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Criteria for species selection in DK

-High in added value products

-High growth rate

-Low cultivation costs/manpower

-Soil enrichment and energy potential are low in priority, 

however possible in the waste of all species



Biomass…….Harvest or cultivation





Substrate and salinity

• Number of species

• Specimen size

DHI- The water Forecast



Water 

(fresh or seawater)

Light

CO2

Nutrients

Mixing/water movement

Requirements End product

O2

Biomass



Cultivation methods: 
Biomass growth: microalgae or thallus

Closed photobioreactors

AquaCare

Flat Panel Airlift Reactor in Stuttgart, Germany (Subitec)



Cross section of different kinds of tanks used to cultivate seaweeds. The circulation of

the algae is given by air bubbling, or by paddlewheels as depicted in the sketch at the

right (Oliveira and Alveal 1990).

Cultivation methods: 
Biomass growth: microalgae or thallus

Open pond systems

Open-pond Test Facility at  Ashkelon (Seambiotic)



Pigments from algae
Astaxanthin – 8000 US$/kg

Haematococcus sp.

http://www.themagicisbac.com/bac-files/haematococcus.jpg

http://algae4oil.com/_borders/clip_image001_000.jpg

http://www.edwardtufte.com/bboard/images/0000c7-699.jpg
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Cultivation methods: 
Biomass growth: thallus/seaweed

Field cultivation

Seaweed production in Indonesia:Kappaphycus alverezii produced to utilize carrageenan. left: Close-up of K. Alverezii tied onto
ropes. Right centre: Seaweed on ropes at low tide. Right: The seaweed farmers harvest seaweed from the ropes at low tide.



Cultivation methods: 
Biomass growth: Thallus->Spores->germination

Field cultivation or the other methods

Less man power and inoculum biomass

(a) Spores from Palmaria palmata settled on vinylon string (2 mm in diam), (b) spores germinated in 3 weeks in nursery tanks

with added nutrient and aeration and transferred to the field at this stage, (c) harvestable thalli after 4 months of field cultivation

(a-c seeded and cultivated by Maeve Edwards). (d-e) Seeded string with Alaria esculenta coiled around culture rope and

(f) Alaria afer approximately 120 days culture at sea (Arbona and Molla 2006).



Cultivation design

(2) System designs for Laminaria culture tested within the area of Helgoland farm. (A) Longline construction with perpendicular culture unit.

(B) Ladder construction, with culture lines knotted between the “steps”. (C) Grid design with rectangular culture units.

(3) The successful patended ring design for the culture of Laminaria at offshore locations. The major elements of the system design are magnified:

(A) central guide ring with attached carrier rope and culture line, (B) the transition between central steel cable of the mooring and that of the lower

crow’s foot, (C) metal cuffs, to which the crow’s feet and the carrier ropes are attached (Buck and Buchholz 2004; Buck and Buchholz 2005).



Cultivation methods: 
Biomass growth: Cell, callus or protoplast method
These methods are often used in order to retrieve morphological and genetically similar 

cultures of macroalgae or to reduce contaminants.

Single cells 

enzymes

protoplast

http://www.acadianseaplants.com/contact.html


Cultivation methods: 
Biomass growth: Cell, callus or protoplast method
These methods are often used in order to retrieve morphological and genetically similar 

cultures of macroalgae or to reduce contaminants.

Callus: undifferentiated cell filaments grow away

from the cut face of a thallus explant and these

shoot tissues are regenerated into microplantlets

(Rorrer and Cheney, 2004)

Stirred tank

Bubble coloumn



Yield of microalgae?

Production of microalgae on about 30 g/m2/d
40 % lipid- or oil content
12 g lipids/m2/d

 to produce 1 liter lipid/day a 83 m2 tank is needed

The oil demand is:

Australia: 796,500 barrels oil/d
North America: 19,6*106 barrels oil/day

To produce 1 % of Australias daily need will need
an area of 10.500 ha….. land

Future at Solix, http://jellyfishcoolman.

files.wordpress.com/2009/09/solix_

bioreactor2.jpg

Example of area demand for oil production

http://jellyfishcoolman/


Sustainable Energy Ireland, 2009

Seaweed yield



Visual pollution
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Annual yield per hectare

Schematic of integrated multitrophic aquaculture

(IMTA) with fish, mussels and macroalgae (seaweed)

to reduce nutrient wastes from intensive aquaculture

operations (reference in Troell and Norberg 1998).

Reduce N-waste of fish farms with 10 %:
Musholm Lax: 3,000 t fish: 25 ha 
Agersø Havbrug: 260 t fish: 3 ha seaweed



Landbased (tanks) and bioreactors

• Controlled 

– light 

– nutrients

– flow

– fouling

• Safe

• Harvest!

• Expensive (energy, nutrients) 

• Maintenance (man power)

Off-shore (lines/floating)

• No control on growth 
parameters

• Higher risk

• Cheaper

• No use of agricultural land

• Visual pollution

Macro and microalgal cultivation



Micro Macro
Polysaccharides Low (4-60 %) High (15 to 75 %)

Lipids High (up to 40 %) Low (max 4 %)

Proteins Similar (6-60 %) Similar (5-50 %)

Pigments Similar/but
different types

Similar/but 
different types

Phenolics 
(flavonoids)

Similar (up to 16 %) Similar (up to 14 % 
in brown sp.)

Phenolics/flavonoids/phlorotannins

Pigments alginatefish feed (omega-3 and protein)

Choice of algae species depends on products



Tetraselmis striata

Tetraselmis chui

Total lipids of 9-22 % of dw

Nanochloropsis oculata

Total lipids of 18-32 % of dw

Dunaliella sp.

Haematococcus sp.

Astaxanthin

Omega 3/ PUFA (EPA, DHA) or pigments
Aquaculture feed

http://protist.i.hosei.ac.jp/pdb/images/Chlorophyta/Tetraselmis/index.html

www.algaedepot.com

www.dunaliella.org

http://cid-12da36d60f963106.spaces.live.com/blog/

http://protist.i.hosei.ac.jp/pdb/images/Chlorophyta/Tetraselmis/sp_1.jpg
http://protist.i.hosei.ac.jp/pdb/images/Chlorophyta/Tetraselmis/index.html
http://www.algaedepot.com/
http://www.amazon.com/gp/product/images/1578085454/ref=dp_image_0?ie=UTF8&n=283155&s=books
http://www.dunaliella.org/dunaliella-purple.gif
http://www.dunaliella.org/
http://cid-12da36d60f963106.spaces.live.com/blog/
http://cid-12da36d60f963106.spaces.live.com/blog/
http://cid-12da36d60f963106.spaces.live.com/blog/


Macroalgae
Saccharina latissima

polyphenols (antioxidants)

Laminaran

Mannitol

Pigments

Laminaria digitata

polyphenols (antioxidants)

Laminaran

Mannitol

Pigments

http://ucjeps.berkeley.edu/guide/green31.html

Ulva sp.

Enteromorpha sp.

High growth rate (>0.15/d)

ulvan



Holdt SL and Kraan S (2010)

Bioactive compounds in seaweed; functional food applications and legislation 

(DOI: 10.1007/s10811-010-9632-5 )



Boston architects Howeler + Yoon and Los Angeles digital designers Squared Design Lab have designed a conceptual structure for Boston, 
where an unfinished building would be covered in modular pods growing algae for biofuel. The pods would be continuously rearranged by
robotic arms (powered by the micro-algae produced) to ensure the optimum growing conditions for alage in each pod. The designers intend
to use the structure, called Eco-pods, to inform the public about the potential of micro-algae, a bio-fuel that can be grown vertically.
The pods could also house research projects.
The designers hope that the temporary nature of the structure would lead to many being placed around Boston, installed on
suspended construction sites and areas particularly hit by the recession. www.raddblog.wordpress.com/category/economy/page/4/

http://www.dezeen.com/2009/10/02/eco-pods-by-howeler-yoon-architectureand-squared-design-lab/http://www.dezeen.com/2009/10/02/eco-pods-by-howeler-yoon-architectureand-squared-design-lab/
http://www.hyarchitecture.com/
http://www.squareddesignlab.com/
http://raddblog.wordpress.com/category/economy/page/4/
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Seaweed network in Denmark
177 members from industry, universities,

restaurants, organizaions, and persons that

work with or have interest in seaweed

The network started in winter 2008

4 meetings and 4 newsletters

Some fundings from LMC: 

Levnedsmiddelcentret

Interested go to

www.akvakultur.dk

email

susan@akvakultur.dk

http://www.akvakultur.dk/
mailto:susan@akvakultur.dk

