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Introduction
There is a long tradition of using macroalgae for 
different purposes, such as as food, animal feed and 
soil fertiliser. Asian countries in particular have a 
tradition of using algae dating back to the fourth 
century in Japan and the sixth century in China.

The total global production of aquatic plants was 
19.8 million tonnes in 2010. The majority (95 %) of 
this production came from aquaculture and had a 
value of approximately € 4.3 billion. The remainder 
of the macroalgae came from wild harvesting. In 
Europe, however, the macroalgae industry, with a 
production of merely 82,000 tonnes in 2010 is not 
of considerable magnitude. Only about 700 tonnes 
of that volume came from cultivation.1 Within the 
Baltic Sea Region, commercial use or production of 
macroalgae is still almost unknown.

There are, however, many reasons for the Baltic 
Sea Region to consider and encourage the innova-
tive utilisation of macroalgae as a marine resource. 
Macroalgae are considered one of the most prom-
ising alternative feedstocks for production of com-
modities (e.g. food, feed chemicals and biofuels) and 

several projects have been initiated in Sweden, Den-
mark, Scotland and Norway.2-6 In addition, there are 
environmental benefits such as eutrophication miti-
gation tied to the removal of marine biomass and the 
use of macroalgae based energy lowers greenhouse 
gas emissions to the atmosphere. The harvesting of 
wild perennial macroalgae is not likely to be allowed 
but cultivation as well as removal of beach-cast and 
free-floating algae mats remain promising options.

While free-floating algae can be used for applica-
tions ranging from feed to bioenergy, its quality is 
rather low and certain end uses must be excluded. 
High-value macroalgae products used for human 
consumption, cosmetics and biotechnology (see 
“Blue Biotechnology” chapter) are in growing de-
mand. For those products, good macroalgae qual-
ity is required and thus cultivation is necessary. 
Macroalgae cultivation also has the added benefit 
of serving to mitigate nutrient loading and to coun-
teract eutrophication processes. Due to the fact that 
macroalgae cultivation remains a relatively unex-
plored field in the Baltic Sea Region when compared 
to other parts of the world, the information in this 
chapter focuses predominantly on the concept of 
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Macroalgae are Macroscopic, Multicellular plants  that live in aquatic 
environments, mostly in the benthos (sea bottom). Some macroalgae are peren-
nial, with slower growth rates and delayed reproduction, while other oppor-

tunistic species are rapid growing and short lived. They can reproduce both sexually and 
asexually. Macroalgae are classified as brown, red and green according to the pigments 
used in photosynthesis, which are also responsible for the different colours of algae. 
Most species live in salt or brackish (semi-salty) water.
Macroalgae are of great ecological importance since they act as one of the primary pro-
ducers in the marine food chain and assist in supplying oxygen to the sea. They provide 
30 % of the primary production in the coastal zone. Marine organisms seek shelter in 
macroalgae communities and macroalgae are food for a variety of grazers, like fish and 
invertebrates.

A Marine Resource with many Applications



harvesting wild macroalgae either in their free-
floating form or as beach cast.

The Baltic Sea Region has the potential of pro-
ducing renewable energy and other products from 
macroalgae biomass but progress remains slow. 
Without taking the necessary steps forward within 
the near future, there is a risk that the region will 
be left behind in the development of this resource 
use for its economic and environmental advantages.

Macroalgae in the 
Baltic Sea Region

Natural Factors
Macroalgae distribution is highly dependent on the 
physicochemical environment. Major environmental 
factors are light availability, temperature, salinity, 

bottom type, water motion and nutrient availability. 
Generally salinity is the most important abiotic fac-
tor controlling the distribution of species on a Baltic 
Sea-wide scale. It influences species diversity, repro-
duction cycles, growth rates and structure. Generally, 
the number of marine macroalgae in the Baltic Sea 
decreases from a few hundred species in the Kat-
tegat to less than 100 in the almost fresh waters of 
Bothnia Bay.7 In addition to salinity, light availability 
and temperature are also important limiting factors. 
Consequently, macroalgal populations are affected 
by seasonality and ice cover during winter.

Ecological Roles
Macroalgae can occur in three stages, all of which 
play important ecological roles in the Baltic marine 
environment: attached, free-floating and beach-cast. 
Attached macroalgae are primary producers for 
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Figure 1:  Type of coastline, salinity and macroalgae species numbers in the Baltic Sea.7
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key species, providing critical habitats essential for 
the successful recruitment of other species. They 
may also provide important structural barriers for 

coastal protection, buffering the impact of high-en-
ergy events on the shore. Free-floating macroalgae 
are also primary producers and can continue to 
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Figure 2:  Ecological roles of macroalgae in the Baltic Sea.
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Figure 3:  Main direct and indirect effects of eutrophication on macroalgae in the Baltic Sea, horizontal 
arrows represent the growth rate and vertical arrows represent positive or negative responses due to 
indirect effects.8
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grow and may even have asexual reproduction while 
floating. Beach-cast macroalgae are an important 
food source and shelter for shore birds and provide 
nesting habitat for seabirds. Beach-cast algae also 
capture sediments and nutrients for dependent 
communities.

Anthropogenic Factors
Eutrophication of the Baltic Sea has both direct 
and indirect effects on macroalgal growth and dis-
tribution8 (figure 3). High nutrient levels stimulate 
the growth of phytoplankton, which in turn lim-
its the penetration of light needed for attached 
macro algae.

Opportunistic and annual filamentous macro-
algae are very good at using excess nutrients and 
they have a very high growth rate in optimal con-
ditions. Fast-growing macroalgae usually win the 
competition for space and filamentous algae often 
overgrow perennial species, which further increases 
the shading and physical load. These filamentous 
algal species are found in all groups of algae: red, 
brown and green and are an increasing problem in 
the Baltic Sea given the high nutrient levels. They 
also form drifting algal mats in eutrophied shallow 
bays all over the Baltic Sea.

The depth distribution of macroalgae is mostly 
determined by light. With the increase of eutrophica-
tion, macroalgae communities tend to move towards 
the surface (figure 4).

Supply
As a result of eutrophication, an increase in fila-
mentous macroalgae has taken place on the Baltic 
Sea bottom. During turbulence these algae come 
loose and continue living as free-floating mats as 
long as they are provided with sunlight and nutri-
ents. Eventually they are washed ashore as beach 
cast. Beach cast assemblages are usually found on 
exposed beaches with predominant onshore winds, 
which are above all found in the southern part of the 
Baltic Sea including south Sweden and Denmark. 
The macroalgae in beach cast that are of interest to 
collect have to be as fresh as possible. Old embank-
ments of organic material on the beaches will not 
be removed.

In view of seasonal variations and the lack of 
systematic monitoring, it is very difficult to provide 
a comprehensive estimate of resource availability 
throughout the Baltic Sea or how much would be 
accessible for collection. Figure 5 provides a rough 
overview of the areas in the Baltic Sea in which 
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Figure 4:  A conceptual model of factors affecting submerged aquatic vegetation in the Baltic Sea.
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the potential biomass available for collection has 
been estimated.

Although the supply of naturally available mac-
roalgae for collection is substantial, there are also 
reasons to think about cultivating this resource. 
Only high quality cultivated macroalgae can be used 
for human consumption, cosmetics and biotechnol-
ogy. The main constraint to macroalgae cultivation 
in the Baltic Sea is the low growth rate of marine 
species in sub-optimal conditions. However, some 
areas in the Baltic Sea may be more suitable than 
others, depending on species and purpose of use. 
In general, higher salinity is favourable for species 
of marine origin and is necessary to ensure high 
growth rates in large perennial brown algae, which 
are popular for cultivation in other parts of the 
world. On the other hand, ephemeral filamentous 

macroalgae may be a solution for cultivation that 
can work even in brackish waters with lower salini-
ties. Such species are generally more tolerant and 
show a high growth rate under the right circum-
stances (e.g. high nutrient levels, warm tempera-
tures and good light conditions).

Fouling species, the other algae and animals spe-
cies that accumulate on the surface of the cultivated 
macroalgae, can cause lower yields. It is even com-
mon in other types of aquaculture such as mussel 
farming for other marine organisms to use the aqua-
culture constructions as a habitat and outcompete 
the target species. This will probably happen with 
algae ropes as well if there is no way of preventing 
the other organisms from settling. Furthermore, 
diseases such as red rot and pinhole disease have 
been reported from macroalgae cultivations in other 
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parts of the world. Similar problems with infections 
may occur in the Baltic Sea but low salinity could 
lower the abundance.

Applications

Food
Macroalgae may be used for human consumption 
and is a healthy nutritional source: edible mac-
roalgae have high water content, are low in calories 
and rich in vitamins and minerals. Some species 
are high in digestible proteins (20–25 % protein 
of wet weight) and the fibre content is usually 
higher than in terrestrial plants. In China especially, 
there is a tradition of using macroalgae directly as 
a food product. Brown and red algae species are 
mainly used but green algae may also be flavourful. 
The brown macroalga Laminaria japonica (know 
as kombu) is particularly popular. Moreover, the 
brown alga Undaria sp. (known as wakame) and 
the red alga Phorphyra sp. (known as nori) are 
economically important macroalgae species for 
human consumption. The interest in Asian food 
in Europe and the Baltic Sea Region has increased 

during the last decade but the use of macroalgae 
as food is still a small business.

Feed
Macroalgae are also often used as an additives to 
animal feed due to their high content of minerals, 
trace elements and vitamins. Brown macroalgae are 
most frequently used for this purpose.

Gelling Substances
Another important and profitable global market is 
the extraction of substances from macroalgae, such 
as phycocolloids. These are natural products that 
serve to stabilise commonly used emulsions and 
dispersions in a large number of applications such 
as diary products, leather, textiles, cosmetics and 
pharmaceuticals. In 2009, a total of 86,000 tonnes 
of phycocolloids were sold, with an estimated value 
of approximately € 0.75 billion.16 Brown macroalgae 
species of the genera Ascophyllum, Durvillae, Eclonia, 
Laminaria, Microcystis, and Sargassum are used for 
alginate extraction. Gelidium sp. and Gracilaria sp. 
are the two main red algae genera containing agar 
colloids.

055applications

So far only one German company , crM Coastal Research & Management, is 
currently making commercial macroalgal cultivation in the Baltic Sea (Kiel Fjord). 
Since 2001 the company has been cultivating the large brown algae Saccharina lat-
issima to make extracts from it for cosmetic products, food and medical research. 
An example is the project Algae Against Cancer (aac) where the company is using 
extracts from S. latissima and other macroalgae in tests for anti-viral, anti-tumour 
and anti-bacterial activities, in cooperation with the Medical University. From 2008 
to 2011, the crM ran a project algasolar, where S. latissima was cultivated in order 
to get biomass for energy (gas). The technique was well developed but unfortunately 
the algae grew well for one year and badly for two years. After the laboratory phase, 
the ’field’ phase is crucial. In some years diatoms competed with the macroalgae 
and overgrew them. The company has also developed a polyculture of the blue 
mussel Mytilus edulis and S. latissima on the farm in the Kiel fjord. This research is 
proceeding still. •

regional 
case
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Figure 6:  Possible applications of macroalgae.
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The Rebirth of New Algae Industries in the Baltic Sea Region?

The Latvian coastal region Kurzeme is rich in the red algae Furcellaria lumbricalis, 
which has been used since the mid-1960s as a raw material for the production of 
agar, a gelatinous substance used as laxative, vegetarian gelatine substitute, food 
thickener, clarifying agent in brewing as well as for sizing paper and fabrics. The 
production of agar was stopped in the 1990s after the collapse of the Soviet Union, 
but the potential for a restoration of the agar production industry in the area may 
be a realistic opportunity. Its is currently being assessed within the subMariner 
project.

Also, in Kassari Bay in Estonia, loose-lying algae mats are being harvested for 
the extraction of hydrocolloids for food products, especially sweets. These algal 
communities consist primarily of Furcellaria lumbricalis and Coccothylus truncates 
and the algae have been harvested since the 1960s.  •

regional 
case

possible applicaTions of macroalgae harvesTing and culTivaTion



Biochemical Substances
In addition to the hydrocolloids described above, 
macroalgae also contain other useful substances such 
as antioxidants, pigments, enzymes and polyunsatu-
rated fatty acids, which can be used in the biochemi-
cal industry for drugs, cosmetics and dietary supple-
ments (see ”Blue Biotechnology” chapter). These 
substances may have a high value on the market.

Fertilisers
Macroalgae are used as fertilisers worldwide, as 
they not only contain nutrients such as nitrogen, 
phosphorus and potassium but also trace elements, 
vitamins and hormones that promote growth. Large 
brown algae are most commonly used but others 
can be used as well.

In the Baltic Sea there is a risk of high metal 
content in macroalgae due to a combination of high 
metal concentrations and low salinity in the waters. 
Macroalgae from the southern part of Sweden and 
Denmark generally have high contents of cadmium 

and thus macroalgae fertilisers will not be possible 
to dispose. There is no common eu-directive on 
cadmium content in biofertiliser and the regula-
tions are different between the countries in the 
Baltic Sea Region. In Sweden, there is legislation 
about how much heavy metals that are allowed to 
be put on arable land. There are also certification 
systems with recommended limiting values for 
cadmium content in the biofertiliser. These are two 
factors preventing biofertilisers with high cadmium 
content to be attractive on the Swedish market. A 
cost-effective technique for cadmium purification is 
still not available although research is in progress. 
In other parts of the Baltic Sea where cadmium con-
tent is lower, such as in Poland, macroalgae diges-
tate can be used directly without further treatment.

Bioenergy

Shortages in biomass available for bioenergy pro-
duction have increased the interest on the use of 
macroalgae. Macroalgae are typically high-moisture 
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Table 1:  Examples of methane yield (normal cubic meter of methane gas per tonne volatile solids*) produced 
from crops or crop residues and different macroalgae species and the corresponding petrol equivalents 
(litre per tonne dry weight of biomass). Except from beach cast, the groups of macroalgae consider both 

“wild” and cultivated species.

Crop / Macroalgae Species Methane Yield
(Nm3 CH4 t-1 VS)

Corresponding 
Petrol Equivalents 
(l t-1 dwt)

Crop or crop residues

Timothy-clover forage, tops of sugar beet, maize23-26 270–370 270–380

Macroalgae species

Red macroalgae beach cast5 130–200 120–170

Red macroalgae beach cast co-digested with reed (1:1)5 270 –

Brown macroalgae26-30 140–410 220–290

Red macroalgae29-31 190–400 130–290

Green macroalgae3, 30 160–270 100–170

*Volatile solids (Vs) is the material content that burns off at 550°C i.e. organic matter content. High Vs usually gives high biogas yield since it is only the organic part of the total
solids (ts) that contributes to biogas production.



material (80–90 %) and are considered to be more 
suitable for aqueous processing techniques such as 
anaerobic digestion or fermentation carried out by 
microorganisms.22

Anaerobic digestion uses anaerobic bacteria 
to breakdown or “digest” organic material in the 
absence of oxygen. Alcoholic fermentation proc-
esses carbohydrates into ethanol and co2. The pro-
duction of bioethanol involves the fermentation of 
sugars by microorganisms. Both end products of 
these biological processes, biogas and bioethanol 
respectively, can be used for the generation of elec-
tricity and/or heat, or used as fuel in the transport 
sector. Biogas for use as fuel needs to be upgraded 
to methane.

Two of the main advantages of using macroalgae 
in biological processes compared with other mate-
rial are the high water content, which can be mixed 
with dryer material, and the fact that macroalgal 
cell walls do not contain large quantities of hard 
materials such as lignin and cellulose that are diffi-
cult for microorganisms to break down. Some of the 
disadvantages of using macroalgae are the presence 
of salt, polyphenols in brown algae and sulphated 
polysaccharides, all of which can inhibit biological 
processes if not properly managed.

Many pilot projects on biogas production from 
macroalgae are currently being realised in the Bal-
tic Sea Region, including some focusing on the bi-
ochemical processes of anaerobic digestion and 
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Figure 7:  Technical options for producing bioenergy from macroalgae biomass.
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fermentation. Two of these examples, from the 
Trelleborg (Sweden) and Solrød (Denmark) mu-
nicipalities are worth highlighting (see “Regional 
Case” frame on this page).

It has been suggested that until better yields can 
be obtained, ethanol production from macroalgae 
may not be a feasible business on a large scale.32 
However, this data shows that macroalgae fermen-
tation has moderate potential for ethanol produc-
tion, certainly one that is comparable to that of 
the most common substrates for bioethanol, sugar 
cane and sugar beet. Moreover, much research is 
going into solving technical problems with the alco-
holic fermentation process and the development 
of a more efficient use of macroalgal substrate for 
bioethanol production can be expected in the future.

Nutrient Removal
Studies on the potential of Baltic macroalgae show 
that nitrogen content is around 2–6 % of the algae 
dry weight,17-20 which is less than that of blue mus-
sels.19 The phosphorus content in macroalgae is 
usually less than ten times lower than the nitrogen 
content20. However, under certain local conditions 
in which substantial biomass is available, the effect 
of nutrient removal can still be quite substantial.
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Table 2:  Examples of ethanol yield (litre per tonne dry weight of biomass) produced from various crops and macroalgae species.

Species / Crop Potential Ethanol Yield (l t-1 dwt biomass)

Crops

Sugar cane33 70

Sugar beet34 110

Bagasse and other cellulose biomass34 280

Maize34 360

Macroalgae species

Saccharina japonica*34 140

Kappaphycus alvarezii*35 150

*These species do not grow in the Baltic Sea

In the area of Trelleborg, Sweden, a case 
study was performed to assess the biomass 
potential for biogas production.21 The harvest-
ing potential was set to 10–30 % of the summer 
stock (growing attached and free-floating al-
gae), which corresponds to 2,000–6,000 tonnes 
(dry weight) of biomass. This corresponds to 
a maximum nutrient reduction of approxi-
mately 50–150 tonnes of nitrogen, which is 
about 5–15 % of the freshwater run-off input 
of nitrogen to the Baltic Sea in this area.

In Denmark, the Solrød municipality is cur-
rently constructing a biogas plant fed by locally 
available organic resources.15 One of the resourc-
es is cast seaweed collected from the beaches at 
Køge Bugt where 13,000–24,000 tonnes of dry 
weight are collected annually, which represents 
120–210 tonnes of nitrogen removal per year.  •

regional 
case



Competence Centres in 
the Baltic Sea Region
Below are a small selection of some universities, 
authorities and companies that make research on 
macroalgae use, work with or use macroalgae for 
different purpose in the Baltic Sea region. Research 
institutes working in the Submariner project are 
not included.

Sweden
Trelleborg municipality in Sweden take an active 
part in environmental projects for improvements of 
the water quality. The reason behind their specific 
interest in macroalgae is that Trelleborg has a long 
history of problems with beach cast. One of these 
projects is the The Cycle (Kretsloppet). Another 
project is the wab (Wetlands, Algae and Biogas). 
The studies cover legislation on beach cast collec-
tion, marine monitoring, an environmental impact 
assessment of beach cast collection, and a control 
programme for a stream in the catchment area. Two 
studies on biogas production from macroalgae were 
also conducted. The project PhosCad, starting in 
2012, will also be performed in the municipality of 
Trelleborg, since it has experience of macroalgae 
collection, biogas production and nutrient recycling. 
The aims are to optimise phosphorus extraction 
from macroalgae collected on the beach and develop 
techniques to remove cadmium from the algae. The 
Swedish Environmental Research Institute (iVl) 
will manage the project. The Regional Council in 
Kalmar County is running a three-year project 
(2009–2012) called “Biogas – new substrates from 
the sea”. The main aim of the project is to find renew-
able energy sources so that the County can be free 
from the use of fossil fuels by 2030. To fulfil the goal, 
substrates for biogas other than household waste 
and manure have to be used and macroalgae, reed, 
blue mussels and fish wastes are being investigated 
for this purpose. There are several organisations 
and companies involved and Linnaeus University 
in Sweden are doing research in this project.

Halmstad and Laholm municipality on the 
south-west coast of Sweden have problems with 
beach cast and have received Swedish subsidies in 
2010 to investigate cost-effective ways to remove 
macro algae.

Estonia
Est-Agar AS in Estonia is currently the only com-
pany involved in the commercial use of wild mac-
roalgae in the Baltic Sea Region. The perennial 
red algae Furcellaria lumbricalis is mainly used 
for the extraction of phycocolloids for food prod-
ucts. About 10 % of the product is used in Estonia, 
but most furcellaran goes to sweet factories in the 
Baltic States, Russia (Moscow and Petersburg) and 
Ukraine. The Estonian Marine Institute conducts 
annual studies to determine the level of algae that 
can be sustainably harvested in a given year.

Poland
The Maritime Institute in Gdańsk, Poland is going 
to apply for money for the research and develop-
ment project: “Pilot study on macroalgae cultivation 
for the purposes of the environment protection and 
economy development”.

The Pomeranian Center for Environmental 
Research and Technology (poMcert ) and the 
Polish Institute of Oceanology collaborate with 
the Swedish municipality of Trelleborg in the wab 
project (see “Sweden”).

Germany
Studies on the economic use of Baltic Sea red algae 
are being conducted by the Christian-Albrechts 
University in Kiel, Germany and investigations 
on production of the red algae by the Institute 
of Biomedical Sciences, University of Rostock, 
Germany. The studies are included in an existing 
project (2009–2012) about an artificial reef called 
Nienhagen, where macroalgae farming is a part 
of the work. It is named ‘Trial of an aquaculture 
project to produce the red alga Delesseria sanguinea 
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at the reef Nienhagen and further investigations on 
the economic exploitation of the sulphated polysac-
charides of this alga”.

The company Coastal Research & Management 
(CRM) conducts macroalgae cultivation and research 
in the Kiel fjord, Germany. Since 2001 the company 
is cultivating Saccharina latissima to make extracts 
from it for cosmetic products, food and medical 
research.

Denmark
CP Kelco ApS is a Danish company using macroalgae 
in the production of carrageen but it also produces 
pectin and refined locust bean gum. Raw materials 
are shipped in from all over the world for extraction, 
purification and standardisation in highly automated 
processes, and more than 95 % of the production 
is exported. Farmers around the country use the 
by-product from pectin production as a cattle feed 
supplement and the residue from carrageenan pro-
duction is used as a fertiliser. The plant is located in 
the municipality of Solrød, Denmark. The munici-
pality in Solrød is planning to start a biogas plant 
in 2013. The substrate will mainly consist of pectin 
production waste from cp Kelco ApS and beach cast.

AlgaeCenter Denmark conducts research on 
macroalgae cultivation. The land-based cultiva-
tion facilities are located at the Kattegatcentret at 
Grenaa Harbour. The consortium partners are the 
Department of Bioscience at Aarhus University 
(former NERI), the Danish Technological Insti-
tute, the Kattegatcentret and the Ocean Centre 
Denmark. Specific goals are to estimate the growth 
potential for sea lettuce in land-based basins, to 
design growth basins and harvest technologies for 
macroalgae cultivation, and to analyse the com-
pounds in the algae biomass and assess whether 
sea lettuce is suitable for combustion, gasification 
and production of bioethanol and biogas.

A Danish company, Blue Food A/S, Hoyberg, 
has also been involved in a project about cultiva-
tion of Saccharina latissima. The project was main-
ly carried out in Trondheim, Norway, where the 

intention is to cultivate for biofuel production, but 
people in Grenaa in Denmark and at Sylt Island 
in Germany were also involved. One of the aims 
of the study was to investigate possibilities of in-
ducing sorus, i.e. structures producing and con-
taining spores for asexual reproduction, in a year-
round manner at different locations for future use 
in kelp aquaculture.

The University of Copenhagen has been in-
volved in macroalgae cultivation experiments in-
Limfjorden, Denmark. The aim of the project was to 
evaluate production of Laminaria digitata and Sac-
charina latissima for energy production.

Technology

Harvesting Technologies

Harvesting of macroalgae was traditionally done by 
hand, which is certainly the most environmentally 
friendly way. There are also several different meth-
ods available for collecting macroalgae on the beach 
and in the adjacent water with the help of machines.

Advantages and disadvantages of the various 
methods are discussed in two reports by the South 
Baltic Programme funded “Wetland, Algae and Bio-
gas” project36, 37 with the following table summaris-
ing the findings.

In Trelleborg, Sweden, the grip-claw loader was 
considered as the best alternative for collecting 
beach cast, though another machine is needed to 
make the supplementary work of re-establishing 
normal beach conditions. For the removal of float-
ing macroalgae in the water, an amphibian machine 
called Truxor is used, though its effectiveness is 
questionable.

Since biogas production requires fresh macro-
algae for high biogas yields, there is a need for more 
cost-effective machines that could collect the bio-
mass in the water. This is also important to get low 
amounts of sand in the substrate and to minimise 
the volume for transportation. Moreover, it is desir-
able to find a way to remove free-floating algae in 
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the harbours, where the algae-layers sometimes are 
so thick that the pleasure boats have difficulties to 
enter the jetties.

In some areas of the Baltic Sea, constraints may 
exist on the use of motor vehicles on beaches or 
payment of a fee may be necessary, as is the case 
on the beaches on the coast of Latvia.

Cultivation Technologies
Many macroalgal species are easily cultivated and 
the equipment can be very low tech and simple or 
very advanced and expensive. The main cultivation 
steps are shown in the figure 8, starting with the 
collection of fertile specimens in wintertime and 
ending with harvest in late summer.

Long-line is the most common way to cultivate 
macroalgae due to its simplicity and low costs. Har-
vesting can be made from small boats either by 
cutting the algae from the rope or by bringing the 
ropes into the boat.

For macroalgae cultivation on a large scale 
(>1,000 ha), the cultivation system must be simple, 
low cost and low maintenance. It must allow for a 
high light capture and high productivity, must be 
resilient to climatic conditions, have durability and 
life expectancy while allowing for easy harvesting 
and replantation. Optimisation of such a system 
is still a great challenge and will still require a lot 
of research and development. Available cultiva-
tion techniques for offshore farming have been 

062 Macroalgae Harvesting and cultivation

Table 3:  Advantages and disadvantages of the various harvesting methods.

The Grip Claw The Pinch Fork  
(DM Truxor 4700B)

Modified pea reaper

Advantages • Very efficient, can 
collect 45 m3/hour, most 
effective for collecting 
large amounts of algae

• Good quality material, 
small sand content

• Low tech, easily 
available

• Amphibian machine, can 
be used in wetlands and 
harbors

• Minimum sand content
• Sparse fork, less impact

• Collects in shallow water 
and dewaters material

• Specially designed to 
collect algae without 
sound

Disadvantages • Does not clean the 
beach for recreational 
purposes (another 
machine is needed to 
do the fine cleaning 
afterwards) 

• Slow
• Noisy, disturbing if used 

in summer season

• Trailer fills up quickly, 
emptying process is time 
consuming

• Not yet in production/
commercially available

• Sensitive for stones on 
the beach.



developed during the last decade with increasingly 
durable constructions that can withstand storms 
and high waves.

In the Baltic Sea, the ice cover may be a problem 
for cultivation constructions, especially in coastal 
areas. Means for either hiding the construction 
below the ice or removing the constructions to land 
during wintertime are necessary if cultivation is to 
be commercialised in the Baltic Sea Region.

Environmental Assessment

Environmental impacts
Harvesting of attached perennial macroalgae 
is considered to be unsustainable, as attached 
macro algae play an important ecological role in 
the formation of habitat and they have very low 
growth rates in the Baltic brackish water. On the 
other hand, removal of beach-cast and free-float-
ing algal mats in specific Baltic Sea regions suf-
fering from chronic macroalgae blooms as a re-
sult of excess nutrient loading may actually have 
positive impacts on the local environment as it 
is a form of recycling nutrients and combating 
eutrophication. Furthermore, there is an added 
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Figure 8:  Cultivation procedure for Saccharina japonica. Source: fao.



bonus associated with using the harvested bio-
mass to produce biogas.

Important considerations when assessing the 
environmental impact of harvesting beach-cast 
and free-floating algal mats are the ecological 
roles they play within the ecosystem, their re-
lationship with different aspects of the commu-
nity and their role in coastal protection. For both 
beach-cast and free-floating algal mats, this can 
be quite complex as there are a number of envi-
ronmental priorities that are impacted by these 

activities (table 4). Furthermore, the environ-
mental effects are dependent on the density of 
the free-floating algae mats and could be either 
positive or negative depending on the thickness 
of the mat layers.

Overall, the environmental impacts can be either 
positive, as in the case of water quality and nutrient 
recycling or potentially negative as in the case of 
food webs and coastal morphology. There are still 
information gaps, in particular from an ecosystem 
perspective and further research is required to 
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Table 4:  Overview of macroalgae harvesting and cultivation impacts on environmental objectives and 
priorities.

Environmental 
Objective

Environmental 
Priority

Beach 
Cast

Algal 
Mats

Cultivation Comments

Water quality Bathing quality

Water transparency

Eutrophication

Biogeochemical cycles ? ?     ? Unfavourable for benthos

Habitat / Species 
protection

Food web dynamics ?  ?     ? Depends on density of 
biomass, Unfavourable for 
benthosBiodiversity ?  ?     ?

Benthic habitats ? Depends on density of 
biomass

Bird habitats ?  Important during over-
wintering & migration 
periods

Fisheries ?  Depends on density of 
biomass

Marine mammals

Marine noise   Depends on technology

Coastal protection Coastal morphology Depends on location

Scenery

Climate protection co2 Emissions    Biogas production/har-
vest effort

 strongly supportive
 moderately supportive
 strongly not supportive
 moderately not supportive

 neutral
? gaps in information; 
blank not applicable



underpin any environmental management plan for 
the exploitation of the resource.

In the case of macroalgae farming, this mostly 
occurs close to land and knowledge about environ-
mental effects of cultivation is available only for 
coastal areas. Therefore the factors referred to in 
table 4 concern only littoral waters. They also per-
tain to studies from other parts of the world, since 
macroalgae cultivations are almost absent in the 
Baltic Sea today. Furthermore, any area planned for 
macroalgal cultivation has its own environmental 
conditions and prerequisites and environmental 
assessments must therefore be site specific.

waTer QualiTy
Most of the effects of macroalgae harvesting and 
cultivation on water quality are positive ones: it 
removes nutrients, increasing water transparency, 
providing a means of countering local eutrophica-
tion. It also allows for the removal of heavy metals 
that accumulate in the macroalgae and limits the 
harmful emission of toxins from decaying red algae. 
Thick algae mats may prevent water circulation 
and other physical conditions due to the cover of 
the water surface. In that case, the removal of the 
algae mats improves the conditions for marine life.

On the other hand, in the case of macroalgae 
cultivation, low oxygen levels may be found in the 
cultivation area, which could potentially have nega-
tive effects on bottom dwelling species. Large-scale 
cultivations may also have a negative impact on cur-
rents and water circulation, causing an increase in 
surface water temperature in summer time.

habiTaT and species proTecTion
In terms of habitat and species protection, both 
positive and negative impacts can be expected. The 
removal of the densest macroalgal mats is mainly 
considered positive for benthic organisms and fish 
as well as for the general diversity of species. This 
is the consequence of improved water quality ex-
plained earlier in this chapter. However, macroalgal 
mats are inhabited by a specific fauna that would 
be destroyed by the harvesting. Removal of the 
beach-cast algae also impoverishes the beaches, 

as the decaying macroalgae supply subtidal and 
surf zone communities with nutrients and organic 
matter which helps maintain coastal biodiversity 
and functioning. Damage to bird habitats and dis-
turbance during breeding and migration seasons 
could also be a result.

Biodiversity can be positively impacted by macro-
algae cultivation, as the algae act as suitable habitat 
for epiphytes and other fauna and provides shelter 
for invertebrates and fish. By providing coastal pro-
tection, cultivation areas may lead to increased fish 
abundance. However, cultivations in coastal areas 
may compete with natural aquatic plant populations 
for nutrients and sunlight, while enlarged fish popu-
lations may increase the grazing impact on natural 
algae populations.

coasTal proTecTion
Removal of beach-cast and free-floating algae can 
lead to the weakening of natural coastal protection 
and increased exposure of the shoreline to erosion.

Macroalgae farms may modify water movement, 
absorb energy and provide protection to coastal 
areas.

climaTe proTecTion
Harvested macroalgae can be used as a resource for 
biogas production, thus positively contributing to 
the reduction in greenhouse gas emission.

Site Selection

Every region has its own site-specific prerequisites 
for harvesting and every environmental assessment 
needs to take local conditions into consideration. It 
is important to be mindful of the interplay with the 
local food web and balance the removal of biomass 
with the needs of the ecosystem. Moreover, the tim-
ing of macroalgae removal should be adapted to the 
needs of migratory and overwintering bird com-
munities. Attention should also be paid to ensuring 
the protection of coastal areas that are vulnerable 
to erosion.

In the case of macroalgae cultivation, care-
ful site selection is extremely important is to be 
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environmental sustainable. There should be no 
conflict with existing natural populations and 
there should be minimal impact to the bottom 
sea life. Careful spatial planning is necessary.

High nutrient levels and the sheltered conditions 
provided by coastal areas are the priority environ-
mental factors for macroalgae farming. The coastal 
farming area should also be placed where other 
maritime activities will not be disturbed. A list of 
parameters to take into account when considering 
suitable locations for farming should include: level 
of exposure, water depth (2–50 m), salinity, fouling 
species, bottom type for anchoring and rights of 
disposition over sea areas.32

Socioeconomic Aspects
The costs associated with macroalgae harvesting 
and cultivation are counterbalanced by a number 
of positive economic effects (figure 9). However, 
even though it is possible to express many of them 

in monetary values, the ecosystem services do not 
always correspond to a direct positive cash flow for 
the institution in charge of the harvesting (and or 
cultivation). This may change depending on politi-
cal will. For instance, some county administrative 
boards in Sweden have effectively distributed sub-
sidies in cases where the aim of the macroalgae col-
lection was to remove nutrients from the Baltic Sea.

In some cases, it is the municipalities who run 
the macroalgae harvesting initiatives, as is the case 
in Trelleborg, Sweden and Solrød, Denmark. The 
main reason is probably because the municipalities 
already had to pay for removal of the beach cast for 
recreational purposes. The municipalities can also 
best translate societal benefits into real income for 
the community (e.g. higher tax income due to higher 
tourism numbers / higher housing values).

Table 5 gives a rough overview of the costs and 
benefits derived from the collection of free-float-
ing macroalgae and beach cast based on data from 
Trelleborg, Sweden. The Trelleborg municipality has 

066 Macroalgae Harvesting and cultivation

beach casT 
removal

-x€

biogas pro-
ducTion and 
TransporT

-x€

Tourism
+x €

Nutrient uptake
+x €

Fish stocks
+x €

Other ecosystem 
services
+x €

Biofertilizer
+x €

co2 emission 
saving
+x €

House prices
+x €

Biogas sale
+x €

Figure 9:  Simplified diagram of a socioeconomic valuation for macroalgae utilisation for biogas production 
(beach-cast and free-floating as well as cultivation). The diagram assumes that the collection of beach 
cast has no ecological consequences except for possible effects on commercial fish stocks



great problems with macroalgal assemblages: the 
macroalgae cover large areas of the shallow water, 
create embankments on the beach that keep people 
from swimming and create a bad odour problem (fig-
ure 10). The table is based on a resource potential of 
about 6,000 tonne dry weight of macroalgae per year 

but shows costs and benefits per tonne dry weight 
for readability. In this case, it is assumed that the 
macroalgae were collected in an environmentally 
sustainable way, without any negative ecological 
effects. Basic economic data on biogas production 
obtained from Trelleborg municipality were used 
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Table 5:  Rough overview of costs and benefits derived from collection of free-floating macroalgae and 
beach cast (based on data from Trelleborg, Sweden).

Costs  
(€ per tonne 
per year)

Benefits  
(€ per tonne 
per year)

Comments

Monetary costs and benefits

Beach cast removal 140 Comparable with the cost of € 146 per tonne 
dry matter beach cast in a German study14

Biogas production / trans-
port and sales

20–40
60–80

90–170
320

Raw biogas 
Upgraded bio-methane

Fertiliser – 0 In the case of Trelleborg, the harvest is not 
always usable due to the presence of cadmium, 
though elsewhere it might have real economic 
value40

Total sum for monetary 
costs and benefits:

160–180
200–220

90–170
320

Raw biogas
Upgraded bio-methane

Valuation of ecosystem services

Tourism – 750–1,070 In certain cases real values are available, e.g. 
beaches at camping sites41, 42

Fish stocks – – Cannot be valued for the Trelleborg case but a 
loss of income of € 5.5-6.8 million per year has 
been suggested for another part of Sweden

Nutrient uptake
Nitrogen
Phosphorus

–
–

580
980

Values suggested by a study44 using the mar-
ginal cost method. Values would be lower when 
applying the willingness to pay method45

Other ecosystem services – – Relates to biodiversity or resilience 
Not valuated here46

co2 emissions savings – 1.5 Based on price of voluntary payment47

House prices – – Cannot be valued at present but may reduce 
property values with 50%48

Total sum for ecosystem 
services:

0 2,310–2,630

Total sum for all costs and 
benefits:

160–180
200–220

2,400–2,800
2,630–2,950

Raw biogas
Upgraded bio-methane



in the case study.12, 38 Data on costs for collection of 
macroalgae are mainly from Detox Biogas ab.39 Addi-
tional references are given as comments in the table.

If ecosystem services are not included in the 
system, the business of collecting 6,000 tonnes of 
beach-cast and free-floating macroalgae close to the 
shore is not always profitable. The production of raw 
biogas could result in a loss of approximately € 90 
per tonne per year. With a lower cost of production 
and a higher sale price for raw biogas, the calculation 
is almost balanced, with a profit of approximately 
€ 10 per tonne and year. For methane production, 
the profit varies between approximately € 100–120 
per tonne and year.

When ecosystem services are included, the profit 
will be approximately € 2,220–2,640 per year for 
each tonne of macroalgae sold as raw biogas. For an 
upgraded product, vehicle fuels, the profit ranges 
between about € 2,410–2,750 per tonne and year. The 
two items that are not valued, fish stocks and house 
prices, can be assumed to be positively impacted 
and thus will increase the benefits. This shows the 
importance of understanding the environmental 
and societal benefits that accompany this type of 
activity and of including these values in economic 
calculations.

When it comes to cultivating macroalage, very 
few studies to date have examined the socioeco-
nomic aspects and cost-benefit analyses focused on 

the Baltic Sea are not available. One study32 refers to 
literature values on the costs of macroalgae farm-
ing in the Baltic Sea ranging between € 30–90 per 
tonne of dry weight, but benefits, particularly eco-
system services, are not included in that study. As 
with the harvesting of beach-cast and free-floating 
algae, it is possible that macroalgae cultivation for 
bioenergy production is not economically feasi-
ble if additional social and environmental benefits 
(such as ecosystem services) from the activity are 
not included in the calculations. These additional 
values could also include options like the extraction 
of high-value substances from the algae before it is 
used as bioenergy substrate.

Political Strategies
The Baltic Sea Action Plan and eu-strategies on 
the marine environment, integrated coastal zone 
management (icZM), sustainable aquaculture and 
renewable energy etc. affect macroalgae use in the 
Baltic Sea region on a national level. Especially with 
regard to nutrient removal there are more and more 
suggestions to also take into account measures for 
remediation at “non-point source” and to investi-
gate on appropriate payment schemes for making 
such nutrient removal measures worthwhile.

However, no national policies that specifically 
deal with the use of beach cast or macroalgae cul-
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Figure 10:  Algae beachcast in Trelleborg, Sweden (left) and Kurzeme, Latvia (right).



tivation are known. So far mainly regional or local 
documents e.g. on how to handle beach cast can 
occur. It can be noted that although macroalgae 
cultivation is a part of aquaculture activities, poli-
cies on sustainable aquaculture usually focus on fish 
and other marine fauna. The reason is probably that 
cultivation of macroalgae is almost absent in the 
Baltic Sea region at present.

Legal Aspects

Macroalgae Harvesting
Harvesting of attached perennial macroalgae is 
considered unsustainable and it is not likely to 
ever be allowed in the Baltic Sea due to the eco-
logical importance of these algae habitat and their 
slow growth in brackish waters. On the other hand, 
harvesting of beach-cast macroalgae contributes 
to the implementation of the helcoM Baltic Sea 
Action Plan as it removes nutrients and decreases 
eutrophication.

However, the network of protected sites sub-
sumed under natura 2000, established by the eu 
Habitats Directive and Birds Directive, imposes 
restrictions to macroalgae removal. While harvest-
ing of beach cast improves the quality of bathing 
areas, it may also deprive habitat types listed in 
Annex I of the Habitats Directive which call for pro-
tection. Those include, for instance, the habitat type 
“annuals on drift lines” (code: 1210, class: Cakiletea 
maritimae). Also Rhodophyta and Corallinaceae are 
among the species listed in Annex ii of the Habitats 
Directive which require protection.

Thus an assessment according to Art. 6 para. 
3 of Habitats Directive may be required since any 
plan or project likely to have a significant effect 
on a protected site shall be subject to appropriate 
assessment. This will be conducted by the compe-
tent authority of the Member State, which grants 
approval and has to be submitted by the applicant. 
Macroalgae harvesting may therefore be treated 
quite differently from region to region, depending 
on the respective local situation, making it difficult 

to provide a comprehensive overview on how the 
relevant legislation is applied in each case.

According to the Council Regulation on organic 
production, the collection of wild seaweeds and parts 
thereof, growing naturally in the sea, is viewed as an 
organic production method provided that the grow-
ing areas are of high ecological quality as defined by 
eu Water Framework Directive (2000/60/ec) and, 
pending its implementation, of a quality equivalent 
to designated waters under the eu Shellfish Directive 
(2006/113/ec), and are not unsuitable from a health 
point of view (Art. 13 para. 1).

In order to be “organic”, wild edible seaweeds 
shall not be collected in areas which would not 
meet the criteria for Class A or Class B areas as 
defined in Annex ii of Regulation (ec) No 854/2004 
on products of animal origin intended for human 
consumption. Moreover, the collection shall not 
affect the long term stability of the natural habitat 
or the maintenance of the species in the collection 
area (Art. 13 lit. b)

Macroalgae Cultivation
The Council Regulation on organic production also 
contains provisions regarding macroalgae cultiva-
tion. The farming of seaweeds shall happen in coastal 
areas with environmental and health characteristics 
at least equivalent to those outlined for seaweed col-
lection in order to represent an organic cultivation 
method (Art. 13 para. 2). In addition to this:
• sustainable practices are required all stages of 

production, from collection of juvenile seaweed 
to harvesting;

• maintenance of a wide gene-pool has to be pro-
vided, the collection of juvenile seaweed in the 
wild should happen on a regular basis to sup-
plement indoor culture stock;

• fertilisers shall not be used except in indoor 
facilities and only after authorization for this 
purpose.
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Different Rules for Different Counties

Currently in Sweden beach cast is collected in four coastal counties in southern 
Sweden and Gotland on the basis of legal permissions.49, 50 Harvesting aims at 
improving water quality and increasing touristic values of the area. In some cases, 
the macroalgae are used as fertiliser on local farmland or as substrate for biogas 
production in pilot projects.

• In Skåne County, special permits for macroalgae collection concerned exemp-
tions to driving with machines on the beaches, exemptions from rules in natural 
reserves and from the protection of the right to use beaches. There is a demand 
to put some of the collected macroalgae back on the beach after the summer 
season. The reasons for this decision are that a lot of sand is removed, that the 
beach cast prevents erosion, and that the beach cast in itself is important for 
the flora and fauna. If the beach cast is considered as waste there is an addi-
tional problem, because then it has to be handled in a proper manner accord-
ing to the waste legislation.

• Trelleborg municipality has a temporary permission to use 100 tonnes of mac-
roalgae for biogas production.

• In Kalmar County (including Öland), beach cleaning in small scale is performed 
on several places. No permission has been issued since the County has judged 
it unnecessary according to the legislation in force).2 •

regional 
case
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swoT Analysis 

sTrengThs weaknesses

• Attractive solution to combat eutrophication 
locally

• Several utilisation areas (e.g. energy, fertiliser, 
high-value products), particularly for culti-
vated algae, which is of higher quality

• Contributes to Baltic Sea Region political goals 
(e.g. production of renewable energy, combat-
ing eutrophication, decreased co2 emissions)

• Potential high cadmium content in Baltic macro-
algae limits its utilisation potential as fertiliser 

• Essential gaps in the knowledge on the envi-
ronmental impacts (e.g. links between ecosys-
tems, effects on the food chain)

• Lack of experience/knowledge on commercial 
implementation, as few to no commercial op-
erations are in place in the region

• Economic efficiency is hardly known at the 
moment 

• Lack of Baltic traditions in the use of the macro-
algae

• Socioeconomic benefits difficult to valuate

opporTuniTies ThreaTs

• Growing demand for energy from alternative 
sources 

• Growing prices for traditional energy carriers
• eu support in the form of energy and climate 

change policies, eu Blue Growth initiative un-
der Integrated Maritime Policy and structural 
funds 

• Growing developments in high-technology 
and the bioenergy production

• Global drive towards sustainable development
• Growing support for decentralised network 

economy

• Worsening of Baltic hydro-meteorological con-
ditions due to climate change

• Lack of financial support due to the actual eco-
nomic and financial crisis

• Lack of political support at national level in 
the form e.g. of national energy policies en-
suring stable level of energy prices from re-
newable sources

• Present legislation potentially hampering both 
macroalgae harvesting and cultivation

• Fluctuating market prices may have an impact 
on production of renewable energy

general  
swoT
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sTrengThs weaknesses

• A common Baltic Sea Region, local, renewable 
and natural resources 

• Some experience is already available from a 
few pilot projects currently undertaken in the 
region

• Contribution to the improvement of Baltic Sea 
ecosystem conditions

• Several indirect socioeconomic benefits (higher 
recreational values, increased house prices, in-
creased tourism, work opportunities, use of lo-
cal resources)

• Information on resource potential hardly 
available

• Unpredictable supply, as dependant on fluc-
tuating environmental conditions

• Limited beach cast utilisation potential due to 
its non-homogenous composition (i.e. cannot 
be used for some high-value products)

• Insufficient technical solutions for the most 
environmentally friendly and cost-effective 
techniques

opporTuniTies ThreaTs
• Public support for beach cleaning already in 

place
• Growing Baltic Sea Region tourism industry

• Potentially increasing nature protection re-
quirements (natura 2000 habitats)

sTrengThs weaknesses

• Can improve local biodiversity and enhance 
coastal protection

• For some species, cultivation may not require 
expensive technology

• Combination with offshore wind farms po-
tentially possible, thus avoiding future spa-
tial conflicts

• Does not compete with arable land for food 
production

• Technology development at low level in the 
region (propagation techniques, cultivation 
constructions, harvesting techniques)

• Low growth rates of marine species in sub-
optimal Baltic conditions

• Potentially strong spatial conflicts with other 
uses in the coastal areas

opporTuniTies ThreaTs

• Growing demand for high-valued macroalgae 
products used for e.g. human consumption, 
cosmetics and biotechnology

• Growing demand for Baltic Sea Region branded 
products

• Development of offshore wind energy offering 
possibilities for combined installations

macroalgae 
harvesTing

macroalgae 
culTivaTion



Knowledge Gaps
There are already projects in the Baltic Sea Region 
that treat beach-cast and free-floating macroalgae 
as resources instead of “waste”, with biogas produc-
tion as the most common use. Nevertheless, there 
are still knowledge gaps that need to be fulfilled to 
determine if the activity should be promoted or not.

Macroalgae cultivation, on the other hand, is 
entirely in its initial phase in the Baltic Sea. Only 
with macroalgae farms will enough of the knowl-
edge gaps be filled to make realistic scenarios 
whether macroalgae cultivation is possible in the 
near future. 

Knowledge gaps for in both these fields of activ-
ity include:
• The resource potential: for beach-cast and 

free-floating algae collection, assessments of 
biomass, density and annual production rates of 
stocks of attached living macroalgae should be 
made to support the derivation of sustainable 
quantities of beach-cast and free-floating algal 
mats that can be harvested; for algae cultivation, 
suitable species and their growth in Baltic Sea 
cultivations should be analysed.

• Technical development: cost-effective collec-
tion techniques for beach-cast or free-floating 
algae, cultivation techniques targeted for Baltic 
Sea conditions, optimisation of biogas yields, 
purification of heavy metals in digestate, other 
potential marketable uses.

• Environmental effects: effects of both beach-
cast and free-floating macroalgae harvesting 
as well as macroalgae cultivation on ecological 
interactions, food chain dynamics, community 
structures of fragile food webs and on the provi-
sion of ecosystem services; for macroalgae culti-
vation it is also important to better understand 
the biophysical thresholds for benthic commu-
nities beneath farm sites.

• Socioeconomic studies on costs and benefits 
of macroalgae harvesting and cultivation

Conclusions
Even if there are still knowledge gaps and space 
for technical improvements regarding the removal 
of beach-cast and free-floating macroalgae, there 
is also the potential for a sustainable use of the 
biomass for biogas production. If the collection is 
made with caution, the environmental advantages 
appear to outweigh the disadvantages. Many local 
governments that have problems with beach cast 
already spend money on beach cleaning and by 
using the “waste” in an innovative way, they can also 
contribute to a better environment and to improv-
ing coastal economies.

In the case of macroalgae cultivation, it is such 
a new and innovative business in the Baltic Sea 
Region, that knowledge and expertise are very 
limited. The biggest challenge will probably be 
to find suitable macroalgae species for cultiva-
tion in brackish waters, depending on what they 
will be used for. Functional cultivation techniques 
must then be developed for these specific species. 
But given all the environmental benefits it could 
potentially bring, there are strong indications that 
this could be a sustainable industry in the future. 
Holistic sustainability assessments are one way 
of integrating nature-society systems into a single 
evaluation. By conducting such assessment early 
in a process, the results can provide important 
information for decision-makers to judge if mac-
roalgae cultivation projects should be promoted 
or not.

The largest obstacle to promoting macroalgae 
collection or implementing large-scale macroalgae 
cultivations may be to show the profitability for indi-
vidual investors. From the rough economic overview 
it can be concluded that direct profits in monetary 
terms are relatively low, but this is also the case for 
other biomasses used for biogas production. There-
fore the value in providing ecosystem services needs 
to be included in strategic analyses. To encourage 
private investors in such ventures, there will be a 
need to make a business case which includes the 
value in providing ecosystem services (e.g. nutrient 
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