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Prt>face 

lhe build1n~ materials sector has a pa1tu:ula1·ly important rult: 111 

contributing tJ sociv-E·cononuc de'1elopment 111 virtually ;ill dt"'vtdop111~· 

countries. 

An analytical appraisal of the building mJtt•nals ind1Jstr) i,1 t1ev.·kp111g 

countries has been carried out in UtilDU s stuoy "lhe hu1Hi11g 111<1tt>nal~ 

industry in developing countrie!;: an analytical appraisal" lUNlW/l!l.'.>t:.!). 

S0111e considerations related to ,•ner~y as a p1oduction tactor tor tht.· b11ilc.1111g 

materials industry wPce also pct>sented in that study. 

The present paper contains a more det:·~led treatment ot issut:s relatt:<I to 

the use and cons~rvat ion of ene r~y in the cement industry wtuch 1 s o~c ot the 

most important branches ot the l.>UilcHng materials 1rn.Justq1. l:.ncrgy i:ssue:: tur 

cement industry havt a particular signit1cance .as tins industry is a heavy 

enerizy consumer. 

This paper aims at providin11, intereste<l users i11 developing countnes 

with 11p-to-date information on the use and conservat1u11 ol energy i11 the 

cement industry based on experience trom developed as well as c.Jevclup1ng 

countries. 

The paper draws on contributions prepared 1.Jy lJr. V. Arakt·lov 

{VNlPIENERGOPROM, Moscow, USSRJ and Prof. Ii. Schaeler \'lechnical U111vcrs1ty, 

~unich, Federal Republic of Gennany} and otl1t~r 1ntor111at1cn avallahlt.· tr·om il 

number of publishe-:1 sources. \Jne ut these sources wl11ch conta11wd v.1lualdt' 

infon:iation was the proceedings ot the APO :>ymposium on l-.11 .. rgy l..on:;crvatH.·11 111 

Cement Industry (1Y82J. 
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1. INTRODUCTlON: THI:: CEMl::NT INDUSTkY AND ENEk(.;Y 

Celllt?nt, which is the most important representative of cementinR 

materials, has found wide application in many sectors of the econcmy of 

virtually all countries. However, the major part of the cem~nt production 

Roes to the construction of buildinRs, industria~ plants, infrastructure, 

etc. AmonR the different types of cement, the most important are hydraulic 

cements of which portland cement is the most widely used. National demand for 

cement is closely linked to the economic and social development of any 

country. The world product ion of cement reached about 'JOU mill ion tons by 

1981. DurinR the period 1960-1981 the cement production in the developinR 

countries rose 500 per cent, from 42 mil!ion tons to 113 million tons. Their 

share in the world production of cement increased from 13 per cent in l9bU to 

24 per cent. However, develop in~ cot-ntr ies need a.ore and more cement as their 

development proceeds, for development projects ~n the field of industry, 

infrastructu7e, housin~. etc. 

The it.c·:eas inR demand for cement and the assoc ~ated expansion of the 

cement production in the developinR countries have important enerRy 

implications for these countries as production of cement is a heavy energy 

consuminR technolo~ical process. In 1981 the energy bouRht by the United 

States' cement industry accounted for about 3.5 per cent ryf the total 

purchased by all manufacturing industries of the co~ntry. In India, the coal 

requirement in the cement industry accounted for 17 per cent and the electric 

power requirement accounted for 4 per cent of the total estimated demand in 

the industrial sector. An important feature of cement production is that 

different technoloRies require different amounts of ener~y for manufacturing a 

unit ~f finished product, i.e. the choice of technology is to a larRe extent 

affected by enerRy considerations. The history of cement makinR reveals 

another very interestin~ point - technoloRical develop.11ents leading to the 

enhancinR of productivity normally result in higher efficiency of enerRy use. 

Besides, this industry has a rather Rreat scope for improvement of the 

efficiency of enerRY use through better housekeeping, implementation of 

various heat and electricity sav\ng measures, particularly waste heat recovery. 
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The cement industry also appears to be responsive with respect to the 

types of fuels used in the production process and to the use of different 

types of combustible industrial and agricultural residues. The major fuel 

used for cement production in the world before 1950 was coaJ, but during the 

19jC~ and 1960s fuel oil, which was available at low prices, became 

predominant. The adjustment of oil ~rices which took place in the 1970s 

forced many countries to start switchinR their existing and new cement plants 

from oil to coal and other fuels, and to implemeuc v~rious eneLgy saving 

measures. 

Thus enerRy 11Utters which always were of impoLtance for the energy 

conscious cement industry have become of primary concern during the lost 

decade. 
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2. ENERGY REQUIREMENTS IN CEMENT MAKING 

The manufacture of cement includes the following stages; 

(a) Raw material winning; 

(b) Raw mix preparation; 

(c) Cement clinker making; and 

(d) Cement clinker grinding and mixing. 

All these production staRes require enerRy but the major part of energy is 

consuined at cement plants where the raw materials used for cement production 

understo mecha.1ical and heat treatment. 

Cement is a.ade from an appropriate combination of calcareous and 

arRillaceous raw materials. The most important calcareous material is 

limestone which occurs in a variety of forms, viz. chalk, other sedimentary 

limestones etc. The most common arRillaceous materials are clays, shales and 

marls, but mudstonP.s, slate, schist, some volcanic rocks and ash are also 

used. Some cement works are based on one calcareous and one arRillaceous 

material, but it is more coamon to use three or more component materials, in 

order to stet the required control of composition. Although the winning of raw 

materials and their transportation to cement plants require energy, their 

combined share in total energy usa per onit of finished product - cement, is 

not hiRh as compared to the energy used at other stages of the cement 

production chain. Energy consumption for the transportation of raw materials 

from quarries to cement works may be relatively high in cases when these bulky 

materials have to be delivered over long distances, but normally cement plants 

tend to be located close to raw material deposits. 

The raw materials delivered to the cement plants, which at present use 

primarily rotary kilns, are reduced in various crushers and then Rround. 

CrushinR is Renerally done in two staRes; first, crushinR into lumps of 15 cm 

size, then fine crushing to under 2 cm. &efore grinding the crushed raw 

materials are blended in the required proportion to prepare a raw mix 

necessary for production of a ~ement with specific properties. There are two 

main different prot~sses of cement production; dry and wet processes. but two 
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intt!rmediate prC'Cess"~ an• also used~ semi-dry and semi-wet. In the dry 

01·ocess all raw 111:ttE'rial 11rindin"1. and blendinl!. op~rati•)ns are done with dry 

m:itt>rials and tlw u·snltinR. powder is fed into the kiln system. In the wet 

procPss the raw n·ix is wet 11round and then in the form of slurrv c.:clltainine. JlJ 

to 4U per t:enr: m•>isture is pumped to homo2enizat ion t.-mks where the tinal 

mixinia is acco111plishr>d. The slurry is ·tored in storaEe basins from where it 

is fed into the kiln. The portland cement manufactur~ f lowsheet for both dry 

and wet processes is 2iven in fi2ure l. 

Ener2y requirements for the preparation of a raw mix to be fed into the 

kiln are rather substantial. Electric power is primarily used here for 

crushers, titrindin2 mills and for transport;nfi?. materials. In some cement 

plants using dry !>rocess product ion the moisture content. llf cemenL ra.., 

materials requires dryin2 before 2rindin11?.. Drying in such cases is done by 

hot air from special furnaces or usinR heat of the waste 2as from the ce~!nt 

kiln. The amount of heat requi7n~ for drying raw materials is low compared to 

the heat requirements cf the cement kiln which is the major consumer of enerl'!y 

in cement plants. 

The cement kiln is the place where the raw material mix undergoes heat 

treatment to become a cement clinker. The basic steps in the heat treatment 

of the raw mix are evaporation of water at up to 120°C, combustion of any 

or2anic matter and decarbonation of the calcium carbonate at up to l,UUU~~. 

heatin2 the decarbonated feed to l,30U
0

-l,SOU°C according to its composition 

and fineness, and maintaininJ<. this temperature sufficiently long for the 

sinterin2 and for the cement compounds to form. The last step in clinker 

makinR is coolin~. 

Althou2h vertical shaft kili.s were the first kilns to be used for cement 

production, they ll.radually ll,ave way to rotary kilns, since the latter 

permitted a sill,nificant rise 111 r>roductivity to meet the ll,rowinll. demand for 

cement and red1Jce production cost. Vertical shaft kilns can be built in sizes 

from 20 to 200 tons per day. New more efficient designs were developed over 

the last 30 years. Innovations include interll,round fuel, hill.her air pressure 

(roots blowers) and efficient crusher Rrates. They have low fuel consun1ption 

owinR to the direct heat transfer principle used, hut neverrheless, the number 
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of these kilns in operation in industrialized countries is on the decline 

whereas they still have a role to play in deve.lopin:ot countries with modest or 

low labour costs and access to solid iuel \coal) at reasonable costs. The 

People's Republic of China and India are thus s~ill for good reasons promoting 

the shaft kiln technoloRy and are ready to share their experience with other 

developinR countries. Nevertheless the majority of the world's cement plants 

are based on rotary kiln technolo2y. In 1980, the vertical shaft kilns 
1/ 

accounted for only S per cent of the world cement output.-

A rotary kiln is a long cylindrical, refractory lined heat transfer 

chamber that rotat~s slowly around its axle and is slightly inclined. Today's 

c0DD1ercial kilns of this type are 70 to 240 meters long and up to 7 meters ln 

diametP.r. As a rule, the daily output is up to 3,000 to 4,000 tons of 

clinker, but capacities of 6,000 to 8,000 tons per day are known. 

The raw material is fed into the upper end of the kiln and is moving 

slowly in a counterflow through the hot gases from the firin~ end of the kiln, 

while the kiln is rotating slowly. The burning zone is at the bottom end of 

the kiln. While movinR throaRh tl.e kiln, the temperature of the material 

rises to the level required for t~~ essential reactions to occur. The 

throughput of the kiln is 11onitored and the temperature of the raw material lS 

raised to the level at which the lime CaO combines with silica Si02 , and 

alumina Al
2
o

3 
to form the clinker minerals characteristic of portland 

cement. The typical retention time is 3 to S hours, during this time the raw 

material heats up to 1,400 or l,450°C at the lower end of the kiln and 

underRoes all necessary reactions (table l). The sintered material leaves the 

kiln in the form of coarse lumps or grains (clinker) of a diameter of between 

2 and 30 mm. The clinker burning accounts for about 9U per cent of the heat 

ener2y used in the cement making. 

The flame in the burning zone of the rotary kiln is maintained by 

injectin2 fuels together with primary combustion air through a burner pipe. 

Three different fuels can be used namely fuel oil, pulverized coal and natural 

1/ R.J.S. Spence, "Small-scale production of cementitious materials", 
Intermediate Technology Publications L~d., London, United Kingdom, 1980. 
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Table 1. Temiu~rature cycle in clinker formation 

I 
Dehydration 

II 
Decomposition 
of CaC03 
Cao formation 

III 
Cao solids 
reactions 

IV 
Sinter 
reactions 

v 

React ions 

(a) Evaporation of water that is not 
chemically or mineralogically bound (from 
raw meal, raw-meal ~rains, raw slurry) 

(b) Removal of adsorbed water from clay 
minerals and intermediate layers 

(c) Removal of hydroxyl groups from clay 
minerals 

(a) Early stage of U>2 splitting in contact 
with Si02, Al 203, Fe203 

{b) Main reaction of C02 splitting by 
thermal dissociation, CaOfree 
15 to 20 per cent 

{a) See ll(a)~ formation of CaO·Al203; 
12 Cao· 7 Al203 and 2 CaO•Si02; 
free CaO content is 2 per cent 

{b) Formation of more C2S increases at 
l,ooo•c max.~ formation of C3S~ d~crease 
of CaOfree and C2S, rise of C3S 

(c) C2S lattice disorder, improved 
solubility in part-melt 

(a) Part-melt in the presence of 2 per cent 
of alkali (max.) 

{b) First part of the melt at invariance 
(eutectic; 54% Cao, 23% Al203, 
17% Fe203 and 6% Si02) 

Digestion of major mineral grains; 
steady-state 

Temperature range 

Temperature to 
about 120°C 

luo-2oo·c 

2so-1oo·c 

Over 55U-6llU°C 

soo-1,000°c 
very fast above 
900°C (atmos
pheric pressure) 

Over 550-600° C 

600-1,00U ° C 
800-1.uou

0 c 

I,400°c 

Over l, 280°C 

l,338°C 

l ,400- l ,450°C 

Source; Hoglichkeiten zur Energieeinsparung in der Zementindustrie, 
Bundesministerium i~~ Forschung und Technologie, Fe~eral Republic of Germany, 
1981. 
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g:Js. Lu,il which at one time lust its rule a~ a principal tuel tor cement 

kilns ha.:; recent Ly cume to the !:ocus again and is now regarded as the most 

f»asible fuel tor use in cement clinker burning. 

The rpsulting clinker is cooled down, and the waste heat being utilized 

tu preheat :.h,, secondary combustion air. Various clinker coolers are 

commercially available. ::,ome use a travelling grate, others are fitted with 

planetary arranged tubular coolers placed directly on the kiln shell at the 

clinker discharge point at the brim of the kiln. 1he clinker jrops into the 

planetary coolers :ind rolls inside them towards the outlet. Air is normally 

drawn into the plan~tary coolers by inducr;d draught. It is preheated and 

serv~s as secondary combustion air. 

'!he thermal energy consumption ot the rotary ki1n ranges very widely 

dt>pending on the type ot process used, the quality and type ot clinker 

required, the conditions of the insulation of and the kiln itself, the 

~·ffect1veness ot the operation control system, etc. As a result, the actual 

specitic heat consumpt10n vari~s trom about /20 to l,!:SUU kcal/kg of clLnker 

(J to 7.5 GJ/t). 

The last step in the production line is the grind111g of the clinker with 

gypsum and additives to fine powder lthe cement). Normally, clLnker is ground 

in two chamber mills together with a small amount of gypsum (approxiamtely 3 

to 5 per cent in weight). The purpose of adding gypsum is to contro~ the 

setting time of the cement. Other s•Jbstances are occasior.ally added to 

improve the grinding, or else to give the cement specific properties, such as 

improved frost resistance. ~linker grindiug 1s currently done mainly in ball 

mills but roller mills seem to be an energy saving alternative. lhe clinker 

grinding ~ills arc the major consumers of electric power in cement plants 

accounting for approximately 40 per cent of the overall electric power 

consum?t1on. The specific electric power consumption for production of one 

ton of cement, depending on types of process, equipment used for milling raw 

r.1att:rial and clinker and other factors of ditferent cement plants varies from 

100 kWh/ton in modern plants to 150 kWh/ton of cement produced in earlier dry 

process plant i;i. 
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The distribution of energy consumption in cement making is illustrated in 

fi~ure 2. Althou~h it does not cover all possible cases, it gives a picture 

of energy consumption distribution between differ~nt stages of cement 

production and clearly shows that the fuel consumed in clinker burning has a 

direct bearin~ on the energy intensity of the product. It is also seen from 

the diagram that the actual cons~mption is usually double to, in many cases, 

triple that of the theoretical requirement. The minimum theoretical 

requirement of heat consumption for clinker burning is about 43U kcal/kg cl 

{l.8 GJ/t). Th·.s difference between theoretical and actual consumption of 

heat per unit of cement clinker produced at different cement plants is due to 

the various afore-mentioned factors related to the type of process used, 

design and conditions of the kilns, type of fuel used, requirements for 

clinker quality, operational routines, use of energy saving equipment, etc. 

Yet the type of process used influences most of all the energy consumption of 

a cement plant. Dry and semi-dry processes use on the average 40 per cent 

less energy than the wet processes. Table 2 contains data for modern cement 

plants on specific energy require~nts broken down by process stages for the 

three processes mainly used at present; dry, semi-dry and wet. 

However, it should be noted that it is not always possible to convert the 

process from wet to dry because some of the raw materials can only be treated 

in a wet process. 
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Table 2. Specific enerity requirements by process stage and production method 

Type of energy 

Thermal energy requirement 

Raw material preparation 
in GJ per ton of clinker 
in GJ per ton of cement 

Cl inker firing 
in GJ per ton of clinker 
in GJ per ton of cement 

~lectrical ener~y requirement 

Raw material preparation 
and clinker firing 
in GJ per ton of clinker 
in GJ per ton of cement 

Cement grinding 
in GJ per toJ of cement 

Total thermal requirement 
per ton of cement 
in GJ per ton of cement 

Electrical energy requirement 
per ton of cement 
in GJ per ton of cement 

Total energy requirement 
per ton of cement 
in GJ per ton of cement 

Dry 

0.73 
0.59 

3.14 
2.51 

0.14 
0 .12 

0.25 

3.18 

0.37 

3.54 

Production method 
Semi-dry 

u.~ 1 
u.4b 

3. 38 
2. 71 

0 .11 
U.09 

0.25 

3. 24 

0. 34 

3.58 

Wet 

5.44 
4.46 

0 .08 
0 .07 

0.25 

4.46 

o. 30 

4.78 

Source; M'Oglichkeiten der Energieeinsparung in der Zementindustrie, 
Bundesministerium fUr Forschung und Technologie, Federal Republic of Germany, 
1981. 
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J. ENERG';" CUNSllMP"llON l"l l>lFFEkEtd lWES OF l.EMENT CLINKER 11AK1Nl. 

PROCES!:>l:.S. HtPAC'l OF li:.CHNOLOGICAL DEVELOP~l·ns 

3.1 Wet and semi-wet process kilns 

::>ince the rotary kilns were introduced in cement making, two main 

processes, wet and dry, have touna wide application in the cemem: industry. 

lhe advantages of t!1e wet process, such as simpler technological scheme tor 

raw mix preparations and 1.ts control, lower labour input and less pollution ot 

the environment, led early to its extensive use 1.n many countries. 

The basic disadvantage ot tins process compared to the dry process has 

been a higher consumption of heat for c 11.nker burning as lhe water added to 

the raw mix has to be driven ott again in the kiln with additional energy 

being spent. However, until the beginning of the l'i7Us the prices for tuel 

oils were such that the overall economic considerations JUSt1tieu the use ol a 

wet pro~ess. Nevertheless, various efforts were made to increa:se energy 

efficiency of the wet process kiln throu5h design improvements, particularly 

by installing different types of heat exchangers in the kiln to improve the 

heat transter, with tor example chain systems installed al the back end ot the 

kiln. 

Another way to reduce the amcunt of heat in clinker tiring under the wet 

proc!"ss is to reduce tlie moisture content ot the slurry, particularly th1011gh 

the use of thinners. Uii:ferent diluents can be used tor this purpose such as 

lignosulphorites, tripolyphosphates, etc. By adding tlnnners a substa1111al 

reduction of the water content can be achieved while ma1ntaininy, the re411ire<l 

slurry viscosity and pumpability. J\ decrease of slu1·ry mo~sturc trom Jb to 

31 per cent by using thinners leads to savings of ht;at and permits the ra1M' 

of kiln capacity by Ill per cent. ln general the lwat consumption for cli11rer 

making for the ordinary wet process kilns has been 111 the order of l,)OU-:.1.,lJUU 

kcal/kg of clrnker (ti-I:! GJ/t). 

The lowest figurl's achieved in the world are about 5 GJ/t. but this 

figure was achieved at cement pl-.nts in developed countries (U.b.A., UbbR, 

Wei;t~n1 ~~uropean cour:tries) where a number of modilicat1ons w1~rc introduced 
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and combined with the implementation of efficient operational con~ rol 

measures. In cement plants using the wet proces,; in most developing countries 

the heat consumption is usually higher. In :i.noia, consumption ot heat energy 

by wet kilns varied between l,400-l,b80 kcal/kg of clinker lS.b-7 GJ/t). ::,uch 

kilns accounted for about 80 per cent ot the total number ot kllr.s in 

operation as of 1979 (103 out of total i.34 kilns)~/. In tak:stan, where wet 

process kilns were dominant in 1979 (21 wet process kilns out ot total Zb 

kilns), most of these j{ilns consumed as high as l,b70-l,i7U kcal/kg ot clinker 

( 7-7 .4 GJ /t) which was found to be higher by zu-:u per cent than r:he oesigned 
- 3/ 

energy CQnsumpt1on.-

In semi-wet process kilns, the water content ot the slurry is n~Juced 

before feeding into the kiln. lJifterent types ot tilters can be usecl lo 

reduce the water content to about 20 per cPnt. 1he resulting cake is teJ inlo 

the iciln which can be equipped with a preheater such as the !Javis 111eheater. 

The nodules obtained by filter-pressing of slurry and a shaping process are 

fed into the kiln. The preheater-kiln system consumes l,2UU-1,JUU kcal/kg ot 

clinker (5-5.4 GJ/t).~/ 

3.2 Dry and semi-dry process kilns 

Dry process kilns came into existence along with wet process kilns. 

First they were used without any internal heat exchangers. but gradually in 

order to raise their capacities and improve energy economy, the length ot tht> 

kilns was increased and internal heat exchangers were being installed. lhc 

major development in dry process kilns was the introduction of external 

preheaters installed before the kiln inlet. This ha~ leo to radically better 

heat economy, increase in kil!l capacity and particularly in connection with 

the application of precalciners made it possible to make smaller 

'l:_I 1-:nergy conservation in cement industry - some experiences, Asian 
Productivity Organization, Tokyo, 1982, p. 38. 

3/ Ibid. >. 83. 

l,/ The chen.istry ot cements, V. 1, Academic Press, London and New York, 

1964, p. 41. 
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kilns for the same capacity. The main advantage of dry process kilns with 

preheaters is that the kiln gases pass over the raw mix thereby transtering 

their heat to the raw mix before it enters the kiln. Thus the raw mix 

undergoes the tinal drying and partial calcination by using waste heat. 

The Lepol preheaters, which were developed in the l~JO's, tound wide 

application in the world 'dllent industry as they provided a drastic reduction 

in heat consumption for clinker burning compared with wet kilns bringing it to 

about 1,000 kcal/kg of clinker {4.2 GJ/t). Further im~rovement ot these 

preheaters' design after 195~ resulted in the utilization of a so-called 

double gas circuit. This reduced the specific heat requirement per unit of 

clinker produced to ar~roximately 800 kcal/kg l3.4 GJ/t).~/ 

The main application of the Lepol preheaters has been for dry process 

cement plants where the dry state of the raw material components is exploited 

to prepare the raw mix. After grinding 10-12 per cent of water is added. 

Then the raw mix is pelletize<l and put into the travelling grate where it 1s 

dried and partially calcined by the hot exit gases from the kiln before 

entering the kiln inlet. This process is known as a semi-dry process. 

A decisive step in the improvement of the clinker making technology by 

using dry process was the invention of the four-stage suspension cyclone 

preheater, the Humboldt preheater. It became commercially available in the 

beginning of the 19)0s. 

The four-stage cyclone suspension preheater-k1ln sy~tem l~P Kiln) reduced 

specific heat consumption to 780-850 kcal/kg of clinker (3.3-3.6 GJ/t) and 

allowed the creation of large-scale units of up to 5,SOO tpd of clinker. 

Both the operation and maintenance of the eye lone suspension preheater 

are relatively simple because it does not have any moving parts. At present 

many different makes of preheaters are c011111ercially available with one feature 

being common to all of them: the heat transfer through a convection from 

S/ W.H. Duda, Cement data-book, Bauverlag GmbH, Wiesbaden and berlin, 

2nd edit ion , 1977 , p. 3 7 S • 
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the waste Ras to the raw mix or from the wasLe gas via the contact surface to 

the raw mix. The relatively hiRh temperature of the raw mix entering the kiln 

permits a siRnificant reduction of the size of the rotary kiln. 

The size of a four-st~ge cyclone suspension preheater is of importance in 

connection with the specific heat consumption. Smaller systems have higher 

specific heat consumption than large units. The specific electric power 

consumption of the four-stage cyclone suspension preheater-kiln system amounts 

to 20-22 kWh/t of clinker. 

The four-stage cyclone suspension preheater-kiln system is today the most 

widely used conventional dry process kiln in the cement industry. 

Further developments in clinker production has been achieved by the 

introduction of the cyclone suspension preheaters with precalciners. In this 

process, the firing stage is divided into two, according to the two different 

temperature levels applied during calcining and sintering. The primary 

firing, at the discharge end of the kiln, supplies only the heat flow that is 

required for sintering the neutralised material. The secondary firing takes 

place in the precalciner providing heat for the decarbonation of raw meal up 

to 90 per cent. 

There are two ways of designing the kiln 3ystem for this type of 

secondary firing. In the first scheme the air required for combustion is 

guided through the rotary kiln to the precalciner. This requires the diameter 

of the kiln to be 20 per cent wider than in the second option, where the 

combustion air is taken through a separate air duct to the precalciner 

(figure 3). 

In the first case where the air passes through the kiln to the 

precalciner, the specific volume load rises from 2 t/m
3 

to 3.3 t/m3 ~ in 

the second case where the air is ducted outside the kiln, the specific volume 

load rises to 4 t/m3• In spite of a higher volume load, the specific 

cross-sectional load is clearly lower than in rotary kilns without a 

precalcining stage. Therefore, the clinker output can be increased 

considerably when an existing kiln is fitted with a precalciner. 
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FiRure 3. Burning of cement clinker with precalcination 
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prt•calc111ct·s to tht! s.1spension preheatcr-ki.ln sy:>tem, is muu .. •st 11a111.·ly .1b0ut 

2U kcal/kg clinker (U.Ub4 (;J/t), tins c.Jcveh•pment ha:> s.im.• 1nip,11·t~rnt 

advant.iges which have led tu its increasing use in develuped and devciup111g 

countries. The main :idvant.a~e i::. lncreased c·utput per mut ut luln ·:ulw11e. 

For a given capacity the vu~ume of the kiln can be reduced uy appruium~1tely blJ 

per cent as compared with the suspension preheater-l-.1ln system, t>ec,~;..sc the 

raw meal is decarbonized up t(; ':10 per cent in the precalciner. Another 

advantage, which is particularly important trom the energy point ot view. is 

that low-grade fuels can be burned in the precalc1ner thus saving high-grade 

fuels such as fuel oil, gas and high-grade coal. A thitd positive factor 

relates to the envi rorunent: l:'.U emissions an~ s1gn1ticant ly decre.Jsed which 
x 

is very import.a• t. 

). ) World-wide use of different types of clinker making processes and recent 

trends 

The existing structure of the cement industry i11 ditterent countries, 

particularly as related to th.e types at clinker makin,5 processes, has been 

fonned under the influence of various factors such as the availability and 

type ot raw materials, the developments in technology for clinker making, the 

availability and prices tor fuels and labour. Howf'ver, during the lY7Us, a 

clear trend towan.ts wider application ot dry process kilns became apparent. 

lhis was a direct result from the increase in the world pnces tor energy and 

trom new developments in the dry-process technology such as suspension 

preheaters and precalc1ners lsee review in the preceed1ng sec.~1onJ. 

J.3.1 Oeveloped countries 

In Japan in llJ80, practically all cement production was based on the dry 

and semi-dry method. The suspension preheater k1 lns and new suspe11si0n 

preheater systems which inc lud~d precalciners becam~ dominant. 1\s a result 

the specific consumption cf heat for clrnker burning was on average J.4/ W/t 

as compared to 6.35 GJ/t in llJ60. 1he Federal Republic of Gennany's cement 

industry is currently using basically dry and semi-dry processes. Only about 

3 pe ~ ct>n:: of a 11 cement works use the wet process. The average spcc1t1c 

consuinption of heat tcr clinkt~r production is one ot the lowest in the world 
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cement industry. In France the share of cement produced by the wet method 

decreased to 10 per cent by 1980 and the average specific energy consumption 

was 950 kcal/kg clinker l3.98 GJ/t).~/ 

In the United ~tates th~ wet method ot cement production has been 

dominant until recently. About 52 per cent of cement is prod11ced here by the 

wet method technology. This situation was determined before the energy crisis 

by the availability ot relatively cheap fuel and expensive manpower. The high 

cvntent of alkalis in the clay components and the high demand tor low-alkali 

cement delayed tor many years the application of the dry method of cement 

production in kilns with cyclone preheaters. The problem of producing 

low-alkali cement is solved currently by installing kilns with precalc.:.ners 

and bypass systems for discharge of alkali rich dust. As the conversion of a 

wet process kiln to the dry process with preheaters and precalciners ePsures a 

reduction in fuel consumption up to about 45 per cent, the high prices for 

heat energy in many cases made it feasible to implement such a conversion or 

even to shut down existing kilns and build up new ones based on modern 

dry-process technology. During past tew y~ars, 20 cement plants employing tt.~ 

wet method of production with a total output of b million tons have been put 

out of operation. Curing 1980-1902 about ten ~ew kiln systems with 

preca le iners were put into operation and seve ra 1 plants were mod if iect with 

incorForation of ~recalciners in the kiln system. 

Despite the great econJmy in fuel consumption ot the dry process, the wet 

process is still widely used in Great britain, becat.se of the extensive use 

and the nature of the a•ra i lab le deposits ol chalk. 

The wet process was at least up to recently rather widely used in the 

U~SR cement industry where, as a result ot various moditications, significant 

improvements in energy effH:iency were achieved. 'Io further reduce energy 

consumption in cemenr indust rv preference has now been given to the modem dry 

process technology and during 191::11-1985 the production of cement by the dry 

method increased by 3. 5-4 mi 11 ion tons. 

6/ Report of the interregional seminar on energy saving in the cement 
industry (1983), UNIDO/I0.59), 1984, Vienna, p. 19. 
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lhe dry method of production has been introduced on an ;::xpand wg levt, 1 in 

the cement industries of the German Democratic Republic, the Hungarian 

People's Republic and tt>e l.SSR. ln 1'180 the proportions of Ct>ment pr0C:uced Jn 

these countries by dry and semi-dry methods were 87.U, 82.l and:;--;.:.:: pe: ce1·,..:, 

respectively. The dry method of production is predominant in H:.mgdry ar:<l :..he 

CSSR, while the semi-dry method is predominant in the German Demo~•at1c 

Republic. The average specific heat consu'!lption tor clinker burning iil cement 

industries of Hungary and CSSR in 1980 wa~ 4.96 and 4.8b GJ/t clinker, 

resr~ctively. For some new plano:s in Hungary this index ranges from 3.2b to 

3.47 GJ/t clinker. All thP.se plants use modern dry-process technologies. The 

most efficient plant Ostrava in CSSR achieved the lowest figure for specific 

heat consumption: 3.15 GJ/t clinker. Preference for the dry ano semi-dry 

process kilns has been given during recent years in most other developed 

countries as well. 

3.3.2 Developing countries 

The cement industries in developing countries use ditterent types of 

processes and kilns. Table 3 contains infonnation about the types ot 

processes and fuel used for firing of cement kilns in most of the developing 

f - . . 71 1 h h 1 b countries o Africa, America and Asia.- A thoug t is tab e cannot e 

regarded as strictly accurate, it does give the picture of the types of 

process kilns in use in developing countries. Furthermore, it can be sef,n 

from this table that the majority of planneci kilns uses the dry proc~ss and in 

a number of cases the conversion of the wet process kilns to dry or semi-dry 

is planned or under consideration. It can be assumed that even more wet 

process cement plants would have been planned for conversion if the associated 

capital investments were not so high. In fact, this can be considered as the 

main constraint to the conversion of cement plants throughout thz world, not 

only in developing countries. 

21 Compiled from World Cement Directory 1980, vol. l and II, l:t.MBUl<f.AU, 
The European Cement Association, Paris, 1980. 



Table 3. aota•r klln1 la •••vlc• at end 1971 

?I2HH fv•J.! Proc111 fuell P[OCH! P'u!l1 

CountrJ DrJ Oil Coal Gal Seai-drJ Oil Coal Ga1 Wet Oil Coal G&I Mote 

--
Africa 

- Al&eria 10 • - 5 • 2 DPl~/ burning ga1 were planned 
for 1913 and 1914 

AD&ola - - • • 
lenia -* * On• DPl wa1 under con1tructlon 

-

c ... rooa l • - - One DPl wa1 planned to be added 

Con10 1 • 
E&JPt - 3 • 11 JC JC (a) Soae of tb• wet kiln• were 

planned to be converted to drJ 
proc111; (b) two DPl were under F\) 

con1tructlon 
0 

&tbiopia 2 • 1 • 
Gabon - - 1 lo infonaation re1ardin1 fuel v•• 

l••J• 2 • - 2 • 6 vertical kiln• u1in& coal were in 
opentlon 

LlbJ• 9 • - - One drJ proc111 kiln in 1913 

lladqaecar - - 1 JC It ha• been decided to build two 
vertical tiln1 in 1979 to be 
lncrea1ed bf a third kiln 

- -ilalawl 1 • 1 • 
llall - 1 - (a) Mo lnfol'llatlon r11ardlng fuel 

u1e; (b) on• DPl wa1 planned for 
con1tructlon for 1913 

al DPl • Dry proce11 kiln. 



Table 3. aotarJ tllaa ia aarwlca at and 1971 (cont'd) 

f[~IH Pu!l• Pr2c111 Pual! P[2CH8 Puall 
Cou111tr1 Dr'J Oil Coal Gaa s-i-drJ Oil Coal GH Wat Oil Coal Gaa Note 

Africa (coat'd) 

llorocco 1 JC • JC • JC 5 DPK var• planned to be con1tructed 
during 1979113 

lloaublqua l JC l JC 1 ll 

Ii gar l z 

lip aria • JC - 8 ll J; (a) Two rotary ... 1-wat kiln• war• in 
operation; (b) four DPK were under 
conatructlon 

I\) ..... 
Senegal 3 JC 

Sudaa 3 JC - - Ona DPK va1 under con1tructlon 

T•naaa l &- 2 JC - Pour DPK were under con1tructlon 

Togo z• z - • l•f•i• to 1979 

Tu111illa • z JC - 3 ll One DPK wa1 under con1truction 

Ugaada • JC 

ZailC'e 3 JC 1 JC 3 z z 

?aabh 2 JC - 3 ll 

- ?1ababw 1 • 3 • 
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Tabla 3. aotar1 klla1 ln 1orvlc• at end 1978 <cont'd) 

---
Proce11 r11el1 Proce11 r11el1 Proce11 r:uel1 

CountrJ DrJ Oil Coal Gal Seml-drJ Oil Coal Ga1 "•t Oil Coal CH Note 

--
Aaerlca 

Argentina 29 Jt Jt Jt 3 :I :I :I 11 :I :I One wet kiln va1 planned to be 
converted to drf proce11 bJ 1980 

Bah-• - - 2 :I Pea1ibilitJ to convert to drJ or 
1eml-drJ in 1982 va1 1tudled 

Bolivia • :I 

Brazil 42 :I :I 3 Jt 51 :I :I <•~ One vertical kiln fired with 
coal; (b) ezpan1lon bJ tvo drf kiln• 
and coo1truction of four DPl va1 
planned 

N 

Cblle 5 Jt - 2 Jt 
N 

Coloebia 6 Jt :I :I - 36 :I Jt Several kiln• vere planned to be 
1witcbed over to coal 

Co1ta Rica 3 :I - - One DPl on 1treaa la 1980 

Cuba 19 :z - - TVo DPl in 1ervlce 1979 

I>oalnicu 
Republic 1 Jt - 6 z 

lc11ador 6 :z - 2 :I TVo DPl were planned to be con1tructed 

11 Salvador l :z - 3 :z 

Cuat .. la • :z 

Raitl - 2 z: Tbl• c ... nt work• l• 1elf-1aff lcient 
in electric pow9r 



Table 3. aotarr klln• ln aervlce at end 1971 <c~nt'd) 

Proctn l!!l• f[OS!H full! fr2c11• ru1l1 
Countrr Drr Oil Coal Gae s-i-drr Oil Coal Gae Wtt OU Coal GH Iott 

~~ic• (cont'd) 

Hondurc.• • lt - - Ont DPK waa planned for 1911 

Jaaaica - - 3 ll 

Medco 68 z ll - • ll 

Nicaragua - - 5 z 

?an ... l z - 3 z 

Pu·aguay 2 z - - Oat drJ proct•• on 1trtaa ln 1913 

Peru 8 z - • z 
I\) 

w 
Puerto iico - - I z I 

Trinidad and 
T.:ibaito - - 3 ll 

Urugay 1 z - 7 z 

Venezuela 7 I: ll - 14 z z Two DPK under coa1tructlon 



~ !!l!J.I !S:l!illl !l!IJ.I U2all flllll 
CountrJ DrJ Oll Coal OH s-i-drJ OU Coal OH Wet OU Coal OH lote 

ll.11 

Af&baniltaa - - 3 JI 

Bn&ladHb - - l JI 

luiwa l• - 3 JI • No inforaation re11rdin1 fuel 

ladi• 32 JI JI 6 II II 95 II II II A nllllb•r or DPl were planned 

Indoaella 1 II II - 10 II II one DPl on 1treaa in 1910, another 
plant •11pan1lon bJ DPl in 1912 

Iran 3o\ II II - 10 II Oii• DPl e11p1n1lon ln 19!0 

Iraq 3 II - 2o\ II 13 WPl will be clo1ed before 1915 

Jordu 1 II 3 II - Oii• DPl in 1913 wltb po11lbllltJ to 
add another 

bpubllc 
of lorea 21 II 7 II " II l11p1111ion bJ four DPl 

IAbaaOD - - 10 II 
I 

klQlla 3 II 2 II " II one DPJ ~ader con1tructlon 
I\) ,,. 

Paith tu - 5 21 II II 111pusion bJ on• DPl 

P9alllnlae1 20 II 12 II 2 II one plant to be converted in 1911 
to DPl 

Qe.tar - 3 II 

lall4i Arabia 10 II II - - 9 DPl were under con1truction 

art I.Uta " II 

SJt'll " II - 9 II 2 DPl were planned for 1910 

ftallaad 1 II 2 II 9 II 111pan1ion bf two DPl wa1 planned 

11alt.ed Arab 
.. lrat.H • JI - 1 JI 

Ylet ._ - 6 JI - 2 DPl were under con1tructloa 

T-•· &rall 
.... bllc or - - l • 
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In India the ave rage spec if ic heat consumption tor the dry process cement 

plants is 'JUU kcal/kg clinker U.77 GJ/t): tor the wet process plants lt is 

l,480 kcal/kg clinker (b.2 GJ/t). With b5 per cent of the cement plants using 

the wet process and the remaining the dry or ~emi-dry process, there exists a 

great potent ia 1 in the cement industry for energy saving through the 
. 8/ 

conversion to dry process.-

In Pakistan the wide use of the wet process kilns lLl of a total of 2b 

cement kilns) and other factors accounted for a high average specific 

consumption of energy in cement production labout 7 GJ/t clinker). All 

projects for new cement kilns are based on the dry process with suspension 

preheaters and the use of precalciners in futur~ projects is also under active 
. . Y/ 

consideration.-

In Kenya two major cement companies use aitferent types of processes. 

East African Portland Cement Company's (EAPL) Athi kiver plant uses the wet 

process cement manufacturing process requiring some 75 per cent more process 

heat input per ton of cement than bamburi Portland Cem~nt ~ompany in Mombasa 

using basically the dry process. the conversion to the dry process kilns has 

been under consideration by EAPC as an option to achieve energy saving in the 

production process. 

Some developing countries have essentially modern cement industries 

employing mainly dry or semi-dry process kilns with relatively low energy 

consumption. These a re Indonesia, the Philippines, the ltepubl ic of Korea, Sri 

Lanka, Thailand and some other countries. Energy consumption broken down by 

stages of cement production process for the most modern plant in terms of 

capacity, quality control and energy consumption in Thailand is presented in 

table 4. 

8/ Sectoral reports - Energy audit studies. 111.<eport on utilization and 
conse"i'=vation of energy", National l:'roauctivity Counci 1, New Oelhi, India, l'18J. 

'!_/ Energy conservation in cement industry - some experiences, Asian 
Productivity Organization, Tokyo, 1Y82, p. 7b. 
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Table 4. EnerRy consumption - Kaeng Khoi plant 

Capacitl Power consumption 
Department Ton/hour kt.lh/t 

l. 

2. 

3. 

4. 

5. 

Crushing 

Limestone l.bO 
Shale 2.bO 
Laterite 5. 30 
Transport and storaRe 0.43 

Raw material grinding and blending 

Raw mill 1 140 21.75 
Raw mill 2 280 24.20 
HomoRenizi:tg and transport 1. 31 

Kiln 

Kiln 12_/ 1,500 n.uo 

Kil<t 2~/ 2,800 14.80 

Transoort u .73 

Cement grindin& 

c. "'· 1 ~ Portland type I 70 39.70 
f1ixed Portland 37 .10 

c. "'· 2: Portland type I 70 41. 30 
Mixed Portland 120 40.90 

C.H. 3; Portland type I 120 37 .bO 
Mixed Portland 34.40 

Transport u. 39 

Packing and loadinR 

Packer 1, 2, 3, 4 l .b 1 
Bulk loadinR u. lb 

a/ One staRe cyclone preheater long dry kiln. 
~/ 5uspens ion preheater dry k i In. 

Heat consumption 
kcal/kg 

860 
( 3.6 GJ/t) 
780 
( 3.26 GJ/t) 

Source~ Ener~y conservation in cement industry - some experiences, Asian 
Productivity Or14anization, Tokyo, 1982, p. 122. 
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Along with rotary kilns some developing countries use vertical shatt 

kilns for cement manufacturing. Shaft kilns are in operation in the PeoplE>'s 

Republic of China, lndia, Nepal and some other developing countries. because 

of their limited production capacities and low prouuct1vity their number was 

dramatically decreased in developed countries with the introduction of 

production units of 1,000 ton per day or above • However, many experts 

believe that for the developing countries with low labour costs anu su1tat>le 

coal reserves the use of small scale cement plants empl.oy1ng vertical shatt 

kilns is a viable alternative, or complementing technology, to large scale 

cement plants. It is a technology wl11ch allows for a lngh degree ot 

self-reliance, not only in the manutacture of cement, but also in the builaing 

of cement plants. An example of such an approach is the cement industry 

development in the People's Republic of \,;h1na where several thousands shatt 

ki !ns have been bui It and put in operation during recent years and are now 

producing cement with a calorit1c consumption ot about ~)0 kcal/kg clinker 

(3.98 GJ/t). ln lndia the building of mini cement plants is actively promoted 

and 200 possible sites have been located all over the country. 

It is maintained thac the low fuel consumption, owing to the direct heat 

transfer principle used, enables vertical shaft kilns to remain competitive 
10/ 

with rotary kilns in spite ot the d1tference in scale ot operation.-

!0/ R.J.S. Spence, "::,mall-scale production ot cement1t1ous materials", 
lntt•nnP.diate 1echnology l'ul>licat1ons Ltd., London, IJ111ted l\111gdum, l'JtsU. 
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4. ENERG:~ CONSERVATION IN CEMENT Pl<ODUCTION 

Effecti~e 111easures taken to save energy in the cement industry in many 

countries, particularly developed countries, have helped to cut si2nificantly 

the spec i fie consumption of ener2y during the past two decades. This has been 

associated with tae development and utilization of highly efficient 

lar2e-scale production units. 

The basic opportunities for energy .;.::~·; n2 in cement product ion re late to 

the improvement of the processes of clinker burnin2 and grinding as well as to 

the utilization of low quality fuels. Of primary importance is the 

improvement of heat use efficiency and the reduction of heat losses. 

4. 1 Energy savin2s related to heat utilization 

As shown above, the dramatic reduction of specific heat consumption in 

cement plants is achieved by using modern dry process kilrs with suspension 

preheaters (SP) or more advanced kilns with both SP and precalciners where the 

heat of the exhaust gas of the kiln is used for preheating the kiln feed. 

This can be realized when buildin2 new plants and/or when expanding existing 

ones. 

It should be mentioned that specific consumption of electric power in 

such plants is usually higher than that of the wet and se~i-wet plants but 

nonetheless their overall energy efficiency is much higher since the heat 

consumption accounts for the major share of ener2y input to cement production. 

Considerable attention is also given to such methods to economize on fuel 

as the changin2 of mineralogy {a the cement and utilizing mineralizers. 

Low-melting slags, fluoride and calcium sulphate are a few of the numerous 

substances that render a mine~alizing effect on clinker formation. A 

reduction of clinker formation temperature, when utilizing the latter, leads 

in the enJ to a saving of eneray. 

Available evidence suagests that the use of appropriate mineralizers 

opens a substantial ener~y savings potential. However, there are some 

difficulties with respect to choosin2 the best mineralizer for clinker burnina 
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as the quality standard, raw mater!al base, techrucal tactl1t1cs an<..1 

ecological aspects have to be taken into account to prevent some pos:.1ble 

adverse effects such as poor setting ot the cement, delayt•J Parly ;mu retlUCl·tl 

final strength and envirorunental pollution through em1ss1011 ut tluonuc am.1 

sulphur components. 

It is expected that further researc.h and develojJmt>ul work in this tield 

will result in a further evaluation ot the applicab1l1ty ot var10.1s 

mineralizers in cement clinker production. 

ln the USSR significant attention is given to the developmt>nt ot 

industrial production of cement by low-temperature technology with the use ot 

calcium chlorid~ wherein the reaction in mineral tormat1011 is complett>d at 

temperatures lower than in currently utilized technologies. Al.lout l million 

tons of cement was planned to be produced by this technology in l'Jhl-1Yh). 

The basis tor this low-temperature technology is the torming ot such a 

melt during calcination of the raw material burden that ti~ completion ot 

clinker formation is ensure<l at l,IOU-l,15U°C lwhile the burning ot portlantl 

cement clinker is performed at l,40U-l,45U
0

L). 

When the process of clinker formation has been completed, the clinker is 

desalted with the help of special equipment. lhe tree calcium chlonde in the 

cl inker is decomposed in this case. Hydrogen chloride, produced ~n the 

process of desalting, interacts with the lime component ot the burden, 

maintaining in it the required amount of calcium chloride tor the production 

of a salty melt. When producing cement by low-temperature technology with the 

use of calcium chloride, the process of preparing the raw materiai mass is 

simplified, and the possibility arises for reducing the number ol components 

in the mixture and tor eliminating the introduction of pyrite cinder. '!he 

specific fuel consumption fr,r calcining clinker is reduced approx111wtely 

10 per cent by changing the clinker mineralogy. l:>111ce the cilnkt,r produced by 

this process features a high grinding ability, the specit1c co111;umpt1011 ol 

electric power decreases considerably and the capacity of the cemt•nt n11lls 

increases. 
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A catalytic c~mplex technology for the production of effective types of 

cement is be in~ currently developed in the USSR. It is planned to produce 

sulphoaluminate clinker by this technology that would make it possible to have 

a series of special grodes of cement with unique building properties. Mineral 

formation is completed in the sulphoaluminate clinker at a calcining 

temperature 15U-2U0°C lower than in the case of calcining portland cement raw 

. 1 . ll/ mater1a mixtures.~ 

Among the measures widely applied for the improvement of heat use in 

rotary cement kilns are the use of internal heat exchangers, e.g. chain 

systems used in wet and dry process kilns and different thinners permitting 

reduction of the slurry moisture in the wet process that as described above. 

Substantial reduction in heat losses from the kiln can be achieved by 

proper maintenance of the kiln seals and reduction of air leakages in the kiln 

system, control of combustion by continuous monitoring of CO and o2 content 

in exaust gases, by improved refractories and cooling of the kiln shell to 

promote coating on the inside of the refractories. 

Several commonly used ways of reducing heat losses have not been applied 

to the process so far. For example, losses from the wall of the rotary kiln 

make up a substantial share of total energy lost. The rotary kiln has a 

jacket temperature of up to 35U°C. The :1eat transfer is reduced when the 

surface is insulated, but at the same time the temperature of both the metal 

jacket and the lining rises. This in turn reduces the mechanical strength and 

the life of the kiln. Moreover, there is the risk of the shell melting if the 

kiln is insufficiently insulated or if the lining fails. However, modern test 

facilities and monitoring of the jacket temperature seem to suggest that some 

kind of insulation can be considered. 

The same kind of effect could be achieved by boxing-in the kiln. In this 

way convection heat losses can be minimized because high air velocities during 

wind are excluded • 

.!.!/ N.l. Fillipovich, "kational and economic utilization of fuel-ener~y 
resources in industry of building mat·rials", Materials of USSR-Federal 
l<epuhlic of c;ermany Symposium, VINl'fl, Moscow, 11:183, p. >32-333. 
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By coating the kiln with aluminium bronze, for instance, radiation losses 

can also be cut. However, with minor radiation to the atmosphere, this kind 

of coatinR will make the temperature of the kiln jacket rise, which causes 

even hiRher convec~Lon and produces all the adverse effects mentioned above. 

Thus, external insulation is detrimental to operatinR safety. One way of 

overcominR this is to utilize heat losses rather than minimizing heat transfer. 

To this end, a recuperator is fitted at the too or on the side of the 

rotary kiln. It is heated by some of the radiation emitted by the kiln. 

Inside the recuperator flows a heat transfer medium, e.R. water which is 

heated. The key factors are the space between the recuperator and the kiln, 

and their respective temperatures. Some of the recup4>rator heat is released 

at its surface throuRh free convection. However, this convection can be 

minimized by a top or side cover, or a screen. 

Theoretical considerations have shown that a heat flow equal to 3U kg of 

fuel oil per hour can be saved with an optimized design and configuration of 

the recuperator, given mean wall temperatures of ar.ound 250°C, an outside 
2 

diameter of the kiln of 5 m, and a heat exchanger surface area or 2UU m • 

This amount of heat saved can be utilized to dry coal or raw materials, or to 

heat buildings. The practical application of these theoretical considerations 
12/ 

will, however, require additional research and development.~ 

The afore-mentioned measures aim at realizing the energy saving potential 

related to the kiln. Another opportunity for improving heat utilization in a 

cement plant is to use waste heat from clinker coolers. This waste heat can 

be used in a number of ways particularly to dry raw materials or coal, when it 

is used for firing the kiln and to generate steam and power if necessary. 

l!:_I Tatigskeitsbericht 1978-1981, Verein Deutscher iementwerke e.V., 
Forschungsinstitut der Zementindustrie, Dusseldorf, Federal kepublic of 
Germany. 
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At one cement plant in the German Democratic Republic the heat given off 

by fresh cement clinker is used in two ways; 

(a) Air heated by the coolinR clinker is used in the rotary kiln as 

secondary combustion air, thereby increasing the efficiency of the combustion 

process in the kiln. 

(b) Further cooling of the clinker yields waste air at a temperature of 

200°c, which is used to heat water in four waste heat boilers. The hot water 

is fed into the factory water system. As a result, the fuel consumption of 

the factory boiler room is reduced. The capital costs associated with the 
13/ above measures were recovered in U.8 year.~ The use of hot air from 

clinker coolers as a combustion air in the kiln is an effective energy saving 

measure. An energy saving of about 50 kcal/kg clinker is achievable by 

reducinR the amount of primary air from 30 to LO per cent. l
4

/ 

Effective systems for heat recuperation from clinker coolers have been 

introduced in Japan in plants with Air Quenching Coolers with a grate (A.Q.C.) 

when used in cement production systems with cyclone SP and precalciners. The 

hot air from clinker coolers is utilized as secondary combustion air in the 

kiln and the precalciner as well as for Renerati.>n of electric power by using 

waste heat boilers. 

Six cement plants generated electric power in Japan in 1981 by utilizing 

111aste heat. A circuit with low-boiling (Freon type) liquids was exploite·J at 

a temperature of the waste gas up to 200°C, and a common steam power cycle at 
. • 15/ 

temperatures in excess of 400 c.~ 

13/ Consolidated report on recovery and utilization of secondary energy 
sources in glass and building materials industries presented to the ECE 
Symposium on rational utilization of secondary forms of energy, Bukarest, 1983 
(Eneray/Sem.3/R 110). 

14/ Energy conservation in cement industry - •~me experiences, Asian 
Produetivity Oraanization, Tokyo, 1982, p. 88. 

15/ K. Noguchi, Japan's cement industry today, "Rock products", 1982, 
N5, 64°E-64H. 
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One of the prospective trends in the reduction ot energy consumption in 

the cement industry is the expanded production ot blended cement. 

The percent age of the replacement materials such as natural pozzolana, 

fly ash, slag, etc., normally ranges trom 15 to JU per cent. Blended cements 

with the addition of slag are produced in many countries. In Japan they are 

called special cemer.ts owing to their slightly lower strength indices. Slag 

portland cement is produced in some countries with separate grinding of cement 

clinker and slag and mixing them at the customer's site. 

The utilization of additives in the form of blast turnace granulated 

slags and fly ashes of thermal power stations has contributed to reuucing the 

consumption of energy resources in the cement industry. At the same time it 

allows the disposal of these industrial wastes in an envirornnentally sound 

rnanrn~r. The amount of additives to cement in 19bU reached 16-US per cent in 

8ulga~ia and Hungary, about 2L per cent in the USSk and up to 29 per cent in 

Chekoslovakia. It is expected that the necessity ot turther reduction of 

~nergy consumption in the cement industry will lead to an increased use ot 

addit1ves. 

Many developing countries use pozzulanas in varying amounts as addit.ve 

to cement. A consideration of the possibility to grind a granulated blast 

furnace slag together with ordinary portland cement clinker rn Pakistan has 

shown that the energy consumption per ton of cement will decrease by about 

36 per cent as compared to the current level if the share of slag in blended 

. 40 lo/ cement is per cent.-

ln India studies are going on to utilize steel slags - an rndustrial 

waste product from steel industries - as a major raw material tor manufacture 

of super sulphate cement by blending it with calcined gypsum and hydrated lime 

. bl . 17/ in su1ta e proportions.-

12.I Energy conservation in cement industry - some experiences, Asian 
Productivity Organization, Tokyo, 1982, p. 92. 

17/ Ibid., p. 26. 



Une of the constraints to the wider use of slag in blemleu cements is the 

lack of slag granulation tacilities in the steel industry in some countries. 

4. 2 Electric power savings 

Rationalization of electric power consumption in the cement industry 

encompasses improved house-keeping measures with respect to electrical 

equipment as well as operational improvements and technological moditications 

leading to electrical power savings. 

The cement mills are the major consumers of electric power at cement 

plants, accounting for some 40 per cent ot total electric power consumption. 

1herefore, primary attention is given to improving etticiep~y in electric 

power utihzatiou in thr se units as well as in the raw material grinding mills 

which are in second place in terms of consumption ot electric power in cement 

plants. 

The maJOr part of the energy consumed in the grinding of materials is not 

used for the process proper but is released in the form ot heat. l,urrently, 

cement is ground mainly rn ball mills whose energy etticiency is low: only 

5-'J per cent. 1his figure is 7-15 per cent in roller mills, 25-4U per cent in 

impact crushers, and 70 per ctont in rolling crushers. 

The b3s1c method for reducing energy consumption in ball mills is their 

adjustment to establish an optimum op~rating regime and to ensure maximum 

output with minimum energy consumption while preserving the predetermined 

fin£>ness of grinding. However, the possibility of reducing the specific 

energy consumption in cement grinding by adjusting the design and 

technological parameters of the mills is limited by the quality requirements 

ot the cement, first and foremost the characteristics ot setting and strength 

l nc rease. It is possible to increase slightly the degree of energy 

util1zat1un in ball mills by adjusting the parameters ot the open and closed 

eye Jes but it is 1mposs1Lle to cnsu~e a substantial increase in the efticiency 

of these grinding \Hllts at the current level ot technical knowledge. lhe 

possibli1t1es of increasing the ett1c1ency in energy utilization in well 

.ridj11sted grinding plants have been practically exhausted. 
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Tc further increase the efficiency of the Ji!.rinding process, it ls 

necessary to employ grinding unics ot other designs. But. when developing new 

methods of grinding. it is necessary to ensure that economy in ener~y use does 

not cause offsetting increases in capital and operating costs. 

Experiments have been carried ouc in some countries on grinding cement ln 

roll.e:r mills • .!..~U~/ Thus. information was published in l<JtSU that the 

comi;any Claudius Peters (FkG) used a roll,•r mill of llU t/h capacity for 

grinding cement at one of the cement plants producing portland cement. At 

first, the strength of the cement produced in the roller mill. was lower than 

when ground in a ball mill. but it corresponded to sta11dards after ZtS days. 

~hen compared with cement ground in a ball mill. this cement was characterized 

by a smaller specific surface area and steeper grain composition curve. 

False settings are observed frequ~ntly for cement ground in a roiler mill 

and its water requirements for reaching normal grout consistency increase 

considerably. This l~ads to the tendency of concrete made from such cement to 

form efflorescence. These phenomena are evidently e ,1 lained by the narrow 

grain composition of the cements and the reduced content of fine fractions 

that cause an increased porosity in the produced cement stone. Water 

separation can be observed in the process of cement grout hardening. However. 

an improvement of the cement quality can be achieved by changing the 

configurat:on of the grinding elements and the conditions of separation. 

The researchers at the companies Loesche and Polysius lFRG). who studied 

this problem. arrive~ at the same concl~sions. According to published data. 

the energy consumption decreases in roller mills by 15-25 per cent compared 

with ball mills (depending on the grade of the cement being ground). 

18/ Cemet't-Kalk-Gips, 1981-Nll. p. 560-562. 1982-N2, Federal kepublic of 
Germany. 

l!.I World cement, 1982. NZ, p. 7b-78. 
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Well-kno~n advantages of roller mills as compared with ball mills are, 

for example, the short time the material is in the mill and the reduced cost 

of the dust separators (with consideration of the cost tor the grinding bodies 

and the armoured lining). Besides, th.- capital expenditures are lower for 

their construction. Moreover, the Polysius company has developed a system 

that reduces the air rate in the roller mill. The large grains return through 

the holes in the circular channel at a low air rate and a bucket elevator is 

installed additionally to ensure their return to the eye le. 1ht.· low air rate 

contributes to reducing wear of the spray injectors, reduces the pressure 

losses and permits the use of low power fan. The decrease in the part uf tine 

fractions and the respective reduction in strength at an early age as a result 

of grinding the cement in a roller mill is explained by the fact that it is a 

ventilated-type crusher with a flow-type separator, wherein the fine tractions 

are removed inmediately by the ventilating air flow. 

Another possibility of reducing the consumption of electric power is to 

improve the technology of grinding in ball mills by pre-engagement of the 

crusher-drier. Preliminary crushing may save energy in grinding up to 6 kWh/t 

raw material or 9 kWh/t clinker. 

Evidently, cement ..rill be ground in the future mostly in vertical mills. 

The experience of grinding the raw material and coal at the plants of the 

British company ARSM has indicated that the utilization of vertical mills 

reduces the consumption of electric power for grinding by 50 per cent. The 

utilization of grinding intensifiers also ensures a certain energy saving. 

Investigations carried out by the ARSM company indicate that the specitic 

consumption of electric power reduces by approximately 5 kW h/t when grinding 

ordinary portland cement, and by about 13 kW h/t when grinding 

high-early-strength cement.
201 

At TSAB (Dessau, German Democratic Republic), a roller mill was 

re-equipped for operation with mechanical discharge in order to produce a wide 

range of cements. During the experiments, the spec1tic consumption of 

e 1ectric ~ower ranged from 20 to 23 kW h/t cement. 

20/ "Cement, Wapno, Gips", Poland, 1977, 21 v.4. 
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Experiments have been carried out on grinding cemenl in pe:idu lum mil ls ot 

small capacity (from 0.5 to 30 t/h). These rnllis are simple in operation, 

need neither complicated maintenance nor frequent replacement of worn parts. 

One ot the main reasons for the reduction in grinding unit etticiency is 

the aggregation of the crushed material particles with the tormation uf 

agglomerates. ln order to reduce the amount ot agglomerates, tormed in the 

roller mills, it has been proposed to decrease the rotational speed ot the 

rollers but this requires a considerable i;tcrease in power .:;onsumption. 

Therefore, it is better not to return the middlings comprising a considerable 

part of agglomerates trom the separator to the roller mill but to crush it 

additionally in a comman ball mill. 

During recent years many cement plants have started using grinding aids 

for clinker grinding as a means ot reducing electric power consumption and 

achieving increased throughput iu the cement mill. 

~cientific research organizations ot the U::iM< have oevelopeo and testeo 

on an industrial scale new eftective types ot grincilng aids. '!heir subsequent 

utilization in practical applications contirmed their l11gh efficiency: the 

specific energy consumption was r.~duced by 10-15 per cent. 

The use of grinding aid when grindir..; clinker has contributed to reoucing 

the consumption of e lee tric power and improving the grade ot the cement. 

About 44 per cent ot the total output ot cement in the German Uernocrat1c 

Republic, and lo per cent in the u::,~1<, is produced with the use ot grindrng 

aids. Grinding aids are also used on a wide scale in grinding of cement in 

Bulgaria. 

Proper clinker cooling .::an make clinker gri11d111g easier and cuntrilmte lo 

the reduction of electric power consumption. Another means to improve the 

electric power utilization ln cement m:.lls is to use class1ty1ng liners. 

At present, roller mills appear to have some basic advantaj{,es in raw 

materi;d grind111g, particularly ln kiln systems w1lh ::,p or precalc1ners. lilt' 

use of a roller mill in raw material grinding can n•Juce clcctr1c power 
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Cl)nsumpt ion by about 2U to Z) per cent compared tu that ot a tube m111. 

liuwever, a roller mill is in general not suitable tor processing ot abrasive 

r ;1 w mate r i a l s • 

4.] !:>ubstitution ut tuels 

t::nergy conservation m~ans not only reduction ot specitic energy 

consumption per unit ot t inished product but also preservation ut scarce fuels 

s uc h as t ue l u i 1. 

111e basic technological tuel betore the l'JbUs was coal. Then fuel oil 

and natural gas became predominant. This was associated, on the one hand, 

with the ener~y market situation, and, on the other, with tile simplicity ot 

preparing, t~asy control of supplying and delivenng ot the tuel. Beside that, 

the trend to increase the capacity of the kilns required increasing ot the 

calorific value of the coal to 27 f1J/kg. 

However, ma11y countries started reversing to coal atter sharp increase in 

prices tor oil-based fuels in l'J7Us. Thus, it is planned tu bring tile 

pruportion of coal in the tuel balance of cement production to 'JU per cent in 

the United !:>tates, while a progranune of complete transfer ot the cement 

industry to coal is approaclung its end in the Federal k.epuolic ut l>ermany 

today. only 2 per cent ut the tuel spent in the cement industry in Japan in 

l'J73 was coal, hut by mid l'Jb2 the proportion of coal and ditterent types ot 

fuel with a low heat of combustion reached abol!t IJU pe1 ::nnt. IJuring 

1978-198:.! in France, the cement industry carried out a massive conversion trom 

hydrocarbons to solid fuels so that today they represent almost bU per cent ot 

total thermal supplies. 

Th~ c~ent industries 111 many developing countries are now reversing to 

coal and other alternative tuels in ,,rder to reduce their reliance on mu~tly 

importt•d ent• r)!y r1•s1.)llrccs. ·111i s can bt~ seen trum tal>lt· J. r:ven countries 

poss1•si11~ si;!,111licant oil clt'p11s1ts like 111dunes1a are ain1111g iit sw1Lct11ng 

th .. 1r ..:1·m.,11t plants lr1>lll oil to cval :1nd other low grade tue.ls. 
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W1descale opportunities tor using low-grac..le tuels tor cl1nkt>r bu1n111g 

were opened by the development ot systems with cyclone prt!heaters anc..I 

prec a lei ne rs. Precalcining or secondary firing, apart trom the po::;s1b1l1ty ot 

achieving higher outputs, has also opened a way tor saving ot tngh-~rade tuel 

such as fuel oil, gas or high quality coal and subst1tut1ng tht!m by low grac..le 

fuels and combustible industrial wastes such as wood clnps and bark, wa::;te 

tires, urban wastes, etc. 

Thi:; is possible because the precalciner ~perate::; at a temperature of 

about 900°C which is needed for the reaction of decarbonat1on ot the raw mix. 

Only about a quarter of the total amount of heat used tor clinker burning is 

consumed in the kiln itselt. Therefore, it is possible to teed up to 

75 per cent of the tuel into the secondary turnace in kilns with precalc1ners 

(in practice normally up to 60 per cent is burnt in the precalciner). 1his 

allows the d1fterentiation of tuel for calcining the clinker: higher 

calorific fuel for ensuring high temperatures in the s1nter1ng zone ot the 

rotary kiln and less calorific fuel tor ensuring decompos1t10n of the 

carbonate component in the precalciner. 

There are basically two good reasons tor using low-gradt: tueis, 

especially fuel substitutes, in the precalcinat1on ot cement. First, there is 

no limitation to the minimum c.alorific value because ignition is ensured due 

to high meal and gas temperatures of 700 to l,UUU
0

l.. !:>econdly, many ot the 

substances hannful to the envirorunent are introduced into the process together 

with the fuel and are bound almost completely in the cement clinker without 

impairing its quality. What is more, low-grade tuel can normally be u:>ed in 

the process directly, i.e. without pretreatment. 

The experience ot the Genstar Recycling Cement Plant u1 thP USA 

illustrates the broad possibilities for using d1fferl'nt combuslililt• wastPs as 
:l li 

a substitute to coT11TJerc1al fuE·ls in cement production.- !:>111c:t' l';lhU, wllf'11 

a moden1ization of the plant took place and the Jong dry l<1l11 wa~, 11·1ol:111·d 

with a suspension preheater-pr:·c:ilc11wr kiln sysl1·111, llw r1c1· li11ll:; :i11•1 1•<><>d 

:.11/ k. ~egal, "Kil11 1111·1: 
/\I' I I I I 1 Pl/4 • I•· ,, :l -4 J . 

111 ,. l11al ):., w:1·.1 • •>1 I'', ){111 I l''""'" I·., 

( 
I 
I 
I 
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•astt.• m:1ter1al fro.>m r.11lls have been used in co.>njunction with gas w1tho.>ut any 

prublem. both waste mater1als were used to meet up to )U per cent ot heat 

rt>•1111rements o.>t the plant. ·1ests w1th old rubber tires were also made .ind the 

kilu ran with no problems. However, indications .'.!:-e that the availability ot 

•aste materials on a regular oasis lS the must impo.>rtant tactor in switching a 

cement plant to.> this type ut tuel. 

The use ot precalc1ners opens another opportunity tor substituting 

energy, that is to.> use solar energy. Accordin& to one concept wh1ch has been 

presented recently, solar energy is detlected t>y plane mirrors, tand1ng in a 

field next to the cement works, onto a concave mirror. lli1s mirror is titted 

on a pole high up above tilt• works. lt bundles the light and directs the beam 

through a windo.>w into the combustion chamber. lhe tocal len6th ot the mirror 

is long enough to place the l:ocus exactly in the centre of the t lame. 

However, many ot the questions that determine the realization ot the concept 
1.1/ 

have remained unanswered so far.-

The utilization of electric power in the production at cement clinker is 

ot doubtless interest in the long run. 1he basic advantages at electric 

tl:'chno logy in cement production are the sharp decrease of heat losses to the 

ambient environment and the solution ot many ecological problems. The amount 
j 

of w3ste gas lll modern kilns is approximately 1.7 m /kg clinker at a heat 

content of 1,t>UU kJ/kg, while in electric kilns these tigures are u.3-U.4 

j m /kg and b7U-6'JU kJ/kg respectively. however, widescale utilization of 

electric power tor thest: purposes is restrained by the lack ot industrially 

approved electric cement production technologies and by the shortage a:1d cost 

of electric power in sl)Jlle countries. 

kesearch has been carried out lll the U~!:-k to determine the possibility Jt 

producing portland cement cllllker when exposing the raw material mixture to a 
n1 

powerf11 l bf' am ot ··unaway elect ro11s ~rad iation-chem1ca l method).- The 

22/ Kesselring, !Jurisch, "L1mt's.:one calc1nation", :>wiss Federal 
institute tor Reactor kesearch, Wi.irt!nlingen, :>w1tzerland, 1'184. 

2i/ ::;cienlilic-technical reterence co1lect1011, Ct.'lllt!llt i11<111slry, 

Mosco;:- VNlll-'.SM, lYbl, issue 8, pp. :l.2-2). 
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process oJf clinker f,1nnation is c0mpleted in this case in '.>-1) seco11<.1s. 

t:ftective trnnsmission of energy simultaneously to the entire volumt! uf the 

irradiated materi:tl, overlapping of the dec:irbonizing and clinkering stages 111 

time as we 11 as r:id 1at ion st 1mu lat ion of the processes of Jecompos it 1un and 

synthesis contribute to fast clinker formation. 'lhe C<>nsumpt1on ot energy i5 

IU-15 per cent lower as ClXllpared with the best ind ices reconied 111 the 

production <>t similar clinker, all wl11le producing a high-grade cement 

product. beside that, a )ll per cent decrease in the capital expenditure:; may 

he expected as c<>mpared to those in the case ot the dry method. 

Several electric technologies have been patented in the United ::.tates but 

the consumption of electric power at U.4t> kWh/kg clinker seems uneconomic 
"Li+ I 

though the advantages stated earlier are stresseo.-

The use of electric arc for burning clinker 1s also under cons1derat1011 

in a number of countries. 

4.4 Potentialities for energy saving 111 cement production 

The potentialities for saving energy in the production ot cement by 

utilizing energy-saving technologies, equipment and measures are given in 

table ). 

Ot particular importance for promoting energy conservation in the cem.:nt 

industry are training prograllllles. To assist the developing countries in tins 

field UNIDO has designed and conducted during recent years several group 

training progralTllles in .:nergy saving and conservation in the Ct.'Illent industry. 

24/ World cement, l'J81, N), p. WU-LU'>. 
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lable ). Potentialities tur saving energy in the prouuct1un ut cement 

i:.ne rjty-sav1 ng tee hno log ies, equipment 

and measures. tor 

l..alcination ot clinker 

Utilization of predehumitied slurry, 
including the use of diluents a/ 
Production of cemenl by dry method in kiln 

with decarbonizer;b/ 
as compared to kilns with cyclone heat 

exchanger 
as compared to the wet method 

lntensitication of calcining process, including 
hy reducing suction of ambient air, utilizin~ 
mineralizers, automatic control systems, 
etficient heat exchangers, tuel combustion 

systems, etc. 
Utilization uf ashes, slags and other materials, 
containing l..aO, calcium silicates or aluminates c/ 
Utilization ot combustible industrial waste ancl 

domestic garbage 
Utillzation o{ fluidized \rtlns tor calcining 
clinker las compared to rotary kilns)~/ 
Utilization of seconclary energy tor electric 
puwe1· gf'neration, raw material drying 

l.. linker ~rinding 

Milling cem<'nt in roller mills \as compared 

to ball mills) e/ 
l!tilizalion of millin~ i11tensit1ers, 
optimiz:1tion of granulomctric composition, etc. 

Potential savings 

z 

fuel, percentage 

1-1.Z per one per cent ot 
moisture content reduction 

5-7 
4U-5U 

10-1) 
lU and more \depending un 
add lt 1 ve) 
equivalent to amount 
ot waste usecl as tuel 

8-ZlJ 

llectr1c power, percentage 

15-25 

lU-1 '.) 

a/ l11crt';1:;,. ot kiln c·.,p;ic1ty by l.5-Z p .. r ct•nl ot moisture cuntcul 

dt'C rt'., s". 
ll/ lnc11·:•.,,. of sp•·cif ic capacity by L.) anc1 7.) times, respf'ctively and 

dl·cn,as·· ,.; sp;·cit1c cons11mptiun o[ retractones by 4 and 5 times. 
c I !'>av i ng s 1 n r ;11o1 mater i a 1:, c ump one nt s. 
ill l\•·•l11cl11111 ol capital i1ivestments by :LU-)U per Ct'lll, putl'nt1allty tor 

l>11r11i rw sh:il1· an<I lnw ·)!ra11t· c11al. 
,.; hnl111 l11111 111 ca1•1lal 111vo•stm1·11ts to1 conslrucl11111, polcnt1allly lor 

.1dcll11ni:il 1t1nl1111: "' c l111ko·1 Ill ml 11111~ l•TOft·s!,t'! .• 
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) • CUNl,;LU:::. lON!> 

The cement inJustry belvngs to a ~roup of industries winch ru.'l11UtJctures 

products with high energy intensity. ~onsequent ly the industi-y tor :1 long 

time has paid attention to problems related to the use vt eueq,!,y. ltvwever, 

only dfter the dramatic increase in the pr1ces tor oil in the l':17Us these 

prvblems have become of primary concen1 tvr the industry since the share ot 

the energy input exceeded 40 per cent oi the proauction cost and energy became 

a major production tactor. 

This study addresses the main issues related to the use a.1d conservation 

of energy in cement production. :::.ome of the main tindin~s are summarized 

be low. 

A comparison between data from developed and developing countries shows a 

great difference in specific consumption of energy in the proauction of 

portland cement. which is the the principal product of the cement indu;;try. 

Tins indicates the existence of broad possiinlities L•r energy ~avin1<; in the 

cement industry which can be realized through tt:chnological rnollitications, 

operational improvements and housekee,..ing measures. 

Since about 'JU per cent of the energy consumption in the production ot 

cement goes to the process ot burning the Ct-'ment clinker the basic 

opportunities and the highest potential tor energy saving relate to this part 

of the production chain. 

The ut i l 1zat ion of the suspension preheat er-rotary ki 111 systems with the 

dry method ot raw mix preparation leads to a significant reduction ot specitic 

en•.?rgy consumption compared to the dry kiln systems 1.1ithout preheaters and wet 

process kiln systems (up to 40-'>0 per cent). This advanta~e has been one of 

tlit' main reasons tor the wide application ot this type ot technology in the 

Ct•nwnt ind·.1stry in many countries. It is shown in the study that the maJor1ty 

of cement k1 lns which have been put into operat ll•n and plann .. d tor 

c1111struction in the worla dunng the last decade t•mploy the ury mt!thdll "t 

cement production and use s11sp1•11s1011 prt'l1t~<Jter-k1l11 systems. 
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"lht' most adv;1nced dry process kiln systems include precalciners along 

with suSPi>nsion preheaters. The use ot precalciners ensures not only further 

n·d11ct1011 of specitic ener~y consumption but what is more important 'rovides a 

possibility to usP low grade tuels and various combustible industrial an<l 

However, the cost of conversion ot the existing wet p1·ucess kilns to dry 

or semi-dry process kilns J!.enerally amounts to around bU per cent ot the cost 

of ;1 n•~W unit and is therefore not always teasible or attunJable. besides, at 

somf' locations the wetness ot raw materials n1ay make the use ot wet process 

kt Ins 1wcessary. ln such cases a reduction of specitic energy consumption can 

ht> achieved by prel iminarv dehydration ot the raw mix, by utilizing 01tferent 

th i 111w rs, etc. 

Prospective trends for reduction of the specitic energy consumption 

rt>l:it1'd to the tec:hnology used in the production of cement include: 

calc1nat1on of clinker in a fluidized bed kiln; changing the mineralogy ot 

Ct>ment by using mineralizers; low-temperature technology of clinker making 

l.'ith tit•• use of calcium chloride; improvement of the existing grinding tube 

mills and application of roller mills as well as grinding aids to reduce 

C•msumpt1011 ot electric pu-,..er when grinding the clinker. 

Considerable ent·rgy savings can be realized by using secondary energy tor 

111·.iting purposes, dryinJ!. the raw materials, generating electric power etc. 

bt•siclt~s the possibl1t1es mentioned above tor improvement ot energy 

utlli7.;H1on ol cement plants winch require capital investments there also 

.. x1sts a considerable potential tor energy saving through improved 

housekt"~P 1 ng measures at no or 11 tt le cost. These inc lucle improved fuel 

handling and preparation, improved combustion and dratt control as well as 

impnivpd housekeepin~ in resp1~ct of electric power ut1li7.ation. 

,\n an.1lysis ot the devclopmt•nts winch have taken place in the cemPnt 

industry ,,f dlffen•nt countrit•s also reveals the tollow1ng two important 

r ri>nds rt>latecl to tlw use and const-rvation ot energy in this industry: 
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a) Production of blended cements with the use of various pozzolana materials 

including fly ash and slag is now considered by many countries as a way to 

reduce energy consumption in the cement industry; 

b) In many countries coal is regaining its position as a basic fuel used in 

cement plants. Some countries have almost accomplished the process of 

switching their cement plants from fuel oil to coal. A great deal of 

attention is given to the use of different low grade fuels and combustible 

residues in clinker burning. This has become possible with the introduction 

of precalc iners. 
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For the guidance of our publ ic.1tions progranme in order to assist in our 
publication activities, we would appreciate your completing the questionnaire 
below and returning it to UNIDO, Division for Industrial Studies, u-2119, 
P.O. Box 300, A-1400 Vienna, Austria 

Q U E b T I 0 N N A I R E 

Use and conservation of energy in the cement industry 

{please check appropriate box) 
yes no 

(l) I 7 I -Were the data contained in the study useful? I 

(2) Was the analysis sound? I 7 I 7 

(3) Was the information provided new? I 7 I 7 

(4) Did you agree with the conclusion? I I I 7 

(5) Did you find the reconmendations sound? I I I 7 

(6) Were the format and style easy to read? I f I f 

(7) Do you wish to be put on our documents 
mailing list? I 7 I 7 

If yes, please specify 
subjects ot interest 

(8) Do you wish to receive the latest list 
of documents prepared by the Division 
for Industrial Studies? 

(9) Ar.y other comments? 

Name: 

If 

(in capitals) ................................. 
Institution: 
(please give full address) ................................. 
Date: 

If 




