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Abstract. The global challenges of pollution emission in cement industry in relation to energy
consumption factor are overwhelming. No doubt it has been established that economic
development has an impact on the environmental pollution and ecological system. With major
constituent of environmental affluence been CO,, the consideration has to be on the type of
manufacturing process, the consumption mix and the additive ratio. This paper focuses on the
cement industry and aims to provide a systematic review of the specific operations, its trend
and its impact on environmental pollution in terms of energy consumption and emissions
evolved.
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1. Introduction

Cement is widely regarded as one of the most important building materials available to man, and
concrete, which is primarily composed of cement, is classified as one of the most universally utilized
materials on earth [1, 2]. The buildings sector is classified as the third largest CO, emitting institution
worldwide [3, 4], with cement production figures stand at between 3.0 - 3.6Gt/year, and it has been
estimated that per 1kg of cement produced, 0.5-0.9kg of CO, emissions are evolved, and this equates
to about 3.24 billion tons of CO,/year for 3.6 billion tons of cement produced annually [5] Gartner
2004). Over 90% of the energy required for cement manufacture is obtained from fossil fuels, while
the remaining 10% of energy is obtained via electricity, the statistical figure of energy consumption
for the cement industry stands at 2% of global primary energy consumption or about 5% of total
global industrial energy consumption [1]. Ali et al., 2011 affirmed to this, that the cement industry is
one of the highest consumers of fossil fuel energy, it approximately consumes 12-15% of total
industrial energy use, with an estimated 1.75+0.1 MJ of energy required to produce 1kg of cement,
and China being the largest manufacturer of cement in the world with 57.3% of total world production
[4, 6]. In terms of mean energy consumption and CO, emissions, the cement industry ranks as one of
the highest, and this still comes after radical measures were enforced on the industry in the 1970s due
to an embargo on oil and gas, that led to innovative solutions and necessitated a need for increased
efficiency of production processes, this led to a reduction in consumption of fossil fuel due to the
embargo [7].

Having established the fact that industrialization directly influences environmental pollution, the
cement industry historically, has affirmed to this trend, and has been observed to generate a high
volume of particulate emissions (CO,), particularly in the production of Portland cement clinker, due
to the usage of high carbon fuels and emissions from the cement production process [7, 8]. [9], argued
that research trends estimates CO, emissions from the cement industry to stand at 5% of the overall
global CO, emissions due in part to two reasons: the Portland cement make, which is the highest
percentage of cement variety in production, having a highly pollution production process, and two, the
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use of outdated industrial equipment (vertical kilns) in some plants, that consume high amounts of
energy as well as evolve a high percentage of particulate matter. While it has been established that
economic development has an impact on the environmental pollution and ecological damage. This
paper focuses and narrows down on the cement industry and aims to provide a systematic review of
the specific operations of the cement industry, and its impact on environmental pollution in terms of
energy consumption and emissions evolved.

2. Raw Materials Utilized In Cement Industry

Pollution in the cement industry in part stems from the raw materials used in the making of Portland
cement, ordinary Portland cement (OPC), is the major cement product, and is produced from a
mixture of limestone and clay, pyrolysed in a kiln at temperatures around 1,450°C, and then blended
with some additives [2, 8]. According to [12], the average worldwide production figure for clinker
stood at 3.6 billion, with worldwide production figures projected to reach over 5 billion by 2030.
Typical reactions for the production of clinker include:

3C&CO3 + SIOZ i Ca3SiO5 + 3COzI with clay (SlOz)
CaCO; + heat — CaO + CO,
As can be seen from the process reaction all clinker production processes evolve CO,, the major
constituent of Portland Cement is CaO, and the amount of CaO found is clinker is estimated at 65%,
the CO, emissions produced are estimated at about 0.5-0.9kg per lkg of clinker produced [10-12]
.Therefore a subsequent increase in the amount of clinker produced indirectly leads to an increase in
worldwide CO, pollution as seen in Table 1.

Table 1. Constituents of modern Portland cement clinker [12]

Constituents of a finished modern Portland cement clinker
Tricalcium silicate 50% | Ca3Si0s or 3Ca.SiO,
Dicalcium silicate 25% | Ca,Si04 or 2Ca.Si0,
Tricalcium aluminate 10% | Ca3;Al,O¢ or 3Ca0.Al,03
Tetracalcium aluminoferrite 10% | CasAlLFe 04 or 4Ca0.Al,05.Fe,O;
Gypsium 5% | CaS04.H,0

The hydration (mixture) of these clinker compounds with water is what produces cement, in which the
constituents undergo a chemical reaction and produce an amorphous solid hydrate.
2CaSi04 + 5H,0 — 3Ca0,Si0; + 4H,0 + Ca(OH),
(Phase 2 cement)

2.1. Pollution in Cement Industry

The major industrial pollutant emanating from the manufacture of cement is the evolution of CO,, an
estimated 40% of the total CO, generated from the industry, emanates from fossil fuel burning which
is used in the production process, and another 50%, from the raw materials utilized and the
manufacturing process, and 10% from indirect emissions by transportation of finished goods [3, 12,
13]. According to [1], for every 1kg of cement produced, 0.9kg of CO, is evolved, and this equates to
the evolution of about 3.24 billion tons of CO,/year for the current projected 3.6 billion produced
annually, and these figures don’t take into account the emissions from the quarrying and
transportation of raw materials and the transport and delivery of produced cement.

The emission sources at different stages of the product life cycle process are:
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* The combustion of fossil fuel in the clinkering process to heat the raw material of limestone
(CaCOs), produces CO, at temperatures exceeding 1450°C.

* The calcination process (raw material conversion) in cement production process, also generates a
significant amount of CO,.

* Indirect emission from transportation and delivery of raw materials and finished goods.

* CO, generated from fossil fuel based electricity generation means, for running plant and
equipment [14].

It should however be observed that the amount of CO, evolved in the manufacturing process also

depends on:

* The type of manufacturing process adopted i.e. type of kiln used

* The type of fuel used (petroleum, natural gas, coal etc.)

* The clinker/cement ratio i.e. percentage of additives [14, 15].

Thus these three areas provides a wide scope for improvement and innovation in the production

process for the both the management of energy consumption and reduction of CO, emissions. Figure

1 provides an estimate of CO, emissions produced at 0.38MlJe/kg of electricity/clinker, emission

factor of electricity production 0.22kg/MJe, fuel use: 3.35MJ/kg of clinker for dry process and

5.4MlJ/kg for wet process.

Table 2. CO, emissions in kg per 1kg cement produced for dry and wet cement production process
for various fuels and clinker/cement ratios [1]

Process Process and fuel-related emissions (CO,)
emissions Dry process Wet process
Clinker/cement | Clinker | Coal Fuel | Natural | Waste | Coal | Fuel Natural Waste
ratio oil gas oil gas
55% 0.28 0.55 0.5 0.47 0.36 | 0.67 0.59 0.53 0.36
75% 0.38 0.72 0.66 0.61 0.47 | 0.88 0.77 0.69 0.47
(Portland) 95% 0.49 0.89 0.81 0.75 0.57 | 1.09 0.95 0.9 0.57

Cement production is largely an energy-dependent process, which begins with: raw materials
preparation, fuel preparation and finish grinding. The world cement production has been observed to
be increasing from the 1990s and is projected to keep increasing till 2050 as can be seen in the figure
below. Cement is observed to be the second most consumed resource after water, as demand increases
annually due to infrastructural development in developing and developed nations [15].

(Mt / year produced: Records and estimates)
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countries
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Figure 1. Current and estimated global cement production figures [12].
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2.2. Historical Review of Cement Industry

Statistical estimates show that global trend for cement production, emission rates and energy
consumption have been consistently increasing [16] in 1994, an estimated 1.381Gt of cement was
produced, accompanied by an estimated 1.126Gt of CO, emissions. Average primary energy
consumption for production was estimated at 4.8MJ/kg of cement, while consuming 6.6EJ of primary
energy overall, and evolution of CO, was estimated at 1126Tg (=1.126Gt) of CO,, these estimates
account for >5% of the world carbon emission [1]. It should be noted that the amount of energy
consumed and quantity of CO, emitted during these periods came after OPEC enforced an embargo
on oil and gas in the 1970s, which forced the cement industry to innovate, become less fuel dependent
and more fuel efficient, turning to cokes, coal and other forms of fuels, hinting that prior to this
period, the emissions generated and energy consumed were even much higher. The table 3 and 4
presents the primary cement production data and growth rates, production figures have grown from
594Mt in the 1970 to 1453Mt in 1995, at an estimated rate of 3.6%

Table 3. Cement production data between 1970-1995 for major world regions [1]

| Cement Production |Average Annual Growth

|197o]1975 ,1980 1985|1990 [1995| 1970-1995 | 1990-1995
|Region/Country | Tg | Tg ’ Tg ’ Tg | Tg | Tg | % | %
China (incl. Hong Kong) | 27| 47| 81| 148| 211] 477| 12.2%| 17.7%
[Europe | 185[ 194 223 178 196] 181 -0.1%| -1.7%
|OECD-Pacific y 69[ ss, 113 100] 126[ 154| 3.3%| 4.1%
[Rest of Asia [ 20[ 31] 49] 57[ 89[ 130] 7.8%| 8.0%
Middle East y 19[ 29, 44| 75] 93[ 116| 7.4%| 4.6%
[Latin America [ 36] 52[ 76] 71 82[ 97| 4.1%| 3.4%
Eastern Europe/ 134| 177| 190| 190| 190| 96 -1.3% -12.7%
former Soviet Union
[North America [ 76[ 73[ 79[ 81] 81| 88| 0.5%| 1.5%
India | 14] 16] 18] 31[ 49[ 70| 6.6%| 7.3%
|Africa | 15] 20] 28( 35| 38] 44| 4.5%| 2.7%
[World | 594[ 722 901| 965[1156[1453 | 3.6%| 4.7%

Global estimates have predicted the mean carbon emission intensity of CO, emissions from cement
production for this period as 0.81kg of CO, per kg of cement, with China being the largest emitter of
CO,, Table 4 provides the key statistics for carbon emission for cement production as at 1994.

Table 4. Global emission of CO, from cement production [1]
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Cement |Clinker/Cement|Primary |Primary| Process Carbon Total Share

Production Ratio Intensity | Energy | Carbon |Emissions.| Carbon of
Emissions| Energy |Emissions World
Use Total

Region/Country Tg ’ % ’MJ/\kg ’ PJ | Tg CO, | Tg CO, ’Tg CoO, | %
China 423 [ 83% 5.0 2117 | 175 | 197 [ 372 |33‘o%
Europe 182 41 749 [ 73 [ 56 [ 129 [115%
OECD Pacific 151 35 533 [ 65 41 [ 105 [93%
Other ASIA 124 4.9 613 [ 56 179 [ 105 [ 9.3%
[Middle East [ 111 51 [ 563 [ 51 | 44 [ 95 [84%
[North America | 88 54 [ 40 [ 39 [ 40 | 8 [7.0%
[EE/FSU [ 101 55 [ ss8 [ 42 [ 3 [ 80 [71%
ILatin America | 97 4.7 | 462 [ 41 [ 30 [ 71 [63%
India 62 89% 5.0 | 309 | 28 | 30 [ 60 | 5.1%
Africa 41 4.9 | 201 | 18 | 15 [ 33 | 2.9%
IWorldTotal | 1381 48 [ 6585 | 587 | 830 [ 1126 |100.0%

3. Conclusion

* As observed from the statistical data, cement production and energy consumption has increased
steadily between 1994 and 2010, and this has also characterized an increase in the emission of
COa,.

* It was observed that the cement industry has been one of the highest energy consuming and CO,
emitting institutions worldwide (rated third worldwide), and while improved techniques and
modern technologies have brought about an increase in efficiency of production, reduced energy
consumption and reduced CO, emissions through a variety of techniques.

* However, despite the efforts of the industry and government to increase efficiency of production
and regulate the emission of CO, associated with cement production, a rise in CO, continues
particularly as a consequence of increased demand for infrastructural development.
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