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ENERGY IN CEMENT PRODUCTION

The estimate of the werd eneray: consumpltion fior
Cement preduction and Its; significance! IS:

2. 14 billion tonnes cement x 4.0 GJ/tonne cement =
8.44 x 10 GJ (energy! from fossil fuels) for a mean
energy’ consumption ofi 4.0 GJ/tenne: ceEment
(CENMBUREAUS 2004).

Additienally; 110 K\Wh/tenne cement electricall energy:
IS censumed 1 cement: production: (aw: meal crushing-
giinding, hemogenisation, clinker Burming and coeling,
finish milling, conveying, packing; and leading, etc.).

This pewer: corresponds to: 2.11 x 10° tonnes cement
x 110 kWh/tonne cement = 232.1x10° kWh = 0.835
x10° GJ and' it Is produced from fossil fuels with
thermal potential 0.835 x10° GJ/0.4 = 2.088 x 10° GJ
dassming fuel cembustion efficiency: 40%). 2




ENERGY IN CEMENT PRODUCTION

Fhus; the tetal energy. consunmed annually: for
the worldicement production!is:

(8.44 x 10° GJ+2.088 x 10° GJ) =10.328 X
10> GJ

Since, the:world tetal (2004) prinyany: Energy.
consumptien Was aneut 420 @uads Bitu
corresponding te 443.1 x 102 GJ, the
Percentage of the energy. consumed: by the
cement Industry is: (1053287443, 1)x100! =
2.33%,, from whichi 0.47%0 refers to the
electrical energy consumed In the cement
making Precess.
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Figure. Electrical power distribution in cement production processes.

The electrical energy consumed Iin the cement making
process is in the order of 110 kWh/tonne, about 30% of which
IS used for the raw materials preparation (crushing, grinding)
and about 30% for the finish milling (CEMBUREAU, 2004) of

clinker and additives (cement production).
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EMPIRICAL MODEL DEVELOPMENT

The electricall energy’ consumed in the clinker: fine
grinding fer ceEment preduction depends ok

the size of the clinker particles, (feed),

the mechanical charactenstics of the: clinker
(hardness, work: index, density)

the particle size distribution| of the cement
producedibeing in close; relationshipr withr its
Specific suiface (Blaine fineness),

e mll dimensiens (length, diameter, L/D
[aule), and finally

the mill' eperating conditiens (firaction of the
mill“filing 7, mill-critical speed 7, mill grinding
load).
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EMPIRICAL MODEL DEVELOPMENT
IRl the: present paper, applying multiple
inearr regression| te data received fremmill
manuifacturers, the fellowing empirical
moedel was developea:

E_ 101.74><10_4><FB| +0.035xw; +0.4714 ALl

E Is the specific grinding energy (kWh/tonne),
Fg, Is the cement fineness (Blaine) in cm?/g and

w; is the clinker work index (kWh/short ton)
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ESTIMATING THE a;, SIZE OF THE
CEMENT PRODUCT

It has been alse previeusly: shewn that the
Specific grinding eneray: £ (KWh/tenne) Is given
o)/

= W as previously: defined
R =D/, IS the palticlerreduction: ratio

DS/ the particle size of therfeed in pums (80%
Passing) ana

a5, 1S the particle size off the preduct n: um
(80% passing)).
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IMATING THE d},, SIZE OF
CEMENT PRODUCT

E = 23.7xw; x D019 g, 092

The ball mills used for clinker finish milling are equipped with
two separate compartments. Due to the diaphragm separating
the two compartments of the mill, it can be thought, without any
significant error, that the size reduction process actually takes
place In two successive grinding stages. The first size
reduction phase happens in the first compartment, where the
great balls are present, and the second in the subsequent with
the small balls. The reduction ratio prevailing in the first
compartment is supposed to be R, and in the second R..

The overall reduction ratio R is the product of the two

(R = R; X R,) and the product of the first size reduction stage,
desighated as d., is the feed of the next. o




1st compartment 2nd compartment

Size reduction ratio H Size reduction ratio

Discharge

Diaphragm

Conventional ball mill for clinker grinding
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hus, wWhnen £ IS the energy needed
for the first size reductien phase and
£ IS| thherenergy neecdeal in| the secona
giinding phase for the: clinker grnding
I conventionall ball mills, we have:
Lotalf s 2E = )5F 25 ~ana IS diven
o)V

E =237xw x D 1% diy 279+ 0.87x 237 x W x i, x dgg 7%
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Figure. Approximate electrical power distribution in conventional cement mills (ball
mills).

The factor 0.87 derived from the above figure, because there are not any
additional mill rotation mechanism or friction losses corresponding to the
second mill compartment. These losses, approximately estimated to 13%
(i.e., 8.5+4.5), have already been accounted in the first equation.
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[Data friom bibliography.

overall il d,

red_uctlon R, = predicted;
ratio, R 565
: m

calculated

Blaine dgg
fineness,
Fg;, cm?/g

obsenved
) JUm
290.9 17.06
390.24 19.75
533.83 23106

695.7 26.36

Equal reduction ratio r = R%®
(assumed)

Overall
reduction
ratio R
calculated

260
357.94
576.37
919101

Assumed! initial reduction ratio
(@rbitrany)

d80
predicted,
um

Inial

R, =

15

Overall
reduction
ratio R,
calculated

277.30
349.04
546.45
846.11

From the above table it is observed that, the proposed procedure predicts
satisfactorily the dg, values corresponding to the fineness of the various cements.
There is no significant error when an arbitrary initial reduction ratio is chosen. These
values are indicative, due to the fact previously explained, that cements of the same
fineness could have quite different particle size distributions.

29/6/2006

12




CONCLUSIONS

I the present: Work, an empirical modeliwas derived,
WHhHICH gives) the specific grinding energy: £as a
fiunction ofi the cement fineness: £/ (Blaine) injcmz/g
and the' clinker Bond work index: v (KWh/short
o).

Fhe equatien Wass connected Withra previeusly.

pPropoesed medel giving the' Speciiic grnding Energy.
£ asi a filnction of the Bond Woerk index 1, the: Size
reduction ratio

R= D /05, and the asq SiZe of the product.

Erom: the procedure developed, It IS pessible te
colrelate the cement fineness; A With' the Size: a;g, of
the cement product.
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CONCLUSIONS

he calculatedidg, Values are indicative due to the

fiact that cements Ol the same fineness; could
jave guite difierent particle size distrlutions.
HoeweVver, for the examples presented here, the
sredicted diy Values are close to those derived
from the cement particle size distributiens.

fhe whole methodelogy contibuies to the SpPeciiic
ginding eneray. prediction, the calculation of the
cement grnnading cost, andisenves successiully i
the modeling offthe cement grinading Precess.
Additienally; it efiers acceptakle indicatiens for
the expected di, Size of the product, and IS
nelpiul In fereseeing the perfermance of the
cement preduced.
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