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As the director of SFI Harvest, I am pleased to see the 
interest and efforts invested in the centre activities by 
the  partners. To reach our common goals, we must solve 
 significant R&D challenges related to the development of 
sustainable business models, covering the entire value 
chain from detection and characterisation, modelling of 
ecosystems, to gentle harvesting, processing, and provide 
quality-assured knowledge for responsible management of 
the lower trophic species. 

A highlight this year was the site visit by the  Research 
 Council of Norway in June. The report after the  visit 
 conclude that the Centre has had a good start. The 
 organisation, centre board and chairman of the board 
are highly rated. SFI Harvest has a good visibility, as 
 evaluated based on our web page, annual report, and the 
 communication strategy. We also get good feedback on our 
plan for data management. We conducted a self-evaluation 
prior to the site visit among our partners, and it was overall 
positive regarding the centre organisation, internal and 
external communication, and relevance. There is a need 
to strengthen the involvement of industry partners in the 
R&D activities. Hence the centre management keep a focus 
on establishing effective platforms for R&D cooperation 
 between researchers, industry partners, industrial bodies, 
and interest organisations in the centre.

The restrictions due to covid-19 were gradually abolished 
during the year, and a few physical meetings was  arranged 
in addition to the SFI Harvest days. However, we have 
 continued with digital meeting points as well, e.g.,  webinars 
for dissemination of R&D results and discussions.  
The webinars have had 30-40 participants and hence we 
reach out to a larger audience than if the meetings require a 
day of travelling.

By Centre Director Ingunn Marie Holmen

The R&D work has been carried out in the form of six 
 projects, as described in the section "Scientific activities and 
results". There have been two GA meetings and four centre 
board meetings during 2022. The Advisory Board has had 
two meetings. The research management of SFI Harvest has 
digital meetings monthly, and in addition there have been 
project meetings. Our first  "Innovation Day" was arranged in 
March.

The second SFI Harvest days were arranged in Trondheim in 
September. Biodiversity was on the agenda as it is a central 
requirement for the innovation activities in SFI Harvest. 
We had presentations on ongoing activities from industry 
representatives, researchers and the new PhD candidates. 
Roundtable discussions provided input to the coming year's 
work plans. We also got presentations from two thematically 
neighbouring SFI: DSolve (The Arctic University of Norway) 
and SFI Crimac (Institute of Marine Research). 

The recruitment of research fellows has been successful this 
year. Two new PhD candidates have joined SFI Harvest and 
three more have signed to start in 2023. The centre will also 
include a second post doc in 2023. A focus for 2023 will be to 
recruit master students at the partner universities. 

By joining forces as a team, the partners in SFI Harvest 
contribute to unlocking the mysteries of the twilight zone of 
the Oceans. 

Summary
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Vision: 
Technology for 

sustainable biomarine 
value creation

The main objective of SFI Harvest is to develop 
knowledge and technologies for responsible harvesting 
and processing of lower trophic marine resources, allowing 
sustainable growth of Norway’s biomarine industries. 

The centre has the following secondary objectives: 

• Conduct fundamental and applied research to close key knowledge gaps and  
enable responsible commercial utilisation of underexploited marine resources.

• Develop new competitive technologies to strengthen Norway’s global leading  
position in fisheries and marine knowledge, expertise, and technology.

• Establish profitable biomarine value chains and business models which are evaluated  
according to social, biological, and economical sustainability requirements.

• Explore cross-over applications to enable detection and collection of  
plastic and other polluting materials in the ocean.

• Build knowledge and competence capacity through  
education at least 10 PhD candidates, 3 post docs  
and 20 MSc candidates. 

Vision and objectives
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RA2  

Ecosystem dynamics
Impact: Reliable prediction of potential hot spots for 
fishing that uses knowledge of important foraging 
areas for other mammals, birds, or fish. Predictability 
in spatiotemporal variability in ecosystem services 
are important for long term planning and sustainable 
management of undeveloped fisheries.

Research and innovation challenges: 1) Short term 
prediction of ecosystem characteristics for efficient 
and sustainable harvesting. 2) Long term prediction of 
ecosystem dynamics for sustainable management of 
low trophic species.

RA1 
Survey technology - autonomous 
 systems and sensor technology for 
data collection
Impact: The knowledge generated will result in 
novel sensor technology and innovations that will 
enable cost efficient mapping and monitoring of 
 concentrations of low trophic marine species, as well 
as marine waste.

Research and innovation challenges: 1) Continuous, 
unattended sampling of the concentrations of zoo-
plankton, mesopelagic fish species and marine plastic 
litter/microplastic. 2) Surveying and monitoring of 
biomass and plastic concentrations using data-driven 
data collection strategies.

Research strategy and plan

SFI Harvest targets technological innovations for the development  
of  responsible fisheries and  sustainable  business models.

To establish sustainable value chains for exploiting the abundant resources of mesopelagic fish, zooplankton and 
 phytoplankton, new knowledge is needed within six research areas (RA). Multidisciplinary research projects are designed 
based on two or more research areas. 
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RA3 
 
Digital decision  
support for  fisheries
Impact: This research area will form the basis for 
new commercial fisheries decision support services 
allowing fishing vessels to save fuel and time, while 
improving the monitoring and understanding of the 
marine environment. This will contribute to fisheries 
sustainability and further innovation and business 
development.

Research and innovation challenges: 1) Combination 
of biomarine models and gathered data to generate 
information of value, such as predictions of future 
 fishing areas. 2) Business models which encourage 
data sharing and the development of commercial 
decision support services in the fishing industry.

RA4 
Harvest technology  
and onboard processing
Impact: Novel technology for effective and  selective 
fishing, fractioning and onboard processing will 
improve efficiency and profit, as well as reduce 
waste. Selecting the right onboard handling and 
 preservation methods will ensure high quality raw 
materials,  further refined products, and ingredients. 
New  harvesting technologies may also form a basis for 
novel tools for removing plastics from the ocean.

Research and innovation challenges: 1) Modelling the 
interaction between fish and harvesting equipment. 
2) Cost-effective monitoring of harvest species while 
trawling. 3) Species and size selection during fishing. 
4) Fractionation of the catch before onboard handling. 
5) Cost- and energy-effective onboard preservation 
of mesopelagic species. 6) Cost-effective removal of 
plastics in the open ocean.

RA5 
 
Land-based processing  
and product development
Impact: The outcomes of RA5 will form a solid 
 foundation for commercial fishery and total  utilisation 
of low trophic species. The work will identify the 
most promising land-based processing methods and 
 products for realisation of the commercial potential of 
new bio-marine resources.

Research and innovation challenges: 1) For 
 mesopelagic fish, the high level of autolytic activity 
and variable raw material quality causes increased 
energy consumption and reduced product quality.  
2) For Calanus and krill, processing methods must 
be  improved in terms of energy use, sustainability, 
and total utilisation. 3) Diversification of product 
 portfolio and maximum value creation from harvested 
 biomass. 4) In the development of new products from 
new  species or through new processes, data on the 
nutritional quality, toxicological and microbial safety 
of novel food and feed products are needed.

 

RA6 

Fisheries management  
and sustainable business  models 
Impact: The research area will provide input to 
 management regimes for sustainable harvesting 
of  lower trophic species and to the most viable 
and sustainable business models. A quantitative 
LCSA  evaluation tool will be tailored for use during 
 technology development and for the emerging 
 biomarine value chains developed.

Research and innovation challenges: 1) A sustainable 
governance regime. 2) Efficient value chains.  
3) Sustainable governance and business models.
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The centre is organised as shown in the figure above. The 
general assembly, consisting of a representative from each 
partner, have the uppermost decision-making power in the 
centre. 

Organisation

Figure 1 The SFI Harvest organisation

RA1
Prof. Martin Ludvigsen

(NTNU)

RA2
Dr. Ingrid Ellingsen

(SINTEF Ocean)

RA3
Dr. Karl-Johan Reite

(SINTEF Ocean)

RA4
Dr. Eduardo Grimaldo

(SINTEF Ocean)

RA5
Dr. Birthe Vang

(Nofima)

RA6
Dr. Bent Dreyer

(Nofima)

General Assembly

Centre Board

Centre Director
Dr. Ingunn M. Holmen  

(SINTEF Ocean)

Advisory BoardInnovation Board

Organisational structure

The centre board consists of nine members among the 
 centre partners. The centre board decides on organisation, 
budget, activities, working plans, and have the  responsibility 
for the progress and scientific quality of the centre’s 
 research activities. 

The members of the Centre Board (2020-2022)

MEMBER OF THE  CE NTRE  BOARD AFFILIATION

Sigve Nordrum (chair) Aker Biomarine AS

Sigve Drønen Br. Birkeland AS

Frank Tichy Kongsberg Maritime AS

Einar Nielsen PGS Geophysical AS

Mads Martinsen Skretting AS

Monika Kopczyk ScanBio Marine Group AS

Roar Bjånesøy Norges Sildesalgslag SA

Gunvor Øie SINTEF Ocean AS

Dina Aspen NTNU

Danielle Caroline Laursen (observer) The Research Council of Norway
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Research manager Ingunn M. Holmen (SINTEF Ocean)  
is the Centre Director. The centre management group  
(see  pictures below) consists of the Centre Director,  Research 
Area  Managers for each of the six RAs, project managers, two 
administrative  coordinators, a communication advisor and 
a controller.

The Centre Board is advised by the Innovation Board and the 
Advisory Board. The Advisory Board advice on issues related 
to ethics, governance, regulations, and characteristics of the 
biomarine value chains. The role of the Innovation Board 
is to facilitate and encourage innovation and industrial 
 exploitation of the results.

Ingunn M. Holmen
Centre director
SINTEF Ocean

Kaja Haug
Adm. coordinator

SINTEF Ocean

Cecilie Salomonsen
Adm. coordinator

SINTEF Ocean

Birthe Vang 
Manager RA5

Nofima

Bent Dreyer
Manager RA6

Nofima

Kristin Holseth 
Communication

 SINTEF Ocean

Hilde Wanvik
Controller

SINTEF Ocean

Eduardo Grimaldo 
Manager RA4 
SINTEF Ocean 

Ingrid Ellingsen 
Manager RA2
SINTEF Ocean

Karl-Johan Reite
Manager RA3
SINTEF Ocean

Martin Ludvigsen 
Manager RA1 

NTNU 

Lars T. Kyllingstad 
Project manager

SINTEF Ocean 

Emlyn Davies
Project manager

SINTEF Ocean

Ingrid Kvalvik
Project manager

Nofima
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Industry partners

Aker BioMarine Antarctic AS 
Experience and knowledge from many years of harvesting and processing krill. 
Vessel time for field studies, onboard lab use, metrics, and data storage.

Br. Birkeland AS
Experience and knowledge on pelagic and mesopelagic fisheries. 
Vessel time and fishing gear for mesopelagic fish.

Nordnes AS
Knowledge on harvesting mesopelagic species. 
Vessels time for field studies and validation of new technologies.

ScanBio Marine Group AS 
Knowledge on how to ensile, store and transport fish silage, 
and share experience on production of silage made from mesopelagic fish, as well as three 
industry-scale productions of fish oil and fish protein concentrates.

Skretting AS
Knowledge of feed raw material and nutritional value.

Kongsberg Maritime AS
Expertise and systems for communication, control, navigation, decision support and AUVs.

PGS Geophysical AS
Competence on seismic exploration. 
Access to marine data and equipment relevant for use in the centre.

Norwegian Centre of Maritime Communication AS (NCMC)
Competence on internal and external communication, 
including interface between internal equipment over IP with secure remote support.

Optimar AS
Competence and equipment for the development of new 
processing equipment for mesopelagic fish and Calanus.

Partners
The centre involves active cooperation between research partners and the Norwegian fishing sector, including fishing 
 companies, technology developers and equipment suppliers, the main governmental body (Directorate of Fisheries) and relevant 
interest organisations. Addressing the research and innovation challenges in SFI Harvest requires a collaborative effort, sharing 
and integrating knowledge to develop technology for increased exploitation of low-trophic marine resources. 

The centre partners represent key user groups, technology providers, and internationally leading research institutes within the 
relevant fields. The industry partners have a leading role in improving the current concepts as well as develop new technology. 
Their collective experience and competence from the fishing and processing industry and marine and maritime sectors cover 
the identified key research areas. In 2022, SFI Harvest included one new consortium participant: Calanus AS, joining from 1st of 
January 2023.
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NORGES
SILDESALGSLAG

Energy Valley
Offering access to nearly 200 member companies of the cluster. 
These are also potential suppliers to the other partners.

Algen AS
Use of fishing vessel for Calanus harvesting, and validation of new technologies. 

NUAS
Test production in a hydrolysis pilot plant.

NAIS: North Atlantic Institute for Sustainable Fishing
Knowledge and network within the fisheries industry. 
Decision support systems for eco-based management and profitable fishing.

Calanus AS
Research and development of a new industrial value chain based on sustainable 
harvesting and processing of the zooplankton Calanus finmarchicus.

Advisory Board Partners

Norges Sildesalgslag SA 
(Norwegian Fishermen’s Sales Organization for Pelagic Fish)  
Knowledge and data from current pelagic fisheries.

IFFO 
The Marine Ingredients Organisation
Frontier knowledge on the marine ingredient industries.

Norges Fiskarlag
(The Norwegian Fishermen’s Association) 
Advice on technological innovations and governance issues in fisheries.

Directorate of Fisheries 
Advice on innovative development, 
industrial and scientific progress.

REV Ocean AS
REV Ocean will contribute with expert knowledge on the potential risks  
of targeting new fisheries resources and potential solutions to these risks. 

WWF (associated partner) 
The SFI Harvest consortium will have a dialog with WWF (Worldwide Fund for Nature) in 
 Norway about the sustainability of underexploited fisheries including low trophic species. 
WWF has strongly highlighted that there is a significant lack of knowledge on species-to- 
species interactions and species-to-habitat interactions.
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Research partners

SINTEF Ocean AS (host institution) 
Centre administration, research, and infrastructure within all research areas.

SINTEF Digital 
Knowledge and competence in robotics and data analytics, 
in the areas of autonomy, adaptive sampling and machine learning.

Nofima AS
Research on processing and value creation from the harvested biomass and industrial 
 economics in marine industries. Access to unique infrastructure.

NMBU – Norwegian University of Life Sciences
Competence on toxicology, fish health and -nutrition. 
Provides well-equipped laboratories.

NTNU Department of Marine Technology (IMT) 
World-class fundamental research within the field of marine technology. Hosts the Centre for 
Autonomous Marine Operations and Systems (AMOS), a Norwegian Centre of Excellence.

NTNU Department of Engineering Cybernetics (ITK) 
Research in various fields associated with control theory, including mathematical modelling 
and simulation, autonomy, optimisation, and automatic control. Plays a major role in AMOS.

NTNU Department of International Business (IIF)
A dedicated research team focusing on environmental sustainability analysis.

UiT – The Arctic University of Norway 
Research within the modelling of productivity and fishing gear technology. 
Ship time on their research vessel.

Associated research partners

Matis 
Research within harvesting, preserving,  
processing and value addition of key seafood resources.

University of Porto 
Knowledge on networked vehicle systems as well as state-of-art  software toolchain for mul-
ti-domain vehicle systems. PU will make their fleet of autonomous  underwater, surface and air 
vehicles available for experimentation and testing and will share data from experiments at sea.

AZTI 
Competence on oceanographic information and big data technologies for improvement of 
fishing efficiency, and competence on new marine resources such as mesopelagic fish.
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The project Investigating the potential for a North Atlantic 
mesopelagic fishery was initiated to investigate what, if 
 anything, can be done about this situation. The project  
has had two main topics of research, namely how to find  
the fish, and how to preserve and use the raw material.  
We have  focused on two species, Maurolicus muelleri 
 (Mueller’s  pearlside) and Benthosema glaciale (glacier 
lanternfish). These are perhaps the most commercially 
 interesting underexploited mesopelagic resources in the 
North Atlantic, together with krill.

How to find the fish?
One of the project’s objectives was to suggest areas that 
might be good candidates for trial fishing. The primary 
 challenge here was a lack of data that directly indicate the 
abundance of the relevant species. Existing public catch 
data and scientific survey data are simply too sparse for fish- 
finding purposes. Our main approach was therefore to see 
if we can include other kinds of data that can be expected 
to have correlations with mesopelagic fish abundance. The 
idea is that, almost like a jigsaw puzzle, a coherent picture 
will emerge when more and more pieces are combined. 
The additional data we have looked into include catch 
data for predator species (blue whiting, mackerel, etc.) 
and  oceanographic data (depth, temperature, primary 
 production, etc.). We also attempted to survey fishers’ 
 (presumed) hydroacoustic observations of mesopelagic fish, 
but unfortunately, we did not get sufficient responses for 
this to be of any use.

Since the correlations between data and fish  abundance 
are so vague, we opted to not use standard statistical 
inference methods. Instead, we have been exploring the 
use of fuzzy inference systems. In brief, these are based on 
the idea of using broadly defined categories rather than 
precise values when making inferences from the data. 
As an example,  instead of using a fine-grained seawater 
temperature  distribution, we use coarse-grained categories 
like “too cold”, “fair”, and “too warm”. Several different 
categorical  variables are then layered on top of each other 
to see if certain times and areas stand out as more likely 
to yield  catches—for example areas categorised as “fair 

The scientific activities in SFI Harvest are organised in 
 projects, which address one or more of the research and 
innovation challenges formulated within the research areas 
(page 06). 

The table below lists the 2022 projects, which are described 
in the following sections.

NAME OF PROJE CT PROJE CT LE ADE RS

Investigating the  potential 
for a North Atlantic 
 mesopelagic fishery

Dr. Lars Tandle Kyllingstad 
(SINTEF)

Characterisation Dr. Emlyn Davies  
(SINTEF Ocean)
Prof. Martin Ludvigsen 
(NTNU)

Spatiotemporal variability 
in low trophic biomass 

Dr. Ingrid Ellingsen  
(SINTEF Ocean)

Data driven fisheries 
 planning

Dr. Karl-Johan Reite  
(SINTEF Ocean)

Development of a new 
harvesting and onboard 
handling technology for 
Calanus species

Dr. Eduardo Grimaldo  
(SINTEF Ocean)

Management regime and 
alternative costs in new 
fisheries.

Dr. Bent Dreyer (Nofima)
Dr. Ingrid Kvalvik (Nofima)

Investigating the potential for a  
North Atlantic mesopelagic fishery

Project leader: Dr. Lars Tandle Kyllingstad  
(SINTEF Ocean)

Despite scientists’ claims about the existence of enormous 
mesopelagic resources, and initial enthusiasm in the fishing 
industry about exploiting them, attempts to get a fishery up 
and running have so far been futile. Only a few vessels have 
engaged in trial fisheries, and the mesopelagic fish have 
proved difficult to find, catch, and preserve.

Scientific activities and results
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storage of the mesopelagic raw materials on board (chilled 
storage) influence quality of raw materials and the following 
 processing were performed. Due to limited amounts of 
harvested biomass, we were not able to perform large scale 
processing of the raw material. During the final months 
of the year, the EU project MEESO were able to acquire 
 approximately 500 kg of Muellers pearlside (M. muelleri). 
By collaborating with the MEESO project, some of this raw 
material will be processed to fish meal and used in mink 
feeding trials to assess protein and fat digestibility in 2023. 

Possible marked potential
The aim for the project was to assess opportunities for 
the mesopelagic based products as feed ingredients, 
including also possible threats that can hamper  industrial 
 development. Through in-dept interviews we want to 
look at the needs of the producers, but also further out 
in the  supply-chain. This will be compared to established 
knowledge of the feed and aquaculture industry. This work 
was delayed due to external factors indirectly affected by 
Covid-19 and is ongoing. Therefore we took the  opportunity 
to conduct short interviews and observations for the 
nutraceutical market – which is another opportunity for 
mesopelagic species - during VITAFOODS 2022 in Geneva in 
May 2022, see Figure 3. Data collection is still ongoing, but 
preliminary findings are presented. One in-dept interview on 
the feed industry has been completed too. 

 temperature”, “sufficiently deep”, “sufficient available 
 nutrition”, and so on. This work is still in an early stage 
 and will continue in 2023 (but then under the Data-driven 
 fisheries planning project). The key issue we will study 
next is how to incorporate sparse data, in particular point 
 observations like a single mesopelagic catch by a fishing 
vessel.

One way to address our lack of information about 
 mesopelagic ecosystems would be to perform large- scale 
surveys using autonomous observation platforms. To 
that end, we also carried out a technology gap analysis 
to  identify the knowledge needs and most promising 
 surveillance technologies. The resulting report will be 
 published in 2023 and will hopefully be useful input both to 
the work in the Characterisation project and to the industry.

How to preserve and use the raw material?
Samples of different mesopelagic species were  collected 
during the research cruise in June 2022. Lab scale 
 conservation and processing methods were tested on the 
raw material to identify the most suitable ways to preserve 
raw material and product quality. Lab scale experiments 
using silage technology with different parameters were 
performed followed by fractionation and mass balance 
after silage tests, chemical composition, protein and oil 
quality parameters analysis. Storage tests to evaluate how 

Figure 2: Distribution of “catch potential” throughout a year, estimated via fuzzy inference. 
(This is just an example based on very simple inputs, not a realistic estimate.)
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This project (including PhD studentship Karoline Barstein) 
aims to develop improved methods for adaptive sampling 
using heterogeneous networks of autonomous platforms 
for mapping low-trophic and mesopelagic species. Part 
of the project is to use echo sounder data and particle 
imaging to inform adaptive sampling algorithms with 
estimations of abundance of different species of interest. 
One  objective is to investigate how particle imaging can 
be used as  information to enhance processing of acoustic 
data, and in that way implement near real-time continuous 
 improvement of acoustic data processing that can guide 
adaptive sampling. Acoustic instruments in the surface can 
be used to determine locations and layers of interest in the 
water column, and an autonomous underwater vehicle 
(AUV) could be informed and dive to these layers and 
quantify the biomass. This also serves as preliminary work 
related to multi-vehicle (and multi-sensor) collaboration in 
 heterogeneous networks.

During fieldwork in 2022, the Characterisation project has 
profiled a suite of instrumentation for measurement and 

The way forward
Due to a seemingly declining enthusiasm in the fishing 
industry, no clear interest on the part of potential large- 
scale buyers like the aquaculture feed industry, and great 
difficulty in getting raw materials for laboratory trials, it was 
decided that Mesopelagic fishery would be discontinued 
as a separate project at the end of 2022. However, most 
of the activities will be continued in other projects, and 
 mesopelagic fisheries remains a core topic of research in  
SFI Harvest.

Characterisation

Project leader: Dr. Emlyn Davies (SINTEF Ocean)

Improved characterization of the abundance of krill, Calanus 
and mesopelagic fish resources through intelligent  planning 
of vessels for data collection, as well as new methods 
for  interpretation of data from their acoustic and optical 
sensors.

Figure 3: VITAFOODS 2022
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Spatiotemporal variability in low 
 trophic biomass

Project leader: Dr. Ingrid Ellingsen (SINTEF Ocean)

The objective of the project is to increase the understanding 
of and increase the predictability of the spatiotemporal 
distribution and develop forecast products for improved 
detection of potential hot spots. Activities in the project 
includes analysis of existing observational data, collecting 
data during field cruises and modelling.

As in 2021, UiT organised an interdisciplinary research 
cruise on board R/V Helmer Hanssen 7-14 June 2022, see 
Figure 5. During the cruise, data for both this project and 
 Characterisation were collected. This included surveying a 
transect through Hola trough that had been sampled since 
2015 and thus these data complement a small time series. 
The location of the transect is chosen to provide  research 
data for the Lofoten-Vesterålen Marine Observatory. 
 Zooplankton data collected along that transect will be used 
to compare with SINMOD results for validation and potential 
refinement of the model. Data with high spatial resolution 
of oceanography and plankton were also collected (by Laser 
Optical Plankton Counter and Conductivity- Temperature-
Depth-Fluorescence Sensors, both mounted on a Moving 
Vessel Profiler) across a mesoscale eddy further offshelf 

classification of particles in seawaters, with the  intension 
of providing an intercomparison dataset for assessing 
the performance of different technology. The profiling 
frame used was equipped with CTD, LOPC (Laser-Optical 
Plankton  Counter), SilCam (Silhouette Camera), LISST100 
(Laser In- Situ Scattering and Transmissometery 100), UVP6 
 (Underwater Vision Profiler 6), and EK80 echosounder. 
The SilCam and UVP6 are image-based particle quantifiers, 
and LISST100 uses laser diffraction to quantify particle 
 concentration and size. Together these instruments can 
quantify a particle size range from 2.5 microns to  several 
 millimeters, with overlaps in size ranges between the 
 different instruments. This allows for estimations of particles 
in a large size range, and for comparison of the different 
 instruments in the overlapping regions. The EK80 is a 
scientific echo sounder from Kongsberg, and can be used 
to estimate layers of particles in the zooplankton size range 
typical of several Calanus species, see Figure 4.

The way forward
In the long-term, the Characterisation project aims to 
develop a system for increasing operational efficiency of 
monitoring zooplankton via adaptive sampling of  robotics 
platforms with persistent presence in areas of interest 
(e.g. gliders). During 2023, experiments will be conducted 
to allow initial developments of these adaptively-driven 
 platforms, that will be steered by acoustics.
 

Figure 4: Autonomous resource mapping
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The  model will be run for the last years with a higher 
 resolution for the coastal and ocean region outside Lofoten 
and  Vesterålen and results will be compared to observations 
from the area. We have also been working on the SINMOD 

in the Norwegian Sea. These will be used for an  increased 
 understanding of zooplankton vertical behaviour in 
 response to the physical environment. Finally, marine optics 
measurements were performed as part of our endeavour to 
enable ocean colour remote sensing of zooplankton. Two 
artists joined the cruise, as part of a long-term cooperation 
with the Northern Norwegian Artist Centre (NNKS). 

PhD student Eva Chamorro Garrido at UiT completed all 
her required course credits in 2022, which included statistic 
courses and a course on Arctic marine zooplankton at UNIS. 
She has been working with the set-up of a large data base on 
the vertical distribution of Calanus spp. in its North Atlantic 
habitat and with the statistical analyses of these data, all of 
which as part of her first scientific publication, which is to be 
finalised in 2023. 

We have run the SINMOD model for the Norwegian Sea 
with a population model for Calanus finmarchicus over a 
period of 23 years. The simulations results are analysed 
with  regards to interannual variability in biomass and 
 development of the different stages, see Figure 6.  

Figure 5: The research vessel R/V Helmer Hanssen.

Figure 6: Simulated seasonal development of the Calanus 
biomass in the black rectangle. The timing of the growth of 
biomass varies between the years. Results also show that the 
highest biomass and largest variability is during hibernation 
in the area along the shelf break.
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configurations for the Southern Ocean in the areas covering 
the Weddel Sea, the Antarctic Peninsula and Drake  Passage, 
see Figure 7. We have started to establish high spatial 
 resolution  configuration (800 m horizontal resolution) for 
the areas with krill fisheries and will develop this further in 
2023. 

Figure 8: Display excerpts with and without regions of 
 biomass above a specified threshold.

Figure 7: Snapshot of surface currents 
simulated with  SINMOD.

Data driven fisheries planning

Project leader: Dr. Karl-Johan Reite (SINTEF Ocean)

We aim to enable fishers to better exploit existing and 
 emerging data sources in their planning. To accommodate 
this, one activity includes systematic acquisition of hydro-
acoustic data from echosounders on board fishing vessels. 
The data volume being produced is too large for continuous 
acquisition without expensive storage and excessive data 
transfer costs. To overcome this, we have implemented 
algorithms to detect echograms with information deemed 
interesting. This pre-processing algorithm analyses raw 
echogram files to detect regions where the filtered biomass 
is above some threshold and keeps a time range of echoes 
around this region and discards the rest. Figure 8 display 
excerpts with and without regions of biomass above a 
 specified threshold.

As a supporting activity, we have prepared computer 
 equipment aimed to be installed on board vessels with 
suitable echo sounders, see Figure 9. We have set up 
Linux computers with software services for data- reduced 
 acquisition of hydroacoustics. The set of services  includes 
connection to SIMRAD ES80 echo sounder, the pre- 
processing algorithm as a service, and jobs to transfer 
pre-processed data files to an onshore data centre when the 
4G mobile network has coverage. We have prepared four 
such computers to be deployed on fishing vessels. One of 
these systems have been deployed, while the remainder 
will be deployed in early 2023. To aid the installation and 
 configuration of equipment on board, we have created 
an installation guide together with a configuration wizard 
executable to be run on the echo sounder computer, see 
Figure 8.
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and catch efficient trawl technology has been the most 
 important  limitation in the development of this  fishery.  
This project aims at developing the next generation 
 Calanus  trawl that are less energy  demanding and more 
catch  efficient than current trawl designs by optimising 
the  filtration  efficiency. In 2022, we assessed the hydro-
dynamic  performance of Calanus nets with different mesh 
opening, twine thicknesses, porosity, and taper angles at 
various flow velocities in a flume tank, see Figure 12. We also 
assessed their catch efficiency during experimental fishing 
in the  Norwegian Sea (Figure 11). Results  demonstrated the 
 challenge of obtaining a reduction in drag and  simultaneously 
increase catch efficiency when trawling for Calanus.
 

One activity is to acquire data, another one is to  create 
 means for the fishers to scrutinise data or analyses 
 thereof in a purposeful manner. We are working on a 
web  portal, which is to serve as a proof-of-concept in this 
regard.  Currently, this portal has two key features. One is 
the  capability of  displaying oceanographic data such as 
 seawater  temperature and biological attributes as so-called 
WMS layers, see figure on the left below. The other feature 
is fleet catches in a map with the ability to filter views based 
on species, fishing gear, catch size, et cetera, see Figure 10.

 

Development of a new harvesting  
and onboard handling technology  
 Calanus species

Project leader: Dr. Eduardo Grimaldo (SINTEF Ocean)

A major challenge for the aquaculture sector is access to 
sustainable and cost-effective raw materials for feed. The 
 copepod Calanus finmarchicus has potential to  contribute 
with new and large volumes of marine raw  materials 
 enabling the sustainable growth of the  Norwegian 
 aquaculture production. However, the lack of an energy  

Figure 9: Echosounders

Figure 10: Fleet catches in a map
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Figure 11: Field testing om board the research vessel R/V Helmer Hanssen (June 2022). Image to the left shows nets with different 
mesh sizes and image to the right shows nets with different tapering angles.

Figure 12: Flume tank experiments in Hirtshals, Denmark in June 2022.
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The Norwegian authorities have allowed for a larger 
 utilization of Calanus (Calanus finmarchicus) by granting 
 fishing licenses. However, the fishing activity has been 
sparse. 

When a new fishery is to be developed, an important part 
of this process is to facilitate for fishing activity. We study 
factors that are likely to be decisive for the level of activity in 
the fishery.

In our analyses of mesopelagic fishing in Norway, the main 
conclusion is that Norwegian vessels do not choose to 
spend time and resources on such fishing. Also, in fishing for 
Calanus, the conclusion is that the licenses that have been 
allocated are almost unused. We have taken a closer look 
at various explanations for the low interest in exploring the 
possibilities in mesopelagic fishing.

An important explanatory factor appears to be catch rates. 
That this factor is important has been confirmed, among 
other things, through the activity in several research areas 
in SFI Harvest. It is concluded that it is difficult to find “hot 

A spin-off project called "Sustainable exploitation of 
zooplankton as feed resource" lead by Nordnes AS was 
financed by Innovation Norway and will start in early 
2023. The  project will develop an energy-efficient method 
and  technology for harvesting zooplankton. Partners in 
the  project are: Nordnes AS (fishing company), Selstad 
AS  (fishing gear manufacturer), Scantrol AS and Scantrol 
DeepVision AS (control and camera systems for trawls), 
 Aquarius AS (processing of feed ingredients), Biomar AS 
(feed  producer), Nova Sea AS (salmon farming company) 
and SINTEF Ocean AS (R&D).

Management regime and alternative 
costs in new fisheries

Project leader: Dr. Bent Dreyer, Nofima,  
Dr. Ingrid Kvalvik, Nofima

Antarctic krill and Calanus finmarchicus in Norway are 
two mesopelagic species currently being harvested by 
 Norwegian vessels. 

Figure 13: Crew on board the research vessel Helmer Hanssen in June 2022. 
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The implications from our analyses are that it will be 
 important to prioritize the following activities in SFI Harvest: 

• Develop knowledge on where and when the 
 concentrations of mesopelagic fish are such that catch 
rates can be higher. 

• Develop methods and technology for catching and 
 onboard handling that give higher catch rates and are 
more energy efficient operations. 

• Develop knowledge about attributes in the raw material 
that can increase the market value of mesopelagic raw 
material. 

Antarctic krill has a well-established fishery management 
regime governed by the Commission of the Conservation 
of Antarctic Marine Living Resources (CCAMLR). The fishery 
used to be limited by economic and technological factors 
rather than biological, and the catches was far below 
the catch limit set by the Commission. The latest years, 
 however, new catch and processing technology has made 
the  production of high value products possible, resulted in 
catches reaching the catch limits in one of the management 
sub areas. Also new actors have signalled their interest in 
taking part in the fishery. Continued increase in catches may 
become a challenge, as the fishing takes place as an Olympic 
fishery with no allocation of quotas between nations or 
vessels. An ongoing study is analysing the consequences of 
this and outline possible solutions.

The demand for food products with documented 
 sustainability is increasing, and there is a need for integrated 
fishery-specific knowledge. A project has been developed 
for conducting a Life Cycle Sustainability Assessment 
(LCSA) of the Norwegian Calanus fishery. LCSA extends the 
basic Life Cycle Assessment (LCA) methodology. While a 
LCA  quantify the environmental impacts generated by the 
production of products, LCSA includes the other pillars of 
sustainability, measuring environmental, economic and 
social impacts in a single, comprehensive framework. A PhD 
student is recruited, starting in May 2023. 

spots” that are commercially interesting. Another factor 
that we have studied in more detail is the quota  portfolio of 
the vessels. We see, among other things, that the licenses 
granted for Calanus fishing is allocated to vessels that 
have licenses that enable them to participate in other 
fisheries (for example cod). The vessels would rather fish 
for the  alternative species than a very uncertain fishing for 
 mesopelagic species.

We have studied the seasonal harvest profiles of these 
 vessels and calculated a measure that describes how 
occupied the vessels are in other fisheries at the time of the 
year when the Calanus fishery is expected. We find that the 
vessels are carrying out fishing activities on other species 
during this period, and some of the vessels appear to be 
more occupied than others.

Hence, even though a vessel finds an involvement in the 
Calanus fishery profitable in the first place it does not mean 
that the vessel will prioritize it. This will depend on the profit 
opportunities available in the other fisheries the vessel 
 participates in. In this sense, the Calanus fishery competes 
with other fisheries for the attention of the vessels. The 
 vessels are likely to prioritize the most profitable ones. Our 
findings therefore suggest that to facilitate the  development 
of the Calanus fishery, licenses should be allocated to 
 vessels that have few alternative species to fish on.

In the analyses of greenhouse gas emissions from  products 
from fisheries, the main conclusion is that the largest 
contributions to greenhouse gas emissions come from fuel 
in the catching operation. To reduce this, it is important to 
apply fishing gears that are energy-friendly on species with 
a high market value in periods with high catch rates close to 
the coast. In this respect, it becomes problematic to defend 
a fishery for mesopelagic species that take place at great 
depths with heavy fine-mesh trawls with low catch rates 
far from the coast on a low value specie. This may help to 
explain low activity in Norwegian mesopelagic fishing. This 
becomes more visible in a situation with the very high fuel 
prices experienced in 2022.
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International cooperation

The University of Porto, AZTI and Matis are 
associated  participants in the centre’s research and 
innovation activities. They are invited to relevant digital 
and physical meetings, and to the SFI Harvest days. The international 
cooperation gives the Norwegian industry partners access to scientific 
knowledge in important areas for the  innovation activities in the centre: 
AUV, autonomy, sensor  technology, oceanography, ecology, harvesting and 
processing  technology. The researchers in the centre also cooperates in international 
projects, e.g. within the EU projects MEESO and SUMMER which both target 
mesopelagic fisheries.  Research cruises, data collection and sampling of raw 
 material have been coordinated with these projects. The picture on page 31 shows  
PhD candidate Amanda Schadeberg from Wageningen University & Research,  
participating in the research cruise on board R/V Helmer Hanssen in June 2022  
on behalf of MEESO (EU Grant Agreement number 817669).

The post doc held by Dr. Katherine Crosman is financed as a  
cooperation between the World Economic Forum’s Andre  
Hoffmann Fellowships for the Fourth Industrial  
Revolution, NTNU, SFI Harvest and 
C4IR Ocean (2021-2024).
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Enis Noyan Kostak 
(PhD candidate) 2022-2025 

 Catch efficiency and selectivity in 
small-mesh trawls

Enis Noyan Kostak is a PhD candidate in SFI Harvest.  
He holds an MSc in Fishing Technology from Ege  University. 
He worked as a research fellow in Ege University on 
 DEEPSEA Photonic Sensors project. The activities in his PHD 
are aimed at developing selective harvesting  technologies 
for  mesopelagic species. Specifically, this PhD project will 
be focusing on: Designing energy efficient small-mesh trawls 
for mesopelagic species (fish, krill, Calanus),  assessing the 
effect of trawl designs parameters (tapering angle, mesh 
size, mesh opening angle) on catch efficiency and  selectivity 
of target and bycatch species, and understanding the 
 interaction between potentially important mesopelagic 
 species (i.e., fish, krill and Calanus) and new trawl designs. 

Mariana Paz 
(PhD candidate) 2022-2025

Mariana’s PhD will involve mapping of the nutrients 
as well as levels of possible biological and  chemical 

 contaminants in mesopelagic  species.

There are major gaps in the knowledge of the nutrient 
content as well as the possible presence of biological and 
chemical contaminants in low trophic marine resources.  
The mapping of both nutrients and contaminants will play 
an important role to define the potential of these resources 
as both food and feed. 

This PhD-project will contribute with bridging the 
 knowledge gap that needs to be addressed in order to be 
able to use these raw materials as food and feed sources. 

Recruitment
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Communication and  
dissemination activities 

DATE TO PI C C HAIR

25th of March Mesopelagic fish – how to take care of the raw material? Birthe Vang

29th of April Characterisation Martin Ludvigsen

20th of May Development of new harvesting technology Eduardo Grimaldo

24th of June Mesopelagic fisheries – where, when, and why? Lars Tandle Kyllingstad

27th of October Southern Ocean Ingrid Ellingsen

25th of November Data driven fishery planning Karl-Johan Reite

The objective of the seminars was to present the state-of-
the-art knowledge for the R&D activities in SFI Harvest.

Partner events
The centre's first Innovation Day was arranged in March, 
hosted by Aker BioMarine and Energy Valley at Fornebu. The 
topic for the workshop was "Ask the right questions", as a 
basis for identifying the bottle necks for innovations needed 
to reach SFI Harvest's goals.

Figure 14: Word cloud based on brainstorming during the 2022 
Innovation Day.

The Centre actively communicates its activities and  results 
to the industry, the scientific community, and the general 
 public. Information flow, communication, and  demonstration 
of development in the centre is an important administrative 
task for SFI Harvest. Detailed communication activities will be 
announced each year based on the Centre’s Communication 
and Dissemination Plan.

Website
The project webpage (www.sfiharvest.no / www.sfiharvest.com) 
presents information about the centre to the public. News 
and open access publications are also administered on the 
website. 

Social media
The SINTEF Ocean LinkedIn profile (www.linkedin.com/ 
company/sintefocean) is being used to further promote 
news from the centre. We use LinkedIn to link to new articles 
from the webpage, in addition to presenting other relevant 
 information that is not available on the webpage.

Professional journal and feature 
 articles, podcasts, and blogs
Kate Crosman www.hubocean.earth/blog/calanus-biased

Webinars
In 2022, monthly video seminars were held, four in the spring 
and two in the autumn. The webinars consisted of 2-3 speakers 
and time for questions from the participants and discussion. 
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Nor-Fishing 2022 – scientific 
 conference on harvesting new marine 
resources
Low-trophic harvesting was a topic in the international 
scientific conference arranged under the umbrella of 
the commercial fair Nor-Fishing in Trondheim in August. 
The centre director chaired the session " Harvesting new 
marine resources". The session description was as  follows: 
"The ocean hosts a variety of species that are either not 
harvested or only marginally utilised. These species 
could be an  important nutritional source for a growing 
 global  population, both as seafood, or as high-quality raw 
 materials for food and feed ingredients." 

SFI Harvest days 
The centre hosted a partner event in September 2022 where 
the partners got together two days in Trondheim. The  
SFI Harvest days are important as a gathering point for the 
 centre. This is a venue to discuss research challenges that 
must be addressed in order to utilize lower trophic species 
as raw materials for fish feed and other resources. On the 
website we shared a video from the partner event  
https://sfiharvest.no/sfi-harvest-dagene-2022. The picture 
above shows the SFI Harvest community.
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• Madina, M.A., Falck, E., Carvajal, A.K., Slizyte, R. How can mesopelagic species contribute as novel marine 
 ingredients? Nor-Fishing: Conference “More food from the oceans”; 2022-08-23 - 2022-08-23

• Kostak, E.N., Grimaldo, E., Brinkhof, J., Herrmann, B., Larsen, R.B., Hydrodynamic drag and catch efficiency of 
low porosity Calanus nets.  15th international DEMaT 2022 conference “Technologies to Ensure a Sustainable 
Seafood Production”. Rostock, 13-15 September 2022.

• Grimaldo, E., Herrmann, B., Brčić, J., Cerbule, K., Brinkhof, J., Grimsmo, L., & Jacques, N. (2022).  
Prediction of potential net panel selectivity in mesopelagic trawls. Ocean Engineering, 260, 111964.

Publications 
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KEY PERSONNEL I NSTI TUTI O N M AIN RESEARC H AREA

Ingunn M. Holmen SINTEF Ocean Research management, fisheries technology

Hilde Wanvik SINTEF Ocean Administration

Kaja Haug SINTEF Ocean Administration

Cecilie Salomonsen SINTEF Ocean Administration

Gunvor Øie SINTEF Ocean Administration, New Biomarine Industries, Centre Board

Kristin Holseth SINTEF Ocean Communication

Anne Berit Heieraas SINTEF Ocean Communication

Karl-Johan Reite SINTEF Ocean Digital decision support

Jarle Ladstein SINTEF Ocean Digital decision support

Joakim Haugen SINTEF Ocean Digital decision support

Martin Føre NTNU ITK Digital decision support

Lars T. Kyllingstad SINTEF Ocean Digital decision support, data acquisition

Kristian Gaustad Hanssen SINTEF Digital Digital decision support 

Eivind Bøhn SINTEF Digital Digital decision support

Ingrid Ellingsen SINTEF Ocean Ecosystem dynamics

Ragnhild Daae SINTEF Ocean Ecosystem dynamics

Ole Jacob Broch SINTEF Ocean Ecosystem dynamics

Morten Alver NTNU ITK Ecosystem dynamics

Kristian G. Hanssen SINTEF Digital Ecosystem dynamics

Sünnje Linnéa Basedow UiT Ecosystem dynamics

Dag Standal SINTEF Ocean Fisheries management and sustainable business models

Bent Dreyer Nofima Fisheries management and sustainable business models

Egil Hogrenning Nofima Fisheries management and sustainable business models

Ingrid Kvalvik Nofima Fisheries management and sustainable business models

Annik Magerholm Fet NTNU IIF Fisheries management and sustainable business models

Roger B. Larsen UiT Harvesting technology

Jesse Brinkhof UiT Harvesting technology

Eduardo Grimaldo SINTEF Ocean Harvesting technology

Bent Herrmann SINTEF Ocean Harvesting technology

Leif Grimsmo SINTEF Ocean Harvesting technology, On-board processing

Rasa Slizyte SINTEF Ocean Processing and product development

Ana Karina Carvajal SINTEF Ocean Processing and product development

Birthe Vang Nofima Processing and product development

Ingelinn Eskildsen Pleym Nofima Processing and product development

Jan Ludvig Lyche NMBU Processing and product development

Trond Kortner NMBU Processing and product development

Key personnel 
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KEY PERSONNEL I NSTI TUTI O N M AIN RESEARC H AREA

Øystein Evensen NMBU Processing and product development

Emlyn John Davies SINTEF Ocean Survey technology

Ralph Stevenson-Jones SINTEF Ocean Survey technology

Frode Leirvik SINTEF Ocean Survey technology

Esten Ingar Grøtli SINTEF Digital Survey technology

Frederic Py SINTEF Digital Survey technology

Martin Ludvigsen NTNU IMT, AMOS Survey technology

Asgeir Sørensen NTNU IMT, AMOS Survey technology, Innovation Board

Dina Aspen NTNU IIF Sustainability analytics, Centre Board

PhD students with financial support from the Centre budget

NAME NATI O NALI TY PE RI O D SEX  ( M /F) TOPIC

Karoline Barstein Norway Q3 2021-Q2 2025 F Adaptive mission planning

Eva Chamorro Garrido Spain Q2 2021-Q2 2024 F Calanus species research in the Norwegian Sea

Enis Noyan Kostak Turkey Q1 2022-Q1 2025 M Harvesting technologies

Mariana Paz Martinez Uruguay Q4 2022-Q4 2025 F Biological and chemical contaminants 

PhD students working on projects with financial support from other sources

NAME NATI O NALI TY PE RI O D FU NDING SEX  ( M /F) TOPIC

Maria Alquiza 
Madina

Spain Q3 2021-Q3 2025 Research Council 
of Norway

F Innovative products from low trophic 
marine species

Postdoc researchers working on projects with financial support from other sources

NAME NATI O NALI TY PE RI O D SEX  ( M /F) FU NDING TOPIC

Katherine 
Crosman

USA Q3 2022-Q2 2024 F André Hoffman Fellowship with NTNU AMOS, 
the World Economic Forum's Ocean Action 
Agenda, the Center for the 4th  Industrial 
Revolution – Ocean, and SFI Harvest.

Trust in 
Big Ocean 
Data
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Accounts
FU NDING COST

The Research Council 11 414 912 

The Host Institution (SINTEF Ocean) 1 527 030 6 281 387 

Research Partners* 3 826 334 8 819 165 

Enterprise partners** 12 679 582 11 559 581 

Public partners

Equipment 2 787 725 

TOTAL 29 447 858 29 447 858 

*  Nofima AS, SINTEF Digital, UiT-The Arctic University of Norway, Norwegian University of Science and Technology 
(NTNU), Norwegian University of Life Sciences (NMBU)

**  Aker Biomarine Antarctic AS, Kongsberg Maritime AS, Scanbio Marine Group AS, IFFO The marine ingredients 
Organisation, Algen AS, Nuas Technology AS, PGS Geophysical AS, Norwegian Center of Maritime Communication 
AS (NCMC), Stiftelsen North Atlantic Institute for Sustainable Fishing (NAIS), Norges Sildesalgslag SA, Energy Valley, 
Norges Fiskarlag, Nordnes AS, Br. Birkeland AS, Skretting AS, Optimar AS
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