
2.0 Processing techniques of marine and algae 
products in the context of sustainability

2.1 Integration of sustainability in 
processing of aquaculture products



Main objective

Learn innovative processing techniques of algal biomass and products and 
understand their ecological background

Learning outcomes

Understand relevant sustainability aspects when processing algal biomass and 
products
Describe processing techniques that emphasize sustainable approaches
Learn best practice examples of the described techniques



Agenda

Algae processing

Processing techniques

• Algae drying

• Biorefineries

• Algae fermentation

• Hydrothermal Liquefaction for microalgae

• Ultrasound-assisted extraction

• Algae-based packaging material

Group exercise – “Company factsheets”



Cultivation

• Harvesting (macro algae)

• Photobioreactors

• Open ponds

• Semi Open ponds

• Land-based or sea-based Aquaculture

• IMTA

Harvesting
• Microalgae (flocculation, centrifugation, 

filtration, sedimentation

• Macroalgae (manual or mechanical, rinsing)

Dewatering & 
Drying

• Centrifugation or pressing

• Different drying techniques

Further 
procedures 

depending on  
end use

• Cell disruption (e.g. PEF, UAE, etc.)

• Extraction of valuable compounds

• Purification and refining

Algae processing

https://freshbydesign.com.au/aquaponic-aquaculture-products/algae-
systems/varicon-aqua-algal-photobioreactors-2/

https://www.aquaculturescience.org/browse-by-
species/seaweed/



Sustainable processing techniques of algae

Algae Drying:
• Preservation of biomass and active 

ingredients.
• Usage of renewable energy simple and cost 

effective

Biorefinery processes:
• High-tech facilities to produce value-added 

chemical compounds or energy.
• Transformation of biomass, increasing 

resource utilization.

Fermentation:
• Converts algae biomass using microbial 

activity.
• Process also produces renewable energy, 

waste biomass valorization possible.

Hydrothermal Liquefaction:

• Converts wet biomass to bio-crude oil.

• No drying needed, reduces energy consumption, 
lowers emissions.

Ultrasound-Assisted Extraction:

• Uses ultrasonic waves for compound extraction.

• Reduces chemical solvents, lowers energy use.

Algae-Polymer Blending:

• Uses algae and other bio-resources to create 
fossil-free plastics.

• Reduced emissions in comparison to 
conventional plastics. 



Algae drying



Algae drying process

Preserve quality of algae with suitable 
methods

Due to less water content:

• Higher stability and longer shelf life 
(easier transport and storage)

• Higher stability and preservation of 
bioactive compounds

Dried microalgae allow further 
processing into powders, extracts or 
other formulations for use in food, 
cosmetics or biotechnological activities

(Hernández et al., 2024)



Different drying techniques

(Hernández et al., 2024)



Microwave-assisted drying – Sevilla, Spain

Idener Research & Development AIE

Combination with with vacuum
(microalgae) and adsorption drying
(macroalgae)

In the video on the left
microalgae drying is shown.

System
Processed 
species

Video

Chlorella 
vulgaris

Schizochytrium
S31

Microwave
-assisted 

drying

K e y  f a c t s

A black text on a white background

AI-generated content may be incorrect.

Left: microwave oven for microalgae drying
Right: microwave oven for macroalgae drying
Idener.ai

https://youtu.be/8MKAXrykydQ


Why microwave-assisted drying?

Acceleration of the dehydration procedure (shorter drying duration)

Reduction of heat exposure

Uniform and volumetric heating 

No use of chemicals or additional substances

Conservation of bioactive compounds

Maintaining nutritional value

Enhancing lipid extraction efficiency

Energy conservation and increased efficacy compared to other traditional 
techniques

(Hernández et al., 2024)



Biorefinery processes



Algae Biorefineries

Sustainable transformation of biomass into biofuels or energy along with high-
value co-products, minimising waste and increasing revenue

Algae is processed through:

• Harvesting and drying (centrifuge, sedimentation, 
flocculation, etc.)

• Extraction (solid shear, bead milling, cavitation 
and collapse, pulse electric field, 
chemical hydrolysis, etc.)

• Conversion (gasification, pyrolysis, thermal liquefaction,
anaerobic digestion, alcoholic fermentation, transesterification, etc.

Allen et al. (2018)



Example: Biorefinery Extraction - Pulse Electric Field (PEF)

Wet microalgae biomass is exposed to short bursts of high-voltage electric fields, 
creating pores in the cell membranes. This enhances the release of intracellular 
products such as proteins, pigments, and carbohydrates, without extensive cell debris or 
thermal degradation.

PEF is clean and energy efficient (little heating, no need for drying or solvents). 

PEF systems are becoming more efficient and cost-effective, scaled-up application is 
expected for the future. 

Carullo et al. (2022)



(Algae) Biorefineries

For now:
Production of biofuels not economically 
viable, extraction of co-products is 
necessary

Regardless which way algae is 
processed, factors such as process 
efficiency or energy input need to be 
weighed carefully.

High-value co-products must be 
generated to improve the economics of 
microalgae biorefineries.

Lange (2022)



Biorefinery processes – Benefits and Challenges

Benefits

Cultivation of seaweed itself 
contributes to a lower total 
environmental impact (CO2 
sequestration)

Reduced strain on fertile and arable 
land and high growth rate

Extraction of a large variety of 
chemical building blocks (fats, 
carbohydrates, proteins, etc.)

Wastewater treatment (suitable for 
non-food products)

Challenges

Intense energy consumption 
(electricity for drying, fermentation, 
hydrolysis)
→ high production cost

Technologically very complex

Market competition (fossil fuels)

Seaweed farms are still dependent on 
fossil fuels for maintenance and 
harvest

Offshore farms are plagued by high 
maintenance costs and demanding 
working conditions 



Algae fermentation



Fermentation – Bacterial-based process to increase nutritional value

Through bacterial-based enzymatic decomposition

• Bacteria grow on algae, which serves as energy and carbon source

Fermentation method → Bioreactor

To improve

→digestibility and nutritional value of algae (Ulvan, laminarin, starch, …)
- protein digestibility → through raised hydrolysis yields
- polysaccharide decomposition → degraded cell-wall
- for human and animals (e.g. fish)

→easier extraction and modification of compounds

… for further use in human nutrition or aquafeeds



Hydrothermal Liquefaction for Microalgae



Hydrothermal Liquefaction for Microalgae I

Hydrothermal Liquefaction (HTL) is a thermochemical process that converts wet 
biomass under high pressure (10 and 25 MPa) and moderate temperature (250°C 
and 375°C).

Algae serves as feedstock for the production of liquid hydrocarbon fuel precursors 
(bio-crude) or gaseous products.

Main sustainability benefits: drying step can be skipped



Hydrothermal Liquefaction for Microalgae II

Co-solvents (such as isopropyl alcohol) or 
catalysts (metal oxides) can increase the 
yield

However, this also alters the emission 
profile of the process

HTL is particularly promising for 
wastewater algae, since food uses are not 
possible with this method

(Sánchez-Bayo et al., 2019)



Ultrasound-Assisted Extraction



Ultrasound-Assisted Extraction overview

Ultrasound-Assisted Extraction (UAE) is a technique that uses ultrasonic waves 
(between 20 kHz and 2 MHz) to disrupt cell walls and enhance the extraction of 
valuable compounds from microalgae.

It improves extraction efficiency and the yield of intracellular products such as 
lipids, proteins, and pigments from microalgae.

Ultrasonic waves generate cavitation bubbles in the solvent, which collapse and 
create localized high-pressure and high-temperature conditions. This disrupts cell 
walls and facilitates the release of intracellular compounds.

Ultrasound can also be applied in cultivation, improving cell growth rate.



Algae based packaging material



Algae based packaging material overview

There are multiple research-groups and companies working on algae and seaweed-based 
packaging materials, such as biodegradable plastic, for more sustainable alternatives.

Advantages
• Reducing environmental impact; lower carbon footprint than fossil sources
• Contingent biodegradability (conventional plastic is not biodegradable)
• Fast-growing resource, growing in sea- and freshwater
• Is inert and algae contain valuable sources of fibers and minerals, which makes it 

attractive for edible packaging

Disadvantages and challenges (problems with processing, costs, ..)
• Higher costs
• Durability; less durable than petroleum-based plastic
• Degradability depends on specific formula → not always home compostable



Macroalgae-based packaging boxes - Bremerhaven, Germany

Alfred Wegner Institute and pulp-tec

Addition of starch and chalk (binding and filling)

Pellets can be used to improve packaging matrix

Moisture content is relevant

Seaweed mixed with pulp

No extraction step required!

Dried Ulva Ground Ulva Finely ground Ulva Ulva pellets Packaging prototype



Group exercise – company factsheets

Find an algae producer (EU or worldwide) online and become familiar 
with the business.

Form groups of 4 to 5 participants.

Together, prepare a short factsheet about the producer. You can answer the following 
questions in your factsheet:
• What algae are used?
• What type of algae cultivation is used?
• What products are produced? 
• What stage is the business in?
• Are there any special claims for sustainability?

Afterwards: One person per group gives a short summary of the factsheet



Time for your presentations!

You could also answer any of these questions:

In your opinion, how could the production
become more sustainable?

Is the business case viable?

Is there anything that you found 
particularly interesting?
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Thank you very much for your attention!

Materials prepared by:
Lisa Meidl

LVA 
lisa.meidl@lva.at 


	Introduction
	Folie 1: 2.0 Processing techniques of marine and algae products in the context of sustainability   2.1 Integration of sustainability in processing of aquaculture products
	Folie 2: Main objective
	Folie 3: Agenda

	Recap
	Folie 4: Algae processing

	Sustainable techniques
	Folie 5: Sustainable processing techniques of algae

	Drying
	Folie 6: Algae drying
	Folie 7: Algae drying process
	Folie 8: Different drying techniques
	Folie 9: Microwave-assisted drying – Sevilla, Spain
	Folie 10: Why microwave-assisted drying?

	Biorefinery
	Folie 11: Biorefinery processes
	Folie 12: Algae Biorefineries
	Folie 13: Example: Biorefinery Extraction - Pulse Electric Field (PEF)
	Folie 14: (Algae) Biorefineries
	Folie 15: Biorefinery processes – Benefits and Challenges

	Fermentation
	Folie 16: Algae fermentation
	Folie 17: Fermentation – Bacterial-based process to increase nutritional value

	Liquefaction
	Folie 18: Hydrothermal Liquefaction for Microalgae
	Folie 19: Hydrothermal Liquefaction for Microalgae I 
	Folie 20: Hydrothermal Liquefaction for Microalgae II 

	Ultrasound Extraction
	Folie 21: Ultrasound-Assisted Extraction
	Folie 22: Ultrasound-Assisted Extraction overview

	Packaging
	Folie 23: Algae based packaging material
	Folie 24: Algae based packaging material overview
	Folie 25: Macroalgae-based packaging boxes - Bremerhaven, Germany

	Group exercise
	Folie 26: Group exercise – company factsheets
	Folie 27: Time for your presentations!

	References
	Folie 28: Literature
	Folie 29: Further reading
	Folie 30: Thank you very much for your attention!        Materials prepared by: Lisa Meidl  LVA  lisa.meidl@lva.at 


