there are strong interests from
government, institutions and commercial sectors to explore and develop
offshore potential. These developments require large investments that can
only be realized by large industries or with the support of external investment
(private or governmental subsidies). The recent known attempts for offshore
aquaculture development shows that the high market value of Atlantic salmon
and increasing demand for salmon products has encouraged the existing
large producers and other large companies having experience in other marine
industries (shipping, oil) to invest in offshore salmon production projects.

Even though cultivation of shellfish or seaweeds may be better adapted to
offshore conditions, the market value does not (yet) guarantee a profitable
business case, while their minimal environmental impact on coastal areas
does not force these technologies to move offshore. Seaweed and shellfish
production can have an important role in offshore aquaculture by reducing
the nutrient discharge of fish production in IMTA systems.

It is expected that a rapid growth in offshore aquaculture production
will be triggered when the feasibility of large scale production will be
demonstrated with the profitable business cases (economy of scale) of the
recent projects. This growth stage will also require a next level in technical
engineering of aquaculture (structures, remote sensing, safety at sea are
important issues) which will facilitate the combination of aquaculture with
other, mature, offshore industries.

The recent state and future opportunities for combination of aquaculture
with other maritime industries in different marine basins can be summarised
as follows:

Basin Summary Opportunities and Justification
Atlantic The Salmon industry in Norway

and Scotland (UK) is in
expansion looking for marine
space for new production sites
and new technologies.

The companies are motivated to find
partners and share the marine space
with other industries. Salmon
aquaculture is in the mature stage and
ready for feasible combinations.

Baltic/North
Sea

Mussel and crustacean culture is
relatively more important and
considerable amount of national
research was done to combine
their production with offshore
wind energy.

More than 1 billion e investment in
aquaculture is planned in the region
(according to the adopted OPs). There
is also a high need for Blue Energy
investments providing good base for
combinations.
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Mediterranean
and Black sea

Sea bass and sea bream industry
is very well developed and
production of new species is also
emerging.

Mussel production in the
Black sea region has a growing
interest.

High interest to invest in combined
offshore platforms in the region.

To reduce the environmental
impact of fish production there is
opportunity to establish IMTA
systems.
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