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Biomass and its uses

In most developed countries, governments stimulate the use of

renewable energies and resources with following major goals:

 (i) to secure access to energy,

 (ii) to mitigate climate changes,

 (iii) to develop/maintain agricultural activities and

 (iv) to ensure food safety.

During the last decades of the 20th century, there was an

enormous interest in the production and usage of liquid biofuels

(biodiesel or bioethanol) as promising substitutes for fossil fuels.

Bioethanol is typically produced via microbial fermentation of

fermentable sugars, such as glucose, to ethanol.
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Bottom-up approach:
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An example of bottom-up biorefinery is the wheat and corn starch 

biorefinery that starts as a simple starch factory -Lestrem, France, 

USA (Decatur, Illinois), Austria (Lenzing) and Norway (Sarpsborg).

The new top-down approach is a highly integrated system 

established for the use of various biomass fractions and 

generation of different products for the market (Green Biorefinery

Upper Austria – green grass juice, utilization of N, P, Wautersia

eutropha)

Top-down approach:

a-traditional, b-new products



Sources of bioethanol

In Europe, in 2019 just 4.3% of the total bioethanol produced 

came from nonedible lignocellulosic biomass. In 2019 the 

European renewable ethanol installed production capacity 

was 9.9 Mm3, while the ethanol imports in Europe reached 

1.3 Mm3.

 48.6% of the renewable ethanol produced in Europe was 

from corn

 21.1% wheat

 19.3% sugar

 6.7% cereals, crops, starch

 4.3% lignocellulosic and others
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• The current global economy is based on linear economy, which 

consists on production-consumption-dispose.

• Circular economy would consist on a closed loop of production-

consumption-recovery-production. 

• It is estimated that just 9.1% of current global economy is circular

(2020).



Ethanol production and cost
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In 2019, projected portion of US in 2024: 42%

106 Mm3 –2016

130 Mm3 -2024

Nearly 40% from sugar cane and beet

Nearly 60% from starch-containing

Sugar cane, Brasil – 0.20-0.30 USD/l

Sugar beet, corn, EU, US – 0.30-0.53 USD/l

Wheat, sweet potato, China – 0.28-0.46 USD/l

Simple sugars, India – 0.44 USD/l

Lignocellulose, average – 0.80-1.20 USD/l

Gasoline, refining cost – 0.10-0.18 USD/l (2018)



Raw materials containing sugar

 2/3 of the world sugar production are from sugar cane

 1/3 from sugar beet

 Sugar cane semi-perennial, less agricultural operation

 Molasses: 50-60 % sugar (starch and citrus molasses 40-45%)

 Whey as a by-product in cheesemaking (4.9% lactose)
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Raw materials containing starch

 USA represents 80% of the worldwide starch market (95% of bioethanol

from corn)

 Hydrolysis by amylase, glucoamylase

 Bacillus licheniformis and modified produces amylases

 Max. efficiency 51% by mass, in practice 40-48%

 Microalgae convert CO2 to lipids and sacharides



Raw materials containing lignocellulose
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 Renewables non-competitive with food crops

 More evenly distributed, cheaper than sugars, arduous pre-processing

 Crop residues (straws, stovers), wood, cellulose wastes (paper), grasses, 

municipal waste

 Pretreatment steps necessary:

 Alkaline (NaOH etc.)

 Acids (H3PO4, H2SO4 etc.)

 Organosolv (EtOH, glycerol at cca. 200 °C)

 Ionic liquids

 Biochemical (Ceriporiosis subvermispora, 18 days)

 Formation of toxic compounds in harsh conditions (furans, phenolic

compounds, ketones) can be subsequently removed:

 By extraction

 Adsorption

 Enzymatically

 By using resistant strains



Utilization of lignin
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The biochemical transformations of lignine are of great interest.

Inhibitive effects: formation of formaldehyde from -OMe groups

Souza RE, Gomes FJB, Brito EO, et al. A review on lignin sources and uses. J Appl Biotechnol Bioeng. 2020;7(3):100-105.



Reported pretreatment methods
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Ethanol from food waste

Food waste production

10



11

Nutritional characteristics of organic fraction 

of municipal solid waste. All values are in dry basis.
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Nutritional characteristics of organic fraction 

of municipal solid waste. All values are in dry basis.



Operational conditions
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Total

solids
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Operational conditions



Composition of agricultural residues
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Ethanol from agricultural residues
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Municipal waste can be as valuable source as agricultural residues



Review of potential sources
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Bioethanol yields
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Bioethanol yields
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Multistep reaction scheme, both redox and 

acidobasically catalysed

1 – mainly redox catalysed

2- acidobasic catalysis

2
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One-step vs. Two-step process

One-step Two-steps



Mg-Al (excess Al) hydrotalcite, liquid products

1 1-Butanol

2 Izobutyl Izobutyrate

3 2,3-Dimethyl-Phenol

4 2-Ethyl-6-Methyl-Phenol

5 2-Ethyl-4,5-Dimethyl-Phenol

1 2-Butenal

2 Bicyclo (3,3,1)nonan-2-one

3 3-Octyn-2-ol

4 Acetophenone

5 2-Methyl-1-Propenyl-Benzene

• 1-step with ethanol-acetaldehyde raw

• 2-step with ethanol only



1 Butanal

2 1-Butanol

3 3-Methyl-3-buten-2-ol

4 2,5-Dimethyl-1,5-Hexadien-3-ol

5 3-Methyl-1-Phenyl-2-Butanone

1 Acetone

2 Nonan-4-one

3 3-Ethyl-Phenol

4 2-Ethyl-6-Methyl-Phenol

5 2-Ethyl-4,6-Dimethyl-Phenol

Mg-Al (excess Mg) hydrotalcite, liquid products

• 1-step with ethanol-acetaldehyde raw

• 2-step with ethanol only



Estimation of the acidity

Titration with aqueous solution of CO2
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Basic magnesium silicate: Mg4Si6O15(OH)2·6H2O

- white clay mineral occurring in the nature 

 The parent sepiolite is not 

expected to be acidic

 However, addition of strong bases 

improves the butadiene/ethylene 

ratio
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Sr-doped

parent K-doped
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• Mg and Al 

nitrates 

precipitated by 

NaOH + Na2CO3

precipitation

urea
• Mg and Al 

nitrates 

precipitated 

by urea 

hydrolysis at 

100 °C

Si-Al instead of Si-Mg 

A  layered double hydroxide: Mg6Al2CO3(OH)16·4H2O –hydrotalcite. 

Depending on the particle size, its water suspension has a pH 7-9



• The microstructure of the catalyst has a significant effect on the product
distribution

• Suppressing the acidity of the catalyst (by K, Sr) leads to a more favorable
ethylene/butadiene ratio

• It is possible to estimate the basicity of the catalyst by facile CO2 – titration

• The ethanol conversion can be led in a single-bed or double-bed reactor design

• The formation of phenolic compounds was observed, depending on the reactor
design

• The lignocellulosic and other third-generation sources (as algae) of fermentable
sugars are still underestimated

Conclusions
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