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Estonian University of Life Sciences

• EMÜ - Leading institution in Estonia  -  biosciences, 

agriculture, forestry, and environmental sustainability.

• EMÜ ranks #54 in QS WUR Ranking By Subject 2024 in the 

field of “Agriculture and Forestry”. 

• EMÜ’s mission aligns with Estonia's national strategy for 

sustainability and development of a bioeconomy.

• EMÜ focus - solving global challenges - research in 

renewable resources, biorefinery systems, and agriculture.
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Chair of Biosystems Engineering (BSE): Research areas
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Conventional lignocellulosic biorefineries

Forestry, agricultural, and associated 

industrial waste

Biorefinery

Cellulose and hemicellulose

Lignin

Fuels, chemicals, and materials

Heating and energy

Virgin lignocellulosic biomass

Heating
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Lignocellulosic biorefineries from waste biomass

Forestry, agricultural, and 

associated industrial waste

Biorefinery Cellulose and hemicellulose

Lignin

Fuels, chemicals, and materials

Heating and energy
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Group focus: Complete waste biomass valorization
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Biorefinery technology platform

Lignocellulosic biomass

Thermochemical 

pretreatment 

platform @ BSE

Ionosolv N2 explosive decompressionGasification Pyrolysis Torrefaction

Lignin C5 SugarsC6 Sugars

Syngas Biodiesel Biogas
Ethanol/

Butanol

Bio-

materials

Platform 

chemicals

Specialty 

chemicals
Pharma

Food and 

feed

Biotechnological 

& chemical 

valorization 

platform @ BSE

Chemical reaction Bacterial, yeast and fungal fermentation Microalgal fermentation
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Torrefaction

(Thermochemical pretreatment platform)

Torrefaction reactor 

(Image: Cahyanti et al., 2021)

Selective 

hemicellulose 

removal

Low inhibitor 

concentration

Low grinding 

energy 

requirement
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Biomass torrefaction product distribution

Lignocellulosic biomass 

(Wood industry 

wastes/pulp)

Torrefaction
200 ℃-300 ℃; Inert

Torrefaction 

Condensate 

(Condensable gases)

Process heat 

recovery
Torrefied biomass
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Water (50%-80%)

Acetic acid (5%-8%)

Formic acid – (1%-2%)

Propionic acid 

Lactic acid    

Formaldehyde 

Acetaldehyde 

Furfural 

5-Hydroxymethylfurfural 

Methanol 

Raw aspen biomass and aspen 

biomass torrefied at 225 °C – 300 °C 



Biomass torrefaction product distribution

Lignocellulosic biomass 

(Wood industry 

wastes/pulp)

Torrefaction
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recovery
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Yield: 50 – 80 wt.%

Heating value: 19 – 24 MJ/kg

Yield: 20 – 50 wt.%

Heating value: 15 – 25 MJ/kg

Patents and publications



Advanced application of torrefaction products
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Biosurfactant production
Wood industry wastes

Torrefaction
200 ℃-300 ℃; Inert

Torrefaction 

Condensate 

(Condensable gases)

Process heat 

recovery
Torrefied biomass

Crude rhamnolipid emulsions 

Algal exopolysaccharide 

(0.439 g/L dry wt.)
Algal cultivation using condensate

Separation & 

purification

Microbial submerged 

fermentation



Advanced application of torrefaction products
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Patents and publications



Nitrogen explosive decompression (NED)

NED reactor

(Image: Sjulander and Kikas, 2022)

N2 explosive decompression pretreatment of 

biomass
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Nitrogen explosive decompression (NED)

NED reactor
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N2 explosive decompression 
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Patents and publications



Ionic liquid based biorefinery approaches – 

Value-added products from lignin
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Ionic liquid based biorefinery approaches – 

Value-added products from lignin

IL 

Recycle
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Ionic liquid based biorefinery approaches – 

Value-added products from lignin

Lignin based plastic Lignin based resin Lignin based value-added 

products

Monomers and 

oligomers 
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Ionic liquid based biorefinery approaches – 

Value-added products from lignin

Publications
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CO
2
 sequestration using microalgae 

for value-added products

CO2 absorbing algal biomass to fish feed

Industrial flue gas

Fish feed

Rainbow trout

Nutrient & Toxicity 

analysis of collected 

algal biomass

Algal bioreactor for

mass production
Nutrient content & 

Safe level

Toxicity analysis

Safe level for human 

consumption
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Enhanced Vitamin D3 production from microalgae

Industrial flue gas

(carbon source)

Nutrient & Toxicity 

analysis of collected 

algal biomass

Algal bioreactor for

mass production

Purification of 

Vitamin D3 from 

algal biomass

Nutrient analysis

Safe level for human 

consumption

Stress induced microalgae 

for vitamin D3 production

Stress induction 

using UV B 

exposure

UV B light source

Vitamin D3

CO
2
 sequestration using microalgae 

for value-added products
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