
 

 

CRH 
Science, Technology and Responsibility  

Industry and the Environment 

Currently there is widespread concern about 
the long-term sustainability of industrial 
activities that affect the environment. The 
science and technology we use to produce 
the goods and services we need can impact 
soil, water and air. In this lesson we look at 
how CRH, the major global building materials 
company, fulfils its corporate social 
responsibility as it works to reduce or 
ameliorate the environmental impact of its 
business operations. 

Cement – The Essential Building Material 

Cement is produced by burning limestone 
(calcium carbonate, CaCO3), together with other 
raw materials, mainly shale, in a kiln. Modern 
cement kilns operate at temperatures up to 
1450°C which are necessary to produce the kiln 
output called clinker. The clinker is then mixed 
with small amounts of gypsum and ground to the 
fine powder that we recognise as cement. 

Emissions 

The cement production process emits carbon 
dioxide (CO2) through the decomposition of 
limestone into carbon dioxide and lime (CaCO3 
=> CO2 + CaO), and from the burning of the fuels 
necessary to create the high temperature in the 
kiln. Of all the CO2 produced in the production of 
cement, about 60% comes from the chemical 
process described above and 40% from the 
burning of fuels. Approximately 700 kg of CO2 are 
emitted for every 1000 kg of cement produced. It 
is estimated that cement accounts for 5% of 
global CO2 emissions but the industry has a 
number of programmes in place to minimise this 
figure. Today clinker is ground with materials such 
as unburnt limestone to reduce the emissions 
footprint in production. CO2 is classified as a 
greenhouse gas (GHG).  

The combustion of fossil fuels during the 
production process gives rise to other emissions, 
including nitrogen oxides (NOx) and sulfur oxides 
(SOx). In atmospheric chemistry the terms NOx 
and SOx refer to the families of nitrogen oxides 
and sulfur oxides. When these oxides react with 
water they form acids such as nitrous acid 
(HNO2), nitric acid (HNO3), sulfurous acid (H2SO3) 
and sulfuric acid (H2SO4), which are all 
constituents of acid rain.  

Particulate emissions arise from the processing of 
finely ground limestone and shale in the kiln to 
produce clinker and from the grinding operation of 
raw materials and final product. 

Reduction of Emissions 

CRH’s Environmental Policy has two critical 
objectives that apply across all the company’s 
operations – to proactively address the 
challenges and opportunities of climate change 
and to optimise its use of energy and resources 
through efficiency gains and recycling. These 
objectives are being accomplished by optimising 
existing plant, upgrading processes to the latest 
technology, investing in new and replacement 
state-of-the-art plants and use of alternative fuels 
and materials. 

CRH is investing in modern high efficiency kilns 
that are significantly more efficient than the older 
models, thus leading to significant improvements 
in CO2 emissions.  

In order to minimise NOx emissions, special 
equipment called Selective Non-Catalytic 
Reduction (SNCR), involving the injection of 
ammonia, is being installed in plants throughout 
the world. CRH’s SOx emissions are at a very low 
level and further reduction is not considered to be 
necessary. 

Special electrostatic and bag filter equipment is 
now in use to reduce particulates at cement 
operations.  

Technologies used for the control of emissions 
are referred to as abatement technologies in the 
industry. 

A cement plant uses approximately 3500 kJ of 
energy per kilogram of clinker, depending on the 
raw materials and the production process used. 
Currently, most kilns use coal, petroleum coke (a 
by-product of the oil refining industry) and to a 
lesser extent, natural gas and fuel oil. CRH also 
uses alternative fuels, such as SRF (solid 
recovered fuel), MBM (meat and bone meal) and 
chipped tyres to replace fossil fuels. This makes a 
valuable contribution to waste management and 
reduces CO2. 

CRH is moving to the production of low carbon 
cements, not only through the use of alternative 
fuels, but by clinker substitution with alternative 
raw materials such as pulverised fuel ash and 
ground unburnt limestone, thus reducing the 
clinker/cement ratio. These blended cements are 



 

classified as CEM II cements or more often 
referred to as ‘green’ cements. 

What is the Cement Sustainability Initiative? 

CRH, together with many of the world’s leading 
cement producers, is taking action to reduce the 
impact of operations on the natural environment. 
This combined approach is called the Cement 
Sustainability Initiative (CSI) and is part of the 
World Business Council for Sustainable 
Development (WBCSD). The CSI monitors a 
number of areas such as climate change, the use 
of fuels and materials, emissions, health and 
safety and local impacts. CRH implements a Best 
Practice Programme to ensure that improvements 
are implemented in these areas and that all plant 
mangers report annually on the progress made 
during the previous year. 

Making Sure It Happens 

In addition to the areas mentioned above CRH 
also sets targets in relation to other environmental 
issues including water management, waste 
management, transport and biodiversity. Each 
year, a detailed assessment of environmental 
performance in all the Group’s companies is 
carried out. Each company is required to 
complete a detailed environmental questionnaire. 
The Group employs a number of Environmental 
Liaison Officers who assist the Group Technical 
Advisor in this assessment. A detailed report is 
then submitted to the Group Board. In all, the 
Group has been investing over €50 million a year 
in processes to improve environmental 
performance. Data on these environmental 
initiatives can be seen in the CRH Corporate 
Social Responsibility Report at www.crh.com. 

Career Opportunities 

Many third level institutions are now offering 
programmes in environmental policy and 
management and these increasingly important 
areas offer interesting and challenging career 
possibilities for young scientists and engineers.  

 

 

CRH  
CRH is an international group with strong 
national, regional and international leadership 
positions. With operations in 35 countries, CRH 
employs approximately 80,000 people at close to 
4,000 locations in 2010. From a strong 
developed-world base, CRH is growing its 
presence in emerging economic regions. 

In its Corporate Social Responsibility (CSR) 
Report, CRH states its commitment to ‘ethically 
and responsibly managing all aspects of its 
operations relating to employees, customers, 
neighbours and local communities, shareholders 
and other stakeholders.’  

This CSR responsibility impacts on four specific 
areas of the business:  

• Corporate Governance 
• Environmental and Climate Change 
• Health and Safety 
• Social 

CRH recognises that climate change is a major 
issue for the human race and is actively 
addressing the challenges through specific CO2 
reduction programmes. 

CRH has committed to the following emission 
reductions in cement activities: 

• By 2015, a 15% reduction in specific CO2 
emissions (from 1990 levels). 

• By 2015, a reduction of at least 50% of the 
mean specific particulate emissions of 2006 
for participating facilities. 

• By 2015, a reduction of 10% of the mean 
specific NOx emissions of 2006 for the 
same facilities. 

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 250 environmental 
awards in 2009. In addition CRH is ranked among 
sector leaders by leading Socially Responsible 
Investment (SRI) rating agencies.  
You can find this and other lessons on www.sta.ie. 

Find out more about the work of CRH on  

www.crh.com  
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Teaching Notes 

Syllabus References 

The relevant syllabus references are: 

Leaving Certificate Chemistry 

Environmental Chemistry (pp. 62-64) 
The pH scale 
Water treatment 
Option 1A: Additional Industrial Chemistry  

(pp. 65-66) 
Industrial chemical processes: batch, 

continuous and semi continuous. 
Characteristics of effective and successful 

industrial chemical processes 
Conversion of calcium carbonate to calcium 

oxide 
Option 1B: Atmospheric Chemistry (pp. 67-68) 
Atmospheric pollution: oxides of nitrogen and 

sulfur; sources of pollution 
Dissolving of nitrogen dioxide and sulfur dioxide 

to form acids. 

Learning Outcomes  

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

• Discuss the environmental importance of 
Corporate Social Responsibility (CSR). 

• List the types of emissions produced by the 
cement industry. 

• Describe the steps being taken by CRH to 
mitigate the environmental impact of its 
operations by using abatement 
technologies, alternative fuels and 
alternative materials. 

• Summarise how CRH realises its 
environmental policies by employing 
Environmental Liaison Officers. 

• Describe career opportunities in the 
environmental policy areas of the industry. 

 

General Learning Points 

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

Climate Change 

Models indicate that increased concentrations of 
greenhouse gases tend to produce an increase in 
the average surface temperature of the Earth over 
a period of time. Such warming may lead to 
icepack melting, changing rainfall and storm 
patterns and to rising sea levels.  
See www.ipcc.ch. 

The Greenhouse Effect 

The effect was discovered by Joseph Fourier in 
1824. He called infrared radiation ‘chaleur 
obscure’ (dark heat). The first reliable 
experiments were conducted by John Tyndall in 
1858. Greenhouse gases absorb and emit 
infrared radiation. This mechanism is different 
from that of an actual greenhouse (glasshouse), 
which works by isolating warm air inside the 
structure so that heat is not lost by convection.  

The main greenhouse gases in the atmosphere 
are CO2 (Carbon Dioxide), CH4 (methane), N2O 
(nitrous oxide), O3 (ozone) and also water vapour, 
which is H2O in a gaseous state. 

Shale is a fine-grained sedimentary rock 
composed of clay minerals and is easily split into 
fragments. 

Gypsum, a commonly occurring mineral, is 
calcium sulphate dihydrate (CaSO4·2H2O). 

Modern kilns 

The CRH plant at Platin, Co. Meath is one of the 
most modern in the world. Information can be 
found in the CRH lesson Engineering and the 
Environment at www.sta.ie (Edition 4). 
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Student Exercises  

Student Activities 

This activity is suitable for group work. 

It is estimated that cement production accounts 
for 5% of carbon dioxide emissions globally. 
Although this is substantial it is considerably less 
than CO2 emissions from transportation (13.5%) 
and electricity generation (25%). About 40% of 
the CO2 emitted in cement production comes from 
the combustion of fuel and the rest is mainly from 
the decomposition of CaCO3. (Over time cement 
actually absorbs some of this CO2 again.) 

Use available resources to research one of the 
following; make a poster, a ‘TV report’ or a 
computer-based presentation summarising your 
findings and conclusions. 

• Replacing fossil fuels with combustible 
waste in cement production. 

• ‘Low carbon’ cement. 
• Are there alternatives to cement as a 

binding agent in concrete that are as 
effective and useful? 

True/False Questions 

a) The sustainability of industrial activities is a 
major environmental concern. 

b) Another name for crushed rock is 
‘aggregate’. 

c) About 5% of the CO2 emitted during 
combustion in a cement kiln is from the 
chemical process involved. 

d) Greenhouse gases absorb and emit 
radiation mainly in the ultra violet region. 

e) Methane is a greenhouse gas. 
f) 1 J (joule) is equal to 1 W (watt). 
g) Nitrogen oxides are often referred to as 

NOx. 
h) SOx emissions are reduced by a Selective 

Non-Catalytic Reduction system. 
i) Waste products are never used as fuel in 

cement plants. 
j) New types of blended cements can be 

produced with lower consumption of energy 
than traditional cement.  

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

 

Examination Questions 

Leaving Certificate Chemistry 2008 (HL) Q. 11 

Since July 2008 changes apply to the way in 
which taxes are levied on new cars bought in 
Ireland. Vehicles that, in controlled tests, have 
higher levels of carbon dioxide emission per 
kilometre travelled are subject to higher levels of 
taxation. The measures are designed to 
encourage the purchase of cars that are more 
fuel-efficient and have lower CO2 emissions. The 
manufacturer’s specification for a certain diesel-
engined car is 143 g CO2 / km (i.e. the car 
produces 143 g of CO2 for every kilometre 
travelled).  

The car is used for morning and afternoon school 
runs totalling 8 km per day. Use the 
manufacturer’s CO2 emission figure to calculate 
the amount of CO2 produced each day during the 
school runs in terms of 

(i) the mass of CO2,  
(ii) the number of moles of CO2, 
(iii) the volume of CO2 at room temperature and 

pressure.  
If a large SUV (sports utility vehicle) with a CO2 
emission rating of 264 g CO2 / km were used 
instead of the car mentioned above, how many 
more litres of CO2 would be released into the 
atmosphere per day during the school runs?  

 

Carbon dioxide is a greenhouse gas and an acidic 
oxide. 

(i) Explain the terms ‘greenhouse gas’ and 
‘acidic oxide’.  

(ii) State two major ways by which human 
activities contribute to the addition of 
carbon dioxide to the atmosphere.  

(iii) Carbon dioxide is removed from the 
atmosphere when it dissolves in rainwater, 
in seas, in lakes, etc. What three chemical 
species form as a result of carbon dioxide 
gas dissolving in water?  

(iv) Acidic oxides can be removed from waste 
gases by scrubbers in chimneys before the 
gases are released into the atmosphere. 
Name a reagent used in scrubbers to 
remove acidic oxides. 

 



 

Did You Know? 

• Concrete is produced by mixing cement 
with water, sand, and crushed stones or 
gravel. 

• The Cement Sustainability Initiative (CSI) is 
an initiative of the World Business Council 
for Sustainable Development (WBCSD) 

• CRH employs approximately 250 
Environmental Liaison Officers to monitor 
the implementation of their Environmental 
Policy. These officers are experts in 
environmental management and the 
relevant legislation. 

• CRH companies in the US produce asphalt 
which requires 20–30% less energy than 
the standard product because it is produced 
at lower temperatures. Accordingly, it is 
called ‘warm mix’ asphalt. 

 

Biographical Notes 

Jean Baptiste Joseph Fourier (1768–1830) 

Jean Baptiste Joseph Fourier was a French 
physicist and mathematician. He is famous for the 
Fourier series and for mathematical analysis of 
heat transfer problems.  

 

 

John Tyndall (1820–1893)  

John Tyndall was an Irish physicist born in Co. 
Carlow. He studied thermal radiation and made 
many atmospheric discoveries. He was the first to 
carry out measurements of atmospheric pollution.  

James Prescott Joule (1818–1889) 

James Prescott Joule was an English brewer and 
physicist. He studied heat and its relationship to 
energy and mechanical work. This formed the 
basis for the theory of conservation of energy and 
the first law of thermodynamics. 

Revise the Terms 

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

abatement technologies; acid rain; carbon dioxide 
(CO2); corporate social responsibility; clinker; 
greenhouse gas (GHG); kiln; limestone (calcium 
carbonate, CaCO3); MBM (meat and bone meal); 
NOx; nitric acid (HNO3); nitrous acid (HNO2); SOx; 
sulfurous acid (H2SO3); sulfuric acid (H2SO4); 
particulate emissions; Selective Non-Catalytic 
Reduction (SNCR); shale; SOx , SRF (solid 
recovered fuel)   
Check the Glossary of Terms for this lesson on 
www.sta.ie 

 

 

http://www.sta.ie/

