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Introduction
Technology has been defined as the ‘practical application of 
knowledge’ (www.merriam-webster.com/dictionary/technology). 
The knowledge referred to here is usually scientific knowledge. 
These days we are accustomed to terms such as ‘computer 
technology’, ‘medical technology’ and ‘space technology’. We can 
easily appreciate that these terms imply a high level of scientific 
knowledge. It may be less obvious that construction projects, 
such as houses, bridges and roads, also rely on a sound 
understanding of scientific concepts. Examples of such concepts 
are force, stress, strain and pressure. So technology, in putting 
science into action, produces the things that have practical use in 
our lives. Accordingly, technology is also seen as ‘applied science’. 

Industries apply scientific knowledge in order to produce goods 
and services that meet the ever increasing needs of society. In this 
lesson we look at the production of cement. While conscious of 
the ever increasing demands on world resources and mounting 
pressure on the global environment, the cement industry continues 
to focus on achieving the highest standards of environmental 
management in all its activities. It is proactively addressing the 
challenges of climate change and is committed to conducting its 
business in a sustainable and responsible manner.

Technology in action
All industrial processes share a common feature which is to use 
the skills of engineering to transform inputs (raw materials) into 
outputs (products). The global cement industry produces over 
three billion tonnes of cement annually, making cement the 
world’s most widely used construction material. 

The basic raw material, limestone, is crushed and mixed with 
silica-bearing materials, mainly shale, and heated to a high 
temperature. The output of this process is called clinker. This 
clinker is then ground with a small amount of gypsum (calcium 
sulphate) to produce the final product — portland cement.

The diagram shows a generalised manufacturing process in 
which inputs (raw materials) 
are converted into outputs 
(products). The process 
also requires an energy 
input (fuel and electricity) 
and generates outputs of 
heat (which is recovered 
for drying raw materials) 
and atmospheric emissions 
(minimised through the use 
of abatement technologies).

• The process requires energy 
• It produces emissions
• It produces heat. 

Energy
Cement manufacturing requires energy and cement kilns use 
fuels such as coal, pet-coke, oil or gas, as a primary energy 
source, to provide the necessary heat energy. The burning 

process takes place at around 1500°C and for every tonne of 
clinker produced, a cement plant uses about 3.5 GJ (gigajoules) 
or 3.5 ×109 J ( joules) of primary energy. This is equivalent to the 
energy used in about 14 houses for a day. The amount of 
electrical energy required is about 0.35 GJ/tonne of cement or 
about 10% of the total amount of primary energy used. 

The cement industry is constantly striving to make the process 
more energy efficient and to use renewable energy resources 
where possible. In the past five years alone, CRH cement 
companies have made the production of clinker 12% more 
efficient. Significant reductions have also been achieved in the 
cost of transporting cement by using more fuel-efficient rail, boat 
or barge transport.

Atmospheric emissions
The process of cement production produces some atmospheric 
emissions. The main emissions are:

• Particulates (dust) - arising from the burning of raw materials 
and grinding of clinker 

• Oxides of nitrogen (NOx ) - formed when oxygen and 
nitrogen in the air react at high temperature 

• Oxides of sulfur (SOx ) - formed from the sulfur content of 
the fuels and oxygen in the air.

CRH has in recent years through the use of improved filters 
reduced particulate emissions by 50%. A 15% reduction in NOx 
emissions has also been achieved by the use of alternative fuels 
and by chemical reduction of nitrogen oxides to nitrogen and 
water. The use of low sulfur fuel has already reduced SOx 
emissions to a low level within CRH.

Climate change
The burning of fuels for energy in industrial processes by 
furnaces, boilers, combustion engines, etc. generates carbon 
dioxide (CO2) from the carbon content of the fuels used. CO2 is 
classified as a greenhouse gas (GHG). Carbon dioxide generated 
in the production of cement clinker arises from the carbon 
content of the fuels used (e.g. natural gas, which is mostly 
methane). 

Manufacturing
process

Input
(raw materials)

Output
(products)

Energy Emissions

 Other waste 
(heat, solid , liquid )

Heat

This CRH plant is next to Bunlicky Lake, a clay pit which was 
flooded and today supports significant biodiversity.
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The combustion of methane is represented as follows:

 CH4  + 2 O2  ——> CO2  + 2 H2 O

Carbon dioxide is also unavoidably produced from decarbonation 
of limestone, to produce lime (CaO):

 CaCO3  —>  CaO + CO2 

Therefore, alternative fuels, together with energy efficiency, are 
key to reducing CO2 emissions in the production of clinker and 
ultimately, cement. Current initiatives include:

• Use of biomass alternative fuels, such as sawdust, waste water 
treatment plant (WWTP) outputs and meat and bone meal (MBM), 
which are carbon neutral.

• Use of other alternative fuels, and waste materials that would 
otherwise go to landfill or be incinerated.

• Use of alternative materials to replace a proportion of the raw 
materials entering the kiln.

• Use of alternative materials to replace a proportion of clinker used 
to make blended cements.

In 2007, CRH publicly committed to a 15% reduction by 2015 in 
CO2 emissions in specific cement plants, compared with the 
1990 emission levels. This was achieved in 2012 — three years 
ahead of the target date in a number of ways, including: 
replacement of older technology with modern highly efficient 
plant, the use of alternative fuels including biomass and the 
development of blended cements.

Sustainability is the key 
There are many other environmental sustainability considerations 
for the cement industry that we have not mentioned so far. These 
include the restoration of quarries, protection of wildlife habitats, 
materials recycling and the management of water and waste. The 
cement industry must meet the requirements of various EU 
Directives and maintain records on their performance to achieve 
independent verification for accreditation of environmental 
management systems. It is very important that they demonstrate 
that all operations are sustainable, i.e. that they can be carried out 
over time without negative effects on the environment. For 
example, CRH produces an annual Sustainability Report which 
deals with all the issues discussed 
in this lesson and more.

As well as mitigation and 
abatement measures, there is 
also much innovation. For 
example, unburnt limestone is 
now being ground with  
the cement clinker in producing a 
final cement with lower clinker 
content, thus reducing the 
carbon emissions per tonne of 
product. Cement produced by 
Irish Cement using this approach 
is called CEM II Limestone 
Cement and  is commonly known 
as Eco-Efficient cement.

CRH is an international group with strong national, regional 
and international leadership positions. With operations in 35 
countries, CRH employed approximately 76,000 people at over 
3,500 locations in 2012. From a strong developed-world base, 
CRH is growing its presence in emerging economic regions.

In its 2012 Sustainability Report, CRH states that it ‘has 
progressed and developed in all areas of sustainability and sought 
to ensure that the key elements are embedded in our business 
model.’ (www.crh.com/sustainability/sustainability-publications)

CRH has operated successfully for over forty years. This 
success has been based on a solid foundation and commitment 
to fundamental aspects of business – strong customer and 
supplier relationships, value added products, efficient 
processes and targeted markets, balanced across both 
sectoral and geographic areas. These fundamentals of 
business are managed within a strong framework and focus on 
health & safety, environment & climate change, people & 
community and corporate governance. In all of these areas, 
CRH sets policies, implements management systems, monitors 
performance and incorporates stakeholder feedback at each 
stage aiming for continuous improvement across its activities. 
By developing sustainable businesses, CRH aims to remain an 
industry leader creating long term value for all stakeholders.

In 2007, CRH, in fulfilling its obligations as a member of the 
Cement Sustainability Initiative, publicly committed to a 
reduction in specific carbon dioxide emissions from its cement 
plants. This was followed with a commitment to reduce other air 
emissions from cement plants. CRH has achieved all of these 
targets a full three years ahead of the planned date, through 
sustained investment in energy efficient processes and 
abatement systems, increased use of alternative fuels and raw 
materials and the technical development of lower carbon 
intensity products. CRH is now focusing on achieving its new 
public commitments in these areas by the target date of 2020.

Production facilities are being progressively upgraded to 
optimise the use of both energy and materials and to reduce 
emissions. 

CRH companies won a total of 266 environmental awards in 
2012. In addition CRH is ranked among sector leaders by 
leading Socially Responsible Investment (SRI) rating agencies.

Find out more about the work of CRH on www.crh.com

Find this and other lessons on www.sta.ieEco-efficient Irish Cement 
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Syllabus References

The relevant syllabus references are:

Leaving Certificate Chemistry
• States of Matter

• Chemical Formulas

• Atmospheric Chemistry

Leaving Certificate Technology
• Manufacturing Processes and Materials

Note: The lesson can be effectively used to address the Science and 
Technology in Society (STS) component of all Leaving Certificate 
science-related syllabi.

Science and Technology in Action is also widely used for project work 
in Transition Year.

Student Activities

Exploring chemical relationships

The following processes have much in common:

• The formation of ‘limescale; in a kettle

• The formation of caves in limestone areas

• The formation of stalactites in limestone caves

• The production of lime from limestone

• The hardening of ‘whitewash’ on walls or houses

• The absorption of carbon dioxide by concrete (over many years)

• The limewater test for carbon dioxide

• The clearing of ‘clouded limewater’ by prolonged addition of carbon 
dioxide

• The reasons for temporary hardness in water in certain parts of the 
country

• Removal of temporary hardness in water by boiling

• Removal of permanent hardness by addition of washing soda.

1. Investigate these processes and find out how they are related. 

2. For each one write the chemical formulas that summarise the 
overall process.

3. Make a poster on which similar processes are grouped together.

4. Identify processes that are the reverse of one another.

5. Explore the two-step reaction between limewater and sparkling 
water. Which of the above processes involve the same chemical 
reactions?

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

• Outline a system model of an industrial process

• Identify some common construction materials

• Describe how energy is consumed in the production of cement

• Discuss the main environmental concerns associated with the 
cement industry and the efforts being made to mitigate them

• Outline the concept of sustainability and explain its importance to 
CRH. 

General Learning Points

The following points can be used to enhance the lesson content 
and to inform discussion.

• ‘Technology’ may be defined as the ‘practical application of 
knowledge’.

• Sedimentary rocks are formed by the deposition of material over long 
periods of time, for example limestone and sandstone. Limestone 
makes up about 10% of sedimentary rocks. 

• Silicate minerals are minerals containing silicon and oxygen. They 
constitute about 90% of the Earth’s crust.

• ‘Calcination’ is the thermal process applied to ores in the presence of 
oxygen.

• ‘Weather’ reflects the conditions of the atmosphere over a short period 
of time, while ‘climate’ is the average over longer periods of time such 
as decades or centuries. 

• It is estimated that fossil fuels have caused a 40% increase in 
atmospheric CO2 since the beginning of the Industrial Revolution.

True/False Questions   
a) Industrial transformation of inputs to outputs 

requires energy. T F

b) Carbon dioxide is also called limestone. T F

c) A gigajoule is 10 12 joules. T F

d) Small pieces of solid matter in the air are called particulates. T F

e) Clouds have an important effect on the amount of   
solar radiation that reaches the Earth’s surface. T F

f) CO2 is considered to be a greenhouse gas. T F

g) Nitrous oxide is a harmless gas. T F

h) Combustion in the presence of nitrogen can  
produce toxic gases. T F

i) Burning limestone in a kiln is called calcination. T F

j) CRH is one of the world’s largest producers  
of construction materials. T F

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

Leaving Certificate Construction Studies (HL) 2010, Q. 10
“In the increasingly urbanised world of the 21st century, a major 
challenge is to find solutions to the problems facing our towns and 
cities – the control of sprawl, sustainable growth, integrated transport 
systems and better-quality urban environments and public realms. 
Cities and towns that are diverse, varied in use, walkable, human scaled 
and identifiable by the high quality of their public realm can contribute 
to the process of creating sustainable urbanism. The challenge for all 
citizens is to make our towns and cities viable in the long term, 
environmentally and socially, as well as economically. There will be no 
sustainable world and no sustainable country without sustainable cities 
and towns”. (Sustainable Urbanism: creating communities for the 
knowledge economy: by Anthony Reddy in The New Housing 2, Royal 
Institute of Architects of Ireland 2009.)

Discuss the above statement in detail and propose three guidelines 
that would help create environmentally sustainable urban development 
in Ireland.

Leaving Certificate Construction Studies (HL) 2013, Q. 10

“It is worth questioning whether a large house built to passive standards 
but remote from schools, shops or workplace, may in the long term be 
less sustainable than a modestly-sized home built within walking or 
cycling distance from daily destinations. The cost of energy required to 
power but also to transport goods and people from place to place will 
increasingly form part of the debate on sustainability. Passive living is 
not just a factor of the energy rating of the fabric of the house, but of an 
holistic approach to how we as a society think about dwelling, about 
the reuse of existing space in the first instance and about the 
appropriateness of scale”. (From House to Home: a long conversation 
- Orla Murphy, School of Architecture, UCD House - An Exhibition of 
21st Century Homes in the West of Ireland (2012). Avaya: 25-29 Mervue 
Business Park, Mervue, Galway)

Discuss the above statement in detail and propose three guidelines 
that would promote the development of environmentally sustainable 
housing in Ireland. 

Leaving Certificate Construction Studies (HL) 2012, Q. 10 

“A sustainable ethos in building will require the consideration of 
environmental implications associated with design, construction and 
operation of buildings and neighbourhoods; and greater emphasis on 
the improvement of existing buildings. Most buildings are used for 
several decades, and many survive for centuries. As the community’s 
principal physical asset, getting good value requires that the building’s 
full life cycle be considered, avoiding short-sighted attempts to merely 
minimise initial cost.” (The Green Vitruvius – Principles And Practice Of 
Sustainable Architectural Design (2011) by Vivienne Brophy and J Owen 
Lewis (UCD). - Earthscan Ltd, 14a St Cross Street, London ECIN 8XA, 
UK)

Discuss the above statement in detail and propose three guidelines 
that would promote the development of environmentally sustainable 
housing in Ireland.

Did You Know?

• Calcium oxide (also known as quicklime) is made by burning limestone 
(calcium carbonate, CaCO3 ). In the process carbon dioxide is driven off 
(CaCO3 + heat —> CaO + CO2  ).

• The cement industry produces about 5% of global man-made CO2 
emissions, of which 60% is from the chemical process (above), and 
40% from burning the fuel (e.g.,  C + O2 —> CO2 ). 

• Water vapour is a greenhouse gas (GHG); in fact it is the most abundant 
GHG. However, future increase in the production of carbon dioxide is of 
greater concern in relation to global warming.

• The “average” dwelling in Ireland consumes a total of 25,304 kWh of 
energy  per annum (SEAI 2006 report). This is equivalent to 69.3 kWh 
per day or 0.249 GJ  (1 kWh = 3,600,000 J and 1 year = 365 days).

• The primary energy used to produce a tonne of clinker is 3.5 GJ (3.5 
gigajoules = 3.5 × 10  9 joules) which is equal to the average energy use 
of 14 houses in one day. 

Biographical Notes 

Joseph Black (April 1728 – 1799)

Joseph Black was among the first to explore the chemistry of lime. 
Although production of lime from limestone has been carried out in 
various cultures for thousands of years there was no real understanding 
of what was actually happening. Black investigated reactions between 
acids and a range of substances including limestone. He noted that the 
gas produced by the reaction with limestone was denser than air. He 
discovered that when this gas was bubbled through limewater it caused 
the solution to become cloudy; on standing the cloudiness would settle 
as a white precipitate. 

This ‘fixed air’, as he called it and which we know as carbon dioxide, did 
not support a flame or animal life. Black showed this gas is exhaled by 
animals and is given off in the fermentation process. These were 
important discoveries at a time when the composition of the air was still 
unknown and oxygen had not yet been identified.

 

Revise The Terms

Can you recall the meaning of the following terms?  
Revising terminology is a powerful aid to recall and retention.

abatement, abatement technologies, applied science, biomass, 
blended cements, cement, clinker, decarbonation, emissions, energy, 
energy efficient, force, gigajoules, green cement, greenhouse gas, 
gypsum, joules, limestone, methane, mitigation, NOx, particulates, pet-
coke, portland cement, pressure, renewable energy, scientific 
knowledge, shale, silica, SOx, strain, stress, sustainable, technology, 

Check the Glossary of terms for this lesson on www.sta.


