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Introduction 

Today there is heightened concern about the future of 

energy supplies. There are several reasons for this. 

• Fossil fuels reserves are finite. 

• The cost of fossil fuels is likely to increase as they become less 

accessible. 

• The world’s population is increasing and more energy will be 

needed. 

• Energy requirements in developing countries will increase as 

living conditions improve. 

• Energy demand in developed countries is likely to rise rather 

than fall. 

• Some energy technologies have a negative impact on the  

environment (air, water and land). 

• Fossil fuels can be controlled for political purposes. 

 

Likely Future Energy Requirements 
In the absence of more coherent international agreements, global 

energy consumption is likely 

to follow the trends shown in 

Fig. 1. The world population is 

expected to rise from today’s 

figure of almost 7 billion to 9.5 

billion by 2050. Extra energy 

will be needed to meet their 

needs, especially as they 

become more prosperous.  

(Source: Shell energy scenarios to 2050)  

(1 EJ = exajoule = 1018 joule ≈ 164 million barrel of oil equivalent) 

 

The Fossil Fuel Contribution (78%) 
At present about 78% of global energy is derived from oil, gas and 

coal (31% + 21% + 26%). So-called ‘easy-oil’ reserves are being 

depleted and newly discovered ones are generally much less 

accessible. Global oil production is expected to peak by 2015 after 

which it will decline steadily; the extent of the decline is a matter of 

some dispute, but analysis suggests that it will drop to half its 

present level between 2050 and 2100. Gas production is expected 

to peak around 2025 and coal production around 2040. As fossil 

fuels run out, alternative energy sources will be increasingly 

required to meet the demand.  

 

The Traditional Biomass Contribution (8%) 
Biomass – combustible material such as wood, charcoal, grass, 

straw, leaves, and dried animal droppings – is the main energy 

source for 2.4 billion people – over 30% of the world’s population.  

Its use for heating and cooking is often very inefficient and can lead 

to habitat destruction. Unless it is properly managed, it is not 

generally sustainable.  

Stoves, which may be made of local materials, can reduce smoke 

levels and dramatically improve efficiency. The consequent 

reduction in the amount of fuel needed can move the use of this 

energy source closer to sustainable levels.  

New Biofuels (2%) 
This comprises renewable biomass (combustible renewables such 

as wood, paper, straw, organic waste etc.), bioethanol, and 

biodiesel. Global biofuel output is increasing at about 12% per 

annum; at this rate it will double in about six years. 

Today most bioethanol is produced by fermentation of crops such 

as sugar cane or corn. Biodiesel is produced from oils extracted 

from plants such as palm or rape. 

Financial incentives to US farmers triggered rapid growth in 

bioethanol production in recent years; this reduced the amount of 

corn (maize) available for food, especially for the poor. There is 

now concern that liquid biofuels may not be as carbon neutral as 

they might at first appear.  

These concerns have encouraged research into the development 

of so-called second generation biofuels that might be made from 

non-food crops or even from agricultural or industrial waste such 

as straw or sawdust. The immediate aim of the research is to 

develop new strains of  microorganisms that can quickly 

decompose cellulose into sugar which can then be fermented to 

form alcohol. If this is achieved then cellulosic ethanol could 

increase tenfold without using food crops. 

The Nuclear Contribution (5%) 
Nuclear power stations produce about 5% of the global energy 

supply or about 15% of the electricity. By 1985 there were more 

than 400 and the  number has changed little since then. Most are 

therefore over twenty years old; some have been decommissioned 

and replaced by more modern designs. At present, 435 are 

operating worldwide and 48 more are under construction. In some 

countries a large proportion (about 80%) of the electricity comes 

from nuclear power, e.g. in France and Lithuania.  

Nuclear energy is derived from the fission of uranium; the heat 

evolved is used to produce steam to drive turbine generators. 

While improvements in the design of nuclear power stations will 

increase their efficiency, the nuclear contribution is unlikely to 

change very much from its present value (5%) for some decades. 

At current rates of depletion uranium reserves are expected to last 

between 80 and 100 years. Development of improved ‘breeder 

reactors’ could extend this almost indefinitely.  

Hydroelectric Power (ca. 6%) 
Few sites are suitable for large-scale hydroelectric schemes and 

the flooding of valleys causes dislocation of people and habitat 

destruction. However the resulting lakes form new habitats. Dams 

can also reduce the effects of periodic flooding. Initial construction 

costs are high because huge amounts of concrete and steel are 

required. Once in place however hydroelectricity is non-polluting 

and is ideal for meeting sudden fluctuations in demand. Today 

there seems to be little interest in constructing more large-scale 

hydroelectric schemes but there is considerable investment in 

numerous small-scale projects (<100 MW). Hydropower is here to 

stay but is unlikely to provide more than about 6% of total energy 

needs.  

Oil 31% 

Gas 21.4% 

Coal 26% 

Biomass 10% 

Nuclear 5% 

Hydroelectric 6% 

Renewable 0.6% 



 

 

Wind Power (0.2%) 
In 2008, the global wind power installed capacity was 120,000 MW. 

Assuming a capacity factor of 30%, the expected annual output 

would be 1.1 EJ (0.2% of global energy supply). This may seem 

rather small but for several years wind power has been increasing 

at about 25% per annum and at that rate it would be a hundred 

times bigger in less than 21 years (1.2521 = 108). Although this rate 

is unlikely to persist, it is clear that wind power will make a 

significant contribution to future energy needs. 

Geothermal (0.1 – 0.4%) 
Heat within the Earth’s crust can be used as a direct heat source or 

to generate electricity. Although its net contribution to global 

energy requirements is small (about 0.1%) at present it is 

expanding by about 10% annually. 

Solar Energy ( < 0.2%) 
The Sun provides us with ‘free’ energy averaging about 250 W/m2 

at the Earth’s surface. Solar heating panels absorb solar radiation 

(visible and infrared) and heat water directly. Panels of photovoltaic 

cells can generate electricity directly. Once installed these systems 

are very ‘clean’. The biggest difficulty with ‘solar electricity’ is 

storage; a typical lead-acid battery has a capacity of about 1 kWh 

or 3.6 MJ. 

In order to generate the global energy requirement from the Sun, 

solar panels would have to cover less than 1% of the land area.  

 

Shell 
Shell is a global group of energy and petrochemical companies. 

Our aim is to meet the energy needs of society, in ways that are 

economically, socially and environmentally viable, now and in the 

future.  

We believe 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 110 countries and territories 

and employ more than 109,000 people.  

Shell has been exploring for and producing oil and gas for more 

than a century. We use the most innovative technologies available. 

Today, we have interests in exploration and production in nearly 40 

countries and territories. Shell 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 

 

For further information on shell visit www.shell.com 

You can find this and other Shell lessons on  

www.sta.ie 
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Teaching Notes 

Syllabus References 

The appropriate syllabus references are: 

Leaving Certificate Technology 

Objectives….the student should recognise that technological 

developments have resource implications, that resources need to 

be carefully managed and that developed societies have moral 

responsibilities in their appropriation of world resources (p.7) 

Energy and Energy Conservation: sources of energy – renewable 

and non-renewable; the cost of energy; energy efficiency (p. 24) 

Leaving Certificate Physics 

Energy: different forms of energy. Ep = mgh, Ek = mv
2, E = mc2 ; 

principle of conservation of energy (p. 27) 

Principles of fission and fusion (p. 41) 

Leaving Certificate Chemistry 

Exothermic and endothermic reactions; measuring heats of 

combustion; Combustion of alkanes and other hydrocarbons 

(p.50) 

Organic Chemistry 

Esters; fats as natural esters (p. 55) 

Learning Outcomes  

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

• Recall the main energy sources and their relative contribution to 

global energy. 

• Appreciate that energy demands will increase as the 

development proceeds and population increases. 

• Understand that the major primary energy sources are limited 

and will soon begin to decline. 

• Understand that coordinated global practical steps are now 

required to provide an energy infrastructure for the future. 

• Understand why a variety of renewable energy sources will be 

required to meet future needs. 

General Learning Points 

The following information can be used to revise the lesson’s main 

learning points and inform discussion 

• For several reasons there is heightened concern about the 

future of energy supplies. 

• Global energy per capita is rising; the demand will continue to 

rise but the supply is limited. 

• There are many alternatives to fossil fuels but each will provide 

only a part of the future energy requirement. 

• We need to move towards using less energy in a more efficient 

way.. 

• Fossil fuels will eventually run out; we should now be preparing 

for a more sustainable and equitable future. 
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Exercises 

Student Activities 

This activity is best undertaken by groups, focusing on different 

topics. 

Ireland’s energy use is about over 0.6 EJ per annum (= 45,000 

kWh). (1 EJ = exajoule = 1018 J; 1 kWh = 3,600,000 J = 3.6 MJ) 

What would be required to generate 10% of our energy (i.e. 0.06 EJ 

or 4,500 kWh) using one of the following: biodiesel, bio-alcohol, 

nuclear power, hydroelectric, wind, solar heating, solar electric, 

new biofuels (cellulosic).  

In your investigation you should consider: 

• the typical output from the power plant (or the typical output 

per hectare for biofuels) 

• an estimate of the cost of construction of the associated 

infrastructure 

• the time required to complete it 

• the number of installations required 

• the total area required (based on typical data). 

Make a chart of your findings. How does the particular energy 

source compare with others?  

 

True/False Questions 

a) Less energy will be required in the future. T F 

b) The world’s population is expected to be 9.5 billion by 2050. T F 

c) Coal resources will be depleted by 2040. T F 

d) At present about 80% of global energy is generated  

by fossil fuels. T F 

e) One third of the global population uses less than 10%  

of global energy. T F 

f) Nuclear energy is used to generate 80% of electricity in  

France (or about 40% of its total energy). T F 

g) First generation biofuels are made by fermentation of  

straw and waste cellulosic material. T F  

h) Today there seems to be little interest in constructing more 

large-scale hydroelectric schemes but there is considerable 

investment in numerous small-scale projects (<100 MW). T F 

i) Second generation biofuels are derived from food crops  

such as maize. T F 

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

 

 

Examination Questions  

Leaving Certificate Chemistry (OL) 2001, Q.6   

(a) What is meant by (i) an exothermic reaction (ii) an endothermic 

reaction?  

Define the heat of formation of a substance. 

The formation of ethyne can be represented by the equation  

2C(s) + H2(g) -> C2H2(g) 

Use the data below to show that the heat of formation of ethyne, 

C2H2, is 225 kJ mol-1. 

C2H2(g) + 2½O2(g) -> 2CO2(g) + H2O(l)  ∆H = -1299 kJ mol-1 

C(s) + O2(g)   -> CO2(g)  ∆H = -394 kJ mol-1 

H2(g) + ½O2(g)  -> H2O(l)  ∆H = -286 kJ mol-1 

Use the heat of combustion of ethyne (-1299 kJ mol-1) supplied in 

the data above to calculate the kilogram calorific value of ethyne 

(relative molecular mass = 26).  

(b) Define the heat of combustion of a substance. 

Describe an experiment you could carry out in the school 

laboratory to measure the heat of combustion of a liquid such as 

methanol. 

What are the main sources of error in the experimental procedure 

you have described? 

Leaving Certificate Chemistry (HL) 2005, Q.9c 

The value of Kc for the following equilibrium reaction is 4.0 at a 

temperature of 373 K. 

CH3COOH+ C2H5OH -> CH3COOC2H5 + H2O 

(i) Write the equilibrium constant (Kc) expression for this 

reaction.(6) 

(ii) What mass of ethyl ethanoate (CH3COOC2H5) would be 

present in the equilibrium mixture if 15 g of ethanoic acid and 

11.5 g of ethanol were mixed and equilibrium was 

established at this temperature? 

Leaving Cert Physics (HL) 2008, Q.12c 

In 1939 Lise Meitner discovered that the uranium isotope U–238 

undergoes fission when struck by a slow neutron. Barium–139 and 

krypton–97 nuclei are emitted along with three neutrons. 

Write a nuclear reaction to represent the reaction.  

In a nuclear fission reactor, neutrons are slowed down after being 

emitted. 

Why are the neutrons slowed down? 

How are they slowed down?  

Fission reactors are being suggested as a partial solution to 

Ireland’s energy needs. 

Give one positive and one negative environmental impact of 

fission reactors.  



 

 

Did You Know? 

Ardnacrusha 

By 1900 electricity supplies in Dublin, Cork and some other towns 

provided some street lighting and power to a small number of 

homes. There was no national grid and the only electricity in rural 

areas was derived from batteries. 

The hydroelectric power station at Ardnacrusha, on the Shannon, 

began operation in 1929. At the time it was the biggest in the world 

and its construction is recognised internationally as one of the 

major engineering milestones of the twentieth century. Its output 

(85 MW) was sufficient to meet most of the country’s electricity 

requirements. Today the country’s peak demand can exceed 5000 

MW ─ more than 1 kW per person. 

The Ardnacrusha station cost £5.2 million or about 20% of the 

country’s annual budget – a very ambitions undertaking for the 

fledgling state. Almost eighty years later it is still producing 

electricity. 

Biographical Notes 

Friedrich Wöhler (1800 – 1882) 

Friedrich Wöhler was born in 1800 near Frankfurt, Germany. His 

father was a veterinary surgeon and plant specialist. He studied in 

the universities of Marburg and Heidelberg, and in 1823 he 

qualified in obstetrics. However, his passion always was chemistry.  

From 1826 he taught chemistry in Berlin and in Kassel. He later 

became Professor of Chemistry Göttingen, where he remained until 

his death in 1882. 

Wöhler discovered several elements including aluminium and 

titanium, and was co-discoverer of silicon and boron and of many 

compounds. However he is mainly remembered for his synthesis of 

urea (H2N.CO.NH2), a constituent of urine, from inorganic 

chemicals. At the time organic substances were thought to have a 

Vital Force that made them fundamentally different from ordinary 

inorganic substances. The synthesis of urea was a significant step 

in the understanding of the chemical nature of biological 

substances.  

His demonstration of the stability of organic radicals through a 

series of reactions was another important contribution to organic 

chemistry. 

Revise The Terms 

Can you recall the meaning of the following terms? Reviewing 

terminology is a powerful aid to recall and retention. 

biodiesel, bioethanol, capacity factor, carbon neutral, cellulose, 

cellulosic ethanol, charcoal, energy, fermentation, fission, fossil 

fuel, inefficient, installed capacity, joule, microorganism, nuclear 

power, photovoltaic, second generation biofuels, solar heating 

panel, turbine, uranium. 

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


