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Introduction
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Source: BP, 2014. Statistical Review of World Energy. (Note: one trillion = one thousand

billion).

Limitation of the 
fossil ressources 

Projection of 
energy-related CO2

emission

3



Université de Mons

CO2 Production and Biomitigation
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Biofuels definition :

Biofuels are fossil fuel substitutes that can be made from a range 
of agricultural crops and other sources of biomass. The two most 
common current Biofuels are ethanol and biodiesel. 
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• First Generation (1G) biofuels are mainly produced from edible 
feedstock from agricultural technologies

Fully commercialized

• Second Generation (2G) biofuels are produced from non edible 
feedstock from advanced conversion technologies.

Under commercialization

• Third Generation (3G) biofuels are produced from CO2 neutral 
feedstock from advanced technologies.

• Fourth Generation (4G) are produced from CO2 negative 
feedstock (emphasis in CO2 storage).

Four Biofuel Generations
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Under development
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Comparaison between the 3 first generations of 
biofuels based on their feedstock
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G.M. Elrayies - Renewable and Sustainable Energy Reviews 81 (2018) 1175–1191
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First Generation Biofuels – Production Scheme
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Biofuel made from sugar, starchy crops, vegetable oil or animal fat using conventional technology.

The starch from the basic feedstocks is fermented into bioethanol, or  the vegetable oil through 
chemical process to  biodiesel. 

These feedstocks could instead enter the animal or human food chain.

They don’t seem to be more environment friendly than the fossil fuels. 
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Second Generation biofuel based on lignocellulosic
biomass
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Biochemical conversion process
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Thermochemical Processes
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M. El-Halwagi, K. Ming Ng, Current Opinion in Chemical Engineering 2015, 10:70–76
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Schematic demonstration of bioethanol 
production using separate enzymatic 

hydrolysis and fermentation (SHF)

Schematic demonstration of bioethanol 
production using simultaneous 

saccharification and fermentation (SSF)

N. El-Ahmady et al. Biotechnology 13 (1):1-21 (2014)
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Schematic demonstration of bioethanol 

production using simultaneous 

saccharification and cofermentation

(SSCF)

Schematic demonstration of bioethanol 

production using consolidated 

bioprocessing (CBP)

N. El-Ahmady et al. Biotechnology 13 (1):1-21 (2014)
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Comparaison between thermochemical and biochemical
production of bioethanol
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Cellulose (2009) 16:547–565

Corn Stover

Wood 
Chips

An overall cost, 

efficiency, and 

environmental 

perspective, these two 

biomass conversion 

processes analyzed 

here are essentially 

similar within the margin 
of error.
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Third Generation Biofuel based on Microalgal
Biomass
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Illustration : Barbara Aulicino. America Scientist November-decembre 2011-99 (6) 474.
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Algae : Polyphyletic group of organisms
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D.B. Stangel et al. Biotechnology Advances 29 (2011) 483–501
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Biochemical composition
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High plasticity to direct 

bioproduction to specific fatty 

acids or other metabolites of 

interest

Factors affecting biochemical 
composition

• Light (photo-period and intensity)
• Temperature
• Nutrient-status (nitrogen availability, waste water, flue gas)
• Nutrition (media)
• Salinity
• Carbon availability (CO2 or organic carbon)
• Growth phase

Affect the biochemical composition and therefore 
bioproduct potential of microalgae

A.C. Wilkie et al. 2011
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E. Jankowska et al. Renewable and Sustainable Energy 
Reviews 75 (2017) 692–709

Same technolgies
developped for the 1G 
and/or 2G 
bioreffineries
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Algal Cultivation Options
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Sensitivity of algal fuel 
production costs to 

variations in production 
parameters

American Scientist, Vol. 99, No. 6 (November–
December 2011), pp. 474-481
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Intergration of PBR and microalgae cultivation 
in buildings
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What to expect from an efficient 

photobioreactor building integration

Air quality: exchanging the inner air 

(CO2) through the photo bioreactor will 

act as a bio-filter (by photosynthesis 

CO2 will be used to produce O2 by the 

microalgae cells) 

Thermal comfort: The photobioreactor

will act as a bio-curtain by blocking or 

reflecting the light (especially the dense 

cultures will be a strong light blocker) 

Aesthetic design: A green façade will 

give extra attraction to a building 
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Renewable and Sustainable Energy Reviews 81 (2018) 1175–1191

General concept
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Sustainable
development of the 
biofuels (2G and 
3G) included the 
concept of 
environmental
biorefinery
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Conclusions
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1G Biofuels 

Feedstoocks Current Technologies Energy Products Advantages Disadvantages 

Rapeseed, soybean, palm 
oil, jatropha, vegetable oil, 

corn, sugarcane, sugar 
beets, cereals, cassava, 

maize 

Transesterification, 
fermentation, and 

hydrolysis 

Biodiesel, 
bioethanol 

 Reduction in use of fossil 
fuels 

 Renewable sources 

 Significant carbon missions 

 Impacts associated with 
fertilizers use 

 Large requirements of fertile 
land and water 

 Dilemma regarding 
competition with food 

 

2G Biofuels 

Feedstoocks Current Technologies Energy Products Advantages Disadvantages 

Lignocellulosic biomass such 
as wheat straw, corn stover, 

wood and special energy 
crop 

Hydrolysis to 
fermentation, and 

Gasification to 
Fisher-Tropsch 

Biodiesel, 
bioethanol, 

biohydrogen, 
biomethane, bio-
DME, biobutanol,  
mixed alcohols, 

and hydrocarbons 

 No competition with food 

 Reduction of fossil fuel use 

 Renewable sources 

 If waste cellulose is used, 
impacts associated with 
fertilizers consumption and 
land requirement could be 
reduced 

 A wide variety of potential 
energy products and 
coproducts can be obtained 
(biorefinery) 

 Availability at large scale is a 
concern 

 Still in demonstration step 

 Limitation and consequences 
for large-scale production 
are not yet know 
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Bioethanol production 
in key contries in 2016 
(in 1,000 m³)

Biodiesel production in 
key contries in 2016 (in 
1,000 tonnes)
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3G Biofuels 

Feedstoocks Current Technologies Energy Products Advantages Diadvantages 

Micro and macroalgae 

Transesterification, 
fermentation, 

anaerobic digestion, 
gasification 

Biodiesel, 
bioethanol, 

biohydrogen, 
biomethane, bio-

DME, mixed 
alcohols, biogas 

and hydrocarbons 

 No competition with food 

 Biomitigation of CO2 

 Reduction of fossil fuel use 

 Non exigent cultivation 
characteristics 

 No requirements of fertoile 
land 

 Potential usage of waste 
stream in the process 

 High growth rate and lipid 
content 

 Renewable sources 

 A wide variety of potentiel 
energy products and 
coproducts can be obtained 
(biorefinery) 

 Still under research 

 Large environmental impacts 
with power consumption 
during harvesting and 
extraction step  

 

Conclusions
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Integrated renewable energy park (IREP) approach

B.G. Subhadra
/ Energy Policy 
38 (2010) 
5892–5901
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Process Zero, Los 
Angeles (34°N), 
California, USA
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BIQ buidings
Hamburg
(51.3°N) 
Germany
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Green Loop Tower, Chicago 
(41.8°N), Illinois USA
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