
livestock feed formulations, for 
example, replacing �sh meal 
and �sh oil in aquaculture. 
However, exploiting the full 
potential of microalgae biomass 
in food production systems is 
still limited due to a low social 
acceptability and challenges in 
policy implementation. Using 
algal biomass as feedstock for 
biofuel production su�ers from 
several challenges. �e impact 
of biological and technological 
constraints on microalgal com-
position (e.g. lipid content as 
dry weight percentage) and dou-
bling time raises the cost of raw 
materials, harvesting and pro-
cessing. According to a recent 
paper5 by an Italian research 
team in algal physiology based 
in Università Politecnica delle 
Marche (Ancona) and led by 

Dr Alessandra Norici, the most 
productive species or cultivation 
plant would still require roughly 
half the area of Italy (correspond-
ing to the country’s entire stock 
of arable land) to ful�l 9 of the 
energy demanded in 2030 by the 
transport sector—the estimated 
goal for biofuel quota according 
to the Sustainable Development 
Scenario6 (International Energy 
Agency, 2020).

Microalgae production 
in Italy is mainly at 

laboratory scale

Italy has 21 producers (20 of 
them cultivating also or only Spi-
rulina) with a total of 70 employ-
ees (Calderon and Lopez, 2022). 
Most activities concerning 
the microalgae sector are at 

5 Gerotto C, Norici A and Giordano M (2020) Toward Enhanced Fixation of CO2 in Aquatic Biomass: Focus on Microalgae. Front. Energy Res. 8:213. doi: 10.3389/
fenrg.2020.00213

6 International Energy Agency (2020). Transport Biofuels -Analyses. Available online at: https://www.iea.org/reports/transport-biofuels (accessed June 24, 2020).Parliament 
and of the Council and repealing Regulation (EC) No 258/97 of the European Parliament and of the Council and Commission Regulation (EC) No 1852/2001.

university research level and on 
a laboratory or pilot scale. �ey 
often investigate the integra-
tion of a side-stream microal-
gae process for the treatment of 
domestic/pig farm/agro-indus-
trial wastewaters. Among the 
challenges facing the develop-
ment of a microalgae industry in 
Italy, is the lack of appropriate 
regulations and incentives to 
support the development of this 
sector. In 2018 the Italian Asso-
ciation for the Study and Appli-
cations of Microalgae (AISAM, 
https://www.aisam-microalghe.
it/) was established. It currently 
includes over 100 individuals, 
20 companies and 2 institutions 
as its members. It is a non-pro�t 
association that aims to promote 
scienti�c research and youth 
training and to support Italian 

companies in the sector, encour-
aging exchange and cooperation 
in the production, processing, 
and use of microalgal biomass. 
AISAM activities include con-
ferences, workshops and webi-
nars focused on fundamental 
and industrial issues. It is also 
concerned with regulatory and 
ethical issues, and it cooperates 
with national and international 
bodies (such as the Italian min-
istry of agriculture) to propose 
guidelines for the industrial 
exploitation of microalgae. 

For more information, contact:
Dr Alessandra Norici
Università Politecnica delle Marche
Dip. Scienze della Vita e dell’Am-
biente
Via Brecce Bianche 60131, Ancona
a.norici@univpm.it

AquaNet, a new organisation in the Danish aquaculture sector, holds its first conference

Shaping the future of Danish 
aquaculture 
On 13 April 2023, the new Danish aquaculture organisation, AquaNet, held its first symposium, “Towards a green transition 
in Danish aquaculture: Opportunities, challenges and new directions” at the University of Copenhagen. More than 100 
participants from Danish and foreign research organisations, companies, interest organizations, and public agencies 
discussed the future of Danish aquaculture as the food sector in general contemplates a green transition.

The background for the estab-
lishment of the network and 
the symposium was the 

increased global focus on the need 
to produce high quality protein 
more sustainably to feed a grow-
ing world population. As we face 
a global climate crisis and a world 
population that has exceeded 

8 billion people, it is more impor-
tant than ever to discuss how to 
support and ensure sustainable, 
e�cient, and safe ways to produce 
food in the future. Aquaculture 
is the fastest growing sector for 
animal-based food production 
for human consumption in the 
world, and is a signi�cant source of 

high-quality protein, essential fatty 
acids, vitamins, and minerals. 

Danish aquaculture 
production has been 

stable for years

On a global scale, farmed �sh 
production has increased by 56 

from 78 million tonnes in 2010 to 
122 million tonnes in 2020. Pro-
duction is mainly in Asia (92). 
European aquaculture only con-
tributes 2.7 to the global total, 
and only one third of that is pro-
duced in the EU. In Denmark, 
production has remained rela-
tively constant over the past 30 
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The AquaNet conference brought together stakeholders from 
research, NGOs, and the industry to discuss the future of Danish 
aquaculture.

years at 45,000-50,000 tonnes per 
year even though Danish produc-
tion systems are among the most 
environmentally e�cient and 
o�cial governmental goals for 
several years have been to create 
growth in the sector. 

In addition to being an important 
source of healthful and protein-
rich food, aquaculture has also a 
lower climate and environmental 
footprint than most land-based 
animal production, such as pig 
and cattle. Fish are also more 
e�cient at converting feed into 
protein than warm-blooded ani-
mals, which contributes to a more 
climate friendly production. CO2

emissions from beef-based pro-
tein production is, for example, 
on average 20 times higher than 
the emissions from the produc-
tion of �sh protein from rainbow 
trout. Carbon emissions and envi-
ronmental impact are particularly 
low for seaweed and shell�sh 
production. Consequently, there 
is a potential positive environ-
mental and climate e�ect from 
a large-scale transformation of 
land-based to aquaculture-based 
production of protein for food. 

Due to increasing demand for 
aquaculture products in the EU, 

a very large part of the supply 
is covered by imports from Asia 
where production often takes 
place in a non-sustainable way. 
It has therefore become a stated 
goal of the EU to reduce depend-
ence on foreign aquaculture 
products and to increase produc-
tion within the EU with a particu-
lar focus on sustainability. �us, 
there is increasing recognition of 
the aquaculture sector’s potential 
as a supplier of sustainable and 
nutritious food. �e Danish and 
European aquaculture sector can 
potentially play an important role 
in this development.

A powerhouse in 
RAS development and 

production

Denmark leads in the develop-
ment of land-based recirculated 
aquaculture systems (RAS) and is 
the biggest producer of rainbow 
trout from RAS in the EU. Moreo-
ver, there is a high degree of expe-
rience and expertise regarding the 
development of new types of feed, 
disease prevention without antibi-
otics, organic production, utilisa-
tion of aquaculture side streams, 
and production at lower-trophic 
levels (seaweed, shell�sh). Dan-
ish researchers also study how to 

optimise regulation of the sector 
to ensure the largest possible soci-
etal contribution with the lowest 
possible climate and environmen-
tal e�ects. �e sector thus has a 
good starting point for expand-
ing production and contributing 
with knowledge and solutions 
which can secure sustainably 
produced food of high quality, 
thereby reducing dependence on 
imports of aquaculture products 
from non-EU countries. �us, 
promoting sustainable aquacul-
ture in Denmark will increase 
exports and economic growth, 
create new jobs in rural areas and 
contribute to increasing employ-
ment in ancillary industries (e.g. 
side stream processing, feed and 
equipment manufacturing).

Despite the economic and climatic 
potential of expanding production 
in Denmark, there are several lim-
iting factors. �ese relate to other 
environmental issues associated 
with the industry such as the dis-
charge of nutrients, organic matter, 
and drug residues. An expansion 
of production must be sustainable 
and in accordance with environ-
mental requirements. �is includes 
reduced discharge of nutrients and 
reduced use of antibiotics. Danish 
(and European) aquaculture must 
become an even more blue/green 

industry with a further reduced 
climate and environmental foot-
print which supports the EU’s 
“Farm-to-Fork” strategy.

Further research and 
development is crucial 

for Danish aquaculture’s 
green transition

�is can be achieved with tar-
geted research and develop-
ment e�orts to promote new 
technologies, production and 
regulatory methods, and new 
farmed species that can reduce 
the environmental impacts from 
the industry, reduce disease out-
breaks and optimise resource and 
energy consumption, as well as 
to develop alternative healthful 
food products. Research that 
focuses on new blue/green 
technologies will contribute to 
exploiting the climate and eco-
nomic potential that lies in a blue/
green transition and will place 
Denmark in a favourable position 
regarding the expected expansion 
of European aquaculture.

To address these important issues, 
to promote collaboration between 
stakeholders supporting green 
transition initiatives in the sector, 
a group of scientists from the Uni-
versity of Copenhagen established 

Denmark harbours deep reserves of knowledge within aquaculture 
feeds, disease prevention without antibiotics, exploitation of waste 
from fish farms, and organic farming among other aquaculture-
relevant areas. This provides a solid base for the expansion of 
sustainable farmed fish production.
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the Danish aquaculture network, 
AquaNet. It is led by Professor 
Mathias Middelboe, Depart-
ment of Biology in collaboration 
with Assistant professor Moonika 
Marana and Professor Kurt Buch-
mann, Department of Veterinary 
and Animal Sciences; Associate 
professor Rasmus Nielsen and 
Associate professor Max Nielsen, 
Department of Food and Resource 
Economics; and Assistant profes-
sor Violetta Aru, Department of 
Food Science with support from 
the Green Solutions Centre at the 
University of Copenhagen. 

A new forum to 
 accelerate sustainability 

in the sector

AquaNet is an eclectic mixture of 
scientists, stakeholders, private 
companies, and NGOs with a 
shared interest in developing and 
supporting the sustainable transi-
tion of the aquaculture sector in 
Denmark. � is includes:
1.  describing long-term goals for 

the green transition of Danish 
food production by focusing 
on aquatic production

2.  identifying and resolving soci-
etal, environmental, and tech-
nical challenges associated 
with sustainable growth in the 
aquaculture sector

3.  promoting collaboration 
between stakeholders in Dan-
ish aquaculture sector and 
supporting green transition 
initiatives

4.  identifying speci� c research 
projects that can target national 
and international funding calls 
and move the � eld forward, 
and

5.  putting aquaculture on the 
agenda as a strategic solu-
tion in the green transition 
of national (and global) food 
production.

To initiate this process and to dis-
cuss these issues, the AquaNet 
symposium programme included 
a number of sessions with pres-
entations from experts in the 
di� erent topics: 
Session 1:  Challenges and limita-

tions in Danish aqua-
culture production 

Session 2:  Aquaculture technology 
– Increasing production 

and  reducing environ-
mental impact

Session 3:  Economic aspects and 
perspectives: What is 
required to develop a 
more climate friendly 
and economically viable 
aquaculture industry 
with a better  reputation?

Session 4:  Food biotechnology – 
optimization of aqua-
culture products

Session 5:  Animal welfare: Is an 
increased aquaculture 
production compat-
ible with high animal 
welfare?

Session 6:   Disease prevention – 
sustainable alternatives 
to antibiotics

Session 7:  Funding landscape – 
opportunities for aqua-
culture funding in DK 
and EU

� e contributions from the speak-
ers were combined with round 
table discussions with a panel 
of experts with di� erent back-
grounds and interests to promote 
interaction and discussion among 
all participants in the symposium. 

Overall, there was general agree-
ment at the symposium that an 
expansion of sustainable aqua-
culture is critical for the future 
blue/green food production. � e 
outcome of the symposium was 
the identi� cation of a number of 
key topics and challenges that 
must be addressed in the com-
ing years to promote an expan-
sion of the industry and the 
development of more sustain-
able food production. A report 
from the network discussions 
and  conclusions on the topics, 
technology advances, resources, 
regulatory challenges etc, which 
were identi� ed at the symposium 
is in preparation and will soon be 
published at the AquaNet web 
page: https://www1.bio.ku.dk/
english/research/mbs/projects/
cross-disciplinary-network-for-
a-green-transition-in-the-aqua-
culture-sector/

Professor Mathias Middelboe
Department of Biology
University of Copenhagen
mmiddelboe@bio.ku.dk
www1.bio.ku.dk/english/
research/mbs/Middelboe-Lab

Danish aquaculture technology such as these water fi lters contribute to reducing the environmental impact of farmed fi sh production in 
different parts of the world.
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