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Content of the project

Basics of algae
• Algae species for

energy production
• Productivity rates
• Environmental

conditions

Production
• Cultivation methods
• Harvesting

technologies
• Processing

technologies

Conversion

• Biochemical
• Thermochemical
• Mechanical/

chemical

R&D Demand

Conclusions &

Perspectives

Assessment
• Technical
• Economic
• Environmental
• Energy economic

Scenarios (2020/2050) 
• Identification of

algal-based energy
pathways

• Possible role in the
Austrian energy
system

Funded by:
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Intended results

Identification of promising technologies for algae
production (cultivation, harvesting, processing, 
conversion technologies)
Determination of potential role of algae in Austria‘s
energy system with scenarios for 2020 and 2050
Determination of potential of algae to reduce
greenhouse gas emissions and substitute fossil energy
Estimation of the future potential of algae to contribute
to Austrian energy and climate targets
Consideration of the possibility of CO2-sequestration
Identification of R&D topics
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Project  – key data
Project partners:

Program: 
3rd call „Neue Energien 2020“

Financing partner:

Project duration: 
18 month (May 2010 – October 2011)
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Overview –
Pathways biorefinery

Cultivation and harvesting

Processing

Intermediates

Conversion

Bioenergy Biomaterials

Microalgae

Transport?

CO2, H2O,
nutrients

Distribution
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Algae species for energy
production

Numerous algae species
Focus on microalgae
No consideration of
macroalgae

Selection of algae species
for specified applications
Criteria e.g.
Productivity
Environmental conditions
Resistance
Harvesting possibilities

Source: http://www.aquaportail.com/definition-4952-chlorelle.html
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Cultivation methods
Inputs: water, CO2, nutrients, “thermal comfort”

(heating, cooling)

Open ponds
Photobioreactors
Fermenter
Hybrid systems
Integrated systems

Source: U.S. DOE 2010. National Algal Biofuels Technology Roadmap. U.S. Department of Energy, 
Office of Energy Efficiency and Renewable Energy, Biomass Program
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Production, harvesting and 
processing: selection for Austria

Microalgae

Production Harvesting Processing

Open pond

Photobioreactor

Fermenter

Hybridsystems
(Open pond +
Photobioreactor)

Integrated bio-
fixation systems
(waste water treatment)

Flocculation-
Flotation

Flocculation-
Sedimentation

Centrifugation

Filtration

Ultrasonic
aggregation

Thermal drying

Oil extraction

Mechanical starch
extraction

Thermal starch
extraction
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Conversion technologies:
Selection for Austria

Microalgae

Biochemical
conversion

Thermochemical
conversion

Mechanical/chemical
conversion

Ethanol 
fermentation

Methane
fermentation

Combustion

Gasification

Pyrolysis

Refinery processes

Hydrothermal
processes

Esterification

Bioenergy
Bioethanol
Biogas/Biomethane
Hydrogen
Electricity
Heat

Bioenergy
Electricity
Heat
FT-Biofuels
Fuels from refinery
and hydrothermal
processes

Bioenergy

Biodiesel

Biomaterials

Materials
Chemicals
Fertilizer
Feed
Food
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4 groups of algae species

High-yield microalgae

Oleaginous microalgae

Starchy microalgae

Waste water grown algae



15

Groups of algal-based pathways
biorefinery

4a: Methane fermentation
4b: Hydrothermal processes

Waste water grown algae4

3a: Methane fermentation
3b: Hydrothermal processes

High-yield microalgae3

2: Ethanol fermentationStarchy microalgae2

1a: Esterification
1b: Refinery processes

Oleaginous microalgae1

Short termAlgal groupNr.
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Identified algal-based pathway
groups for Austria

Hydrothermal
processes

Oleaginous
microalgae

Cultivation and harvesting

Starchy
microalgae

High-yield
microalgae

Waste water
grown algae

Biodiesel

BiogasOil

Esterification

Methane fermentation

CombustionUpgrading

Biomethane

Electricity
and heat

Hydrogenated
biodiesel

Refinery processes

Bioethanol

Starch

Ethanol fermentation

Processing

Electricity
and heat

„Advanced
Fuels“

Schema without
Biomaterials

1a

2 3 4

1b

2

3a, 4a 3b, 4b

1

CO2, H2O,
nutrients
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Algal-based pathway group 1a
Oleaginous
microalgae

Cultivation and harvesting

Biodiesel

BiogasOil

Esterification

Methane fermentation

CombustionUpgrading

Biomethane

Electricity
and heat

Processing

Electricity
and heat

1a

1

Glycerin FeedFertilizer

CO2, H2O,
nutrients
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Oleaginous
microalgae

Cultivation and harvesting

BiogasOil

Methane fermentation

CombustionUpgrading

Biomethane

Electricity
and heat

Processing

Electricity
and heat

1

Hydrogenated
biodiesel

Refinery processes

1b

Algal-based pathway group 1b

CO2, H2O,
nutrients

FeedFertilizer
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Algal-based pathway group 2

Cultivation and harvesting

Starchy
microalgae

Biogas

Methane fermentation

CombustionUpgrading

Biomethane

Electricity
and heat

Bioethanol

Starch

Ethanol fermentation

Processing

Electricity
and heat

2

2

CO2, H2O,
nutrients

Fertilizer
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Algal-based pathway group
3a and 4a

Cultivation and harvesting

High-yield
microalgae

Waste water
grown algae

Biogas

Methane fermentation

CombustionUpgrading

Biomethane

Electricity
and heat

Processing

Electricity
and heat

3 4

3a, 4a

CO2, H2O,
nutrients

Fertilizer
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Algal-based pathway group
3b and 4b

Hydrothermal
processes

Cultivation and harvesting

High-yield
microalgae

Waste water
grown algae

„Advanced
Fuels“

3 4

3b, 4b

CO2, H2O,
nutrients

Fertilizer
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Identified algal-based pathway
groups for Austria

Hydrothermal
processes

Oleaginous
microalgae
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Starchy
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High-yield
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Waste water
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First project results
mainly photobioreactors are relevant for Austria
optimal and efficient use of algae: biorefinery for bioenergy and 
biomaterials
long way to commercialisation
key motivation for current R&D-activities: biodiesel from algae
algae not suitable as fuel for combustion, gasification, pyrolysis
siting: where CO2 is available
R&D demand: cultivation

harvesting
hydrothermal processes

expert workshop on 16th March 2011: agreement on pathway 
selection for Austria
next steps:
assessment: energy balance, average demand, costs, 
environment
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