
 

 

Shell 
Smarter Use of Fuels 

 
Being Smarter Helps Safeguard the 
Future 
The current debate about future energy needs 
highlights the need to develop new sources of 
energy before the world’s supplies of fossil fuel 
expire. However, while these alternative sources 
(wind, solar, hydrogen) are being developed to a 
scale where they make a significant impact there 
are many things that can be done to make more 
efficient use of our current fuels. Shell is at the 
forefront of this effort as is clearly illustrated by 
the activities described in this lesson. 

What is Smarter Mobility? 
Projections indicate that the number of cars on the 
road will probably triple by the year 2050. This means 
that the demand for motor fuel 
will also increase. This, in turn, 
will produce additional threats to 
the global environment, as a 
result of increased emissions. 
The Shell Smarter Mobility 
programme is an ongoing effort 
to meet this demand for fuel 
while reducing the environmental 
impact. The programme involves 
a number of strands, including:  

developing more energy-efficient 
fuels and lubricants investing in 
lower carbon alternatives offering 
fuel-saving advice to drivers. 

Looking at Fuels  
A fuel is any material that stores 
energy that can be extracted to 
perform work. We are all familiar 
with the combustion process in 
which fuel once ignited reacts 
with the oxygen in the air. The 
most common fuels in use at present are fossil fuels. 
These are hydrocarbons and include coal and 
petroleum. 

When petroleum is refined it can be separated into a 
number of products, one of which is petrol, the fuel 
used in most motor cars. Unfortunately, petrol 
presents many problems for society. There are limited 
supplies of petroleum available and they are 

becoming increasingly difficult to extract. In addition, 
the petrol combustion process produces harmful 
emissions such as carbon dioxide (CO2 ), nitrogen 
oxides (NOX ) and sulphur dioxide (SO2 ). If 
combustion is incomplete, other toxic emissions such 
as carbon monoxide (CO) are released. These issues 
have given rise to a sustained search for alternative 
fuels. A promising source, currently being developed 
by Shell, is biofuel. 

What are Biofuels? 
Biomass is any material derived from living 
organisms; sugarcane is an example. A biofuel is a 
fuel that is produced from biomass. In Brazil, the 
largest sugarcane producer in the world, Shell 
converts sugarcane into ethanol (C2H5OH), which is 
used as a fuel in cars and other vehicles. The main 

product of sugarcane is sucrose 
(C12H22O11 ), familiar to us all as 
ordinary table sugar. The sugar 
is fermented with yeast to 
produce the ethanol. In general, 
biofuels have lower CO2 outputs 
than petrol, when total 
production costs are taken into 
account. Ethanol can also be 
made from straw and 
experimental work is currently 
under way on this. The process 
uses enzymes called super-
enzymes to speed up the rate of 
reaction. There are many types 
of biomass, including trees, 
grass and plants, all of which 
are classified as renewable 
sources. This is why they are so 
important as replacements for 
fossil sources.  

Cars of the Future 
What will the cars of the future 

be like? It is certain that they will use fuels that have 
less environmental impact than petrol or diesel. They 
may be powered, for example, by electricity, hydrogen 
or solar energy. In the near future, while these 
alternatives are developing, we are likely to see 
widespread use of biofuels. Today cars are being 
manufactured that are capable of running on more 
than one type of fuel. These are called flexible-fuel 

What is the Shell Eco-marathon? 
The Shell Eco-marathon offers the 
opportunity for school and college student 
teams to design build and test energy 
efficient vehicles. 

The Shell Eco-marathon is held each year 
in the Americas, Europe and Asia. The 
winning team is the one that travels the 
greatest distance on one litre of fuel. The 
world record is held by a French team who 
drove more than 4,000 km on a single litre. 
In 2010 around 4,000 students from 35 
countries took part. 
You can find out about the Eco-marathon at 
www.shell.com. 



 

vehicles or dual fuel vehicles and are more commonly 
known as flex cars. They usually run on a blend of 
ethanol and petrol. Ethanol is the most common flex 
fuel at present. It is estimated that some 25 million flex 
vehicles were sold worldwide prior to June 2011. 

 

Lighter Cars 
Since the energy used to 
accelerate a car is proportional to 
its weight, lighter cars are 
generally more fuel efficient.  

Polyurethane is a versatile 
material that is now being used to 
make lighter car parts including 
seats, panels, wheels and tyres. 

 

Fuel Economy is Critical 
One way of saving fuel is to make the use of it more 
efficient. Efficiency is the ratio of output to input. At 
present motor cars are generally less than 30% 
efficient; that is about 30% of the chemical energy of 
the fuel is used to propel the car and 70% is lost as 
heat in the exhaust.  

Scientists at Shell have developed fuels that reduce 
energy losses in the engine itself, and so increase 
efficiency. Drivers can save up to one litre per tank by 
using these fuels which are currently available to 
motorist in over thirty countries. The campaign to 
promote the use of these efficient fuels is called Shell 
FuelSave.  

 

Drivers Can Make a Big Difference 
The way a driver carries out actions such as 
accelerating; braking, speeding and sitting idle can 
have a significant impact on fuel use. Clearly, this can 
be very important for organisations with large fleets of 
trucks. The Shell FuelSave Partner programme for 
truck fleets tracks and analyses information on fuel 
use, driver behaviour and CO2 emissions. Using this 
programme, a fleet’s fuel efficiency can be improved 
by up to 10%.  

 

Lubricating the Parts 
A motor vehicle has many moving parts. The friction 
between these parts produces resistance which is a 
source of inefficiency since energy is required to 
overcome it. In the process it produces heat which 
can damage the engine. Friction can be reduced by 
using a lubricant such as motor oil. The lubricant also 
carries some of the heat away from the moving parts. 
Most lubricants are alkanes derived from petroleum. 
Shell scientists have developed a range of new 

lubricants that can save as much as 2% on fuel 
consumption.  

Designing Smarter Products 
Shell’s business is energy and, as such, it is firmly 
rooted in science, engineering and technology. The 
challenge is one of continuous improvement and 
innovation. The effort to make ongoing improvement 

in existing products and processes 
goes hand in hand with research  
into new possibilities. To do this it 
is necessary to work with many 
partners, other companies and 
universities, to seek creative 
solutions to today’s energy and 
environmental problems. Such 
cooperation is designed to ensure 
that science and technology 
serves the needs of a modern 
society.  

Shell 

Shell is a global energy company. Its aim is to meet 
the energy needs of society, in ways that are 
economically, socially and environmentally viable, 
now and in the future.  

Shell believes that oil and gas will be integral to the 
global energy needs for economic development for 
many decades to come. 

Shell companies operate in more than 100 countries 
and territories and directly employ around 102,000 
people.  

Shell has been exploring for, and producing, oil and 
gas for more than a century, using the most innovative 
technologies available. Today, Shell has interests in 
exploration and production in nearly 40 countries and 
territories. The company is meeting the challenge of 
growing energy demand by discovering new 
hydrocarbon resources that can be produced 
economically, efficiently and safely. Shell is also 
involved in the development of renewable energy 
sources as an alternative to fossil fuels. These include 
solar energy and wind energy. 

In Ireland, Shell is the lead operator in the Corrib Gas 
Project. The Corrib field is located 83km off the coast 
of County Mayo and is expected to supply up to 60% 
of the country’s gas needs at peak production. For 
further information on the Corrib gas project visit 
www.corribgas.ie. 
You can find this and other lessons on www.sta.ie. 

Find out  

Flex-fuel vehicle

 



 

Teaching Notes 
Syllabus References 

Leaving Certificate Chemistry (p. 49-52) 

• Sources of Hydrocarbons: Coal, natural gas and 
petroleum as sources of hydrocarbons. 

• Alkanes, alkenes and alkynes as homologous 
series.  

• Systematic names, structural formulas and 
structural isomers of alkanes to C-5. 

• Exothermic and Endothermic Reactions. 

• Combustion of alkanes and other hydrocarbons. 

• Heat of reaction. Sign of ΔH. 

• Oil Refining and its Products. 

• Fractionation of crude oil. 

• Production of the refinery gas, light gasoline, 
naphtha, kerosene, gas oil and residue fractions. 

• Other Chemical Fuels. 

• Hydrogen: manufacture by (i) electrolysis of 
water (ii) steam reforming of natural gas (simple 
treatment only). 

• This lesson is particularly relevant when 
discussing the topic of Science and Technology 
in Society.  

 

Learning Outcomes 

On completion of this lesson, students should be able to: 

• Understand why there is concern about global 
energy needs into the future. 

• Discuss some of the ways in which fuel can be 
used more efficiently. 

• Outline how petrol and other such fuels are 
produced from petroleum. 

• Understand how oxides of nitrogen and sulfur 
occur in exhaust fumes and know what can be 
done to reduce their concentration. 

• Appreciate the advantages and disadvantages of 
various alternative fuels and alternative energy 
sources. 

 
General Learning Points 

The following information can be used to revise the lesson’s main 
learning points and inform discussion. 

• In the late 1890s Rudolf Diesel developed an 
engine in which the compression of the fuel-air 
mixture was sufficient to ignite it; no spark was 
needed. Diesel engines were soon employed for 
ship propulsion and in electricity generation. As 
smaller and more efficient diesel engines were 
designed they were increasingly used in transport 
and in the EU today about half of all new cars 
have diesel engines. 

• Sucrose (C12H22O11 ) is a disaccharide composed 
of two simple sugars (fructose and glucose). The 
yeast is used to hydrolyse the sucrose into fructose 
and glucose, and ferment it to produce ethanol. 

• A carbohydrate is an organic compound of 
carbon, hydrogen, and oxygen, with a 
hydrogen:oxygen ratio of 2:1 (Cm(H2O)n ). 

• Brazil is the world’s second largest exporter of 
ethanol fuel, the United States being the largest 
producer. Between them they are responsible for 
nearly 90% of the world’s production. 

• It is useful to remind students how the term 
‘ethanol’ is derived based on the defined by the 
IUPAC nomenclature of organic chemistry. ‘Eth’ 
denotes two carbon atoms; with a single bond 
(‘ane’) and an attached -OH group (‘-ol’).  

• Ethanol is used use as a solvent of many 
substances designed for human contact or 
consumption, such as, flavourings, colourings, 
scents and medicines.  

• Flexible fuel vehicles are currently used in four 
regions, Brazil (14 million), United States (10 
million), Canada (600,000) and Europe, mainly 
Sweden (226,000). 

 

 



 

Student Exercises 
Student Activities 

Estimating the CO2 output of a car 
Let us assume for simplicity that petrol is 100% iso-octane (2,2,4 tri 
methyl pentane, C8H18 ). Its density is 688 kg/m3 (or 688 g/L), its 
heat of combustion is 5461 kJ/mol. 

Its molar mass is 114 (12×8 + 18 × 1 = 114). 

• Write a balanced equation for the combustion of 
iso-octane (C8H18). 

• What mass of CO2 is produced by burning 114 g 
of iso-octane? 

• What mass of CO2 is produced by burning 1 g of 
iso-octane? 

• What mass of CO2 is produced by burning 688 g 
of iso-octane? (remember 688 g is the mass of 1 
litre of iso-octane). 

• Assume that a particular car does 17 km/L (or 48 
mpg, miles per gallon). Using the answer to 4 
above find the mass of CO2 produced if the car 
travels 17 km.  

Libyan crude oil is particularly valued because of its 
rich light gasoline and naphtha content. Social unrest 
in the Middle East early in 2011 has again highlighted 
Ireland’s heavy dependence on oil as an energy 
source. Unstable supplies, the high cost of importing 
quality crude oil, and environmental issues focus 
attention on alternative energy sources including 
fuels, other than fossil fuels, e.g. hydrogen, and diesel 
derived from vegetable oil. 

• How many grams of CO2 does the car produce 
per kilometre of travel? (This quantity is used 
nowadays to express the fuel efficiency of cars.) 

• How much energy is produced by the combustion 
of 1 kg of iso-octane? 

• How much energy is produced by the combustion 
of 100 g of iso-octane? You might compare this 
figure with the energy content of various foods, in 
kJ/100 g, for example: boiled potato(360), 
bread(1000), sugar(1600), biscuits(ca. 2000), 
crisps(2600) and butter (3000).  

True/False Questions 
(1) Kilometres per litre is a measure of 

efficiency.  

(2) Sources of fossil fuel are considered to be 
renewable. 

(3) Sugarcane is a biomass material.  

(4) A flex car is a car that can run on more than 
one type of fuel. 

(5) The Shell Eco-marathon is restricted to 
professional drivers.  

(6) Biofuels are produced from fossils.  

(7) Concrete is considered to be a biomass. 

(8) Polyurethane is used to make lighter car 
parts. 

(9) Ethanol and ethylene are the same thing.  

(10) Lubricants make no difference to fuel 
consumption in a car.  

(11) Diesel fuel produces no pollutants.  

(12) Wood, straw and other plant material are 
forms of biomass. 

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

 
Examination Questions 

Leaving Certificate Chemistry (HL) 2011, Q. 6 

Over 20% of the crude oil refined at Whitegate in Cork 
Harbour in 2010 was imported from Libya. 

What is the nature of the chemicals that make up the 
bulk of crude oil?  

Unprocessed crude oil, obtained by drilling on land or 
at sea, is not generally useful. Describe with the aid of 
a labelled diagram how crude oil is separated into 
useful substances in an oil refinery. Give the major 
use for the light gasoline and naphtha fractions of 
crude oil. 

What is catalytic cracking? Why is it carried out in oil 
refining? 

Hydrogen gas can be obtained industrially by the 
reaction between natural gas and water in the form of 
steam (steam reforming). 

Describe another method by which large quantities of 
hydrogen can be obtained from water. 

State one disadvantage of using hydrogen as a fuel.  

Steam reforming takes place according to the 
following balanced equation: CH4 (g) + H2O (g) –> CO 
(g) + 3H2 (g) 

Calculate the heat of this steam reforming reaction 
given that the heats of formation of methane, steam 
and carbon monoxide are –74.6, –242 and –111 kJ 
mol–1 respectively. 

 



 

Did You Know? 
• The early Ford Model T cars ran on ethanol until 

1908. When the Prohibition laws were enacted 
ethanol producers were accused of illegal 
production of alcohol (ethanol is alcohol) and car 
users then moved to petrol. 

• The Shell GameChanger programme sponsors 
entrepreneurs to develop their energy ideas into 
a product that can be introduced to the 
marketplace. Anyone with an innovative idea that 
addresses an important issue the energy industry 
is eligible to apply.(www.shell.com).  

• Fossil fuels are formed from the fossilised 
remains of old plants and animals subject to high 
levels of heat and pressure in the curst of the 
earth over millions of years. 

• The word ‘petroleum’ comes from the Greek for 
rock (petra) and the Latin for oil (oleum). 

• The ethanol fuel that Shell produce in Brazil as 
called V-Power Ethanol 100. 

• Sugarcane is a type of grass. 

. 

Biographical Notes  

Antoine Lavoisier (1743-1794) 

Antoine Lavoisier was a French chemist and biologist. 
He discovered and named oxygen and hydrogen and 
was the first to describe ethanol. He is considered to 
be the father of modern chemistry. 

Nicolas-Théodore de Saussure (1767-1845)  

Nicolas-Théodore de Saussure was a Swiss chemist 
who was the first to determine the chemical formula 
for ethanol. Fifty years later, Archibald Scott Couper 
(1831 - 1892), a Scottish chemist, published the 
structural formula of ethanol. It was among the very 
first structural formulas to be derived.  

Eduard Buchner (1860-1917)  

Eduard Buchner was a German chemist who 
introduced the term ‘enzyme’ when working on the 
fermentation of sucrose. In 1907, he won the Nobel 
Prize in Chemistry for his work on fermentation. 

 

Revise The Terms 
Can you recall the meaning of the following terms? 
Reviewing terminology is a powerful aid to recall and 
retention. 

accelerate, alkane, biomass, combustion, diesel, 
efficiency, ethanol, fermented, flexible-fuel vehicle, 
fossil fuel, fuel, hydrocarbon, lubricant, petroleum, 
polyurethane, Shell FuelSave, Smarter Mobility, 
sucrose, sugarcane, super-enzyme, weight, work. 
Check the Glossary of Terms for this lesson on www.sta.ie. 

more about the work of Shell at . 

 

 




