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ÅMicroalgae functional definition: 

Organisms capable of performing photosynthesis.

These include:

- Prokaryotes (Cyanobacteria & Prochlorobacteria)

- Herbal protists (herbal progenitors)

- Many mixotrophic representatives (auto and heterotrophic)

ÅLife forms:
- Trichomes (multicellular filaments)

- Cocci

- Flagellates

- Colonies (three-dimensional)

Cocci

Flagellates

Trichomes

Colonies

Microalgae: Systematic and diversity



Microalgae culture



ÅAutotrophy

- Energy production by inorganic substrates

(phototroph = by light)

ÅHeterotrophy

- The ability or requirement to synthesize all metabolites

from organic compounds

autotrophic mixotrophic heterotrophic

Microalgae: M etabolism
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Microalgae culture: M etabolism
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Microalgae culture



Microalgae culture: Culture parameters

Culture medium/nutrients

LightpH

Aeration/mixingTemperature



ÅSpecies selection

- Ease of culture in traditional culturing systems

- High productivity

- Important bio compounds

- Fatty acids;

- Pigments;

- Proteins/aminoacids

- High value biomass

Microalgae culture: Species selection

Spirulina

Haematococcus pluvialis

www.uni-goettingen.de

Chlorella



Microalgae culture: C ultivation systems



ÅOpen systems

- exposed to the atmosphere / direct exchange 

between culture and environment

Microalgae culture: Cultivation systems
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ÅClosed systems

- largely limited exchange between culture and 

environment

Microalgae culture: Cultivation systems
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ÅBatch- and Semi-

batch cultures

ÅContinuous cultures

Microalgae culture: Cultivation systems



Burma: harvest with buckets from the lake and linen bags

Open systems: natural water bodies

Microalgae culture: Cultivation systems



ÅLow cell densities lead to large amounts of culture

ÅFrequently extremophilic species

Dunaliella salina - high salinity

Spirulina - alkaline medium

Chlorella - high nutrient concentration

ÅSimple and cost-effective method

Open systems: open pond or raceway pond

Microalgae culture: Cultivation systems



Microalgae culture: Cultivation systems



ÅCircumvented from the atmosphere

(Gas exchange prevented - technical supply of gases)

Tubular systems

Flat-panel systems

Plastic bag systems

etc.

Fermentors

Optimization on photosynthesis performance

Closed systems: Photobioreactors or fermentors

Microalgae culture: Cultivation systems



Tubular systems / PBRs

Microalgae culture: Cultivation systems





Flat-panel systems / PBRs 

Microalgae culture: Cultivation systems



Plastic bag systems / PBRs 

Microalgae culture: Cultivation systems



Microalgae culture: Cultivation systems
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Microalgae culture: Cultivation systems



Culture system Europe World**

Heterotrophic 4 7

Phototrophic

- lakes 1 (+2)*** 9

- ponds (open ponds and raceway) 13 41

Closed photobioreaktors 10 9

Total 28 66

Failed attempts (for 20 years) 20 64

** excl. Europe;  *** Production abroad in European possession

Used culturing systems in global ** and European microalgae companies
from Vieira & Pulz, not publ., from Pulz, 2007.

Microalgae culture: S tatus quo



from Vigani et al. 2015

Microalgae culture: S tatus quo
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Microalgae culture: U tilization



- mostly ñhigh valueò products

- isolated products: dyes, fatty acids for the 

pharmaceutical industry, cosmetics, etc.

- energy extraction

- biomass: food and feed for animals -

Aquaculture

ÅProducts and visions

Microalgae culture: U tilization



Microalgae culture: P roducts



Microalgae culture: P roducts



Microalgae culture: P roducts



Microalgae culture: P roducts



Dunaliella salina - Accumulation of 

carotenoids under stress (orange 

and red pigments)

Haematococcus pluvialisïred 

colorant

Astaxanthin

Microalgae culture: Isolated p roducts

www.uni-

goettingen.de

Chlorella

Chlorella ïyellow colorant

Lutein



Microalgae culture: Isolated p roducts

Development of a nutritive and neuroprotective

algae combination - the RecAl project

:AWI, University of Bremen, MIAL & CRM



Microalgae culture: Isolated p roducts

RecAl

ÅAlgae properties

ÅHealth promoting effects of specific ingredients e.g.

essential aa, PUFAôs,vitamins and minerals

ÅSubstances suitable for a preventive or therapeutic

application against neurodegeneration.

ÅProject aims

ÅDevelop a formulated, high-quality food supplement

(algae extract) from different algae with special

emphasis on the neuroprotective effects.



Processes Final product

Extraction and Transesterfication Biodiesel

Fermentation Ethanol

Anaerobic digestion Methan

Gasification Hydrogen, Syn gas

Drying Powder

Possibilities of energy production

Microalgae culture: E nergy extraction



Quelle RWE

Start: 

6.11.08 in Niederaussem

Objective: 

- Investigation of options for flue gas utilization

- Optimization of the complete process chain ï

from algae production to the final product using 

waste heat on flocculated algae to produce dried 

algae for chemical conversion.

Partners:

Phytolutions

RWE

Jacobs-University, Bremen,

1000 m2 photobioreactor installation

Phase 1: in house

Phase 2 (2011): outdoor

Microalgae culture: Energy extraction



Microalgae culture: E nergy extraction project



Microalgae culture: Energy extraction ðProject ALLGAS



10% reduction in wild fish catch until 2050!

2 M additional ton per year of aquaculture production

until 2050; ca. 50% are fed species!

Microalgae culture : A quaculture



ÅFish oil and fishmeal are essential ingredients of

aquaculture feed

ÅWorldwide production of fishmeal and fish oil is

stagnating, however...!

Microalgae culture: for fish oil and/or meal replacement



Åéprices for fishmeal and fish oil are increasing!

ÅPrices for alternative protein and lipid sources are also 

increasing!

Microalgae culture: for fish oil and/or meal replacement



The importance of aquaculture

Å2050 an additional 80 M tons of fish and seafood

is required, approx. 50% are fed species!

ÅQuestion: what should we feed?

ÅPossible alternativesé

ÅVegetable commodities like soya and lupins

ÅByproducts from fish processing and animal

production (e.g. heads, frames, viscera, feather and 

skin)

ÅInsects (e.g. larvae black soldier fly)

ÅMicroalgae???

Microalgae culture : A quaculture



Microalgae culture : A quaculture

ÅGood composition of amino acids and fatty acids

ÅStrengthening of the immune system

ÅImprovement of fat metabolism

ÅAntiviral and antibacterial properties, improves intestinal

function

ÅIncrease of the stress resistance

ÅSupply of vitamins, minerals and other bioactive

substances

Microalgae properties of interest for aquaculture



ÅReplacement of fish oil and/or meal

ÅFeeding of filter-feeder organisms (e.g. mussels)

ÅLarval rearing (culture and enrichment of rotatoria,

artemia)

ÅDuring development stages of shrimp (addition on reaching

the Protozoea stage, during the Mysis stages, change to carnivorous

lifestyle)

ÅIntegrated Aquaculture (e.g. Aquaponic systems)

ÅAs feed additive / supplement

Microalgae culture : A quaculture

Uses of microalgae in aquaculture



Application form Concentrate/Paste Powder Extract

live spray dried water extract

cooled drum dried solution

frozen freeze dried supercritical extraction

Current aquaculture feed Nursery Broodstock Premix feed

green water special feed pigments and omega 3

crustacean feed Premix feed (Astaxanthin, DHA/DPA)

rotifers feed

Research grow-out grow-out

fishmeal and fish oil substitutepigments and omega 3

 (Astaxanthin, DHA/DPA)

Tab.: Application of microalgae in aquaculture 

Microalgae culture : A quaculture



ÅCommercial application of microalgae mainly in 

niche markets such as larval and broodstock

feed so far!

ÅReason: Prices for microalgae biomass still so far 

away from prices of alternative commodities like 

soya

ÅBUT!!

ÅAll major aquaculture feed manufacturers are investing 

in research to replace fishmeal and fish oil with 

microalgae!

Microalgae culture: for fish oil and/or meal replacement



Microalgae culture: for fish oil and/or meal replacement



https://www.veramaris.com

Microalgae culture: for fish oil and/or meal replacement


