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Biofuels

Ethanol production
The following are the steps in the production of ethanol:

• Refi ning the starch involves removal of proteins and gums that 
decrease the fi lterability of the fi nal sugar solution. 

• Liquefaction is the formation of a water-based suspension of the 
refi ned starch.

• Saccharifi cation means converting the starch to sugar by the action 
of enzymes.

• Fermentation is the formation of alcohol through the action of the 
enzyme zymase on sugar:  

  C6H12O6  2 C2H5OH + 2 CO2  

• The resulting dilute solution of ethanol is distilled to separate the 
alcohol from the water.  

• Dehydration: removal of any remaining water

• Denaturing (optional) is the addition of methanol, colouring and bad 
taste to make the alcohol unpalatable to drink.

Some companies are currently developing technology in which enzymes 
are used the produce ethanol (‘cellulose ethanol’) from materials such 
as straw and wood chips.

Advantages of biofuels
The following are four major advantages of biofuels:

1. They will help to stem the increase (or even reduce) CO2 emissions 
because CO2 produced by their burning is offset by the amount 
absorbed when the crops are grown. It may help us to achieve the 
60% reduction in CO2 emissions we have signed up to in the Kyoto 
Protocol by 2050. To achieve reductions of up to 90% in well-to-wheel 
CO2 emissions we need to use pure biofuels.  
In the case of fuels that are used for transportation, life cycle analysis 
is referred to as ‘well-to-wheels’ analysis. In well-to-wheels studies, 
the net CO2 emitted is calculated from the growing of the plant through 
to the vehicle exhaust emissions.

2. Biofuels are renewable and so will still be available in the future. 

3. They reduce pollution since they contain little sulfur and so they do 
not contribute to acid rain to the same extent as fossil fuels. They also 
burn more cleanly with fewer hydrocarbon residues and they do not 
contain toxins such as benzene. Adding small amounts of oxygenates 
such as ethanol to petrol increases its octane number

4. Their use increases our energy security by reducing our dependence 
on imported fuels.

Brazil is perhaps the 
country that has embraced 
biofuels to the greatest 
extent. About 40% of its 
transport fuel needs, or 
11% of its total energy 
requirement, is supplied 
by biofuels. It has an ideal 
climate for growing sugar 
cane which can be used 
to produce bio-ethanol. 

Other considerations
Rational discussion of biofuels must also take account of possible 
negative consequences of their production. These include:

• The burning of tropical rainforest to clear the ground for sugar cane 
production increases atmospheric carbon dioxide and reduces 
biodiversity. The burning of sugar cane foliage prior to harvesting has  
similar effects.

• The growing of cash crops instead of staple foods can lead to a lack 
of food in poor areas. The quantity of grain needed for a single tank 
of ethanol is enough to feed one person for a year. 

• In order for Ireland to produce enough biofuels to meet the 10% 
target by 2015 we would need to import feedstock or else use a lot of 
land to grow it.

• Crops for biofuel production are generally grown with the help of 
fossil fuels that are used in the production of fertilisers, pesticides 
and farm machinery.

• Biofuels are more expensive than petrochemical fuels and are not 
competitive unless the excise duty is reduced.

Biodiesel Production
Plant oils are tri-glycerides; their molecules are ‘composed of’ one 
molecule of glycerol and three molecules of a long-chain fatty acid. 

Vegetable oils, such as rapeseed oil, can be broken down into glycerol 
and long-chain fatty acids. The glycerol is removed and is a valuable 
by-product. 

The fatty acids can be reacted with ethanol to form esters. Esters that 
are formed from biologically sourced fatty acids and alcohol are called 
bio-esters. 

The properties of bio-esters are very close to those of diesel fuel and the 
two can be mixed. This blend is known as biodiesel. Bio-esters can be 
used in current vehicles, as a blend at low concentrations (5%–10%) or 
pure in modifi ed vehicles.  Bio-esters are mostly used in Europe where 
fuel specifi cations allow 5% blends. A 100% bio-ester made from 
rapeseed could reduce well-to-wheel CO2 production in Europe by 
around 50%. A 5% blend of bio-esters would therefore reduce CO2

emissions by around 2.5%.

With increasing pressure being placed on our non-renewable 
sources of energy, focus has been placed on developing 
alternative renewable sources of energy. Biofuel is any fuel 
produced from renewable biological sources such as food 
crops or biological wastes.  The term is generally applied to 
fuel that is used to power motor vehicles.

Biofuels are not new.  When Rudolf Diesel introduced his new engine at 
the World’s Fair in 1900 he made a point of running it on peanut oil, but 
that was superseded by the cheaper petroleum-based product. 
When Henry Ford introduced his Model T in 1908 it could run on either 
petrol or alcohol. It was in fact designed to run on alcohol but once again 
cost became the deciding factor and has remained so until recently. 

Types of biofuels
Biofuels are generally classifi ed as either fi rst or second generation. 

First Generation biofuels are those that are made from food crops. 
The most signifi cant of these are ethanol and bio-diesel.  

1. Ethanol is produced by fermentation of wheat, sugar beet, sugar 
cane etc.

2. Bio-diesel contains bio-esters which are produced from rape-seed 
oil, recovered vegetable oil (e.g. used oil from deep-fat fryers) and 
tallow (animal fat)

Second Generation biofuels are made from biomass residues such as 
woodchips and straw (agricultural and forestry waste). These fuels will 
not be available in commercial quantities for some years. Other second 
generation biofuels are:

1. Methane 
2. Methanol 
3. Dimethyl ether 
4. Hydrogen

In Ireland and in Europe generally, work on alternative fuels has mainly 
focused on biofuels that can be blended in low concentration (5–10%) 
with existing fuels and which require no vehicle modifi cations. Vehicle 
modifi cations are generally necessary if higher biofuel blends are used.

Fig. 1  1908 Model T Ford motorcar 

For further information see www.sta.ie or 
www.shell.com and follow the links to 
About Shell, What we do, Alternative Energy.
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Fig. 3 The inputs and outputs of biodiesel production

Fig. 3 Ethanol production facility

Shell is probably best known to 
the public for its petrol stations 
and for fi nding and producing oil 
and gas on land and at sea. 
These are very important parts of 
its business but Shell is also 
involved in the development of 
renewable energy sources such 
as wind and solar power which 
are used to produce electricity. 

For thirty years Shell has also been producing renewable 
transportation fuels such as bioethanol, biodiesel and hydrogen. 
These alternative energy sources increase our energy security 
while making less contribution to atmospheric emissions. 
As these technologies are developed further they will become 
more economical and environmentally sustainable. 

As the world’s population grows and as developing countries 
demand a fairer share of global resources energy needs will 
increase. A sustainable future will require 
that the developed countries reduce 
their share of global resources. 
Conservation of energy will become 
increasingly important and its 
implementation will require a cultural 
change. This change has already been 
embraced by Shell in the construction 
and running of its own facilities and in its 
investment in more effi cient energy 
technologies. Shell’s business is not just 
oil – it is energy in every form in which it 
can be used to improve the quality of 
people’s lives.

Fig. 2 Shell biofuels for transportation
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As the world’s population grows and as developing countries 
demand a fairer share of global resources energy needs will 
increase. A sustainable future will require 
that the developed countries reduce 
their share of global resources. 
Conservation of energy will become 
increasingly important and its 
implementation will require a cultural 
change. This change has already been 
embraced by Shell in the construction 
and running of its own facilities and in its 
investment in more effi cient energy 
technologies. Shell’s business is not just 
oil – it is energy in every form in which it 
can be used to improve the quality of 
people’s lives.

Fig. 2 Shell biofuels for transportation
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Ethanol production
The following are the steps in the production of ethanol:

• Refi ning the starch involves removal of proteins and gums that 
decrease the fi lterability of the fi nal sugar solution. 

• Liquefaction is the formation of a water-based suspension of the 
refi ned starch.

• Saccharifi cation means converting the starch to sugar by the action 
of enzymes.

• Fermentation is the formation of alcohol through the action of the 
enzyme zymase on sugar:  

  C6H12O6  2 C2H5OH + 2 CO2  

• The resulting dilute solution of ethanol is distilled to separate the 
alcohol from the water.  

• Dehydration: removal of any remaining water

• Denaturing (optional) is the addition of methanol, colouring and bad 
taste to make the alcohol unpalatable to drink.

Some companies are currently developing technology in which enzymes 
are used the produce ethanol (‘cellulose ethanol’) from materials such 
as straw and wood chips.

Advantages of biofuels
The following are four major advantages of biofuels:

1. They will help to stem the increase (or even reduce) CO2 emissions 
because CO2 produced by their burning is offset by the amount 
absorbed when the crops are grown. It may help us to achieve the 
60% reduction in CO2 emissions we have signed up to in the Kyoto 
Protocol by 2050. To achieve reductions of up to 90% in well-to-wheel 
CO2 emissions we need to use pure biofuels.  
In the case of fuels that are used for transportation, life cycle analysis 
is referred to as ‘well-to-wheels’ analysis. In well-to-wheels studies, 
the net CO2 emitted is calculated from the growing of the plant through 
to the vehicle exhaust emissions.

2. Biofuels are renewable and so will still be available in the future. 

3. They reduce pollution since they contain little sulfur and so they do 
not contribute to acid rain to the same extent as fossil fuels. They also 
burn more cleanly with fewer hydrocarbon residues and they do not 
contain toxins such as benzene. Adding small amounts of oxygenates 
such as ethanol to petrol increases its octane number

4. Their use increases our energy security by reducing our dependence 
on imported fuels.

Brazil is perhaps the 
country that has embraced 
biofuels to the greatest 
extent. About 40% of its 
transport fuel needs, or 
11% of its total energy 
requirement, is supplied 
by biofuels. It has an ideal 
climate for growing sugar 
cane which can be used 
to produce bio-ethanol. 

Other considerations
Rational discussion of biofuels must also take account of possible 
negative consequences of their production. These include:

• The burning of tropical rainforest to clear the ground for sugar cane 
production increases atmospheric carbon dioxide and reduces 
biodiversity. The burning of sugar cane foliage prior to harvesting has  
similar effects.

• The growing of cash crops instead of staple foods can lead to a lack 
of food in poor areas. The quantity of grain needed for a single tank 
of ethanol is enough to feed one person for a year. 

• In order for Ireland to produce enough biofuels to meet the 10% 
target by 2015 we would need to import feedstock or else use a lot of 
land to grow it.

• Crops for biofuel production are generally grown with the help of 
fossil fuels that are used in the production of fertilisers, pesticides 
and farm machinery.

• Biofuels are more expensive than petrochemical fuels and are not 
competitive unless the excise duty is reduced.

Biodiesel Production
Plant oils are tri-glycerides; their molecules are ‘composed of’ one 
molecule of glycerol and three molecules of a long-chain fatty acid. 

Vegetable oils, such as rapeseed oil, can be broken down into glycerol 
and long-chain fatty acids. The glycerol is removed and is a valuable 
by-product. 

The fatty acids can be reacted with ethanol to form esters. Esters that 
are formed from biologically sourced fatty acids and alcohol are called 
bio-esters. 

The properties of bio-esters are very close to those of diesel fuel and the 
two can be mixed. This blend is known as biodiesel. Bio-esters can be 
used in current vehicles, as a blend at low concentrations (5%–10%) or 
pure in modifi ed vehicles.  Bio-esters are mostly used in Europe where 
fuel specifi cations allow 5% blends. A 100% bio-ester made from 
rapeseed could reduce well-to-wheel CO2 production in Europe by 
around 50%. A 5% blend of bio-esters would therefore reduce CO2

emissions by around 2.5%.

With increasing pressure being placed on our non-renewable 
sources of energy, focus has been placed on developing 
alternative renewable sources of energy. Biofuel is any fuel 
produced from renewable biological sources such as food 
crops or biological wastes.  The term is generally applied to 
fuel that is used to power motor vehicles.

Biofuels are not new.  When Rudolf Diesel introduced his new engine at 
the World’s Fair in 1900 he made a point of running it on peanut oil, but 
that was superseded by the cheaper petroleum-based product. 
When Henry Ford introduced his Model T in 1908 it could run on either 
petrol or alcohol. It was in fact designed to run on alcohol but once again 
cost became the deciding factor and has remained so until recently. 

Types of biofuels
Biofuels are generally classifi ed as either fi rst or second generation. 

First Generation biofuels are those that are made from food crops. 
The most signifi cant of these are ethanol and bio-diesel.  

1. Ethanol is produced by fermentation of wheat, sugar beet, sugar 
cane etc.

2. Bio-diesel contains bio-esters which are produced from rape-seed 
oil, recovered vegetable oil (e.g. used oil from deep-fat fryers) and 
tallow (animal fat)

Second Generation biofuels are made from biomass residues such as 
woodchips and straw (agricultural and forestry waste). These fuels will 
not be available in commercial quantities for some years. Other second 
generation biofuels are:

1. Methane 
2. Methanol 
3. Dimethyl ether 
4. Hydrogen

In Ireland and in Europe generally, work on alternative fuels has mainly 
focused on biofuels that can be blended in low concentration (5–10%) 
with existing fuels and which require no vehicle modifi cations. Vehicle 
modifi cations are generally necessary if higher biofuel blends are used.

Fig. 1  1908 Model T Ford motorcar 

For further information see www.sta.ie or 
www.shell.com and follow the links to 
About Shell, What we do, Alternative Energy.
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Fig. 3 The inputs and outputs of biodiesel production

Fig. 3 Ethanol production facility

Shell is probably best known to 
the public for its petrol stations 
and for fi nding and producing oil 
and gas on land and at sea. 
These are very important parts of 
its business but Shell is also 
involved in the development of 
renewable energy sources such 
as wind and solar power which 
are used to produce electricity. 

For thirty years Shell has also been producing renewable 
transportation fuels such as bioethanol, biodiesel and hydrogen. 
These alternative energy sources increase our energy security 
while making less contribution to atmospheric emissions. 
As these technologies are developed further they will become 
more economical and environmentally sustainable. 

As the world’s population grows and as developing countries 
demand a fairer share of global resources energy needs will 
increase. A sustainable future will require 
that the developed countries reduce 
their share of global resources. 
Conservation of energy will become 
increasingly important and its 
implementation will require a cultural 
change. This change has already been 
embraced by Shell in the construction 
and running of its own facilities and in its 
investment in more effi cient energy 
technologies. Shell’s business is not just 
oil – it is energy in every form in which it 
can be used to improve the quality of 
people’s lives.

Fig. 2 Shell biofuels for transportation
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Syllabus Reference

Leaving Certifi cate Biology
1.4.6 - Energy Flow: The Sun as the primary source of energy for our 
planet. Feeding as a pathway of energy fl ow. Development of grazing 
food chain, food web and pyramid of numbers (explanation, construction, 
and use).

1.4.8 - Nutrient recycling by organisms: defi nition. Outline of the Carbon 
Cycle and the Nitrogen Cycle.

9.9.9 - Human Impact on an Ecosystem: Outline of any one practice 
from one of the following areas: agriculture, fi sheries or forestry.

Leaving Certifi cate Chemistry
5.1 - Sources of Hydrocarbons.  Decomposition of animal waste and 
vegetation as methane sources. Hazards of methane production in 
slurry pits, coal mines and refuse dumps.  Methane as a contributor to 
greenhouse effect.

5.4 - Exothermic and Endothermic Reactions: Chemical reactions 
can result in a change in temperature. Combustion of alkanes and other 
hydrocarbons. Heat of combustion

5.5 - Oil refi ning and its Products. Adding oxygenates to increase 
the octane number and reduce pollution. 

5.6 - Other Chemical Fuels. Hydrogen’s potential as a fuel.

Leaving Certifi cate Physics
Energy 1: Conversions from one form of energy to another. 

Principle of conservation of energy.

Junior Certifi cate Science
1C5 - Photosynthesis: word equation for photosynthesis; investigation 
of the conversion of light energy into chemical energy

3A6 - Energy: defi nition and units for energy; principle of conservation 
of energy; forms of energy, sources of energy, renewable and non-
renewable energy sources, need for energy conservation; national 
energy needs

3A7 - Energy conversion: energy conversions; examples of energy 
conversion from everyday experience

Learning Outcomes 

On completing this section, the student will be able to:
• Understand the difference between renewable and non-renewable fuels.

• Be able to distinguish between fi rst- and second-generation biofuels

• State the major advantages of biofuels.

• Understand that the production of biofuels involves some level 
of compromise.

• Describe how a specifi c biofuel is produced.

General Learning Points

• Biofuels have been around for a long time but have generally been 
more expensive than petroleum products.

• First generation fuels are derived from potential food crops and can 
lead to food shortages in some countries.

• Second generation fuels are made from biomass residues and are the 
way forward; e.g. methane, methanol , dimethyl ether and hydrogen.

• Main advantages of biofuel:

 • It reduces CO2 emissions 
 • It is renewable
 • It reduces SO2 pollution and so reduces acid rain
 • It increases our energy security

• Producing biofuels can have negative impacts on the environment 
and on people’s lives.

• Ethanol production involves six stages: refi ning, liquefaction, 
saccharifi cation, fermentation, concentration, dehydration [and 
denaturation – optional]

• Biodiesel production involves breaking fats into fatty acids and 
glycerol and then using a catalyst to react the fatty acid with an 
alcohol to form an ester.

• Over three million litres of biofuels are now used annually in Ireland.

Student Activity

Produce a sample of dilute ethanol in the follow way. 
Dissolve 8 g of sugar in a litre of fresh water and add a teaspoon of yeast 
powder. Seal the fermentation vessel with an air lock to exclude micro-
organisms.  Place it in a warm dark place (maximum temperature 30°C) 
and leave it to ferment for a week. Filter off 100 mL of the liquid and 
place it in a fl ask. Add a few anti-bumping granules and distil it gently. 
Collect the fraction that comes over between 80°C and 85°C. Ignite 
a small sample of this ethanol and note the ease with which it burns, 
the colour of the fl ame and the heat produced. Obtain a small sample 
of diesel fuel and compare it to the alcohol.

Fatty acids: The term fatty acid is applied to compounds whose 
molecules contain the group –COOH. The simplest of these is formic 
acid (H.COOH) and it is the active ingredient in the stings of nettles and 
of ants. The next in the series is acetic acid (CH3.COOH) which is the 
acid found in vinegar. Derivatives of acetic acid that contain the amino 
group (–NH2) are called amino acids and are the units from which 
proteins and enzymes are constructed. Glycine is the simplest of the 
amino acids and its structure is written as:  H2N-CH2.COOH.

One way in which acetic acid forms is the oxidation of ethanol 
(CH3.CH2.OH) by oxygen in the air. This happens if wine is left exposed 
to the air for a few days; it goes sour as the alcohol (ethanol) is changed 
to an acid (acetic acid). 

Biographical Notes

Henry Ford (1863–1947)
Henry Ford’s father, William, along with other family members, emigrated 
from Ireland during the famine in 1847. William was then 21 years of age. 
After some years he met Mary Litogot, the daughter of Belgian 
immigrants. They married and settled on a farm at Dearborn, near 
Detroit. Their fi rst child, Henry, was born on July 30, 1863.  

In 1879 Henry left home and went to Detroit where he became an engineer. 
In 1882 he returned to Dearborn to work on the farm where he became 
adept at operating a portable steam engine. In 1888 he married Clara Ala 
Bryant and they had one daughter. He supported his family by farming 
and running a sawmill. He also developed internal combustion engines. 

In 1903 he started to build and sell motor cars and set up the Ford Motor 
Company.  In 1908 he introduced the Model T which was the fi rst car to 
be mass-produced on an assembly line. This method of production 
made the cars more affordable. 

Rudolph Diesel (1858–1913)
Rudolph Diesel was born in Paris to German parents on March 18, 1858. 
He became an engineer and inventor. In 1892 he patented his internal 
combustion engine in which compression was used to ignite the fuel/air 
mixture. His engines soon replaced the ineffi cient steam engines and 
are today very widely used for medium power applications. Diesel 
vanished from a steamer bound for London on 29th September 1913 and 
his body was washed up ten days later. 

Read more about other famous scientists at www.sta.ie

Revise The Terms

Can you recall the meaning of the following terms? 
Biofuel; ethanol; biodiesel; biomass residues; renewable; 
non-renewable; oxygenates; octane number; biodiversity; fossil fuel; 
fermentation; denaturing; dehydration; distillation; hydrolysis; 
by-product; ester; hybrid car.

Check the Glossary of Terms for this lesson at www.sta.ie

True/False Questions

(a) Biofuels have been in use for a hundred years or more. T F

(b) First generation biofuels are made from food crops. T F

(c) Biofuels are non-renewable. T F

(d) Biofuels contain relatively high levels of sulphur. T F

(e) Biofuels are less expensive than petrochemical fuels. T F

(f) Biofuels may lead to a reduction in biodiversity. T F

(g) Biodiesel is a blend of bio-esters and diesel oil.  T F

(h) Biodiesel reduces CO2 emissions. T F

(i) Methane is a second generation biofuel. T F

(j) Biofuels will totally replace petrochemical fuels within 
 the next decade.  T F

Check your answers to these questions on www.sta.ie

Examination Questions 

Leaving Certifi cate Chemistry 2002 (OL)
6. The compounds A, B and C are hydrocarbons. 
 CH4 CH3CH2CH2CH3 (CH3)3CCH2CH(CH3)2

(a) Which of these compounds is produced from the decomposition of 
animal and vegetable waste in dumps?  
What environmental hazard does this gas present?

(b) Name each of the compounds A, B and C.

(c)  Which compound is assigned an octane rating of 100?  
What problem arises in a combustion engine if the octane rating of 
the fuel used is too low?

Leaving Certifi cate Chemistry 2003 (HL)
4. (j) State two ways, other than the addition of lead compounds, that 

the octane rating of a fuel can be increased.

Leaving Certifi cate Biology 2005 (HL)
11. (c) If yeast cells are kept in anaerobic conditions alcohol (ethanol) 

and another substance are produced.

(i)  Describe, with the aid of a diagram, how you would keep yeast under 
anaerobic conditions in the laboratory.

(ii)  Name a carbohydrate that you would supply to the yeast as an 
energy source.

(iii)  Give an account of a chemical test to demonstrate that alcohol 
(ethanol) has been produced. Include the initial colour and fi nal 
colour of the test.

(iv)  What is the other substance produced under anaerobic conditions?

(v)  Alcohol (ethanol) production is an example of fermentation. 
How would you know when fermentation has ceased? 

(vi)  Why does fermentation eventually cease?

Junior Certifi cate Science 2002 (HL)
2. (a) Give two reasons why we should reduce our use of fossil fuels as 

an energy source.

Junior Certifi cate Science 2003 (OL)
1. (b) Energy sources can be renewable or non-renewable. Give two 

examples of renewable sources of energy. Give two examples of 
non-renewable sources of energy.

For further examples of past paper questions check www.sta.ie

Did You Know?

Oil spillage: Oil spillages can cause long-term environmental damage 
because petroleum-based products are broken down by microorganisms 
only very slowly, if at all, despite the fact that they are ultimately derived 
from biological material. The effect of heat and pressure over millions of 
years makes them generally indigestible by bacteria.

Biodegradable fuel: Biofuels are considered biodegradable. They are 
more readily broken down into simpler compounds or used as an 
energy source by bacteria. Addition of biofuels to petroleum products 
enhances their biodegradability. 
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Ethanol production
The following are the steps in the production of ethanol:

• Refi ning the starch involves removal of proteins and gums that 
decrease the fi lterability of the fi nal sugar solution. 

• Liquefaction is the formation of a water-based suspension of the 
refi ned starch.

• Saccharifi cation means converting the starch to sugar by the action 
of enzymes.

• Fermentation is the formation of alcohol through the action of the 
enzyme zymase on sugar:  

  C6H12O6  2 C2H5OH + 2 CO2  

• The resulting dilute solution of ethanol is distilled to separate the 
alcohol from the water.  

• Dehydration: removal of any remaining water

• Denaturing (optional) is the addition of methanol, colouring and bad 
taste to make the alcohol unpalatable to drink.

Some companies are currently developing technology in which enzymes 
are used the produce ethanol (‘cellulose ethanol’) from materials such 
as straw and wood chips.

Advantages of biofuels
The following are four major advantages of biofuels:

1. They will help to stem the increase (or even reduce) CO2 emissions 
because CO2 produced by their burning is offset by the amount 
absorbed when the crops are grown. It may help us to achieve the 
60% reduction in CO2 emissions we have signed up to in the Kyoto 
Protocol by 2050. To achieve reductions of up to 90% in well-to-wheel 
CO2 emissions we need to use pure biofuels.  
In the case of fuels that are used for transportation, life cycle analysis 
is referred to as ‘well-to-wheels’ analysis. In well-to-wheels studies, 
the net CO2 emitted is calculated from the growing of the plant through 
to the vehicle exhaust emissions.

2. Biofuels are renewable and so will still be available in the future. 

3. They reduce pollution since they contain little sulfur and so they do 
not contribute to acid rain to the same extent as fossil fuels. They also 
burn more cleanly with fewer hydrocarbon residues and they do not 
contain toxins such as benzene. Adding small amounts of oxygenates 
such as ethanol to petrol increases its octane number

4. Their use increases our energy security by reducing our dependence 
on imported fuels.

Brazil is perhaps the 
country that has embraced 
biofuels to the greatest 
extent. About 40% of its 
transport fuel needs, or 
11% of its total energy 
requirement, is supplied 
by biofuels. It has an ideal 
climate for growing sugar 
cane which can be used 
to produce bio-ethanol. 

Other considerations
Rational discussion of biofuels must also take account of possible 
negative consequences of their production. These include:

• The burning of tropical rainforest to clear the ground for sugar cane 
production increases atmospheric carbon dioxide and reduces 
biodiversity. The burning of sugar cane foliage prior to harvesting has  
similar effects.

• The growing of cash crops instead of staple foods can lead to a lack 
of food in poor areas. The quantity of grain needed for a single tank 
of ethanol is enough to feed one person for a year. 

• In order for Ireland to produce enough biofuels to meet the 10% 
target by 2015 we would need to import feedstock or else use a lot of 
land to grow it.

• Crops for biofuel production are generally grown with the help of 
fossil fuels that are used in the production of fertilisers, pesticides 
and farm machinery.

• Biofuels are more expensive than petrochemical fuels and are not 
competitive unless the excise duty is reduced.

Biodiesel Production
Plant oils are tri-glycerides; their molecules are ‘composed of’ one 
molecule of glycerol and three molecules of a long-chain fatty acid. 

Vegetable oils, such as rapeseed oil, can be broken down into glycerol 
and long-chain fatty acids. The glycerol is removed and is a valuable 
by-product. 

The fatty acids can be reacted with ethanol to form esters. Esters that 
are formed from biologically sourced fatty acids and alcohol are called 
bio-esters. 

The properties of bio-esters are very close to those of diesel fuel and the 
two can be mixed. This blend is known as biodiesel. Bio-esters can be 
used in current vehicles, as a blend at low concentrations (5%–10%) or 
pure in modifi ed vehicles.  Bio-esters are mostly used in Europe where 
fuel specifi cations allow 5% blends. A 100% bio-ester made from 
rapeseed could reduce well-to-wheel CO2 production in Europe by 
around 50%. A 5% blend of bio-esters would therefore reduce CO2

emissions by around 2.5%.

With increasing pressure being placed on our non-renewable 
sources of energy, focus has been placed on developing 
alternative renewable sources of energy. Biofuel is any fuel 
produced from renewable biological sources such as food 
crops or biological wastes.  The term is generally applied to 
fuel that is used to power motor vehicles.

Biofuels are not new.  When Rudolf Diesel introduced his new engine at 
the World’s Fair in 1900 he made a point of running it on peanut oil, but 
that was superseded by the cheaper petroleum-based product. 
When Henry Ford introduced his Model T in 1908 it could run on either 
petrol or alcohol. It was in fact designed to run on alcohol but once again 
cost became the deciding factor and has remained so until recently. 

Types of biofuels
Biofuels are generally classifi ed as either fi rst or second generation. 

First Generation biofuels are those that are made from food crops. 
The most signifi cant of these are ethanol and bio-diesel.  

1. Ethanol is produced by fermentation of wheat, sugar beet, sugar 
cane etc.

2. Bio-diesel contains bio-esters which are produced from rape-seed 
oil, recovered vegetable oil (e.g. used oil from deep-fat fryers) and 
tallow (animal fat)

Second Generation biofuels are made from biomass residues such as 
woodchips and straw (agricultural and forestry waste). These fuels will 
not be available in commercial quantities for some years. Other second 
generation biofuels are:

1. Methane 
2. Methanol 
3. Dimethyl ether 
4. Hydrogen

In Ireland and in Europe generally, work on alternative fuels has mainly 
focused on biofuels that can be blended in low concentration (5–10%) 
with existing fuels and which require no vehicle modifi cations. Vehicle 
modifi cations are generally necessary if higher biofuel blends are used.

Fig. 1  1908 Model T Ford motorcar 

For further information see www.sta.ie or 
www.shell.com and follow the links to 
About Shell, What we do, Alternative Energy.
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Fig. 3 The inputs and outputs of biodiesel production

Fig. 3 Ethanol production facility

Shell is probably best known to 
the public for its petrol stations 
and for fi nding and producing oil 
and gas on land and at sea. 
These are very important parts of 
its business but Shell is also 
involved in the development of 
renewable energy sources such 
as wind and solar power which 
are used to produce electricity. 

For thirty years Shell has also been producing renewable 
transportation fuels such as bioethanol, biodiesel and hydrogen. 
These alternative energy sources increase our energy security 
while making less contribution to atmospheric emissions. 
As these technologies are developed further they will become 
more economical and environmentally sustainable. 

As the world’s population grows and as developing countries 
demand a fairer share of global resources energy needs will 
increase. A sustainable future will require 
that the developed countries reduce 
their share of global resources. 
Conservation of energy will become 
increasingly important and its 
implementation will require a cultural 
change. This change has already been 
embraced by Shell in the construction 
and running of its own facilities and in its 
investment in more effi cient energy 
technologies. Shell’s business is not just 
oil – it is energy in every form in which it 
can be used to improve the quality of 
people’s lives.

Fig. 2 Shell biofuels for transportation
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Syllabus Reference

Leaving Certifi cate Biology
1.4.6 - Energy Flow: The Sun as the primary source of energy for our 
planet. Feeding as a pathway of energy fl ow. Development of grazing 
food chain, food web and pyramid of numbers (explanation, construction, 
and use).

1.4.8 - Nutrient recycling by organisms: defi nition. Outline of the Carbon 
Cycle and the Nitrogen Cycle.

9.9.9 - Human Impact on an Ecosystem: Outline of any one practice 
from one of the following areas: agriculture, fi sheries or forestry.

Leaving Certifi cate Chemistry
5.1 - Sources of Hydrocarbons.  Decomposition of animal waste and 
vegetation as methane sources. Hazards of methane production in 
slurry pits, coal mines and refuse dumps.  Methane as a contributor to 
greenhouse effect.

5.4 - Exothermic and Endothermic Reactions: Chemical reactions 
can result in a change in temperature. Combustion of alkanes and other 
hydrocarbons. Heat of combustion

5.5 - Oil refi ning and its Products. Adding oxygenates to increase 
the octane number and reduce pollution. 

5.6 - Other Chemical Fuels. Hydrogen’s potential as a fuel.

Leaving Certifi cate Physics
Energy 1: Conversions from one form of energy to another. 

Principle of conservation of energy.

Junior Certifi cate Science
1C5 - Photosynthesis: word equation for photosynthesis; investigation 
of the conversion of light energy into chemical energy

3A6 - Energy: defi nition and units for energy; principle of conservation 
of energy; forms of energy, sources of energy, renewable and non-
renewable energy sources, need for energy conservation; national 
energy needs

3A7 - Energy conversion: energy conversions; examples of energy 
conversion from everyday experience

Learning Outcomes 

On completing this section, the student will be able to:
• Understand the difference between renewable and non-renewable fuels.

• Be able to distinguish between fi rst- and second-generation biofuels

• State the major advantages of biofuels.

• Understand that the production of biofuels involves some level 
of compromise.

• Describe how a specifi c biofuel is produced.

General Learning Points

• Biofuels have been around for a long time but have generally been 
more expensive than petroleum products.

• First generation fuels are derived from potential food crops and can 
lead to food shortages in some countries.

• Second generation fuels are made from biomass residues and are the 
way forward; e.g. methane, methanol , dimethyl ether and hydrogen.

• Main advantages of biofuel:

 • It reduces CO2 emissions 
 • It is renewable
 • It reduces SO2 pollution and so reduces acid rain
 • It increases our energy security

• Producing biofuels can have negative impacts on the environment 
and on people’s lives.

• Ethanol production involves six stages: refi ning, liquefaction, 
saccharifi cation, fermentation, concentration, dehydration [and 
denaturation – optional]

• Biodiesel production involves breaking fats into fatty acids and 
glycerol and then using a catalyst to react the fatty acid with an 
alcohol to form an ester.

• Over three million litres of biofuels are now used annually in Ireland.

Student Activity

Produce a sample of dilute ethanol in the follow way. 
Dissolve 8 g of sugar in a litre of fresh water and add a teaspoon of yeast 
powder. Seal the fermentation vessel with an air lock to exclude micro-
organisms.  Place it in a warm dark place (maximum temperature 30°C) 
and leave it to ferment for a week. Filter off 100 mL of the liquid and 
place it in a fl ask. Add a few anti-bumping granules and distil it gently. 
Collect the fraction that comes over between 80°C and 85°C. Ignite 
a small sample of this ethanol and note the ease with which it burns, 
the colour of the fl ame and the heat produced. Obtain a small sample 
of diesel fuel and compare it to the alcohol.

Fatty acids: The term fatty acid is applied to compounds whose 
molecules contain the group –COOH. The simplest of these is formic 
acid (H.COOH) and it is the active ingredient in the stings of nettles and 
of ants. The next in the series is acetic acid (CH3.COOH) which is the 
acid found in vinegar. Derivatives of acetic acid that contain the amino 
group (–NH2) are called amino acids and are the units from which 
proteins and enzymes are constructed. Glycine is the simplest of the 
amino acids and its structure is written as:  H2N-CH2.COOH.

One way in which acetic acid forms is the oxidation of ethanol 
(CH3.CH2.OH) by oxygen in the air. This happens if wine is left exposed 
to the air for a few days; it goes sour as the alcohol (ethanol) is changed 
to an acid (acetic acid). 

Biographical Notes

Henry Ford (1863–1947)
Henry Ford’s father, William, along with other family members, emigrated 
from Ireland during the famine in 1847. William was then 21 years of age. 
After some years he met Mary Litogot, the daughter of Belgian 
immigrants. They married and settled on a farm at Dearborn, near 
Detroit. Their fi rst child, Henry, was born on July 30, 1863.  

In 1879 Henry left home and went to Detroit where he became an engineer. 
In 1882 he returned to Dearborn to work on the farm where he became 
adept at operating a portable steam engine. In 1888 he married Clara Ala 
Bryant and they had one daughter. He supported his family by farming 
and running a sawmill. He also developed internal combustion engines. 

In 1903 he started to build and sell motor cars and set up the Ford Motor 
Company.  In 1908 he introduced the Model T which was the fi rst car to 
be mass-produced on an assembly line. This method of production 
made the cars more affordable. 

Rudolph Diesel (1858–1913)
Rudolph Diesel was born in Paris to German parents on March 18, 1858. 
He became an engineer and inventor. In 1892 he patented his internal 
combustion engine in which compression was used to ignite the fuel/air 
mixture. His engines soon replaced the ineffi cient steam engines and 
are today very widely used for medium power applications. Diesel 
vanished from a steamer bound for London on 29th September 1913 and 
his body was washed up ten days later. 

Read more about other famous scientists at www.sta.ie

Revise The Terms

Can you recall the meaning of the following terms? 
Biofuel; ethanol; biodiesel; biomass residues; renewable; 
non-renewable; oxygenates; octane number; biodiversity; fossil fuel; 
fermentation; denaturing; dehydration; distillation; hydrolysis; 
by-product; ester; hybrid car.

Check the Glossary of Terms for this lesson at www.sta.ie

True/False Questions

(a) Biofuels have been in use for a hundred years or more. T F

(b) First generation biofuels are made from food crops. T F

(c) Biofuels are non-renewable. T F

(d) Biofuels contain relatively high levels of sulphur. T F

(e) Biofuels are less expensive than petrochemical fuels. T F

(f) Biofuels may lead to a reduction in biodiversity. T F

(g) Biodiesel is a blend of bio-esters and diesel oil.  T F

(h) Biodiesel reduces CO2 emissions. T F

(i) Methane is a second generation biofuel. T F

(j) Biofuels will totally replace petrochemical fuels within 
 the next decade.  T F

Check your answers to these questions on www.sta.ie

Examination Questions 

Leaving Certifi cate Chemistry 2002 (OL)
6. The compounds A, B and C are hydrocarbons. 
 CH4 CH3CH2CH2CH3 (CH3)3CCH2CH(CH3)2

(a) Which of these compounds is produced from the decomposition of 
animal and vegetable waste in dumps?  
What environmental hazard does this gas present?

(b) Name each of the compounds A, B and C.

(c)  Which compound is assigned an octane rating of 100?  
What problem arises in a combustion engine if the octane rating of 
the fuel used is too low?

Leaving Certifi cate Chemistry 2003 (HL)
4. (j) State two ways, other than the addition of lead compounds, that 

the octane rating of a fuel can be increased.

Leaving Certifi cate Biology 2005 (HL)
11. (c) If yeast cells are kept in anaerobic conditions alcohol (ethanol) 

and another substance are produced.

(i)  Describe, with the aid of a diagram, how you would keep yeast under 
anaerobic conditions in the laboratory.

(ii)  Name a carbohydrate that you would supply to the yeast as an 
energy source.

(iii)  Give an account of a chemical test to demonstrate that alcohol 
(ethanol) has been produced. Include the initial colour and fi nal 
colour of the test.

(iv)  What is the other substance produced under anaerobic conditions?

(v)  Alcohol (ethanol) production is an example of fermentation. 
How would you know when fermentation has ceased? 

(vi)  Why does fermentation eventually cease?

Junior Certifi cate Science 2002 (HL)
2. (a) Give two reasons why we should reduce our use of fossil fuels as 

an energy source.

Junior Certifi cate Science 2003 (OL)
1. (b) Energy sources can be renewable or non-renewable. Give two 

examples of renewable sources of energy. Give two examples of 
non-renewable sources of energy.

For further examples of past paper questions check www.sta.ie

Did You Know?

Oil spillage: Oil spillages can cause long-term environmental damage 
because petroleum-based products are broken down by microorganisms 
only very slowly, if at all, despite the fact that they are ultimately derived 
from biological material. The effect of heat and pressure over millions of 
years makes them generally indigestible by bacteria.

Biodegradable fuel: Biofuels are considered biodegradable. They are 
more readily broken down into simpler compounds or used as an 
energy source by bacteria. Addition of biofuels to petroleum products 
enhances their biodegradability. 


