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Foreword
Aquaculture is one o f the seven large-scale programmes established by the Research Council o f Norway. 

Large-scale programmes are an im portant new initiative towards realising central research-policy priorities 

and shall be developed through extensive dialogue w ith in  and between research communities, users and 

the public authorities.

In the autumn of 2003 the Research Council invited the aquaculture industry, the research communities 

and the public authorities to take part in a broadly focused future-oriented dialogue, a foresight analysis 

about Norwegian aquaculture, Aquaculture 2020. The initiative was received w ith  considerable interest on 

the part o f institutions and individuals. A total of 70 persons took part in four gatherings where some 150 

mini-scenarios and five more complex scenarios were developed and one arrived at strategic recommenda­

tions and initiatives directed towards research, the public authorities, and trade and industry.

The mini-scenarios and the scenarios in Aquaculture 2020 represent a set o f different and hopefully 

interesting perspectives on the potential condition o f Norwegian aquaculture in 2020. The scenarios also 

attempt to  explain that which has taken place along the way.

To carry out this process, the Research Council appointed the follow ing project group:

RolfCiske0degard (Project Manager), Research Council o f  Norway

M agny Thommassen, Norwegian University o f  Life Sciences/Chairman o f  Board Aquaculture Programme 

Kathrine Angell-Hansen, M in is try  o f  Fisheries and Coastal Affairs

Harald Sveier, Ewos Innovation AS /  Norwegian Seafood Federation (FHL) Aquaculture R&iD committee

Kjell Maroni, Norwegian Seafood Federation (FHL) Aquaculture /  Fishery and Aquaculture Research Fund (FHF)

Svein Hallbjqrn Steien, Innovation Norway

Lars Horn, Research Council o f  Norway

Erik F. 0 verland, Research Council o f  Norway

Lars A. 0degaard, Research Council o f  Norway

NIFU STEP was engaged to manage the secretariat function. NIFU STEP also had the role o f a professional 

impetus in the process. From NIFU STEP participants were: Finn 0 rstavik and Âge Mariussen.The methodo­

logical programme in connection w ith  the Foresight analysis was the responsibility of Erik F. 0verland.

In the report the project group presents the foresight analysis of the aquaculture industry. The report is 

made up of three parts: Part i: Analysis and recommendations, written by Finn 0 rstavik. Part 2: Process and 

experiences, w ritten by Erik 0verland. In the Appendixes are the materials produced in the gatherings along 

w ith  the start-up document and a list o f all those who took part in one or more o f the gatherings.

The project has been carried out through collaboration between the Research Council o f Norway and 

Innovation Norway. We would like to  take this opportunity to thank all those who have taken part in the 

process and contributed to the creative discussions. Thank you very much! Because o f you, long work sessi­

ons were made exciting and humorous. We walk away w ith  an impression o f many people having been 

involved and tha t we have interacted in an exciting arena!

Oslo, september 2004 
Project Group
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Introduction
The Research Council o f Norway has invited resource 
individuals from the aquaculture industry, from the 
public sector and from the research communities to 
look to the future: How w ill Norwegian aquaculture 
activities develop? What is required for a positive 
future development? What types o f measures must 
be carried out w ith in  trade and industry, what 
should the public authorities do -  and what can 
research communities contribute? In this document 
we summarise the main results from the process. 
The results are not -  and cannot be -  scientific ans­
wers. But they contribute to  directing attention 
towards many o f the most central issues. Through 
an unorthodox and creative treatment o f important 
questions, the foresight process generates material 
to work w ith  for all those seeking to find answers 
for how the aquaculture industry shall succeed in 
becoming a knowledge-intensive, sustainable and 
profitable future industry in Norway.

Foresight Aquaculture 2020
Research has played a big part in the aquaculture 
industry and will continue to play an important role 
in the future. At the same time, it is clear that rese­
arch in itself cannot solve all problems. In order to 
bear fru it, the investment o f research must first o f all 
be coordinated w ith the strategies for business and 
trade development established in trade and industry, 
and at the public level. Secondly, research from diffe­
rent fields must be connected and enriched "trans­
versely". Joint action on the part o f technological and 
professional fields such as ICT, materials technology, 
biotechnology and social and market research can 
contribute new and important knowledge and stra­
tegic solutions for the development o f aquaculture.

The contributions o f various actors should be cor­
related; initiatives must be reasonable, not only in 
terms of own internal developmental logic, but also 
in terms o f the strategies for change and develop­
ment carried out by others. In this lies both an obli­
gation in the relation between the actors in the 
industry itself, and also an obligation in terms o f kee­
ping a focus directed upon the markets and the 
development that takes place among consumers, in 
trade and industry and at the public level in the 
countries comprising the largest export markets for 
the Norwegian industry.

It is in recognition of this that the Research 
Council of Norway has implemented foresight tech­
niques as a tool in the task o f developing large rese­
arch programmes. In such processes, qualified per­

sons from companies, instances of authority and 
research and education communities work together 
to try  and create visions of the future, o f what the 
situation could be for a given industry in a few years, 
and how the development can lead us there.
Through this work, one can focus upon and develop a 
dialogue about the future and about what could be 
expedient future strategies. This creates the opportu­
nity for fru itfu l collaboration that would not come 
about on its own w ith in the situation in which the 
actors find themselves daily.

In 2003 and 2004, the Research Council of 
Norway carried out a foresight process for the 
Aquaculture sector. It was entitled "Foresight 
Aquaculture 2020" and was the first large endeavour 
of this nature at the Research Council. The process 
was carried out by a project group of representatives 
from trade and business, research and government.
In order to arrive at the desired transverse connecti­
ons, the project group that ran the foresight process 
did a number of things:

Qualified persons from trade and industry were 
invited to  take part from the very start.

Excerpt from  the scenario "Sustainability"
Norwegian aquaculture has today (2020) managed 
that which few believed was possible. In spite o f incre­
asingly obvious climate changes, global warming and 
high average temperature in the ocean from the 
Western Norwegian coast a ll the way up into  
Helgeland, we have a thriving and sustainable indus­
try, with products that are more in demand than ever. 
The increase in ocean temperature has for a long time 
led to, among other things, premature sexual maturi­
ty  and disease. The extreme weather conditions 
during the winter season have on the other hand, con­
tributed to the lowering o f  the average temperature 
in the ocean during the winter in Nord-Troms and 
Finnmark. We have witnessed frequent and powerful 
storms, which have resulted in an increased risk o f 
farm wreck and fugitive fish. Around 2010, the climate 
changes and question o f  using resources In a sustai­
nable fashion became a central question in the worl­
d's food programme and in fighting starvation -  since 
large areas along the equator were in the process o f 
becoming infertile and parched. It is toward the oce­
ans that the world has now directed its attention. The 
environment, sustainability, and combating starvati­
on are today at the top o f the global agenda, along 
with new and more long-term environmental chal­
lenges that w ill be o f  decisive significance in the peri­
od leading up to 2050. It has become clear that good 
monitoring systems and moderate regulations are not 
enough. One has begun to speak o f the melting o f the 
poles, decreasing temperatures and the ceased move­
ment o f  the Gulf Stream. How can we produce good 
quality products in a manner that counteracts or con­
structively addresses this development?
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Representatives o f research communities were 
also invited, but not until a little  later, and not in 
such numbers tha t they would "drown out" the 
representatives from trade and industry.

• Professionals from adjacent, potentially relevant 
professional fields and areas of activity were 
invited to take part. (People from outside the 
"congregation".) This implied e.g. persons from 
the food industry, from advertising, from 
idealistic organisations and areas of technology 
such as information and communication 
technology and materials technology.

• The process was focused on all participants using 
their competence, but that they should simultan­
eously address freely and imaginatively the 
future perspectives that were developed. It was a 
matter o f not allowing the thought processes to 
get locked into fixed truths (and new research 
results on the situation today) but instead to 
strive for flexible and imaginative perspectives on 
the future. There was no requirement for the 
ideas to  be probable, and no proposal was to be 
rejected on the basis o f being "stupid".

In this document the results of this "visionary exer­
cise" are presented. In the following, we present 
central perspectives and some o f the many exciting 
ideas tha t were developed throughout the process.

The presentation does not pretend to  be a com­
prehensive or a scientific perspective analysis. The 
topic is the future, or more precisely, a number of 
conceivable, alternative futures. The presentation 
here is intended to contribute to  creating a better 
basis for the programme development work to  be 
done at the Research Council o f Norway in 2004 and 
2005 for the Aquaculture sector. We therefore focus 
to  a considerable extent also on the effort tha t will 
be necessary on the part o f trade and industry and 
the public authorities in order for the research to pro­
vide the concrete contribution to industrial develop­
ment and added-value needed w ithin aquaculture.

The analytical motifs we have developed here 
shall contribute to situating the thinking about fu tu ­
re research investment w ithin a broader context. And 
previous research efforts, documented for instance in 
the STEP-report about the innovation system in 
aquaculture industry from 2002 and in later works,1

Excerpt from the scenario "Market W ith No 
Frontiers"
The fish  fa rm ing  industry was shaken up by a series 
o f bankruptcies in many o f the central companies in 
2005-2006. These bankruptcies were due to the mis­
taken belief tha t a profitable manufacture o f  new 
species could be based on the same process techno­
logy as in salmon farm ing. It proved necessary to 
develop entirely new concepts fo r  process technolo­
gy. Only in this way was it  possible to realise long­
term production planning, large volumes, standardi­
sation o f high quality and low unit costs. A large 
knowledge hole was discovered here which took a 
long time to climb out of.

Production o f farm ed cod and niche production 
o f species other than salmon took place through a 
long-term public investment fo r  the entire period o f 
2005 to 2020. A significant breakthrough was the 
establishment o f  Statfisk in 2005 -  based on the 
Statoil model. Statfisk received 4g percent public 
capital (NOK 10 billion) from  the Petroleum Fund. 
This strategic measure laid the foundation fo r  the 
development o f a whole new innovation system. 
Eventually, the large companies realised tha t their 
most im portant competitive advantage was know­
ledge about the new process technology tha t they 
developed in collaboration w ith Statfisk. This know- 
ledge-driven strategy was the key to their succeeding 
in establishing themselves with production in many 
parts o f  the world, in enterprises run from  Norway. A 
partnership between the universities and the 
government -  organised through Statfisk -  was a 
wholly decisive condition to success.

Effective processes have proven to be the most 
im portant o f three decisive criteria fo r  survival in the 
global foodstu ff market. A ll links in the production 
chain are highly automated and subordinated to 
regimes fo r  long-term industrial process planning.

The other decisive advantage tha t made it  pos­
sible fo r  Norway to maintain its position on the glo­
bal fo od  article market was the nature-given advan­
tage o f coastal regions. The industry has an extreme­
ly strong position w ith regard to administration and 
area use along the coast.

The third criterion is adaptation to the industry’s 
structure and organisation in relation to the require­
ments o f  the global market. The production takes 
place according to detailed specifications from  the 
food  product chains, which are extremely deman­
ding customers. These demanding customers how­
ever refrain from  integrating the primary manufac­
turers through ownership. Independent Norwegian 
manufacturers therefore run primary manufacture 
and a portion o f processing. Their structure and com­
position is adapted to a market controlled by the 
buyers. Large-scale operation is thus a criterion crucial 
to survival.

1 Asiesen, H.W., Â. Mariussen et al. (2002).The Innovation System in the  Norwegian Aquaculture Industry. Oslo, STEP. 
More recent works include: 0 rstavik, F. (2004). Knowledge spillovers, Innovation and Cluster fo rm ation : The case o f 
Norwegian Aquaculture. In: Knowledge Spillovers and Knowledge M anagem ent. C. Karlsson, P. Flensburg and S. Hörte. 
London, Edvard Elgar.



have provided valuable assistance throughout the 
entire period o f work on the foresight process. But 
the process has followed its own design, which was 
adapted to its own specific themes and further 
developed along the way. And the results of the pro­
cess as they are presented here are firs t and fore­
most a result o f the contributions o f the process 
participants in the context o f four gatherings.

"Foresight Aquaculture 2020" has been a pilot 
project for use o f visionary methods in programme 
development work at the Research Council of 
Norway. Foresight is now being implemented in a 
range of other subject areas o f the council’s activity, 
to arrive at fru itfu l long-term connections between 
societal needs and research-related possibilities. The 
experiences gained are therefore im portant beyond 
the scope of the project group for Aquaculture 2020, 
and the experiences from the process are therefore 
documented in greater detail in Part 2 of this report. 
A table can be found there as well, showing the pro­
gress of the process and the main elements of 
which it was composed.

The foresight process is part of a more compre­
hensive process whereby research priorities are 
determined w ith in the Research Council and where 
industrial actors and instances of authority develop 
strategies for future investments. The objective is 
that foresight shall contribute to this, not by enfor­
cing standardised conform solutions, but by develo­
ping some shared perceptions about what the future 
can bring. The idea is that the dialogue started by 
the foresight process w ill be continued elsewhere, at 
a later date, so that the process can serve as a seed 
for greater awareness and dialogue between diffe­
rent partners in the future. On the basis of this, one 
will attempt to make the results of the foresight pro­
cess easily accessible, for industrial actors, organisati­
ons and instances of authority. W ithin the Research 
Council, the results of the process w ill be actively 
used in further programme development work to 
take place in the area of Aquaculture, and hopefully 
also in adjacent research fields under the auspices of 
the Research Council’s programme portfolio.

The development of the aquaculture 
industry
For several decades there has been a broad consen­
sus that trade and industry, if  it is to ensure a high 
level o f welfare, cannot be based exclusively on a

simple harvest o f natural resources. Fishing, hun­
ting, and agriculture along w ith  the provision of 
some services and production o f some goods can at 
best serve as supplements to other, more knowled­
ge-based activities. From a range o f candidates for 
the title  o f "knowledge-based future industry", 
aquaculture today emerges as one o f the most 
interesting.2 Aquaculture is misleadingly an appa­
rently simple form of economic activity. In reality, 
effective aquaculture is an extremely knowledge- 
intensive activity and an activity w ith  a highly 
extensive and heterogeneous knowledge base. 
However, we know tha t the central knowledge plat­
forms used for the industry are not developed for 
the industry. This must be better secured in the 
future, i f  the industry is to be ensured lead tim e in 
an economy exposed to competition. This, combined 
w ith  the aquaculture industry’s basis in Norway’s 
natural resources, implies tha t aquaculture would 
appear to have conditions for becoming an interna­
tionally competitive and science-based knowledge 
industry in Norway, and here also in the very long­
term. Such an industry can supply primary products 
(such as fresh and processed fish), and also seconda­
ry products (such as technology and competence) to 
the international markets.

The history of the Norwegian aquaculture indus­
try is to a large degree a success story. A wholly new 
and large industry has been created, outside of the 
established primary industries and to  a large extent 
independent of the established industrial communi­
ty. Farming o f salmon proved to be profitable, also 
when operated on a small scale and in a relatively 
simple fashion and in the tw o decades 1965-85, the 
industry grew as a coastal and regional industry. The 
fact that operation was relatively labour-intensive 
was seen as an advantage; the industry should not 
be "capitalised" and "industrialised" more than was 
strictly necessary. The more scientific-based knowled­
ge foundation for industrial activity was made a 
topic o f publicly funded research, often through enti­
ties in the institutional, university and college sec­
tors, such as Akvaforsk, the National Veterinary 
Institute, the Institute o f Marine Research, Fishery 
Research, etc. The combination of publicly funded 
research, local businessmen and openness concer­
ning the results led to significant results in the first 
20 years and the industry was made subject to a set 
of acts, regulations and institutions reflecting this

2 Farming o ff is h  and o ther organisms in w a te r takes place in Norway to  a large extent in the  ocean. We there fore find  it
suitable to  refer to  fish fa rm in g  activ ities as aquaculture.There is no im p lic it assum ption here th a t all m eaningfu l fish
fa rm in g  activ ity  w ill or should take place in salt water.
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industry structure: The Raw Fish Act was put into 
effect for farming, a primary sales monopoly was 
formed. A license system was established tha t made 
it possible to ensure that fish farm ing took place in 
small installations distributed across a large number 
o f locations, in local communities along the coast.

In the next tw o  decades, from the middle o f the 
1980s and up to  today, the industry has oscillated 
between economic success and deep crisis, but the 
growth in production volumes has continued. 
Extremely strong growth in the second half of the 
1980s was triggered by among other things the 
release o f fry  production and a liberalisation o f the 
credit policy. The growth led to a crisis starting in 
around 1990 where economical difficulties in fish 
farm ing activities were heightened by a serious ban­
king crisis. Many banks had large outstanding debts 
in fishing farm ing activity, which now saw its exi­
stence threatened by historically low salmon prices 
in the export markets, and by new export-restriction 
measures implemented in the USA and in Europe. In 
order to avoid large losses through bankruptcy, the 
public authorities, finance industry and fish farming 
industry together saw to  a comprehensive structural

change o f the industry, whereby a small number of 
extremely large companies emerged. The number of 
small companies was hereby heavily reduced.3

Recent research on the development o f the 
aquaculture industry indicates that for a long tim e it 
has been subject to a lack of clarity w ith  regard to 
the development o f long-term framework conditi­
ons.4 This is in part related to challenges in the 
export markets where the EU among others has 
implemented measures to  check the export o f low- 
price salmon to European countries. But it is also 
related to the public authorities’ efforts for a num­
ber o f decades being characterised by a sectoral-ori- 
entation in relation to the industry, where conflicts 
appear to  have determined the situation more than 
the ability to find the bottom line and establish con­
sistent and predictable frameworks. The policy has 
been characterised by different conflicts o f interest 
and different priorities, and one o f the consequen­
ces o f this has been a fragmented knowledge infra­
structure that has worked w ith  many projects, 
which in part have been overlapping and in part 
have pulled in different directions.5 
The figure below illustrates this point.
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Excerpt from scenario "A New Industrial Neutrality":
The aquaculture industry has developed in a reality that has become European-ised extremely quickly Norway becomes 
part o f a reformed and strengthened EU, called the Union o f Free Democratic States (EUS). Europe's northern region, which 
includes the Baltic States, Finland and Iceland, in addition to Scandinavia, is an important part. Nature-given factors result 
in the region to a certain extent being perceived as marginal to the Union, which stretches from Svalbard in the north to 
the Mediterranean in the south and from Iceland in the west to Turkey in the east. Nonetheless, Scandinavians play impor­
tant roles in the political system in Europe and the EUS plays an important role for the industrial development in the nor­
thern areas. The content o f the term industrial neutrality has been modified from designating a situation where the public 
authorities play an equal role in relation to all industries, to designating a situation where the public authorities play a 
neutral role as the transmitter o f democratic resolutions with regard to which industries are to receive investment. In the 
industrial political arena in the EUS, Norway plays a particularly important part within the marine and maritime sectors. 
Together with Icelanders, Norway-ers (the term "Norwegians" is no longer in use) playa vital role in the administration o f 
ocean resources. This includes fish and other living resources, but also minerals and other valuable materials extracted 
from the ocean and ocean bed.

Analyses o f the innovation system in the aquacultu­
re industry and o f the roles o f research institutions 
show that there have been in part serious conflicts 
and a lack o f clarity regarding long-term strategies 
also w ith in  research. Since 1985 industrial interests 
have been more on the offensive than previously. 
The "blue-green food alliance" tha t the Bondevik-ll 
administration established in 2004, indicates how­
ever that serious efforts are now being made to 
transcend the sector boundaries, at least between 
agriculture and fishery.

The Future Scenarios

The scenario process
The Research Council o f Norway invested conside­
rable resources in the implementation o f Foresight 
Aquaculture 2020. In the four meetings carried out, 
w ith a point of departure in the former analyses, we 
first discussed which actors and factors must be 
expected to have the most relevance to  the situation 
in the aquaculture industry up to  2020. (See table 1.) 
Seven actors and seven factors were chosen and pro­
vided the basis for further work in the process.

In the second gathering, future images were 
developed for all o f these factors and actors. These 
images were collected in a set o f 150 mini-scenarios. 
These were in turn the raw materials for the next

step in the process, where groups constructed com­
plete future scenarios, using the mini-scenarios as 
an im portant tool. The group work was set up in 
such a way that the scenarios would be different in 
a meaningful fashion. At the same time, they should 
have key elements in common. To achieve this, eve­
ryone addressed the collection o f mini-scenarios 
while at the same tim e every group was asked to 
integrate a specific crisis situation into their own 
scenario. The groups should thus arrive at a picture 
of a "growth-through-crisis" process, where some 
serious difficulties were surmounted and the indus­
try  -  in spite o f poor odds -  could emerge as suc­
cessful (thriving) in 2020. The goal was to avoid both 
wishful thinking and simple catastrophe scenarios, 
to balance positive and negative elements and to 
arrive at proposals for constructive solutions w ith  
regard to central problems that the industry in 
many cases had already to a significant extent been 
touched by.

General about the scenarios
Each scenario should contain a story o f how the 
industry is confronted w ith  at least one profound 
challenge. Growth in the industry was to take place 
through overcoming at least one crisis. The project 
group chose, in light o f the scenario work and exis­
ting  knowledge about the industry, to  highlight the 
follow ing themes:

Table v The most im portant factors and actors expected to influence the development o f  the aquaculture 
industry up to 2020.

Factors Actors

Market Companies

Feed raw materials Research, educational and competence communities

Innovation Industry Organisations

Capital /  Ownership Investors

Development of competence (research and education) Public Authorities

Sustainable Development (environmental and food product safety) Advocates

Policy Consumers/ Customers
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The market situation -  Because access to the export 
markets w ill be decisive to  the industry’s opportuni­
ties for development and because this access has 
been characterised by unpredictability and uncer­
ta in ty for many years.

Access to feed raw materials -  Because access to 
adequate feed at reasonable prices can come to be a 
serious bottleneck in relation to further growth and 
because administration of marine resources is a large 
and global challenge.

Development of competence -  Because expertise is 
unevenly distributed in the industry, because the 
w ill to  invest in research-based innovation has been 
and remains extremely changeable and because the 
distribution o f responsibility and conditions for acti­
on w ith in  the knowledge infrastructure have been 
unclear, creating both uncertainty and conflicts.

Sustainability in added-value activities -  Because 
sustainability and environmental considerations

The scenario texts are found in their entirety further 
below in the report. The contents of the scenarios are 
presented in a summary on the following pages, in the

have an increased significance, because climate 
changes can occur w ith  great repercussions for the 
industry and because it is not a given that fish far­
ming implies a sustainable allocation o f limited 
resources, such as in terms o f energy and protein 
consumption.

Policy -  Because the regulation o f the industry has 
been vital to its development, because the regulato­
ry system has undergone intense modification and 
has not found its final form, because market access 
internationally is closely connected w ith  how the 
industry is administrated by the authorities in 
Norway, because the political system itself is in the 
process of being modified and can be heavily in flu ­
enced should Norway become a member o f the EU 
and because an active government is seen as entire­
ly decisive to large parts of the aquaculture industry, 
while an industry-neutral government is seen as a 
necessary condition for healthy economic growth in 
leading economic and finance policy communities.

form of a large table. Here you can read abstracts of 
the different scenarios (by column) and at the same 
time compare the scenarios on central points (by row).

Excerpt from scenario "Feed for everyone"
Research has arrived at new and effective feed technology. Advanced biotechnology has developed alternative feed sources, 
which compensates for limited access to marine fatty acids and ensures adequate protein for feed production. Feed is pro­
duced both in Norway and locally near markets around the world. Norway is an active member o f the EU, which after big 
problems leading up to 2014-15 finally manages to guarantee market access for Norway and other member nations, not 
only in the internal market, but also perhaps to an even greater extent in other parts o f the world. The markets are seg­
mented -  there are market access agreements between different countries. The Norwegian aquaculture industry has mana­
ged to reposition itself and become highly and actively market-oriented, in the international fish farming and aquaculture 
industry the lack o f marine feed has been a considerable bottleneck during virtually the entire period leading up to 2020. 
There has been an increasingly greater pressure on manufacturers to refrain from using fish to feed fish. As a reaction to 
this, the original feed-fish is used in a development o f marketable and popular food products. It has turned out to be impos­
sible to maintain a satisfactory level o f fishing o f wild marine species, despite attempts to harvest krill and to establish fis­
hing o f other species at lower trophic levels. Harvest ata lower trophic level has contributed somewhat but is far from ade­
quate. Products based on such feed have become a scarce commodity. The feed manufacturers have therefore only been able 
to produce conventional feed at a very high cost. One has now succeeded in developing viable alternative feed sources, such 
as single-cell proteins based on natural gas, fat-producing omega 2-algae, higher-elevation land plants that also produce 
"marine"omega-g-fatty acids, bio-protein and lignin from the woodworking industry.

Excerpt from the scenario "The Aquaculture University"
Norway has strengthened its position as a supplier o f seafood to the international market. Salmon is still the girder o f 
Norwegian aquaculture, but other species such as cod, mussels, halibut and scallops are also important. Cod and mussels 
are volume products, while the other species are niche products for high paying markets. The fish is processed as a semi­
manufacture product in Norway and is transported as fillet to the markets. This implies a stable offer o f a considerable 
amount o f by-products. Companies have managed to exploit this raw material and the production o f semi-manufacture 
products for pharmaceutical and chemical companies represent a significant portion o f the sales volume. Large internatio­
nal groups own a significant number o f manufacturing companies, but the Norwegian Petroleum Fund has implemented 
strategic resources and controls several manufacturing companies in Norway and the market countries. The most signifi­
cant individual factor for the positive development o f the Norwegian aquaculture industry was the formation o f the 
Norwegian Aquaculture University. This took place after a long period o f problems in the implementation o f knowledge 
towards industrial activity. The Aquaculture University emphasised multidisciplinary and problem-solving research. This 
involved an extensive collaboration with basic research communities worldwide. This also contributed to an increased 
understanding o f the significance o f research in the industry.
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Table 2: Summary o f  the different scenarios
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Main Themes in the Scenarios
Introduction
The work w ith  the scenarios contributed to making 
a number of im portant issues discussion subjects. 
Some of these have been relevant for a long time 
and have been a challenge for the industry, the 
public authorities and education and research com­
munities. It is quite clear tha t several o f them will 
continue to shape the industry also in the immedia­
te future. Before we move on to  a more focused dis­
cussion o f the research challenges that can come to 
have important in the future, we w ill discuss some 
o f these challenges as they are reflected in the 
results o f the foresight process. It is a matter of 
enduring or structurally conditioned dilemmas, 
uncertainty related to  both human-created and 
nature-given uncertainties and the need for under­
lying strategic choices in research prioritising and 
other measures which the authorities and industry 
actors can choose to  implement.

It is again appropriate to emphasise that the 
foresight material is not exhaustive and far from a 
complete perspective analysis. A number of factors 
were heavily focused upon during the foresight pro­
cess due to issues of current relevance. An example 
o f this can be the focus on food product safety. A 
number of other factors that could have received 
attention have not been as clearly emphasised. This 
applies to, for example, the significance o f new speci­
es in future aquaculture. This also applies to the need 
for sustainable transport and logistics solutions for 
the industry and the importance o f special technolo­
gies, such as ICT and materials technology, for the 
potential development o f the aquaculture sector.

The foresight material must be seen as a contri­
bution to an ongoing dialogue about how the 
industry should be developed in the future and not 
as a presentation o f all o f the right answers.6

Innovation for added-value and 
profitability
The modern aquaculture industry in Norway has 
one dominant product, namely Atlantic salmon. The 
rainbow trout, which was the most im portant in the 
start phase, is still a significant product, but far less 
im portant than salmon, both in produced volume 
and in sales volume value. Both salmon and trout 
have proven -  relatively speaking -  to be simple fish 
to  breed through fish farming. Simple equipment

and simple care were enough arrive at an increase 
and profitability. As the scope of the fish farm ing 
activity expanded, problems arose, not least in con­
nection w ith  the health of the fish -  tha t had to  be 
addressed using scientific methods to find a soluti­
on. Eventually all o f the main issues in connection 
w ith  fish farm ing -  health, breeding, process mana­
gement, technical equipment, feed and market 
development -  came to be dependent upon contri­
butions from higher education and research.

Through the structural change tha t has occurred 
over the past io  years, a number o f groups have 
emerged of a size and w ith  a resource base that can 
make it easier to address advanced developmental 
challenges. They also have the possibility to  assess 
the relation between own core competence and 
future activity strategy in another manner than 
small actors. Putting into use their own research in a 
systematic manner to bring about progress requires 
significant resources and the ability to  carry risk.

But it appears to  be a problem in the industry 
that also the large fish farm ing companies have too 
lim ited a capacity to use biological knowledge and 
advanced technology to develop more modern, sci­
entifically based and industrial operational forms. 
Actors continue to  operate on the basis o f practical 
knowledge, as this has been developed over the 
course of a number o f decades o ffish  farm ing in 
relatively small installations and in a situation w ith 
relatively lim ited requirements w ith  regard to docu­
mentation and safety. It could appear as if  part of 
the structural change tha t has taken place has not 
been deep enough. Large groups can be, organisatio­
nally speaking, simple holding companies w ith  first 
and foremost economic- and administration-orien­
ted management. The operation takes place locally 
in a number o f departments that possess practical 
knowledge in terms o f the fish farm ing activity. 
Operations thereby take place more or less as they 
would have had they still been locally owned and 
the large-scale benefits one manages to derive 
become therefore also quite limited.

The small fish farm ing actors have to a large 
extent been obliged to  confine themselves to  a 
focus on primary production. They have sold their 
product to  traders at the "spot price" (current mar­
ket price) and they have not to any significant effect 
had to  worry about the fish and about the buyers 
beyond this. The orientation towards primary pro­
duction has been about acquiring efficient operati-

6 See Part 2 o f the  report where the  fo res igh t m ethodo logy is described in more detail. An account o f the  results from  a 
questionnaire on the  partic ipants ’ opin ions o f the  f irs t part o f the  process is given there.

18



ons, about buying the feed tha t gives the best 
growth for the money, and operating in a manner 
that is cost effective and provides a basis for positive 
earnings year-round. Equipment, smolt, feed and 
veterinary services have often been purchased from 
actors whom the breeders have known and trusted. 
New solutions and new input goods have firs t been 
introduced when others have demonstrated that 
these actually function and provide better profitabi­
lity  for the operation.

How then can the future come about? A recur­
ring feature in the scenarios is that one visualises a 
large and successful industry tha t sells its products 
globally. Salmon w ill be a main product like today, 
but the industry w ill also produce and sell new pro­
ducts based on other species and advanced special 
products based on raw materials from the fish.
Some envision tha t salmon or red-flesh fish are the 
main product and tha t firs t and foremost it is a 
matter o f sales of fresh fish fillets, accordingly, much 
like today (Aquaculture University, Market W ith No 
Frontiers), while one in A New Industrial Neutrality 
envisions white-flesh fish (cod) expanding parallel 
to salmon and that fish processing in Norway gains 
a much greater importance. Fish is in this scenario 
an im portant input product in a significant and 
advanced Norwegian food industry specialised in 
marine brand name products.

But what kind of companies make up the indus­
try and who produces the advanced knowledge nee­
ded to bring about an industry o f the nature envisio­
ned? In the scenarios there is a distinction between 
those who believe in an industry where also small 
companies manage to handle the challenges they 
encounter and remain important in the industry, and 
those who believe that the large group will come to 
dominate the industry in the future. There is also 
some disagreement about the degree to which 
Norwegian ownership w ill be maintained in the 
industry w ithout direct governmental intervention.

In Market W ith No Frontiers, the industry is 
made up of a m ultitude o f companies o f different 
sizes and specialised in different parts o f the value 
chain. They are not integrated towards the consu­
mer market but, on the other hand, many o f the 
companies have strategic alliances w ith  trade chains 
in the large markets. All o f the companies appear to 
play a more active role in carrying out research and 
the universities, tha t are still public, are also extre­
mely im portant to  the industry, although they no 
longer deliver their products to a "knowledge com­
monage", but protect the results they produce legal­
ly and earn money by selling rights o f use. Also the

many companies tha t do their own research protect 
their results and knowledge has become more of a 
commodity. The focus o f the industry is on primary 
production, but insufficient attention to  end-mar- 
kets and lim ited understanding for the need for pro­
duct innovation and conscious market development 
are counteracted through alliance building.

While other scenarios choose the middle road 
and envision an industry o f some large groups and 
some small enterprises tha t in some way or another 
are run by these, the scenario A New Industrial 
Neutrality goes all the way and foresees an industry 
where the large companies are completely domi­
nant. Here the integrated companies control many 
links in the value chain; they are involved in proces­
sing and food production, while they also control 
the fish farm ing itself through an advanced, scienti­
fic knowledge base. There are a number o f speciali­
sed suppliers to  the industry, but these too are large 
and deliver their products globally. The innovation 
system is primarily composed o f the companies 
themselves and of leading communities from the 
research and education sectors that receive public 
funding but that have other framework conditions 
than previously and tha t in addition to  being enga­
ged in professional development in international 
competition, are responsible for both education and 
a training programme where the public authorities 
and industry are customers.

In the scenario Sustainability there is a focus on 
the marine industries, fishery and aquaculture, 
moving closer to  one another and eventually mer­
ging in a single marine industry. To succeed in the 
future the w ild fish industry and the Norwegian 
aquaculture industry find that one must firs t and 
foremost th ink w ith  a value-chain orientation and 
market-orientation. New marine fish farming species 
(such as cod) meet w ild fish in the same markets. 
The fisheries are not able to able to  provide delivery 
of fresh quality products year-round due to seasonal 
changes and lim itations in w ild fish capture. This 
problem is remedied through cooperation w ith  the 
aquaculture industry’s actors.

In all the scenarios, the situation is turned 
around in 2020, in the sense tha t the industry no 
longer lacks a good grasp of the market problems, 
that it has learned to focus adequately upon pro­
duct innovation and it is w illing to implement signi­
ficant portions o f its surplus on research tasks and 
innovation. All in all, we have before us an industry 
that has become an advanced knowledge industry 
and that is not confined to selling individual qualities 
o ffish  in bulk abroad. The focus on increased ear­
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nings and profitability is no longer synonymous 
w ith  a focus on growth. This has contributed to 
giving the industry a strong competitiveness. It has 
also strengthened the position o f the industry in 
tha t it sells more advanced products at higher prices 
so that dumping allegations and imposition of fines 
on Norwegian aquaculture products are no longer 
an issue. The trend where salmon was becoming a 
less and less expensive and less of a quality product 
has also been turned around, even on the 
Norwegian domestic market.

In this way the five scenarios developed in con­
nection w ith the foresight process accordingly reflect 
an acknowledgement that something must be done 
and a number of central things must be done in 
ways other than they have been done before: it is not 
enough to produce large volumes of salmon and to 
export them as gutted fish. The customers have w ith 
time become both competent and demanding and 
fish must not only be good quality, it must also be 
safe, it must be possible to supply it in large quantiti­
es at given points o f tim e and it must be of a quality 
that is suited to the market and the planned use.The 
aquaculture industry must address many more links 
in the value chain, it must have an understanding of 
the markets and the market dynamic and it must 
manage to supply an assortment of different pro­
ducts. At the same time, the primary production 
must be carried out in the most cost-effective man­
ner possible, since the competition from other nati­
ons and alternative products is increasing.

The industry must have the ability to operate 
effective product innovation for global, dynamic and 
differentiated markets. Part o f what is needed can 
be to generate new fish farm ing species in such a 
way tha t it becomes possible to  operate a cost-effec­
tive aquaculture activity on species other than sal­
mon and trout. Another im portant condition can be 
tha t one manages to establish processing operati­
ons tha t are profitable. Norway is still expected to 
have wage costs at a high level on an international 
scale, and a development o f the processing dimensi­
on of aquaculture activity w ill depend upon a radi­
cal ability to automate the processes or to produce 
extremely advanced special products.

The technological development in areas not 
associated w ith  standard equipment industry, such 
as ICT, materials technology and nanotechnology 
must be exploited w ith in  aquaculture. And the mar­
ket understanding and market development must 
be connected w ith  product and process innovation 
so that the industry definitively abandons its bulk 
and spot-sale strategy.

Long-term ecological and social 
sustainability
The aquaculture industry is based on a systematic 
strain upon nature and is fundamentally dependent 
upon the conditions tha t nature imposes upon 
aquaculture activities. If it should prove tha t we are 
entering a period of rapid and unpredictable chang­
es in local climate conditions, this represents a signi­
ficant challenge for the aquaculture industry.

At the same time, the aquaculture industry itself 
is a challenge in relation to  nature: the industry puts 
a strain on the natural environment in different 
ways through its activity, among these, through 
emissions o f nutrient salts. Fugitive farmed fish can 
have a negative effect on wild stock; the location of 
fish farm ing installations can occupy attractive coas­
tal areas, etc.

In the scenarios there are different conceptions 
of the meaning of climate changes. In Sustainability 
and Feed for Everyone the scenarios foresee signifi­
cant climate changes, w ith  a change in ocean tempe­
ratures and more weather o f the type which we 
today regard as extreme. One has been able to meet 
these changes through relocation and technology 
development. Installations are moved north and out 
to open sea, or in the ocean. It is now a precondition 
that equipment and technology are more robust, 
that advanced positioning systems and dynamic anc­
horing systems are available and that automation of 
production on a large scale has made it possible to 
operate remote controlled installations. In addition, 
one sees in several scenarios that in the future there 
are monitoring systems for the environment that 
make it possible to  predict changed water conditions 
and to compensate for such changes by movement 
or other adjustment of parameters that control the 
processes of the automated installations.

The sustainability issue has clearly also an 
important social aspect. The aquaculture industry is 
dependent upon the social processes related to the 
public authorities’, and society’s management of 
environmental issues and themes connected w ith 
long-term sustainable development. When environ­
mental impact gradually becomes integrated into 
the individual actor’s costs through a goal-oriented 
development of the regulatory system, based on the 
principle tha t "the polluter pays", this changes the 
framework conditions for fish farm ing activities. 
When considerations for food product safety and 
animal welfare lead to  new and somewhat stringent 
requirements for the design o f installations, process, 
and hygiene, this also implies new framework condi­
tions and new challenges for the actors in the industry.
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In the foresight process it was almost unanimous 
when it came to assessment o f the market signifi­
cance o f animal welfare: regardless o f what one 
might feei about the fish’s ability to  feei pain and 
regardless o f whether it is a moral problem if  one 
can say that humans are cruel to fish, there is agree­
ment that it w ill be completely crucial for the indus­
try  that fish farm ing is carried out in a manner that 
makes it possible to  document tha t the fish are fine 
and tha t extermination is done in a manner where­
by the fish do not suffer.

Food safety is another theme where there is 
widespread agreement: Everyone perceives the ten­
dency to require documentable product characteris­
tics and explicit product history as something more 
than a passing trend. The future aquaculture indus­
try  must be organised in such a way that tracing 
and quality assurance are an integrated part o f pro­
duction and not something one tests through spot 
tests on goods for sale.

In addition, tw o  further sustainability-related 
matters emerge as being o f particular importance: 
the issues in relation to feed and the transport pro­
blem.

It is not a given that it is ecologically expedient, 
in other words sustainable in the long-term, to feed 
fish w ith  marine species tha t in themselves contain 
valuable proteins which can be used as food for 
humans. Stock analyses and ecological administration 
models can provide indications tha t a continued 
acceleration o f the aquaculture activity, in the form 
as we know it today, w ill run into obstacles: the feed 
substances known today and that provide good 
feed, are limited. Presumably significantly more can­
not be extracted than is extracted today, w ithout 
this threatening the stability o f the stocks over time.

Will the aquaculture industry have the possibili­
ty  to acquire adequate and inexpensive feed, should 
the global expansion o f demand for fish farm ing 
products have continued strong growth? In some 
scenarios it is not a certainty tha t this problem will 
be easy to  solve. In A New Industrial Neutrality, one 
envisions a segmentation o f production, where a 
high price segment is based on traditional, natural 
and expensive marine feed raw materials, while a 
larger volume segment, where prices and quality are 
lower, is based on alternative feed, primarily vege­
table, produced in the agriculture sector and adap­
ted to the needs o ffish  through advanced genetic 
modification of the feed organisms. The idea of 
genetically modified vegetable raw materials beco­
ming im portant is also found in Market W ith No 
Frontiers. In Feed for Everyone one is more radical:

here it is envisioned that the feed problem is solved 
through the use of natural gas. It is assumed that 
production o f feed from gas w ill provide a firs t class 
feed at a reasonable price, and that this w ill make it 
possible for the industry to continue its strong 
growth (measured in production volume) w ithout 
having to  resort to  advanced genetic technology 
solutions. Wholly corresponding ideas are found in 
the scenario Sustainability. In Aquaculture 
University on the other hand, one envisions the feed 
situation as difficult. One assumes that marine raw 
materials from lower levels o f the food chain in the 
ocean (lower trophic level) w ill be a new important 
source of raw materials for feed.

Also on the transport side one sees challenges. 
However, here most of the scenarios are relatively 
conservative w ith  regard to the physical flow  of 
goods: one envisions a traditional logistics system, 
controlled from abroad or in Norway, that is based 
on trucks for short distances and primarily on trains 
and ships for long distances. A New Industrial 
Neutrality distinguishes itself here by envisioning an 
extensive technological change in the transport sec­
tor, where new energy-economic and pollution-free 
transport solutions combine the effectiveness of 
mass transport w ith  the flex ib ility  o f individual 
transport. None o f the scenarios foresee transport 
and logistics placing serious obstacles in the way of 
the industry’s expansion in Norway. On the other 
hand, all the scenarios envision a future where infor­
mation technology systems become an integrated 
part o f the production and distribution activities 
and where such systems provide great benefits in 
terms o f efficiency, product quality, documentable 
food safety anda new capacity to deliver to specified 
orders, just-in-time.

Ownership, control and access to capital
We have seen how the aquaculture industry grew 
from below: the impetus during the early years 
came from local entrepreneurs who saw opportuni­
ties to  create a supplementary income by starting 
up farm ing o f trou t and salmon. The public authori­
ties intervened here from the very start, by giving 
financial support and advice for establishment of 
enterprises. In different ways the public authorities 
have continued to  play an entirely vital role in the 
industry’s development up to  the present day.

A recurring theme in the scenarios is the opinion 
that how government chooses to carry out its role 
becomes extremely im portant for the future of the 
industry. And in general, all see the need for the 
government playing an active and constructive part
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in terms o f the industry. But the scenarios are far 
from identical w ith  regard to  those factors to be 
emphasised and the type o f governmental role envi­
sioned as being necessary or desirable.

The public authorities are significant in practical 
terms for all im portant aspects of the aquaculture 
industry’s situation. The themes in the scenarios 
w ith  the most explicit focus on the role o f govern­
ment are about ownership, control and access to 
capital, market access abroad and research and 
technology development. We w ill look more closely 
at how the scenarios address these themes in the 
following.

The foresight process for aquaculture took place 
in a period tha t was characterised by the fact that 
the industry had been through, and remained in, 
considerable financial difficulties. Concentration into 
larger entities had not succeeded in compensating 
for historically low salmon prices and several o f the 
actors, including some of the largest, found thems­
elves in a situation where bankruptcy could not be 
ruled out as an option. It is therefore not w ithout 
reason tha t the capital situation w ith in  the industry 
was a prominent theme.

The difficulties in creating new capital for 
investments were considerable and these had been 
compounded by the public administering agency’s 
being to a continually lesser extent capable of com­
pensating for this. In the scenarios, the governmen­
t ’s involvement, or lack o f involvement, plays a key 
role in the development.

In the Market scenario, the government has 
taken on a very active role as an owner: Stafisk has 
been established, but a large actor who had previ­
ously been in foreign control, is now nationalised. 
Through governmental involvement and support, 
also private actors have acquired confidence that 
the industry w ill survive in the long-term and have 
become involved w ith  capital, in addition to  what 
the government has contributed. Public investments 
have accordingly triggered rather than restrained 
private investments.

In the other scenarios, private actors and private 
capital play a much more central role. In Feed for 
Everyone large and competent Norwegian companies 
dominate and set the tone and the Norwegian 
public authorities have become less important, 
while the authorities at the EU-level have become 
far more important than today. In the three other 
scenarios, foreign owners are extremely important 
and this is frequently perceived as a result of the 
Norwegian government having failed in its task 
w ith  regard to ensuring Norwegian ownership for

central actors. Foreign private owners enter instead, 
when private capitalists in Norway do not dare to 
invest and the government refrains from investing 
for political and ideological reasons. The picture is 
somewhat more nuanced in the scenario A New 
Industrial Neutrality. Here the government has play­
ed an active role in the industry w ithout directly 
taking part as an owner. One has found new ways of 
supporting the industrial development and has suc­
ceeded in drawing in Norwegian ownership inter­
ests. The overall picture is thus more mixed: some 
Norwegian companies are large and have large 
ownership interests in aquaculture worldwide. On 
the other hand, foreign interests also have owner­
ship shares in the aquaculture industry in Norway..

Market access
The Norwegian aquaculture industry is above all an 
export industry. It is clear in all the scenarios that 
w ithout this international dimension, the 
Norwegian aquaculture industry cannot in any fea­
sible way be a success. All presume that the authori­
ties do an active and effective job of integrating 
Norway into the global trade system. In all the sce­
narios, Europe is regarded as a domestic market and 
all four scenarios that say something explicit about 
Norway’s relation to the EU state tha t Norway is a 
member in 2020 and has been one for more than 
ten years. One exception is Market W ith No 
Frontiers. Here one envisions global markets and 
open trade independent o f a Norwegian connection 
to the EU. But also other markets become important 
and all mention the large populations o f Asia as 
extremely important export markets w ith  strong 
purchasing power in the future.

Research and technology development
In Market With No Frontiers the public authorities 
pay an equally active role in research as they do 
when it comes to  ownership and securing access to 
capital. Through concrete investments where rese­
arch, trade and industry and the government have 
taken on jo in t responsibility, new commercially 
viable industrial activity has been created. The public 
authorities have contributed as well in long-term 
financing and to the organisation o f a research and 
education system that is such that long-term deve­
lopment o f knowledge of relevance to industry is 
found in the university institutions, which are them ­
selves actively commercialising their results and they 
are adept at exploiting their non-tangible rights. On 
the other hand, the companies themselves are also 
better informed about research and development
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and collaborate on the development o f knowledge 
w ith the relevant university communities.

Feed for Everyone and Sustainability have simi­
lar ideas and envision a concentration in a small 
number o f regionally connected education and rese­
arch institutions tha t are internationally competiti­
ve. In these scenarios one can sense tha t the institu­
tions have changed in character and resemble more 
hybrids between traditional universities (which are 
oriented towards higher education and professional 
development according to internal disciplinary deve­
lopment criteria) and strong research institutions 
(which are not fundamentally oriented toward the 
basic professional development according to disci­
plinary criteria only, and which actively address pro­
blem-solving in relation to  their principals).

The scenario Aquaculture University envisions a 
development in a somewhat different direction: 
here an institution w ith  clear similarities to  the 
large research institutions o f today, w ith  a clear 
user-orientation and trade and industry representa­
tion in management o f the enterprise, w ill be a vital 
complement to the activity in the more traditional 
discipline-oriented university communities. In this 
scenario, the companies to a large degree refrain 
from carrying out their own research and product 
development and leave this instead to  the 
Aquaculture University.

In A New Industrial Neutrality there are as well 
ideas about active policy w ith  regard to  innovation 
to a greater extent than previously being formed 
through democratic mechanisms. Investment in

sustainable aquaculture has in this scenario a 
great legitimacy because the choice o f this industry 
as a special area o f investment has taken place 
democratically.

In all, the scenarios provide pictures o f a govern­
ment that prioritises contributing to  the develop­
ment o f the fish farm ing industry and a government 
that steps up when individual actors in the industry 
find themselves to  be powerless: this pertains to 
relatively simple issues such as financial support in 
periods o f decline, more complex problems such as 
regulatory systems and industry policy or supra- 
ordinate factors such as international relations and 
Norwegian integration in supranational economic 
and political systems such as the EU. And this per­
tains to the government’s possibilities to shape the 
innovation system in the aquaculture industry, and 
to the interaction tha t to a certain extent is already 
in place but which could have been better, between 
industry actors, instances o f authority and teaching 
and research communities.

Central Research Challenges
The aquaculture industry has emerged through an 
interaction between private actors, researchers and 
public authorities. Local entrepreneurs propelled the 
development forward. They sought out professional 
advice abroad as well as in Norwegian administration. 
Many establishments took place w ith  public econo­
mic support, for example through the Regional 
Development Fund. Scientific research was seriously 
mobilised when the industry had become large 
enough for disease and other operational problems 
to be perceived as problems o f a certain regional, 
and gradually also of national significance.

Although the culture of the industry, especially 
w ith in  the fish farm ing activity, has been characteri­
sed by a strong belief in the importance o f purely 
practical knowledge, one has also understood the 
need for research w ith  regard to  central questions. 
This pertains, for instance, to disease: actors have 
experienced serious crises in connection w ith  the 
outbreak of disease and the need for basic research 
on fishery biological issues has been clear.

Figure 2 illustrates tha t research has become 
increasingly more important to the aquaculture 
industry: First of all, scientific knowledge has gradu­
ally acquired an increasingly more vital importance 
on all main fronts for the development o f enterpri­
ses and knowledge. Secondly, as the industry has 
become increasingly more advanced and the under­
lying knowledge bases more analytical (i.e. less com­
prised o f purely practical knowledge), integration 
between the different areas of knowledge has also 
increased. Scientific methods and documentation 
make it possible to handle this increased complexity 
in an expedient fashion.

Research has generated essential findings and 
has played a decisive role in the aquaculture indus­
try ’s development. Simultaneously, the challenges 
for research remain great. The investment must by 
far surpass putting out fires in crisis situations. We 
have a need for a broad and reinforced investment 
w ith in  traditional research fields, such as biology, 
technology, etc. While there is a need for knowled­
ge-based enterprises in charge o f a profession-based 
problem solving when problems require quick solu­
tions, we still have a need for long-term research 
that aims at creating results intended to  have a 
commercial significance in the long run.

A wholly central theme in the foresight process 
was to specify which research challenges, w ith in  the 
different scenarios anticipated, would be the most 
central in the future. We shall present the results of
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Figure 2: Developmental fron ts  and research challenges

this work in the follow ing and w ill see that the 
seminar participants addressed all o f the develop­
mental fronts and the research themes presented 
above.7

It is im portant to  note tha t the work in the pro­
cess was not intended to  lead to a fu ll consensus 
w ith  regard to priorities and choices in terms of 
which research challenges are the most important, 
what should receive the greatest investment and 
where investments should be made first. The project 
group for the foresight process presents a number 
o f views and assessments on page 28. In the final 
analysis, it must nonetheless be the case that conc­
rete choices and priorities must be made in the pro­
gramme development work to  take place at the 
Research Council, subsequent to the foresight pro­
cess and of course also in the strategy development 
which companies and research communities w ill be 
responsible for in the future.

Process Innovation
In the scenarios the overriding problem tha t emer­
ges is that the production costs o ffish  farm ing acti­
v ity are too high. Despite ongoing efficiency measu­
res and rationalisation, price competition from coun­
tries such as Chile force Norwegian breeders to 
come up w ith  increasingly more cost-effective met­
hods o f operation. Nonetheless, in the scenarios, one 
moves past the traditional and simple perspective of 
process development and efficiency. Research that 
can lead to rationalisation is viewed in a broader 
perspective in all the scenarios. Process develop­
ment must take place in such a way tha t important 
considerations other than short-term profitability 
are addressed. Market orientation w ill be increasing­
ly more im portant also on the side o f process. For 
instance, should animal welfare become an impor­
tant criteria for consumers and the public authorities 
in the future, it is crucial for fish farm ing to be

7 The list o f central research challenges th a t emerged was extensive bu t on ly to  a lim ited  extent systematic. In the 
fo llo w in g  w e have on ly given a sim ple presentation. M ore specific challenges, referred to  here as themes, are listed 
under a num ber o f more general challenges. These general challenges w e have then listed under three d iffe rent 
headings, namely, Process Innovation, Product Innovation and Sustainability.
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Tables Examples o f  research challenges connected w ith  process innovation

Development of operational models
New fish farm ing concepts

Large-scale operation vs. small-scale operation

Basic biological process knowledge; fish biology, farm ing 
environment, l im it selectors

Knowledge about and indicators fo r animal welfare

Infection assurance

Telemedicine

Sea Ranching

Land-based installations

Integrated sea farm ing models (poly-cultures)

Interaction between species

Climate and environmental m onitoring systems

Resource m onitoring and administration based on ecological models

Area-use planning, area-use management

Farming technology and equipment
Autom ation and process management

Instrum entation

Robot technology

Advanced ICT applications

Installations fo r open water

Cage technology constructions

Anchoring systems

Dynamic positioning

Feeding regimes

Escape-proof installations

Exploitation of materials technology and nanotechnology

Alternatives fo r use of chemicals

Water treatm ent, purifica tion

Alternatives fo r fou ling prevention

Recycling

Fish health and health problems 
for other species

Diagnostics

Vaccines

Biopharmacology

Bacteria diseases, viruses, production ailments

Breeding

Knowledge of genetic technology options

Total utilisation of raw materials
Advanced by-products

Bio-prospecting

Food Product Safety
Tracing systems in production and logistics for the entire value chain

Inform ation systems connected to  production and the products

Effects o f use of genetic technology.
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carried out in a way that gives the fish’s needs and 
well-being a central focus. Slaughter must be done 
in as gentle a manner as possible. All the scenarios 
address such factors.

Food safety is im portant today and all the sce­
narios clearly state that this w ill be even more 
im portant in the future. This imposes strict hygienic 
and systematic requirements upon the farm ing and 
refining processes. It also imposes great require­
ments on feed and medicine. And it imposes 
requirements for an extensive control o f the pro­
ducts put on the market. Tracing systems providing 
information about the product, its ingredients and 
its origin are o f great importance. In several scenari­
os, such as A New Industrial Neutrality one envisions 
a development of advanced information systems 
together w ith  the tracing systems; systems that give 
the buyer information both about what they buy 
and how what they buy can be used.

In the scenario Sustainability as well as in Feed 
for Everyone there is an emphasis on the need for 
development o f advanced production equipment, 
which among other things can make possible relo­
cation o f activities out into more open waters. In the 
scenarios one envisions that climate changes can 
occur tha t w ill make relocation necessary. In additi­
on, one foresees tha t area-use conflicts and local 
environmental impact can lead to it being expedient 
to  move enterprises away from some of the sites in 
use today. Regardless, new equipment technology, 
new materials, advanced robot technology and 
automation along w ith  environmental monitoring 
systems and biological process knowledge w ill make 
possible large-scale operation o ffish  farm ing in a 
to ta lly different manner than we see today.

In all o f the scenarios a continuous improve­
ment o f process technology and continuously 
improved basis knowledge about the processes and 
biology involved in fish farm ing are envisioned. 
Research in these areas and active innovative endea­
vours, leads to  greater profitability and continued 
strong competitiveness for Norwegian aquaculture 
activities.

Investment in all o f the areas w ill potentially 
have a favourable effect upon costs in the industry 
in the long-term. But it is not the case tha t one can 
expect the investment in these areas to  provide 
immediate economic gains for individual actors. It is 
thus clear tha t it is not only necessary to  carry out 
research on these things; the investment must be 
implemented in a broader context, where the indus­
try ’s developmental strategy is coordinated w ith  the 
public research efforts. (The same can be said for

almost all o f the challenges we highlight in the fo l­
lowing.)

Further, it is clear that the contents of the research 
work, beyond the headings, will be potentially highly 
divergent w ithin different scenarios. As an example, 
the view of the localisation challenge does not corres­
pond in all o f the scenarios. Some expect that fish far­
ming must be moved out to sea, others that a large 
portion of the farming will take place on land.

If one views the aquaculture industry’s primary 
challenge as a cost problem, there is clear agree­
ment that cost reducing process development must 
have a central position. This is reflected in table 3. As 
we have already mentioned above, it is however not 
the case that reduced costs in themselves are suffi­
cient. New requirements from consumers, from ide­
alistic organisations and from the public authorities 
make it necessary for the aquaculture industry to 
adapt the way in which it solves its problems. In the 
event, to  mention one quite dramatic example from 
one scenario, there should be a tota l prohibition of 
nutrient salt emissions into the ocean, this w ill have 
extremely great repercussions for the fish farm ing 
industry and w ill have a large and direct significance 
upon which research investments w ill be meaning­
ful to pursue in the future, also w ith  regard to  pro­
cess development and automation.

Product Innovation
What should take place in the area o f process 
depends o f course also to an extremely large extent 
on what happens in relation to  added-value in the 
industry; what one earns money on in the future. A 
general theme in the scenario process was tha t the 
aquaculture industry must become more market- 
oriented, more engaged in acquiring and exploiting 
knowledge about end-users and more proactively 
involved in relation to the development here. In 
Market W ith No Frontiers, Norway w ill do especially 
well w ith  red-flesh fish. But for all o f the scenarios 
there is in general little  room for doubt about the 
question o f expansion of product range. First of all, 
everyone is preoccupied about our producing many 
more farmed species than salmon in the future. Cod 
and a (varying) number o f other species are expec­
ted to  become commercially viable. Secondly, one 
has in the scenarios a clear ambition that eventually 
increasingly more processing w ill take place in 
Norway.

All in all, considerations w ith  regard to price- 
competition driven process rationalisation in terms 
o f salmon are weighed against the opportunity we 
have to  acquire a lead through product innovation.
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Tabell 4: Eksempler pâ forskningsutfordringer knytte t t i l frem tid ig produktinnovasjon

ThemeResearch Challenge
New fresh fish product

Customise product qua lity to  markets geographically

Customise product quality to  customer groups

Customise product quality to  industria l applications

Market regional features

Commercialisation o f new species

Development of fish products e.g. functiona l food, health research, 
nu tritiona l research

Quality fresh products
Methods fo r p rim ary processing

Refrigeration

Packaging, special gas combinations instead o f air

Alternatives to  fresh in sense newly slaughtered

New processed products
Methods and technology fo r autom ated prim ary processing

Aquaculture products as in p u t goods in the food industry

Product development of products fo r "global production line": 
global niche products

Designer products

Medicinal, food article and technical products from  fish raw materials

Bio-prospecting

New species
Development of methods fo r p rim ary production (table 3)

Packaging
Keeping qualities

Packaging w ith  special features fo r retail trade

Recycling

W ith ICT fo r traceability and in form ation

New materials; nanotechnology applications

Market
Market understanding geographically and industria lly

Standard development

Brand bu ild ing processes

Strategies fo r market access

Information systems and tracing have already been 
mentioned and can certainly be characterised both 
as a product and process innovation. In the scenari­
os however, a number o f other product innovations 
are addressed that one anticipates w ill be complete­
ly decisive to the future o f the aquaculture industry 
This pertains to both creating new varieties and 
qualities o f products based on salmon and to  crea­
ting  commercial products on the basis of other spe­
cies. It is also anticipated that a series of advanced 
products o f a technical and medical nature w ill be

created, based on remains from fille t production and 
that this both w ill increase profitability in the indus­
try  and make the industry more sustainable in the 
sense that all raw materials from the fish w ill even­
tually come to be commercially exploited.

In table 4 we have listed the examples of rese­
arch challenges related to product innovation that 
emerged through the scenario work.

Sustainability
Sustainability in relation to ecological and social fac­
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Tabell 5 ; Eksempler pâ forskningsutfordringer kny tie t t i l behov fo r bærekraft

Research Challenge Theme
Effect of feed

Development o f customised product qualities

Feed’s effects on fish and interaction w ith  other factors in the 
farm ing environment

Outline characteristics of different feed substances

The fish’s needs during different life phases and under different conditions

Feed as functiona l food fo r fish

Feed as functiona l food fo r humans

Feed substances from new sources
By-products from  other industria l processes

Protein from  gas

Vegetable feed-substances, agriculture production

G MO

Opportunities in connection w ith  extracting resources from  the 
ocean at a lower level in the food chain

Purification technology

Feed for new species
N utritiona l needs

Fat metabolism

Feed additives
Colour

Medicine

Technology
Feed production

Out-feeding systems fo r farm ing installations

Transport and logistics

Forvaltningskompetanse
Ecologically-based adm inistration and m onito ring  of marine resources

Harvesting models

Environmental m onitoring

Integrated adm inistration o f w ild  fish and fish farm ing industry

Nature and area-use adm inistration

tors is of a general importance to the aquaculture 
industry. We have addressed this above in connection 
w ith animal welfare issues. In the scenarios from 
Aquaculture 2020 a conviction that sustainability will 
acquire extremely great importance for the industry 
in a number of ways, finds expression. First, climatic 
factors and possible climate changes are pointed out 
as one of the overriding factors that can impose 
wholly vital parameters on the development o f the 
industry. Second, there is a broad consensus that the 
principles for sustainability will continue to hold force 
and will gain an increasing significance for consumer 
behaviour, for governmental behaviour and for the 
framework conditions that will come to be in effect

for the aquaculture industry in the future.
This finds expression in a number o f ways in the 

different scenarios, but common for all is a focus on 
the following themes:

• Access to feed and administration of feed raw 
materials

• Application of advanced biotechnology in 
breeding, process and product development

• Transport systems and logistics
• Administration of marine resources

The issues connected w ith feed have a special and 
direct significance to the industry because the access
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to adequate feed at reasonable prices can be a serious 
bottleneck to continued growth in the industry in 
coming years. The feed problem is complex, because it 
is connected w ith the general and global administra­
tion of marine resources, because it is dependent 
upon the interaction between different species in the 
ecosystem in the ocean and because it depends upon 
ethical problems connected w ith administration of 
protein resources. The feed problem also pertains to a 
large degree to the technical solutions one decides to 
employ in genetic technology and to what degree 
such technical solutions prove to be socially sustai­
nable (politically acceptable) in the long-term.

Table 5 contains examples of central challenges 
connected w ith such questions, as these emerged 
throughout the scenario work.

The Project Group’s Summary 
and Recommendations
A foresight process is a mechanism that generates 
new ideas about the future. The process has a value 
of its own in that qualified people meet in a com­
mon forum and talk together about the future in a 
manner tha t makes it possible to look up and think 
more in the long-term. It also provides an opportu­
nity to  be less constrained by the current situation 
than one usually is. The competence the participants 
possess makes the ideas relevant and interesting. 
Still, a foresight process cannot deliver complete 
answers. The foresight material provides a basis for 
reflection and can offer helpful impulses both for 
the commercial actors in the industry, for govern­
mental actors and for researchers. The primary 
intention o f this document is to  communicate as 
effectively as possible the wealth and abundance of 
ideas and arguments generated by the foresight 
process to  all involved in the work o f form ing the 
future o f Norwegian aquaculture.8

The project group has followed the process at 
close range and has in the collaboration w ith  its 
secretariat (NIFU STEP) and representatives from the 
project group for foresight work at the Research 
Council (CREATE) attempted to give it direction and 
to make it as productive as possible. The process has 
given the members of the project group a wealth of 
possibilities to  reflect upon the situation of the 
aquaculture industry for their own part and the 
group wishes by way o f conclusion to pass on some 
of its own views and evaluations.

The situation of aquaculture today
The modern Norwegian aquaculture industry has 
thus far been a great success. The commercial 
investment has to a large degree been carried out 
outside of and independently o f established indus­
tries. The aquaculture industry has wished to  stand 
on its own tw o feet and its representatives have, 
through active collaboration w ith  research and w ith  
the public authorities, achieved a large degree of 
independence. Outstanding results have been 
achieved.

The project group "Foresight Aquaculture 2020" 
is o f the opinion tha t Norwegian aquaculture w ill 
also have great possibilities for success in the future. 
The industry can be an innovative, knowledge-based 
export industry o f great significance to Norwegian 
society and for the Norwegian economy far into the 
future. But this w ill not happen as a matter o f cour­
se. Only i f  one invests consciously and long-term 
and if  one effectively tackles the central challenges 
w ith  which aquaculture w ill be confronted, w ill the 
industry be able to  develop in this way.

Norwegian aquaculture has to  a large degree 
developed through crises. Biological, technological 
and political issues tha t have arisen along the way 
have represented great challenges. But most of 
these have been solved effectively and all have been 
handled in such a way that the industry has been 
able to continue its growth. Along w ith  commercial 
and political measures, also advanced biological 
research has played a crucial role.

The main challenges tha t the industry w ill be 
faced w ith  in the future need not be essentially d if­
ferent from those challenges confronted earlier. But 
there is reason to expect the occurrence o f a signifi­
cant displacement, in terms o f which challenges are 
the most central. The project group w ill in particular 
emphasise the market challenge and the challenges 
in relation to  ecological and ethical sustainability as 
especially im portant hereafter.

Need for cooperative action
Cooperation between industry, research and public 
authorities is decisive to  our being successful in cre­
ating a future-oriented aquaculture industry. 
Advanced research has during critical phases in the 
history o f the aquaculture industry been closely con­
nected w ith  strategies for enterprise development 
among the companies. Collaboration in constellations, 
where companies, public authorities and research

8 At the  same tim e, the  report represents a s im p lifica tion  and a systém atisation so it  becomes d iff ic u lt to  see a lo t o f 
the  crea tiv ity  th a t unfolded th rou gh ou t the  process. It is there fore recommended th a t interested parties read the 
com plete scenarios and m ini-scenario texts found below  in th is  report.

2 9



communities take part w ill also be entirely crucial in 
the future.

The project group is o f the opinion tha t the 
"Foresight Aquaculture 2020" process tha t the 
Research Council o f Norway implemented in 2003 
and 2004 is an important initiative tha t should be 
carried on. It should be the beginning o f a process, 
not a one-time event. Corresponding dialogue pro­
cesses should also take place in other contexts and 
both the government and companies should be 
involved in these types o f "conversations about the 
future".

One o f the goals tha t a foresight process can 
contribute to  reaching is a "broad coordination" of 
innovation and research efforts, across disciplines 
and technological fields. One must in the future 
manage to exploit technologies and knowledge 
from other areas than those tha t have traditionally 
been applied w ith in  aquaculture. The aquaculture 
industry must be a demanding customer not only in 
relation to the biological and technological research 
communities, but also in relation to communities 
developing new materials and equipment, commu­
nities and enterprises that can develop advanced 
automation and information technology systems for 
production management, distribution, as well as

sales, and in relation to  social science communities 
(who can contribute to the ongoing work o f streng­
thening the industry and contribute to  market 
knowledge tha t trade and industry depends upon). 
Investments in research must be followed up w ith 
tools that contribute to capitalising on knowledge.

The seeds o f such a co-operation can be sown 
through the manner in which one works in the 
large-scale programme areas in the Research 
Council of Norway but significant results can only 
come about through long-term projects and consci­
ous use o f research and development contracts, 
under private as well as public direction.

Only through active cooperation can the innova­
tion system in the industry function well. And only 
by the development o f strong companies w ith  ties 
here in this country can this innovation system pro­
vide a basis for maintaining a Norwegian industry 
and a long-term, profitable production o f aquaculture 
products. It is essential that leading actors, those 
w ith  the greatest w ill and ability to work strategi­
cally and long-term towards form ing the future of 
the industry, have their management functions loca­
ted in Norway. The project group thinks it probable 
that a significant Norwegian ownership is a condition 
for making this possible.

Biotechnology
Modem  biotechnology contributes w ith  knowledge and methods th a t are used in a range o f  areas w ith in  
aquaculture, such as breeding, fish health and diagnostics, refin ing processes and environmental m on ito ­
ring. In the breeding work, the molecular genetic methods contribute in an increasing degree towards shif­
ting  the focus from  individual genes to the entire genome (genomics). This contributes to developing m et­
hods th a t are tim e and labour saving and which make the selection more effective. Methods th a t make it  
possible to study thousands o f  genes simultaneously open fo r new  possibilities to iden tify  genes than can be 
used in pathogenic studies Molecular biological methods where defined genes/functions in host animals 
"blaze up" have proven to be effective tools in studies o f  the significance o f  individual factors fo r virulence. 
In the feed context, biotechnological methods can be used, fo r example in work w ith  the evaluation offeed- 
substances and to specially adapt processes fo r breaking down anti-nu trien t substances and m odification o f  
nutrients. The use o f  enzymes opens up new  possibilities in the refin ing industry. The research communities 
m ust be stim ulated to im plem ent new molecular biological methods and develop "tools" th a t can contribu­
te to propelling research and innovation forward.
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Materials technology -  nanotechnology
In the area o f materials it  is said tha t a technological revolution is ju s t around the corner. Throughout the 
world major investments are being made in research on the new possibilities offered through nanotech­
nology. In brief nanotechnology is about developing techniguesfor controlling nature's smallest building 
blocks, atoms and molecules. Innovations connected with materials are often an im portant element fo r  
innovations in other areas and here the development can contribute to technologies and solutions that 
can have a large significancefor aquaculture'sfurther development. New construction materials based on 
nano-structures tha t are much stronger and lighter than today's materials and tha t also reduce fou ling  
problems can become standard aquaculture constructions. New material combinations can result in ligh­
ter packaging, which w ill simultaneously increase the keeping qualities o f the product and reduce envi­
ronmental problems in connection with transport and distribution. Likewise, simple sensors tha t can 
improve traceability o f products fro m  the fish  fa rm ing  installations up to the consumer. Further, nano­
technology can provide new types o f catalysts to produce proteins based on natural gas fo r  a ll or parts o f 
the process. Aquaculture must become a demanding customer, both by being an im portant user o f new 
possibilities and by contributing so that the investment in the area can include themes that are relevant 
to aquaculture.

Inform ation and communication technology - ICT
The ICT sector is experiencing a fu rious development and is contributing with new solutions and products 
tha t are quickly pu t to use in a ll parts o f society. Within aquaculture, the development has gone in the 
direction o f use oflCT-based solutions, such as in monitoring and control tools fo r  the production proces­
ses in the marine phase, during the transport and distribution phase and as im portant tools in the work 
with statistics, monitoring and modelling. Biomass measurements,feed and feeding,feed-loss control, pro­
duct control, logistic systems and transfer o f quality and traceability data are examples o f areas using 
somewhat advanced ICT systems in today's aquaculture. Aquaculture must be involved in the research in 
this area and contribute to the development including solutions and methods tha t can be useful fo r  the 
fu r th e r development o f aquaculture.

Trade & Industry
Norwegian salmon is today exported to  more than 
100 countries and in large volumes. Nonetheless, the 
project group thinks tha t the Norwegian aquacultu­
re industry can only become tru ly  groundbreaking in 
the future if  one succeeds in developing a more 
advanced market understanding and more differen­
tiated strategies in relation to  the market than what 
we have today. The concentration one has trad itio ­
nally had on primary production and spot sales by 
way o f middlemen to  a foreign purchasing system 
can be a potential underdevelopment trap.

The investment made to develop other strategies 
is extremely valuable. But more o f us must ask the 
questions who is going to buy and consume and 
what w ill they want to  buy in the future. More of 
the production must be based on methods and 
products taking as a point o f departure the answers 
one finds to  these questions. It is not enough to 
state that one sells "fresh high quality salmon".
It is necessary to:

- Prepare to  develop different products and 
different qualities for global, dynamic and 
differentiated markets, preferably in interactive 
collaboration w ith  the customers.

- Focus on and have an analytical understanding 
o f end-user markets but also an awareness of 
industrial applications o f the products derived 
from fish farming.

Another market orientation in the industry will 
involve not only covering an existing demand for 
aquaculture products by producing as much as pos­
sible as inexpensively as possible. A more advanced 
strategy stipulates that one actively addresses 
trends in the markets, finds solutions for new 
requirements and needs tha t arise and builds the 
knowledge right into the marketing o f the product 
in the form o f smart solutions -  "extended pro­
ducts". It is important to understand just what, in 
reality, is being demanded: i.e. what does the buyer 
emphasise when they chose to  buy aquaculture pro­
ducts. One must not only fo llow  the market. To 
ensure a high competitiveness in the industry in the 
long-term, it is also im portant to play a proactive 
role in relation to the markets and to take part in 
shaping their development.

Market orientation presupposes innovation
That greater attention must be directed towards the
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market does not mean that there is less of an 
emphasis on the need for product and process inn­
ovation. On the contrary: innovation is a condition 
for a proactive market management. Innovations 
tha t exploit new nano-, bio-, materials and informa­
tion technological possibilities to  produce more 
effectively and correctly, to  provide traceability and 
to  bring about new products w ill be completely cru­
cial. The point is that technology is not a goal in 
itself, but a tool for addressing (and hopefully also 
stimulating) needs and trends in the market.

There is a tradition of th inking efficiency and 
profitability in the aquaculture industry and the 
restructuring tha t has taken place in recent years 
where the number o f small, independent actors has 
dropped, has to  a large degree been mobilised to 
promote companies’ ability to  operate lucratively. 
Unit costs are reduced, while one has at the same 
tim e worked at improving delivery proficiency in 
relation to large customers.

There is a need to  move on w ith  process deve­
lopment and it w ill be vital tha t actors in the indus­
try, in addition to  carrying out short-term measures 
to  reduce costs, also th ink long-term and invest in 
more radical development in the future. There is a 
need to further develop a scientifically grounded 
process technology. This can be best realised 
through a coordinated investment in key technolo­
gical and scientific fields. Radical process innovation 
o f the type required w ill take a long tim e to develop 
and call for considerable resources.

Coordinated research efforts
Leading Norwegian companies today spend large 
sums on research. Through the Fishery and 
Aquaculture Research Fund (FHF) the fish farming 
industry invests an annual NOK 30-40 million in 
R&D initiatives directed towards aquaculture. This 
investment is very important and should be further 
developed. It is however not only a question o f the 
willingness and ability to  invest in research. It is 
equally a question of using funding in the right 
manner and that the investments are based on a 
strategic coordination w ith  industry activities.

The companies have a number o f things to  take 
into consideration. Investments in long-terms deve­
lopment must be balanced against the possibility to 
maintain profitable operations also in the short­
term. Owners must be patient, w ithout being uncri­
tical o f ongoing development activities. The potenti­

ally system-altering development o f entirely new 
solutions and new knowledge that research can 
contribute is a crucial condition for the industry’s 
competitiveness in the long-term. But it is easy to 
misstep and one can incur large costs when projects 
do not turn out as expected. If the industry is to  suc­
ceed in the long-term there is a need for both high 
level competence among the actors and for their 
collaboration in expedient fashions. The competition 
consideration must be balanced against what can 
be achieved through collaboration.

Wild fish and fish farm ing  
The aquaculture industry can be groundbreaking if  
it manages to  commercialise a large number o f new 
species and operate a differentiated production in 
such a way tha t aquaculture and traditional fisheri­
es become complementary and not primarily rival 
activities. If a large amount o f resources are to  be 
invested in bringing about new species for commer­
cial production, it must be on the basis o f the opini­
on tha t over tim e it w ill be possible to develop a suf­
ficient market.

- Will the new products hold their own in the 
competition, price-wise and quality-wise and in 
light o f the patterns o f demand one can 
anticipate in the future?

- Can the importance o f new species change 
should the w ild fish industry and fish farming 
industry join forces and establish a jo in t 
industry tha t aims at delivery assurance and 
quality in the large markets?

Regardless, should one manage to  develop special 
fish qualities and to standardise and document the 
quality o f the fish, this w ill bring about important 
new possibilities. In general, one can develop the 
activity around sale o f fresh products based on sus­
tainable solutions to get large volumes o f fresh sea­
food out to  the end-users in a way tha t is customer- 
oriented in relation to  quality, safety, delivery com­
petence and price. Packaging, logistics, consumer 
information and documentable safety through tra­
cing systems are natural parts of this.

Trade and industry cannot solve these tasks 
alone. The public authorities and publicly financed 
research communities must play im portant roles.

The public authorities 9
The public authorities play many and vital roles in

9 The representative from  the M in is try  o f Fisheries and Costal Affa irs has chosen not to  take a stand on the  group’s 
recom m endations to  the  authorities. The representative however regards it  as both im p o rtan t and correct in term s o f 
process th a t the  group otherw ise was free to  bring up relevant and constructive recommendations to  the  government.
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relation to the aquaculture industry. The project 
group w ill in this context only point out a few  key 
issues o f importance.

For Norwegian aquaculture the international 
market is entirely crucial. The public authorities 
must take upon themselves as their very firs t task 
the ensuring of access to the large markets through 
trade policy and through the policy that otherwise 
regulates Norway’s relation to  its surroundings. It is 
decisive to ensure effective mechanisms tha t con­
nect the development o f the Norwegian export 
industry w ith  the development in international mar­
kets and the international production activity in the 
aquaculture sector.

The regulatory system, the administering agen­
cy and the policy carried out in terms o f the industry 
have played a vital role in the development of the 
industry and w ill also do so in the future. It is impor­
tant to have an active and engaged business policy 
and to  work w ith  developing an administering 
agency tha t serves as a conscious and qualified 
partner in the innovation system -  and accordingly 
something entirely other than a support system for 
companies that do not manage to hold their own 
against the competition.

Make the necessary modifications
While the policy earlier had a primary focus on local 
and regional distribution o f small-scale enterprises, 
the regulatory system in the future should be based 
on a more dynamic understanding o f how local acti­
vities can be maintained. It is im portant to  make the 
necessary modifications so as to  enable companies 
in the industry to develop, to  facilitate their beco­
ming qualified and competitive international actors 
w ith  the possibility for operations on a larger scale. 
Investment in production on a larger scale w ith 
new technology can provide large benefits and large 
gains in terms o f both company and social econo­
mies.

Feed remains a key factor w ith  regard to  possibi­
lities for continued profitability and growth in the 
industry. A considerable investment must be made 
to ensure access to adequate feed and the feed 
issue is one central example of an area where there 
is a need for trade and industry, the public authoriti­
es and research communities to cooperate to  tackle 
future challenges. But the public authorities must 
assume the supra-ordinate role in relation to  admi­
nistration of marine feed-resources and in relation 
to development o f potentially new raw material 
sources. Here there is also a need for investment 
from research communities tha t have not trad itio ­

nally speaking directed their activities towards the 
aquaculture industry, such as the oil and gas rese­
arch communities.

Ethics and sustainability
In general, the public authorities efforts must seri­
ously take into consideration the need to make the 
industry’s activity sustainable, both in an ethical and 
ecological sense. For the aquaculture industry to 
become a groundbreaking industry in the long-term, 
the project group thinks it imperative to  take as a 
point o f departure tha t ethical questions w ill be of 
increasing importance in the future. In a welfare 
society one can expect to receive continually enhan­
ced attention regarding the way in which we treat 
nature. Should the aquaculture industry for instance 
have an image o f being cruel to  fish, this w ill be a 
serious problem.

The question o f whether aquaculture is reason­
able management o f natural resources is wholly 
decisive in relation to evaluating whether an activity 
is sustainable. If marine organisms tha t could be 
suitable for human consumption are under-exploi­
ted through use as a source of protein in aquaculture 
feed, it may be that a continued acceleration of 
aquaculture is in fact not sustainable. That would be 
the case if  salmon, through industrially produced 
feed, consumed organisms tha t could be directly 
used as firs t class food for humans.

The more traditional question connected to the 
two-sided relationship between environmental 
impact and aquaculture is also central. Aquaculture 
reaps great benefits from a clean natural environ­
ment and requirements must also be imposed so 
aquaculture does not in significant ways have a 
negative impact on its surroundings.

Production and innovation
Finally, we repeat that the public authorities must 
make a serious contribution to making collaboration 
between different instances of authority, research 
and industry possible. The basis for a viable and sig­
nificant aquaculture industry in Norway in the fu tu ­
re is that the industry is not just a production sys­
tem: it must also have access to  a strong innovation 
system. This innovation system can clearly not be 
limited to Norway but must have solid roots here. 
We must have some strong Norwegian companies 
and research communities and Norwegian aquacul­
ture interests must be represented at the level of 
the public authorities and in the administering 
agency, whether the relevant executive bodies are in 
Norway or in the EU.
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Research
Biological and technical research has played an 
im portant role for aquaculture and it is important 
to  continue w ith  this investment. Research is a 
demanding activity, in particular research tha t is clo­
sely connected not only to discipline-specific issues 
but also to possible practical applications o f new 
methods and new knowledge. Researchers need 
framework conditions tha t make it possible and 
interesting both to  pursue issues w ith in  the discipli­
nes and simultaneously to direct research towards 
themes and problems tha t have a practical relevan­
ce. It is obvious that the public authorities have a 
decisive role in relation to  defining framework con­
ditions, roles and relations in the innovation system 
and to  make the necessary arrangements to  ensure 
dialog, constructive collaboration and an expedient 
division o f labour. But also the communities them ­
selves and the aquaculture industry companies can 
contribute to  a good future development.

Different roles
In general, the public research efforts must be direc­
ted towards solving problems tha t are vital to com­
panies’ being able to solve their problems in a com­
petitive manner. This endeavour must firs t and fore­
most be relevant in relation to goals tha t can serve 
to  set the course for the development o f the indus­
try  and which can be crucial in the long-term. 
Research communities and industry must collaborate, 
complement and exploit one another, but not 
merge or converge to  a type of hybrid enterprise 
tha t both operates commercial activities, long-term 
knowledge development and education simultane­
ously. In a well-functioning innovation system, the 
actors play different roles and collaboration has 
value precisely because the actors are genuinely 
different.

To carry out research in such a way tha t it is 
both relevant for long-term industry development 
and for the professional development is -  as stated 
above -  no simple task. Transversal dialogue and 
m obility are key mechanisms. Strategies for develop­
ment must be created through dialogue and 
through concrete collaboration in goal-oriented 
developmental investments. "Foresight Aquaculture 
2020" is such a step in the right direction tha t has 
constituted a forum for dialogue about long-term 
goals and trends.

International Research Collaboration
The research communities must have framework 
conditions tha t make it interesting to  address the

added-value processes tha t take place in the aqua­
culture industry, while they must simultaneously 
have framework conditions that make it possible to 
carry out knowledge development and "knowledge 
documentation" (publication) in ways that are com­
petitive w ith in  an international research context. 
This is also vital i f  the communities are to be attrac­
tive in international R&D collaborations. The latter is 
o f particular importance i f  Norway wants to be an 
active partner and mobilising force in the develop­
ment o f a European Research Arena (ERA). 
Aquaculture is long-term biological production, 
which means that also research projects w ill often 
take a long time. Allocations for research must take 
this into consideration through long-term stability 
based on evaluation along the way.

W ith regard to  more specific research priorities, 
the project group does not wish to  go into detailed 
proposals. This is left to the programme work to be 
later carried out by the Research Council o f Norway.

Correlation with the industry’s challenges
In general the project group wants to  emphasise 
that the aquaculture industry’s possibility to trans­
cend barriers in the long-term w ill also depend upon 
research communities focusing on the challenges 
connected w ith  ecological and ethical sustainability 
and w ith  the need for a more differentiated market 
strategy in the aquaculture industry. The research 
efforts must have as a point o f departure that it w ill 
in the long run be meaningful in relation to the 
industry’s work in developing markets and in 
responding to  requirements posed by the market. 
The investment must, in short, be directed towards 
making the aquaculture industry competitive when 
requirements are imposed upon products and pro­
cesses based on overriding ethical and ecological 
considerations.

Challenges connected to product innovation are 
clearly central. Research in connection w ith  product 
development for global and differentiated markets 
cannot be carried out by the companies alone, a lt­
hough the companies must obviously play a key 
role. General knowledge and method development 
(the basic tool kit) for food articles and food produc­
tion can be advantageously developed w ith in  or in 
collaboration w ith  public research communities in 
Norway or abroad.

Coordinated investment
With regard to  basic biological and technical know­
ledge connected to  farm ing o f existing and new 
species, this is an area where distinguishing betwe-
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en process and product innovation is not such an 
easy matter. This is one of the areas where the pro­
ject group views it as vital tha t the investment be 
coordinated -  not so competition is ruled out but so 
one avoids the parallel development o f research 
infrastructure, fragmentation o f communities and 
unnecessary duplicate work.

In any case, general biological process knowled­
ge and process technology are o f fundamental 
importance if  one is to  have a hope for the aquacul­
ture industry becoming groundbreaking in the fu tu ­
re. All requirements imposed, whether these are eco­
logical requirements, ethical requirements or more 
basal requirements for attractive products at the 
lowest possible price, can only be met i f  one mana­
ges to  develop optimised production processes. 
Biological research must, together w ith  different 
types o f technical research, contribute to  making 
possible production where economic efficiency does 
not come at the cost of considerations for the fish’s 
(fish farm ing organism’s) health and welfare, or 
have a negative impact on the natural environment.

Feed situation
Biological and technical research w ill play a decisive 
role not least in relation to  questions about access 
to feed. There is in general a need today for an eco­
logical administration o f marine feed resources. But 
research w ill also be able to  contribute more radical­
ly, by ensuring tha t completely new types of feed 
raw materials become applicable in aquaculture.
One is now, for example, capable o f creating a single­
cell protein from gas. It w ill be interesting to  find 
out i f  this can be exploited commercially in fish far­
ming. Further, it is expedient to  look into how vege­
table raw materials can be exploited and i f  products 
from agriculture can be used in the Norwegian 
aquaculture industry. Another very central question 
is how genetic technology can provide new oppor­
tunities w ith  regard to exploitation o f different feed 
raw materials.

Interdisciplinary investment
In general there is a great need for information 
about and analysis o f the trends and forces that 
form the markets and aquaculture activity internati­
onally. Social research has an im portant role to  play, 
along w ith  the other biological scientific research 
and the technology development required in the 
Norwegian aquaculture industry hereafter.

A sensible use o f social research can also contri­
bute to creating a basis for the dialogue-based stra­
tegy development process tha t is necessary in order 
to develop a groundbreaking, future aquaculture 
industry.
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Point of Departure
The point of departure for Aquaculture 2020 was 
the ambition to realise another, more open and cre­
ative process in the work o f planning a new, large- 
scale research programme. It was about opening the 
boundary surface between the Research Council and 
the surroundings in such a way that more legitima­
cy is created on the part o f those effected by the 
Research Council’s prioritising and tha t one genera­
ted more new and exciting ideas in the planning 
phase. Thinking ahead in a systematic and professio­
nal manner, foresight, through effective dialogue 
between central actors in the field became a key 
tool for bringing this about.

The use o f the scenario form to discuss future 
possibilities often contributes to  strategy work 
being more creative, inducing greater involvement 
and yielding more thoroughly considered evaluati­
ons. Precisely because one works out alternative 
future visions not in the form of predictions but as 
alternative possibilities and threats that one must 
prepare for, a scenario process contributes to one’s 
being "compelled" to  th ink beyond one-dimensional, 
linear and virtually "predictable" expectations of 
what the future can bring. The scenario form is a 
demanding work form, which poses a number of 
requirements on the tools and methods involved in 
the process, on organisation and implementation. 
This part o f the report goes through the most 
important process measures and points out both 
experiences and key dilemmas tha t arose along the 
way. The goal is for the reader to  gain an impression 
of how we proceeded and tha t she hopefully can 
learn something about how such processes can be 
organised and carried out. The project group (see 
Foreword) has been responsible for the programme 
and design of the project.

The main benefit from using foresight in the 
planning processes is the creative aspect. By inviting 
a series of resource individuals to th ink together 
systematically about future development opportuni­
ties one opens up a creative space. Previous plan­
ning processes often moved too quickly to  the conc­
lusions and did not allow for this type o f creativity.

Just as w ith  more conventional planning proces­
ses involving, for instance, long and extensive dis­
cussion rounds, the foresight process can also invol­
ve a lot of work in periods. The advantage o f imple­
menting foresight is that one then gets the possibi­
lity  to  construct more consistent and comprehensive 
input, often w ith in  a significantly shorter time peri­
od than what is frequently common in more con­

ventional planning processes. At the same time, we 
have the opportunity to bring out a greater breadth 
and v ita lity  in the proposals. From experience we 
know tha t involvement and dialogic processes 
demand both tim e and resources. Foresight proces­
ses, where different dialogue-based seminar and 
conference techniques are implemented, can contri­
bute to improving the efficiency of the boundary 
surfaces between the Research Council and the sur­
roundings. Instead o f many individual meetings, one 
gathers a large number o f persons for 1-2 days and 
comes away w ith  perspectives tha t are significantly 
more unified and comprehensive than i f  one had 
arranged a long series of meetings w ith  different 
actors, whose input must in turn be edited and ta i­
lored to  a comprehensive context later.

Foresight and dialogue
Foresight is a designation for a set of measures, 
methods and techniques for the fu ture ’s "diagnos­
tics". We find the most frequently applied definition 
of foresight in the FOREN-network’s manual for 
regional foresight in EU, (FOREN 2003).
Here it states:

Foresight is a systematic, participatory, fu ture  in te lli­
gence gathering and m edium -to-long-term  vision 
build ing process aimed a t present-day decisions and 
m obiliz ing jo in t  actions.

The foresight tradition has at its disposal a range of 
tools and methods. The most central o f these are 
scenarios, Delphi studies, expert and layman panels, 
relevance trees and dialogue-based techniques 
(0verland 2003). The combination o f foresight and 
dialogue is clearly something tha t is becoming more 
and more common and in terms o f method, it is the 
dialogue-based future method that characterises 
the Research Council’s investment. To many outsi­
ders, both "the future" and "the dialogue" are things 
"everyone" masters and the conception that process 
knowledge is not knowledge equivalent to  other 
knowledge such as technical knowledge remains 
widespread. Now the world is not so simple! Process 
knowledge is a knowledge industry in its own right. 
This also to a large extent applies to  knowledge 
about how to  achieve creative future conversations 
and good dialogues. On the dialogue side, we find in 
Norway a long tradition for application and develop­
ment o f different dialogue-based techniques in so- 
called action research, preferably as represented by 
the National Labour Research Institute in Oslo, parts 
of SINTEF (IFIM) and Rogaland Research. Central per­
sons in the project group have a background from
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one or more o f these institutions and brought this 
type o f th inking into the process. In particular, tools 
such as search and dialogue conferences (Eikeland, 
1992; Pâlshaugen, 1993; Engelstad, 1990; Ouale,
199°) have been sources o f inspiration here.

On the scenario and foresight side we have been 
inspired by former works in the EU Commission (so- 
called shaping actors, shaping factors see Neumann 
& Qverland 2001; Ringland 2000), Michel Godet 
(2001), the government’s scenario project Norway 
2030 and what is called perspectivist scenario buil­
ding (see Qverland, ed. 2000; Qverland, 2001; 
Neumann&Qverland 2004). Here one has further 
developed the foresight thinking so tha t it can be 
positioned in relation to  the ongoing emergence of 
so-called post-positivist scientific theory and met­
hod. In addition, one has developed a unique positi­
on w ith in  the foresight tradition, which emphasises 
the distinction between the scenario future discour­
se and the subsequent/parallel strategic discourses. 
The philosophy is in short tha t there are different 
ways o f talking to one another when we a) discuss 
what CAN happen (scenario/foresight mode) and 
when we b) discuss what we WANT and BELIEVE w ill 
happen (strategic prioritising mode). In addition, 
perspectivist scenario building (Neumann&Qverland 
op. cit.) points out the significance of emphasising 
different points o f view or perspectives in the 
different scenarios.

The scenarios in "Aquaculture 2020" vary thus 
also between different main perspectives (market, 
feed, sustainability, education and research system, 
policy). Although the scenarios are to address the­
mes and situations that appear in all the scenarios, 
they can vary in the angle they take on these factors.

Scenario methodology is one o f the most central 
tools w ith in  foresight and as you have already noti­
ced we at "Aquaculture 2020" have chosen to  use 
scenario methodology (see Qverland 2003; Kees van 
der Heijden, 1996). The gatherings were set up 
according to  scenario methodological criteria and 
criteria for good dialogues.

A brief history of foresight
Foresight and dialogue, or systematic future-orien­
ted discussion w ith  central actors w ith in  a professi­
onal field, industry or sector, represents a long, inter­
national tradition. Particularly over the past 40-50 
years this method has been used in a range o f diffe­
rent contexts, from m ilitary problems w ith  industrial 
challenges to  society’s well being. In recent years, 
and particularly in Europe, foresight has been con­
nected w ith  research and innovation policy and w ith

planning of large research endeavours (Salo 2003). 
Countries such as Finland, Germany, the Netherlands, 
Great Britain and Spain, to name just a few, have 
implemented this method. The future programme 
(www.futur.de) under the direction of the German 
M inistry of Research and Education has scenarios, 
Delphi studies (extensive surveys) and other fore­
sight tools as part o f their activities. The objective of 
these activities is to continuously develop good prio­
ritising o f future research themes and areas. The EU 
is underway w ith  the establishment o f an arena for 
future-orientation w ith in  ERA-Net (The European 
Research Area). In addition, the EU is using such 
tools in both policy development and in preparation 
o f the 7th Framework Programme for Research.

When we implement this tool in our own plan­
ning, it is because we want new perspectives on 
what we should conduct research on in the upco­
ming period. At the same time, we want to  develop 
a more robust boundary surface between the 
Research Council and its surroundings. What could 
be better than taking part in dialogues about future 
possibilities and lim itations about what can take 
place and to  subsequently look at what we should 
prioritise in the long view? To avoid the classical 
positioning discussions tha t are so common in such 
contexts, we have accordingly invited people from 
the industry, researchers and other resource persons 
to discuss what can take place in the aquaculture 
sector in the next 15-20 years, to subsequently bring 
to light important, necessary and dynamic priorities.

Organisation, roles and 
assignments

A total o f some 70 persons took part in the different 
gatherings. A project group was established, made 
up o f five resource persons from outside o f the 
Research Council and three persons from the 
Research Council. Two o f these were the Research 
Council’s experts on marine research while one con­
tributed w ith  expertise w ith in  foresight, scenario 
building and dialogue methodology. The project 
manager for the Research Council’s CREATE-initiative 
also took part throughout more or less the entire 
process. In addition, tw o persons were hired in from 
NIFU STEP to take care of some o f the w riting  and 
the ongoing documentation work. These were con­
tracted on the basis o f their professional expertise 
in the field. The professional expertise was the crite­
ria and not any knowledge they m ight have had 
about foresight and scenario building, as such. NIFU
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STEP’s role was also to contribute to analyses of the 
developed material along the way.

W ithin the project group there was a clear divi­
sion o f tasks. NIFU STEP was responsible for the on­
going secretariat work and proposals for analyses of 
material. The CREATE person was responsible for the 
design of the process, in other words to provide 
input which the project group then discussed and 
developed jointly. Those from the Research Council 
who were not part o f CREATE had the ongoing pro­
ject manager responsibility and responsibility for 
grounding the process internally at the Research 
Council.The Research Council employees (someti­
mes w ith  assistance from other colleagues) and per­
sons from NIFU STEP also functioned as group secre­
taries at the gatherings. The external members were 
group leaders and they led the group work at all o f 
the gatherings. The groups varied somewhat from 
gathering to gathering. The project group had a col­
lective responsibility for preparing the gathering in 
terms o f practical details and methodology. No two 
such processes are exactly the same. The scope, 
design and choice o f measures/tools are to  a large 
degree dependent upon theme, timeframe, type of 
participants and the type o f end product one envisi­
ons.

There is an important distinction between a so- 
called scenario-oriented time perspective o f 15-20 
years on the one hand and a strategic perspective of 
2-4 years on the other. The long-term perspectives 
shall have a stimulating effect on the decisions 
made here and now about research prioritising and 
initiatives carried out in the next 2-4 years. As such 
there is no contradiction between the long-term 
and the more short-term.

Expert group or broad future-oriented 
dialogue?
The project group was early on aware of how impor­
tant it was both to develop the professional insight 
and ensure a broad dialogue. The challenge was to 
bring out interesting and qualified perspectives, at 
the same tim e as one involved a large number of 
actors and criteria for a good dialogue. This was 
especially a challenge at the gatherings themselves, 
at which between 50 and 70 participants were to 
come to  an agreement on some selected perspecti­
ves to continue working w ith. This was a challenge 
regardless o f whether one worked w ith  scenario 
constructions or w ith  initiatives and prioritising. 
Regardless the conclusion was tha t it could not be a 
matter o f either/or between expertise and broad 
participation, but rather all o f the above.

W ithin the international foresight tradition a con­
tinuous dialogue takes place about the challenges 
and dilemmas connected w ith  how to apply, under­
stand and evaluate the results from the foresight 
processes. This discourse also has great relevance for 
the work o f "Aquaculture 2020". A central dimension 
here is as we saw above the relation between 
experts and other actors. Variation in expectations 
for the outcome is also a theme in this sense. Are we 
first and foremost interested in content or are the 
dialogue, the arena and the process also crucial? In 
our case, the question o f how foresight perspectives 
shall be made operational and effective in relation 
to the choices one is faced w ith  today, in other 
words, made relevant to the daily work o f imple­
mentation and development o f an Aquaculture 
Programme, had a prominent position!

All of this leads up to a number o f central pro- 
cess-related problems, which we in one way or 
another addressed underway during the process. 
Some o f these were:

• What should the criteria be for participation?
• Who should be invited at which phase of the 

project?
• What do we want from the process? Scenarios? 

Strategies? Process competence?
• What should the relation be between creative 

brainstorming and analytical problem solving?
• When in the process shall one dare to  think 

the original thoughts and be open for the big 
surprises?

• When should the vision and perspectives be 
given "a dose of reality" w ith  an eye towards 
bringing about what we want to  have happen, 
accordingly the chiselling out of strategic 
recommendations and prioritising?

• What type of dialogue shall we invite the 
participants to?

Role of the project group
The project group discussed and took a stand on all 
o f these questions. There was early on agreement 
about dialogue and learning being central dimen­
sions o f the process. Such an ambition involves of 
course a commitment and made participation in the 
project group something much more, both more 
interesting and more demanding than ordinary par­
ticipation in a standard investigative committee.
One could have prepared for a process where an 
external facilitator came and stated in detail what 
one should do at all times and where the partici­
pants, including those in the project group respon­
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sible for the process, could lean back and arrive at a 
set table.

Such a programme is inconsistent w ith  firs t and 
foremost tw o things. First, all learning, also process 
learning must involve a somewhat intense experien­
ce o f "finding oneself in deep water", where one 
now and then hits one’s head against the wall in 
pure despair. Learning w ithout resistance is poor 
learning. Secondly, the term "dialogue" should also 
include dialogue about process-related means and 
methods, not only thematic. The arena for the pro- 
cess-related dialogue was firs t and foremost the 
project group. This applied to both the entire project 
group and the smaller internal work group made up 
o f the Research Council’s representatives and 1-2 
participants from NIUFU STEP who met somewhat 
more frequently. It was in the project group’s discus­
sions tha t we found the answers to the questions 
above and to  the process-related challenges that 
arose along the way.

The Group Leader and Secretary Function
Particularly challenging were the group leader role 
and the secretary function in the group work at the 
gatherings. Most had no previous experience w ith 
such processes, something which for some caused a 
large amount of uncertainty. One o f the reasons for 
this was the group’s experience of the process’ open­
ness, not just in terms of results, but also in terms of 
process and that it was an experience whereby the 
path to be followed appeared only upon each step, 
w ithout clearly defined goals. The group leaders 
handled this in a very constructive and creative if  
divergent manner, where some were obviously more 
at ease in their role than others. For many reasons it 
is neither desirable nor possible to establish teams 
w ith  experienced foresight people to  take on such 
roles. Purely in terms of resources it is difficult and 
one must also ask oneself i f  it is even expedient. In 
order to avoiding repeating processes and the con­
tent perspectives being infinitely repeated, it is a 
clear advantage and almost a condition that those 
who play a central role in the implementation are 
people w ith a special competence in the field and 
w ith  a strong grounding and legitimacy. This groun­
ding and legitimacy is more important than having 
to take a round or two regarding how one shall do 
things.The dialogue and the learning mean involve­
ment o f central actors from the field in which one is 
operating. It is also an open question whether it is 
possible to prepare such group work in ways that will 
safeguard you from all eventualities. The experiences 
from the Aquaculture process speak against this.

Even on those occasions when we went through the 
group leader role and designed a tentative program­
me for the group work in advance, it turned out that 
the individual group leaders quickly found their own 
way of doing things in other words, a way that wor­
ked for them. If one had had an experienced fore­
sight team, there is a lot that speaks for the situation 
not having been very different. A good foresight pro­
cess should, in other words, involve the project 
owners/representatives in an intimate and thorough 
manner in order to  arrive at maximum learning and 
engagement.

With regard to the group secretary function, two 
things were decisive. One was that the person in 
question should have the ability to formulate things 
w ith a basis in the discussions, discussions that could 
proceed quickly and be somewhat complex. The 
other was that the secretary had some knowledge of 
the marine field and of the aquaculture industry in 
particular. The latter was however not a must in that 
insufficient knowledge here was compensated for 
through close collaboration between the secretary 
and the group leader who comes from the industry. 
We saw this especially during gathering 3 and in the 
scenario construction subsequent to this.

Secretariat function
Two persons from NIFU STEP took part as the project 
secretaries. Their role was first and foremost to docu­
ment the results of the process, including the discus­
sions in the project groups and the ideas, thoughts 
and perspectives of the participants in the gathe­
rings. The secretary role also to a great extent inclu­
ded an analytical and problem-identifying perspective. 
The discussions in the project group/secretariat 
moved at all times back and forth between the con­
cern over having included all aspects, whether these 
were sufficiently relevant to research, etc. and how 
open and inviting one should be. This is o f course a 
fine balance and an analytical and investigative a tti­
tude progressed considerably further in wishing to 
create guidelines for the discussions in the gathe­
rings in advance. In particular between the third and 
fourth gatherings we had a lengthy discussion on 
the designing of the group tasks. Some went so far 
as wanting to prescribe for the different groups 
which scenarios they should develop and went quite 
far in defining frameworks, themes, main perspecti­
ves and tentative headings for each of the different 
scenarios. There was however due resistance to this, 
w ithout one daring to fu lly  relinquish all definitions 
to the groups themselves (see Group Tasks gathering 
3, below). The result was a small but creative compro-
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mise. In a survey regarding why certain foresight pro­
cesses were successful and others not, done by the 
scenario specialist Kees van der Heijden (1996) he 
comes to  a crystal clear conclusion: the main reason 
why some foresight and scenario processes were, 
relatively speaking, highly successful lies first and 
foremost in managing to refrain from succumbing to 
the temptation to  supply too many thematic guideli­
nes before the workshops. It would appear as if  W illy 
Brandt’s famous words "wir müssen mehr 
Demokratie wagen" also apply to scenario processes. 
After the fact it is clear that we were wise not to 
decide too much in advance but rather to relinquish 
the arena to the participants themselves. This can 
make for a lot of follow-up work, but it is significant­
ly smarter to carry out the analysis after the fact rat­
her than before such processes!

What criteria for participation did we 
have and what type of dialogues did we 
invite the participants to take part in?
The main criteria for participation were persons 
w ith  some type of connection to the aquaculture 
industry or from communities expected to  have sig­
nificance for the development o f the industry in the 
long-term. We placed a great emphasis on finding 
persons who could not be said to be part o f "the 
congregation" in the field. We also made it a point 
to include persons from the entire value chain. 
Persons from environmental organisations, marke­
ting  communities and the finance sector were also 
invited. All were invited on a personal basis. The con­
dition was tha t none represented anything but 
themselves and their own experience, wealth o f per­
spectives and knowledge at the point in tim e at 
which the gatherings were to take place.

The dialogues shall be both future-oriented and 
creative. In order to achieve this, we developed a 
kind o f foresight philosophy that is in accordance 
w ith  general principles w ith in  foresight thought. We 
can summarise these briefly under the heading "the 
art o f thinking ahead":

• Future-oriented discussions are fun!
(In other words, it is up to us!)

• Nothing is too stupid or too improbable 
(childishness is allowed!)

• Let others’ contributions instigate new 
thoughts in you -  and present them!

• Do not discuss what is right or wrong.
• It is better to get offtrack than to get stuck in a rut.
• Nobody is an expert on the future!

("The expert" tha t is you!)

These points were to remind us of the first command­
ment o f every scenario, namely that the future can­
not be "identified" through traditional methods and 
techniques, such as prognoses and extrapolations. At 
the same time, it indicates how important it is to 
focus on the abundance and allow for somewhat 
"crazy" whims so as to avoid falling into the dreari­
ness o f probability conservatism.

Who was invited and to which phases of 
the project?
We were very conscious about focusing on the 
aspect o f industry in the first gathering. The experi­
ence of the aquaculture industry and research plan­
ning in this sector was that the researchers appeared 
to dominate the discussions and the arena. W ithout 
explaining the reasons for this something which is 
clearly related to level of education, time-flexibility 
and the general conjuncture situation o f the industry 
we agreed not to invite the researchers to the first 
gathering, as a means o f counteracting precisely this 
tendency. The researchers who were present were 
however those who were already a part o f the pro­
ject group and the project secretariat. In the second 
gathering we increased the participants by approxi­
mately 20-30, o f which many came from the research 
community. The list of participants is found in one of 
the appendixes at the end o f the report.

The relation between creative brain­
storming and analytical problem solving
Every single scenario-based strategy or planning work 
process must find a balance between the creative 
phase, where new ideas and surprising perspectives 
can be expressed and the phase where one poses the 
question of where one actually wants to go and what 
we now finally should go with. When in the process 
shall one dare to th ink the original thoughts and be 
open to the big surprises? When should the vision 
and the perspectives be subjected to "a dose of reali­
ty" w ith an eye towards making happen what we 
WANT to have happen, accordingly, the chiselling out 
of strategic recommendations and priorities?

These tw o central questions were in 
"Aquaculture 2020" connected to  the different pha­
ses o f the project. Although we had a discursive and 
analytical approach throughout, it was in the begin­
ning im portant tha t this approach not become too 
dominant in relation to the need to bring out the 
creative and unconventional ideas.

"Aquaculture 2020" was made up of four gathe­
rings in all, w ith  some work before and after the 
gatherings.
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T ab ío  1_: T h e  m a in  e le m e n ts  in  tho_prec_css
G a th e r in g D a te P a r t ic ip a n ts G o a t W o rk  F o rm R c s u lt F o llo w -u p

w o rk
1 Nov.

27 ,
2 0 0 3

A pprox. 2 0 T o  d iscuss w hich  
factors and  actors  
wifi sh ap e  the  
aq u acu ltu re  
industry  
th ro ug ho u t the  
next 2 0  years .

G ro up  w ork  
and p lenary  
discussion.

5  p airs  of 
u nsys tem atic  lists 
o f factors  and  
actors.

C om bination , 
arrangem ent, 
and grouping  
into tw o lists of 
7 m ain  factors  
and 7  m ain  
ca teg ories  o f 
actors

2 Jan,
2 1 -
22 ,
2 0 0 4

A pprox. 6 0 D eve lo p  id eas  
ab o u t w h a t will 
h appen  and how  
e a c h  o f th e  actors  
an d  factors  will 
in fluence the  
d e v e lo p m e n t of 
th e  next 2 0  years.

W o rk  in 7  
g ro up s o f 7- 
8  p ersons, 
each  w orks  
with 2  pairs  
o f actors  
and factors  
and crea tes  
at leas t 6  
m ini-
scen ario s  fo r  
each .

A p p ro xim ate ly  
150 m ini­
scenarios.

R ew riting  and  
com pletion  o f 
the m ini- 
scenarios, 
d ev e lo p m e n t  
o f a m ini- 
scen ario  
m atrix.

3 M arch
16,
2 0 0 4

A pprox. 4 0 C o n stru c t 
s cen ario s  on  the  
basis  o f the 150  
m in i-scenarios .

W o rk  in 5  
groups.
E ac h  g ives a  
description  
Of the  
situation in 
th e  industry  
in 2 0 2 0 , and  
c re a te s  a 
cred ib le  
story ab o ut 
the
d eve lo p m e n t 
up to 2 0 2 0 .

5  d iffe ren t 
scen ario  
d o cu m en ts  
describ ing  5  
d iffe ren t p rob lem  
situations that 
h ave  b een  
reso lved  and  
w h ere  the  
industry in 2 0 2 0  
d esp ite  difficulties  
is a b le  to function  
well.

R ew riting  and  
co m p letion  o f 
the scen ario  
texts.

4 April
22 ,
2 0 0 4

A pprox. 3 0 D eve lo p
reco m m en d atio n s  
an d  p ro po sa ls  for 
research  topics  
an d  m a k e  
reco m m en d atio n s  
fo r w hich  
m e a s u re s  the  
au th orities  and  
industry actors  
shouid  
im p lem ent.

W o rk  in 3  
groups.

3  d iffe ren t 
d o c u m en ts  with  
p ro po sa ls  and  
re co m m en d a tio n s

R ew riting  of 
o n e  d o c u m en t 
co ntain ing  the  
w ork results o f 
all of the  
groups. 
D e ve lo p m en t  
o f a
co m p reh en s ive
su m m ary
report.

Gathering i 
Gathering 2 
Gathering 3 
Gathering 4

November 27,2003 
January 21-22,2004 
March 16,2004 
April 22,2004

The main elements o f the process are summarised 
in the table on the next page.

The participants were invited to take part in all four 
gatherings, where the gatherings should build suc­
cessively upon each other. We emphasised the 
importance of maintaining continuity from gathe­
ring to  gathering and that the participants should be 
present throughout. The first three gatherings were 
dedicated to foresight work, in other words, to diffe­
rent stages o f scenario construction while the last

went a step further and developed points o f view on 
strategic recommendations for future research priori­
ties. Here we moved across the scenarios and used 
scenario perspectives for what they were worth in 
terms of coming up w ith  unconventional, meaning­
ful, new and interesting research themes and areas. 
The result of this is a central part of this report (cf. Part I).

These gatherings have been arenas for dialogue 
and reflection about challenges and opportunities 
facing the aquaculture industry. That the results 
were carried on from gathering to gathering contri­
buted to the learning process being cumulative to 
the greatest possible extent. It was the project group’s 
task to design the programme for each gathering, 
work on and develop the material from the gathe­
rings before the next gathering and to organise the
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practical process. The members o f the project group 
functioned as group leaders and secretaries in the 
gatherings themselves, in accordance w ith  the des­
criptions above.

Start-up memorandum
Before we started w ith the first gathering we develo­
ped a start-up memorandum to create a kind of kick- 
o ff and some food for thought before the process. It 
was important that this memorandum did not have a

format that "told" the participants what is important 
and what one should focus upon. Instead o f trying to 
provide a diagnosis of the situation today, we sought 
to bring out professional dilemmas, paradoxes in the 
field and any disagreements between different actors 
in terms of what the challenges are now and the 
trends to which we are exposed.

The start-up memorandum, or the paradox 
memorandum as it was also called, is found in one 
of the appendixes at the end o f the report.

Gathering i

- Dialogue about trends, influences and 
agents of change (factors&actors)
Radisson SAS Airport Hotel, Gardermoen. 27.11.2003 
10 A M - 4  PM.

Programme
io :oo  -10:30 AM Welcome. Presentation o f the 

work w ith  large-scale aqua­
culture programme at the 
Research Council.
Lars Horn,
Research Council o f Norway

10:30-11:00 Presentation o f the foresight
methodology and plan for work 
ahead w ith  Foresight 
Aquaculture.
Erik F. 0verland,
Research Council o f Norway

11:00 -12:30 Group meeting w ith  coffee

12:30-130 PM Lunch

1:30 -  2:30 Presentation o f group works in
plenary assembly

2 :30-2 :50  Coffee break

2:50 -  4:00 Plenary discussion. Compiling of
the results from the group work.

The themes we discussed at this gathering were 
firs t and foremost which factors, trends, and deve­
lopmental features influence us today and w ill do so 
in the future, in other words, so-called factors, and 
which actors can be perceived as being able to  in flu ­
ence the aquaculture industry in the years ahead. 
More traditional scenario processes and particularly 
extrapolation and prognoses have an ugly tendency 
to under-communicate the possibilities one has to 
influence future development. One has too great a 
focus on external factors, trends and other influen­
ces tha t "wash over us" so to  speak. It is therefore

important that also the actors whose decisions and 
choices can have a great significance for the future 
of the industry are explicitly addressed in the pro­
cess. This is something o f the main idea behind the 
so-called "shaping actors -  shaping factors" perspec­
tive of Cellule de prospective o f the EU Commission 
(Bertrand&Pench, 1996), which this project is also 
inspired by.

The assignment that was discussed was broken 
down into tw o parts and both questions were ans­
wered by all of the groups.

1. Which factors can influence the aquaculture 
industry over the next 20 years? Make a list of 
the factors you th ink can have a great 
significance. Give a reason for why you think 
this is important (bullet points).

2. Which actors (decision-makers, institutions, 
companies, instances o f authority, etc.) can be 
perceived as influencing the development of 
the aquaculture industry up to 2020? This need 
not be actual actors o f today but also possible 
future actors who it is presumed w ill have a 
great importance in the time ahead. Make a list 
o f the most important actors and give a reason 
for why.

The experiences from gathering 1
The discussions were both engaged and lively. The 
main impression is nonetheless tha t one did not 
fu lly  "take off" in terms o f unconventionality and 
imagination w ith  the themes discussed. This was 
not such a surprise in tha t we in this gathering dis­
cussed factors and actors today and in the future 
and did not address the scenario construction itself. 
One assessment one should make is whether one 
needs an entire gathering/day to discuss such fac­
tors and actors. One possibility for the future is to 
connect these directly w ith  the development of the 
mini-scenarios (cf. Gathering 2).
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Gathering 2

-  Development of mini-scenarios
Radisson SAS Airport Hotel, Gardermoen. 
21-22.01.2004

Day 1 Programme

3:00 -  4:00 PM Welcome. Orientation about 
Foresight Aquaculture and 
gathering 2.

4:00 -  5:30 Group work. Factors and actors 
updating of existing materials.

5 :3 0 -6 :0 0  Break

6:00 -  6.15 Introduction to group work w ith 
mini-scenarios

6:15 -  7:30 Group work - mini-scenarios

8:00 Dinner

Day 2 Programme

8 :3 0 -9 :0 0  AM Experiences from day 1

9:00 -12:00 Group work mini-scenarios

i2 :o o - i:o o  PM Lunch

1:00 -  3:00 Group work -  mini-scenarios

3:00 -  4:00 Wind-up. Summary. Experiences. 
Further work.

Here so-called mini-scenarios were developed for 
the respective actors and factors. Mini-scenarios are 
texts o f about 1/3-1/2 a page and treat specifically 
an actor’s or a factor’s possible future. All o f the 
seven factors and seven actors from the first gathe­
ring were subject to  mini-scenario development. We 
chose to  give the groups tw o actors and factors on 
the basis o f which up to five mini-scenarios were 
developed. The point o f this exercise is firs t o f all to  
arrive at a broad span in the range o f ideas and to 
challenge the participants to th ink o f an abundance 
o f future possibilities. Psychologically (and also m et­
hodologically speaking as it were) one always has a 
tendency to make the future one-dimensional.
There is one most probable future. The logic here 
however departs from this and encourages and v ir­
tually "compels" the participants to exit from their 
mental boxes and mobilise several possible develop­
ments for one and the same phenomenon. Choosing 
five such developmental tracks further contributes 
to  creativity and imagination development. The 
work was based on the perspectives tha t were dis­
cussed in the former gathering and in the introduc­
tory group work o f gathering 2, where we had repe­

ated some of what we did in gathering 1. For each of 
the actors and factors a set o f mini-scenarios were 
developed that in the next gathering were used in 
the construction o f the five scenarios for the future 
Aquaculture industry.

The assignment text read as follows:

1. The group shall produce a minimum of 5 m ini­
scenarios about how the situation w ill be in 
2020 for the assigned actors and factors 
(cf. table above). Use the standard from the 
examples reviewed. The mini-scenarios should 
be respectively different and each should have 
a consistent/coherent structure. Give each of 
the mini-scenarios a descriptive heading. The 
group reporter writes a text o f approximately a 
1/3-1/2 page for each mini-scenario on a com­
puter (cf. distributed document). 1-2 sentences 
from each of the mini-scenarios are w ritten 
down in a flip-over format w ith  a view towards 
later plenary presentation.

Experiences from gathering 2
The experiences from this gathering were very 
positive. There was a very energetic pulse in the 
discussions and people more or less reached the 
goals o f the gathering in form ulating the texts for 
the mini-scenarios. The imaginativeness and creati­
v ity here emerged in fu ll force. Immediately after 
the gathering we had a wealth o f material that 
could serve as an extensive idea-bank for the 
remainder of the process. We also learned how 
expedient it was to  use a PC w ith  a live-feed video 
projector in the group work itself. This enabled the 
entire group to be able to see at all times what was 
w ritten and one could discuss specific formulations 
o f the respective mini-scenarios. Those we had invi­
ted, in addition to  those who had taken part in gat­
hering 1, also expressed a strong wish to take part in 
the rest of the process, something which we regar­
ded then and there as positive.
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Gathering 3

-  Scenario construction
Radisson SAS Airport Hotel, Oslo.
16.03.200410 A M - 4  PM.

Programme
10:00-10 :20  AM Welcome. Presentation o f four 

scenario sketches for the 
Aquaculture Industry in 2020.
Lars Horn,
Research Council o f Norway

Introduction to  the firs t group 
assignment.
Erik F. 0verland,
Research Council o f Norway

Group work I Situation scenarios 
(with coffee)

Lunch

Group work II 
Developmental Scenarios

Plenary discussion. Compiling of 
the results from the group work.

Here we firs t described the situation o f Norwegian 
aquaculture in 2020. We called these situation sce­
narios. We assumed tha t we have a thriv ing industry 
at this tim e but that it faces and has faced some 
significant challenges. Based on the discussion 
about factors (gathering 1), the project group came 
up w ith  five main perspectives for scenario con­
structions. This was to  ensure a broad range o f the­
mes and differences between scenarios. We also 
asked the groups to take as a point o f departure a 
specific challenge (significant difficulty) related to 
these main perspectives, cf. main perspectives and 
challenges on the follow ing page.

The work was started by going through the 
mini-scenarios, where one attempted for each actor 
and each factor to produce one or more mini-scena­
rios that f i t  w ith  the scenario constructed.

How does the aquaculture industry look? What are 
the special features o f the industry in this scenario? 
In addition to these main questions, there was a 
focus on the follow ing questions:

1. What products are produced and who buys 
the products?

2. Where does production take place, where are 
the markets located and how does transport 
occur?

3. What kinds o f companies are important in the 
aquaculture industry in Norway and what do 
they do?

4. How important are new farmed species?

5. What is the role o f the government
(or supra-national authorities) in the industry 
and how is the industry regulated?

6. What role does foreign ownership play in 
Norway and Norwegian ownership abroad?

7. Who develops new knowledge, where does 
knowledge development take place?

8. Is there a lot o f openness around key know­
ledge or is the core knowledge privatised and 
protected by patents, etc.?

9. Are genetically modified organisms (GMO) 
important for the industry? If yes, in what way?

10. Are there trade restrictions tha t are of 
significance to  the aquaculture industry?

11. ...and other questions that the group thinks 
are central!

The group itself found a name for the scenario they 
constructed. We were also careful about emphasi­
sing that the mini-scenarios were to be an aid and 
that they should not be a straightjacket. The groups 
were encouraged to cut and paste from the m ini­
scenarios and bring in new perspectives i f  they 
wished.

10:20-10:30

10:30-12:30

12:30-1.30 PM 

1:30-3:30

3 :3 0 -4 :0 0
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Main Perspectives and Challenges

Main perspective: Market
Challenge: New species
In the international fish farm ing and aquaculture industry species other than salmon and trout 
dominate in 2020. Fish from warmer latitudes that eat vegetable feed provide good, healthy and 
popular products. This production can be carried out in large volumes and at low unit costs.
The production takes place relatively close to large consumer markets.

Nonetheless, the Norwegian fish farm ing industry thrives in 2020.

Main perspective: Feed -  resources
Challenge: Lack of marine feed
In international fish farm ing and aquaculture activity the lack of marine feed is a serious bottleneck in 
the entire period up to 2020. It turns out to be impossible to maintain a sufficient level of wild catch of 
marine species despite efforts to harvest krill and establish capture of other species at a lower trophic 
level. The feed manufacturers can thus only produce conventional feed at a very high cost.
Products based on such feed are not good quality.

Nonetheless, the Norwegian fish farm ing industry thrives in 2020.

Main perspective: Competence development
Challenge: Society rejects use of genetically modified organisms
Limited access to marine feed raw materials makes it interesting to use genetic technology to develop 
variants of bred species that can eat other feed. At the same time, genetic technology can be used to 
develop raw materials other than marine for feed. The research investment is goal-oriented and comes 
up w ith  good solutions. However, the opinion is unilaterally negative regarding use of genetically 
modified organisms in feed and it turns out that there is not sufficient demand for products based on 
modified genetic materials.

Nonetheless, the Norwegian fish farm ing industry thrives in 2020.

Main perspective: Sustainable development
Challenge: Climatic and environmental problems change Norway’s nature-given conditions for aquaculture. 
Considerable climatic changes take place in the period up to 2020. Environmental pollution increases 
while at the same tim e increasingly more stringent requirements are imposed for clean and safe food, 
both on the part of the public authorities and the consumers. Considerable incidences of heavy metals, 
radioactive materials and other toxic substances in 2020 make for serious problems for fish farm ing 
along the Norwegian coast.

Nonetheless, the Norwegian fish farm ing industry thrives in 2020.

Main Perspective: Policy
Challenge: Liberalisation and industry-neutral policy
The leading research and industry policy in Europe and in Norway is run according to the principle that 
public authorities must have a distanced and as neutral a role as possible as a regulator and controller 
o f research and industry activities.

Nonetheless, the Norwegian fish farm ing industry thrives in 2020.
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Experiences from gathering 3
Before gathering three we developed a set of guideli- cular focus on the roles of the group leader and the
nes for the procedure of the group work w ith a parti secretary. This procedure is described in the following:

Guidelines for scenario construction
-  Some basic steps in  the group leader/group secretary’s work

The list of actors and factors created in gathering 1, the mini-scenario gathering and the mini-scenario 
matrix comprise the basis for the scenario building. This will be distributed to /sent out to participants 
in/before the meeting.The group problems will be distributed at the meeting.

A visualisation of what the group assignment consists of can take as a point of departure the mini-sce­
nario matrix. (See illustration below.) The point is to connect one or more squares (mini-scenarios) in each 
column (for each factor and actor type) w ith an adjoining and plausible story. We are not looking to create 
the most probable scenario but they are to be unconventional: by this we mean that they shall:

-  Be thought-provoking
-  Be logically consistent
-  Contain an element o f surprise

Group work
The point o f departure that is outlined in the group assignment is expressed through two/three m ini­
scenarios (in group 1 this is the market + one elective "crisis" from another factor/actor). It is important 
to  explain this w ith  the ambition o f creating different scenarios and that one shall address at least two 
types of problems/crises/challenges. An example of such a starting point is marked o ff in the matrix 
(the mini-scenario space w ith  a thick fram e/ orange colour). Each group is free to choose their starting 
point, but w ill also receive a proposal for a starting point.

The groups in other words take as a point o f departure either the text proposed or another that
they develop themselves and elaborate on this. When the firs t starting point has been determined, we 
move on to the mini-scenarios/matrix to find suitable mini-scenarios tha t w ill f i t  w ith  the chosen sce­
nario starting point. In the table below the mini-scenarios chosen are marked in blue.
M ini-scenario m a trix Fi F2 F3 F4 F5 F6 F7 Aí A2 A3 A4 AS osv

M ini-scenario m a trix

The groups otherwise have complete freedom to create new mini-scenarios or change the existing mini­
scenarios (by re-writing, cutting-and-pasting a cross-section of mini-scenarios or editing in another fashi­
on). We will work w ith the situation scenario until we achieve a more or less consistent picture of the situ­
ation in 2020 (but for no longer than 1.5-2 hours or corresponding w ith what we have specified for group 
work 1). In group work 2 it is important to elucidate the strategic choices made, who has made these and 
the repercussions these have had for the development of the individual scenarios. Here it is good to work 
according to the questions. Try to  be concrete, in other words, use statements such as "in 2008 the 
Ministry of Fisheries, the Ministry of Agriculture and the Ministry of Trade and Industry were merged. This 
led to a new way of thinking about innovation policy measures in terms of former primary industries, fis­
hing, aquaculture, agriculture, etc. that are unprecedented in recent times...first...secondly,...etc."
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Summarised:
Assignment One (situation 2020)
- W ith a point o f departure in the perspective chosen by the group, such as new species become 

increasingly more dominant, the group goes through the matrix o f mini-scenarios and the m ini­
scenarios for each factor and actor tha t are relevant to the group’s future perspective is marked off.
In purely practical terms this is done by displaying the mini-scenario matrix on the overhead and 
marking o ff choices as the group discusses. This part of the work takes about 30 minutes.

- The group now starts the task of constructing the main features o f the situation in 2020. Start by 
finding out which products dominate the market for Norwegian aquaculture and what the most 
im portant markets are -  who are the buyers? The next element is what kind of companies are impor­
tan t in the industry. Then fill in the entire picture and use the questions in problem 1 in this work 
(about 90 m inu tes-the  secretary will then have an element description). The questions are important 
clues and also signal the themes we want the group to address. They are o f course not exhaustive.

- Write an introductory paragraph -  what is the scenario about (see the outline -  w ritten as a group, 
about 30 minutes). The point is to  clarify the scenario (the secretary has an introductory text about a 
page long). Give the scenario a heading tha t can incite interest and attention and/or hook the reader.

Assignment Two -  Development up to 2020
- Here comes the story about (elective text)...use elements from the mini-scenarios for inspiration. 

There are to be drafts (secretary) of what different actors have done along the way (about 90 minutes).
- Create an analysis or diagnosis o f why what happened, happened main elements (about 30 minutes).
- Take an explicit point o f departure in the questions o f assignment 2 the research, the industry and 

the public authorities adapt the development story in relation to  these questions (about 60 minutes).

After 3rd gathering: Group leader and secretary are responsible for w riting the scenario. Possibly in col­
laboration w ith  1-2 group members. The scenario is sent to  the rest of the group for a brief period for
comments.

The primary tasks o f the group leader:
- Structure the work in relation to the group assignments and outline for the scenarios
- Watch the time
- Stimulate the dialogue
- Ensure that everyone is heard
- Maintain an analytical stance -  it is important to give reasons

The task o f the group secretary in the gathering is to:
- Assist the group leader
- Write down the main elements

It however turned out tha t in spite o f the extensive 
planning of the group work and review o f the func­
tions that the group leaders chose different ways to 
carry out the work. The secretaries now worked pri­
marily w ith  a pc connected to  a screen but the 
depth o f the texts also varied somewhat. The chal­
lenge is to  produce text sequences there and then 
tha t exceed merely copying the different relevant 
mini-scenarios. The goal is for the scenarios to serve 
as consistent and comprehensive texts. It was also 
pointed out tha t too little  tim e was spent on the 
developmental scenarios. Although one will always

run out o f tim e in such processes, this is an impor­
tan t lesson to  take along. In tha t it is in the develop­
ment strategies tha t the strategic choices and con­
sequences o f these can be made visible, it is also 
important to provide sufficient tim e to th ink this 
through in an expedient manner. Now the develop­
ment tracks, in other words, the development from 
today up to 2020, were a central part o f the discussi­
ons throughout, also during the discussion o f the 
situation scenarios. It is however nonetheless impor­
tan t to have the tim e to address this point explicitly 
and in a thorough manner.
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Gathering 4

- Strategic recommendations and measures
Radisson SAS Airport Hotel, Gardermoen.
22.04.2004 9:30 -17:00

Programme
09:30 -  io :oo  AM Welcome and introduction o f the 

day’s group work.

io :o o -1 :3 0  PM Group work

1:30- 2:30 Lunch for all participants

2 :3 0 -4 :3 0  Group work

4 :3 0 -  5:00 Summary and brief presentation
of tw o examples from the day’s 
work from each group.

Winding up.

Here we discussed what possibilities and challenges 
we can see outlined in the scenarios. Which o f these 
can be solved by R&D measures, what kind o f R&D 
measures would this then involve and w ho/what 
are the influences behind /  causes o f this?

Experiences from gathering 4
Here we worked w ith  a cross-section o f the scenarios 
and looked for interesting research topics, input to 
what the public authorities should do and which 
responsibility the industry itse lf had. This worked 
reasonably well, although many had the feeling of 
not having "caught everything" or tha t there were 
things o f importance tha t were not included. This 
feeling o f not having "caught everything" is in 
terms o f process psychology a feeling tha t is d iffi­
cult to  avoid. On the one hand this is a good sign, in 
tha t it attests to  both engagement and thorough 
consideration o f the relevant issues and problems. 
On the other hand, this feeling should not be the 
dominant feeling in tha t it also reflects a situation 
where essential perspectives are in fact missing.

Summing up of Experiences

Through the foresight process in aquaculture we 
feei tha t we have achieved a relatively acceptable 
consensus regarding important perspectives and 
priorities. Everyone involved has experienced the 
process as both stimulating and very exciting. It has 
also been in part very strenuous. Some of this must 
be due to the fact tha t "Aquaculture 2020" is the 
firs t foresight project the Research Council of 
Norway has been responsible for directing, so there

are good opportunities for making more efficient 
parts o f the process when foresight is to be carried 
out in other areas. In addition, it is quite clear that 
most of the participants have experienced the pro­
cess as both positive and interesting. A seminar 
exercise, carried out by three students from the 
Institute o f Business Administration who also took 
part in large portions o f the process, documents in a 
good way the participants’ views on the process 
contents and form (Project Assignment in Master of 
Management Programme/Scenario learning 
2003/2004 MAN 21271).

More than 90% of the participants found the 
process to be extremely interesting and more than 
60% were also o f the opinion that the project was 
important for the aquaculture industry’s future. It 
also turned out that the group leader function is 
very im portant and an even greater focus on/review 
of the group leader role before the scenario proces­
ses was recommended. The importance o f having 
good group secretaries who used tools making what 
they write accessible to the group in the course of 
the discussion was also pointed out. This was how­
ever followed up to a large extent, in tha t the group 
secretaries for longer segments o f the process used 
laptop computers connected to a live-feed video 
projector. In this way the entire group could fo llow  
what was w ritten and comment upon this "online". 
Although the study was carried out before the pro­
ject was concluded, it provides an extremely good 
report o f the atmosphere and a good picture o f how 
people experienced the process. Such attitudes have 
now also found expression later in the process, most 
recently now in the work w ith  completing the final 
report.

An open virtual process was also carried out 
along the way, where all those who wished could 
take part w ith  input over the Internet. This contribu­
ted mostly to  comments of a more corrective nature. 
In this foresight process engagement and enthusi­
asm were generated firs t and foremost in the 
encounter w ith  other people.

Good processes shall also contain a reasonable 
portion o f self-critique. One o f the most important 
lessons is perhaps the importance of daring to  relin­
quish the arena to  the participants and not to be so 
worried about the participants’ not discussing "the 
right things". In the project group we have had dis­
cussions about how much we should "control" the 
thematic focus. Even though the project group’s 
conclusion was clearly in the direction of not wan­
ting  to  provide too much guidance, we could per­
haps have done even better here. Particularly the
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discussion before gathering 3 (the scenario construc­
tion) is an example o f this.

In addition to  these process-related results we 
have produced a range o f perspectives that in all 
probability would not have been made visible 
through more conventional methods.

Challenges along the way
The most central challenges along the way can be 
summed up by the follow ing points:

• Know what one shall do when.

• Have the group leader role and secretary role 
defined in a good and comprehensible manner.

• Do not succumb to the temptation to analyse 
and discuss the process "to death". Develop a 
genuine dialogue where the participants feei 
they are taken seriously.

• Find a good transition from the creative phase 
to the discussion of future prioritisations and 
strategic recommendations.

• Include perspectives from "others" besides the 
established research communities w ith in  the 
aquaculture field, e.g. from technology 
communities, marketing, etc.

What we were good a t

• Awakening interest and enthusiasm

• Getting the participants talking and engaged 
in the dialogues

• Generating a significant amount o f w ritten 
material

• Good situation-specific analysis afterwards

What we can improve

• Be clearer about the roles earlier in the process

• Provide more tim e for work w ith  the 
development scenarios

• Make some of the discussions more efficient 
before the gatherings

• Dare to  leave more to  the participants 
(cf. paragraph above)

• Combine the material from the gatherings 
w ith  a more comprehensive analysis o f the 
field as such

• Do better in inducing other sectors to be heard 
in different phases o f the process
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The aquaculture of the future 
-  start-up memorandum
In the foresight process for aquaculture we want to 
trigger discussion and reflection. We want to  look 
ahead, evaluate alternative directions the develop­
ment may take and look at the opportunities 
Norwegian actors have to shape the future o f the 
industry. The central aspect o f a foresight process is 
not to decide what is probable or to calculate what 
the future situation w ill be, should the trends we 
observe today continue to have an influence into 
the perceivable future. The goal is to use creativity 
and imagination, along w ith  the participants’ own 
knowledge about the aquaculture industry (and 
other industries) to create alternative images, pro­
bable as well as improbable, of how the future 
might be and how we m ight wish for it to  be.

A significant investment has already been made 
in the analysis of the development of the aquaculture 
industry and to  understand the situation o f the 
industry today. In relation to handling the future, 
such analyses can when seen in isolation appear 
somewhat retrospective. But it is important to learn 
from history and the experiences gained.

In the follow ing we have created some text frag­
ments that indicate a few  of the many important 
challenges that are central for the aquaculture 
industry today. We pose some questions for which it 
is not yet easy to find a clear or unambiguous ans­
wer. We present them as a source of inspiration and 
as basis for further reflection and discussion.

Should actors be open about core knowledge 
and new technology?
The aquaculture industry was originally propelled 
forward by entrepreneurs who, through practical 
experience and experimentation, produced equip­
ment and fish farm ing methods tha t functioned 
well. They used knowledge and tools that they 
thought were interesting and experience from other 
industries was extremely important. The culture in 
the emerging industry was characterised by open­
ness and a willingness to  help one another.

Norwegian fish farm ing companies have corres­
pondingly carried knowledge along w ith  them abro­
ad and established fish farm ing on the basis o f tech­
nology developed in Norway while supplier compa­
nies have launched their products on international 
markets.

A number o f companies have worked at protec­
ting  their special knowledge through patents, regis­
tered designs or secrecy, because they view their

own core competence as a crucial competitive 
advantage.

Openness w ith  regard to  knowledge and tech­
nology can lead to innovation in an industry becau­
se news spreads fast. At the same time, openness 
can be "naive" in the sense tha t actors in a competi­
tion situation lose competitive power in relation to 
others by sharing their best ideas w ith  others. 
Norway as an aquaculture nation can perhaps lose 
its leading position should individual actors export 
key knowledge to  realise for themselves short-term 
financial gain.

W hat does the development o f  the aquaculture 
industry really create in the long run? W hat adapta­

tions should be carried o u t so self-interest and com­
mon good w ill coincide in the long-term? W hat types 
o f  actors w ill lead the industry in the fu tu re  and w ha t 
are the conditions fo r  the ir being able to manage in 
the in ternational competition?

Is tbere enough innovation and is the innovation 
progressing in the right direction?
The aquaculture industry is said to be an innovative 
future-oriented industry. At the same time, there are 
some sceptics also w ith in  the industry itself who 
claim tha t the industry is not innovative, or that it is 
far from being innovative enough. It is claimed that 
one even w ith in  the large groups to  far too great an 
extent hangs on to  established practice and that the 
key added-value processes still are based on practi­
cal animal technician knowledge, where it should be 
based on a much stronger scientific knowledge 
base. It has also been claimed that the industry is 
too introverted, preoccupied w ith  optim ising estab­
lished processes and tha t it lacks imagination and 
drive w ith  regard to acquiring knowledge and tech­
nology from other industries and establishing 
radical new solutions.

How w ill this be in the fu tu re?  W ill im portan t pro­
blems -  such as w ith  disease -  eventually be handled 
in a good way by an industry th a t functions more or 
less the way i t  does today or w ill the actors have to  
invest in other ways than today w ith  regard to inn ­

ovation? Can knowledge and technology fro m  other 
industries come to create significant changes in the 
aquaculture industry in the long view?

Will we have other types of actors in the future 
aquaculture industry?
The grounds for central group formations in the 
aquaculture industry have been explained as based
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on the wish for realisation o f economies o f scale and 
the building of market power through control over 
the production side, but evidently to a lesser degree 
the wish for greater strength so as to be able to 
carry out development projects and innovation. 
Through license legislation and on the basis of regi­
onal policy and environmental policy considerations, 
production has taken place on a small scale in small 
installations scattered along the coastline.

Will the fu tu re  aquaculture industry be characterised 
by companies th a t prioritise and function in ways 
th a t d iffe r from  today’s large and small companies? 
Will we find  the current division o f  roles between fish 
farmers, suppliers and research communities in the 
aquaculture industry in 15-20years?

Shall products from the aquaculture industry be 
brand-name products on the grocery store 
shelves or should the industry endeavour to 
produce a bulk-based input product for, 
primarily, foreign food production?
The question of what kind of basic product salmon 
really is (e.g. can salmon be regarded as a domestic 
animal) can have suppressed another important 
question: for which kind o f food article production 
can aquaculture provide a basis? Norway has proud 
industrial traditions in the process industry sector 
and has even longer traditions as an exporter of 
fish. On the other hand, one finds the agricultural 
sector and the strangely Norwegian lack o f an 
export-oriented food article industry. Agriculture is 
also engaged in standardised production, but on a 
small scale and for a rather closed domestic market.

The activity w ith in  aquaculture seems to a rat­
her large degree to have been formed in keeping 
w ith  this historical starting point. Salmon and trout 
have been exported as bulk products, in large quan­
tities and in standard qualities.

Will the fu tu re  aquaculture industry be able to  turn  
this image upside down? Will new  industries such as 
agriculture and the food article industry be in a posi­
tion to take pa rt in fish farm ing? Can we envision the 
development o f  an export-oriented food industry in 
Norway in the same m anner as in Denmark, but 
based on raw  materials from  aquaculture?

W ill aquaculture be sustainable in relation to 
the environment in the long-term?
Access to suitable feed substances from the ocean is 
limited. The net result is salmon and trou t farming 
as a consumer of food resources for humans, not a

manufacturer. Political processes, not least in inter­
national forums, can lead to regulatory and political 
changes tha t w ill make it, economically speaking, 
crucial to organise production and consumption in 
sustainable ways.

Will considerations fo r environm entally-friendly 
aquaculture lead to p ro fita b ility  in the aquaculture  
industry being placed under increasing pressure? Can 
other areas o f  knowledge and new  technologies besi­
des those th a t are today used in aquaculture come to 
create substantial changes in th is area? Can the enti­

re concept o f  intensive fish fa rm ing  tu rn  ou t to be 
unsuccessful fo r the aquaculture industry? Can i t  be 
th a t "sheep on m ountain pastures" w ill prove to be a 
more correct m etaphor fo r w ha t aquaculture should 
be about than "cows in a pen "?

W ill intensive aquaculture in the future be able 
to continue to deliver attractive products?
Closely connected to  environmental sustainability is 
the question o f market attractiveness. It seems to 
be necessary to  use new knowledge and new tech­
nologies to  arrive at larger production volumes and 
new efficiency gains in order to achieve continually 
more rationalised production. It can be relevant to 
generate genetically modified species both as far­
med species and as feed organisms.

Will such a development, should i t  be, technically 
speaking, successful, create the basis fo r a vita l 
industry or w ill i t  on the contrary result in fish farm ing  
products’ losing the ir reputation fo r being healthy  
and natura l and in this w ay undermine the industry’s 
possibility fo r success in the market fo r food articles 
fo r end-users in the long-term?

New development based on increased market 
knowledge?
Today’s aquaculture industry is, as pointed out earli­
er, to a large extent oriented around production and 
around improving and making efficient production. 
The market side, contact w ith  the end-user markets 
and actively working towards developing new pro­
ducts in collaboration w ith  end-users has been little  
emphasised.

Will the fu tu re  aquaculture industry have to base 
its e lf on direct contact w ith  end-users and more com­
petence about the end-users’ needs than the aquacul­
ture industry’s actors o f  today? Can a viable aquacul­

ture industry also in the fu ture  base its e lf on sales via 
intermediaries and w itho u t product development
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strategies established on the basis o f  advanced com­
petence on the consumers and the development o f  
consumption patterns? What kind o f  changes can be 
expected in the industry, i f  this is n o t the case?

W ill the public authority "troll" explode when 
exposed to the light of day?
The framework conditions for the aquaculture 
industry are developed in a political system divided 
into sectors. The instances of authority in different 
areas influence the framework conditions for the 
aquaculture industry based on the considerations 
that are im portant w ith in  each area o f competence. 
Regulations can have paradoxical effects. They can 
be sensible, seen in the light o f some considerations 
but extremely unfortunate seen in relation to 
others. Today’s government is working on develo­
ping a more comprehensive innovation policy and is 
trying to change the administration so tha t collabo­
ration w ith  the industry becomes simpler and more 
constructive and better suited to  achieving a positi­
ve industry development in the future.

Will the aquaculture industry o f  the future have 
another relation to the public authorities than the 
industry does today? Will the public au thority  level 
look s ignificantly d ifferent than i t  does today? What 
type o f  development could be desirable?

The memorandum is w ritten by:

Finn 0 rstavik
STEP -  Centre for Innovation Research 
Hammersborg torg 3 
NO-0179 Oslo
E-mail: finn.orstavik@step.no 
Version: November 17, 2003
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Factors
Market

Safe food in an unsafe world
C ontinued period o f scandals in th e  m eat industry. We have u n fo rtu n a te ly  experienced seve­
ral env ironm en ta l scandals th a t have created new  u n ce rta in ty  on th e  pa rt o f th e  consumer. 
Sc ientific  d ocum en ta tion  shows th a t fa rm ed  fish  is safer to  eat th a n  w ild  fish . N orw ay has 
cons is ten tly  m anaged to  d o cum en t th a t N orw eg ian  fa rm ed  fish  has been and is pure and 
healthy. We lead th e  w o rld  in c lassifica tion  o ff is h  and fish -p ro d u c t qua lity .T he  in dus try  is 
un ified  behind a na tiona l m a rke ting  o f fa rm ed  products w ith  a na tiona l b rand ing  p rog ram ­
me and th is  p rogram m e has received in te rn a tio n a l acceptance. N orw eg ian  salm on is th e  oce­
an's "Parma H am ".The coastal w a te rs  are clean, th e  prob lem s w ith  po llu tio n  have been redu­
ced, rad ioac tiv ity  fro m  Russian vessels and sunken /dum ped reactors are n o t a problem . The 
fish  fa rm in g  in d u s try  fu n c tio n s  w e ll w ith in  th e  new  and s tr ic t in te rn a tio n a l to le rance  levels 
fo r  extraneous m a tte r th a t have been established.

New fish farming species from other latitudes dominate
C om peting  species fro m  w a rm e r regions have com e to  stay.T ilap ia has ousted th e  tra d it io n a l 
N orw eg ian  fa rm ed  fish . O the r coun tries  succeed in th e ir  fish  resource a d m in is tra tio n  and 
ensure in th is  w ay a susta inab le  and extensive harvesting  and m anu fac tu re  o f w ild  fish  and 
w ild  fish  products. O the r coun tries  p ro tec t th e ir  fish  and th e  trade  reg im e has progressed 
away fro m  th e  libera lisa tion  th a t was th e  trend  20 years before. N orw eg ian  food cu ltu re  has 
become m ore Am erican-ised and N orw eg ians are to  a large e x te n t ea ting  th e ir  w ay in to  poor 
hea lth .The  aquacu ltu re  in dus try  has adapted and has a sm a lle r p roduction  vo lum e th a n  pre­
viously. Specialisation o f com panies is s trong. A ir tra n s p o rt fro m  th e  East and Am erica is cen­
tra l. We e xp o rt feed com petence and are s im u ltaneous ly  g lobal leaders in fry  p roduction . We 
have by 2020 developed some N orw eg ian  brands th a t are used fo r  m a rke ting  in te rna tiona lly .

New focus on the domestic market
The fish e ry  in dus try  has in 2020 focused on th e  dom estic  m arke t in a com p le te ly  d iffe re n t 
m anner th a n  previously. It is no longer all abou t s im p le  food -fish  p roduction  fo r  export. 
N orw eg ians have become fish  fe inschm eckere. The N orw eg ian  chefs are in te rn a tio n a l fish  
p ioneers.The N orw eg ian  consum ers have become d em and ing  fish  custom ers. Fresh fish  is 
available th ro u g h o u t all o f Norway. Previously th e  postu la te  was th a t a fresh fish  is noble and 
th a t it  in rea lity  canno t be refined. N ow  a s ig n ifica n t po rtion  o f th e  added-value in th e  indus­
try  is connected w ith  p roduction , d is tr ib u tio n  and sale o f refined p roducts.The actors in 
N orw ay have recognised th a t one m us t succeed in th e  sale o f  refined products in N orway 
before one can m anage to  m arke t refined products abroad.

Global market for fresh and cleaned, de-boned fish
N orw eg ian aquacu ltu re  operates in a w o rld  m arket and sells large vo lum es o f h igh q u a lity  
fresh fish .T he  m arke ting  is based on th e  p roduct be ing a pure p roduct fro m  a p ris tine  nature. 
The in d u s try  has an ex trem e ly  w e ll developed log istics system all th e  w ay to  th e  consumer. 
There are fre q u e n t deliveries, o ften  several tim e s  a day.The m anu fac tu re rs  have closer con tact 
w ith  th e  sales link  to w a rds  th e  consum ers. Production takes place on th e  basis o f g lobal con­
trac ts  and sale o f sa lm on occurs to  a large e x te n t to  m u ltin a tio n a l sales and d is tr ib u tio n  
com panies such as "Ahold".

Force of gravity scenario
N orw ay is p r im a rily  a supp lie r o f fresh, unprocessed fish  and th e  N orw eg ian  fish  fa rm in g  
in dus try  is th e  w orld 's  m ost e ffic ie n t m a n u fa c tu re r o ff is h . But N orw ay is located to o  fa r away 
fro m  th e  m arkets. The pe tro leum  econom y characterises th e  N orw eg ian  popu la tion  and th e  
cost level is to o  h igh .The  large m u ltin a tio n a l com panies dom in a te  and w a n t to  operate th e  
p roduction  and m arke ting  o f all fish  close to  th e  end-users (consum ers).They bu ild  up th e ir  
ow n brands.The p roduction  o f refined products is by order, and takes place close to  th e  custo ­
mer. A ll fu r th e r  processing takes place ou ts ide  o f  N orw ay in 2020.

We process fish  on ly w here  it can by done by machine. No re fin ing  or add ing  o f substances 
is done as the re  are still du ties imposed on such refined products. We there fo re  expo rt on ly f i l ­
le t and round fish . We also process rem nants and make special products fro m  th is  in Norway.

"Norwegian salmon is 
the ocean’s 

"Parma Ham".’’

"Norwegians have 
become fish 

feinschmeckere.’’

"...the Norwegian fish 
farming industry is 

the world’s most 
efficient manufacturer 

offish.
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"In 2020 the industry 
is profitable and 

stands on its own 
two feet."

"Norwegian Crown”
The N orw eg ian  aquacu ltu re  in dus try  exports  fresh sem i-m anu fac tu re  products according to  
custom er-spec ifica tions abroad, w here  products are fu r th e r  processed. N orw ay has developed 
an ex trem e ly  high level o f com petence w ith in  food a rtic le  te ch n o lo g y  and p roduct deve lop­
m ent. A fe w  regional s laughterhouses are in opera tion . O perations are around th e  clock so 
th a t th e  cap ita l costs are low .The fish  are cu t up accord ing to  specifica tions fro m  d iffe re n t 
custom ers. N orw ay is a brand p roduct supplier. By-products are processed in N orway.They are 
used in th e  pharm aceu tica l in dus try  and th e  oil and meal industries, w h ile  sw im  bladders are 
exported  to  China. The in d u s try  has developed an advanced te ch n o lo g y  and an advanced sys­
te m  o f d is tr ib u tio n . End processing takes place close to  th e  consum ers. Production is ex tre ­
m ely e ffic ie n t and on ly  a very sh o rt t im e  passes fro m  th e  tim e  o f s laugh te r to  fin a l packa­
g ing. N orw ay is one o f  th e  w orld 's  largest suppliers o f "sem i-m anu fac tu red " fish .

The Bonanza scenario
We are in th e  EU and sell large q u a n titie s  o f round and processed fish  and fish  products. 
Eastern Europe and China dem and fa rm ed  fish  in large volum es. Fish are recognised as being 
th e  hea lth ies t food p roduct one can consum e in th e  da ily  d ie t.T he  w o rld  popu la tion  is g ro ­
w in g  even m ore rap id ly  th a n  previously and the re  is an ever-increasing dem and fo r  fish .T he  
governm ent's  en te rin g  as a large-scale ow n e r in periods has solved th e  cap ita l p rob lem  in th e  
industry. In 2020 th e  in dus try  is p ro fitab le  and stands on its ow n tw o  fee t.T he  in dus try  is per­
ceived as an e n v iro n m e n ta lly -fr ie n d ly  in dus try  and m eets all th e  centra l requ irem ents  posed 
by in te rn a tio n a l custom ers. We have prob lem s m ee ting  th e  large dem and.The  consum er is 
preoccupied w ith  good hea lth  and is the re fo re  w illin g  to  pay a high price fo r  th e  fish .

Natural trade - the new common currency
The new  trend  in 2020 is na tura l trade .T h is  w ill become th e  new  g lobal currency, experts  pre­
d ic t. Goods are traded fo r  goods and th is  w ill make th e  euro, do lla r and yen to  an increasing 
e x te n t superfluous. In 2020 already 10% o f  all food sale is organised by w ay o f such trade  
agreem ents. As an exam ple, all f r u i t  and vegetables im po rted  to  N orw ay are paid fo r  by de li­
veries o f N orw eg ian  seafood, especially aquacu ltu re  products (salm on, fa rm ed  cod and oys­
ters). D airy p roducts and m eat are "exchanged" fo r  seafood deliveries to / fro m  D enm ark and 
Germany. N ature-g iven cond itions  and nature-g iven p roduction  capab ilities  become more 
and m ore essentia l to  how  food is produced.The UN has already set up a special council th a t 
s tipu la tes  th e  equ iva len t value o f d iffe re n t food products. M ore and m ore countries jo in  th is  
council o r fo llo w  th e  recom m endations o f th e  council. The dow nside  th u s  fa r has been an 
o ngo ing  increase in disease prob lem s in connection  w ith  increasing ly larger areas w ith  in te n ­
sive m onocu ltu res. A counte rm ove  aga inst th is  is th e  in tro d u c tio n  o f d isease-resistant g e n e ti­
ca lly m od ified  organ ism s (GMO).The N orw eg ian -ow ned  GenTec AS has patented genes fro m  
cod, sa lm on, oysters and sheep and an tic ipa tes a d ram a tic  revenue increase fro m  extensive 
sales o f licenses.

Arab countries and salmon
The N orw eg ian  fis h -fa rm in g  sector has experienced a fo rm id a b le  deve lopm ent and has 
con tin u o u s ly  penetra ted new  markets. In 2020 fish  fa rm in g  products are d is tr ib u te d  in areas 
w h ich  20 years previous w ere com p le te ly  inconceivable. C ontro l o f  p roduction  and new  deve­
lopm ents  w ith in  b io techno logy  have led to  being able to  d is tr ib u te  fa rm ed fish  in up to  30°C 
tra n s p o rt tem pera tu res .T h is  is m ade possible th ro u g h  a feed deve lopm ent w here  na tura l 
add itives in th e  feed arrest th e  enzym e a c tiv ity  and ox ida tion  o f  th e  dead fish . (Example: inh i- 
b itive  cu ltu res such as lactic acid bacteria o u s t/k ill pa thogen ic  bacteria.) N orw eg ian  patents! 
In add ition , kosher-approval is in troduced as a pa rt o f  th e  N orw eg ian  standard. H igh te m p e ­
ra ture d is tr ib u tio n  and kosher-approval have led to  enab ling  th e  d is tr ib u tio n  o f N orw eg ian  
sa lm on in m arkets w ith o u t re frige ra ted /frozen  good d is tr ib u tio n . Ler0y sa lm on is reported 
d is tr ib u te d  by camel in Ethiopia.

Norwegian grocery store chains reopen the European market
In th e  period fro m  2004  up to  Norway's becom ing a m em ber o f EU in 2016, an ongo ing  de te ­
rio ra tion  o f th e  s itu a tio n  fo r  N orw eg ian  actors in th e  fish e ry  in dus try  occurred. Up u n til FISH- 
PACK open ing  its new  centra l fa c ility  in Oslo last year (2019) the re  has also been a cool re lation 
be tw een th e  N orw eg ian  fishe ry  in dus try  and th e  N orw eg ian  co m m o d ity  trade  chains.
Both because th e  chains have fe lt  snubbed by th e  in d u s try  com pared to  th e  Asian m arkets 
b u t also because it has no t been possible fo r  th e  chains to  invest in fresh seafood before 
FISHPACK opened. This new  m odel opens up fo r  com p le te ly  new  poss ib ilities  w ith  regard to
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supp lie r co llabora tion , log istics and m arke ting . W hen W HO presented its report on th e  con­
nection betw een ocean te m p e ra tu re ,fish  hea lth  and hum an health , th e  dem and fo r 
N orw eg ian  fa rm ed  fish  increased once again in Europe. As an aid in th e  m arke ting  w o rk  in 
Europe, th e  N orw eg ian  fishe ry  in d u s try  is f in a lly  receiving solid assistance fro m  th e  
N orw eg ian  grocery store chains. These see th a t by n e g o tia tin g  to g e th e r w ith  th e ir  European 
sister-chains th e y  achieve fa r be tte r prices th a n  th e y  do on th e ir  ow n .T h is  ensures the  
N orw eg ian  fish  fa rm in g  in dus try  large vo lum es a t acceptable prices and both sellers and buy­
ers w in . N orw eg ian  fish  fa rm ers  expect large gains fro m  th is  new  a lliance and expect th a t 
N orw eg ian  sa lm on w ill again be a favou rite  on th e  European m arket.

Animal welfare requirements revolutionise the fishery industry
The large in te rn a tio n a l an im a l w e lfa re  o rgan isa tions have achieved a s ig n ifica n t response to  
th e  a llega tion  th a t tra d it io n a l fisheries are cruel. This has led to  a re a d jus tm en t o f  th e  fis h e r i­
es, to  live up to  th e  m arket's requ irem ents  fo r  m ore hum ane fis h in g  m ethods. For a num ber 
o f years d u rin g  th e  period before 2020 the re  has subsequen tly  been a d ram a tic  decrease in 
th e  access to  feed raw  m ate ria ls  fro m  th e  fisheries .The  aquacu ltu re  o f today  is the re fo re  
a lm os t exclusive ly based on vegetab le  raw  m ate ria ls .The  w e lfa re  requ irem ents  have also ga i­
ned fu ll force w ith in  th e  aquacu ltu re  in dus try  and fish  fa rm in g  m e thods and hand lin g  and 
s laugh te ring  processes have been com p le te ly  a lte red .Th is  has also had s ign ificance fo r  th e  
a d m in is tra tio n  and regu la tion  o f th e  industry. A m ong  o th e r th ings , th e  requ irem ents  fo r 
m a x im u m  p e rm itte d  space have been replaced by a regu la tion  o f  m a x im u m  p e rm itted  pro­
duction .

Free Choice
Due to  an increased need fo r  pene tra tion  o f e x is tin g  p roduct segm ents, th e  N orw eg ian  aqua­
cu ltu re  in d u s try  has been ob liged to  carry o u t a large a m o u n t o f p roduct deve lopm ent. It is 
years since th e  consum ers have been able to  and w an ted  to  id e n tify  w h ich  pa rt o f  th e  fish  
th e y  w ere eating . Seafood-based food artic les are now  in 2020 found  in all kinds o f varia tions, 
w h e th e r it is a m a tte r o f a w id e  va rie ty  o f  extruded portions, fin g e r food sold a t petro l s ta t i­
ons, or diverse kinds o f sandw ich  spreads.Through successful p roduct deve lopm ent, the  
aquacu ltu re  sector's actors have succeeded in g e tt in g  fish-based products in to  m ost p roduct 
segm ents.There is "free choice" w ith  regard to  w h ich  seafood products th e  consum ers w a n t 
to  eat. O nly 20 years ago th is  was com p le te ly  un th inkab le ! An im p o rta n t aspect o f  th e  deve­
lopm en t th a t has taken place is th a t all fu r th e r  processing has been moved ou ts ide  o f 
N orw ay and takes place close to  end-users. N orw ay fo r  its pa rt has established a new  indus­
try  based on th e  by-products, w h ich  the re  w ill be an abundance o f as long as th e  m ost im p o r­
ta n t e xp o rt p roduct in th e  tra d it io n a l fishe ry  and fis h -fa rm in g  in d u s try  rem ains tr im m e d  f i l ­
lets o f f is h  m ea t.T h is  advanced residual product-based, processing in dus try  is am ong  o the r 
th in g s  th e  supp lie r to  th e  w orld 's  largest tas te  and ing red ien t g roup  de live ring  add itives to  
th e  food a rtic le  in dus try  w o rldw ide .

Diversification and product development
The N orw eg ian  sa lm on indus try  has fro m  2003 and up to  2023 experienced an ongo ing  deve­
lopm en t w here  one has a t all tim e s  w orked to w a rds  gene ra ting  new  products. Product deve­
lopm en t and custom ised products have come abou t to  a large degree w ith  a p o in t o f depar­
tu re  in th e  deve lopm ent th a t has taken place w ith in  a d jo in in g  industries  such as ICT and 
logistics. N ow  all sa lm on produced in N orw ay is p re -rigo r fille te d . It is transpo rted  to  large, 
p redom inan tly  N orw eg ian -ow ned  processing com panies th a t have fa c ilit ie s  cen tra lly  located 
in Europe. In th e  Czech Republic, refined products are produced on custom er-dem and. 
C ustom ers served include eve ry th ing  fro m  large superm arke t chains to  ind iv idua l house- 
holds.The cus tom er makes purchases o v e rth e  In te rne t.T he  orders are a u to m a tica lly  fed in to  
th e  p roduction  system. D is tr ib u tio n  takes place in co llabora tion  w ith  a company, a s p in -o ff 
fro m  DHL th a t delivers re frigera ted  products to  th e  custom er's door.The system is a fu r th e r  
deve lopm ent o f  tra d it io n a l doo r-to -doo r logistics. Fresh products dom in a te  trade  in Europe 
and DHL's d is tr ib u tio n  system  has been h igh ly  in flu e n tia l in N orw eg ian  salm on's g a in in g  con­
siderable m arket access in th e  Am erican fresh food m arke t.The  N orw eg ian  salm on in dus try  
has proven to  be ex trem e ly  adap tab le  to  th e  deve lopm en t in th e  m arke t and is now  able to  
de liver to  specifica tions, all th e  w ay dow n to  th e  level o f th e  fa tty -ac id  p ro file  o f  th e  salm on. 
Ecological products based on un ique feed regim es have been possible since 2017.

"The aquaculture o f 
today is therefore 
almost exclusively 
based on vegetable 

raw materials.’’
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Feed raw materials

"People w ill not eat 
fish fed on fish."

Vegetable raw materials dominate
The breakth rough  fo r  vegetab le  raw  m ate ria ls  Is due to :
• A d ram a tic  decrease In w ild  f is h in g
• C ustom ers no longer accept th e  use o ff is h  as feed
• Vegetable feed Is easier to  make and fa r m ore Inexpensive
• Relevant p lan t species have been gene tica lly  m od ified  and are now  su itab le  as feed raw  

m ate ria ls  fo r  fish
• The EU has approved vegetab le  feed and th e  fe e d s tu ff has gained a centra l position  In a 

safe food program m e
• Vegetable feed can be produced by processes th a t use very lit t le  energy

Raw materials based on natural gas dominate
• Gas as a raw  m ate ria l represents b e tte r use o f  th e  gas resource, w h ich  Is no t a renew able 

resource (Increased to ta l added-value)
• One Is able to  produce po lyunsa tu ra ted  fa t  fro m  gas, a fte r th e  r ig h t m icro -o rgan ism s have 

been found  In th e  ocean
• Gas Im plies th a t GMO Is n o t necessary In th e  value chain
• Gas Is no longer used as an energy source (Inc ine ra tion ) b u t Is preserved as a fu tu re  

resource In food p roduction
• The EU has accepted th e  gas-based feed In Its safe food  program m e

Marine raw materials dominate
• There Is s ig n ifica n tly  g rea te r access to  m arine  feed raw  m ateria ls  because one has begun 

fe r t ilis in g  th e  ocean
• One has begun cu ltiva tio n  o f mussels as fish  feed
• H arvesting  In 2020 takes place a t a low er tro p h ic  level (algae, bacteria, krill, etc.)
• Technology has solved th e  p o llu tio n  prob lem  w ith  to x in s  In mussels and th e  m ethod has 

been accepted by th e  EU

Animal raw materials dominate
• The prob lem s o f  disease transm iss ion  th ro u g h  feed have been solved
• G enetic m o d ifica tio n  o f ta m e  fish  has made It possible fo r  th e  Im p o rta n t species to  

consum e non -m arine  an im a l feed
• The EU has accepted th e  so lu tion
• T h e flsh  fa rm in g  Indus try  has become a large-scale consum er o f cheap raw  m ateria ls  

fro m  ag ricu ltu re

Production is based on flexible exploitation of more raw materials
• A m oun t and com position Is balanced so th a t th e  productive effect o ff is h  fa rm in g  Is optim ised
• The feed problem Is solved w ith o u t use o f genetically m odified organisms

The aquaculture industry experiences a serious feed scarcity
• A breakdown has occurred In the  supply o f adequate m arine feed (excessive over-fishing In 

previous years)
• O the rflsh  species w ith  o the rfeed  requirem ents have taken over
• There Is a general problem w ith  raw m ateria l accessforfeed production
• The Industry actors have not achieved acceptance o f a lternative solutions:

- GMO research Is forb idden
- People w ill no t eat fish  fed on fish
-The m arketing Investm ent has been by fa r Inadequate.
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Former feed raw materials processed directly into food products for humans
In large segm ents o f th e  rich w o rld  a perception th a t all fish  m us t be a llow ed to  live In peace 
spreads. Economic and e m o tiona l forces and s tr ic t food safe ty requ irem ents lead to  ou r cea­
sing fish  capture. C hildren and young  people w h o  In 2004  said In consum er surveys th a t th e y  
did no t like fish  have become adu lts  and passed on th e ir  d ie ta ry  preferences to  th e ir  ch ildren. 
"Functiona l food " based on m arine  Ingred ients leads to  people no longer needing to  eat fish  
fo r  hea lth  reasons. Fish fa rm in g  has been reduced to  a m in im u m .T h e re  Is how ever com ple te  
acceptance fo r  th e  capture o f an im a ls  a t a low er tro p h ic  level and system s and In te rna tiona l 
agreem ents have been estab lished fo r  susta inab le  harvest o f krill and p lankton . M e thods th a t 
make It possible to  produce m eat w ith  a p o in t o f  depa rtu re  In m arine  feed substances such 
as krill have also been established. Also d iffe re n t vegetab le  products supp lem ented  w ith  krill 
ex trac t and o th e r m arine  raw  m ate ria l add itives are consum ed as seafood a long  th e  same 
lines as o th e r m arine  products. N orw eg ian  com panies take  p a rt In all o f  th is  and, all In all, 
th is  com prises s ig n ifica n t N orw eg ian  Industry  activ ity.

Vegetarian salmon only: "All Green Salmon"
All sa lm on th a t Is fa rm ed In 2020 Is fed vegetab le  feed. Vegetable raw  m ate ria ls  are safer and 
more econom ica l th a n  m arine  raw  m ateria ls. One has fo u n d  ex trem e ly  good so lu tions  th a t 
make m arine  products now  superfluous.The  on ly  m arine  p roduct used Is an adhesive th a t Is 
produced fro m  a lg ina te . Fish diseases canno t be tra n s m itte d  th ro u g h  th e  feed. Brazil has 
become a large and Im p o rta n t m a n u fa c tu re r o f  vegetab le  feed raw  m ate ria ls  to  N orw egian 
and In te rna tiona l fish  fa rm in g . O nly 10% o f  th e  raw  m ate ria l Is now  produced In Norway. In 
th e  tra n s it io n  to  use o f vegetab le  feed pa rt o f th e  prob lem  was w ith  de fic iency diseases, bu t 
th a t has now  been overcome. N orw ay has found  an econom ic means o f e xp lo itin g  w aste  
heat In th e  p roduction  o f algae and ph y to p la n k to n .T h is  provides th e  basis fo r  p roduction  o f 
a lg ina te  and va luable  com ponents  used In th e  p roduction  o ff is h  feed and In th e  pharm aceu­
tica l Industry.

Single cell protein -  "Salmon in Oil"!
Salmon Is produced In 2020 In large new  o ffshore  Ins ta lla tlons .T he  feed Is produced fro m  gas 
fro m  p la tfo rm s.T he  feed Is so good th a t cages are no longer needed: th e  fish  Is a ffected by 
th e  feed and rem ains by "Its" p la tfo rm  o f ow n vo lit io n . This Is a cond itioned  response; smell 
and tas te  signals are sent to  fish  be long ing  to  a specific  Ins ta lla tion . Gas becomes fish  feed. 
Hydrocarbon In th e  m ethane  gas and n itrogen  In th e  a ir are used to  produce single-celled 
prote in  on th e  p la tfo rm . Pipe trenches th a t w ere fo rm e rly  used fo r  oil tra n s p o rt are now  used 
to  tra n s p o rt sa lm on to  processing fa c ilit ie s  In Europe (salm on In oil).

"Salmon is produced 
in 2020 in large 

new offshore 
installations."

Global food shortage opens for GMO in 2015
The g lobal food shortage opens fo r  GMO. Food Is produced cost-e ffective ly  as cell cu ltu re  
released fro m  th e  p roduction  an im a l or fro m  selected p roduction  anim als. Increased know ­
ledge leads to  acceptance o f  such p roduction . Food p roduction  Is In th e  hands o f a few . Feed 
costs a fra c tio n  o f  w h a t It cost 20 years ago and th e  fish  grow s m uch m ore rapidly. GMO pro­
vides ta s te  d iffe re n tia tio n , Increased storage capacity, and d iffe re n t types o f "fu n c tio n a l food". 
It Is easier to  produce such fu n c tio n a l food fro m  aquacu ltu re  products because m arine  a n i­
mals are m ore p lastic th a n  land an im a ls  o r o th e r "h is to rica lly  au th e n tic " products. The public 
a u th o ritie s  and po litic ians  lack th e  a b ility  and w ill to  In h ib it th e  deve lopm en t th ro u g h  regu­
la tion .T he  supp ly side (m anufactu re rs) and th e  dem and side (consum ers) both  w o rk  In th e  
same d irection  and th e  m arket becomes th e  d o m in a n t force In th e  deve lopm ent.

The industry development stops due to feed shortage
Danish pig p roduction  and com m ercia l breeding o f pets ousts N orw eg ian  fish  production .
The fin a n c in g  and know ledge do n o t ex is t to  fin d  a lte rna tive  resources to  th e  m arine  raw 
m ate ria ls  fo r  fish  feed. The pet Indus try  can pay handsom ely fo r  th e  feed and as such seizes 
contro l over large po rtions  o f  th e  available m arine  feed resources. Also th e  Danish m anu fac­
tu re rs  o f pork buy up a lo t o f m arine  feed and po rtions  o f th e  m ost va luable  m arine  raw  
m ate ria ls  are used d irec tly  as hum an food .T he  p roduction  costs o f f is h  fa rm in g  go up. The 
prices o f aquacu ltu re  products Increase, p roduction  drops and th e  dem and fo r  sa lm on goes 
dow n. Fish fa rm in g  becomes a m ln l-lndustry .

"The global food 
shortage opens for 

GMO."
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Innovation

"There is a broad 
public consensus 

against using human 
food as feed."

Production costs per kilo salmon: NOK 9
The m arket dem ands production costs o f m arine species to  be less than  NOK 9. In our m ost 
im p o rta n t m arkets GMO is now  accepted, bu t productions ethics have become an im p o rta n t 
factor. (Hutch housing is now  abolished; all cows m ust be free-range animals.) W ith  th e  help o f 
GMO the  fish fa rm in g  industry  has developed species th a t live on food and organism s from  a 
low er level o f th e fo o d  chain, w h ile  a t th e  same tim e  it m a in ta ins  a low  feed-factor. The fish 
m ust live in freedom  and the  schooling ins tinc t as w e ll as b irth  place coding, reduced suscepti­
b ility  to  stress, etc. have been coded in. (Undesirable characteristics are done away w ith  or s ign i­
f ica n tly  reduced.) This results in th e  fa rm ed fish  re tu rn ing  to  its "hom e" a fte r a given period.The 
fish  are collected to ge the r in large quan tities  and shipped to  Norway fo r fu r th e r  processing. 
Further, the  health o ff is h  can be fo llow ed up individually. Some in the  school are equipped w ith  
e lectronic chips th a t provide in fo rm a tion  abou t w here th e  fish is, health and w e ll-be ing .Th is 
makes it possible to  fo llo w -u p  th e  fish and im p lem en t preventive measures w hen necessary.

Norwegian aquaculture triumphs with sustainable production methods
N orw eg ian aquacu ltu re  tops  th e  lis t o f  industries  th a t have developed susta inab le  m ethods 
fo r fo o d  p roduction .The  quotas fo r  w ild  fish  harvest have been rad ica lly reduced. Large 
dem and fo r  seafood, p a rticu la rly  w h ite -fle sh  fish , has created a general rise in prices on fish  
and seafood products. On th e  basis o f  th is  th e  aquacu ltu re  in d u s try  has developed new  and 
in tensive fa rm in g  o f lum p fish , cod and haddock, am ong  others. Also th e  mussels in d u s try  has 
become big. Fry p roduction  is contro lled ; rep roduction  o ff is h  is e ffective .The  in dus try  is sus­
ta in a b le  on th e  force o f its a b ility  to  operate w ith o u t p o llu tin g , to  o p tim a lly  e xp lo it resources 
and to  avoid d isadvantageous in te rac tion  w ith  na tura l w ild  fish  stock. A d ive rs ifica tion  o ff is h  
fa rm in g  fo rm s  has taken place, new  alliances have been created betw een tra d it io n a l indus try  
and aquacu ltu re , and in tensive fa rm in g  is carried o u t paralle l w ith  "sea ranching". A s ig n if i­
can t p roduct d iffe re n tia tio n  has occurred th a t has con tribu ted  to  m aking  it possible to  u tilise  
abso lu te ly  th e  en tire  fish  in p roduction .

Technological breakthroughs makes processing possible in Norway
Technological b reakth roughs resu lt in 95% o f  all sa lm on produced in Norway, Scotland and 
th e  Faeroe Islands be ing processed in N orway.The techno log ica l deve lopm ent in o th e r sectors 
(such as th e  a u to  industry, pharm aceu tica l and m ate ria ls  industry) has been adapted and 
exp lo ited  w ith in  th e  b io -m arine  sector. P articu la rly  robo t and a u to m a tio n  com petence fro m  
th e  in te rn a tio n a l a u to  in dus try  have m ade it possible to  d epa rt com p le te ly  fro m  use o f 
m anua l labour w ith in  processing. N orw eg ian  R&D co m m u n itie s  have m anaged to  develop a 
lead ing  position  in te rn a tio n a lly  in th e  fie ld . It has also been possible to  p ro tec t th e  te ch n o lo ­
gical advances fro m  com petito rs . Increased p roduction  costs in fo rm e r low -cost nations a long 
w ith  an increase in dem and fo r  fresh products have con tribu ted  to  th is  deve lopm ent. In p a rt i­
cu la r th e  N orw eg ian  research and in dus try  co m m u n itie s  have been p ro fic ien t in im p le m e n ­
t in g  In te rn e t te ch n o lo g y  and have generated new  log is tic  system s th a t make it s im p le  to  
de liver fresh fish  products to  consum ers 'doorsteps. A na tiona l m onopo ly  has been fo rm ed  in 
th is  sector. A to ta l exp lo ita tio n  o f  by-products (held back in N orw ay w hen  th e  processing 
takes place here) has led to  increased p ro fita b ility  w ith in  processing and has co n tr ib u te d  to  
cen tra lisa tion  o f th e  processing in dus try  in Norway. Scottish and Faeroe Island sa lm on and 
tro u t are the re fo re  processed in Norway.

Norway is a super power in feed production and export
N orw ay has developed in to  one o f th e  w orld 's  5 lead ing  m anu fac tu re rs  and exporte rs o f feed. 
But the re  is a crisis: in 2020 the re  are large lim ita tio n s  on th e  access to  feed. There is a broad 
pub lic  consensus aga inst using hum an food as feed; NGOs have m ade th is  in to  a banner- 
cause.The d if f ic u lt  feed s itu a tio n  has p u t th e  in d u s try  in a deep crisis. Environm enta l to x in s  
in caugh t fish  fo r  feed have also become a serious problem . (Retention o f to x ic  substances in 
th e  food chain.) This has provoked a change and large techno log ica l and b io log ica l break­
th ro u g h s  are a b o u t to  take  place. H arvesting  and cu ltiva tio n  o f  feed is know ledge-driven  and 
has led to  th e  deve lopm en t and breakth rough  o f  a 4 th  genera tion  feed processing in dus try  in 
Norway. Feed products fo r  fu n c tio n a l food have b ro u g h t new  m arket possib ilities. Feed licen­
ces provide considerable revenues fo r  th e  gove rnm en t and th e  N orw eg ian  pub lic  a u th o rit ie s  
co n tr ib u te  to  indus tria l deve lopm ent in poor coun tries  w ith  p a rticu la r g ro w th  cond itions  fo r 
algae. This is f irs t and fo re m o s t based on conversion o f na tura l gas.
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Viagra salmon -  and the revolution in functional food
The fu n c tio n a l food m arke t grows. A fo u r th  genera tion  o f sa lm on is developed. R&D has 
show n th a t m arine  food in general has extrem e ly  good hea lth  e ffects and in a d d ition  m ed ic i­
nal qua litie s  are coded in th a t make th e  fish  even m ore a ttractive . S trong alliances are fo rm ed  
betw een large pharm aceu tica l com panies and th e  food industry.Th is makes possible th e  bre­
ed ing o ff is h  th a t can have hundreds o f d iffe re n t characteristics and th a t can be adapted to  
special m edical needs and provide s ig n ifica n t preventive health  effects. N orw eg ian  research 
leads th e  in te rn a tio n a l know ledge deve lopm en t and d ocum en ta tion  in th e  fie ld .

Breeding makes possible effective sea ranching
• Environmental and in frastructure costs become to o  great fo r trad itiona l fa rm in g  and a feed 

problem develops
• A sh ift in research occurs from  g row th  to  exp lo itation  o f m igra tory characteristics
• An effective influence upon m igra tory fish species takes place at receiving and feeding 

locations along the  coast
• One breeds/feeds large quantities  o ff is h  th a t come backfo r slaughter
• The con flic t w ith  adm in is tra tion  o f th e  natural resources is solved

Development of escape-proof offshore installations
• Zero release o ff is h
• M oney a llocated by th e  pub lic  a u th o ritie s  to  te s t o u t d iffe re n t so lu tions
• A rea-con flic ts  force th e  fish  fa rm in g  in d u s try  o u t in to  open w a te rs
• Larger dem ands are placed on techn ica l ins ta lla tions
• Hydro (at Yara) has re turned to  fish  fa rm in g
• The natura l com pe titive  advantages in N orw ay are weakened, b u t gains are realised in th e  

techn ica l sphere

25% of the Petroleum Fund is spent on the commercialisation of new species
• This leads to  in n o va tio n /in ve s tm e n t/ca p ita l fo r  e s tab lishm en t o f  new  fish  fa rm in g  species
• C apita l is no longer a bo ttleneck
• Great acceptance by th e  N orw eg ian  popu la tion  fo r f is h e ry  and aquacu ltu re  being 

so m e th in g  w e are g o ing  to  live on (a fte r th e  oil)
• The innovation  inves tm en t is con tro lled  and coord inated
• People stay in th e  indus try  -  and im p o rta n t com petence and experience stay w ith in  the  

business sector
• A quacu ltu re  is an a ttrac tive  w orkp lace

Innovation system
• Innovation  has become a sub ject a t school
• The N orw eg ian fish  fa rm in g  in d u s try  contro ls  th e  w o rld  m arke t th ro u g h  know ledge 

deve lopm en t instead o f  be ing th e  largest in p roduction  vo lum e
• Public measures s tim u la te  innovation
• The gove rnm en t con tr ibu tes  w ith  seed cap ita l
• An innovation  m odel is estab lished fo r  th e  aquacu ltu re  industry, w h ich  is in tended to  

com m ercia lise  new  fish  fa rm in g  species. This m odel is fo llow ed  and one has m anaged to  
establish a goa l-o rien ted  aquacu ltu re  industry

"Strong alliances are 
formed between 

large pharmaceutical 
companies and the 

food industry.’’

"Aquaculture is an 
attractive workplace’’
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Capital /  Ownership

"Just about every­
thing has gone 
wrong in the a 

quaculture industry 
in Norway "

Success for Statfisk in Asia
S ta f ¡sk was established in 2005 w ith  49%  public cap ita l (NOK 10 b illion ) fro m  th e  Petroleum  
Fund. The com pany's goal was to  take on th e  same role in th e  aquacu ltu re  in d u s try  as S tato il, 
w h ich  is now  sh u t dow n, had in th e  oil industry .The cap ita l was invested in N orw eg ian  
e q u ipm e n t com panies and in th e  deve lopm en t o f h a lib u t fa rm in g , sa lm on fa rm in g , lum p fish  
and in tensive lobster p roduction . In add ition , S ta tfisk qu ick ly  fo rm ed  a u n ify in g  m arket 
m echanism  fo r  th e  p rom o tion  o f N orw eg ian  seafood, in p a rticu la r d irected tow a rds  Asia. 
Great success was in pa rticu la r realised in th e  e xp o rt o f cu ltiva ted  m ussels.The large popu la ­
tio n  explosion in Asia has resulted in an in te res t fo r  local, in tens ified  fa rm in g .T h is  has led to  
large e xp o rt o f e q u ipm e n t to  these ins ta lla tions  in Asia, b u t a t th e  same tim e , th e  e xp o rt o f 
aquacu ltu re  products to  th e  same m arkets has experienced a com p le te  lapse, as these m a r­
kets are now  se lf-su ffic ien t. S ta tfisk  states in a com m en ta ry  th a t th e y  fo r  a n um be r o f years 
have been look ing  a t th e  poss ib ility  o f expansion in seafood e xp o rt to  Africa, w h ich  now  com ­
prises a 13% share o f th e  w o rld  m arket.

Foreign capital unwanted
A fte r th e  WTO nego tia tions  broke dow n com p le te ly  in 2005, w o rld  trade  has to  an increasing 
degree been characterised by p ro tec tion ism . N orw ay in troduced as early as th e  subsequent 
year (2006) a to ta l p ro h ib itio n  o f fo re ign  ow nersh ip  in terests in th e  N orw eg ian  aquacu ltu re  
industry. D u ring  th e  in itia l years th is  led to  a large cap ita l de fic iency and a negative deve lop­
m ent, especially fo r  new  fish  fa rm in g  species. Active inves tm en t on th e  p a rt o f th e  govern­
m e n t th ro u g h  Innovation  N orw ay however, reversed th is  trend  and th e  in dus try  is now  (2020) 
in a s trong  b u t s im u ltaneous ly  vu lnerab le  pos ition .T h is  is due to  th e  fa c t th a t 70-80%  o f th e  
p roduction  o f th e  large fish  fa rm in g  species (salm on, tro u t and cod) is m anu fac tu red  under 
license fo r  th e  tw o  large g lobal conglom erates, G lobal Food and M agasuga.

Coastal municipalities have a good economy due to aquaculture ownership
The m u n ic ip a lity  o f Fredrikstad invested in 2004  in mussel cu ltiva tio n  to  clean up th e  m u n ic i­
pa lity 's ocean areas.The mussels tu rn e d  o u t to  be w e ll su ited as a feed raw  m ate ria l fo r  cod 
and th e  m u n ic ip a litie s  have earned w e ll on th e  investm ent. In 2010 th e  N orw eg ian  
P arliam ent passed a reso lu tion  th a t th e  m u n ic ip a litie s  should have 49%  ow nersh ip  o f all fish  
fa rm in g  com panies in ow n w aters. The surp lus has resulted in a good econom y fo r  th e  coas­
ta l m un ic ipa lities . It is nonetheless m ore and m ore d if f ic u lt  to  induce private in terests to  
invest in fish  fa rm in g  due to  po litica l ho rse-trad ing , as to  w h e th e r th e  surp lus is to  be spent 
on m un ic ipa l in itia tives, pension ob liga tions  or fo r  re in fo rc ing  fish  fa rm in g  com panies (day­
care centres or fish).

Active ownership and strong personalities inform the development
The fish  fa rm in g  in dus try  in 2020 is s till in fo rm ed  by s trong  persona lities and active ow n e r­
ship b u t now  in com b ina tion  w ith  an active and qua lified  investor com m um ty .The  Oslo Stock 
Exchange has become an im p o rta n t source o f cap ita l and w ith  its ad jacent broker co m m u n i­
ty  is a w o rld  leader in th e  m arine  b io -p roduction  sector.

In te rest o rgan isa tions su p p o rt sa feguard ing  th e ir fu n d s  b u t se ldom  play an active 
ow nersh ip  role.

Norway -  Homeland o f...?
Just abou t eve ry th ing  has gone w ro n g  in th e  aquacu ltu re  in d u s try  in N orway.There has been 
lit t le  goa l-o rien ted  inves tm en t because th e  new  b row n-red po litica l a lliance has run th e  
co u n try  since 2005. M oney has been spent on objectives th a t have n o t been very fu tu re - 
o rien ted ; inves tm en t decisions have been made on th e  basis o f w eekly po lls.The Petroleum  
Fund has been scraped to  th e  b o ttom . W h a t rem ains o f com pe tition -exposed  in dus try  has 
been b o u g h t up and is ow ned by Chinese interests. Innovation  N orw ay has been sh u t dow n 
and th e  w ebs ite  address has been changed fro m  invanor.no to  no.invanor.

The Petroleum Fund is replaced by the Marine Fund
An in dus try  fu n d  financed  by revenues fro m  oil, energy, fish  and b io techno logy  has indicated 
fo u r m ain areas fo r  innovation  and investm ent: A quacu ltu re  and m arine  b io technology, 
Energy, ICT and C u ltu re .The  value increases by 10% pe ryea r a fte r good com bined invest­
m ents are m ade in Norway, Russia and Eastern Europe.
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The investm ents  are d is tr ib u te d  evenly betw een investm ents  in N orw ay and connected 
investm ents  abroad to  su ppo rt and supp lem en t th e  N orw eg ian  activ ity. China and India are 
in 2020 th e  fo re ign  inves tm en t areas w ith  th e  s trongest g ro w th .

Intangible rights abolished -  open access to knowledge and technology
2 0 i8 :T he  EU abolished IPR (In te llec tua l Property Rights) w ith in  im p o rta n t areas due to  th e  
deve lopm ent w ith in  te ch n o lo g y  and com m un ica tion  (ICT). Private investors became less w il ­
ling  to  finance  know ledge deve lopm ent b u t th e y  focus m ore on service and p roduct develop- "Knowledge has
m ent. A s h ift aw ay fro m  added-value based on righ ts  and to w a rds  added-value based on new  ,J °  become much more
so lu tions  and new  tech n o lo g y  has taken place.

One does n o t earn in te rest on know ledge /so lu tions  b u t added-value on use o f know ledge
and so lu tions.There  is a new  v ita lity  in th e  pub lic  e ffo rts  to  s tim u la te  and take  respons ib ility
fo r  centra l know ledge co m m u n itie s  (universities, colleges, basic research).
Know ledge has become m uch m ore accessible.There is a large po ten tia l connected w ith  th e
use o f new ly  developed know ledge.

GMO is a central tool
A fte r in tensive R&D fo r  th e  past 30 years, GMO has become v ita lly  im p o rta n t to  th e  aquacu l­
tu re  industry. P rotection o f in te lle c tua l p rope rty  righ ts  has become even s tr ic te r th a n  previ­
ously. O w nersh ip  in th e  in d u s try  is in 2020 connected d irec tly  to  th e  proprie to rs  o f key 
in ta n g ib le  righ ts.These are to  a large degree large in te rn a tio n a l actors (w ho have purchased 
th e  righ ts) w h o  are experts in a d m in is tra tin g  such rights.
M onsan to  is an im p o rta n t g lobal acto r in th e  roe m arket.
Production is carried o u t th ro u g h  franch is ing .

An extensive p riva tisa tion  o f know ledge co m m u n itie s  has taken place. Research to  a large 
ex te n t is done in closed env ironm en ts  th a t a ttra c t th e  best ta le n t and it is d if f ic u lt  fo r  o thers 
to  com pete, even w ith  considerable pub lic  e ffo rts  p ro m o tin g  open research.
In fo rm a tio n  abou t w h a t is ta k in g  place in th e  in dus try  is inadequate  and inaccessible and the  
consum ers' real pow er is s ig n ifica n tly  reduced.

Competence Development (research and learning)

Internationalised knowledge sector and the nortb/soutb conflict lives on
The gove rnm en t realised in 2008 th a t th e  aquacu ltu re  in dus try  had to  be in jected w ith  consi­
derable cap ita l and com petence if  it was g o ing  to  be able to  take  over a fte r an o il industry  
th a t was add ing  less and less value. In 2020 a na tiona l n e tw o rk  un ive rs ity  is established 
w here  s tuden ts  can choose subjects independen t o f location. U niversities are an in te rn a tio n a l 
force in tea ch in g  and research.They a ttra c t in te rn a tio n a l to p  expertise. M arine-science a llia n ­
ces are established w ith  th e  largest and m ost esteem ed professional co m m u n itie s  in th e  
w orld . In th e  EU N orw ay has received th e  lead ing  respons ib ility  fo r  deve lopm en t o f research 
and tea ch in g  in th e  m arine  sector. Basic research is led fro m  N orw ay and under th e  d irec tion  
o f th e  N orw eg ian  segm ent o f th e  ERC (European Research Council).

Trade and industry carry out knowledge production
Key in dus try  actors are in 2020 h igh ly  d issatisfied w ith  th e  pub lic  R&D strategy. Large public 
a lloca tions to  d iffe re n t research program m es such as SFF, FUGE, etc. have n o t had th e  a n tic i­
pated results in th e  fo rm  o f com m erc ia lisa tion  and in dus try  deve lopm ent. The in d u s try  takes 
th e  in itia tive  its e lf fo r  a to ta l reorganisation, User-run innovation  pro jects are gathered and 
create th e  stem  o f a user-run research and education  in s titu tio n  w ith  a sem i-pub lic  and sem i­
private fin a n c in g  s truc tu re , b u t p re d o m in a n tly  run by user in te rests.The new  organ isa tion  
has its ow n te ch n o lo g y  transm iss ion  depa rtm en ts .T he  large actors have ow n dep a rtm e n ts  at 
th e  in s titu tio n s  to  enable th e m  to  respond qu ick ly  in im p le m e n tin g  new  techno logy.The  
in s titu tio n  has its ow n education  program m es, w h ich  th e  users use to  update  th e ir  em p loye­
es. There is also a s ta rt-u p  and com m erc ia lisa tion  un it, w here  design p ro tection  and pa ten t 
righ ts  are taken care o f and w here  th e  gove rnm en t and in dus tria l actors jo in t ly  finance  th e  
activ ity, th ro u g h  am ong  o th e r th in g s  d iffe re n t means such as seed cap ita l and s ta rt-u p  
grants.The inves tm en t represents a fu lly -in te g ra te d  to o l concept.
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"McDonalds has 
become the industry’s 

largest customer’’

"Farmed fish has 
become "in-food".

Alliances with international brand builders -  the Coca Coia effect
N orw eg ian research co m m u n itie s  and com panies have been ob liged to  give up a m b itio n s  o f 
deve lop ing  na tiona l o r com pany in-house advantages w ith in  brand bu ild ing . In a g lobal food 
p roduct in d u s try  it has the re fo re  been necessary to  en te r in to  a lliances w ith  g lobal suppliers 
o f  processed food products. A con trac t has the re fo re  been fo rm ed  w ith  th e  Coca Coia 
C om pany fo r  m a rke ting  and d is tr ib u tio n  w o rld w id e .T h is  in p a rticu la r perta ins  to  use o f CC's 
re frige ra to r concept fo r  sales in stores. This is a pa rt o f  CC's new  s tra tegy  to  penetra te  schools 
and day-care centres and to  bu ild  a positive  image. Since users/consum ers consum e a larger 
and larger percentage o f meals th ro u g h  fas t-food  chains, it  has been necessary to  en te r in to  a 
con trac t (exclusive) w ith  M cD ona lds.This is an in itia tive  th a t was also made by M cD onalds in 
o rder to  acquire a lte rna tive  products besides m eat (Mad Cow Disease has made un ila tera l 
inves tm en t in m eat ex trem e ly  risky.) M cD onalds has become th e  industry 's  largest custom er 
and a long -te rm  stra teg ic  cross-ow nersh ip  has been established.

Reform "Competence 2012" an impetus
A quacu ltu re  has become th e  m ost d if f ic u lt  s tudy program m e to  ge t in to : th e  grade require­
m ents are a 4 .0  average.This a ttrac ts  th e  best m inds n a tio n a lly  and ¡n te rna tiona lly .The  aqua­
cu ltu re  in dus try  has become know ledge in tensive and th e  w age leader fo r  em ployees w ith  
h igher education. Aqua Studies has become th e  leader, a fte r "Com petence 2012" w h ich  
em phasised th e  indus tria l subjects. C om petence co m m u n itie s  w ith in  Aqua Studies connec­
ted  to  R&D and education  (fram ew ork  cond itions) have become an im p o rta n t location fa c to r 
fo r  th e  fo re ign  pharm aceu tica l industry. There is an active in te rac tion  be tw een trade  and 
in d u s try  and in te rn a tio n a l industry, thanks  to  th e  com petence reform . N orw ay is th e  m ost 
a ttrac tive  host country. In aquacu ltu re  and in th e  supp lie r industry, the re  is an essentia l c lus­
te r  dynam ic and actors have a rem arkably high absorp tion  capacity w ith  regard to  new  know ­
ledge and tech n o lo g y  fro m  o th e r industries .The  aquacu ltu re  in dus try  leads in th e  c lus te r and 
has been developed in to  a "dem and ing  cluster". It has been developed in to  a large com pe ten ­
ce-based in te rn a tio n a l c lus te r w ith  th e  m anagem en t located in Norway.The generic p la tfo rm  
o f  b io techno logy  is a key g irde r in th e  deve lopm ent.

The reorganised research space -  and the demise of industrial neutrality
In th e  e lection  o f 2009, a banner cause was a change in th e  focus on use o f  oil revenues and 
th e  Petroleum  Fund.Trade and in dus try  gains com p le te  acceptance fo r  th e  use o f fu n d s  to  
develop fu tu re -o r ie n te d  g ro w th  sectors. M arine  in d u s try  is one o f th e  m ost im p o rta n t. There 
are 3-4 prio ritised  areas, eve ry th ing  else m us t com pete  fo r  general fu n d in g  and th e  govern­
m e n t takes on no p a rticu la r responsib ility. The real p rio r itis in g  moves aw ay fro m  indus tria l 
n e u tra lity  as a p rinc ip le .T h is  becomes an obvious necessity because th e  e xpo rt earn ings were 
nearly halved; crisis was a fac t; th e  focus was placed on research w ith in  th e  prio ritised  areas 
(Finland Phenom enon).

Five million tons in fish farming production annually
Large com panies th a t are lead ing  com petence and innovation  forces have come to  set the  
to n e  in N orw eg ian  fish  fa rm in g .T h is  has led to  a considerable prosperity  and g ro w th  in the  
in d u s try  w ith  an annual p roduction  o f 5 m illio n  to n s  o ff is h  fa rm in g  products. Salmon is s till 
th e  d o m in a n t species w ith  2 m illio n  tons. D iffe ren t species, cod, ha libu t, tunny, shrim p, lu m p ­
fish , haddock, mussels, sea cucum ber, hagfish are fa rm ed  and com prise th e  rest. Farmed fish  
has become "in -food" fo r  large segm ents o f th e  popu la tion  ¡n te rna tiona lly .The  production  
percentage o f processed fish  is increasing.

The in dus try  does n o t on ly  produce fish  fo r  food b u t also extracts b iochem ica l subs tan ­
ces. Innovation  N orw ay has n o t received resources to  take  pa rt and is no large p a rtic ip a n t in 
th is .T h e  im pe tus  is large com panies w here  know ledge and innovation  are im p o rta n t ele- 
m en ts .T ransport by boat has increased som ew hat. Due to  c lim a te  changes th a t have led to  
h igher w in te r  tem pera tu res, th e  fish  m atures m ore quickly. Good roads to  Eastern Europe 
open th is  up as a new  m arket. Goods are transpo rted  aga ins t re tu rn  tra n s p o rt costs in th e  
r ig h t d irec tion .T he  im m ig ra tio n  policy has been slackened; N orw ay acquires m ore m anpow er 
fo r  th e  fa rm in g  o f these products. This is a resu lt o f  goa l-o rien ted  in novation. The feed q u e s ti­
on has been solved.

All fish exported fresh
C ustom er dem ands lead to  th e  necessity o f  in c lu d in g  an arom a com ponen t in th e  product. 
This and th e  sh o rt d is tance to  large m arkets have con tr ib u te d  to  all fish  be ing exported  fro m  
N orw ay fresh (no t alive) and n o t frozen. Chile has taken over th e  m a jo rity  o f th e  e xpo rt o f f r o ­
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zen fish  th a t is processed in China. N orw ay takes th e  fresh m arket. D eve lopm ent o f  new  com ­
petence is an im p o rta n t cond ition  and th e  com petence co m m u n itie s  had a w e a lth  o f  resour­
ces fo r  th is  w ork. The q u a lity  o f  fresh fish  is custom ised because the re  is q u a lity  assurance 
th e  en tire  way. N iche products are developed because th e  d istance fro m  th e  m ain m arket has 
changed. C ontro lled m a tu rin g  processes a fte r s la u g h te rin g  are included as p a rt o f th e  d is tr i­
bu tion  chain. In te llig e n t reg is tra tion  in packaging has been developed th a t shows a q u a lity  
ind ica to r and deviance i f  so m e th in g  has gone w ro n g  a long  th e  way.

Fish farming offshore
Because o f th e  area-shortage in th e  coastal zone and to  avoid na tiona l ju r is d ic tio n  and 
re s tric tio n ,fish  p roduction  is located o u t on an o ffshore  fac iIity .The fish  fa rm in g  ins ta lla tion  
is estab lished outs ide  th e  200 0  km m ark and is e ith e r anchored in th e  bed or se lf-propelled 
and se lf-pos ition ing .T he  ins ta lla tions  are se lf-su ffic ien t, se lf-suppo rting  on ocean current-, 
solar- and bio-energy. The in s ta lla tions  produce a series o f  d iffe re n t species and a q u a lity  
im provem en t o f  th e  fish  is achieved (po llu tio n -fre e  env ironm ent). Boats th a t come w ith  feed 
take w ith  th e m  products back to  th e  m arket. N ew  m ate ria ls  te ch n o lo g y  and ICT resu lt in th e  
ins ta lla tion  be ing unm anned, rem ote  contro lled  via sa te llite . O nly under special cond itions  is 
the re  a crew  on th e  insta lla tions.

Erosion in Norwegian research
It has become u n p ro fita b le  fo r  th e  ind iv idua l to  invest in m anyyears  o f  education  in Norway. 
Brain dra in  m an ifes ts  its e lf because fo re ign  com petence co m m u n itie s  provide b e tte r c o n d iti­
ons fo r  research and fo r  industria l opera tion . M arine  inves tm en t is taken o u t o f th e  Research 
Council's areas o f inves tm en t.T he  Research Council invests p rim a rily  in free basic research. 
The rem a in ing  aquacu ltu re  researchers lack com petence, th e y  trave l in flocks and do no t con­
tr ib u te  to  innovation . The industry 's  repu ta tion  becomes in t im e  so bad th a t nobody w an ts  to  
research in th e  aquacu ltu re  industry.The deve lopm ent o f  com petence in th e  in d u s try  is redu­
ced and th e  p roduction  declines. M eanw h ile , reduced use o ff is h  in society results in increa­
sed costs in th e  old age w e lfa re  services and th e  hea lth  care sector.

No Free Lunch
The free  d is tr ib u tio n  o f  research fin d in g s  came to  an end in 2015.The results o f pub lic ly  
financed  research become private p rope rty  because th e  education  in s titu tio n s  are pe rm itted  
to  pa te n t and in o th e r ways p ro tec t th e ir  new  find ings . Sale o f know ledge is in tended to  
co n tr ib u te  to  fin a n c in g  research.The deve lopm ent o f  know ledge is se lf-financed. P atenting o f 
ow n fin d in g s  gives th e  ind iv idua l researcher g rea te r pow er w ith  regard to  propagation .
"No free lunch, no free know ledge." Knowledge has become more privatised and sim ultaneously, 
th a t w h ich  already exists in th e  w ay o f research results is d is tr ib u te d  bette r.The precise, 
scrupulous in fo rm a tio n  how ever m us t be paid for; free in fo rm a tio n  is im precise and n o t to  
be trus ted .

Sustainable Development (environment and food safety)

Global warming leads to warmer waters along the Norwegian coast
W arm ing  has provided possib ilities fo r  th e  fa rm in g  o f new  species and w e have now  m any 
more species in fish  fa rm in g  (oysters have become a standard p a rt o f th e  production). 
W arm er w a te r has led to  new  disease problem s, b u t these have been solved th ro u g h  research 
in fish  m edic ine and o th e r research, and th ro u g h  health  considera tions be ing taken seriously 
in th e  adm in is tra tio n 's  regu la tion  o f th e  industry. It has grow n to o  w a rm  fo r  fa rm in g  o f sal­
m on in W estern N orw ay -  and th e  centre o f g rav ity  fo r  th is  p a rt o f  th e  in d u s try  is now  in 
N orth  Norway.

Global warming creates a decline in the industry
• The w o rk  o f p roduc ing  new  species has n o t been successful 

(technology, m arket, adm in is tra tion ).
• Fish health  p rob lem s increase (disease, algae)
• H ealth considera tions no t included in gove rnm en t a d m in is tra tio n
• Salm on and cod fade, p a rticu la rly  in N orth  N orw ay due to  con flic ts  w ith  th e  w ild  fish  

indus try

"...unprofitable for 
the individual to 

invest in manyyears 
o f education..."

"No free lunch, no 
free knowledge. "
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“A prohibition has 
been imposed on fish 
farming in a number 

o f  large areas."

"All wild fish catch 
goes directly 

to human 
consumption."

"The industry must 
move fish farming 
activities on land.”

The Gulf Stream turns around: local cooling in Norway
A radical drop in ocean tem pe ra tu res  creates ice prob lem s In th e  fjo rds. Salm on fa rm in g  is 
moved south  and w est. W estern N orw ay survives on fa rm in g  o f exclusive arc tic  species.
The country 's  w ise  men search fo r  a solution...

Increased area conflicts
A p ro h ib itio n  has been im posed on fish  fa rm in g  in a num ber o f large areas. Fish fa rm in g  is 
moved o u t to  sea, in large and cap ita l-in tens ive  in s ta lla tions  ow ned by externa l actors. We 
have solved th e  prob lem s o f  extrem e w e a th e r cond itions  th ro u g h  te chno logy  deve lopm ent 
and new  tra n s p o rt so lu tions .T h is  has had positive e ffects on th e  en v iro n m e n t in th e  fjo rd s  
(m arine  o ligo troph ). S o lu tions fo r  fa rm  w reck and th e  fu g it iv e  fish  prob lem  have been found . 
In tegrated fish  fa rm in g  (such as sa lm on w ith  mussels) o f  several species in th e  fjo rd  regions 
and a long  th e  coast is successful, due to  th e  g reat e ffo rts  o f  ve te rina ry  m edic ine and o the r 
research in co llabora tion .

Large environmental problems from a radioactive leak
A dap ta tion  th ro u g h  laying dow n o f feed, w a te r pu rifica tio n  in closed insta lla tions, vegetab le  
and gas-based feed sources are im p o rta n t. Laying dow n o f  feed on land or in closed in s ta lla ti­
ons. C ertifica tion  and contro l system s are developed, approved by th e  EU and aquacu ltu re  
products are accepted in th e  m arkets as safe food.

Success and growth compound environmental problems
Emissions and o th e r im pacts on th e  ecosystem s o f n u tr ie n t salts, chem icals, pathogenies, 
fu g itiv e  fa rm  organism s, etc. have m easurably negative e ffects in N orw eg ian  w ate rs  on th e  
w a te r en v iro n m e n t and on w ild  popu la tions.T he  in dus try  takes th e  prob lem s seriously.The 
in s ta lla tions  m us t be o u t a t open sea or up on land. Researchers m o n ito r th e  problem s. 
Mussel fa rm in g  is used as a purifica tion  system fo r n u tr ie n t sa Its. The fu g itive  problem  is solved.

Environmental changes have given the Norwegian mussel industry a boost
Increased em issions o f n u tr ie n t salts fro m  Europe and fish  fa rm in g  lead to  th e  b lossom ing  o f 
algae. M ussel in s ta lla tions  are used to  a large e x te n t as p u rifica tio n  fa c ilit ie s  in areas w ith  a 
pa rticu la rly  h igh n u tr ie n t sa lt or algae concen tra tion .T he  te m p e ra tu re  o f th e  ocean has gone 
up 1.5 degrees. O the r fa ts  are used fo r  fish  feed.

Marine raw materials from lower trophic level
• All w ild  fish  catch goes d irec tly  to  hum an consum ption
• Still n o t access to  enough feed substances th a t can replace w ild  capture  fish
• Farm ing o f feed organism s. Mussels are sold to  Asia
• H arvesting  o f  na tura l zoo-p lankton
• C u ltiva tion  o f  m arine  m icro -o rgan ism s (reactor m e n ta lity ) using CO2 and ligh t, n u tr ie n t 

salts connected to  C 02-genera ting  pow er p lan t
• U tilisa tion  o f krill fro m  th e  A rctic  and A n ta rc tic  oceans
• The problem  o f krill au to lys is  is solved
• Favouritism  o f species a t a low er tro p h ic  level such as herbivore species: tila p ia , carp, 

mussels, abalone, sea urchin, crab

Climate change makes fish farming difficult in some regions
• S ho rt-te rm  scenario: G lobal w a rm in g , h igher mean te m pe ra tu re  in th e  ocean. Leads to  

increased m orta lity , increased prob lem s w ith  advanced sexual m a tu r ity  and disease
• Increased extrem e w e a th e r leads to  g reater risk o f w re ck /fug itives . This m eans reduced 

access to  good locations and strugg les over these
• Long-term  scenario: M e ltin g  o f th e  poles. The te m p e ra tu re  drops, th e  G u lf Stream halts, 

increased problem s w ith  ice.
• The in dus try  m us t move fish  fa rm in g  ac tiv itie s  on land
• N orw ay loses m ost o f  its na ture-g iven com pe titive  advantages
• Farm ing o f salm on increases in th e  M ed ite rranean
• N orw eg ian  com panies are moved o u t o f th e  country, such as to  Chile w here  the re  are s till 

good cond itions  fo r  fish  fa rm in g
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Aquaculture production has preferential access to use of coastal zone
• The industry 's  righ ts  are upgraded
• One gains a b u ndan t access to  areas to  th e  d e tr im e n t o f  o th e r ac tiv ities
• V ir tu a lly  free  licenses -  th e  value o f a license is depreciated
• M any new  es tab lishm en ts  take  place
• There is a d ram a tic  increase in p roduction
• Increased co n flic t betw een actors and in re la tion to  o th e r in terests
• Increased focus on aquacu ltu re  in coastal zone p lann ing
• S tric te r env ironm en ta l and eth ica l requ irem ents
• Larger va rie ty  o f species in p roduction
• C oncentra tion  o f licenses on fe w e r and larger locations. It becomes s ig n ifica n tly  easer to  

establish jo in t  locations
• S tric te r hea lth /d is tance  be tw een sites requ irem ents

Harvest of wild fish the most sustainable exploitation of marine production
• Feeding fa rm ed  fish  w ith  w ild  fish  and th e  correspond ing  energy loss is no t regarded as 

susta inab le
• The industries  m u s t fin d  o th e r feed resources
• H arvesting  a t a low er tro p h ic  level a t th e  cost o f th e  h igher level is ne ithe r considered to  

be susta inab le
• Fish fa rm in g  m us t base its e lf on vegetab le  proteins, gas, and algae and th e  e xp lo ita tio n  o f 

by-products
• S h ift to w a rds  species adapted to  accepted feed types
• S h ift to w a rds  herb ivore fish  and she llfish
• S trong decline in tra d it io n a l fish  fa rm in g  in N orway
• M uch o f th e  a c tiv ity  is relocated to  Chile, w here  s im ila r lim ita tio n s  have n o t been 

in troduced
• The coast pa rty  takes th e  side o f th e  aquacu ltu re  indus try  and w e ge t an increased 

po la risa tion  and debate

Requirement for short-distances becomes dominant
• C lim a te  considerations and tra n s p o rt lia b ilitie s  become m ore im p o rta n t in th e  large 

m arkets
• Energy and tra n s p o rt costs increase d ram a tica lly
• We experience a s h ift fro m  a ir and a u to  to  boat and rail
• There is a focus on high-speed so lu tions  th a t s till a llo w  tra n s p o rt o f fresh fish
• Increased focus also on products th a t do n o t to le ra te  a longer tra n s p o rt t im e  and larger 

vo lum e
• A reorganisa tion  o f th e  log istics system  is carried o u t adapted to  th e  new  s itua tion
• There is s ig n ifica n tly  m ore co m p e titio n  fro m  sm all fa rm ers  w ith  m arket p ro x im ity

Policy

National capital in the fish farming industry
Capital has been th e  largest scarcity fa c to r in th e  industry. One o f th e  na tiona l cap ita l funds  
has entered as a large ow ne r in one o f th e  largest fish  fa rm in g  com panies. TheTrondhe im  
study's capacity  gauge is achieved th ro u g h  s trong  na tiona l inves tm en t in th e  company, desig­
ned according to  th e  same m odel as S tato il. 60%  o f  th e  cap ita l is in th e  biom ass th a t has a 
life cycle o f 15 m onths. N ationa l indus try  policy has active ly  fo llo w e d -u p  th e  trade  &  indus try  
policy w ith in  th e  fish  fa rm in g  sector.

De-regulated fish farming industry
The po litica l regu la tion  o f th e  in d u s try  is abolished. There is no licensing  requ irem ent. The 
industria l n e u tra lity  po licy is approved. N orw ay is pa rt o f th e  EU. The EU has given th e  fish  
fa rm in g  in d u s try  p rio r ity  in th e  fo rm  o f su p p o rt fo r  R & D to  produce safe and hea lthy food. 
N orw ay is th e  coun try  in Europe th a t s till has th e  cond itions  fo r  ope ra ting  fish  fa rm in g .T h e  
o th e r coun tries  do no t have th e  area due to  co m p e tit io n  fro m  o th e r industries .The  M in is try  
o f Fisheries, th e  M in is try  o f  A g ricu ltu re  and th e  M in is try  o fT rade  and Indus try  have merged 
in to  one M in is try  o f  Industry.

"Strong decline in 
traditional fish 

farming in Norway"
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Industry organisations are internationalised
The indus try  o rgan isa tions are in te rn a tio n a l and th e  N orw eg ian  actors are d irec t m em bers o f 
th e  in te rn a tio n a l o rganisations.

"Norway becomes a 
tax paradise for the 

marine sector."

"Meat products are 
out, seafood is in."

Marine sector receives national priority
N orw ay has m ade a choice and prio ritised  th e  m arine  sector as one o f th ree  m ain sectors. The 
na tiona l measures are d irected to w a rds  these th ree  sectors.The d is tin c tio n  betw een tra d it io ­
nal fis h in g  and fish  fa rm in g  is erased. The food in dus try  has on th e  basis o f  increased outs ide  
co m p e titio n  focused m ore on m arine  products th a n  on ag ricu ltu re  products and pa rticu la rly  
fo r  export. Innovation  N orw ay and th e  Research Council have m erged to  arrive a t an even gre­
a te r coo rd ina tion  o f th e  a d m in is te rin g  agency.The na tiona l R&D co m m u n itie s  have a focus 
on th e  p rio ritised  in d u s try  sectors.

Norway part of the EU
N ew  d irectives have com e in to  e ffec t a fte r N orw ay became pa rt o f  th e  EU. The role o f th e  
D irectora te  o f Fisheries has been toned  dow n .T he  env ironm en ta l requ irem ents  w h ich  w ere 
fo rm e rly  d iffe re n t betw een N orw ay and th e  EU countries are abolished. EU research has beco­
me even m ore centra l fo r  th e  fish  fa rm in g  industry.

Norway outside of the EU
N orw ay becomes a ta x  paradise fo r  th e  m arine  sector. Foreign com panies receive ta x  conces­
sions by investing  in N orw ay and to  invest in N orw eg ian  m arine  R&D. N orw ay has gained 
so lu tions  a t th e  WTO-level w ith  free -trade  agreem ents. N orw eg ian  na tiona l cap ita l has esta­
blished companies in the  EU th a t process fish and are active owners in m u ltina tiona l companies.

Aquaculture collaboration EEA-Japan/ Russia
A vita l collaboration has been established between the  EEA and Japan/Russia in relation to  in te r­
national policy, trade and fore ign policy and research policy directed tow ards the  aquaculture 
industry.
• N orw ay leads in A rctic  products
• Every region takes th e ir  p roducts o n to  th e  g lobal m arket, also m arkets w here  th e y  

com pete  w ith  one a no the r
• Coordinated R&D co llabora tion
• N orw ay has v ita l know -how , especially on A rctic  products
• M ea t p roducts are ou t, seafood is in
• The hea lth  and en v iro n m e n t aspect is ex trem e ly  im p o rta n t

Research-policy Norway in 2020
N orw ay has developed as a know ledge society
• 4% o f th e  GNP is invested annua lly  in R&D
• C om panies invest up to  10% in research in a dd ition  to  pub lic  investm ents
• Project ac tiv ities  enhanced th ro u g h  Centres o f Excellence to g e th e r w ith  pub lic  a u th o ritie s  

and in dus try  actors
• There is a conscious inves tm en t in reaching e xp lic it goals
• "The free idea" is favoured w ith  less th a n  20% o f th e  a lloca tions to  research
• N orw ay is an in te rn a tio n a l leader w ith in  th e  4 top ics  w e invest in -  o f w h ich  one to p ic  is 

w ith in  aquacu ltu re , w h ich  holds g reat a ttra c tio n  fo r  th e  best researchers, also 
in te rna tiona lly . The fin a l decision was m ade in 2006.

Norway -  Europe’s aquaculture nation
• Gabrielsen stepped dow n in 2004; w e  have since had a h a rd -h itt in g  industry-focused 

innovation  and research policy
• A quacu ltu re  is chosen as an inves tm en t area in th e  Research Report o f  2005
• A quacu ltu re  is a centra l th e m e  in a new  and com prehensive innovation  policy
• N orw ay became a m em ber o f  th e  EU in 2007
• Coordinated a d m in is te rin g  agency fo r  R&D and com m erc ia lisa tion
• Adapted fra m e w o rk  cond itions  fo r  investing  in aquacu ltu re ; th a t means th a t N orw ay 

is a ttrac tive  in te rn a tio n a lly  also fo r  th e  EU. N orw ay is a p roduction  na tion  fo r  th e  EU.
No dark clouds
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Coordination of national and international policy
• T rad itiona l regional policy has been phased out, p r im a rily  due to  a lack o f consensus in th e  

regional com m ission  report
• But th e  pub lic  a u th o rit ie s  m o n ito r th e  en v iro n m e n t and set th e  social fram ew ork .

O the rw ise  the re  are no h indrances.The indus try  policy has been replaced by R&D policy and 
N orw ay has a Centre o f Excellence w ith in  stud ies o f p rim ary- and by-products fro m  m arine 
resources in aquacu ltu re . This provides th e  basis fo r  deve lopm ent o f  fu n c tio n a l food, 
deve lopm en t o f new  m edicines and fo r  N orw ay be ing able to  fo s te r an in te rn a tio n a lly  
lead ing  in g red ien t in dus try

• N orw eg ian  aquacu ltu re  p roduction  has a niche character in 2020
• Fishery resources th a t are w e ll m anaged -  a g reat asset
• The sa lm on in dus try  is large due to  system atic  com prehensive th in k in g  (breeding, 

e n v iro n m e n t,fe e d /n u tr it io n , tend ing ), in th e  long -te rm  based on large experien tia l 
databases.The Fishery and A quacu ltu re  Research Fund (FHF) a llocates NOK 3 m illio n  per 
year fo r  15 years. And th e  sa lm on in dus try  is very com petitive .

The non-competitive Norway: the last oil
The focus in financ ia l policy has been on th e  oil revenues and fu tu re  re tire m e n t costs.The 
so lu tions  chosen are focused on d iv idends fro m  in te rest on earned incom es.The yie ld  curve 
showed th e  need fo r  increased in te rest rates in N orway.The average in te res t rate in N orway 
has been 3% above th e  in te rn a tio n a l in te rest rate.

Price increase as a basis fo r  th e  currency and in te rest po licy was in 2005 reduced fro m  
2.5% annua lly  to  .3% annua lly .The N orw eg ian  krone s treng thened  5% annua lly .The expo rt 
industries  w ere fo r  th e  m ost p a rt d iscontinued. N orw eg ian  p roduction  is m ade up o f p ro tec­
ted industries  based on na tiona l purchasing  agreem ents. W ild  catch resources are sent frozen 
d irec tly  to  th e  EU /the consum ers. F ishing vessels are registered a t th e  N orw egian 
In te rna tiona l S h ipp ing  Register (NIS) and one has th e  same schemes as th e  sh ipow ners 
industry.The f is h in g  vessels are m anned by Asian crews. Farge aquacu ltu re  a c tiv ity  (w ith  d if ­
fe re n t types o ff is h  products) takes place a long  th e  coast.The p roduction  is out-sourced. All 
in p u t fac to rs  arrive re frigera ted  in Norway. N orw ay is th e  on ly  EEA mem ber.

The competitive Norway
Focus as in th e  scenario "The n o n -com pe titive  N orw ay".The so lu tions  one chose w ere focused 
on revenues fro m  fu tu re  increased added-value. The in te res t level was m a in ta ined  a ta n  in te r­
na tiona l level. We im ported  a price increase.The focus was on currency s ta b ility  and has 
changed fro m  being tra d e -w e igh ted  to  com pe tito r-w e ig h te d  stab ility . The e xp o rt revenues 
fro m  tra d it io n a l industries  increased by 2% annua lly  fro m  2003. A quacu ltu re  is an im p o rta n t 
exp o rt industry. Increased im m ig ra tio n .

The inves tm en t s tra tegy  fo r  th e  Petroleum  Fund is connected to  in dus try  deve lopm ent in 
Norway.The Petroleum  Fund ow ns considerable po rtions  o f th e  d is tr ib u tio n  channels fo r  sea­
food and partic ipa tes active ly  in th e  connection  be tw een d is tr ib u tio n  in th e  m arkets and 
added-value in Norway.

Wild fish versus fish farming -  the added-value coast
W ild fish  and aquacu ltu re  go hand in hand and co n tr ib u te  to  one another's  success. Increased 
know ledge abou t in te rac tion  gave in 2007 a com p le te ly  new  im age o f th e  re la tion betw een 
fishe ry  and aquacu ltu re . Research shows th a t th e  aquacu ltu re  a c tiv ity  con tr ibu tes  to  an incre­
ased a m o u n t o f  n u tr ie n ts  fo r  fry, w h ich  increases th e  bene fits  fro m  w ild  p roduction  by 100%. 
This has con tribu ted  to  an increase in w ild  fish  stock a long  th e  coast. Catch fie lds lie in the  
fish  fa rm in g  regions, b io -p roduction  has increased.The Sea Ranching A ct has been expanded 
and N orw ay has an envi ron m enta  I ly -fr iend ly  m arine  industry.

The peace-making role
N orw ay is a m em ber o f th e  EU, d iv is ion o f labour is con tro lled  and out-sourced by th e  EU. This 
has led to  S w itzerland and Finland ta k in g  over as th e  lead ing  developers o f te chno logy  and 
new  innovations. Sweden has cu ltu re , S pa in /P o rtuga l/S co tland /lce land  have fish , N orw ay has 
PEACE and co n flic t reso lu tion .T he  fu n d in g  is d is tr ib u te d  as 50% regionalised and 50% cen tra ­
lised in itia tives.The  s ign ificance o f na tiona l borders is reduced, th e  na tion  s ta te  is weakened, 
th e  level o f dem ocracy has increased and the re  is increased rég iona lisa tion .

N orw ay is pa rt o f  th ree  regions: th e  Barents, N orth  Sea and Baltic Sea Region.
A net c o n tro lle d /v ir tu a l pa rlia m e n t plays a centra l role and th e  d iffe re n t levels o f  a d m in is tra ­
tio n  are spread th ro u g h o u t Europe.

"Wild fish and 
aquaculture go hand 

in hand."
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"Norwegian salmon 
has an even greater 
prestige than today"

Actors
Companies

Multinational companies with a broad product range dominate the industry
A fte r several years o f lim ite d  access to  e q u ity  capita l, th e  N orw eg ian  aquacu ltu re  Indus try  Is 
to  a large e x te n t ow ned by com panies w ith  headquarte rs and ow ners ou ts ide  o f Norway. A 
fe w  m u ltin a tio n a l com panies do m in a te  th e  m arket. 20% o f th e  com panies In th e  Industry  
represent 80% o f th e  p roduction .The  key groups specialise In 5-7 d iffe re n t fa rm ed  species and 
all have a w ell-deve loped m arke ting  system. Products based on by-products com prise app ro ­
x im a te ly  35% o f th e  sales vo lum e. Research ac tiv ities  are purchased on th e  In te rna tiona l m ar­
ket, because am ong  o th e r reasons, N orw eg ian  researchers have become to o  costly  com pared 
w ith  (and In co m p e titio n  w ith )  fo re ign  researchers. Fish fa rm ers w o rk  p re d o m in a n tly  on a 
con trac t basis fo r  th e  m u ltin a tio n a l com panies.

Norwegian-owned integrated companies with national ownership shares
A large N orw eg ian  com pany has a d o m in a tin g  position  In th e  Industry. It has been d if f ic u lt  to  
acquire cap ita l and th e  gove rnm en t has purchased ow nersh ip  to  ensure th a t th e  com pany 
com petence rem ains In Norway.The com pany Is ve rtica lly  In tegrated and th e  feed sector Is an 
In tegrated p a rt o f th e  com pany's p roduction  activ ities . Feed p roduction  to  a large e x te n t Is 
based on m arine  raw  m ate ria ls  and com prises as such a na tura l p a rt o f th e  aquacu ltu re  a c ti­
vity. It Is considered to  be s tra teg ica lly  Im p o rta n t to  have contro l over feed p roduction  as w e ll 
as fry  p roduction . Special N orw eg ian  com petence Is used In th is  In tegrated com pany b u t a 
p a rt o f th e  com petence Is sold to  fo re ign  enterprises, In N orw ay and abroad.

Small and medium-sized companies in networks
The Industry  Is made up o f  m any sm all com panies th a t w o rk  to g e th e r according to  a coope­
rative m ode l.The com panies and o rgan isa tions are ow ned fro m  be low  and upw ard. 
N orw eg ian  sa lm on and o th e rfa rm e d  species are o f a high q u a lity  and are m anufactu red  
accord ing to  approved standards and In w e ll-d e fin e d  qua lltles .T he  Industry  Is characterised 
by a large abundance o f  products; a num be r o f n iche products have been estab lished a fte r a 
lo t o f  tr ia l and error. C ross-ow nership and use o f jo in t  te chno logy  Is com m on. Jo in t sales com ­
panies are estab lished and research Is focused on re in fo rc ing  th e  m a n u fa c tu rin g  side In re la­
t io n  to  th e  m arket.

Food fish production located close to the consumer
E nvironm enta l de te rio ra tions  In th e  ocean, a long  w ith  new  m a n u fa c tu rin g  m ethods In fish  
fa rm in g  have resulted In th e  N orw eg ian  coastline no longer be ing a nature-g iven advantage 
fo r  th e  aquacu ltu re  Indus try  as It was previously. In 2020 Innovation  has been based on scien­
t i f ic  know ledge abou t breeding processes and new  tech n o lo g y  has made It e ffic ien t, safe and 
p ro fita b le  to  operate food -fish  p roduction  In land-based Insta lla tions, w here  re-clrculated 
w a te r and a rtif ic ia l l ig h t provide an o p tim a l and safe en v iro n m e n t fo r  g ro w th . P roduction and 
s laugh te r are In th is  w ay located close to  th e  large m arkets and th is  has led to  fish  o f  a high 
q u a lity  and safe ty and g rea tly  reduced tra n s p o rt costs. Effective log is tics and process m ana­
gem e n t ensure th a t "catch o f th e  day" fresh fish  Is delivered to  all large m arkets.T raceab lllty  
Is very good and Is an In tegrated aspect o f  p roduction  and d is tr ib u tio n . Very fe w  fa rm in g  
Ins ta lla tions  rem ain In Norway. N orw eg ian  actors have earned a lo t o f  m oney fro m  sales o f 
th e  com petence developed by th e  fish  fa rm in g  Industry  lead ing  up to  2010.

Slaughter and packaging at the same location
The aquaculture Industry Is strong In Norway. Consumption packaging In 2020 takes place to  a much lar­
ger extent In the  same place where the food-fish Is produced and slaughtered, namely, In Norway. Wages 
arestlll high so we are not competitive when It comes to  manual production. But the ta r iff barriers before 
the  large markets, such as the EU, are gone.Technologlcal Innovation has made possible a capital-intensi­
ve, little demanding automated production,which results In ready-for-consumptlon Norwegian products 
becoming competitive outside o f Norway. In 2020 manufacturers know much earlier w hat the salmon Is 
to  be used fo r and w ho w ill buy and th is has made possible a development o f new product segments 
and products tailor-made to  different types o f buyers. Specialised nlche-companlescan deliver special 
products to  different customers and the quality can be o f such a nature and o f such a level tha t 
prlce/"performance" Is satisfactory fo r a large range o f customer groups. Norwegian salmon has an even
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greater prestige than today and has become a protected brand along the same lines as Parma ham was 
25 years ago.The framework conditions fo r aquaculture have been significantly improved and we compe­
te successfully w ith  pork export from  Denmark. Chile and Norway continue to  have the  best parameters 
fo r fish farm ing and the natural farm ing conditions remain vital to  the aquaculture industry's production 
capacity and profitability. Chile has suffered a series o f serious setbacks over a 10-year period due to  fish 
disease.

National strategic companies have revolutionised Norwegian aquaculture
The com pany Protein AS has in th e  course o f  th e  past 20 years revo lu tion ised N orw egian 
aquacu ltu re .The  com pany was established as a stra teg ic  inves tm en t based on Cermaq, w h ich  
reinvested surp lus fro m  Chile in N orw eg ian  salm on p roduction . A t th e  same tim e , the  
N orw eg ian  P arliam ent approved th e  a lloca tion  o f NOK 6 b illion  to  stra teg ic  subsid iaries fo r 
th e  deve lopm en t o f N orw eg ian  cod fa rm in g , lum p fish , and sea ranch ing  o f scallops. A un ique 
com b ina tion  o f oil cap ita l and raw  m ate ria ls  has made th is  possible. A m ong  o th e r th ings , a 
4 0 0  km p ipe line  has been b u ilt to  enable use o f na tura l gas in feed p roduction ,The  resu lt 
was an incred ib le  te n fo ld  expansion o f sa lm on p roduction , 300 ,000  to n s  cod, 20 ,000 tons  
h igh-priced lum p-fish  and e xp o rt o f 10 m illio n  large, liv ing  scallops packaged in a m od ified  
a tm osphere .The  stra teg ic  com panies are now  private, N orw eg ian -ow ned  and have paid back 
3 o f th e  6 b illion  th a t th e  gove rnm en t con tribu ted  (as agreed). Oysters and h a lib u t have now  
also show n a positive deve lopm ent, based on private in itia tive s  and know ledge fro m  research 
perfo rm ed in th e  stra teg ic  com panies.

Norwegian breeders own EU refiners
N orw eg ian breeders fo rm  b in d in g  co llabora tions and create th e ir  ow n sales o rgan isa tion . 
These create key log is tic  centres in France and Poland.Through m arke t dom inance  th e y  a tta in  
extrem e ly  favourab le  feed contracts, w h ich  lead to a  large reduction  in feed purchases. 
Increased surp lus is used to  invest (buy upw ard) fo rw a rd  a long th e  value chain, to w a rds  th e  
refiners. Through increased com petitiveness -  centra lised w arehouses -  th e y  ous t th e  non­
ow ned re finers.The com pany's s tra tegy is concen tra tion  in all links and efficiency.

AS Altifisk is Norway’s third largest manufacturing company
AS Förogfix, Norway's largest feed and sm o lt com pany continues its in teg ra tion  s tra tegy  and 
g ro w th  ph ilosophy having  a fe w  years before taken over AS Fiskeproduksjon, w h ich  has fa c to ­
ries in France, G erm any and th e  UK. N ow  Förgofix purchases th e  Danish log istics com pany AS 
R ettfram , w h ich  is Europe's lead ing  log istics com pany fo r  fresh seafood, and establishes AS 
A ltifisk . AS A lt if is k  becomes th e  f irs t  N orw eg ian  fu lly -in te g ra te d  com pany in th e  aquacu ltu re  
sector and contro ls  60%  o f th e  N orw eg ian  fish  fa rm in g  in dus try  fro m  feed to  th e  tab le . 
S trong forces have fo r  m ore th a n  20 years w orked to w a rds  th e  e s tab lishm en t o f  such a com ­
pany b u t th e  EU has cons tan tly  had ob jections because N orw ay is no t a m em ber and th e  EU 
w an ts  to  p ro tec t its ow n fish  fa rm in g  industry. N ow  th e  e s tab lishm en t is a fa c t and it is a n ti­
cipated th a t o the r N orw eg ian  fishe ry  com panies w ill co llabora te  closely w ith  A ltifisk , not 
least in te rm s  o f logistics, sales and m arke ting . A ltifisk 's  cha irm an o f th e  board, Stein Bit 
reports th a t th e  com pany is look ing  closely a t th e  ex is ting  possib ilities fo r  com m ercia l co lla ­
bora tion  and emphasises th a t an a ffirm e d  ob jective is to  keep th e  com pany in N orw eg ian  
hands.

"...the EU wants to 
protect its own fish 
farming industry."

Norwegian food-fish production in the bands of one
The revo lu tiona ry  env ironm en ta l o rgan isa tion  "No Death" (the o rgan isa tion  w orks fo r  all a n i­
mals be ing a llow ed to  die o f  na tura l causes) in 2015 bo u g h t up all o f th e  food -fish  licenses in 
N orway.This was m ade possible a fte r th e  licensing-ho ld  was abolished in 2010. "No Death's" 
ph ilosophy is to  convert th e  food -fish  in s ta lla tions  in to  recreational centres w here  fo re ign  
to u r is ts  can go d iv ing  to g e th e r w ith  th e  sa lm on.The  salm on is harvested on ly  as dead fish  
(from  accidenta l or na tura l causes) and "No Death" harvests th e  salm on fo r  th e  un ique  a n ti- 
carcinogenic substance fo r  w h ich  th e y  have a g lobal pa ten t.T h is  an ti-ca rc inogen ic  substance 
gives "No Death" s ig n ifica n t econom ic g ro w th .
Key phrases:
• P roduction on ly  a t a fe w  locations
• M os t fish  fa rm in g  ins ta lla tions  are sh u t dow n
• The sa lm on slaughterhouses are to rn  dow n
- W idespread deve lopm ent o f  a to u r is m  in fra s tru c tu re  in connection  w ith  th e  fe w  rem a in ing  

ins ta lla tions

"Recreational centres 
where foreign 

tourists can go diving 
together with the 

salmon."
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Status-quo in the basic structure
No large changes! The cu rren t ow nersh ip  s truc tu re  is m a in ta ined  in th a t th e  sa lm on price is 
s tab ilised a t an acceptable level and gives a m arg ina l re tu rn  on th e  e q u ity  capita l. 
Innum erab le  a tte m p ts  to  abolish th e  llcenslng-ho ld  have n o t succeeded.This has led to  th e  
s tru c tu re  on th e  ow nersh ip  side rem a in ing  In place. An Ind iv idua l MO -  m anu fac tu re rs  o rga­
n isa tion  -  has been fo rm ed  and the re  are s tr ic t p roduction  regimes. The on ly  poss ib ility  fo r 
m ax im isa tion  o f  p ro fit has been to  estab lish centra lised m a rke ting  and sales. 70% o f th e  lim i­
ted  com panies th a t do n o t have a stock exchange lis tin g  have entered co llabora tive  agree­
m ents w ith  Ler0y.
The aquacu ltu re  Industry  today  (2020) Is p rim a rily  m ade up o f th e  mergers:

• M arine  Harvest + Pan fish  -  Pan M arine  ASA
• Fjord + Cemaq -  M ax Fjord ASA
• Ler0y + Independent fish  fa rm ers  -  Ler0y ASA AISF

(Ler0y Association o f Independent Salmon Farmers) In co llabora tion  w ith  Ler0y

Research, education and competence communities

"Researchers from all 
parts o f the world 

study marine biology 
in Norway."

Privatisation of knowledge
As ow n e r o f a large pharm aceu tica l company, R0kke establishes a m arine  te ch n o lo g y  research 
centre  (focused on aquacu ltu re ) In Trom s0.The purpose o f th e  centre Is p a te n tin g  and exp lo i­
ta t io n  o f genes In m arine  organ ism s th a t have a large ea rn ing  po ten tia l. This applies to  bio- 
m ed lc lna l and b io techno log ica l p roducts .Th ls  In itia tes th e  fa rm in g  o f m arine  organ ism s fo r 
b lo -m ed lc lna l purposes. A n o the r p a te n tin g  area Is new  feed types.

Large-scale operations and group control
N orw eg ian aquacu ltu re  Is contro lled  by large, In te rna tiona l food p roduct groups w ith  In terna l 
research u n lts .T h e lr contro l Is based on superio r system s fo r  logistics, m arket con tac t and 
contro l o f a superior, pa ten ted feed technology. M os t o f th e  applied research Is privatised, 
w h ile  th e  gove rnm en t concentra tes on fin a n c in g  basic research. Extensive co llabora tions 
have been established betw een th e  research-based aquacu ltu re  Industry  and th e  universities.

Organisation of research
The gove rnm en t and th e  Research Council have estab lished a na tiona l d iv is ion  o f labour b e t­
w een th e  R&D sector In N orw ay and abroad.Th is has created larger, m ore in te rd isc ip lina ry  
environm ents , qua lified  to  address com posite , com plica ted  prob lem s and ass lgnm ents.Th ls 
was b ro u g h t abou t th ro u g h  th e  geograph ica lly  v ir tu a l co llabora tive  fo rm s  connecting  th e  
N orw eg ian  ins titu tes . Both th e  industries  and th e  pub lic  a u th o ritie s  have g o tten  past th e  te r ­
rito r ia l and sector con flic ts  betw een th e  fish e ry  and ag ricu ltu re  sectors. The resu lt Is be tte r- 
organised N orw eg ian  research w ith  good in te rn a tio n a l connections and an effective  co llabo­
ra tion  betw een in d u s try  and research.

The Norwegian aquaculture industry the most efficient in the world
A key to o l fo r  ach iev ing th is  resu lt has been a heavily pub lic -financed  research system  and an 
a d m in is te rin g  agency th a t has e ffec tive ly  co n tr ib u te d  to  tra n s m itt in g  new  te chno logy  and 
new  know ledge In to  th e  Industry.

Success for the Norwegian Aquaculture University
The N orw eg ian  A quacu ltu re  Indus try  has a fte r m any years o f e ffo rt pa ten ted an Im m u n ity  
s tim u la tin g  vaccine fo r  fish  fa rm in g . The vaccine p ro tects aga inst 10 o u t o f 12 o f th e  m ost 
serious diseases in fish  fa rm in g  w h ich  im p lies th a t fa rm ed  cod can now  be ce rtified  fo r  trade  
w ith in  th e  EU.

The Swedish Academy establishes a new Nobel Prize in biology
The ob jective o f th e  prize is be tte r g lobal exp lo ita tio n  o f resources and food p roduction . As an 
in te rn a tio n a lly  recognised p ioneer na tion , N orw ay has been asked to  aw ard th e  prize a long 
w ith  th e  Peace Prize. Researchers fro m  all parts o f th e  w o rld  s tudy  m arine  b io logy In Norway.

Norway is depleted of researchers
T hrough In teg ra tion  o f th e  European Research Arena (ERA) th e  centra l N orw eg ian  research 
in s titu te s  w ith in  th e  fie ld  o f  aquacu ltu re  received m arg ina l positions. W h a t once w ere suc-
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cessful co m m u n itie s  fo r  N orw eg ian  aquacu ltu re  research have been depleted o f th e  best 
researchers and th e  m ost g ifte d  students, as everyone is ru n n in g  to  th e  centra l European 
in s titu te  in th e  south  o f France. A fte r aquacu ltu re  research disappeared, th e  aquacu ltu re  
in dus try  has lost its com petitiveness, and is heavily d im in ished .

Norway’s greatest export product = knowledge
It has g row n  to o  expensive to  m anu fac tu re  goods in N orway.The fish  fa rm in g  in dus try  in 
N orw ay has a m ore expe rim en ta l focus. It pays fo r  breeders to  produce know ledge a t th e ir  
ins ta lla tions  instead o ff is h . Know ledge has a lways been inexpensive in N orw ay and know led ­
ge is now  th e  country 's m ost im p o rta n t e xp o rt p roduct.T h is  applies to  know ledge abou t sal­
m on b u t to  an even grea te r e x te n t is connected to  p roduction  o f m arine  fish  and especially 
m arine  hatcheries and fry  p roduction . N orw eg ian com panies ow n and operate hatcheries all 
over th e  w orld . In add ition , N orw eg ian  com panies have a lead ing  position  in supp ly o f  sa lm on 
roe thanks  to  pa ten ted im proved characteris tics.The Research Council m od ified  its p r io r it i­
sing, became a fo u n d a tio n  and now  w orks exclusively w ith  com petence deve lopm ent fo r 
aquacu ltu re . 30% o f th e  Petroleum  Fund's d iv idends are p u t in to  th e  know ledge industry. This 
con tribu ted  to  th e  com panies' even tua lly  ta k in g  on a greater respons ib ility  fo r  innovation  and 
in-house research.

The fish  fa rm in g  com panies have given know ledge a position  in N orway.The com petence 
co m m u n itie s  in N orw ay have safeguarded royalties and patents. N orw ay also ow ns large por­
tio n s  o f th e  fish  fa rm in g  in dus try  abroad. N orw ay has succeeded in th e  link  betw een the  
m arket and know ledge deve lopm ent.There  are N orw eg ian  in terests th ro u g h o u t th e  en tire  
value chain.

Know ledge exists all th e  w ay to  th e  ready-for-sale p roduct.T he  m e n ta lity  is fro m  th e  
m arket backwards and it is g lobal.

2020= o Escape from fish farming installations
In 2012 all in s ta lla tions  received fish  fa rm in g  ce rtifica tes  and are type  approved. Further deve­
lopm en t led to  all in s ta lla tions  in 2020 be ing to ta lly  escape-proof. N ew  m ate ria ls  te chno logy  
detaches fish  fa rm in g  fro m  old lim ita tio n s . N ew  m ethods fo r  d im ens ion ing , design and cho i­
ce o f m ate ria ls  make in s ta lla tions  escape-proof. N ew  seine concepts and custom ised surfaces 
are im p lem en ted  lead ing  to  zero fo u lin g . C ond ition  m o n ito r in g  m ethods make possible t im e ­
ly com ponen t rep lacem ent.Th is  deve lopm ent is realised th ro u g h  an in te rd isc ip lina ry  co llabo­
ra tion be tw een b io log ica l and techno log ica l co m m u n itie s  w here  also co llabora tion  w ith  
m ate ria ls  te ch n o lo g y  is im p o rta n t. Experience fro m  space te chno logy  and know ledge fro m  
space research provides new  m ateria ls. Self-reparation processes, se lf-correction  o f errors are 
an e ffective  pa rt o f  th is  new  technology. In N orw ay aquacu ltu re  has become a dem and ing  
cus tom er fo r  m ate ria ls  deve lopm ent.

Antidote for food poisoning
B io technolog ica l research is th e  basis fo r  th is  new  deve lopm en t.The  expression "you are 
w h a t you eat" has d e fin ite ly  lost its valid ity. One goes fro m  prophylax is  to  therapy. 
M em bersh ip  in th e  EU enables free  f lo w  o f m ost every th ing . The doc trine  o f safe food was 
abandoned because research has com e up w ith  e ffective  an tido tes  th a t can be taken in p ill 
fo rm . It has become in fa c t econom ica lly  and po lit ica lly  im possib le  to  produce safe food. On 
th e  o th e r hand, consum ers are able to  rid them se lves o f th e  to x ic  substances th a t th e  food 
may conta in . C hildren fro m  th e  prosperous segm ent o f  society are vaccinated aga inst food 
poisoning. Poor coun tries  canno t im p le m e n t th is  prophylaxis, lead ing  to  g reater contrasts 
betw een n o rth  and sou th .T he  fish  can be produced close to  th e  m arkets.The fish  is also fed 
pills or vaccines so it stays hea lthy enough to  be sw a llow ed .The  fish  fa rm in g  in dus try  p rodu ­
ces very inexpensive ly and w ith  good p ro fits , o ften  in dra inage w a te r fro m  oil and o th e r heavy 
in dus try  w here  fish  fa rm in g  has been in troduced as a p u rifica tio n  m easure before em ission. 
The on ly  res tric tion  is th e  requ irem ents  im posed on th e  fish 's hea lth  and w e ll-be ing .

Norway made its bet and won
The princ ip le  o f a neutra l indus tria l research and indus tria l policy disappeared a fte r th e  p a rli­
am en ta ry  e lection  in 2005. An annua l NOK 20 b illion  was invested in innovation-based indus­
try  deve lopm en t w ith in  aquacu ltu re .Tax exem ption  program m es and Aquacasino (Faks 
Vegas) th a t are run o ffshore  also m ean s ig n ifica n t cap ita l in jec tions to  th e  industry. M ore 
m oney m eans m ore research; advanced fo re ign  researchers are b rough t in fro m  abroad to  th e  
new ly  established aquacu ltu re  un ivers ity .Th is  un ive rs ity  has set up sa te llite  un ivers ities in 
m any coun tries .The  resu lt o f a fus ion  process o f m any com petence sectors in N orw ay leads

"...knowledge is now  
the country’s most 
important export 

product."

"...all installations in 
2020 being totally  

escape-proof."

"The principle o f a 
neutral industrial 

research and 
industrial policy 

disappeared
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"...the international 
large companies see 
the possibilities for 

establishing techno­
logy development 

under more private 
direction.

"Anarchy reigns."

to  th e  best m inds g iv in g  N orw ay a lead ing  g lobal ro le .Th is na tiona l inves tm en t has given 
N orw ay to ta l dom inance  on a g lobal scale in in te rn a tio n a l fish  fa rm in g .

Problem of salmon lice abolished
T hrough research on breeding and new  vaccines, a p ro tec tion  fro m  salm on lice has been 
discovered fo r  fa rm ed  salm on. N atura l se lection in w ild  salm on leads to  resistance to  
sa lm on lice.

Industry organisations

All power to the companies
Price collapse and a dow nw ard  trend  in th e  in dus try  in 2008-2010 are fo llo w e d  by a to ta l co l­
lapse/depression, over-production , price reductions, betrayal o f confidence in large consum er 
groups, etc. A n o the r collapse occurs s im u ltaneously, nam ely w ith in  th e  pub lic  know ledge 
po licy and te ch n o lo g y  deve lopm ent. But th e  possib ilities in N orw eg ian  aquacu ltu re  are s till 
present. N ow  it is th e  in te rn a tio n a l large com panies th a t see th e  possib ilities  fo r  es tab lish ing  
te ch n o lo g y  deve lopm en t under m ore private  d irec tion .T h is  also enables th e  em ergence o f 
in te rn a tio n a l m a n u fa c tu re r o rgan isa tions (MO), run by these m u ltin a tio n a l com panies. As th e  
f irs t  link, p roduction  contro l has been im p lem ented , b u t experience results in th e  b u ild in g  up 
o f  a s tronge r m anagem en t o f th e  MOs' com petence.The focus is d irected to w a rds  com pe ten ­
ce, research, and raw  m ate ria ls  access.The m u ltin a tio n a l com panies are in charge o f th e  e n ti­
re in te rn a tio n a l aquacu ltu re  regime.

All power to the green
In the  years before 2020 clear m arket g row th  and an organisation o f green organisations took  
place.This includes consum er organisations, grocery chains th a t operate w ith  a green profile, 
and protest organisations such as GreenPeace. A n im al Protection Organisations (NGOs) are also 
im po rtan t. This has occurred asa result o f the  fo rm a tion  o f a balance between food product 
supply and popu la tion  g row th . A coordinated organisation o f these m ovem ents has created a 
s ign ifican t instance o f power, w h ich  th e  Norwegian aquacu ltu re  industry  has had to  contend 
w ith .T h is  perta ins to  an im al welfare, use o f beach areas, escape o f fa rm ed fish, po llu tion  (che­
m icals,feed remains, m edicine).This has led to  a s ign ifican t price-hike on fin ished products. 
A ttend ing  to  all o f these considerations has also contribu ted  to  the  developm ent o f new  and 
price-increasing concepts fo r fish  fa rm ing .T he  positive health effects o f salm on rem ain and a 
stable, w e ll-paying  m arket has been developed.

European organisations dominate
The N orw eg ian  C onfederation o f Trade U nions (LO), th e  C onfederation o f  N orw eg ian  Business 
and Indus try  (NHO) and th e  in d u s try  o rgan isa tions o f today  have merged w ith  th e  correspon­
d in g  EU organisations. They have changed th e ir  focus fro m  a concen tra tion  on w age and w o r­
k ing cond itions  to  professional and industria l deve lopm ent.They have g reat pow er and in f lu ­
ence in th e  EU system and are in it ia to rs  o f change in acts and regu la tions. LUBC is es tab lis ­
hed to  develop th e  local and na tiona l m arine  industries, and LUBC is also connected to  th e  
co rrespond ing  EU organ isa tion .

Special interests and conflicts in Norway
Anarchy reigns. We have w a llow ed  in p rosperity  and are no t able to  jo in  forces on any s tra te ­
gic choices or create a consensus fo r  a n y th in g .T h e  in dus try  o rgan isa tions ba ttle  over m oney 
and positions.There  is s ig n ifica n t sp lin te r ac tiv ity ; green waves m eet w ith  blue, red.The 
ye llo w  organise (n o rth -sou th  o rgan isa tion  in g lobal p roduction). N orw ay fig h ts  a t hom e and 
behaves like th e  angel o f  peace o u t in th e  w orld . The consequences are th a t added-value is 
low ; th e  public sector grow s since all special in terests are to  have th e ir  home, and a career in 
lobby ing  is th e  m ost p rom is ing .T he  N orw eg ian  School o f M anagem en t and th e  N orw eg ian  
College o f Business A d m in is tra tio n  w rang le  over g iv ing  th e  best lobby ing  courses.The 
Research Council is s till deve lop ing  DocuLive.

Norway a member of the EU
Norway becomes a m em ber o fth e  EU in 2010. This has led to  free m arket access fo r processed 
fish  products fo r  a m arket o f 3-400 m illion  consum ers.This has also offered access to  more 
resources fo r R&D objectives so it has been possible to  realise prioritised projects, w h ich  have
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generated breeding o f new  species, new  processed products, biochemicals, etc. EU-membership 
has led to  th e  national m arine resources becom ing part o f th e  Ell's jo in t  resources. 
A dm in is tra tion  and m anagem ent o f these resources is located in Norway, w h ich  creates a com ­
petence centre o f gravity in th e  region. Increased dem and fo r fresh, processed products has led 
to  new  alliances between European superm arket chains and N orwegian coastal groups th a t 
take care o f all processing. Production o f fabricated consum er products in N orway has also led 
to  valuable by-products no t being sold outside o fth e  country. Industry based on these raw 
m ateria ls has fin a lly  obta ined stable raw  m ateria l access.

Large groups administrate the majority of Norway’s marine resources
• Partial abo lish m e n t o f ow nersh ip  restric tions
• In te rna tiona l food g ian ts  are th e  largest ow ners
• N orw eg ian  Seafood Federation (FHL), EFF, th e  N orw g ian  Raw Fish O rgan isa tion  are w eak or 

non -ex is ten t
• The licensing system  -  po litica l contro l o f  quotas and area is carried o u t th ro u g h  t im e - lim it 

licenses
• Groups acquire m arket quo tas a llocated by th e  gove rnm en t.T h is  leads to  a greater focus on 

added-value per u n it (q u a lity  instead o f q u a n tity )
• The in dus try  o rgan isa tions are weakened
• S trong brand goods are established
• Greater s tab ility , m ore secrecy w ith  regard to  in fo rm a tio n
• The in dus try  is contro lled  by a fe w  actors

FHL Aquaculture is proactive and run on the industry’s terms
• Stronger FHL (The Norwegian Seafood Federation)
• Expanded influence in control o fth e  research investment
• More applied research w ith  industry influence
• Small actors obtain greater influence on decisions in the  organisations
• The most im portant actors w ith  regard to  setting terms in the  industry are the largest and 

medium-sized members o f FHL
• FHL becomes the government's collaborating instance in the form ation  o f aquaculture policy 

(assumes role asfish farm ing directorate)

Industry organisations talk politics -  Party of Progress as supporting player
• Fish fa rm ers com p la in  abou t co m p e tit io n -re s tr ic tin g  cond itions
• PoP prom ises to  ligh ten  th e  acts and na tiona l res tric tions
• FHL gets a PoP dom ina ted  board
• PoP cons titu tes  th e  gove rnm en t
• Leads to  pow er be ing sh ifted  fro m  courts  and councils to  com panies
• One envisions s trong  g ro w th  in aquacu ltu re  w ith  less m arket, env ironm en ta l and 

ow nersh ip  contro l
• A quacu ltu re  becomes th e  m ost im p o rta n t in dus try  w ith  s trong  concentra tions
• M any coastal co m m u n itie s  collapse, area con flic ts  increase (fishery /recrea tion )
• Large oscilla tions in th e  economy, m any bankruptc ies (the g ro w th  canno t be contro lled, 

bu t fo llo w s  th e  m arket)

WTO promotes aquaculture in the 3rd world
• WTO removes trade  res tric tions  on th e  3rd w orld
• Removes d irec t and ind irec t subsidies in th e  cu rren t industria lised  nations
• The W orld Bank supports  e s tab lishm en t and th e  tra n s fe r o f know ledge to  th e  3rd w o rld
• Quick g ro w in g  trop ica l fa rm ed  species are heavily increased as a pa rt o f  to ta l and global 

fish  fa rm in g  p roduction  and as a share o f p ro te in  consum ption  in Asia, Latin Am erica and 
Africa, w h ich  leads to  increased e xp o rt to  w este rn  m arkets a t low  prices

• The env ironm en ta l q u a lity  o f th e  products is high
• The products are perceived as po lit ica lly  correct and a t th e  same tim e , exclusive
• S trong co m p e titio n  fo r  fish  fa rm in g

Serious resource conflict between FHL and the Norwegian Fisherman’s 
Association (Fiskarlaget)

A serious co n flic t has arisen betw een FHL and th e  Fiskarlaget regard ing  area, fis h in g  resour­
ces and m arket access

"The industry is 
controlled by a few 

actors."

"Many coastal com­
munities collapse..."

"The environmental 
quality o f the 

products is high."
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"All the fish and 
water are ozone- 

treated to avoid the 
spread o f diseases 

and parasites."

• Norwegian Raw Fish O rganisation obta ins contro l o f all p rim ary trade o f all m arine farm ed fish
• Heavy res tric tions  on w hen fa rm ed  fish  can be traded to  avoid co m p e titio n  w ith  th e  w ild  

fish  trade
• FHL gains very lit t le  o p p o rtu n ity  to  develop o ffsh o re -fa rm in g  and contro ls  res tric tions on 

area expansion on th e  coast
• Fiskarlaget con tribu tes  to  po litica l scepticism  to w a rds  a fo re ign -ow ned  fish  fa rm in g - 

in dus try  w h ich  increases th e  pressure on th e  w ild  fish  resources o u t o f  fea r o f losing 
na tiona l contro l o f  these resources

• Fiskarlaget opposes th e  fa rm in g  o f new  species th a t are already caugh t w ild
• The fish  fa rm in g  in d u s try  h its  th e  w a ll w ith  regard to  area, feed and m arket access
• The w ild  fish  in dus try  contro ls  th e  deve lopm ent on its ow n te rm s

Investors

Norwegian Raw Fish Organisation in interaction with the oil industry
A fte rth e  large oil catastrophe in 2006 w ith  the  b low -out at Frigg, which killed m ost o fth e fis h  
stocks in the  North Sea, the  oil industry had to  ca rryou t drastic measures to  develop new goodwill. 
Together w ith  the  Norwegian Rafisklaget, great sums were invested in the  build ing o f production 
installations fo r the  production o f fry  fo r both sea ranching and standard fish farm ing. Parts o fth e  
fisheries are completely re-built fo r capture o f live fish, which am ong other things, are exported by 
plane to  Asia in containers irrigated w ith  oxygenated freezing water. Especially in China, which has a 
population o f 2 billion, th is  has been a great hit. All the  fish and w ater are ozone-treated to  avoid the  
spread o f diseases and parasites and WHO approved the  method in 2017 as the  safest method fo r 
transport o f live seafood.

Environmental organisations however are w ork ing  very actively to  bring th is  to  an end, based on 
the  view  th a t th is  is w asting energy resources.

Financial investors in the cod industry
After Norway became a m em ber o f EU in 2008,financial investors in Europe have extracted large 
gains from  Norwegian cod farm ing. A fte rth e  breakthrough in fry  production in 2003/2004 th is  seg­
m ent o fth e  Norwegian aquaculture industry has been extremely profitable bu t since the  surplus is 
milked away by investors, the  developm ent has stopped, also due to  a lack o f R&D efforts.The adven­
tu re  in the  north, w ith  investments from  both Russian capital interests and from  the  regional funds 
o fth e  EU has also had a catastrophic development. Special interests/the indigenous population 
demanded rights on the  planning, production and profits and the  large facilities in Finnmark and 
Troms th a t were bu ilt up to  2015 are now  inactive. Norsk Kj0t t  and Tine, which because o fth e  EU 
mem bership lost the ir customer-base in com petition w ith  European manufacturers, are in the  pro­
cess o f gain inga stronger position as ow ner o f an installation fo r fa rm ing  o f ra inbow tro u t fo r 
export to  Asia.

Icelandic trawler company controls Norwegian cod farming
A fte r having  fo r  a long t im e  b o u g h t up in te rn a tio n a l quotas fo r  cod fish in g , th e  Icelandic f is ­
hery com pany "Tos ke H e im at" has bough t up 60%  o f  N orw eg ian  cod licenses. The fa rm ed  cod 
is an im p o rta n t supp lem en t to  w ild  fish  and ensures th e  fle e t and th e  Icelandic fish  indus try  
a c tiv ity  in low  a c tiv ity  periods in th e  fisheries .The  Icelanders s laugh te r and package th e  cod 
onboard th e ir  vessels, w h ich  has led to  a considerable reduction  in a c tiv ity  fo r  th e  N orw egian 
fish  industry.

Farmers and fishermen -  hand in hand
Norsk K j0 tt,T ine  and N orw g ian  Raw Fish O rganisation 's inves tm en t com pany M arinvest have 
established th e  inves tm en t com pany Produsentinvest and are buying  up fish  fa rm in g  com pa­
nies on a large scale.The ob jective is to  be an active industry  developer w ith in  all th e  im p o r­
ta n t sectors o f N orw eg ian  food p roduction . A prio ritised  area is b u ild in g  successful brands in 
sea-food equ iva len t to  Jarlsberg and Terrina. S im ultaneously, P rodusentinvest w an ts  to  ensure 
N orw eg ian  com panies a fo o th o ld  in th e  fa s t-g ro w in g  Asian m arkets.Through th e  estab lish ­
m ent, N orw eg ian  fa rm ers  and fishe rm en  now  jo in t ly  contro l also th e  large m anufactu re rs  and 
exporte rs o f N orw eg ian  food products to  th e  EU and USA and the reby  som e 60%  o f all 
N orw eg ian  food p roduct m anufacture . P rodusentinvest w an ts  to  build  M arian in to  th e  in te r­
na tiona l seafood brand and it is the re fo re  an tic ipa ted  th a t several fish  fa rm in g  com panies w ill 
fu r th e r  question  th e  value o f th e  N orw eg ian  Seafood Export Council and th e  Norway-brand.
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The government active through the Aquaculture Fund
• The gove rnm en t develops new  species
• The price o f feed is high
• The gove rnm en t w an ts  o u t
Due to  extrem e ly  high costs in connection  w ith  th e  deve lopm ent o f  new  species, th e  govern­
m en t fo rm s  a na tiona l aquacu ltu re  fu n d .T h e  fu n d  is to  th e  gu ide  th e  deve lopm en t fo rw ard  
un til com m erc ia lisa tion  is made possible. The fo rm  o f th e  A quacu ltu re  Fund is th a t o f th e  cu r­
rent seed-program m e b u t th e  pro file  fo r  investm ents  is 10 /90  p riva te /n a tio n a l.T h e  govern ­
m en t has hereby been w illin g  to  carry a s ig n ifica n t p a rt o f th e  burden o f  gene ra ting  new  spe­
cies. The deve lopm enta l costs have become considerab ly g reater th a n  an tic ipa ted  a t th e  tim e  
o f es tab lishm en t o f th e  fu n d . In 2020 com m erc ia lisa tion  o f new  species is a rea lity  and the  
gove rnm en t w an ts  ou t. Because o f g loba l w a rm in g , th e  regions around n o rth -w e s t Russia 
have no t been iced over fo r  th e  past five  years. This can make fish  fa rm in g  possible as fa r 
no rth  as Novaja Semlja and has led to  Russian oil com panies (those ope ra ting  o il ex traction  
in th e  Barents Sea) v ie w in g  th e  N orw eg ian  deve lopm en t w ith  in te rest and buy ing  th e  
governm ent's  shares a t a heavily reduced price.

Development calls for great resources
Advanced techno log ica l products take  tim e  to  develop and require capita l.
Investors on ly  operate ven tu re  fu n d s  and m u tu a l fu n d s  -  and coun te raction  o f such is a large 
and d if f ic u lt  task. Some are speculative and are w illin g  to  en te r a t an early phase. But th is  
assumes th a t th e  aquacu ltu re  in d u s try  is a ttrac tive  and in possession o f R&D co m m un itie s  
w ith  specialised com petence (Centres and N etw orks o f Excellence -  Gold Coast).These m ust 
be a p a rt o f a g lobal /  regional R&D n e tw o rk  and m us t be w o rk in g  on pro jects w h ich  the  
investors can believe in. The pub lic  sector m us t take respons ib ility  fo r  both  c o n tr ib u tin g  w ith  
"pa tien t" capita l, a llo w in g  long -te rm  th in k in g  and p red ic tab ility .The  public sector m us t also 
take respons ib ility  fo r  b u ild in g  up th e  R&D co m m u n itie s  needed. A large R&D fu n d  w ill be a 
key too l.

Cluster-investor -  the investor of the future
The investors o f th e  fu tu re  require pub lic  investm ents  and pub lic  co n tr ib u tio n s  to  research in 
new  and p rom is ing  areas. M arke t plans m us t be in place; one m us t have th o u g h t th ro u g h  a 
com prehensive s tra tegy fo r  th e  deve lopm en t one in itia te s  and n o t ju s t  be m yop ica lly  concer­
ned abou t specific techn ica l or know ledge-re la ted  problem s.

The investors take th e  deve lopm en t tasks seriously; th e y  invest heavily w here  reduced risk 
can be expected and i f  it  is clear th a t those  w h o  ac tua lly  p u t in risk cap ita l w ill have poss ib ili­
ties  to  derive la te r gains. W ith  goa l-o rien ted  sound projects, it  has proven possible to  realise a 
longer tim e fra m e  w ith  investors th a n  w h a t was fo rm e rly  com m on; 2-5 years.

The Aquaculture Fund -  interaction between the public and the private
• Public fra m e w o rk  cond itions  (tax-re la ted, etc.)
• 50 /50  pub lic  and private  capita l
• M o d ifica tio n s  th a t w ill make it exped ien t to  jo in  forces in a large, ta rg e t inves tm en t
• A cond ition  is th a t th e  pub lic  sector has already con tribu ted  to  fin a n c in g  basic research
• The fu n d  m ay also be regional

The splintered investor community
• Private investors are key
• Finance cap ita l fo r  th e  average N orw eg ian  has since 2003 increased fro m  app rox im a te ly  

NOK 500 ,000  to  NOK 2 m illio n .T h is  type  o f investor com prises app rox im a te ly  25% o f 
available investor capita l.

• Reserve cap ita l: Low risk w illingness
• In s titu tio n a l investors: banks, insurance com panies
• Public reserve, m u tu a l funds, ven tu re  fu n d s  (pub lic /p riva te )
• M a jo rity  o f th e  concep t-deve lopm ent fu n d in g  comes fro m  private (angels) and w ill be 

h igh ly  focused on added-value benefits. Here the re  is a g reat w illin g n e ss  to  assum e risk.

"Advanced technolo­
gical products take 
time to develop."
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"We are a reference 
nation on marine 
food resources."

"The Nordic region 
has appeared as a 
reliable and good 

supplier o f seafood.

"International energy 
crises have resulted in 

a depression."

Public Authorities

The Ministry of Food -  a simpler Norway
M in is tries  o f  Industry  LD and FID are In tegrated w ith  in dus tria l fu n d s  In th e  M in is try  o f Food 
NMF (the N orw eg ian  M in is try  o f Food). The M in is try  o f Food has to ta l respons ib ility  fo r 
fjo rd /e a rth  to  ta b le  in N orw ay (in o th e r words, th e  en tire  value chain). A t th e  same t im e  o ff i­
cial fo ru m s  have been established betw een th e  M in is try  o f  H ealth and th e  M in is try  o f  Food 
to  ensure research on food as m edic ine and hea lth  e ffec t.T he  po litica l s truc tu re  In N orw ay 
has been changed to  five  regions (coun ties /m un ic ipa litie s ) and th e  a d m in is tra tio n  o f these Is 
carried o u t locally.The Food Inspectorate  has been fu r th e r  s im p lifie d .T h e  N orw eg ian  M in is try  
o f  Food has acquired In te rna tiona l a d m in is tra tive  respons ib ility  fo r  m arine  resources in th e  
EU. Research on and docum en ta tion  o f  seafood done in N orw ay de te rm ines  th e  EU re g u la ti­
ons. We are a reference nation  on m arine  food resources.

The industry is destroyed by pollution
Increasing pub lic  costs, expensive ta r i f f  se ttlem ents , costly social reform s, pension p rog ram ­
mes all rem ain unsolved problem s. A t th e  same t im e  th e  oil revenues are dropp ing . (Iran /the  
M idd le  East are stabilised, th e  value o f th e  do lla r drops, etc.) M any u n fo rtu n a te  and s im u lta n ­
eous circum stances lead to  a collapse o f th e  established economy. The gove rnm en t transfers 
th e  costs to  a successful aquacu ltu re  in d u s try  and Increases th e  ta xa tio n  on th e  ¡ndustry.This 
leads to  th e  in dus try  its e lf n o t having th e  financ ia l backbone to  invest in preparedness and 
fu r th e r  deve lopm ent. O nThe pub lic  sector has neglected to  drive fo rw a rd  long -te rm  develop­
m enta l projects, so th e  Industry  Is run In an ex trem e ly  tra d it io n a l manner. In th is  s itu a tio n  a 
serious p o llu tio n  accident occurs w here  oil tankers run aground a t M ongstad  or large oil ta n ­
kers collide or a to m ic  w aste  is released in to  th e  ocean a fte r a ship on Its w ay to  Russia runs 
aground on th e  coast o f W estern N orway.The dem and collapses and th e  p roduction  te rm s  in 
th e  south are destroyed overn igh t.

Post EU -  regionalised policy
An expansion o f th e  EU to  co n tin u a lly  new  areas In Europe, N orth  A frica and w este rn  parts o f 
A frica has accum u la ted /genera ted  in te rna l regional and e thn ic  con flic ts .T h is  has led to  a 
rég iona lisa tion  (sp lit) o f th e  European U nion in to  a num ber o f larger and less au tonom ous 
en titie s .T h is  had led to  th e  Nordic region com pris ing  a considerab ly large dom estic  m arket. 
Beyond th is , u n lim ite d  m arket access has been acquired to  some regions and m ore lim ited  
access to  o thers .Toge ther w ith  Russia and Iceland th e  N ordic region has m anaged to  retain 
sovere ign ty over m arine  resources.The N ordic region has appeared, In th e  eyes o f o th e r pay­
ing  Industria lised  m arkets such as th e  USA and Japan, as a re liab le and good supp lie r o f sea­
food.These m arkets have em erged as large buyers o f m ore processed N orw eg ian  products. 
This has m ore th a n  com pensated fo r  th e  In su ffic ie n t m arke t access one now  has to  th e  EU 
fo r  processed products.

Aquaculture gives growth and prosperity
N orw ay has taken innovation  policy seriously. There Is a new  parad igm  in th e  social econom y 
and po litica l science, a new  genera tion  In th e  Indus try  and in th e  pub lic  sector.The break w ith  
a so-called Indus tria l n e u tra lity  policy Is obvious and th e  focus Is on th e  aquacu ltu re  Industry  
th ro u g h  a "s im p le r N orw ay".Th is has con tribu ted  to  aquacu ltu re  In 2020 em erg ing  as th e  
m ost fin a n c ia lly  s trong  Industry  In Norway. It provides th e  basis fo r  large na tiona l revenues; 
w e have a close pa rtne rsh ip  betw een th e  actors (Trippel Helix); trade  &  industry, th e  public 
a u th o rit ie s  and th e  un ive rs ity  and college sector have jo in t  s tra teg ic  v is ions and plans o f a c ti­
on in both th e  sh o rt and long -te rm .T hey  fu n c tio n  w e ll in a good dynam ic co llabora tion  and 
as d em and ing  custom ers w ith  clear requ irem ents  w ith  regard to  one another's  de livery p ro fi­
ciency. N ationa l leadership has become a so u g h t-a fte r position  -  p ro fessiona lism  is high a t all 
levels.

International authorities focus on energy
In te rna tiona l energy crises have resulted In a depression and th e  need fo r  a po w e rfu l tra n s ­
fo rm a tio n  in tra d it io n a l p roduc tion .T h is  Is reinforced by env ironm en ta l ac tiv is ts  and develo­
p ing  countries, w h o  th in k  th a t it  is now  th e  deve lop ing  c o u n tr ie s 'tu rn  to  e xp lo it th e  g lobal 
resources.The so-called is t w o rld  m us t spend cap ita l on th e  deve lopm en t o f new  w o rk  m e t­
hods and the re  is danger o f  war. The aquacu ltu re  indus try  is in crisis, people are hoard ing  
food th a t can be stored; th e  dem and fo r  m arine  products w ith  lim ite d  keeping qua litie s  has
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radically dropped. Intensive research Is be ing done on deve lop ing  m arine  dried products w ith  
a sh e lf life  o f a t least 2 years and w ith  o energy inves tm en t (solar and w in d  pow er have now  
seen a d e fin itive  breakthrough).

Norwegian salmon gets BSE -  cod farming has a breakthrough
Prions m u ta te  and spread to  m arine  an im als. Salmon fa rm in g  is a ffected as th e  disease spre­
ads th ro u g h  th e  feed and th ro u g h  th e  w a te r env ironm en t. R&D resources fo r  genera ting  
a lte rna tive  feed resources do n o t arrive in tim e . Due to  a lack o f new  feed resources, the  
w aste  fro m  fish  fa rm in g  as w e ll as p o u ltry  w aste  and m aybe even s laugh te r w aste  are used 
as feed fo r  fish .T he  "b e tte r safe th a n  sorry" p rinc ip le  was abandoned earlie r and the re  was a 
com p le te  lack o f contro l. The EU w aste  d irective  fo r  an im a l by-products was n o t good enough. 
The disease was also tra n s m itte d  to  hum ans and in large m arkets several thousand  fe ll ill 
a fte r having eaten sa lm on and m any die. R&D fu n d in g  is poured in and contro l is acquired 
over th e  problem . A N orw eg ian  de legation  headed by th e  k ing trave ls to  im p o rta n t countries 
to  pub lic ly  apologise fo r  w h a t has happened. All rem a in ing  sa lm on m us t be slaughtered and 
th e  sa lm on p roduction  m us t s ta r t fro m  th e  beg inn ing  w ith  a po in t o f  depa rtu re  in th e  gene 
banks th a t have been established.The occurrence however leads to  a breakthrough in cod farm ing.

Norway -  the eternal raw material manufacturer
N orw ay is in 2020 s till no t p a rt o f th e  EU. All European coun tries  are in, except Norway, 
Sw itzerland and Liechtenste in, (a) N orw eg ian  in terests have m anaged to  acquire s ig n ifica n t 
ow nersh ip  in re fin in g  fa c ilit ie s  and chains in th e  EU. Profits are good.The in dus try  has taken 
respons ib ility  and is bank ing  on R&D. A n um be r o f  species are fa rm ed  in N orw ay using new, 
cost-e ffective  m ethods, (b) N orw eg ian  in terests have n o t m anaged to  ob ta in  ow nersh ip  in 
re fin ing  ins ta lla tions  in th e  EU. Breeder price app rox im ates p roduction  costs. China has beco­
me th e  new  m arket fo r  raw  m ate ria ls  fro m  Norway. China has become th e  g reat re fin in g  
power. Russia and China have become th e  new  m arket. But due to  th is  na rro w in g  o f th e  m ar­
ket, th e  in dus try  has g reat p rob lem s ach iev ing fu r th e r  expansion and even tua lly  loses its 
com petitiveness and fades away.

Salmon = the healthiest and safest food
Through long -te rm  inves tm en t and s tra teg ic  co llabora tion  N orw eg ian  R&D com m un itie s  
have developed m ethods and system s th a t provide th e  basis fo r  enab ling  com p le te  contro l 
over all seafood p roduc tion .T h is  provides a fo u n d a tio n  fo r  th e  im p le m e n ta tio n  o f s tr ic t con­
tro l o f  feed resources and production . We have defined health  characteris tics in seafood and 
contro l o f th e  fin ished  p roduct.T he  Food Inspectorate  is an im p o rta n t p a rtic ip a n t in th e  
im p le m e n ta tio n  o f th is  and has con tribu ted  to  resurrecting  N orw eg ian  sa lm on as a q u a lity  
p roduct.T he  contro l system and th e  pub lic  ce rtif ica tio n  o f sa lm on established in N orw ay are 
applauded in th e  EU.

Only three fjords allowed fish farming
It has become s im p le r and cheaper to  trave l and people are w illin g  to  pay handsom ely fo r 
special ho liday tr ip s .T h e  pub lic  a u th o ritie s  in N orw ay show  a considerable in te res t in th e  to u ­
ris t industry .Th is  is based on several persons fro m  th e  to u r is t in d u s try  having key po litica l 
positions. In th e  USA a president is elected w ith  roots in H ardanger and th is  also has reper­
cussions fo r  th e  expansion o f th e  to u r is t indus try  in Norway. Reports s ta tin g  th a t fa rm ed  fish  
oppress w ild  fish  and o th e r species in danger o f  ex tin c tio n  have resulted in th e  pub lic  a u th o ­
rities and th e  consum ers becom ing m ore sceptical abou t fish  fa rm in g . Recreational f is h in g  is 
an im p o rta n t aspect o f th e  p ro filin g  o f N orw ay in in te rn a tio n a l to u r ism  and has taken over 
coastal Norway. Tourist trade  based on spo rt f is h in g  even tua lly  becomes ex trem e ly  p ro fitab le  
and o th e r a c tiv ity  m u s t retreat. A co n flic t o f in te rest develops over area-use and fa rm in g  is 
on ly  a llow ed in a fe w  fjo rds. In th e  th ree  fjo rds  mussels, scallops and algae in pa rticu la r are 
cu ltiva ted . O the r fish  fa rm in g  is moved offshore. N ew  m ate ria ls  and construc tions  have con­
tr ib u te d  to  so lu tions  w here  f lo a tin g  e lem ents  fo r  fa rm in g  o f  mussels are in tegra ted  parts o f 
flo a tin g  bridges. P ro fita b ility  in th e  mussels in dus try  has led to  th e  fish  fa rm in g  com panies 
c o n tr ib u tin g  to  large flo a tin g  bridge projects. Toll m oney con tr ibu tes  to  y ie ld on th e  cap ita l. In 
th e  H ardanger Fjord several large flo a tin g  bridge in s ta lla tions  have been established accor­
d ing  to  th is  princip le.

The Truman Doctrine inhibits growth
S tric t indus try  requ irem ents  lead to  th e  pub lic  a u th o r itie s ' "b e tte r safe th a n  sorry" p rinc ip le  in 
a d m in is tra tio n  being abandoned, a lthough  the re  is no basis fo r  a know ledge-based adm in is -

"The control system 
and the public 
certification o f  

salmon established 
in Norway are 

applauded in the EU.’’

"Tourist trade based 
on sport fishing 

eventually becomes 
extremely profitable
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"People move to the 
big cities in the 

south.”

"...showing beautiful 
images o f contented 

farmed fish in a 
beautiful environ­

ment."

tra tio n .T h e  in dus try  how ever does n o t listen to  th e  su rround ing  w o rld  and does no t adap t to  
th e  new  requirem ents. Salm on lice and fu g itiv e  sa lm on are g ro w in g  problem s, b u t th e  indus­
t r y  operates nonetheless as before. The con flic ts  increase; th e  in d u s try  does no t pick up on 
signals fro m  society before it is to o  la te .The pub lic  a u th o rit ie s  m us t f in a lly  step in and press 
th ro u g h  new  a d m in is tra tio n  system s based on th e  "b e tte r safe th a n  sorry" princip le . S tric t 
requ irem ents  fo r  zero-em issions lead to  regu la tions fro m  th e  public a u th o ritie s  ta k in g  over. 
The N orw eg ian  salm on cap ita l flags  o u t and relocates to  Chile, w ith  su p p o rt fro m  th e  
N orw eg ian  Pension Fund.

The industry dies because residents move away
The pub lic  a u th o rit ie s  do no t succeed in ca rry ing  o u t IT investm ents  in th e  no rth , th e  b u ild in g  
o f  broadband, roads, com m un ica tion  and school system s stops. Public expenses go sole ly to  
hea lth  and pension. The basis fo r  abundance in trade  and in dus try  fa lls  away.The industry  
does no t purchase local services any longer, does n o t feei ob liged to  m a in ta in  local indus try  
ac tiv ity .The  in dus try  c luste r idea is no t w e ll received. Coastal N orw ay is levelled.The coastal 
areas are vacated. People move to  th e  big cities in th e  south  and to  Southern N orw eg ian  
coast.

Opinion formers

Opinion formers
The Crown Princess o f N orw ay begins stud ies in m arine -b io logy  in Troms0. "This is a fa n ta s tic  
s ignal," states th e  headm aster a t th e  U n ive rs ity  o fT rom s0.Ta len ted yo u n g  people fro m  all 
over N orw ay app ly to  N orw eg ian  aquacu ltu re  studies.

The media controls public opinion with regard to food product safety
Aggressive m edia com panies use N orw eg ian  researchers' d isagreem ent, u n ce rta in ty  and lack 
o f  answers a b o u t N orw eg ian  fish  fa rm in g  be ing dangerous to  th e  hea lth  as a m eans o f 
a ttra c tin g  readers and v iew ers.They receive assistance fro m  th e  nature  conservation o rg a n i­
sations. Researchers and env ironm en ta l a d m in is tra tio n  are in co n flic t.T h e  researchers m eet 
th is  pressure by focus ing  m ore on preparedness research.The pub lic  au tho rities , th e  research 
c o m m u n ity  and indus try  have developed a professional and coord inated in fo rm a tio n  service, 
w h ich  w orks active ly  to  estab lish research-based, in te rn a tio n a l system s fo r  food p roduct 
standards th a t are accepted as a le g itim a te  guarantee o f food p roduct safety and contro l.

Public opinion moves towards support for farming and against fishing
The fish  fa rm in g  in dus try  has adapted to  th e  m arket's and m edia's dem and fo r  "happy fish " 
and has developed a te ch n o lo g y  fo r  fish  w e lfa re  w ith  large enclosures th a t give fa rm ed  fish  a 
good and na tu ra l life  w ith  su ffic ie n t space, clean water, good health , a sensible and varied 
d iet, an o p tim a l va ria tion  o f species, w ith  mussels as a "na tu ra l p u rifica tio n  system " -  and a 
s la u g h te rin g  process th a t takes place w ith in  th e  scope o f in te rn a tio n a l standards fo r  th e  k il­
lin g  o f hum ans.The  new  fish  fa rm in g  tech n o lo g y  is adapted to  th e  media and tou ris ts . 
V isua lly  a ttra c tive  te lev is ion  segm ents show ing  b e a u tifu l im ages o f contented fa rm ed  fish  in 
a bea u tifu l en v iro n m e n t are o ften  contrasted w ith  th e  capture o f w ild  fish  th a t are placed 
under a great s tra in  due to  th e  unnecessary su ffe ring  th is  practice imposes on th e  fish . M any 
in th e  m edia equate w ild  fish  capture  w ith  w h a lin g , w h ich  was com p le te ly  p roh ib ited  ten  
years ago. In order to  d istance its e lf fro m  th e  s tigm a tised  w ild -fis h in g  industry, th e  fish  fa r ­
mers have also produced clean feed sources o th e r th a n  captured w ild  fish  (p roduction  o f gas- 
based m arine  feed fo r  closed system s w ith o u t env ironm en ta l toxins).

Competing industries pull the rug out from under Norwegian fish farming
An alliance o f m anufactu re rs  o f com pe ting  m eat products, th e  media and green organisations 
receive pub lic  su p p o rt fo r  a p ro h ib itio n  aga inst fish  fa rm in g .

Lidl chooses Norwegian aquaculture products
Lid I chooses N orw eg ian  aquacu ltu re  products as th e  basis fo r  all o f its fishe ry  products. 
Q uality, re liab le de livery and e th ics w ere th e  dec id ing  factors, Lidl states. O ther im p o rta n t fac­
to rs  are large changes in th e  tra n s p o rt system and im provem ents  in th e  organ isa tion  o f th e  
trade, w ith  an em phasis on traceab iIity  and "Just in T im e", w here  th e  w arehouses contro l th e  
ou ttake  fro m  cages.
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Farmed fish has gained a health food status
• FHL A quacu ltu re  in fluences th e  choice o f top ics  fo r  R&D and Invests In R&D ac tiv ities
• Research on fu n c tio n a l food (aquacu ltu re  research focuses on m edic ina l them es)
• The m edia In fo rm s ("you and yo u r life" jo u rn a lism  dom inates)
• W HO recom m ends (heart and vascular diseases)
• C ustom ers buy (alliances betw een th e  aquacu ltu re  Indus try  and th e  health  Ins titu tions , e.g. 

Fjord S eafood/R lkshosplta l U n ivers ity  H ospita l)

Cod Fisheries in the northern Atlantic Ocean are phased out
• Excessive over-fish ing  In com b ina tion  w ith  unsuccessful a d m in is tra tio n  o f resources
• Europe's un ive rs ity  fo r  m arine  resource m anagem en t Is located In Troms0
• The un ivers ities recom m end a five-year fis h in g  suspension (2014-2019)
• A n im a l w e lfa re  o rgan isa tions: a s trong  position  In society
• Public su p p o rt fo r  e th ica l m ethods o f capture  In a d d ition  to  susta inab le  deve lopm ent o f th e  

fisheries (fish in g  m ethods are phased-out)
• The EU Parliam ent, N orw ay and Russia fo llo w  th e  recom m endations o f researchers and take 

In to  considera tion  env ironm en ta l o rgan isa tions ' requ irem ents
• Exception: Coastal popu la tion  and Ind igenous popu la tion
• The consequence Is a change In th e  cond itions  o f co m p e titio n  be tw een fishe ry  and 

aquacu ltu re . A quacu ltu re  acquires a s tronge r position.

The Western Norway region and North Norway region in a trade war
The w a r Is a bou t th e  r ig h t to  use th e  brand nam e "Fjord Flsk".The regions W estern and N orth  
N orw ay have been a t th e  fo re fro n t o f a debate th a t f in a lly  ended up In co u rt over th e  righ ts  
on m arine  products fo r  th e  com panies o f th e  respective reglons.The popu la tions  In th e  reg i­
ons have how ever g o tten  so w orked up over th e ir  po litic ians ' op in ions In th is  cam paign th a t a 
"civil trade  w ar" has developed.The so lu tion  Is a reg iona lly  Independent co llabora tion  b e tw e ­
en th e  fish  fa rm in g  com panies.

The environmental organisations have received complete backing on 
fish farming

• A fte r m any years o f s trugg le , th e  Indus try  has entered In to  a pa rtne rsh ip  w ith  the  
env ironm en ta l o rganisations.

• An env ironm en ta l ce rtifica te  has been established fo r  fish  fa rm in g  (ECC).
• N orw eg ian  fa rm ed  sa lm on Is sold w ith  an env ironm en ta l ce rtif ica tio n  a t a high price
• Fish fro m  60%  o f th e  co m p e titio n  are n o t ce rtified  and unce rtified  products are sent fo r 

50% o f th e  price, b u t N orw ay can s till n o t com pete  on price due to  th e  cost level and has 
the re fo re  chosen to  focus on env ironm en ta l q u a lity  as a sales a rgum ent.

• C e rtifica tion  Involves requ irem ents fo r  susta inab le  resource m anagem ent, w h ich  lim its  feed 
access fo r  fa rm in g , b u t Increased c re d ib ility  In th e  m arket results In fish  fa rm in g  acqu iring  a 
larger po rtion  o f m arine  feed to  th e  d e tr im e n t o f  m eat p roduction .

• N orw ay holds Its ow n In th e  ba ttle  aga inst cheaper m anu fac tu re rs  and aga inst th e  m eat 
Industry.Th is Is a ba ttle  fo r  both  th e  m arke t and fo r  feed resources.

• The env ironm en ta l o rgan isa tions create confidence In th e  Indus try  on th e  cond ition  th a t 
th e  Industry  m eets th e  env ironm en ta l requ irem en t (ce rtifica tion ) b u t th is  costs a lo t o f 
money.

The Daily Newscast broadcasts a positive segment about the fish 
farming industry every day

• The fish  fa rm in g  Indus try  earns m oney and Is fin a n c ia lly  In te resting
• The fish  fa rm in g  Indus try  spends a lo t o f  m oney on PR and m edia consu ltan ts  to  b ring  

a b o u t th e  news coverage
• The fish  fa rm in g  Indus try  Is presented on th e  news abou t trade  and Indus try  a long  th e  

same lines as o il &  gas, sh ipp ing , IT.This leads to  an Increased awareness and pride on th e  
pa rt o f  N orw eg ians (from  Eastern Norway).

• Taxi drivers speak pos itive ly  a b o u t th e  Industry.
• The fish  fa rm in g  Indus try  has Increased Its budge t te n -fo ld  fo r  m a rke ting  and related 

services.
• The fish  fa rm in g  Indus try  Is a recurring  to p ic  on BBC W orld News

"The universities 
recommend a 

five-year fishing 
suspension."

"Norway has chosen 
to focus on 

environmental 
quality as a sales 

argument."

"Taxi drivers speak 
positively about the 

industry."
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Con sum ers/Cust om ers

"Better, healthier and 
cheaper food pro­
ducts through the 

use ofGMO.”

"There is a focus on 
health and proper 

food."

The demanding customer
C ustom ers are m uch m ore concerned a b o u t how  th e  fish  has been raised, w h a t it  has eaten 
and w h e th e r or no t it  has been raised under proper cond itions. E x te rm ina tion  m ethods are 
im p o rta n t because th e  buyer is concerned abou t th e  fish  su ffe ring , both  w h ile  it is alive and 
in th e  m o m e n t it is s laughtered. A n im a l w e lfa re  in p roduction  has become an im p o rta n t 
basis fo r  th e  repu ta tion  o f aquacu ltu re  products and w e lfa re  is a pa rt o f th e  p roduction  s ta n ­
dard fo r  th e  brand nam e in use. C ustom ers are m ore po lit ica lly  aware and are o ften  organised 
in consum er organ isa tions.These o rgan isa tions give custom ers a voice in re la tion to  th e  
pub lic  a u th o ritie s  and o th e r actors, so it is n o t on ly  purchasing  behaviour in th e  stores th a t is 
decisive fo r  th e  aquacu ltu re  industry. E-trade o ff is h  has developed fro m  being a cu rios ity  
(sale o f fa rm ed  fish  products as g if t  artic les) to  a com m on m eans o f  buy ing  fish  as a grocery 
product.

GMO as the consumer’s best friend
The consumer's an tagonism  tow ards GMO is gone. Genetically m odified farm ed species are 
popular com m ercia l products and genetica lly m odified organism s are used on a large scale in 
feed production. One can now  produce better, hea lth ie r and cheaperfood products th rough  the  
use o fG M O . In a s itua tion  w ith  a g row ing  popu la tion  and in a w orld  o f m any poor and under­
nourished people, th e  environm enta l organisations have realised th a t there  is a moral ob liga tion  
to  exp lo it th e  possibilities GMO represents in te rm s o f susta inable food production. Farmed spe­
cies are fed in a more d iffe ren tia ted  m anner than  previously, on the  basis o fG M O  feed and th e  
bottlenecks th a t w ere im p o rta n t before in relation to  harvesting o f m arine feed substances are 
longer decisive. Norway has been a pioneer nation in th e  research o f salm on and cod genomes 
and is using th e  know ledge to  develop specialised feed fo r d iffe ren t products in consumer- 
dem and. Examples o f th is  are fu n c tio n a l food and fish  th a t also people su ffe ring  fro m  allergies 
can eat.

Norwegian Fish House
An in te rnationa l chain o f centres fo r the  d is tribu tion , sale and catering o f Norwegian aquaculture 
products has been established. A centre o f fa s t food, g o u rm e t fish restaurants and fish  shops 
has fo r exam ple been established in all cities in th e  USA w ith  a population o f more than  
500 ,000 .These centres are extrem ely im p o rta n t custom ers fo r th e  Norwegian aquaculture  
industry and they  have come abou t th rough  financ ing  from  am ong others th e  public au thorities 
in N orway and from  th e  industry  itself.

Logistics fu nc tions  are an in tegrated aspect o f th e  centres 'opera tions and im p ly  th a t the  
N orwegian aquaculture  industry  itse lf controls and operates th e  central logistics system upon 
w h ich  th e  industry  depends. Sales fro m  th e  centres are th u s  both retail and wholesale. Local 
actors w ish ing  to  sell aquaculture  products or w h o  w ish to  use th e m  in th e ir  ow n production 
w ill there fore  be custom ers o f these centres and no t industry  actors in Norway.The industry  has 
fo rm ed an alliance w ith  IKEA and o the r in te rna tiona l groups on th e  sale o f fish in g  rights based 
on N orwegian products in the  groups' restaurants and cafeterias.

Salmon has become everyday food for large new customer groups
W hile  th e  EU, Japan and th e  USA up to  2010 w ere th e  largest consum ers o f  sa lm on; China 
and Russia have taken over th is  position  in 2020. Large spend ing -pow er deve lopm ents have 
characterised these m arkets and the re  is in general an increased focus on hea lth  and h e a lth i­
ness. D is tr ib u tio n  based on use o f new ly  constructed  high-speed railroads th ro u g h  Russia to  
China lowers costs.The dem and is g rea t fo r  both  expensive products (such as f i l le t)  and 
cheap products such as heads, fo rcem ea t and be lly flaps. Salmon has become a p a rt o f th e  
da ily  d ie t in these large m arkets.

By-product buyers become the main customers
In 2020 th e  aquacu ltu re  in dus try  has learned to  p u t th e  en tire  fish  to  use, also th e  blood. The 
m ain p roduct shall n o t carry th e  cos t.Through  innovation , new  know ledge and new  te ch n o ­
logy th e  in dus try  has developed a series o f va luable  special products based on th e  fish  fa r ­
m in g  industry 's  p rim a ry  p roduction .The  by-products are in fa c t so va luable  th a t sales o f pro­
ducts  based on w h a t was fo rm e rly  by-products provide h igher revenues and m ore p ro f ita b ili­
ty  th a n  th e  sales o f th e  tra d it io n a l food products such as f il le ts  and g u tte d  fish .T he  dem and 
and w illingness  to  p a y fo r th e  new  products is h igh .T h is  has im p lied  th a t th e  u n it costs fo r
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th e  aquacu ltu re  Indus try  have on th e  w h o le  been s ig n ifica n tly  reduced.The p roduction  costs 
fo r  th e  tra d it io n a l food  have th u s  gone dow n and p ro fita b ility  also in th is  sector has im p ro ­
ved. In several Asian countries yo u n g  people eat m anu fac tu red  products, such as a new  type  
o f fish -b u rg e r made o f  by th e  bone offcuts.

The consumers of the future are vegetarians
In 2020, th e  consum ers are vegetarians.There  can be a num ber o f reasons fo r  th is . MCD broke 
o u t fo r  real in th e  USA and in th e  period 2004  -  2010 one m illio n  people died. W ith in  th e  fish  
fa rm in g  in d u s try  the re  was a focus on env ironm en ta l to x in s  in carn ivorous fish  and eth ica l 
issues in connection  w ith  p roduction . This also had consequences fo r  th e  w ild  fish  industry. 
Ethical issues in connection  w ith  line fish in g , seine fish in g , harvesting  o f non-susta inab le  
resources and e x te rm in a tion  are centra l. From 2005 w e ob ta in  an indus tria l reorganisa tion  o f 
fish  fa rm in g  activ ities, in p a rt th ro u g h  na tiona l duties, fro m  tra d it io n a l fish  fa rm in g  to  sea­
weed and sea ta n g le  production .

IPR provided th e  basis fo r  th e  large N orw eg ian  industria l locom otives to  take  p a rt in th e  
developm ent.Yara and S ta tk ra ft con tinued  Hydro's M a ricu ltu re  p rogram m e (fe rtilisa tio n  o f 
th e  ocean) -  under gove rnm en ta l d irective. S ta tk ra ft was made responsible fo r  c lean ing  up 
consequentia l dam ages caused by th e  pow er n e tw o rk  deve lopm ent; m inera l deficiency. Yara 
produced a special m inera l fe r tilis e r fo r  th is  purpose, w h ich  con tribu ted  to  increased s ta b ility  
in th e  m arine  env ironm en t. S trategic investm ents  w ith in  b io-eco logy m ade possible th e  com ­
m ercial u tilisa tio n  o f na tura l f lo u ris h in g  g ro w th  o f algae (e.g. brow n algae).

The Kyoto A greem ent laid th e  fo u n d a tio n  fo r  in te rn a tio n a l reso lu tions on CO2 em issions. 
This was lead ing  up to  2010 a h indrance fo r  th e  N orw eg ian  oil and gas industries. S ta to il had 
a t th e  same tim e  become a superpow er w ith in  th e  fie ld  o f b io techno logy  and m anaged to  
exp lo it s p in -o ff techno log ies fro m  th e  oil and gas industries. S ta to il was also a m ob ilise r and 
key ac to r w ith in  th e  new  aquacu ltu re .Th is  co n tr ib u te d  to  com m ercia l p roduction  o f m ic ro ­
algae based on ten  o f th e  country 's gas pow er p lan ts (com m ercia l p roduction  o f s ingle cell 
p ro te in  and m arine  fa t).

The G astronom ic In s titu te  played a centra l role in th e  deve lopm en t and education  o f  new  
n u tr it io n a l precepts. This m ade th e  fa rm in g  o ff is h  superfluous.

Through th e  European M arine  research program m e linked to  large N orw eg ian  actors, 
N orw ay became a superpow er in m arine  research and innovation .

The future consumer is a slow food customer
Consum ers are w e ll- in fo rm e d  and em phasise fac to rs  such as health  and e th ics in th e ir  choice 
o f food. Consum ers in th e  age-group 0 -6 0  years in th e  industria lised  nations reduce th e ir  
consum ption  o f chicken dram atica lly, rep lacing it w ith  cheap, h e a lth -p ro m o tin g  aqua pro­
ducts fro m  deve lop ing nations.

The popu la tion  over s ix ty  (a g ro w in g  pa rt o f th e  popu la tion  w ith  buy ing-pow er) puts a 
greater em phasis on cu lina ry  e n joym en t -  both  a t hom e and out.

Fresh fish  products and com b ina tion  products are popu la r because im p o rta n t consum er 
groups are on th e  look-out fo r  new  cu lina ry  experiences.

C om m un ica tion  abou t co u n try  o f o rig in  and a "good m a n u fa c tu rin g  h is to ry" become key 
sales argum ents.

Prospects fo r  a s ig n ifica n tly  longer life tim e  p u t a focus on easily d igested products, and 
on hea lth  food. H ealth food products have how ever decreased asa  po rtion  o f th e  trade  seg­
m en t and have been replaced by proper food. (One knows fo r  instance th a t one kilo o f  sa lm on 
is equ iva len t to  NOK 200 in hea lth  food products.)

In 2020 we have the communication consumer
The consum er pa tte rn  has changed. C om m un ica tion  com panies and th e  media rule. D irect 
com m un ica tion  betw een th e  m a n u fa c tu re r/re fin e r and th e  consum er th ro u g h  co m m u n ica ti­
on com panies is v ita l. S hopping m alls are on th e  w ay ou t. Less trave l and physical m ovem ent 
in people's everyday lives. Chains th a t make p re fe rences/d iffe ren tia te  w ith  ow n brand nam e 
are also on th e  w ay ou t. Labelling and d iffe re n tia tio n  in th e  w ay o f o rig in  and h is to ry  are 
im p o rta n t. Deliveries take  place fro m  w arehouses or restaurants to  th e  custom er. W eekly 
m enus.There is a focus on hea lth  and p rope rfood .
N u tr itio n a l in take in th e  fo rm  o f ta b le ts  based p rim a rily  on m arine  products. C onsum er orga­
n isa tions have become im p o rta n t advisors on n u tr it io n a l m atters.
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"The house o fthe  
future has no 

kitchen."

New markets eastward
The nearby m arket regions in th e  east have acquired th e  same standard  o f liv ing  as th e  EU 
(Russia and Eastern Europe).The consum ers dem and exclusive products. They w a n t mussels, 
sa lm on and sea urch ins to  eat w ith  cham pagne. D em and ing  custom ers w h o  are both price 
and q u a lity  conscious.

W ith in  aquacu ltu re , th e  m arket focus is also fu r th e r  east. N orw eg ian  e xp o rt o f salm on 
has increased fro m  30,000 to n s  to  300 ,000  tons. China and India have em erged as im p o rte r 
na tions w ith  an annua l increase in GNP o f  8%. China is a s ig n ifica n t im pe tus  to  th e  w orld  
deve lopm ent.

The new  cus tom er groups in Eastern Europe, China and India have o th e r preferences th a n  
th e  w este rn  custom ers.The w este rn  custom ers are p rim a rily  preoccupied w ith  hea lth  w h ile  
th e  custom ers in th e  east focus on en joy ing  life  in th e ir  new  w e lfa re  society. In th e  w estern  
coun tries  the re  is a focus on by-products.

World competence centres
N orw egians w a n t to  live in cities. In 2020 w e have on ly  ten  large cities in Norway. 
D epopu la tion  in parts o f  N orw ay ins tiga tes in te rn a tio n a l questions regard ing N orw egian 
sovere ign ty over these land areas. P roduction o f aquacu ltu re  products has dropped d ra m a ti­
cally. N orw ay is a w o rld - le a d in g  provider o f R&D com petence, techno logy, co n su lting  services 
and food p roduct safe ty in th e  m arine  sector. We w a n t to  provide com prehensive aquacu ltu re  
packages fo r  abroad, w ith  sales to  N orw eg ian -ow ned  as w e ll as fo re ign  ow ned com panies 
th a t m anu fac tu re  in o th e r countries. IPR becomes key to  go ing  global.

Seafood trade controlled by the large multinational chains
Large food p roduct chains are crucial and buy on ly  custom ised products w ith  p roduct decla­
ra tions spec ify ing  th e  n u tr it io n a l ingred ien ts  th e  aquacu ltu re  p roduct con ta ins.They dem and 
docu m e n ta tio n  o f th e  effects o f  seafood as fu n c tio n a l food. In a d d it io n ,th e  requ irem ents  fo r 
e th ica l, susta inab le  p roduction  and s la u g h te rin g  are s tric t. N orw ay is made up o f  very fe w  
actors w h o  m anage to  sa tis fy  these requ irem ents (such p roduction  is expensive). W ild  ca p tu ­
re fish  is regarded as an ex trem e ly  exotic /exc lus ive  p roduct and no t fo r  th e  poorer custom ers. 
The m ain reason fo r  th is  is po litica l pressure lead ing  to  fa r to o  high quotas in previous years.

Proper nutrition: "Big Brother" knows best
The indus try  is made up o f  large com panies. Great hea lth  prob lem s in th e  fo rm  o f obesity, 
etc., due to  an unhea lthy  lifesty le  are com m on.T he  gove rnm en t receives th e  b ill fo r  poor 
n u tr it io n  and m us t take contro l o f th e  popu la tion 's  hea lth  cond ition . Schools, day-care centres 
and o th e r in s titu tio n s  in teg ra te  th e  hea lth  d im ension  and become responsible fo r  proper 
n u tr it io n  o f ch ild re n ,yo u n g  people and th e  elderly. Great hea lth  problems, com bined w ith  
in su ffic ie n t m anpow er, lead to  th e  em ployer assum ing  respons ib ility  fo r  proper n u tr it io n  on 
th e  pa rt o f employees, bo th  p riva te ly  and a t th e  w orkplace.

The house o f th e  fu tu re  has no kitchen. M eals are eaten ou t. "Grazing." Finger food is con­
sum ed socially, to g e th e r w ith  th e  fam ily. Seaweed and sea ta n g le  products and o th e r new  
products based on hea lthy  seafood are popular. Good tastes are com bined w ith  w h a t is heal­
th y  th u s  a tte n d in g  to  th e  needs o f  people look ing  to  en joy life.
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Scenario:
A New Industrial Neutrality
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A New Industrial Neutrality
The fish farm ing industry has developed in a reality 
tha t has become European-ised extremely quickly. 
Norway has become part o f a reformed and streng­
thened EU, called the Union o f Free Democratic 
States (EUS). Europe’s northern region, which inclu­
des the Baltic States, Finland and Iceland, in addition 
to Scandinavia, is an im portant part. Nature-given 
factors result in the region to a certain extent being 
perceived as marginal to  the Union, which stretches 
from Svalbard in the north to the Mediterranean in 
the south and from Iceland in the west to Turkey in 
the east. Nonetheless, Scandinavians play impor­
tan t roles in the political system in Europe and the 
EUS plays an im portant role for the industrial deve­
lopment in the northern areas. The content o fth e  
term industrial neutrality has been modified from 
designating a situation where the public authoriti­
es maintain the same attitude in relation to  all 
industries, to  designating a situation where the 
public authorities play a neutral role as the trans­
m itter o f democratic resolutions w ith  regard to 
which industries are to  be invested in. In the indus­
tria l political arena in the EUS Norway plays a parti­
cularly im portant part w ith in  the marine and mari­
tim e sectors. Together w ith  Icelanders, "Norwayers" 
play a wholly decisive role in the administration of 
ocean resources. This includes fish and other living 
resources, but also minerals and other valuable

materials extracted from the ocean and ocean bed.
In spite o f its, in some respects, marginal position 

and its tough climate, the northern region plays an 
im portant economic role and has a varied trade and 
industry. A completely key element in the economic 
picture is advanced industries based on knowledge- 
intensive harvesting and fu rther processing o fth e  
renewable natural resources o f which the region 
has an abundance (not least, forests and fish).
The Norwegian public authorities report on the 
northern regions from the autumn o f 2003 
("Towards the North!") played an im portant part in 
this development.

The global development w ithin the area of energy 
as well as w ithin transport and logistics has made it 
possible for Norwegian actors to deliver raw material 
based fresh products (different seafood products are 
particularly important) to all o f Europe in an extremely 
cost-effective manner. Metal and mineral products 
from power-demanding industries are sold all over 
the world and are transported effectively and in 
environmentally-friendly Norwegian-owned vessels 
equipped w ith wholly new and environmentally- 
friendly propulsion systems. Norwegian companies 
have narrow but global niches in the maritime market 
in fields such as navigation and automation. Ships and 
propulsion systems are however almost exclusively 
built in Asia.

Industry Poilcy
The industry policy is oriented towards industrial 
neutrality but not in the same way as 20 years ear­
lier. The government does not take on the role of 
chief-referee by on the basis o f subjective opinions 
favouring individual actors or sectors to  the detri­
ment o f others in concrete competition situations. 
The government now plays a neutral role but w ith ­
out industry policy becoming indifferent w ith  regard 
to trade and industry and industry development.
The public officials play a key role in concrete in itia ­
tives for the development o f trade and industry acti­

v ity  and respond effectively when initiatives and 
investments are made in established or emerging 
industries. The measures implementation is complex 
and new indirect measures that in different ways 
support innovation endeavours have become impor­
tant. In particular, work is being done to ensure that 
policy and political tools are cross-sector consistent 
and that funding for industries and enterprises is 
based on guidelines w ith  a point o f departure in pri­
orities and choices made democratically. The deve­
lopment of society is to a much greater extent than 
previously a subject o f public debate and is more

1 The te rm  "N orwegian" has gradually disappeared from  Norwegian da ily language use and in 2020 the  expression is 
no longer perm itted.
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democratically run than was formerly the case.
There is "equality among the industries", in the lim i­
ted sense tha t the public authorities base their 
investments on open criteria and make their choices 
on the basis o f priorities for which there is democra­
tic support.

Industry policy and the aquaculture industry
In 2020 the public authorities play a particularly 
active role in relation to industries based on princi­
ples for a long-term sustainability and on Norway’s 
nature-given premises. This is a contributing factor 
to  Norway having world-leading expertise and a 
great commercial effectiveness in the area of aqua­
culture internationally. Norway plays a central role 
in the marine sector in the EUS. The aquaculture 
industry emerges as a winner w ith in  the framework 
o fth e  new, industrial neutral policy.

The aquaculture industry in the entire EUS regi­
on is controlled by function-related health, ethical 
and environmental requirements, etc., while the 
detailed, specific and descriptive regulations that 
characterised the industry when it was young have 
been phased out. The actors compete and everyone 
has the right to  establish enterprises i f  they wish 
and where they wish as long as they can document 
tha t the functional requirements defined in the 
legislation are met. The "free market forces" function, 
in the sense tha t the licensing policy is gone. 
European companies have the right to establish 
themselves and in the marine sector Norway is an 
attractive host country, not least due to  the advan­
ced competence communities found here and due 
to  the economic terms tha t are in force for foreign 
establishment in Norway.

The policy is in general directed towards making 
the innovation system functionally proficient. In 
Norway, as in the EUS in general, it is such that 
some 4% o fth e  GNP is spent on research and deve­
lopment. Public incentive programmes are general 
and often o f an indirect nature but not industry 
neutral in the strictest sense. There is a general 
perception throughout the population tha t produc­
tion tha t meets strict requirements for animal wel­
fare, low consumption o f non-renewable resources 
and seamless interaction w ith  natural ecosystems 
as well as considerations for human beings’ social 
and health needs, should be favoured. Part o fthe  
former Petroleum Fund has been allocated to a 
European fund for sustainable innovation and deve­
lopment and this plays an important role, among 
other things, in the marine and aquaculture indus­
try.

Ownership
Private capital dominates the industry. Norwegian 
aquaculture is to  a large extent internationalised.
The aquaculture industry, which includes sea-based 
fish farming activity, submarine mining activity, etc., 
is made up o f companies that to a large degree are 
owned by foreign interests. In the aquaculture sector, 
particularly Icelandic companies play a central role.

W ithin the EUS the companies are only minimal­
ly dependent upon national borders. Leading compa­
nies produce many places in the union and have rat­
her large product portfolios. But the aquaculture 
industry extends beyond the EUS. For example, an 
extremely significant manufacture of tilapia takes 
part in Asia and a large company w ith  headquarters 
in Âlesund controls more than 30% o fthe  total tila ­
pia production globally.

The competition policy in 2020 is fu lly  oriented 
towards ensuring competition on a European and 
global scale. In correlation w ith  this, ownership 
restrictions and monopoly situations w ith in some of 
the Union states are no longer regarded as being any 
problem.

Competence and markets
Norwegian knowledge communities, especially com­
munities in this company and at the Institute for 
Omnivorous Fish Farming Species at the Norwegian 
Aquaculture University, are global competence lea­
ders on breeding, farming and elementary proces­
sing o f this species. Competence w ith  regard to far­
ming o f species for food is divided into tw o seg­
ments. On the one hand, one has competence on 
volume production of species that are extremely 
effective in the production of high-grade protein. On 
the other hand, one has extremely comprehensive 
competence on the production o fthe  farmed species 
cod, salmon and trout, which have the longest tradi­
tions here in Norway. (Commercial farming of 
Atlantic salmon has gone on for more than 50 years.)

The tw o types o f production and the tw o mar­
kets are very different. In the volume market, price 
and continuous quality are crucial. The fish is used 
as an inexpensive and healthy fresh product and is 
sold over the counter worldwide. It is used to  a large 
extent in fast food products as well as in industrially 
produced food products (prefabricated food) so the 
fish in reality is far more im portant as an input good 
in industrial food production than as a fresh food 
product in the grocery trade.

Cod, salmon and trou t are produced for a far 
more demanding market. The entire industry has 
developed special production techniques, and of
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course, fu ll traceability in production and there are 
strict cleanliness requirements for feed and produc­
tion processes. The fish is used almost exclusively as 
a fresh product and is sold directly to  the consumer, 
to manufacturers o f prefabricated food products 
and to  restaurants. The greatest volume o f this fish 
is sold to  the population’s large middle class. A smal­
ler segment, an elite group o f people w ith  spending 
power, is the target group for especially advanced 
fresh products. Among these, combination fillets are 
made (the pieces are called zebra-fish by children) 
where fish meat o f differing textures and colours 
are put together in decorative portions. A specially 
developed format w ith  stars proves to be an enor­
mously popular sales item at the Union’s 10-year 
anniversary in 2020.

Norway also has a considerable production of 
mussels. This portion o fthe  industry is in a position in 
the middle because mussels are both used as feed 
and for human consumption. Traceability and purity 
o fthe  end-product is extremely important, but the 
product is not primarily a high-price product a lt­
hough certain species such as oysters and scallops are 
high-price and are used almost exclusively as fresh 
products and sold to restaurants and as fresh food 
products in grocery stores. For salmon, trout and cod 
freshness, environmental-friendliness, healthiness 
and safety are decisive sales arguments. With regard 
to certification, all food products are subject to detai­
led requirements for traceability and documentation.

Quality systems and classification are integrated 
into all food production also in tha t portion o fthe  
aquaculture industry focused on low-price producti­
on o f volume products, such as tilapia.

In connection w ith  the traceability systems spe­
cial information systems have been developed 
making it possible through use of an ordinary perso­
nal information term inal2 to  retrieve detailed infor­
mation about production, transport and possible 
application areas o fth e  sales products.

Mussels are important because the production 
is part o f an integrated part o f other marine-based 
fish farm ing production. Mussels are part o f a con­
cept for poly-culture that has proven to  be extreme­
ly effective.

When it comes to  the relation between produc­
tion and market, it is firs t and foremost in the high 
price segment for salmon, trou t and farmed cod 
that production’s proximity to the consumer is an 
important sales argument. This has primarily histo­
rical reasons (see below) and can be said to  be "cul-

2 Previously known as a cell phone.

tura My determined". Due to  new energy systems, 
there is no longer any point w ith  regard to  ecologi­
cal sustainability in breeding fish near end-users. 
Nonetheless, it is in the high price segment regar­
ded as exclusive that products are local; produced 
and packaged in the local community and both 
extremely fresh and of superb quality. Fish farming 
installations are, as described in the development 
scenario, automated, flexible and safe in 2020. The 
installations are escape-proof w ith  the exception of 
in extreme situations such as when installations are 
hit by vessels or submarines. There is no longer any 
uncontrolled release of farmed fish.

Processing
Primary processing o f volume fish in the low-price 
market takes place to  a large degree close to  pro­
duction: this includes cutting, de-boning and packa­
ging. Advanced processing is carried out under the 
direction o f integrated food product groups and is 
to a large extent based on advanced process compe­
tence, as well as detailed knowledge o fth e  consu­
mer markets. The production therefore takes place 
under the direction of a small number o f companies, 
but the production capacity is distributed to  the 
large markets. Food production of this type also 
takes place in Norway but this is not a large operati­
on. On the other hand, there is significant proces­
sing activity in the high price segment. Ready-made 
dishes are produced w ith  medium-term keeping 
qualities for the European market and two 
Norwegian companies emerge as integrated compa­
nies that both have control and competence w ith in 
fish farm ing while they also have excellent market 
knowledge and high penetration power as actors in 
the marketing of fresh, ready-made food products.

Some niche manufacturers have managed to 
develop an extremely knowledge-intensive niche 
production o f special products based on by-products 
from processing activities that otherwise take place 
in aquaculture-based food production. Production 
based on by-products is an im portant part o fthe  
total economic added-value.
In the production carried out for the world market, 
market competence is crucial and the development 
has made Norway a leader in this area. Delegations 
come to Norway all the tim e that are interested in 
learning how a small region such as ours can mana­
ge to  develop products for so many foreign cultures. 
One o fth e  impressions they have is tha t immigrant 
groups and the multi-cultural character o f Norway
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and the Norwegian companies hold a great signifi­
cance in this context.

Structure of the industry
Aquaculture, wild fisheries and processing comprise 
the backbone o f a quite comprehensive industry 
cluster along the Norwegian coast. There are a num­
ber o f heavy-weight supplier enterprises in Norway 
tha t are research-intensive and in possession of 
advanced competence tha t is in part proprietary, in 
other words, protected through brand names and 
patents as well as through secrecy. Intensive deve­
lopment activity is carried out, aimed at maintai­
ning the lead in competence, where both private 
companies and public research and education com­
munities are involved. Effective systems are establis­
hed where scientific publications are coordinated 
w ith  protection of rights so tha t the scientific deve­
lopment on the whole is promoted through close 
collaboration w ith  private actors. Access to  resour­
ces and focus on crucial research fronts are promo­
ted through such alliances, while publication is only 
to  a small extent delayed. The central actors how­
ever use some resources on protecting their rights; 
the scientific knowledge development thus takes 
precedence over the general private exploitation of 
results in commercial contexts.

As mentioned in the section about ownership 
above, the industry is nonetheless to  a large extent 
internationalised and owners being Norwegian des­
cendens is no longer an important criterion and a 
decisive factor for whether an activity is recognised 
as an im portant part o fth e  economic added-value 
activity taking place in this country. The aquaculture 
industry is, like Norwegian culture in general, more 
European than it was 20 years ago.

Trade and industry are on the whole an impor­
tan t impetus for the development o f knowledge, 
w ith in  the framework o f a well-oiled innovation sys­
tem. There is a close collaboration between know­
ledge sectors and trade and industry. A de-politicisa­
tion has taken place in research, not least in terms 
o f regional-policy considerations. At the same time, 
a predominant portion o fth e  total knowledge deve­
lopment takes place abroad. "Bringing home" know­
ledge is a given aspect o f all development work that 
has as an objective establishment o f new knowled­
ge and to contribute to innovation and it is common 
-  and a prioritised task at Innovation Norway, and 
other places -  to  work towards persuading foreign 
companies w ith  leading competence to  establish 
knowledge-intensive enterprises in Norway.

Some o fth e  key knowledge is protected through

patents, etc. in some industry sectors. Among other 
things, w ith  regard to  fish health we have leading 
knowledge (breeding, biotechnology). But there is a 
large pool of common knowledge, built through 
publicly financed research activities, that is open 
and available to all those w ith  the ability to  use it.

A good portion o fth e  leading competence and 
the strategic competence development takes place 
through close dialogue between advanced suppliers 
and demanding users. Development, certification, 
patenting and pattern protection provide the basis 
for competitive advantages w ith  a certain longevity. 
Many o fth e  most advanced suppliers and the custo­
mers are found in Norway and this contributes to 
strengthening competitiveness in Norwegian industry.

Genetic modification
Volume production globally takes place to a large 
extent on the basis o f vegetable feed raw materials. 
The high price segment that characterises the activi­
ty  in Norway has therefore access to  firs t class mari­
ne feed raw materials at a reasonable price. It is not 
the case that genetically modified organisms (GMO) 
are a vital condition for the industry. Certain applica­
tions o f GMO have proven to be viable and this has 
proven to be im portant in the processing of special 
products. This processing takes place to  a large 
degree on the basis of remains from food production 
based on farmed fish and other farmed species. 
Genetic modification provides among other things 
the possibilities to develop customised special sub­
stances that are used in the pharmaceutical indus­
try  and as ingredients in functional food.

On the other hand, GMO freedom is a wholly 
central sales argument in the segment of 
Norwegian industry delivering high price, fresh, far­
med products for consumption.

The economic and political development 
from 2005 to 2020. What happened?
In spite o f sceptics’ grim predictions, the European 
Union continued to develop both culturally and eco­
nomically after the firs t constitution was passed in 
the summer o f 2006. A European Union of Free 
Democratic States became a reality in 2009 and the 
firs t direct election o f a European president took 
place in 2010. In 2007, earlier than most had predic­
ted, Norway joined the Union, after the situation in 
Norway became precarious. New member nations 
imposed stricter requirements, which led to  continu­
ally greater financial pressures for Norway, w ithout 
market access in any way being guaranteed. In the 
referendum held after a successful negotiating



result w ith the EUS in 2006, 66.9% of the population 
voted yes for membership.

The European Union continued to  develop into 
becoming a continually more closely integrated eco­
nomic entity. The development was accelerated 
through corresponding development o f supra-natio­
nal political and economic systems in America and 
Africa. At the same time, China and Russia were to 
an increasing extent becoming more and more mar­
ked by prosperity and a type o f democracy and 
openness that formerly had been the hallmark of 
Europe and the USA.

In the decade from 2010 to 2020 the economic 
world order was clearly defined by block divisions. 
Russia and Europe functioned to  an increasing 
extent as a single economic unit; China gained a 
central role in Asia and became the power centre in 
an alliance where India and Japan contributed to 
making this the indisputably largest and most 
powerful of the blocks. North and South America 
comprised a third unit while Oceania and Africa had 
close ties to  both America and Asia w ithout belong­
ing to  any o f the blocks.

In general the development was characterised by 
increased freedom of trade, but first and foremost 
w ith in the blocks mentioned. The situation between 
blocks was unclear, the development ambiguous. 
Especially Africa established special trade regulations 
in an attempt to finally bring about a positive econo­
mic and social development on this continent.

Industrial neutrality -  but in a different 
fashion
In the industry political and general political debate 
after 2005 it became quite soon clear that conventi­
onal perceptions about "industrial neutrality" were 
unsuitable as a basis for a future-oriented policy. 
Ideas about such a simple neutrality were recogni­
sed as naïve and unrealistic as soon as one acquired 
a clear understanding o f which types o f different 
roles organisations and institutions in fact play in 
the development processes taking place in a society. 
In the policy, "Industrial neutrality" was eventually 
(this was particularly clear after 2008) regarded as 
an outdated concept that attested to former times’ 
understanding of economic activity as an inevitable 
process where individual actors at almost any cost 
must try  to  win hegemonic power at the sacrifice of 
all others. "Neutrality" is in this perspective a condi­
tion to  ensure that the government and public aut­
horities refrain from taking dictatorial power as well 
as to prevent other, private actors from w inning cor­
responding absolute power.

As one gradually came to understand that deve­
lopment takes place through evolutionary processes 
where different actors for shorter or longer periods 
work together in fru itfu l constellations and in this 
way realise future possibilities more through active 
dialogue than through figh ting  against one another, 
the concept o f industrial neutrality gained another 
significance. The government and the public sector 
are part o f many different constellations and contri­
bute constructively to  the work taking place 
towards developing new solutions in all important 
areas o f society (innovation). In such an image, neu­
tra lity  does not involve the government and public 
sector staying away from concrete efforts to build 
society through competence development, techno­
logical development and industrial development, 
but tha t the government and public sector behave 
as representatives for all members of society: the 
government’s most im portant role consists o f ensu­
ring a coherence in relation to  acts, regulations and 
rules tha t is such that different interests and diffe­
rent activities are connected w ith  one another in an 
effective manner and in a manner that is in harmo­
ny w ith  the opinions which in a democratic fashion 
determine what one shall achieve and how the 
future society shall be.

Objectives for maximum growth and maximum 
economic profitability were gradually replaced by a 
wish for collaborative action based on dialogue and 
on a gradual development o f viable and sustainable 
solutions, where democratic mechanisms play an 
important role in choosing which future is in fact 
desirable.

The political development after 2005 moved 
generally in the direction o f an increased emphasis 
on dialogue, more faith in actors’ willingness to cre­
ate meaningful enterprises and less faith in maxi­
mum economic profitability as a universal indicator 
of an enterprise’s sustainability.

Industry development in the northern 
region
W ithin this context the northern region o f the EUS 
after 2010 received to  an increasing extent support 
for a policy that prioritised the economic enterprises 
that could be based on natural resources and nature- 
given advantages and which emphasised industrial 
neutrality according to the post-2005 debate. The 
public authorities committed themselves to the 
development o f industries and enterprises. They did 
so not w ith  the intention that individual actors or 
groups should acquire hegemony, but w ith  the 
intention o f making it possible to combine different
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investments in coherent manners and to ensure 
tha t reunified societal prioritising was the basis for 
the choices made in relation w ith  the direction of 
the development.

Investments were made not least in the way o f 
knowledge-intensive harvesting o f wild fish stocks 
and active development o f a high-technology aqua­
culture. Old regulations and regulatory forms were 
phased out in the years leading up to 2010. From 
2006 great amounts o f resources were poured into 
research that could provide systematic knowledge 
about how fish and fish stock interact w ith  their 
surroundings and what it would take to bring about 
a fish farm ing situation that provides for both the 
welfare of the fish and sustainability in relation to 
the natural surroundings.

The public research investment was to a large 
degree based on large-scale interdisciplinary pro­
grammes. In this way research areas such as materi­
als technology, ICT and biotechnology were witness 
to  research activities that both were oriented in 
relation to world-leading professional developments 
and active problem-solving. In aquaculture, which 
was one of several areas o f investment, materials 
were developed that resulted in wholly new types 
and qualities of cages and equipment, and produc­
tion equipment tha t provided clean processes, the 
likes o f which one had never seen before.

Trade and industry were at the new millennium 
undergoing strong reformations. An ICT industry 
well-informed in telecommunication and Internet 
technology established in the first decade of the new 
millennium the basis for strong growth between 
2010 and 2020. Leading cellular phone system deve­
lopers in Sweden and Finland merged w ith  a soft­
ware manufacturer in Norway that had acquired a 
wholly dominant position w ith in the development of 
a user-interface for information management and 
control o f processes based on the Internet infrastruc­
ture. The company headquarters were located in Oslo 
in 2010 but had a large amount of activity in Norway, 
Sweden, Finland, Germany, China and the USA.

Telenor invests in a big way in information sys­
tems connected to  tracing in food production and 
this eventually gives every consumer completely 
new opportunities to  acquire information regarding 
how the products they want to buy are manufactu­
red, which characteristics they have and how they 
can be prepared.

Agriculture in Norway has in tim e even less 
importance than previously, as the southern parts of 
the union eventually acquire a steadily increasing 
significance as effective manufacturers o f fru it,

vegetables and meat for the European market.
In general, a revolt takes place against the inten­

sive animal production where animals are treated as 
things instead o f living creatures. Animal welfare 
becomes more and more im portant as does animals 
being exterminated in ways that are neither frighte­
ning nor painful. This provides new opportunities 
and new challenges for agriculture. The farmers 
recognize the development in tim e and lay down 
completely new guidelines for the running o f cen­
tral companies such as TINE and PRIOR. A new 
investment takes place where TINE is equipped as a 
globally competitive food manufacturer and where 
niche products based on special production techni­
ques and strict requirements for animal welfare are 
central.

In contrast to the development in agriculture a 
number of energy-demanding process industries 
continued to develop positively because the energy 
prices all over the world eventually levelled out. The 
liberalisation o f the energy market therefore did not 
prove to have any long-term negative effect on the 
competitiveness o f the process industries. At the 
same time, raw material access in this industry was 
revolutionised by new activities tha t harvested 
resources from the ocean in completely different 
ways than before. As access to new petroleum 
resources eventually decreased appreciably, com­
mercial actors focused on harvest o f other mineral 
resources from the sea bed. The deep-sea technolo­
gy tha t had been developed for the petroleum 
industry acquired new applications in submarine 
mining operations and the process industry and 
metallurgical industry had their hands on a new link 
in the value chain.

A significant increase in energy prices occurred. 
This proved to make eventually possible a develop­
ment o f new energy technology that had dramatic 
effects and which made the world’s energy con­
sumption much less o f a problem than it had been 
previously. New technologies were developed which 
extracted energy from easily accessible raw materi­
als such as small reactors where the fusion o f light 
atoms produced large quantities o f energy w ithout 
creating negative side-effects and w ithout produ­
cing noxious waste substances. Such reactors were 
mass produced after 2014.

In the transport sector this created a develop­
ment that would have been impossible to  predict. In 
the years fo llow ing 2005 a relatively rapid increase 
in transport-related costs took place. Road haulage 
costs increased the most quickly, because the nega­
tive effects o f road haulage were priced into the

1 0 0



road-users’ budgets through wholly new technical 
and legal systems for road pricing. This shifted the 
transport o ffish  to train and boat from road and air, 
and promoted a development where manufacturers 
located close to  the consumer markets acquired 
considerable competitive advantages. Short distan­
ces therefore became an important sales argument 
comprising part of the consumers’ basic preferences.

However, after 2009 the development of a new 
energy technology took place, which turned this pic­
ture upside-down. New energy sources, new materi­
als and new information technology made it possible 
to establish integrated systems for individual and 
collective transport, where vehicles w ith  the help o f a 
computer-operated infrastructure could connect to 
and disconnect from high speed transport streets (a 
technology which we in formerly fam iliar terms 
could refer to  as a hybrid o f a ski lift and a moving 
sidewalk, on a large scale) connecting the large 
population centres in Norway and in Europe.

The development within fisheries and 
aquaculture
The production o f salmon and trout, and later of 
cod, for demanding customers was the point of 
departure for the development that shaped the fish 
farm ing industry as it came to be in 2020. 
Profitability problems in the years 2002-2004 put 
the industry to an extremely tough test. W ith a star­
ting  point in the knowledge and the prioritisations 
that were the most traditional in the industry the 
focus was yet again placed on trying to reduce the 
costs o f production through innovation. One was 
obliged to  attempt to succeed in developing a pro­
duction system tha t was so effective that 
Norwegian salmon and trou t could compete in price 
w ith  fish produced in countries such as Chile.

Central private investors and the public authori­
ties were convinced that it was necessary to invest 
in cost effective primary production in Norway. An 
investment was made in the period 2005-2009 
involving a reunified effort where industry actors 
and industry organisations, research communities 
and the authorities all took part.
The political environment developed a horizontal 
innovation policy tha t to  a large extent came to 
replace traditional regional policy. Traditional pro­
cessing policy was replaced by a focused innovation 
policy that provided the basis for the dynamic deve­
lopment o f a number of im portant places in the 
outlying regions.

Targeted researched efforts were publicly finan­
ced. Norwegian actors played an im portant role in

the EU’s 6th framework programme, not least in the 
marine sector. Our position by the tim e o f the 7th 
was even stronger. The Research Report 2005 contri­
buted to creating the momentum that proved deci­
sive to  acquiring results, not least in tha t the report 
clarified in a new and constructive fashion which 
role publicly financed research institutions and uni­
versities would play in the Norwegian innovation 
system.

The biomarine forum cooperated in bringing 
about a more constructive collaboration between 
different actors in the industry, by focusing on profi­
tab ility  problems and the drying up o f capital in the 
industry. Old jealousy and sector interests between 
agriculture and fishery are broken down because 
the actors see that they must stand united in order 
to not lose out in a new global reality. The industry 
focuses on establishing a future-oriented innovation 
system. Central industry actors meet profitability 
problems and the strong price competition actively.

The industry develops strategies for promoting 
products and markets. The fish farm ing and supplier 
industries collaborate to reduce the costs: the supp­
lier industry achieves success through close interac­
tion w ith  that which eventually becomes deman­
ding and competent customers.

The result o f the investment was new production 
techniques and not least a wholly new and systematic 
knowledge o f what is needed to make the fish farm ­
ing process controllable in the same manner as 
industrial processes had been controllable for a long 
time (such as w ith in  the chemical and metallurgical 
industries).

Process improvements and cost reductions give 
the industry room to breath up until 2008 and made 
possible more future-oriented investments which 
more actively focused on new products and new 
markets, when the European market seriously ope­
ned up. In this endeavour, TINE and PRIOR came to 
play key roles.

New equipment, new software and new installa­
tion design were the result. Salmon and trout were 
produced in fully-automated installations where the 
fish received individual follow-up and attention. 
Electronic systems were developed which gave fish 
farmers tota l knowledge about every single fish and 
about the entire farmed stock in an installation and 
the installation became flexible in the sense tha t it 
was not dependent upon special geographic factors 
and neither upon a permanent anchoring in the sea 
bed.

The development was so successful tha t the opi­
nion eventually shifts to fish farm ing’s advantage
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and against the fishing o f w ild fish which is percei­
ved as more brutal than the aquaculture activity in
connection w ith  fish farming.

Key events
2006 A common European constitution is passed

2006 (Norway) Old regulations and regulatory 
forms are phased-out in the years leading 
up to 2010

2007 Norway becomes a full-fledged member of 
the EU earlier than expected

2008 Technology actors (ICT, Biotek, etc.) began 
the system-oriented development of 
cross-over technologies tha t w ill create 
strong growth up to 2020

2009 EU changes name to the European Union of 
Free Democratic States (EUS)
Development o f new energy technology 
starts for real

2010 The firs t direct election of a European 
president

2011 The northern region o f EUS finally receives 
support in the EUS for an industry policy 
tha t emphasises economic enterprises that 
could be based on natural resources and 
nature-given advantages

2012 The block division of world politics begins

2014 Deep-sea technology from the petroleum
sector receives support also in an 
aquaculture context (sea bed mining)
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Market w ith no Frontiers
Norwegian manufactured fish as good, healthy food 
-  strong position worldwide

Marine products have the hegemony over land-based products w ith in  an integrated global market for food.
The integration has brought w ith  it:

• A global food culture where standardised marine products are produced in extremely large volumes.

• Large chains have a dominant position worldwide.

• W ithin given global standards -  that guarantee global food safety through traceability and
documentation -  an intense price war is taking place between primary manufacturers.

• W ithin this mass market a distinction is made between white-flesh and red-flesh fish.

• The fish farm ing industry in Norway is specialised in primary manufacture w ith  a particular emphasis on 
red-flesh fish. Here Norway is a world leader, based on a unique process competence and maximum 
exploitation of local, nature-given advantages.

• Norway is the red-flesh fish "production capital" o f Europe.

• Norwegian companies in addition operate fish farm ing in all other parts of the world, based on the 
companies’ superior internal knowledge-bases w ith in  process management and technology.

• We have a large niche production o f seven other species (many types o f white fish and shellfish).
On the integrated global market, narrow niches can provide large volumes.

• Cultivation, local processing and exports o f these products benefit from a dense integration w ith  wild 
capture fish and shellfish.

• The innovation processes w ith in  the niches have the same characteristics as in other design-based 
industries, such as textiles and furniture. Besides creativity based on in-depth fam iliarity w ith  the 
consumers’ unique food culture, a given price -  carefully adapted to  market requirements -  and 
requirements for standardisation and safety of large volume deliveries, are also im portant in the niches.

• Based on the large production volume of red-flesh fish and in niches, a significant extraction of 
biochemical components and functional molecules from by-products is carried out. This manufacture 
takes place in separate, specialised biotechnological companies.

• An important explanation for the success o f the global integration is global institutions regulating world 
trade and ensuring food safety and open access for everyone, everywhere.

• Another significant explanation is a global, well-integrated transport system for frozen food products. 
Because o f strict CO2 regulations -  making air transport too expensive -  transport w ith  refrigerator 
vessels plays a significant part.

• Refrigerator and transport technologies have proven to be an important research front.
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The road leading to this success was long and fu ll o f 
thorns. The fish farm ing industry was shaken by a 
series o f bankruptcies in many o f the central compa­
nies in 2005-2006. These were due to the mistaken 
belief on the part o f some tha t a profitable manu­
facture of new species could be based on the same 
process technology as salmon farming. It proved 
necessary to develop entirely new concepts for pro­
cess technology tha t made it possible to  realise 
long-term production planning, large volumes, stan­
dardisation o f high quality and low unit costs. A 
large knowledge hole was discovered here which 
took a long tim e to climb out of.

Production o f farmed cod and niche production 
o f species other than salmon were built up by 
taking the highest price products to  the best paying 
markets. This was carried out through a long-term 
government investment for the entire period of 
2005 to  2020. A significant breakthrough, which had 
a decisive significance to later developments, was 
the establishment of Statfisk in 2005 -  based on the 
Statoil model. Statfisk received 49% public capital 
(NOK10 billion) from the Petroleum Fund. This stra­
tegic measure laid the foundation for the develop­
ment o f a whole new innovation system. Eventually, 
the large companies realised that their most impor­
tan t competitive advantage was knowledge about 
the new process technology tha t they developed in 
collaboration w ith  Statfisk. This knowledge-driven 
strategy was the key to  their succeeding in establis­
hing production in many parts o f the world -  pro­
duction controlled from Norway. A close partnership 
here between the universities and the government -  
organised through Statfisk -  was a wholly decisive 
condition to success.

The red-flesh fish manufactured is slaughtered 
in Norway. Most is filleted. Further processing is car­
ried out along the lines of ready-to-heat dishes, but 
much of the processing o f products takes place 
abroad.

Effective processes have proven to be the most 
im portant o f three decisive criteria for survival in 
the global food market. All the links o f production

are highly automated and subordinated to  regimes 
for long-term industrial process planning.

The second decisive advantage tha t made it pos­
sible for a high-cost country like Norway to maintain 
its position on the global food market was the natu­
re-given advantage of coastal regions. The industry 
has an extremely strong position w ith  regard to 
administration and area use along the coast.

The third criterion is adaptation to the industry’s 
structure and organisation in relation to the require­
ments o f the global market. The production takes 
place according to detailed specifications from the 
food product chains, which are extremely deman­
ding customers. These demanding customers how­
ever refrain from integrating the primary manufac­
turers through ownership. Primary manufacture and 
the Norwegian portion of processing are therefore 
run by independent Norwegian manufacturers.
Their structure and composition is nonetheless 
adapted to a market controlled by the buyers. This 
adaptation to the large chains has led to  large-scale 
operation becoming a criterion crucial to  survival. 
Primary manufacturers must be of a certain size in 
order to be an interesting collaborating partner for 
the multinational food product chains.

The explanation for why Norway has competiti­
ve and effective processes w ith in  raw material pro­
duction is its competence w ith in  the core fields of 
breeding, health, operations, slaughter and feed.
This competence is unique in a global context. The 
competence is controlled by large Norwegian prima­
ry manufacturing companies tha t own and operate 
industrial fish farming production in many countries. 
The competence is built up and further developed 
by an effective national innovation system, which 
gives Norway a leading global position in knowledge 
development. The success o f this innovation system 
is based on tw o factors, in part tha t research in 
Norway is run cost-effectively -  in a country where 
the research labour force is cheap on a global scale, 
and in part in the successful interaction between 
public and private actors that materialised after the 
great crisis.
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The global food product market
The world food market is integrated but at the same 
time, highly differentiated. The integration has 
brought along w ith  it a global food culture, where 
marine products hold a dominant position. This glo­
bal mass market exists however parallel to a series 
of national and regional cultures and tastes. This 
combination of integration and differentiation 
implies that small niches can provide large volumes, 
while at the same tim e we have extremely large 
mass markets. W ithin the given quality standards 
price and delivery proficiency are im portant compe­
titive criteria. The price competition between prima­
ry manufacturers is extremely great -  and has mobi­
lised great advances in process technology efficiency.

The consumer market is controlled by large sales 
entities (chains). The chains own the large brands. 
Norway exports to the best paying markets all over 
the world (USA, China, India, etc.). W ithin the global 
mass market, the "global consumer" is unschooled. 
She has no idea about the different types offish, but 
can distinguish between fish according to the 
colour: red-flesh fish and white-flesh fish.

Niche markets for "designer food" can be large. 
The niche products are no longer what they once 
were. They are no longer a craft -  created by chefs -  
we speak instead about industrial design, adapted 
to different consumer groups. This industrial design 
process creates the basis for niche products o f a 
large volume. Here the relation between price, quali­
ty  and form are im portant factors ("IKEA design" of 
the price tag first, then adaptation o f the product 
range).

W ith a few small exceptions, the niche product 
is accordingly not above the requirements for effici­
ency and large-scale production. Seen from the posi­
tion of a small raw material supplier such as 
Norway, small global niches can thus offer large 
volumes. Farmed cod (together w ith  w ild fished cod) 
is such an industrially-produced niche product, 
which is sold:

• 80 % as ready-to-heat
• 20 % as unprocessed fillets

There is only a small amount o f export of gutted fish.

The most im portant functions to  take place in the 
processing in Norway is cutting up and de-boning. 
What was previously a cost problem -  high wage 
costs -  has been solved through robot technology 
and automation. The fish goes from the sea to the 
consumer w ithout any human contact. The process 
industry creates jobs first and foremost through its

support industries, which develop the effective solu­
tions.

There is accordingly extensive production in 
Norway o f processed, ready-to-heat products, but 
much o f the final processing takes place also w ith in 
the chains abroad -  who understand the local taste 
("styling" in the store).

Safe fish is an im portant niche. The integration 
of the global food market is based on a complex sys­
tem of international and regional (EU) institutions 
that ensure that the products traded are safe to  eat. 
These institutions’ standards and procedures for 
quality assurance and control are implemented 
through chain-specific standards.

In the global logistics system that connects 
Norwegian fish farm ing w ith  the markets some 
"hubs" are important. The hubs are nodes in the 
transport systems where transport flows are gathe­
red, controlled and directed towards the products’ 
final destinations. Through "the hubs" many small 
contributions are gathered to  serve large deliveries 
to the chains. They are not located in Norway.

The fish from the manufacturer is shipped by 
semi-trailers to  "the hub" -  and from there onward 
out into the world. Regional transport on the 
European continent takes place by train, while refri­
gerated vessels cover longer transport distances. Air 
transport is not used because o f the CO2 regulations.

Large volume and many niches
Formerly the relation between Norwegian primary 
manufacturers and the chains abroad was informed 
by a certain tension and rivalry. Norwegians attemp­
ted to buy their way into the chains -  and some 
chains attempted to  acquire control of the primary 
manufacturers. These mistakes are now history. An 
effective division o f labour has come into force w ith  
which both parties are satisfied.

Norwegian manufacturers no longer have any 
ambitions of being integrated into the consumer 
market, which is now dominated by the large 
chains. Correspondingly, the chains are not intere­
sted in expanding into the production area. They 
instead carry out their control through a well-regu­
lated market where the chains have an extremely 
strong position. It is a large challenge for the raw 
material manufacturers to adapt to  the chains’ 
requirements. In order to  do so, the raw material 
manufacturers must have an advanced knowledge 
of the markets that the chains serve. The industry is 
deeply marked by a price competition. The commer­
cial orientation towards efficiency, long-term plan­
ning that ensures delivery proficiency in relation to
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extremely large contracts and adaptation to  the 
chains’ and the global institutions’ quality standards 
is very strong.

Process innovations tha t make production effici­
ent ensure a long-term perspective in planning of 
production and a uniform quality have become a 
new area o f knowledge w ith  an extensive research 
investment. It is this field o f knowledge that is the 
Norwegian industry’s and the Norwegian innovation 
system’s most im portant competitive advantage 
globally. This knowledge comprises an important 
part of the large, Norwegian primary manufactu­
rers’ closed knowledge bases. The primary manufac­
turers compete w ith  one another over the develop­
ment o f new knowledge in this field.

The unique global specialisation in efficient pro­
duction of red-flesh fish has also made it possible 
for the large Norwegian primary manufacturers to 
establish themselves in several countries around the 
world. This expansion builds upon the unique 
Norwegian competence: nobody can deliver red- 
flesh fish so inexpensively, w ith  such a large degree 
o f delivery proficiency and in such volumes as the 
Norwegian manufacturers.

In these markets a differentiation has taken 
place in large volumes and in many niches. Because 
the niches are global -  they are large -  seen from 
the position o f a small raw material manufacturer 
such as Norway. Here a considerable amount o f pro­
duct innovation activity takes place. The product 
innovations are in part the domestication o f several 
species -  in part new variants based on existing raw 
materials. The variants are developed through indus­
tria l product design processes that are reminiscent 
o f other cultural industries such as the fashion and 
furniture industries. In this area the Norwegian 
manufacturers are the mobilising agents in relation 
to  the chains: Norwegian manufacturers launch 
new designer products -  which they market to the 
chains. This means tha t knowledge about the food 
products’ design -  grounded in an understanding of 
different niche consumer requirements -  is an 
im portant field o f knowledge w ith in  niche produc­
tion.

The large volume w ith in  primary manufacture 
has in addition provided the basis for extensive rese­
arch-driven production of by-products tha t are deve­
loped through biotechnological research. Marine 
organisms are exploited to an extensive degree as a 
source for new biotechnological products.

Red-flesh fish remains the most important -  
Norway dominates here globally. We also have 
im portant niches w ith:

• cod
• lumpfish
• halibut
• mussels
• lobster
• crab
• oysters

White-flesh fish and shellfish are however extreme­
ly vulnerable products, due to  competition from 
foreign new species. Another im portant niche sector 
is functional food based on marine organisms, such 
as mussels, sea tangle, sea urchins, etc.

The government invests heavily and 
long-term
The great crisis led to everything except salmon dis­
appearing. The reason was clear: a competitive pro­
cess for production of cod could not be based on a 
copy o f salmon. After this expensive lesson had 
penetrated, the government initiated a heavy, long­
term investment in a closed partnerships w ith  a 
few, private industry actors. The objective was to 
ensure the development o f new process technology 
that would make the new niche products profitable.

The principles for this partnership between the 
government and the large companies was:

• The government assumed the risk.

• The knowledge hole that could ensure new 
process technology was extremely deep. Totally 
new and radical solutions had to be found in 
several areas.

• The investment was long-term -  w ith  the aim 
of profitability over a ten year period.

• The government was also actively involved 
w ith  the organisation o f new marketing 
(product design, export) o f the new niche 
product.

The investors who entered into the partnership w ith  
the government could benefit from public invest­
ments and public contributions to  research in a 
number of new and promising areas. The overriding 
perspective in this new endeavour was however pro­
pelled by the industry’s need for wholly new proces­
ses. The more "near-sighted" specialisation in speci­
fic solutions that characterised the research opera­
ted investment o f the previous century had to give 
way to comprehensive and market-driven industrial 
strategies. Market plans must be in place; one must 
have thought through a comprehensive strategy for 
the development initiated and not only be myopical-
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ly interested in specific technical or knowledge-rela­
ted problems.

The investors take the developmental tasks seri­
ously. They involve themselves heavily if  reduced risk 
can be anticipated and i f  it is clear tha t those who in 
fact invest risk capital w ill have the option to extract 
values at a later date. W ith goal-oriented, good pro­
jects it has proven possible to  achieve a longer tim e­
frame w ith  investors than was usual previously; 2-5 
years.

Through the partnership w ith  the government a 
new type o f knowledge-driven company emerges. 
This is a large process operator w ith  prominent own 
research departments. For these companies, know­
ledge was a decisive competitive advantage. This 
involved that the "open common knowledge" which 
had characterised the Norwegian innovation system 
in the last century was replaced by a national inno­
vation system where large portions o f the core 
competence was protected internally in the large 
companies. At the same time, the innovation system 
was more differentiated than ever -  and the support 
industries that supplied specialised technological 
modules also held a strong position.

Free distribution o f research findings came to an 
end in 2015. The results o f publicly financed research 
become individual property, because the educatio­
nal institutions are allowed to patent and in other 
ways protect their new findings. Sale o f knowledge 
is intended to  contribute to  financing the research. 
The knowledge development has thereby gradually 
become more and more financed by private actors. 
An im portant part o f this privately financed rese­
arch takes place at universities and external rese­
arch institutions, w ith  part government financing 
and organisation.

Knowledge becomes more privatised. Patenting 
of own findings and results gives the individual 
researcher and the groups hiring researchers more 
power w ith  regard to propagation. "No free lunch, 
no free knowledge." At the same time, that which 
already exists in the way of research results is better 
distributed. The scrupulous, precise information you 
must however pay for; free information is imprecise 
and not to be trusted.

A differentiation has taken place w ith in the inno­
vation system. While in 2005 one had open, com­
mon knowledge, there is now a distinction between 
one common knowledge secto r-w h ich  the public 
authorities and companies share -  and where the 
public authorities are central actors and a closed 
sector -  which is closest to the commercial activities 
of the large companies. Despite this privatisation of

the knowledge base, the contact between the large 
fish farm ing companies, universities and national 
research financing authorities more close-knit than 
ever before.

The government’s role in the new innovation system is:

• To finance extensive basic research through the 
universities,

• To ensure education o f researchers and 
qualified personnel in the companies,

• To safeguard and contribute to  the interaction 
between the research in the universities and 
research in the industry, according to  a triple 
helix model,

• Continued openness regarding basic know­
ledge and where the government is involved.

This implied tha t the entire research investment in 
the field grew but w ith  a continually expanding pri­
vately financed share. In 2020 the financing o f the 
fish farm ing industry’s research was at the OECD 
average for advanced knowledge economies -  w ith 
a 20% public and 80% private share.

After the great crisis -  when the industry was 
rebuilt, they came in as investors in biochemical pro­
ducts and functional foods.

Genetic technology is used to  select for natural 
breeding. Feed products that are genetically modified 
are also used. However, no genetic modification of 
farmed salmon is carried out. The niche products are 
natural products and the fact tha t they are natural 
is an important sales advantage in the market.

The global food market is open. The large chains 
and international organisations operate institu tio ­
nalised systems for food safety, which involve a 
widespread control o f production.

The development up to 2020
The cod farm ing industry was hit by several bank­
ruptcies in central companies in 2006. The production 
costs for farmed cod were still too high to  enable 
competition w ith  other white-flesh fish. The bank­
ruptcy was due to the economy and insufficient con­
trol of the process -  and not insufficient basic know­
ledge in biology.

Simultaneous to the large set-backs in the cod 
production, farmed salmon retained a continued 
large market share and emerges as a well-establis­
hed industrial volume product. For a while it appea­
red as i f  only salmon could be Norwegian primary 
production due to  a capital drought.
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We managed to  rebuild once again the production 
o f farmed cod and niche products o f species other 
than salmon by taking the most costly products to 
the best paying markets. This occurred though a 
strong, controlled and long-term governmental 
investment in the period 2007 to 2020 in collabora­
tion w ith  a few  private actors. The government assu­
med the risk so that the actors one invested in recei­
ved adequately long-range terms and thereby time 
and opportunity to  develop a sustainable industry 
from the ground up. Here considerable knowledge 
development took place.

The process was studied and the development 
was supported by competence built up in the 
Aquaculture University’s department for industrial 
organisation and innovation research.

The research contributed to  rationalising and 
making efficient the production processes while 
simultaneously discovering new biotechnological 
products based on by-products. As a raw material 
manufacturer, Norway is dependent upon sustaina­
b ility w ith  regard to environment, animal ethics, 
society and economy. Research provides the basis for 
food safety, traceability, etc. all o f which support the 
chains’ control system. Investments were made in 
research on industrial organisation, logistics and 
market research. Research on transport, packaging, 
keeping qualities and automated production.

The industry developed logistics systems in col­
laboration w ith  transport companies. Eventually the 
Norwegian salmon manufacturers began taking 
over control o f red-flesh fish production other places 
in the world, on the basis of the Norwegian manu­
facturers’ superior process industry competence. We 
invested abroad based on our specialisation in pro­
duction.

As a part o f the large investment, the govern­
ment established a new specialised and interdisci­
plinary aquaculture university. The objective o f this 
university was to ensure the basis for an advanced 
national knowledge o f industrial production offish. 
The university contributed significantly to the sub­
sequent success.

The public authorities operate an active cluster 
policy to  develop large-scale "hubs". NUTEKO is 
bought up in 2010.

Another part o f the large national investment 
was the establishment o f Stafisk. Stafisk was esta­
blished in 2005 w ith  49% public capital (NOK 10 bil­
lion) from the Petroleum Fund. The company’s goal 
was to  be to  assume the same role in the aquacultu­
re industry as Statoil, which is now shut down, had 
in the oil industry. The capital was invested in know­

ledge development and technological development 
in Norwegian equipment companies and in the 
development o f halibut farming, salmon farming, 
lumpfish and intensive lobster production. In addi­
tion, Statfisk quickly formed a unifying market 
mechanism for the promotion o f Norwegian sea­
food, in particular oriented towards Asia. Great suc­
cess was in particular realised in the export o f culti­
vated mussels.The large population explosion in 
Asia has resulted in an interest for local, intensified 
farming. This has led to  large exports of equipment 
to these installations in Asia, while at the same time 
a virtually tota l collapse occurred in the export of 
aquaculture to these same markets, which are now 
self-sufficient. Statfisk states in a commentary that 
they for a number of years have been looking at the 
possibility o f expansion in export o f seafood to 
Africa, which now comprises a 13% share o f the 
world market. An industry fund financed by revenu­
es from oil, energy, fishing and biotechnology has 
identified four primary areas for innovation and 
investment: Aquaculture and marine biotechnology, 
energy, ICT and culture.

The value increases by 10% annually subsequent 
to good combination investments in Norway, Russia 
and Eastern Europe. The investments are equally dis­
tributed between the investments in Norway and 
connected investments abroad, to support and com­
plement the Norwegian activity. China and India are 
in 2020 the foreign investment areas w ith  the 
strongest growth.

Key events
2005 Establishment o f Statfisk

2006 A series of central companies go bankrupt

2007 The long-term governmental investment 
starts (- 2020)

2010 NUTEKO is acquired

2020 China and India have the greatest growth
in the world.
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Sustainability
Continual climate changes and advanced environmental monitoring 
-  have revolutionised the industry

The aquaculture industry produces "green" and the 
products taste good! Norwegian aquaculture has 
today (2020) managed what few  believed was pos­
sible. In spite of increasingly distinct climate chang­
es, global warming and high average temperatures 
in the ocean (July- November) from the coast of 
Western Norway all the way up into Helgeland, we 
have a thriv ing and viable industry, more ecological, 
w ith  products tha t are more in demand than ever. 
The increase in ocean temperature has for a long 
tim e led, among other things to  premature sexual 
maturity and disease. The extreme weather conditions 
during the w inter season has on the other hand, 
contributed to the lowering o f the average tempera­
ture in the ocean during the w inter in Nord-Troms 
and Finnmark. We have witnessed frequent and 
powerful storms, which have resulted in an increa­
sed risk of farm-wreck and escape. About ten years 
ago, the climate changes and question o f using 
resources in a sustainable fashion became a central 
question in the world’s food programme and in figh­
ting  starvation -  since large areas along the equator 
were in the process o f becoming infertile and par­
ched. It is toward the oceans that the world has now 
directed its attention.

The environment, sustainability, and combating 
starvation are today the dominant agenda, along 
w ith  increased attention to  new and more long­
term environmental challenges in the period lea­
ding up to  2040 and 2050. It has become clear that 
good monitoring systems and moderate initiatives 
are not enough. One has begun to speak o f the mel­
ting  o f the poles, decreasing temperatures and the 
ceased movement o f the Gulf Stream in the near 
future, and not least, how can we produce good 
quality products in a manner tha t counteracts or 
constructively addresses this development?

Totally new systems for environmental m onito­
ring, mapping and preparedness have been develo­
ped in the EU and in the rest o f the world. Between

2005-2010 a number o f farm-wrecks and accidental 
close calls w ith  fre ight tankers along the Norwegian 
coast took place. This resulted in heated debates, 
large media segments and crisis maximisation, in 
Norway, the EU and in the USA. Risks in connection 
w ith  increased transport of oil/gas along the 
Norwegian coast led to our finally in 2011 acquiring 
a preparedness system along the entire coast, which 
the fisheries and aquaculture industry could live 
w ith. Well-developed systems for environmental 
monitoring, along w ith  outstanding multi-stock 
administration models that have functioned extre­
mely well since 2010, have made possible total mar­
ket confidence in Norwegian sea products. Through 
long-term work w ith bio-prospecting and a conscious 
investment in utilisation, commercialisation and 
coordination w ith  biotechnology, Norway has in the 
past five years managed to build up a significant 
expertise w ith in  these areas and the marine bio­
technology industry is thriving.

We are a large exporters o f knowledge w ith in 
marine sustainability (special competence w ith in 
management and implementation of administration 
models, food safety), Norwegian researchers are 
leaders w ith in  marine environmental research, fish 
health and breeding work and we are well on the 
way to  becoming a large and central actor w ith in 
new energy forms (oceanic heat, wave power, envi- 
ronmentally-friendly gas power). We export compe­
tence and technology for NOK 40-50 billion annual­
ly. Together w ith  different fish products, the aqua­
culture industry in total represents a sales volume of 
more than NOK 100 billion on an annual basis.

The climate changes led to  the industry having 
to relocate the fish farm ing installations on land or 
to move the companies and fish farm ing activities, 
one example being to Chile. If we look back at the 
past 10-15 years, we see tha t it was in this tim e peri­
od that we laid the foundation for an aquaculture 
industry that does not only sell fish as a main pro­
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duct, but knowledge and technology about how one 
can develop and operate aquaculture regionally 
adapted to  local climatic considerations and w ith  a 
minimum of transport costs. The Chinese saying 
tha t one shall not give away fish or reveal a fishing 
spot but instead teach how one designs and deve­
lops good fishing spots in harmony w ith  nature and 
the idea of locally situated and robust knowledge -  
becomes a mantra for Norwegian aquaculture.

The perception o f what nature is and what it 
means to be in harmony w ith  it has however chan­
ged radically. Sustainability is ensured firs t and fore­
most through new technology and growth, not

through protection and museum-making.This beco­
mes an increasingly clearer strategy for Norwegian 
aquaculture in the years leading up to 2020, which 
had many consequences, not least for a close colla­
boration between 30-40 Norwegian research com­
munities, fishery and aquaculture industries and the 
Norwegian public authorities. We have today one 
unified marine industry. The most im portant th ing 
that happened was a modified thought model for 
how one produces knowledge and a shift in the 
organising perspective for the aquaculture related 
research. This is firs t and foremost what sustainabi­
lity  is all about.

Some things are the same but...
Seafood has globally become a more and more 
important source o f protein both for large new popu­
lations and as a health food. It is a new era for cod in 
Nordland and northward.The long coastline provides 
differentiated possibilities. Increased production of 
refined products in Norway, high-quality fillets 
(Grade-A fillets) and by-products. There the dominan­
ce is still w ith  an advantage in fresh goods w ith a 
main emphasis on the new EU and Russia -  70-80% 
o f our Norwegian fish production goes there. This 
imposes large requirements in the way of increased 
productivity, fish health and logistics. But compared 
to the situation in 2004 there is also very much that 
is different in 2020.

Climate changes
Climate changes and the question o f using the 
resources in a sustainable manner has become a 
completely central question in the world’s food pro­
duct programme and in combating starvation since 
large areas along the equator are in the process of 
becoming unproductive and parched. The world has 
turned its attention towards the oceans. The envi­
ronment, sustainability, and combating starvation 
are the dominant agenda in 2020, along w ith  incre­
ased attention to new and more long-term environ­
mental challenges in the period leading up to 2040 
and 2050. It has become clear that good monitoring 
systems and moderate initiatives are not enough. 
One has begun to speak o f the melting of the poles, 
decreasing temperatures and the ceased movement 
o f the Gulf Stream in the near future and the tem ­

perature dropping in the Polar Regions.
Norwegian aquaculture is in 2020 also domina­

ted by increasingly more distinct climate changes 
that have led to global warming in some regions, 
and high average temperatures in the ocean (July— 
November) along the coast o f Western Norway all 
the way up into Helgeland. The increase in ocean 
temperature has for a long tim e led, among other 
things to  premature sexual m aturity and disease, 
while it has also had positive effects for the environ­
ment in the fjords of Southern Norway (marine o li­
gotroph). The extreme weather conditions during 
the w inter season have on the other hand contribu­
ted to  the lowering o f the average temperature in 
the ocean during the w inter in Nord-Troms and 
Finnmark. This has led to  increased problems w ith 
ice. Frequent and powerful storms have resulted in 
an increased risk of farm wreck and escape. The 
access to well protected sites has been reduced and 
a vehement battle is taking place over these.

To sea
Fish farm ing has been moved out to sea or become 
land-based in large, capital-intensive installations 
owned by external actors. We have solved the pro­
blems o f extreme weather conditions through tech­
nology development and new transport solutions. 
Solutions for farm wreck and the escape problem 
have been found. Integrated fish farm ing (such as 
salmon w ith  mussels) o f several species in the fjord 
regions and along the coast is successful, due to the 
great efforts of veterinary medicine and other rese­
arch in collaboration.
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Harvest o f wild fish is regarded as the most sustai­
nable exploitation o f marine production. Breeding 
farmed fish w ith  w ild fish and the corresponding 
energy loss is not regarded as sustainable. The 
industries must find other feed resources.
Harvesting at a lower trophic level at the cost o f the 
higher level is neither considered to be sustainable.

Raw materials based on natural gas
In "Sustainability", raw materials based on natural 
gas dominate. Gas as a raw material represents bet­
ter use o f the gas resource, which is not a renewable 
resource (increased aggregate added-value). One is 
able to  produce polyunsaturated fa t from gas, after 
the right micro-organisms have been found in the 
ocean. Gas implies that GMO is not necessary in the 
value chain. Gas is no longer used as an energy sour­
ce (incineration) but is preserved as a future resour­
ce in food production. The EU has accepted the gas- 
based feed in its safe food program. Salmon is pro­
duced in 2020 in large new offshore installations. 
The feed is produced from gas from platforms. The 
feed is so good tha t one no longer needs cages: the 
fish is influenced by the feed and stays by "its" plat­
form on own volition. This is a conditioned response, 
smell and taste signals are sent to  fish belonging to 
a specific installation.

Gas becomes fish feed as the hydrocarbon in the 
methane gas and nitrogen in the air are used to  cre­
ate a single-cell protein produced on the platform. 
Pipe trenches tha t were formerly used to  transport 
oil, are now used to transport salmon to  processing 
facilities in Europe (salmon in oil).

Escape-proof offshore installations are develo­
ped providing zero release offish. Money is alloca­
ted by the public authorities to test out different 
solutions. Area conflicts force the fish farm ing 
industry out into open waters. Larger demands are 
placed on technical installations and Hydro (at Yara) 
has returned to fish farming. The natural competitive 
advantages in Norway are weakened, but gains are 
realised in the technical sphere.

The new market -  safety, communication, 
nutrition and culture
Scientific documentation shows tha t farmed fish is 
safer to  eat than w ild fish. Norway has consistently 
managed to document that Norwegian farmed fish 
has been and is pure and healthy. We lead the world 
in classification o ffish  and fish-product quality.The 
industry is united behind a national marketing of 
farmed products w ith  a national branding program­
me and this programme has received international

acceptance. Norwegian salmon is the ocean’s 
"Parma-ham".The coastal waters are clean; the pro­
blems w ith  pollution have been reduced.

The nearby market regions in the east have 
acquired the same standard o f living as the EU 
(Russia and Eastern Europe). The consumers demand 
exclusive products. They want mussels, salmon and 
sea urchins to  eat w ith  champagne and are deman­
ding customers who are both price and quality con­
scious.

Norwegian aquaculture sells large volumes of 
high quality fresh and cut and de-boned (A-grade 
fillets) fish, primarily for further processing w ith in 
the EU. The marketing is based on the product being 
a pure product from a pristine nature. The industry 
has an extremely well-developed logistics system all 
the way to the consumer. There are frequent delive­
ries, often several times a day. The manufacturers 
have closer contact w ith  the sales link addressing 
the consumers. Production takes place on the basis 
of global contracts and sale o f salmon occurs to a 
large extent to multinational sales and distribution 
companies such as "Ahold".

Customers are much more concerned about 
how the fish has been raised, what it has eaten and 
whether or not it has been bred under proper condi­
tions. Extermination methods are im portant becau­
se the buyer is concerned about the fish suffering, 
both while it is alive and in the moment it is slaugh­
tered. Animal welfare in production has become an 
important standard for the reputation o f aquacultu­
re products and welfare is a part o f the production 
standard behind the brand names in use. Customers 
are more politically aware and are often organised 
in consumer organisations. These organisations give 
customers a voice in relation to the public authorities 
and other actors, so it is not only purchasing patterns 
in the stores that are im portant for the aquaculture 
industry. E-trade o ffish  has developed from being a 
curiosity (sale of farmed fish products as g ift articles) 
to a common means of buying fish as a grocery pro­
duct.

Fresh fish products and combination products 
are popular because im portant consumer groups are 
on the look-out for new culinary experiences. 
Communication about country of origin and a "good 
manufacturing history" become key sales argu­
ments.

Prospects for a significantly longer lifetime puts 
a focus on easily digested products and on health 
food. Health food products have however decreased 
as a trade segment and have been replaced by pro­
per food. (One knows for instance tha t one kilo of
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salmon is equivalent to  NOK 200 in health food pro­
ducts.)

In 2020 we have the communication consumer. 
The consumer pattern has changed. Communication 
companies and the media rule. Direct communica­
tion between the manufacturer/refiner and the con­
sumer through communication companies is vital. 
Shopping malls are on the way out. There is less tra­
vel and physical movement in people’s everyday 
lives. Chains that make preferences/differentiate 
w ith  own brand name are also on the way out. 
Labelling and differentiation in the way of origin 
and history are important. Deliveries take place 
from warehouses or restaurants to  the customer. 
Weekly menus. There is a focus on health and proper 
food. Nutritional intake in the form o f tablets based 
primarily on marine products.

Consumer organisations have become impor­
tan t advisors on nutritional matters. Seaweed and 
sea tangle products and other new products based 
on healthy seafood are popular. Good tastes are 
combined w ith  what is healthy thus attending to 
the needs o f people looking to enjoy life.

Active ownership and a separate Marine 
Fund
Active ownership and strong personalities characteri­
se the situation in 2020. The fish farming industry is 
still characterised by strong personalities and active 
ownership but now in combination w ith an active 
and qualified investor community. The Oslo Stock 
Exchange has become an important source of capital 
and w ith its adjacent broker community is world-lea­
ding in the area o f marine bio-production. Interest 
organisations support safeguarding their funds but 
seldom play an active ownership role.

The Petroleum Fund is replaced by the Marine 
Fund in an industry fund financed by revenues from 
oil, energy, fish and biotechnology and has indicated 
four main areas for innovation and investment: 
Aquaculture and marine biotechnology, Energy, ICT 
and Culture. The value increases by 10% per year 
after good combination investments are made in 
Norway, Russia and Eastern Europe. The investments 
are distributed evenly between investments in 
Norway and connected investments abroad to sup­
port and complement the Norwegian activity. China 
and India are in 2020 the foreign investment area 
w ith  the strongest growth.

Clearer role division
The industry organisations are international and the 
Norwegian actors are direct members o f the inter­

national organisations. Innovation Norway and the 
Research Council have merged to arrive at an even 
greater coordination o f the administering agency. 
The national R&D communities have a focus on the 
prioritised industry sectors.

As owner of a large pharmaceutical company, 
Rpkke establishes a marine biotechnology research 
centre (focused on aquaculture) inTromsp. The pur­
pose of the centre is utilisation of genes in marine 
organisms tha t have a large earning potential. This 
applies to biomedicinal and bio technological pro­
ducts. This initiates the farm ing o f marine orga­
nisms for biomedicinal purposes. Another patenting 
area is new feed types.

The government is concentrating on financing 
basic research. The research is organised in interna­
tional networks. The government and the Research 
Council have established a national division of 
labour between the R&D sector in Norway and abro­
ad. This has created larger, more interdisciplinary 
environments, qualified to  address composite, com­
plicated problems and assignments. This was 
brought about by the geographic virtual collaborati­
ve forms that connect the Norwegian institutes.

Conflicts that provided learning
Both the industries and the public authorities have 
coped w ith  the territorial and sector conflicts bet­
ween the fishery and agriculture sectors. The result 
is better-organised Norwegian food research w ith 
good international connections and an effective col­
laboration between industry and research. 
Knowledge is now the country’s most important 
export product. This applies to  knowledge about sal­
mon but to an even greater extent is connected to 
production of marine fish and especially marine hat­
cheries and fry  production. Norwegian companies 
own and operate installations all over the world. In 
addition, Norwegian companies have a leading posi­
tion in supply of salmon roe.

We export also knowledge about how it 
can be done
We are a large exporters of knowledge w ith in  mari­
ne sustainability (special competence w ith in  mana­
gement and implementation o f administration 
models, food safety), Norwegian researchers are lea­
ders w ith in  marine environmental research, fish 
health and breeding work and we are well on the 
way to becoming a large and central actor w ith in 
new energy forms (wave power, environmentally-fri- 
endly gas power). We export competence and tech­
nology for NOK 40-50 billion annually. Together w ith
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different fish products, the aquaculture industry in 
total represents a sales volume o f more than NOK 
100 billion on an annual basis.The research and 
development activities are rooted in Norway along 
w ith  the concept development. All production o f the 
technology itself however is done abroad, to an 
increasing extent in China and South Asia, which 
have become important markets for Norwegian 
knowledge in this field. The benefits o f the expe­
rience from developing and managing large, compli­
cated projects in the offshore sector are now 
making themselves apparent. We have knowledge 
and we know how we can combine it in regionally- 
rooted development projects. The ability to  work in 
dialogue w ith  local authorities and interests in 
developing more robust, situated knowledge about 
solutions becomes decisive. Norwegian develop­
ment communities have in the last decade worked 
actively at developing such work forms. To a large 
extent one has cashed in on Norwegian working life 
research and the experiences from regional develop­
ment programs.

The Ministry of Food
The Research Council modified its prioritising, beca­
me a foundation and has research, technology deve­
lopment and innovation directed towards complex 
development processes and systems as its main 
focus. In the globalised world Norway had to  choose 
to be good at something. Food, w ith  a main empha­
sis on seafood, nutrition and environment has beco­
me such a chosen area, along w ith  energy and rela­
ted technology areas.

EU-membership has led to  the national marine 
resources becoming part o f the EU’s jo in t resources. 
Administration and management o f these resources 
is located in Norway, which creates a competence 
centre o f gravity in the region. The Research Council 
is part o f the jo in t European research infrastructure 
for aquaculture.

The industry ministries LD (Agriculture) and FID 
(Fishery) are integrated w ith  industrial funds in the 
food m in is try-N M F (the Norwegian M inistry of 
Food). The M inistry o f Food has complete responsibi­
lity  for fjord/earth to table in Norway (in other 
words, the entire value chain). At the same time, 
official forums have been established between the 
M inistry of Health and the M inistry of Food to  ensu­
re research on food as medicine and health effect. 
The political structure in Norway has been changed 
to five regions (counties/municipalities) and the 
administration o f these is carried out locally. The 
Food Inspectorate has been further simplified. The

Norwegian M inistry o f Food has received internatio­
nal administrative responsibility for marine resour­
ces in the EU. Research and documentation o f sea­
food done in Norway determines the EU regulations.

Aggressive media companies use Norwegian 
scholars’ disagreement, uncertainty and lack o f ans­
wers about Norwegian fish farm ing being dange­
rous to the health as headlines to  attract readers 
and viewers. They have received assistance from the 
nature conservation organisations. Researchers and 
environmental management are in conflict. The 
researchers meet this pressure by focusing more on 
preparedness research. The public authorities, the 
research community and industry have developed a 
professional and coordinated information service, 
which works actively to establish research-based, 
international systems for food product standards 
that are accepted as a legitimate guarantee o f food 
product safety and control.

Multinationals dominate
Multinational companies w ith  a broad product 
range dominate the industry. After several years of 
limited access to  equity capital, the Norwegian 
aquaculture industry is to a large extent owned by 
companies w ith  headquarters and owners outside 
of Norway. A few multinational companies domina­
te the market. 20% of the companies in the industry 
represent 80% of the production. The central groups 
specialise in 5-7 different farmed species and all 
have a well-developed marketing system. Products 
based on by-products comprise approximately 35% 
of the sales volume. Breeders work predominantly 
on a contract basis for the multinational companies 
in networks o ff small and medium-sized companies. 
Joint sales companies are formed and research is 
directed towards creating strength on the side of 
manufacturing in relation to  the market. The com­
pany’s strategy is concentration in all links and effi­
ciency.

What happened? 
Globalisation, demographics and climate
Contemporary analysts in 2020 all agree tha t there 
are three fundamental forces tha t have been crucial 
to the development of the past 10-15 years: globali­
sation, the demographic world development and the 
climatic changes. There is however a large amount 
of disagreement regarding how the interaction bet­
ween them has shaped the society and the condi­
tions for the industry activity in Norway for 
Norwegian aquaculture activity. Individual events 
are however referred to as having contributed to

117



engaging people and the political debate and there­
by shaping the actions of central actors. The indivi­
dual events we mention are random. It could just as 
easily been others but w ith  the same effect. They 
become common observations tha t create debate 
and actions, both o f which illustrated the develop­
ment and shape the future.

Several large farm wrecks
Between 2005-2010 a number of farm wrecks and 
accidental close calls w ith  freight tankers along the 
Norwegian coast took place. This resulted in heated 
debates, large media segments and crisis maximisa­
tion, in Norway, the EU and in the USA. Risks in con­
nection w ith  increased transport of oil/gas along 
the Norwegian coast led to our finally in 2011 acqui­
ring a preparedness system along the entire coast 
which the fisheries and aquaculture industry could 
live w ith. Well-developed systems for environmental 
monitoring, along w ith  outstanding multi-stock 
management models tha t have functioned extre­
mely well since 2010, make possible complete mar­
ket confidence in Norwegian marine products.

Beneficial research
Research shows tha t the aquaculture activity contri­
butes to  an increased scope o f nutrients for fry, 
which increases the return from w ild production by 
100%. This has contributed to  an increase in wild 
fish stocks along the coast. The fishing area is loca­
ted in the farm ing areas; bio-production has increa­
sed. The Sea Ranching Act has been expanded. 
Through long-term work w ith  bio-prospecting and a 
conscious investment in utilisation, commercialisa­
tion and coordination in relation to biotechnology, 
Norway has in the past five years managed to  build 
up a significant competence w ith in  these areas and 
the marine biotechnology industry is thriving.

Boycotts, conflicts and development
The expanded EU and Russia are our most impor­
tan t markets (60-70%). Norwegian and Russian aut­
horities resumed in 2008 large-scale seal hunting on 
the East lee to  minimise large populations of sea 
mammals in the region, as the stocks have become 
completely out o f balance. There is a seal invasion 
inward towards the Norwegian coast tha t also exce­
eds the problems experienced in 1987-1988. This 
leads to  an escalation of non-governmental organi­
sations and a lot o f negative media attention. The 
Norwegian aquaculture industry is on th in ice, but 
after this action is eventually positively received. The 
Norwegian public authorities, w ith  sound support

from own and international researchers, finally get 
through to the NGOs w ith  sustainable administrati­
ve models w ith in  the marine sector. The environ­
mental organisations develop confidence in the 
industry while in exchange the industry fu lfils  the 
environmental requirements (certification), but at a 
high monetary cost. Norwegian bureaucracy w ith in 
the marine sector sees great possibilities internatio­
nally and The Norwegian Model becomes a leading 
standard in administration o f the Atlantic Ocean 
and eventually in collaboration w ith  other coastal 
nations, also worldwide. The government makes fu r­
ther investments in goal-oriented R&D in the field, 
and this becomes a large export item.

Aquaculture under scrutiny
Aquaculture is an area subjected to scrutiny because 
climatic considerations and transport pressures beco­
me more important in the large markets. Energy and 
transport costs increase dramatically and we experi­
ence a shift from air and auto to ship and rail. There 
is a focus on high-speed solutions that still allow 
transport of fresh fish, and an increased focus also on 
products that tolerate a longer transport time and 
larger volume. A reorganisation of the logistics sys­
tem is carried out adapted to the new situation, 
which implies significantly more competition from 
small farmers w ith  market proximity.

I PR disappears -  free flow of knowledge 
available for use
Non-tangible rights are phased out at the end o f the 
period. There is to be fu lly  open access to  knowledge 
and technology. In 2018 the EU abolished IPR 
(Intellectual Property Rights) w ith in  important areas 
due to the development w ith in  technology and 
communication. Private investors became less w il­
ling to  finance knowledge development but corres­
pondingly focus more on service and product deve­
lopment. There is a new v ita lity  in the public invest­
ment to stimulate and take responsibility for key 
knowledge centres (universities, colleges, base rese­
arch). Knowledge has become much more acces­
sible. The new development however is tha t the 
knowledge development becomes international and 
is organised in networks. Marine-science alliances 
are formed w ith  the largest, most esteemed profes­
sional communities in the world.

New Research System in Europe
The European common arena for research has been 
continually developed to  meet the research compe­
tition  from the USA and not least from countries
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such as China and India where enormous private 
companies eventually channel funds at the 
American level into research and development.The 
government understood in 2008 tha t the aquacul­
ture industry had to be injected w ith  considerable 
capital and competence i f  it was going to be able to 
take over after a petroleum industry tha t was beco­
ming increasingly less value-added. In the EU 
Norway has received the leading responsibility for 
development of research and teaching in the marine 
sector. Basic research is led from Norway and under 
the direction o f the Norwegian segment o f the ERC 
(European Research Council).

We have seen tha t the need for increased know­
ledge about the ocean became a central societal 
impetus for research. The conservation th inking was 
abandoned as basis for an active attitude towards 
resource administration and resource utilisation. The 
dialogue between the strong research communities 
and society accelerated and the universities were to 
an increasingly stronger extent run through a broad 
social dialogue and strategic investments. W ithin 
aquaculture research there was a reduction from 30- 
40 communities down to four regional communi­
ties, which in practice comprised an Aquaculture 
University in a European context. The view o f know­
ledge production changed radically and what in 
2005 were viewed as research activities restricted to 
research institutions, are in 2020 a part o f the gene­
ral knowledge development in the companies. There 
is at all times a focus on inadequate areas o f know­
ledge such as marine sustainability and dynamics, 
multi-stock research, marine climate, flow  factors, 
algae, information systems and market knowledge. 
The current infrastructure o f aquaculture research is 
completely reorganised to reflect new knowledge 
needs. The nation becomes less im portant to  the 
benefit o f the regions and the international collabo­
ration.

A new thought model
The Norwegian aquaculture industry moved away 
from the reigning intensive industrial mentality in 
production in the period 2005-2010 and changed to 
more well-being oriented farm ing where communi­
cation w ith  the fish played an essential role. The 
industry imposed requirements on the public autho­
rities for new monitoring regimes and more control­
led production and requirements for a more diffe­
rentiated utilisation of the fish. The industry esta­
blished apprentice-networks and carried out trans­
mission o f information to the general public. The 
industry invested continually more in bio-products

as a market for Norwegian aquaculture and a uni­
que long-term strategy was developed for the 
industry’s own BIOR&D in 2010. This is seen in con­
nection w ith  a breakthrough in 2006 in terms of 
thinking utilisation o f the entire fish. The connection 
between aquaculture and wild fishing became cen­
tral and created a good basis for continuous delivery 
in the market.

In 2014 a separate industry organisation was for­
med in Europe for marine sustainability-based spe­
cial competence w ith in management and implemen­
tation o f administrative models and food safety, fish 
health and breeding work. The companies that beca­
me members had extremely divergent backgrounds, 
but specialised in regional fish farm ing installations 
around the world, both on land and on water. We 
export competence and technology for NOK 40-50 
billion annually. Along w ith  different fish products, 
the aquaculture industry as a whole represents a 
sales volume o f more than NOK 100 billion per year.

Social consciousness raising, 
investments and marketing
The public authorities increased the research con­
nected to  documentation, knowledge-development 
and social consciousness-raising eight- to  tenfold 
and invested in all a total o f NOK 1-2 billion per year 
on aquaculture research and industrial aquaculture 
development. 50% of these funds went to  research 
and development projects in international networks. 
From 2010-2020, NOK 50 billion from the Petroleum 
Fund is spent on share investments in companies 
working w ith  food product distribution in Europe. 
This was done to ensure the share o f Norwegian 
food products in Europe. The launch o f the Olympics 
in Tromsp in 2014 as an Aquaculture Olympics put a 
focus on Norway as a knowledge and technology 
supplier for regional installations adapted to  local 
conditions and healthy monitoring and administra­
tive systems. The impetus in this development was 
regional in Norway, not least because the licensing 
fee went to the municipalities to  stimulate the ripp­
le effects o f the aquaculture industry and to develop 
industry in local communities. This regional stimula­
tion strongly contributed to developing vital know­
ledge and culture-creating environments w ith  sus­
ta inability in the global economy.
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Key Events
2007 The oil tanker Scuko Valdez runs aground at 

Hordaland. Contributed to bringing about a 
breakthrough and focus on sustainability 
and monitoring systems

2008 The EU wanted to  have the Petroleum Fund 
in the structural sense

2009 Parliamentary election in Norway -  an 
election about Norway’s role in the global 
economy. Specialisation parties receive a 
clear majority

2009 A political awareness surrounding 
Norwegian seal policy in 2010 led to a 
boycott o f Norwegian salmon which 
resulted in the industry learning to 
communicate w ith  the surrounding world

2010 Climate changes and the question of 
whether to use the resources in a 
sustainable fashion became a central 
question on the world’s food product 
programme and in combating starvation

2011 The cod in the North Sea collapse.

2011 A preparedness system for environmental 
monitoring was launched along the entire 
coast

2012 "Fish well-being" was launched as a concept 
in 2012 and echo sounder research became
a research field
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Feed for everyone
Economic, environmental and feed production crises 
-  contributed to a revitalisation of the fish farming industry and 
the development of non-marine feed alternatives.

The access to  feed is both effective and good. Feed is 
also inexpensive. The feed costs are between 20- 
30% of the production costs on average for all fish 
farmed species. Research has generated a new and 
effective feed technology. Advanced biotechnology 
has developed alternative feed-sources tha t com­
pensate for lim ited access to marine fa tty  acids and 
ensure sufficient proteins for feed production. Feed 
is produced both nationally and locally close to the 
markets around the world.

Norway is an active member o f the EU, which 
after large problems up to  2014-2015 finally mana­
ged to guarantee market access for Norway and 
other member nations, not just in the internal mar­
ket but perhaps to  an even larger degree in other 
parts o f the world.

The markets are segmented, w ith  market access 
agreements between different countries. The 
Norwegian fish farm ing industry has managed to 
reposition itself and has become actively market- 
oriented. In international aquaculture activity, the lack 
of marine feed has been a significant bottleneck for 
almost the entire period up to  2020. There was an 
increasingly greater pressure on the manufacturers 
to not use fish to feed fish. As a reaction to this, the 
original feed fish was developed into sales-worthy 
and popular products directly for food. It has proven 
impossible to maintain a satisfactory level o f wild 
fishing of marine species, despite attempts to har­
vest krill and establish capture o f other species at a 
lower trophic level. Harvesting at a lower trophic 
level has contributed somewhat, but is far from ade­
quate. Products based on such feed became a scarce 
commodity. Therefore the feed manufacturers could 
only produce conventional feed at an extremely

high price. One has now succeeded in developing 
viable alternative feed sources, such as single-cell 
proteins based on natural gas, fat-producing omega- 
3 algae, land plants at a higher elevation tha t also 
produce "marine" omega 3 fatty-acids, bioprotein 
and lignin from the woodworking industry. On the 
market side, there have been a series of challenges, 
as the market today (in 2020) is segmented and 
characterised by a range of new species and pro­
ducts. Much o f this was the response to the great 
industry crisis tha t slowly developed starting in 
2006, reaching its climax in 2012.

In addition, it turned out that the environment 
up to  2010-2013 was effected by a range o f environ­
mental toxins such as dioxins, hormone imitators, 
pesticides, brominated flame retardants, pcb’s, hop­
per suspensions and heavy toxins. In addition, two 
accidents caused great pollution problems.
Especially exposed were areas such as the North 
Sea, the Baltic, and the Polar Regions (Barents Sea). 
The herring has returned to  Iceland and the 
Norwegian ocean was not exposed to  this in the 
same way. Herring and blue w hiting were good 
alternatives in the food sector. A significant creativi­
ty  in the research investment managed however to 
solve these challenges by developing purification 
technology and simultaneously compulsory follow- 
up of international agreements (Timbuktu protocol 
of 2016) ensured tha t emissions were reduced. 
Politicians have by and large compounded the pro­
blems for the industry and continually imposed hin­
drance upon hindrance to development of the 
industry (non-industry-friendly policy). Nonetheless, 
we did it!
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The feed problem is solved
The aquaculture industry is thriving, not because 
there are no problems, but because one has mana­
ged to  solve the somewhat large problems that 
arose during recent years. Particularly feed access 
became a large problem. But there now appears to 
have been a happy solution through the successful 
investment in alternative feed sources. "Against all 
odds" as some might say. In spite o f the fact that 
the public authorities not only have ignored the 
industry but also imposed hindrance upon hindran­
ce to the industry’s being able to develop, the indus­
try  is today thriv ing in more ways than one. The 
exaggerated industrial neutrality policy and the 
counter-productive distribution and regional policy 
for a long tim e sent industry actors to increasingly 
higher levels o f frustration. That one has nonethe­
less succeeded is not confirmation of industrial neu­
tra lity ’s excellence but must be seen in the context 
o f Norway’s incorporation and engagement in 
Europe and the industry’s active positioning in the 
world market. Where Norway, in many ways, fell 
through, Europe and the international organisations 
came through!

The aquaculture industry today is characterised 
by investment in both high price products and in 
large volume bulk markets. Raw materials from gas 
have gained penetration and dominate now feed 
production to  a large extent. One has succeeded in 
producing polyunsaturated fa t from gas, not least 
because micro-organisms have been found in the 
ocean tha t make this possible. Of most interest is 
perhaps that the EU accepted this feed through 
EUSecure -  the European system for safe food. The 
aquaculture industry is today built up around clear 
alliances between traditional industry and aquacul­
ture. Aquaculture itself is characterised by great 
intensity, large stock increase, product diversification 
and an extremely high utilisation o f the entire fish. 
Distribution based on use of a newly constructed 
high-speed railroad through Russia to China and on 
specially built vessels to Europe over the northern 
sea-route (Barents Sea) among other routes, dim in­
ishes transport costs where long distance transport 
is necessary.

Products, species and consumers
Made in Norway is an internationally recognised 
brand, not just in Europe but more or less all over 
the globe. Norwegian manufacturers do not only 
invest in salmon and trou t as they did at the end of 
the last century and during the firs t decade o f this 
one, new species have also arrived. In the high-price

segment the most im portant products today come 
from species such as cod, king crab, halibut and char. 
One has particular success w ith  the so-called "diet 
salmon". It has spread like an epidemic into the 
world market during recent years and today compri­
ses more than 34% of the tota l market. Also the con­
sumer pattern has changed. Communication compa­
nies and the media are in control. Direct communi­
cation between manufacturer/refiner and consumer 
through communication companies is crucial.

In the bulk market it is firs t and foremost tila ­
pia, carp, spiked dogfish and sea cucumber that 
dominate. These are cultivated in large volume in 
warmer regions. The Norwegian fish farm ing indus­
try  controls large portions o f the production interna­
tionally. Typical consumer groups in the high price 
segment are the heavily expanding middle-class in 
China and Russia. Eating expensive, health-promo­
ting  fish has status. Americans, who have trad itio ­
nally represented the most im portant high price 
consumers, are to  an increasing extent oriented 
towards low price products.

We also observe an increasing market growth in 
Africa, but in particular w ith  products from the low- 
price segment. Morocco is one of the largest consu­
mers o f spiked dogfish. In addition, increasingly 
more tilapia, carp and sea cucumber are produced 
locally, close to  the markets, in other words, in 
Mozambique,The Ivory Coast, Nigeria, Egypt and 
South Africa. Also in Southeast Asia low price pro­
ducts dominate and Norwegian interests are great 
in, for instance, tilapia production.

In Western Europe things are as they have 
always been, some expensive, some inexpensive 
while to  an increasing degree there is an emphasis 
on functional fish farmed products, particularly in 
Eastern Europe. Typical products in the high-price 
segment are fresh fille t, a series o f smoked products 
such as warm/cold smoked salmon, ready-to-heat 
composite products, sandwich spread and a large 
and varied selection o f functional products. In the 
low-price segment we find in particular gutted fish, 
canned products, forcemeat products and frozen 
products. In addition fille t types from tilapia, carp 
and spiked dogfish are typical low-price products.

Technology and Research
The industry today derives great benefits from the 
technological development w ith in  other sectors (the 
auto industry, pharmacy, materials). Newer techno­
logy developed in other sectors is accepted, trans­
mitted and exploited w ith in  the bio-marine sector. 
Especially robot automation competence from the
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international auto industry has made it possible to 
remove all manual labour from processing. 
Norwegian R&D communities have therefore mana­
ged to develop a leading position internationally in 
the field. It has also been possible to  protect the 
technological advances from competitors.

The feed production is comprised to a large 
extent o f protein production based on natural gas. 
Norway leads the development in this field and has 
invested considerable research resources in further 
developing feed-manufacturing technology. This has 
in itself become a large export product for 
Norwegian enterprises. In addition, large quantities 
of feed raw materials based on this technology are 
exported. We have also developed technology sys­
tems for feed-fat production based on algae and 
oats.

Special products used to add taste, colour, vacci­
nes and health benefits are an enormous area of 
growth where different characteristics are adapted 
to different customer groups and markets.

Increased production costs in low-cost countries 
and an increase in demand for super-fresh products 
based on pre-rigor fille ting  has contributed to  this 
development. In particular the Norwegian research 
and industry community have managed to imple­
ment advanced Internet technology combined w ith 
new logistics systems to deliver fresh fish products 
to the doorsteps of consumers. E-trade o ffish  has 
developed from being a curiosity (sale o ffish  far­
ming products as g ift items) to a common way of 
buying fish as a grocery. A national monopoly has 
been developed in this sector. A tota l utilisation of 
super-fresh by-products w ith  wholly unique charac­
teristics (held back in Norway as the processing 
takes place here) has given increased profitability 
w ith in  processing and contributed to centralisation 
of the processing industry in Norway. Scottish and 
Faeroese salmon and trou t for the northern 
European market are therefore processed in Norway.

The functional food market is growing. Through 
R&D it has been shown that marine food in general 
has extremely good health effects and also medici­
nal characteristics are fed in which make the fish 
even more attractive. Strong alliances have been for­
med between large pharmaceutical companies and 
the food industry. A typical example o f this is 
Haframed, originally from the former Hafslund. This 
makes possible fish that can have hundreds o f diffe­
rent characteristics, which can be adapted to special 
medicinal needs for preventive health effects. 
Norwegian research and documentation leads the 
international knowledge development in this area.

This development has led to  not only the well- 
known European chain Lidl but also the most belli­
gerent competitor Euro-REMA choosing Norwegian 
aquaculture products as the basis for all their fishe­
ry products. Quality, delivery assurance and ethics 
are crucial, say the spokeswomen from Lidl and 
EuroREMA. Both Lidl and EuroREMA are important 
actors in the new functional food segment. Both 
chains today have own research institutions, in fact 
some of the largest and best in Europe. Particularly 
biotechnology w ith  world-leading competence in 
use o f proteomics and metabolimics for develop­
ment and control of farmed fish’ unique functional 
characteristics, health/welfare and market economy/ 
social science receive a strong focus in this research.

Other im portant factors that contribute to  Lidl 
and EuroREMA’s positive attitude towards 
Norwegian aquaculture products are the large 
changes that have been made in the transport sys­
tem and basic improvements in the organisation of 
trade w ith  an emphasis on factors such as traceabi- 
lity  and "just-in-time" principles, where the depart­
ment stores control their out-take from the market.

Animal welfare is the most important
The customers, and tha t includes both the bulk mar­
ket and the high price market, are extremely concer­
ned about how the fish was raised, what it has 
eaten and whether it has been raised under proper 
conditions. Good exterminations methods are regar­
ded as extremely im portant because the buyers are 
concerned about whether the fish suffers, both 
while alive and in the moment it is slaughtered.

Animal welfare in production has become an 
important basis for the aquaculture products’ repu­
tation and welfare is a part o f the production stan­
dard tha t lies in the brands in use. The customers 
are very politically conscious and most of them are 
members of consumer organisations. These organi­
sations give the customers a voice in relation to  the 
public authorities and other actors, so that in 2020 
it is not only purchasing-behaviour in the stores 
that is important to the aquaculture industry.

The large international animal welfare organisa­
tions have achieved considerable penetration for the 
fishing methods o f yesterday being cruel. This led to 
a restructuring o f the fisheries so as to  live up to  the 
market requirements for more humane fishing m et­
hods. This was one o f the reasons for the dramatic 
drop in access to feed raw materials from the fishe­
ries a mere decade ago, which in turn is the reason 
why the current aquaculture almost exclusively is 
based on protein and fat from micro-organisms cul­
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tivated on gas, and vegetable substances. The wel­
fare requirements have also h it w ith  fu ll force w it­
hin the aquaculture industry and fish farm ing met­
hods and treatment and slaughtering processes 
have been completely modified. This has also had 
significance for the administration and regulation of 
the industry. Among other things, the requirements 
for maximum allowed area-use have been replaced 
w ith  a regulation of maximum allowed production.

While the EU, Japan and the USA up to 2010 
were the largest consumers of salmon China and 
Russia have conquered this position in 2020. A large 
purchasing power development has characterised 
these markets and there is in general a greater focus 
on animal welfare and health. The demand for 
expensive products (like fille t) and cheap products 
such as heads, forcemeat and belly flaps is large. 
Salmon has become a part o f the daily diet in these 
large markets.

The entire fish "at work"
In "Feed for Everyone 2020" the fish farm ing indus­
try  learned to utilise the entire fish, also the blood. 
The main product shall not carry the cost. Through 
innovation, new knowledge and new technology, 
the industry has developed a series o f valuable spe­
cial products based on the fish farm ing industry’s 
primary production. By-products based on super­
fresh (1/2 -1  hour) raw materials are in fact so valu­
able that sale of products based on what formerly 
were by-products, in part provides higher revenues 
and better profitability than the sale o f traditional 
food products such as fillets and gutted fish.

The demand and willingness to pay for the new 
products is great. This has meant tha t the unit costs 
for the aquaculture industry on the whole have 
become significantly lower. Production costs for the 
traditional practices have thereby gone down and 
profitability also in this area has improved. In several 
Asian countries young people eat processed finished 
products like a new type o f fish-burger made of 
bone offcuts.

Labelling and differentiation in the form of ori­
gin and history are important. Delivery is carried out 
from warehouses or restaurants out to the custo­
mers according to  weekly menus. The focus is on 
health and functional and proper food.

Norway is an active member of the EU, which 
guarantees market access in other parts o f the 
world. The situation is characterised by segmented 
markets, w ith  market access agreements between 
different countries. The USA is a growing bulk market. 
The Norwegian fish farm ing industry has succeeded

in repositioning itself and become extremely active 
in its market-orientation. The food product techno­
logy is extremely advanced in Norway in 2020. The 
Norwegian fish farm ing industry produces low-cost 
products such as tilapia, carp and spiked dogfish for 
African and Asian markets. These are manufactured 
in other parts o f the world such as Bangladesh, the 
Philippines and Brazil.

W ithin aquaculture the market focus is also on 
the Far East. China and Russia have entered the 
arena as importer lands w ith  an annual increase in 
GNP o f 8%. China is a decisive impetus in the world 
development. The new customer groups in Eastern 
Europe, China and Russia have other preferences 
than the Western customers. The Western custo­
mers are mainly concerned w ith  health while the 
customers in the East have a focus on the good life 
in their new welfare society.

The Norwegian salmon industry has from 2003 
and up to  2023 gone through a continuous develop­
ment that has been propelled by product develop­
ment and customisation. This has been possible due 
to development tha t has taken place w ith in  adja­
cent industries, IT and logistics. Today pre-rigor all 
salmon is filleted in Norway. It is transported to 
large Norwegian-owned processing companies cen­
tra lly located in Europe. In the Czech Republic refi­
ned products are produced on customer-demand. 
The customers served include everything from large 
supermarket chains to individual households. The 
customer makes purchases over the Internet; this is 
automatically fed into the production system, which 
produces customised products according to custo­
mer specifications. Distribution takes place through 
a further development o f DHL, which now delivers 
refrigerated products to  the customer’s door. The 
system is development o f the traditional door-to- 
door logistics. Fresh products dominate the trade in 
Europe and DHL’s distribution system has been high­
ly influential in Norwegian salmon gaining conside­
rable market access in the American fresh food mar­
ket. The Norwegian salmon industry has proven to 
be extremely adaptable to the development in the 
market and is now able to  deliver to  specifications, 
all the way down to the level o f specified functional 
connections, anti-oxidants, bioactive slimming fa tty  
acids and the newly discovered rejuvenation pepti­
des. Ecological products based on unique feed sys­
tems have been common since 2017.

Multinational branding
The large multinational companies dominate and 
w ill operate the production and marketing o f all fish
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close to the consumers. They build up their own 
brands in close collaboration w ith  the Norwegian 
fish farm ing industry. The production o f refined pro­
ducts is by order, and takes place close to  the custo­
mer. Eastern Europe and China demand farmed fish 
in large volumes. Fish is recognised as being the 
healthiest food product one can consume in the 
daily diet. The world population is growing even 
more rapidly and there is an ever increasing demand 
for fish. The capital problem has been solved by the 
government for a period becoming a large-scale 
owner. The industry is profitable and stands on its 
own tw o feet. The industry is perceived as an envi- 
ronmentally-friendly industry and meets all the 
requirements posed by international customers. We 
have problems meeting the large demand. The con­
sumer is preoccupied w ith  good health and is there­
fore w illing to pay a high price for the fish.

Global warming brings new opportunities
Global warming has resulted in making the emer­
gence o f new species possible also on the domestic 
market. We obtain many more species in the natio­
nal fish farm ing production (oysters have become 
an im portant part of the production). Warmer water 
led to  new disease problems for a long time, but 
these have been solved through research and becau­
se health considerations have been taken seriously 
in the administrative regulation o f the industry. It 
has become too warm for salmon farm ing in the 
coastal waters o f Western N orw ay-and the centre 
of this industry segment is now out to  sea in North 
Norway.

Fish farm ing has been prohibited in several large 
areas. Due to area scarcity in the coastal zone and to 
avoid national jurisdiction and restrictions, fish pro­
duction has been relocated to offshore installations. 
The fish farm ing installations are established 
beyond the 2000 km mark and are either anchored 
in the bed or self-propelled and self-positioning. The 
installations are self-supplying, self-sufficient on 
energy through ocean currents, solar and bio-ener- 
gy. The installations produce a range o f different 
species and a quality improvement o f the fish is 
achieved (pollution-free environment). Boats bring­
ing feed bring the products w ith  them back to the 
market. New materials technology and ICT enable 
unmanned installations, remote-controlled via satel­
lite. Only in special circumstances is there a crew on 
the installations. We have solved the problem of 
extreme weather conditions through technology 
developments and new transport solutions. This has 
had positive effects for the environment in the

fjords (marine oligotroph). Solutions for wreck and 
fugitive fish problems have been found.

Increased emissions of nutrient salts from 
Europe and fish farm ing result in flourishing algae 
growth. Mussel installations are used to a large 
degree as purification facilities in areas w ith  particu­
larly high levels o f nutrient salt or algae concentrati­
on. The ocean temperature has increased by 1.5 
degrees.

A few large companies dominate the 
Norwegian aquaculture industry
A few, large companies define the knowledge and 
technology development. In addition there is a 
m ultitude o f different operations and manufactu­
ring companies. The large companies control the 
operation and manufacturing companies and here­
by control the markets.

The forwarding industry is marked by a new 
special competence in the area of equipment tech­
nology. The production of this however takes place 
often locally, outside o f Norway. There is a particular 
emphasis on bringing down wage costs through 
automation o f the processing segment and in parts 
of the production process (e.g. remote controlled 
feeding).

A development o f refrigeration technology has 
taken place tha t makes possible significantly longer 
keeping capacity for fresh products and longer ship­
ping distances. This has had a great importance to 
the development o f the new markets, particularly 
towards Southeast Asia.

The aquaculture industry is strong in Norway. 
Consumer packaging in 2020 takes place to  a much 
greater extent where the food fish is produced and 
slaughtered, namely, in Norway. Wages are still high, 
so we are not competitive w ith  regard to manual 
production. Technological innovation has made pos­
sible a capital-intensive, non-labour demanding, 
automated production tha t makes ready-to-eat 
Norwegian products competitive abroad. In 2020 
manufacturers know far earlier what the salmon is 
to be used for and who w ill buy it and this has made 
possible the development o f new product segments 
and customised products for different types of buy­
ers. Specialised niche companies can deliver special 
products to different customers and the quality can 
be o f such a nature and at such a level that 
price/"performance" is satisfactory for a wide range 
of customer groups. Norwegian salmon has an every 
higher prestige than it does today and is protected 
by brand in the same manner as "Parma ham" was 
many decades ago. The framework conditions for
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aquaculture have been improved significantly and 
we compete successfully w ith  the pork export from 
Denmark. Chile and Norway remain the countries 
w ith  the best fish farm ing conditions and the natu­
ral parameters are still crucial to  the aquaculture 
industry’s manufacturing ability and profitability. 
Chile has suffered several serious setbacks over a 
ten-year period due to  fish disease.

Success despite absence of an innovation 
policy
Norway became a member o f the EU in 2008. This 
has resulted in free market access for processed fish 
products for a market o f 300-400 million consu­
mers. This has also offered access to  more resources 
for R&D purposes so it has been possible to  realise 
prioritised projects, which have in turn procured bre­
eding o f new species, new processed products, bio­
chemicals, etc. EU membership has implied tha t the 
national marine resources are made part o f the EU’s 
jo in t resources. Norway comprises a competence 
centre for the sector and has responsibility for the 
administration and control o f these resources. 
Increased demand for fresh, processed products has 
led to new alliances between European supermarket 
chains and Norwegian coastal groups tha t attend to 
all processing.

Production o f finished consumer products in 
Norway has also led to valuable by-products not 
being sold outside o f the country. Industry based on 
these raw materials has finally obtained a stable 
access to raw materials.

The WTO has removed trade restrictions in rela­
tion to  the 3rd world. There are neither any extensi­
ve direct and indirect subsidies in the traditional 
manufacturing nations (such as Norway). The World 
Bank supports establishment and transmission of 
knowledge in the 3rd world while fast-growing tro ­
pical farmed species are rapidly expanding as a 
share o f the total and global fish farm ing producti­
on and as a portion o f the protein consumption in 
Asia, Latin America and Africa, which results in incre­
ased export to Western markets at lower prices.

Ownership restrictions are suspended
After several years of lim ited access to equity capital 
the Norwegian aquaculture industry is to a large 
extent owned by companies w ith  headquarters and 
owners outside o f Norway. A few  multinational 
companies dominate the market. 20% of the com­
panies in the industry represent 80% of the produc­
tion. The key groups specialise in 5-7 different far­
med species and all have a well-developed marke­

ting  system. Products based on by-products compri­
se approximately 35% of the sales volume. Research 
activities are purchased on the international market, 
but the Norwegian researchers remain inexpensive 
compared w ith  foreign researchers. Breeders work 
predominantly on a contract basis for the m ultinati­
onal companies.

Former institutions like Norwegian Seafood 
Federation (FHL), EFF or the Norwegian Râfisklaget 
have completely disappeared, replaced by internati­
onal institutions and systems. The license system is 
such tha t quotas and area-use policy are politically 
controlled through licenses lim ited in terms o f time, 
something that has at times been a large -  and 
some m ight say unnecessary -  hindrance to  the 
development o f the industry. The groups are alloca­
ted market quotas by the governments o f the 
respective countries, based on supra-ordinate princi­
ples fixed by the EU. This has led to an increased 
focus on added-value per unit (quality instead of 
quantity). Greater stability, more suppression of 
information.

Knowledge development takes place 
internally in the companies
We have large, mobile, relevant, basic research 
through shared knowledge banks/pools. But most of 
the knowledge development for product develop­
ment, etc. takes place at the companies, in-house. 
Economic theory is today something else entirely 
from what it was in the period before 2004. 
Endogenic growth theory, innovation policy perspec­
tives and a renewed interest for classical theorists 
such as Ricardo, Sraffa and Schumpeter have begun 
to define the professional debates. This contributes 
to a much better interaction between companies, 
research and knowledge organisations than was the 
case up to  2014-2015 when the great trade reform 
w ith in  economics was carried out.

In 2020 a national network university has been 
formed where students can choose subjects inde­
pendent o f location. Universities are international 
forces in teaching and research. They attract interna­
tional top expertise. Marine science alliances have 
been established w ith  the largest and most heavy­
weight professional communities in the world. In 
the EU Norway has received chief responsibility for 
developing research and teaching w ith in  the marine 
sector. Basic research is led from Norway and under 
the direction o f the ERC (European Research 
Council); Norway has been given this role w ith in 
aquaculture. Central industry actors have long been 
dissatisfied w ith  the public R&D strategy. Large
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public investments in different research programs 
such as SFF, FUGE and others have not brought 
about the expected results in the form o f commerci­
alisation and industry development. The industry 
itself takes the initiative for a total reorganisation; 
user-controlled projects are changed over to  a user- 
controlled research and education institution w ith  a 
split public/private financing model, but controlled 
by users. The new organisation has own technology 
transfer departments, where the large actors have 
own divisions at the institution in order to  enable 
rapid implementation o f new technology. There is a 
separate education program, which users can utilise 
to update their employees and a start-up commer­
cialisation unit has been established. The govern­
ment/industry actors attend to protection and 
patenting by jo in t financing through different seed- 
capital and start-up initiatives. A fully-integrated 
concept.

Large companies that are leading competence 
and innovation impetuses have set the tone in 
Norwegian fish farming. This has resulted in consi­
derable progress and growth in the industry w ith  an 
annual production of 5 million tons o f farmed pro­
ducts. Salmon is still the dominant species w ith  2 
million tons. Different species, cod, halibut, tunny, 
shrimp, lumpfish, haddock, mussels, sea cucumber, 
and hagfish, are farmed and comprise the rest. 
Farmed fish has become "in-food" in large popula­
tion groups internationally. The production share of 
processed fish grows. The industry does not only 
produce fish for human consumption, but also 
extracts biochemical substances. Innovation Norway 
has not received resources to take part and is not an 
important participant in this. The active forces are 
large companies where knowledge and innovation 
are important elements.

Little openness regarding key knowledge
Little openness. Large companies set the agenda. As 
owner o f a large pharmaceutical company, Rpkke 
establishes a marine technology research centre 
(focused on aquaculture) in Tromsp. The goal o f the 
centre is patenting and utilisation o f genes in mari­
ne organisms tha t have a large earning potential. 
This applies to bio-medicinal and biotechnological 
products. This provides the trigger for farm ing of 
marine organisms for bio-medicinal purposes. 
Another patenting area is new feed types. 
Norwegian aquaculture is controlled by large, inter­
national food product groups w ith  internal research 
units. Their control is based on superior systems for 
logistics, market contact and control o f a superior

patented feed technology. Most o f the applied rese­
arch is privatised while the government concentra­
tes on financing basic research. Extensive collabora­
tions are established between the research-based 
fish farm ing industry and the universities.

The government and the Research Council have 
established a national division o f labour between 
the R&D community in Norway and abroad. Larger 
and more interdisciplinary communities have been 
formed tha t can take on complex, complicated tasks 
and problems. This is achieved by way of geographic 
virtual collaborative methods that connect the 
Norwegian institutes. Both the industries and the 
public authorities have surmounted territorial and 
sector conflicts between the fishery and agriculture 
sectors. The result is better organised Norwegian 
research w ith  good international connections and 
an effective collaboration between industry and 
research.

The Norwegian Aquaculture University has after 
many years o f effort patented an im m unity stimula­
ting  vaccine for fish farming. The vaccine protects 
against 10 o f the 12 most serious diseases in fish far­
ming, which implies tha t farmed cod can now be 
certified for trade in the EU.

EU a mobilising force behind the phasing 
out trade restrictions
Norway is a member o f the EU. New directives have 
come into effect after Norway became part o f the 
EU. The role o f the Directorate o f Fisheries has been 
toned down. The environmental requirements which 
were formerly different between Norway and EU 
countries are abolished. EU research has become 
even more central for the fish farm ing industry. We 
have a EU tha t has large problems after tw o radical 
expansions in 2004 and 2008 (where Norway beca­
me a member). The political coordination has failed 
and the EU contributed to  growing confusion and 
problems for the industry for a long time. But after 
the reform in 2015 it began to play another tune.
The EU became a mobilising force for reforms in the 
national industry and innovation policies, which ser­
ved to rectify the situation in 2020.

The industry organisations are international and 
the Norwegian actors are direct members o f the 
international organisations. The traditional regional 
policy has been phased out, mainly because of a lack 
of consensus in the regional commission’s report.
But the public authorities monitor the environment 
and stipulate social frameworks. Otherwise, it is fu ll 
steam ahead. The industry policy is replaced by R&D 
policy and Norway has obtained a Centre of
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Excellence w ith in  studies o f primary- and by-pro­
ducts from marine resources in aquaculture. This 
provides the basis for development o f functional 
food, the development o f new medicines and for 
Norway being able to foster an internationally lea­
ding ingredient industry. Norwegian aquaculture 
production in 2020 is niche-defined.

How did "Feed for Eveyone" become possible? 
Wbat happened?
In the entire period from the beginning of the new 
millennium up to  today (2020) the public authoriti­
es shined in their ignorance and made it in part very 
difficu lt for the fish farm ing actors. Particularly 
around 2003-2005, when the industry experienced 
its worst crisis ever, many fe lt to ta lly  forsaken by the 
government. The markets in Europe became less and 
less accessible and sales dropped radically. In the 
beginning o f 2004 the sales volume had decreased 
so much that it corresponded w ith  the level from 
1978. A slap in the face for all involved parties. 
Although the government did not appear to lift a 
finger, there were others who began to take action.

For many, also in coastal Norway and North 
Norway, it was clear tha t Norway had to become 
part of the EU. Early in 2004 "The Coast in EU" was 
established, led by Centre Party mayor Ronald 
Rindestu. Rindestu was perceived as being virtually 
a traitor, particularly by the members o f his own 
party, the Centre Party. But eventually even large 
numbers of the Centre Party’s constituents and 
representatives had their eyes opened to  the fact 
tha t the road into the EU is and should be the only 
navigable road for Norway in general and for the 
fish farm ing industry in particular. In March 2004 a 
survey was carried out which indicated that 42.2% 
o f the population in a selection o f coastal municipa­
lities would have voted yes, while 45.5% said no to 
EU membership. In 1994 the corresponding figures 
in the same municipalities were 20.3% yes, and 
51.7% no. This was such a remarkable change that it 
was something much more than more or less super­
ficial fluctuations. Norwegians were in the process 
o f European-ising their identity. This trend proved to 
continue so tha t in the referendum in the EU spring 
2007 the result was a solid YES to  Norwegian parti­
cipation in the European Union. 63.4% voted yes, 
while 36.6% voted no. The opinions of Norwegians 
had gone through a silent revolution.

In 2008 Norway also became a full-fledged 
member of the EU. This membership would later 
prove in many ways to be what rescued the industry 
from the crisis that arose in the period 2008-2012.

Membership could by far compensate for the natio­
nal government’s servility and lack o f understanding 
and willingness to  get the industry out o f the crisis 
and invest in individual industries.

Crisis
Between 2008 and 2012 public expenditures increa­
se. We experience a costly ta r iff agreement, costly 
social reforms and pension challenges pile up. At the 
same time the oil revenues drop, because for among 
other reasons, Iran/the Middle East are stabilised. 
This also contributes to the value o f the dollar fu r­
ther decreasing (In 2012 1 Euro = 1.65 dollar). Many 
unfortunate circumstances at the same time place a 
great pressure on the Norwegian economy. The 
government transfers the costs over to the individual 
citizen and the established industries. Particularly 
vulnerable is the aquaculture industry, which also is 
made victim o f a radical increase in industry taxa­
tion. At this point the industry has no financial back­
bone to  invest in preparedness and further develop­
ment. At the same time, it becomes clear that the 
public sector has neglected to drive forward long­
term developmental projects.The situation reaches 
a climax in 2011 when tw o oil tankers run aground 
at Mongstad followed by atomic waste being relea­
sed into the ocean after a ship on its way to Russia 
runs aground on the coast of Western Norway. The 
demand collapses and the production terms in the 
south are destroyed overnight. For the fish farm ing 
industry this was paramount to experiencing the 
fall o f the iron curtain, Chernobyl and the 1929 crash 
o f the stock exchange all at the same time.

As Europeans we became strong
The industry however did manage a resurrection. 
There were several reasons for this. The increasing 
investment in research was o f importance. Another 
important contribution to the resurrection was par­
ticipation in the regional investments in the EU, in 
the 6th, 7th and 8th framework programmes and 
that the EU in fact was able to  guarantee fu ll mar­
ket access to the entire Euro-region, as well as to 
large parts of the world market otherwise. The 
industry therefore began slowly to get to its feet 
again after 2012. The EU was also an important con­
tribu tor in the sense tha t the relevant industry-eco­
logical research results from the entire EU-region 
were made available to the European fish farm ing 
industry. One of the firs t things tha t was done was 
to improve management of increasingly greater 
requirements for the environment, "humane" pro­
duction routines and traceability. In addition to  the
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other reasons for the crisis, the poor handling of 
these challenges was a contributing cause to  the 
industry’s almost being obliged to  pull in its oars 
around 2011-2012. The industry strengthened its 
grasp in the collaboration w ith  the EU.

The industry really had to  take responsibility, as 
the public authorities did not appear to  be doing so. 
W ith the help o f active involvement and use of an 
international structure o f measures and means, 
many industry actors succeeded in compensating 
for the inadequate industry and innovation policy 
for the aquaculture industry. In the midst o f all o f 
this, research was crucial.

The research was crucial
There is an expression tha t says: "necessity is the 
mother o f invention". This also how we can charac­
terise the situation follow ing 2010. The Research 
Council, parts of the official activity and the industry 
joined forces, thanks to the innovation policy fore­
sight o f the fish farm ing industry 2012-2013 (based 
on a corresponding review in 2004). After 2012 these 
actors all pull together and propel forth  a develop­
ment in spite o f politicians’ vacillations and lack of 
focus. The condition for this was that the aquacultu­
re industry was regarded as an attractive collabora­
ting  partner w ith  R&D communities w ith  special 
competence (Centres and Networks o f Excellence -  
"Gold Coast") by external communities such as the 
EU.

Research in relation to  the equipment industry, 
feed production and the biological production orien­
tation has held a central position during the entire 
period, but received a serious boost around 2013- 
2014. Society-oriented research also became increa­
singly important. Some o f the areas the research 
was directed towards in particular in this period 
were:

Research on feed production
• Selection and refinement o f relevant organisms 

for feed production
• Technology development oriented towards 

feed production
• Pre-processing o f raw materials for feed 

productions (enzyme treatment, etc.)

Research oriented towards equipment industry
• ICT
• Material- and nanotechnology
• Biotechnology
• Genetic technology

Society-oriented research
• Market research
• Economic research
• Social science research (area-use, GMO, 

interaction between different industry sectors, 
such as w ild capture fish /  fish farming)

Eventually, the fish farm ing industry acquired such a 
good reputation that even the Norwegian Crown 
Princess begins studies in marine-biology in Tromsp. 
Ingrid Alexandra is brilliant and begins her studies 
three years earlier than is usual. "This is a fantastic 
signal," states the headmaster at the University of 
Tromsp at the opening o f the new Aquaculture pro­
gramme August 15,2019. Talented young people 
from all over Norway apply to Norwegian aquacul­
ture studies. In 2020 one o f the professors, who is 
also a breeder, receives the EU Innovation Prize, one 
of the finest distinctions in Europe.

Basic biological research (organisms, etc.)
• Health and disease
• Parasite issue
• New species for farm ing 

(domestication of species)
• Breeding and genetics
• Environmental monitoring and knowledge 

about organisms’ environmental requirements
• Characteristics of special products and bio­

prospecting (e.g. functional food)
• Product quality control
• Food safety (what will this involve in the future?)
• Genetically modified politicians!
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Key Events
2007 Referendum for EU membership 

(63.4% yes, 36.6% no)

2008 Norway becomes a full-fledged member of 
the EU

2009 The European aquaculture programme 
MarineResearch was launched w ith  
considerable funding and Norway became a 
key actor in this programme, despite the 
fact that the industry began to experience 
strong crisis tendencies

2010 Public expenditures reach an historical high

2011 Two oil tankers run aground at Mongstad 
Russian atomic waste spreads into the 
ocean after a shipwreck on the Western 
Norwegian coast

2012 Central actors such as the Research Council, 
some official activities and industry actors 
jo in forces and begin to work towards the 
same goals

2013 The large innovation policy foresight 
exercise for aquaculture is concluded

2014 Large research investment in equipment, 
feed production and biological production

2015 The trade reform w ith in  economics is 
carried out

2016 The Timbuktu Protocol is signed

2017 Ecological products based on unique 
feeding regimes

2018 Ingrid Alexander begins studies at the new 
Aquaculture Programme in Tromsp

2019 A central representative from the 
Norwegian fish farm ing industry receives 
the EU’s innovation prize
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The Aquaculture University
Establishment of the Norwegian Aquaculture University 
-  a success in the work of industry-oriented R&D

Norway has strengthened its position as supplier 
of seafood to  the international market. Salmon 
remains the girder in Norwegian aquaculture, but 
other species such as cod, mussels, halibut, lobster 
and scallops also assert themselves. Cod and mus­
sels are volume products while the other species 
comprise niche products for high-paying markets. 
The fish is processed to a semi-manufacture product 
in Norway and transported as fille t to the markets. 
This implies a stable offer of a significant amount of 
by-products. The companies have managed to 
exploit this raw material and the production of 
semi-manufacture products to  large pharmaceutical 
and chemical companies comprises a significant 
portion o f the sales volume. A large number of pro­
duction companies are owned by large international 
groups, but the Norwegian Petroleum Fund has con­
tributed w ith  strategic funding and controls several 
of the production companies. After heavy environ­
mental taxes were imposed on lorry transport much 
of the transport out o f the country is done by rail. 
Large tranship terminals have been established in 
Narvik and in the vicinity of Gardermoen. The 
Norwegian manner o f shipping seafood is interna­
tionally recognised.

Norwegian membership in the EU from 2008 
has contributed to  stabilisation o f the EU market,

which is now regarded as a domestic market for 
Norwegian seafood. The most significant individual 
factor for the positive development o f the 
Norwegian aquaculture industry was the formation 
of the Norwegian Aquaculture University. It came 
about subsequent to  long-term problems w ith 
implementing knowledge in industry activities. The 
Aquaculture University emphasised multidisciplina­
ry and problem-solving research. This implies a 
widespread collaboration w ith  basic research com­
munities worldwide. This also contributed to an 
increased understanding for the meaning o f rese­
arch in the industry. The large companies hired own 
people to  work w ith  R&D strategies. This commit­
ment on the part o f the industry involved a stronger 
focus on basic research and research oriented 
towards the administrative needs of the public sec­
tor. The Norwegian university communities became 
subsequently international leaders w ith in  a range of 
areas connected to  aquaculture. The administrative 
sector acquired a basis from which to carry out rese­
arch-based administration.

The "Better safe than sorry" principle is now only 
used in exceptional cases. This attracted internatio­
nal attention and led to  Norway receiving responsi­
b ility for administration o f the EU marine resources 
as early as in 2014.

The aquaculture industry’s research 
institution: Ten-year anniversary in 2020
In March 2020 the aquaculture industry’s research 
institution the "Norwegian Aquaculture University" 
celebrated its 10-year anniversary. The research insti­
tu tion has already succeeded in becoming the lar­
gest and most reputable institution of its kind in 
Europe. It attracts researchers from a number of 
countries and has extensive collaborations w ith 
large international research communities all over

the world. M ulti- and interdisciplinary research and 
collaboration w ith  the best basic research communi­
ties are key factors in the institu tion ’s activities. This 
has contributed to  creating a unique environment 
that produces research-based solutions providing a 
basis for further development o f the industry. The 
institution now has a central role in the develop­
ment o f the aquaculture industry in Norway. The 
first years in particular were characterised by some 
trial and error, but from the very start it was clear
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tha t the collaboration between biological and tech­
nological competence would be important in terms 
o f meeting the industry’s expectations for this 
investment. It was also clearly a contributing factor 
to  the institu tion’s being established on the 
Trondheim Fjord, a short distance away from the 
technological community in Trondheim and w ith  
good communication to the formidable biological 
communities in Bergen, Tromsp and Oslo/Âs. Large 
parts of the activity are operated as a virtual univer­
sity where the students study over the Internet, 
through tele-lectures, and at the same tim e actively 
take part in work at the fish farm ing companies. 
Marketing, economy and relevant social science 
competence is brought in from other universities 
w ith  such specialised competence. The institution 
also brings in other specialised knowledge where it 
can be found and adapts it to the objectives of the 
industry. In this way one has been able to  imple­
ment and adapt knowledge tha t is developed w ith in 
automation, materials technology, biotechnology 
and medicine, which has led to  effective solutions 
for problems such as escape, fouling, traceability. 
Aquaculture is regarded as a demanding customer 
in relation to several o f these spheres. The large 
companies have transferred much o f their formerly 
scattered R&D activities to  own departments at the 
institution to enable rapid implementation o f new 
technology and they have their own education pro­
gramme that is used to  update their own employe­
es. Special solutions are patented in collaboration 
w ith  industry actors.

There is also a start-up and commercialisation 
unit tha t attends to design protection and patent 
rights. In the anniversary year the institution emer­
ges as a well-run research institution. The location 
on the Trondheim Fjord includes offices for manage­
ment, offices for researchers, laboratories and out­
door installations. A regional unit was recently esta­
blished in proxim ity to Bodp, where what remains of 
the former halibut endeavour are included. Work is 
being carried out to  establish a unit close to 
Stavanger. This shall be based on the former 
Norconserv, among others.

Product development w ill receive a central place 
at the unit near Stavanger. The institution is owned 
by the industry. It has an annual basic grant from 
the industry, in that large portions of the industry’s 
research fund are allocated to this purpose. The 
institution also receives funding from the govern­
ment, through various initiatives such as seed-capi­
tal and start-up grants. In addition it has revenues 
from implemented research projects. The adminis­

tration has found it to  be expedient to have a sepa­
rate department focused on obtaining and coordina­
ting  administration-oriented knowledge. After many 
years of effort, the health and welfare institute at 
the University received a patent for an im m unity sti­
mulating vaccine for fish farming. The vaccine pro­
tects against io  o f the 12 most serious diseases in 
fish farming, including salmon lice. This has been 
important for the breeding of cod and has genera­
ted good revenues for the institute.

Public investments have failed!
Around 2008 it turned out that public investments 
such as the Centre for Outstanding Innovation and 
Big Programme, etc. did not contribute to  the antici­
pated innovation in the industry. Multidisciplinary 
and long-term research was not prioritised and the 
industry continued to struggle w ith  considerable 
problems in connection w ith  escape, area-shortage, 
health, feed and production o f new marine species 
in fish farming. The knowledge development w ith in  
fields such as automation, biotechnology, materials 
technology, medicine and genetics were significant 
in the period, but one had not succeeded in utilising 
this knowledge in solutions from which the aqua­
culture industry could benefit. All o f this created 
great frustration in the industry. The criticism from 
the industry increased and the public research funds 
were gradually heavily influenced by political deci­
sions. This contributed to  the long-term investment 
being neglected, little  focus on the prioritised areas 
and the funds were th in ly  spread all around. It was 
now decided that an increasing portion o f the uni­
versities’ incomes was to come from sources other 
than public funding. This led to  the universities 
being propelled towards research that can provide 
revenues in the form o f patents and rights. The best 
people at the universities became preoccupied w ith  
research and had little  tim e to  teach. The teaching 
system did not intercept the creative people and the 
universities’ role as a place o f learning crumbled. 
Administration-oriented research was minimised. 
Institutions wishing to operate interdisciplinary 
research and knowledge development acquired 
large problems. Private knowledge increased.

The scope of knowledge is enormous and easily 
available but on the other hand it is hard to  gain 
access to the exact knowledge. The large public 
investment from 2005 forward led to  many young 
people applying for education w ith in  aquaculture. In 
a few years, "Aqua Studies" was among the most 
popular among applicants to  universities and colle­
ges. Due to  a lim ited implementation capacity in the
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industry and almost no jobs, the results were not 
carried on into industry development. There were 
many gifted researchers, newly educated students 
and teachers who did not find jobs in Norway and 
had to  work at other things or they moved to  other 
countries. A considerable brain drain from the indus­
try  takes place.

Uncertainty in Norwegian research 
communities
Also in other areas things occur tha t create pro­
blems for the fish farm ing industry in Norway. New 
and better-adapted technologies and production 
systems led to a significant increase in the production 
of tilapia and other species from warm countries. 
The species became popular in the EU and other 
important markets for fish and eventually created 
significant problems for sales o f Norwegian salmon. 
A scarcity of alternatives to  the traditional marine 
feed substances led to  an increase in the price of 
feed and the production systems for salmon had not 
managed to intercept and utilise the opportunities 
that the development w ith in  automation and mate­
rials- and nanotechnology had generated.
Aggressive media companies use the disagreement 
between Norwegian researchers, their uncertainty 
and lack of answers to  questions about whether 
Norwegian farmed fish is dangerous to the health, 
as headlines to  attract readers and viewers. They 
receive assistance from the nature conservation 
organisations. Researchers and environmental admi­
nistration are in conflict. This leads to  Norwegian 
salmon competing poorly in the markets.

Central industry actors reorganise 
industry-oriented research
Central industry actors who were extremely dissatis­
fied w ith  the public R&D strategy took the initiative 
as early as in 2007 for a total reorganisation of 
industry-oriented research. The industry-oriented 
research was concentrated and formed the stem in 
the user-controlled research and education institu ­
tion the Norwegian Aquaculture University, which 
was established in 2010, financed by funding from 
the industry and the public sector, but mainly run by 
user-interests. Quite early on there was agreement 
about establishing the new institution on the 
Trondheim Fjord. An emphasis was then put on proxi­
m ity to the sizeable technology community in 
Trondheim and good communication w ith the impor­
tant communities in Tromsp, Bergen and Oslo/Âs.

It became clear very soon tha t this initiative 
would contribute to  innovation and new gains in

the aquaculture industry. The special interaction 
between practical work in the fish farm ing compani­
es, remote learning both from the Aquaculture 
University and other institutions and research w ith 
a strong industry orientation, under the direction of 
the commercial research units at the university, pro­
vided the basis for goal-oriented problem solving. It 
has led to  solutions contributing to  more cost-effec­
tive production. A range of the industry’s environ­
mental problems is solved and the institution carri­
es out im portant work w ith  regard to market under­
standing and market access. The investment repre­
sents a fully-integrated measures concept and 
attracts international attention.

Increased competence provides the basis 
for research-based administration
The growth in the industry-financed research is sig­
nificantly larger than in the publicly financed rese­
arch. The industry brings in special competence 
where it can be found and adapts it to own objecti­
ves. The industry has been able to implement and 
adapt knowledge that is developed w ith in  automa­
tion, materials technology, biotechnology and medi­
cine. This has led to effective solutions for problems 
such as escape, fouling and traceability. Self-repai­
ring seines give automatic notification o f escape- 
risk. Seines equipped w ith  nano-robots prevent the 
formation of biofilm. In the most modern markets 
there are small computers in people’s jewellery or 
wristwatches used to trace information about the 
product. The companies’ special interests are paten­
ted. Private investors focus however most on service 
and product development and are less w illing  to 
finance knowledge development. The publicly fun ­
ded research is to  a considerable degree oriented 
towards competence development and towards 
administration needs. Regional and global research 
networks are of great importance to the development.

After the Norwegian research communities to a 
larger degree focused on acquiring knowledge 
about administration needs, im portant changes 
took place in administration. Initiatives are now 
generally implemented according to knowledge- 
based administration, and the "better safe than 
sorry principle" is used only in exceptional cases in 
the administration o f the Norwegian aquaculture 
industry. The Norwegian public authority system, 
which administrates marine resources, has been 
made efficient and simplified and has received inter­
national administrative responsibility for EU marine 
resources. In return, Norway had to  relinquish fis­
hing quotas in the Barents Sea to the EU. This led to
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large problems in relation to fishery interests and 
the fishermen’s organisations. However, Norwegian 
shipowners are now in the process of buying up 
several of the most important EU shipping companies 
tha t have quotas in the Barents Sea. The public sec­
tor is contributing w ith  change-over funds for these 
initiatives.

The universities’ work w ith  competence led to 
the Norwegian communities developing a signifi­
cant international competence in a series o f areas of 
relevance to aquaculture. In 2020 tw o large interna­
tional aquaculture conferences w ill take place in 
Norway, one in Tromsp and one in Bergen, both w ith  
considerable international participation. The 
Norwegian universities tha t have Aqua Studies have 
become attractive to  foreign researchers.

The product range has increased
Competition from products from warmer countries 
is significant. Tilapia is produced in a number of 
countries in Asia, Africa, in the Mediterranean coun­
tries and in Central America. The products are in 
demand by large markets such as the EU, the USA, 
Asia and Russia. After Norwegian communities suc­
ceeded in finding new cost-effective production 
methods for salmon, salmon is again competitive in 
the markets. In Norway approximately 1 million tons 
o f salmon are produced annually. Salmon is still the 
girder in Norwegian fish farming. Long-term rese­
arch has shown tha t marine food in general, and sal­
mon in particular, has extremely beneficial health 
effects. Strong alliances have been formed between 
pharmaceutical companies and the food industry 
and a series o f different health characteristics are 
coded into the salmon. One product has the desig­
nation "Viagra Salmon".

Cod has also become a significant farmed species 
in Norway. Annually approximately 200,000 tons 
are produced and production is growing. Cod is a 
fam iliar and highly treasured species in Europe, 
including Russia and most of the production is sold 
fresh or as frozen fillets to  these markets. A compa­
ny in Sunnmpre has in recent years had good expe­
riences w ith  making clipfish from farmed cod. The 
clipfish is now being tested in the bacalao markets 
in Portugal and Brazil. But here the competition 
from w ild capture cod is great.

The mussels industry has picked up and Norway 
exports annually some 100,000 tons o f mussels. 
Most goes in bulk to the EU but some is processed 
and included in ready-to-eat products. In addition, 
halibut, lumpfish, char, scallops and lobster are pro­
duced in Norway. These species are produced in

smaller amounts, but they are sold to high-paying 
markets all over the world. Norwegian sectors are 
involved in the work of developing special products 
from these species.

Utilisation o f by-products has contributed to the 
development o f an industry tha t supplies semi­
manufacture products to  chemical and pharmaceu­
tical industries. Industries based on this raw material 
have finally found a stable access to raw materials. 
The production based on utilisation of by-products 
comprises 35% of the sales volume. The company 
Byssus in 2012 received the patent for an incredibly 
strong glue based on substances extracted from the 
"byssus" or filaments from mussels. The glue is used 
among other things as a replacement for screws in 
the new space shuttles transporting tourists to the 
moon. Byssus was in 2016 the winner at the Tokyo 
stock exchange.

Markets and transport
Norwegian research communities and companies 
have had to give up ambitions on developing natio­
nal or company-specific advantages w ith in  brand 
building. In a global food product market it has been 
necessary to form alliances w ith  global suppliers of 
processed food products. An agreement has there­
fore been formed w ith  the Coca Coia Company for 
marketing and distribution worldwide. This in parti­
cular pertains to  use o f CC’s refrigerator concept for 
sale in stores. This is a part of CC’s new strategy to 
get into schools and day-care centres and to  build a 
positive image. Since users/consumers consume a 
larger and larger percentage of meals through fast- 
food chains, it has been necessary to enter into an 
agreement (exclusive) w ith  McDonalds. This is an 
initiative tha t was also made by McDonalds in order 
to acquire alternative products besides meat (Mad 
Cow & Pig Disease have made unilateral investment 
in meat extremely risky.) McDonalds has become 
the industry’s largest customer for seafood from 
Norway and a long-term strategic cross-ownership 
has been established.

The customers demand that the aroma compo­
nent in the product is retained. This and the short 
distance to  large markets have contributed to most 
o f the fish being exported fresh or imitation-fresh 
from Norway. Development o f new competence is 
an important condition and the competence com­
munities had a wealth o f resources for this work.
The quality o f fresh fish is customised, because one 
has control the entire way. Niche products are deve­
loped because the distance from the main market is 
different. Controlled maturation processes after
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slaughter are incorporated as a part o f the distribu­
tion chain. Intelligent registration in packaging has 
been developed that shows quality indicators and 
deviance i f  something has gone wrong along the 
way. Signals from the packaging are sent electroni­
cally to the virtual tracing and documentation sys­
tem Fresh Track, developed and patented by resear­
chers at the Norwegian Aquaculture University.

After several referendums, Norway became part 
of the EU in 2008 and access to  the EU market in 
2020 is stable and satisfactory. The EU is regarded as 
a domestic market for Norwegian seafood. The EU 
and Russia are the most important markets for 
Norwegian fish farm ing and take more than 50% of 
the production. Also other large, but more remote 
markets, such as China, India and Japan are impor­
tant markets. Heavy environmental taxes were 
imposed on lorry transport in the EU. This led to 
much o f the lorry transport of large amounts of 
Norwegian seafood becoming too expensive. A deci­
sion was made to ship by rail. The railroad compani­
es were re-outfitted and Narvik and Gardermoen 
were established as importance junctions for rail­
road transport. Most o f the salmon and cod are now 
shipped fresh or as frozen fille t and transported by 
trailer and rail to the markets in Europe and Russia. 
Most transport to  the more remote areas is frozen 
goods by boat. Some is also transported by air, such 
as super-fresh products to high-paying markets.

Large companies dominate 
-  but there is also room for the small
After several years o f lim ited access to  equity capi­
tal, the Norwegian aquaculture industry is to  a large 
extent owned by companies w ith  headquarters and 
owners outside o f Norway. A few  multinational 
companies dominate the market. 20% of the com­
panies in the industry represent 80% of the produc­
tion. Products based on by-products comprise appro­
ximately 35% of the sales volume. Breeders work 
predominantly on a contract basis for the m ultinati­
onal companies. In 2012 however one o f the national 
capital funds went in w ith  strategic funds on one of 
the largest fish farm ing companies designed accor­
ding to  the same model as Statoil. 60% of the capi­
tal is in the biomass, which has a life cycle o f 15 
months. In addition to owning and operating fish 
farm ing installations, they have also established 
themselves in Norway w ith  some of their refining 
companies, which firs t and foremost manufacture 
fillets for transport and further processing closer to 
the end-user. There are also large installations for 
processing of by-products, which now comprise a

significant resource. The "little  fish farmer" still 
however has a place and in 2020 one o f the smaller 
companies was selected as Norway’s most success­
ful company, both economically and innovatively 
w ith  its special combined operation of rainbow 
trout, mussels, oysters and lobster in the same sys­
tem.

New materials and production technology 
give robust and better adapted installations
Intense fish farm ing at sea is the most important 
form o f production for the "volume species". W ith 
use o f modern materials and high level o f automa­
tion, installations and production technology have 
been developed tha t make it possible to safely place 
large installations in more exposed locations. The 
fish farm ing installations established in the most 
exposed locations are either anchored to the bed or 
self-propelled and self-positioning. The installations 
are self-supplying, self-sufficient from energy 
through ocean currents, solar and bio energy. The 
installations produce a range o f different species 
and a quality improvement o f the fish is achieved 
(pollution-free environment). Boats bringing feed 
bring the products w ith  them back to  the market. 
New materials technology and ICT enable to  a very 
large extent unmanned installations.The production 
itself is remote-controlled via satellite, monitored by 
a security crew on the installations. Only in special 
circumstances is there a crew on the installations.

This has resulted in less pressure on the areas in 
the most densely populated regions. There are 
however also installations on land where part of the 
production takes place. Water treatment and recir­
culating are im portant elements o f this production 
form. Also in this area new technology is implemen­
ted. Farming o f lobster and scallops is popular and 
spreading. Development o f methods for effective 
influence o f individuals through breeding has led to 
sea ranching being used for large portions o f this 
production. A considerable amount o f the doubts 
about this form of production disappeared when 
equipment was implemented which resulted in 
there no longer being a need for divers for tending 
and harvesting.

Preferential rights on use of coastal zone 
-  increasing consumption of ready-to-eat 
dishes
Aquaculture production has received preferential 
rights on use o f the coastal zone, particularly in the 
areas from Nordland and northward. There are 
however strict environmental and ethical require-
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merits for the installations and operations and stric­
ter requirements for health and distance between 
the sites. The industry is struggling w ith  creating a 
good understanding for this in its own ranks. There 
is a concentration of installations at fewer sites and 
jo in t sites are common. Many coastal municipalities 
have introduced a municipal tax on fish farming, 
which implies significant annual revenues for these 
municipalities. There is an increasing consumption 
o f ready-to-eat dishes, which are produced near the 
large markets. Extensive use o f food cosmetics 
results in other quality requirements for the raw 
materials in many o f these products. Presentation of 
goods is emphasised, and traceability and keeping 
quality indicators are important. There are strict 
requirements imposed on packaging. It shall present 
the product, f i t  into the chain and meet require­
ments for refrigeration, keeping qualities and envi­
ronment. The materials in the packaging are produ­
ced from genetically modified products and can be 
implemented after use for the production of feed 
used for other production animals.

Customers impose large demands on products
Customers are concerned about how the fish has 
been raised, what it has eaten and whether or not it 
has been bred under proper conditions. 
Extermination methods are im portant because the 
buyer is concerned about the fish suffering, both 
while it is alive and in the moment it is slaughtered. 
Animal welfare in production has become an impor­
tan t standard for the reputation of aquaculture pro­
ducts and welfare is a part o f the production stan­
dard behind the brand name in use.

Customers are more politically aware and are 
often organised in consumer organisations. These 
organisations give customers a voice in terms o f the 
public authorities and other actors, so it is not only 
purchasing patterns in the stores tha t are decisive 
for the aquaculture industry. E-trade o ffish  has 
developed from being a curiosity (sale of farmed fish 
products as g ift articles) to a common means of 
buying fish as a grocery product. Through the use of 
modern ICT the industry has in collaboration w ith 
international research communities developed sys­
tems that enable the consumer to retrieve electro­
nic information directly from the product. In recent 
years this reading system has become "common 
property". In addition to transm itting information 
about the product, it can also transm it pictures from 
the installations and those who work there.

The growth in industry-financed research is sig­
nificantly greater than in publicly-financed research.

The industry brings in specialised knowledge from 
where it is found and adapts it to its own objectives 
The industry has been able to implement and adapt 
knowledge tha t is developed w ith in  automation, 
materials technology, biotechnology and medicine. 
This has led to effective solutions for problems such 
as escape, fouling, and traceability. Aquaculture is 
regarded as a demanding customer in relation to 
several of these spheres. The companies’ special 
interests are patented. Private investors however 
focus mostly on service and product development 
and are less w illing to finance knowledge develop­
ment. Publicly financed research is to a significant 
degree oriented towards the administration needs. 
Regional and global research networks are impor­
tan t to the development.

GMO -  yes, but in a new way
The first years after the year 2000 several studies 
concluded that the access to marine feed substances 
would be the largest challenge for continued growth 
in Norwegian aquaculture. The Research Council of 
Norway developed an action plan on the subject and 
eventually significant amounts were allocated to 
research on alternative feed substances. A parallel 
investment in biotechnology made it interesting to 
use genetic technology to develop variants of farmed 
species that can eat other feed. At the same time, 
genetic technology was implemented to develop 
feed raw materials other than marine. The research 
investment was goal-oriented and good solutions 
were found. However, the opinion has been unilate­
rally negative regarding use of genetically modified 
organisms in feed and there has not been sufficient 
demand for products based on modified genetic 
materials. Many ask whether the earlier investment 
in GMO has been wasted. Researchers at the 
Norwegian Aquaculture University have in recent 
years consciously focused on knowledge and objec­
tive information. This has opened up for the use of 
GMO in treatment o f certain diseases and GMO- 
manufactured vaccines have been implemented. 
Marine feed products are taken from the lower trop­
hic levels in the ocean, such as krill and other plank­
ton. A number o f feed products also come from mus­
sels. Fora period a good deal of single-cell protein is 
also used, produced w ith  a point o f departure in gas. 
The fatty-acid content however is still a problem. 
Trials have been done w ith several vegetable oils but 
it does not appear as if  this can be done w ithout use 
of feed substances based on use o f GMO. The large 
companies have finally gotten together in an 
attempt to  solve this problem and the researchers at
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the Aquaculture University are very confident about 
finding technical solutions.

At the same time, continuous work is being done 
w ith information on the subject. There is an extensi­
ve collaboration in the field w ith large food universi­
ties in Japan, the USA and China.

Establishment of the Norwegian 
Aquaculture University -  A success in the 
work with industry-oriented R&D. 
What happened?
In the period leading up to 2008, the research com­
munities were fraught w ith  mutual competition and 
division. Recommendations tha t were made regar­
ding the blue-green food alliance were not followed 
up. Instead came a series o f initiatives in connection 
w ith  the election campaign before the 
Parliamentary Election tha t resulted in the esta­
blishment of 10 new competence centres along the 
coast from Bergen to Tromsp. It became evident 
eventually tha t at the very end o f the election cam­
paign a promise was made for three further compe­
tence centres in Finnmark alone. The building o f the 
competence centres was time-consuming and costly 
and led to  increased competition over limited public 
funds. Well-established and internationally recogni­
sed research communities were at risk o f losing 
public backing and being split up. The considerable 
resources necessary for establishment of the 10 
competence centres resulted in the work on many 
important tasks demanding interdisciplinary colla­
boration not being commenced. It also led to 
making the innovation processes difficu lt and the 
opinion manifested itself tha t publicly financed 
industry-oriented research was not satisfactory, and 
that it did not contribute to  the development o f the 
aquaculture industry. For the industry this was a big 
problem.

Knowledge development in many important 
areas such as feed resources, parasite problems, pro­
duction technology, deformations, area-use, new 
species in fish farming, product development and 
market access virtually came to a halt in Norway.
The growth in the industry-financed research was 
significantly greater than in the publicly financed 
research. Thanks to increased investment from the 
industry and increased collaboration w ith  foreign 
research communities, the research could continue 
in a number o f areas. The industry’s organisations 
continued to point out the difficu lt situation and 
had several meetings w ith  leading cabinet ministers 
and w ith  the Prime Minister, but this did not lead to 
solving the problem. Eventually it became clear that

the industry itself would have to  address the pro­
blem w ith  a view to coming up w ith  a solution. This 
was however also difficu lt in tha t the large industry 
actors had different perceptions of the matter and 
were only to a small extent interested in research- 
strategy work. In a meeting where all the influential 
industry actors took part, there was however a con­
sensus for establishing a separate research institute 
that should have the task o f carrying out industry- 
oriented research and development. After tough dis­
cussions w ith  the Ministry, an agreement was reach 
that large portions o f the industry’s research fund 
should be used for operation of the institution.

From scattered to concentrated ownership
From 2005 the salmon prices were good. The com­
panies earned well and there were several large 
international companies that wanted to  buy up the 
Norwegian fish farm ing companies. Many sold and 
a few  large international companies eventually 
dominated the Norwegian fish farm ing industry. The 
Norwegian Petroleum Fund brought in some money, 
but the funds were scattered and did not provide a 
basis for a strategic influence. This led to  a lot of 
media attention and the guidelines for a couple of 
the largest funds were changed so they also could 
utilise strategic funds. In the course o f 2008-2009 a 
couple o f the funds entered w ith  strategic financing 
and became the dominant owners in tw o o f the lar­
gest companies. This played a big part in the esta­
blishment o f the Norwegian Aquaculture University, 
which occurred just afterwards.

The industry-oriented research was 
intensified
In a study from 2006 it was shown tha t in spite of 
interesting and important results from research the 
results had not led to lower production costs in the 
industry as was anticipated. This led to  the innova­
tion system and industry-oriented research coming 
under serious public scrutiny. Only after the 
Aquaculture University was established did this 
research take off. W ith a basis in previously establis­
hed competence and knowledge, a range o f industry 
problems were solved and quickly implemented in 
the industry. One o f the firs t problems addressed 
was coming up w ith  an escape-proof installation.

Through an intense collaboration between the 
technological and biological communities and use 
of new materials and methods, one came up w ith 
an installation and operational form that was esti­
mated to be 99% escape-proof. This contributed to 
solving the conflict o f interests on area-use and the
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large environmental problem that fugitive fish 
represented. Production of the new species was still 
not a success. A large amount o f knowledge had 
accumulated in the research communities and in 
individual companies but it was only after the 
implementation department at the Aquaculture 
University took hold of the problem that the deve­
lopment began to make serious headway. This led to 
a large interest in developing new species for far­
m ing and was successful w ith  species such as cod, 
halibut, mussels, lobster and scallops.

W ith the entrance o f new species in fish farm ing 
new disease problems also arrived. W ith a basis in 
formerly established fundamental knowledge, effec­
tive measures were eventually developed against 
the diseases causing the greatest amount o f fa ta li­
ties. An important step forward in this work was 
tha t vaccines based on GMO were allowed. The 
Norwegian research communities, w ith  researchers 
form the Norwegian Aquaculture University leading 
the way and in collaboration w ith  large internatio­
nal communities, made an im portant investment in 
the task of creating an understanding for GMO- 
based solutions.

The research made strong contributions w ith 
knowledge about markets, market power and mar­
ket access. This contributed to richly populated areas 
such as China, India, Pakistan and Indonesia beco­
ming important markets for Norwegian seafood in 
2020. Detailed knowledge about society, culture and 
culinary traditions resulted in one being able to 
customise products for the different markets and 
seafood from Norway is a preferred product in many 
im portant markets. The customers’ demand for 
information about the products was finally taken 
seriously and the systems that are established for 
transport, logistics, packaging, monitoring and infor­
mation are referred to as "the Norwegian way".

The industry is heavily involved in research
The industry’s involvement in industry-oriented 
research would prove to have an extremely great 
importance for the continued development. It implied 
tha t the industry to  a much greater extent than pre­
viously assumed a research-strategic role. It also 
implied tha t the industry and especially the large 
actors understood the advantage of being involved 
in research and o f utilising research results.
Positions were created for employees who could 
contribute w ith implementation and communication 
w ith  the research institutes.

Equipment requirements increased and in the 
equipment industry one realised tha t the smaller

companies could meet the requirements of the large 
companies. A series o f fusions were carried out that 
provided the basis for larger, and more effective 
companies. The collaboration between fish farming 
companies and the supplier industry was developed 
and contributed to  a quicker development of expe­
dient equipment in all areas.

The public authorities on the offensive 
with investments in research and 
development
When the public authorities and the political system 
finally understood the problems w ith  implementing 
knowledge in the industry, conditions were modified 
so as to  facilitate increased involvement on the part 
o f industry. Guidelines for the use of the industry’s 
research fund were changed and could be applied as 
a basic grant to the Aquaculture University. A very 
correct and important decision was also made when 
the Petroleum Fund was spent on strategic acquisi­
tions in large international companies that formerly 
had acquired control over large parts o f the 
Norwegian aquaculture industry. The investment in 
competence generating research and research orien­
ted towards administrative needs proved to  be a 
must. The Norwegian basic research communities 
became international leaders in a series of aquacul­
ture sectors and the administration achieved inter­
national status as the EU’s instance for administra­
tion o f marine resources.

Key Events
2005 Good salmon prices

2006 Greater attention to  the innovation system 
and industry-oriented research

2008 Norway became a member o f EU

2009 Establishment o f 10 new research and 
college centres between Bergen and Tromsp

2012 The company Byssus receives patent on incre­
dibly strong glue based on substances extrac­
ted from filaments (byssus) from mussels 

2012 One o f the national capital funds went in 
w ith  strategic funding to  one o f the largest 
fish farm ing companies designed according 
to the same model as Statoil 

2014 Norway receives responsibility for adm ini­
stration o f the marine resources in the EU

2016 Byssus becomes winner at the Tokyo stock 
exchange

2018 "Viagra salmon" is launched and achieves 
great success
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Other -  what the industry should do:

•  Develop the ability to find and develop the right products.
•  Implement market knowledge.
• Cultural change: focus on quality and product rather than volume. Away from the spot culture.
•  Patient owners.
•  Avoid Industrialising unfinished concepts.
•  Development contracts for several years that address the competition legislation but encompass several companies and types of 

activity.
•  Develop companies with organisational strength and the capacity to manage the value chain and strategic Issues. The ability to choose 

core business and specialise.
•  W ith absorption ability In relation to advanced research knowledge and the ability to relate to research Investment proactively.
•  Learning network, lecture auditing systems.
• Brand building, quality standards and quantity control. Real co-financing In development projects.
•  One must learn to balance collaboration and competition, secrecy and transparency.
• Avoid having small companies survive hand-to-mouth as clients of the administering agency system.
• Realism regarding complexity and costs.
•  The Industry must be able to assume ownership of research. Contribute to solving the non-trivlal problem of disconnecting long-term

research from commercial business development.
•  The Industry cannot allow Itself to be run by Its surroundings.
• The Industry must put Itself In the driver’s seat.
•  The large don’t need It, the small can’t do It. The medium-sized companies that only think of costs...

Other -  what the public authorities should do:
•  Master plan for value chain based Introduction of new species. Innovation support based on credible Innovation system/ 

developmental strategy/value chain.
•  Framework conditions for capital access for activities that have been unprofitable for a long time. Conditional support for strong 

companies. Conditions for support to companies must be changed.
•  Or “Dutch treat” , Development contracts for several years that address the competition legislation but encompass several companies 

and types of activity.
•  Spearheaded, strategic, basic research Investment, carried out In a reorganised research system.
•  Manage to distinguish between Innovation In established enterprises and In wholly new enterprises.
•  Activity regulation that provides possibility of organic growth but Is simultaneously effective In relation to other societal needs (e.g.

environmental considerations).
•  Distinguish between efficiency In the production system and the Innovation system.
•  Organise conditions for applications for research funding that are suitable for trade and Industry. Easy to decide yes or no.
•  Industry policy: Significant level of ambition In relation to Industry development. Simplistic perceptions of Industrial neutrality must be 

replaced by a policy founded on knowledge about how development happens.
•  An administering agency that Is predictable and comprehensible. Simple procedures for establishing projects. Clear organisational 

structure. True jo in t financing.
•  A proper commercialisation unit so that everyone Is not obliged to start up their own pilot operation. Avoid regional or sector 

overlapping, where many sim ilar activities are run In tandem.
• The administering agency does not succeed In coordinating; has often said yes far too many times.
•  The administering agency must contribute, along with the Industry organisations, towards arriving at comprehensive thinking and

coordinated strategies In time, but also transversely In the trade sector.
•  A whip and a carrot oblige the Industry to work cooperatively; the business sector works together on strategy, organisation, etc. 

Longer than FHF.
•  Scope of aquaculture programme must be adapted to the users; If It becomes broader It must also become larger In terms of total 

costs. Do not spread too thin In terms of too many researchers and Investigators.
•  The aquaculture programme should be designed consciously, closer to the market than previously. Include broader groups In the 

strategy work. Look at the communities, e.g. In biotechnology that have knowledge and can contribute to the process.
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AQUACULTURE is one of the Research 
Council’s large-scale programmes 
that shall join and reinforce aqua- 
culture-oriented research activities.
It addresses among other things the 
professional initiatives “Fish Health”, 
“Feed resources for fish farm ing” and 
“Cod in Farming”.
The large-scale programme builds 
upon the findings of “AQUACULTURE 
-  production of aquatic organisms”
(HAVBRUK-produksjon av akvatiske 
organismer) (2000-2006).

The programme shall contribute to:
• Further development of the salmon 

industry
• Development of new farmed species
• New forms of fish farming in 

sustainable production
• Further development of relevant 

supplier industries

Foresight analyses have been carried 
out for Aquaculture 2020 as a basis for 
the new plan of action in force in 2006.

AQUACULTURE -  a growth industry

^  The Research Council of Norway

The Research Council o f  N orw ay 

PO Box 2700 St. Hanshaugen 

NO-0131 Oslo

Telephone: +47 22 03 70 00  

Telefax: +47 22 03 70 01 

w w w .rcn .no

Contacts persons for the 
AQUACULTURE programme:

Programme coordinator: 
Rolf Giskepdegârd 
Tel: +47 22 03 70 97 
E-mail: rg@rcn.no

Programme secretary: 
Consultant Ellen Gjpsteen 
Tel:+47 22 037095 
E-mail: eg@rcn.no

Large-scale programmes are an
important tool at the Research Council 
towards realisation of prioritised 
central research policy.They shall 
provide enhanced knowledge in the 
long-term national sense, w ith an eye 
towards stimulated innovation and 
increased added-value or generate 
knowledge that contributes to solving 
prioritised social challenges.

http://www.rcn.no
mailto:rg@rcn.no
mailto:eg@rcn.no

