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Biofuel Production
Advantages of Biofuel Production  |  Principles of Bio-ethanol and Bio-diesel

Production

Biofuels are fuels derived from biomass (plant material, agricultural or food-processing residues, used

cooking oil, animal fat, or algae) rather than from fossil deposits. Because their raw materials are

renewable, biofuels are studied as a partial substitute for petrol and diesel in the transport and energy

sectors. The two most widely produced liquid biofuels are bio-ethanol (an alcohol used to substitute

or blend with petrol) and bio-diesel (a mixture of fatty acid esters used to substitute or blend with

mineral diesel). Biofuels are commonly classified by feedstock generation: first-generation (1G) fuels

come from food crops (sugarcane, corn, edible vegetable oils); second-generation (2G) fuels come

from non-food lignocellulosic biomass and waste oils (crop residue, waste cooking oil); and

third-generation (3G) fuels come from algae and other aquatic biomass.

1.  Advantages of Biofuel Production

(a) Environmental advantages
• Renewable source: produced from biomass that can be regrown season after season, unlike finite

petroleum reserves.
• Lower net greenhouse-gas emissions: the carbon dioxide released on combustion was recently

captured from the atmosphere by the growing crop, so the life-cycle carbon footprint is markedly
lower than that of an equivalent fossil fuel (advanced biofuels are estimated to cut life-cycle GHG
emissions by up to several-fold relative to petroleum baselines, depending on feedstock and
process).

• Biodegradable and less toxic: both bio-ethanol and bio-diesel degrade far more readily than
petroleum products if spilled, and biodiesel in particular is far less toxic to soil and aquatic life.

• Lower emission of particulates, sulphur and unburnt hydrocarbons: biodiesel is virtually
sulphur-free and, being an oxygenated fuel, burns more completely than mineral diesel.

• Productive use of waste: waste cooking oil, molasses, crop residue, and animal fat that would
otherwise be discarded can be converted into fuel, reducing waste-disposal burden.

(b) Economic and energy-security advantages
• Reduced dependence on imported petroleum: a domestic biofuel industry lowers a country's

crude-oil import bill and improves energy security.
• Rural income and employment: biofuel feedstock cultivation and processing create farm income

and jobs in farming, logistics, and processing, and can be combined with normal food-crop farming.
• Decentralised production: plants can be sited close to the feedstock (sugar mills, oilseed belts),

reducing transport cost and strengthening local/rural economies.
• Value-added by-products: distillers' grains (from bio-ethanol) and glycerol (from bio-diesel) are

saleable by-products used respectively as animal feed and in the cosmetics/pharmaceutical
industry, improving process economics.

(c) Technical advantages
• Compatible with existing engines: low-percentage blends (e.g. E10 petrol-ethanol blends,

B5/B20 biodiesel blends) can be used in unmodified petrol and diesel engines.
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• Higher octane / good lubricity: ethanol has a higher octane number than petrol (improving
anti-knock performance), and biodiesel has superior lubricating properties compared with
ultra-low-sulphur diesel, which reduces engine wear.

• Oxygenated combustion: the oxygen content of both fuels promotes more complete combustion,
which can lower emissions of carbon monoxide and unburnt hydrocarbons.

Key point
•  Biofuels do not eliminate emissions, but they recycle recently-fixed atmospheric carbon rather than
releasing carbon that has been sequestered underground for millions of years - this is the central reason for
their comparatively favourable environmental profile.
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2.  Principles of Bio-ethanol Production

Bio-ethanol (C
2
H

5
OH) is ethyl alcohol produced by the microbial fermentation of sugars derived from

sugar-, starch- or cellulose-containing biomass, followed by distillation and dehydration to fuel grade.

The underlying principle is biological: a fermenting microorganism, most commonly the yeast

Saccharomyces cerevisiae, converts hexose sugars into ethanol and carbon dioxide under anaerobic

conditions via glycolysis followed by decarboxylation of pyruvate and reduction of acetaldehyde.

2.1  Feedstocks

Generation Typical feedstock Key processing requirement

1G (sugar/starch) Sugarcane juice/molasses, corn,
wheat, sugar beet

Sugars are already free (sugar crops) or
locked in starch and need enzymatic
hydrolysis (grains)

2G (lignocellulosic) Crop residue (straw, bagasse, corn
stover), wood waste

Cellulose and hemicellulose are bound in
lignin and need pretreatment before
hydrolysis

3G (algal) Micro-algae biomass Carbohydrate-rich algal biomass, still
largely at pilot scale

2.2  Process steps
• Feedstock preparation: sugar crops are crushed to release juice; starchy grains are milled;

lignocellulosic biomass undergoes pretreatment (steam explosion, dilute acid or alkali) to open up
the fibre structure.

• Hydrolysis (saccharification): starch is broken down to fermentable glucose by amylase
enzymes (liquefaction with alpha-amylase followed by saccharification with glucoamylase);
cellulose is broken down to glucose by cellulase enzymes. Sugar-crop juice needs no hydrolysis
step.

• Fermentation: yeast (or, for some feedstocks, the bacterium Zymomonas mobilis) converts the
fermentable sugars to ethanol and CO

2
 under anaerobic conditions, typically at 30-35°C over 24-72

hours, with pH, temperature and nutrient levels controlled to maximise yield.
• Distillation: the fermented broth (‘wash’, ~8-12% ethanol) is distilled to concentrate ethanol up to

the ethanol-water azeotrope (~95.6% v/v); ordinary distillation cannot go beyond this point.
• Dehydration: the remaining water is removed by molecular-sieve adsorption or

azeotropic/extractive distillation to obtain anhydrous (fuel-grade, ~99.5%) ethanol suitable for
blending with petrol.



Biofuel Production — Study Notes Page 4

Fig. 1 - Process flow chart and fermentation reaction for bio-ethanol production.

2.3  Biochemistry of fermentation

Yeast oxidises glucose to pyruvate by glycolysis; under anaerobic conditions pyruvate is

decarboxylated by pyruvate decarboxylase to acetaldehyde (releasing CO
2
), and acetaldehyde is then

reduced to ethanol by alcohol dehydrogenase, regenerating NAD+ so glycolysis can continue. The

overall reaction is:

C
6
H

12
O

6
  -->  2 C

2
H

5
OH + 2 CO

2
  (+ energy)



Biofuel Production — Study Notes Page 5

Key points
•  Theoretical (stoichiometric) yield is 0.51 g ethanol per gram of glucose fermented; real fermentations
achieve somewhat less because some sugar is diverted to yeast growth and side products.
•  Fermentation is anaerobic and exothermic - the fermenter must be cooled to keep the yeast within its
optimum temperature range and maintain viability.
•  Fuel-grade ethanol must be anhydrous (water-free) because water is not miscible with petrol and can
cause phase separation in blended fuel.
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3.  Principles of Bio-diesel Production

Bio-diesel is a mixture of fatty acid alkyl esters (commonly fatty acid methyl esters, FAME) made from

triglycerides - the principal component of vegetable oils and animal fats. Unlike bio-ethanol, which is

produced biologically by fermentation, bio-diesel is produced by a chemical reaction called

transesterification (also called alcoholysis), in which the glycerol backbone of a triglyceride is

replaced by a short-chain alcohol.

3.1  Feedstocks
• Edible vegetable oils (soybean, rapeseed/mustard, palm, sunflower) - the most common

feedstock worldwide, though their use raises food-versus-fuel concerns.
• Non-edible oils (jatropha, karanja/pongamia) and waste cooking oil - preferred where available,

since they avoid competing with the food supply and reuse a waste stream.
• Animal fats and algal oil - alternative triglyceride sources, algal oil being an actively researched

third-generation feedstock with a very high potential oil yield per hectare.

3.2  The principle of transesterification

A triglyceride is an ester of glycerol with three long-chain fatty acids. When reacted with an excess of a

short-chain alcohol (usually methanol, sometimes ethanol) in the presence of a catalyst, the ester

bonds are broken and re-formed with the alcohol instead of glycerol, releasing glycerol as a by-product

and yielding three molecules of fatty acid alkyl ester (biodiesel) per triglyceride molecule. The reaction

proceeds through three reversible steps - triglyceride to diglyceride to monoglyceride to glycerol - with

one ester molecule released at each step; an excess of alcohol (commonly a 6:1 molar ratio of alcohol

to oil) is used to drive the equilibrium towards the products.

Fig. 2 - The transesterification reaction: a triglyceride reacts with methanol, in the presence of a catalyst, to give fatty
acid methyl esters (biodiesel) and glycerol.

3.3  Catalysts
• Alkali catalysis (NaOH or KOH): the most common industrial route - fast reaction (~1 h) at modest

temperature (~60°C), but the feedstock must be low in free fatty acids (FFA) and water, otherwise
soap forms and yield drops.

• Acid catalysis (e.g. sulphuric acid): slower, but tolerates high-FFA feedstocks (such as waste
cooking oil) by esterifying the free fatty acids directly - often used as a pretreatment step before
alkali transesterification.
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• Enzymatic catalysis (lipase): mild conditions and tolerant of FFA/water, and simplifies glycerol
recovery, but enzyme cost and slower reaction rate currently limit large-scale use.

3.4  Process steps
• Pretreatment: degumming and de-acidification of the oil; if free fatty acid content is high, an

acid-catalysed esterification step is used first.
• Transesterification: the pretreated oil is reacted with alcohol and catalyst (~60°C, 1-2 hours) to

convert triglycerides to alkyl esters and glycerol.
• Phase separation: the denser glycerol layer settles out and is drawn off, leaving the crude ester

(biodiesel) layer.
• Washing and drying: residual catalyst, soap, alcohol and water are washed out of the ester layer,

which is then dried to give finished biodiesel.

Fig. 3 - Process flow chart for bio-diesel production by transesterification.

3.5  Factors affecting conversion and yield
• Molar ratio of alcohol to oil - a higher ratio (commonly ~6:1) drives the equilibrium towards esters,

but an excessive ratio complicates glycerol recovery.
• Reaction temperature - usually run near the alcohol's boiling point (~60°C for methanol) to speed

the reaction without excessive alcohol loss.
• Catalyst type and concentration - must be matched to the feedstock's free-fatty-acid and

moisture content.
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• Free fatty acid (FFA) and moisture content of the oil - high FFA/water causes soap formation
and yield loss with alkali catalysts.

• Reaction time and mixing - sufficient time and agitation are needed for the reaction to approach
completion.

Key points
•  The reaction is an alcoholysis of esters, not a hydrolysis - no water is consumed, and water in the
feedstock is actually undesirable because it promotes competing saponification (soap formation).
•  Biodiesel (FAME) has a much lower viscosity than the parent vegetable oil, which is precisely why
transesterification - rather than using raw oil directly - is needed to make a diesel-engine-compatible fuel.
•  Glycerol, the co-product, is a valuable by-product used in cosmetics, pharmaceuticals and as a chemical
feedstock, and its sale improves overall process economics.
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4.  Bio-ethanol vs Bio-diesel — Quick Comparison

Aspect Bio-ethanol Bio-diesel

Chemical nature Ethyl alcohol (C
2
H

5
OH) Fatty acid alkyl esters (FAME/FAEE)

Feedstock Sugar/starch crops, lignocellulosic
biomass

Vegetable oils, waste oils, animal fat,
algal oil

Core process Biological fermentation + distillation +
dehydration

Chemical transesterification with
alcohol and catalyst

Key micro-organism /
catalyst

Yeast (S. cerevisiae) or Zymomonas
mobilis

NaOH/KOH (alkali), acid, or lipase
(enzyme)

Main by-product Carbon dioxide, distillers' grains
(spent solids)

Glycerol

Substitutes for /
blended with

Petrol (gasoline) - e.g. E10, E20 Mineral diesel - e.g. B5, B20, B100

Notes prepared for study purposes. Figures for GHG-reduction potential and other quantitative claims are indicative and vary
with feedstock, process design and region; consult current primary literature for figures required in formal citation.


