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INTRUDUCT 10N

ational progress, in today'a context, is possible only
with indu triasl progress, The quality and qguantity of industrial
progress achieved is influenced, in a largs measura, by the qual ity
and guantity of technolugical support the industrieas are able to

prugress.

Construction is not only an integral part of human civializa=
tion but also an important constituent in national projrees. Analysis
of expenditura in India under the succeassive national plans clearly
brings out that the expenditure on construction haa been of the order
of 50 per cent of the total investments. un an overall basis, about
66 per cant of this expenditure on construction is accounted by the
cost of mater_als of constructiun, In fact, expenditure on matarials
of construction in the Fifth fFive Year flan of India Was estimaled to
be over f 180,000 million - a figure which Par excaedacd gvan the
total outlay of India in the Third Five Year Plan. In this back-
ground, the vital role cement and cemant bgsed constructiun materials
play needs no alaburation. The cement industry, cement based
industries such as those angaged in concrete construction, manufac=
ture of precast concreta products, and manufacture of asbeatca
cement products, and the allied industries such as those engaged
in the manufactura of plant and machinery thus have a direct and

determining impact on the acunomi.- develupment n© 4 country.

A study of the davelupments in the Indian cement industry
since its inception about 64 years ago and thuse of the allied
industries will at once bring vut that these industries have
enduavoured tu use the tools of science and technology as beget
as possibie in tune with the prevalent avciv-economic considerg-
tions over a period., Wwhilst a great deal of rassarch end
development and othar related technical activities are apace,
considerable strangthaning of tha technological base in thie




field hes becoms imperative. lowever, with the rapid pace with

which science and technolugy are progressing the world today and

with the growing realizatirn of the increasing need fuor harness-

ing the fruite of science and technology for industrial progrees,

a national strategy for strengthening the technulogical eupport

to these industries has becume inevitable,

The basic constituents for successful and meaningful

strategy for technulogical support tu the industry are ( s) Strategy;

(b) Resources Mobilisation; and (c) Direction,

A correlated study of thesc cunstituents leads tu the

following basic characters in the framework of an appropriate

developmental plan for technology supports

&/

i/

144/

Updating of the available technological talents to .ne
industries through programmes covering continuing

gducation refresher courses and training

Genaration of new technolngical talents not only to
mget the present shortages of technulogical talents
to the industries but also tu cover newsr and
emerging technulogies through regular industry-

oriented lung-term educational prugrammes.

Utilization of available technulogical talents and
infrastructure in various forms in the country =
in research institutes, in univercities, ano in
industries - towards solving either parts of or
the wvhule of an identifiwd problem of the industry:
this requires a centrally monitored system which
should be capable of identifying compstence, of
evaluation work, of integrating findings, and
finally of trensleting these intu a form which
would have a satisfactory interfece with the
industry,




iv/  Strengthsning of ew ilable infrestructure to osrryout
orgenised, ocoordinated end intensive R & O in an
incres esd measure,

v/ Creation of syetems, means and mschanigme for effective
tranefsr of technology not only with reference to the
tschnologies genersted within ths country but slso
tschnologiee which might be genereted el eewhsre which
ars considered eppropriste for sbeorpt ion or sdoptetion
end for trensfer to the industries in the country.

1 GASIC FRAMEWDRK
101 Rissmble_

There is no doubt that in s world whers sbout 208 of the
populet ion gets sbout 80X of the total world product whilst sbout 00K
of ths populet ion live on the remsining ebout 20% of the world product,
science and t echnology have tc play a dominant role in correcting this
situation, But it hae by now become clesr tMmt msrs copying of whet
this 20% of the population do will not be & solution to the 60%,; sdopte=
ing the ssme processes, dseigns 8nd squipmont as tha 20% edopt ie eles
not the solution even if one uere tc adopt the same by reducing the
sc8les In the name of low, medium or high techwlogy, to sdopt @
technology which s once prevalent end which has now becoms shaolets
smongest the 20X cf the populetion dree Not sppear to provids the
eolut ion either.

The Lima Declerat ion and Plen of Action on Industrisl
Jevelopment and hoperetion 2dopted by the $Second Generel Conference
oY UNIDD, proposed that the shere of developing countriee in total
world i{ndustrial nrcduction should be increased 3s far ae possible to
ot least 25 per cent by the yesr 2000, Implisd i{n this statement is @
requiremmt for detailed understending and intense study of spproprists
technolugiss in all me jor {ndustrisl fielde to support thie unprecedented
9rowth objective end to correspond to the neede snd goals of developing
count rise,




1.2

Irye Oimenglons of Appropristensss of Tschnglogy

If the verious aspscte of any design of industrial squipment g
or mnufPacturing process ars wemined in depth with & view to finding out
ea to how these differ from those in snother design for similer purpoes

the following three abstract sttributes present themsslves prominentlys

1241

The technolggicel contents in the deeign snd thedr
orientetion, which, for convenience, ws may oall
TECHNOLOGY ORIENTAT ION.

The neture of interfscs envisaged by the technologics)
contents for tranefer of technology which ws my aoall
TMNSFER INTEWACE, and

The socio~techro~sconomic eyst em to which the design
bslongs which, again for convenience, we may call
SYSTEM STATUS.,

Theee attributece mmy now be exsmined with s view to understanding
their memning in identifying the verious sspacts of design and their
sipgnificence in the processes of svolving what my be called e dseign
standeard based on spprpriate teghmology.

Iashnelogy Osigntetion

The technolougies deecmed to be Sppropritte are

o/

b/

Those producing the kind, guelity and unifommity
epproprinte to the nesdsep

Those producing goods or ssrvicus at ths lowest possibla
capitsl investment snd akill requiraments for e viable
snterprises



o/ Those producing goode or services with optimum degres of
eMployment also consietent uith & vésble vperetion; and

d¢/ Thase producing goode and eservicas with the higheet
utilismtion of suitebla mteriale eve tlable lcoslly.

A technology at & given point of tima suitable for Indis, for
Smmmple, my be quite different from the technology which is suitsble ot
the same point of time for ancther country sy Jepen or UBA, Tha design
of industrisl equipment and mnufacturing processoe in thess situations
for the same purpoes oould, therefors, turn out to be totally different
bemausa of the variation in emphaele in the orienwtion of technologye
The orientation of technclogy can de claseified et

. meterials~smving teohnology

- lsbour~saving technology

- time~gaving technology

- qualit y=improving teshnology

- labour=int engive technology
and sc on

Thess min clessifiont fone oan be further subwdivided snd
their parmutetione and combinetions, depending on the degres of emphesis
in the orientation, may be representated by pointe T1. Tz' 73' Te Yo essee
sveseT, on the X=axie of the thres dimsnsiom] space illuststad in Figure
1 for sppropriats technologys

1e2.2 Ipengtpr Interfece

Teschnology trenefer o8n bs aghisved by one or ® combimetion of
various wys, such og dissominat fon of informtion through publiehed
litesmature, conferenceds, lecturos, various communicet ion medis, movement
of people, discussicne, vieits, through liocenging know=how, patents




and trede mrke, through standirds, through technicl cooperetive
progeammes and  on. Ons such powerful snd sffective mesne i the input
of meahinery end equipmant,

It is well known that for en effective trensfer of technulogy,
the trensfsree should heve developed the requisits compet ence end bs
squipped snough to receive, essimiletd end utilize the new tschnology, by
sdapting it to the trensferse's own condit ionsj the trensferer should also
be willing and cooperetive in this procees. In any such system of
treansfer of tecnnology, actusl mechanics can considerably vary from
situstion to situation but it is now well established that the most
important singls foctor vhioch would contribute to the suxces of transfser
ie the crestion of proper interfscee in the system,

In eny given circumstsnces, esvery centre of technology has four
clmr intsrfeces = two in the vertiosl direction and two in the horizontsl
direction es iilustrated in Figure 2 of which, from the point of view of
design end oporetion of industrial equipment eand processss, the varticsl
lower interfece need only be considered,

whilst this concept of interfecing is e besic one and the
philosophy of interfacing fe sn esesntis]l prerequisite in eny effective
system for trensfer technology, it ie not alwiys necsesary thet the
design centre which trensfers technology be a separete institut ion,
orgsnizstion or entityj it is possible to bring about such & trenefer
sven within the femework of & eingle unit as long as the trenefer
meohenice is reelised 2as & closed orbital loop in which every link has
en interfece with the prceeding one end the following one.

These interfacas may bo identif ied and reprssented by points

11. Iz. Is. l‘, Isl.ooonoﬁooooooooooooolﬂ on th. Yaxig of the thres=
dimensiom) standardizeticn epace illuetreted in Figure 1,




142.3.  gystsnm stetus

Rppropriate Technology at once implies recognition of exietance
in @ total system but it is not uncommon tg find & technology and hencs
the design stsndard being 1inked only with aspects whicoh are its neighbours
on either side - mAay be somectimee & little farther - but without an
attempt to study the system ae a whole. uwhilst it is accapted that
equipment design and manufa cturing processcs and therefors the relevant
design standrds should be related tg social, technolggical and sconomic
agspects of a nation, there is presently practically no orginizec or
systemstic effort to link them with the socio=t uchno=econcmic systan
to which they really belong.

Those in the field of systems scicnco ere well aware that
the begis of systems upproach is to ask "what are the parts of *he
forest?™ mether than "uhat do these trees and shrubs constitute?™,
Though ultimately ansusre to both these questions areg fcund and mat ched,
the amalysis of the total problem must occur befcre the synthesig of its
cumponents ie sttempted. Simil rly, the sociowsconomic and techno~
economic systems are the basic eystem to which design standards belong
&nd therefore the processes of industrislization ehould provide for a
systemat ic effort towards improving the afficiency cf the total sy stem
even if the individuel units of industry feal that decisions on technge
logical inputs in their doma in responsibility are bging compro igad.

A system can bs defined sfter establishing psremeters of
Objectives (0), parameters of Inter-Relationship (R) and paramet 6rs of
Effectivensse of Measurement (E). Any system "S® muy, thus, be representad
by a time varisble, linear, diecrete and/or statistiocal funct ion,

§= r(0, R, E)

The paremetere will differ from context to cont ext.
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Morecver, to correlste s single design standird to a totel
systom with very many complex paremsters is not an e ey tasky these
considerast lons will load to the concept of limited systems whers each
limited system could be related to its 1limitod objectives taking intg
account limited parameterss The stetus of such a chosen systam could
thus vary from a very elementary and simple Sy st em S1 to the most
complicated and compiote system sn' golng through the intermediete systems
52, 53. Sao.--.. s(n-k)’ S(n_1). The best uf these would naturelly be
that design standard which belongs to syston Sn since all the perameters
of the total system have been simulteneously taken into account; but,
in order to formulate and implemant such a design etanderd, the offort
night be collosal and may be out of proportion with the rescurces awilable
toan industry. One rnight therefore be setisfied with an intermediate

syst um s(n-k asg the must optimum considering the restreints or
limitationssy in this cass formulsting a desion standard relating to any

system below s(n-k) could mesn that the deeign etandard is not optimizad
with the largest practicable system s(n-k) and formuleting a dgsign
scandard relating 8o any system above the leavel s(n-k) would mean that
dispropertionetely large resources are being expended.

To illustrete this principle and cuncopt of limited system
in the system appronch an exsmple may be taken of formulating a design
standird for vertical shaft kiln for @ mini cement plant.

In this ®ee of one set of pocesible paramoters for @ch of
the three systems functions would bes

RAMUETERS OF 0BJECTIVES

01 - Reducing capital outlay in cement industry
as a whols by reducing unit cost of plamt

0 - Utilizing smell deposite,




03 - Reducing atrein on treneport aystem,

0‘ - Reducing time of delivery,

05 - Ensuring production of quality cement at minimum cost,
°6 - Assuring unhindered expansion of cement industry

0.’ - Making it possible to masepr oduce components

- 8nd a0 on to Dn

PLMOCTERS OF INTER-RELATION§HIP

Specif icat ions for stesl sheet

=
!

»
LY
'

Specificat fons for welding

Specifiostions for rotary grate

1% od
'

»
»
]

Specifications for grate drive

- Sfecifiont ions for king shaft g
- Specifications of nodule fesder

Specifiostions for blower

- Specifications for chimney

& & P A
'

- Specificetions for refrectories

R10 - Requirements of verticel shaft kiln for
other mineml industries

R" - Transportat ion restraints

“13 - Deposit assessment

R - Exploitation of depceit
R“ - Overburden stripping

R15 - winning

“
N e




16 - My material loeding

17 My materisl conveying

10 - My materisl etorege

19 - Primry crushing

RZO - Fual etorage

321 - Mmw mesl grinding
“22 - Mmw meal homogenizing
Rz! - Nodulimtion

Rz‘ - Clinker burning

st - Qinker grinding

”25 - QA inker discarge

- ondooonto&

The neturs of Inter=Rele tionshipe ie illustested through
"9““ 3.

PAMAETERS OF [FFECTIVEVERD OF MEARUGENENT

t, - et of kiln per tonne of clinker
produced in a yeer

(’2 - Quantity of fuel reguired for producing
8 tonne of clinker auuning use of e
given fuel end given mw mterisle)

- Kuh unita of power coneumed per tonng
of cement

¥ima for delivery of one unit
- Bving in deeign coete

- Manhoure required per tonne of
ol inker produced

ol A S o
'

- lnd.oonto(“




On this basie @ vertioel shaft kiln for s mini cement plent
mey belong to any one of the following systams 51, '2"""""".(1\-«)

‘1 - f(010 Dzo 03. Oso R, ’ Rzo Rsv R‘o %‘o

f2r R3r Rur £ B )
‘2 - f(01, 020 030 Dso .10 Rzo R:p ﬂ‘t %!

for Rar Rozr Ro3e Rype Rpgs £0 B &y )
|(ﬂ_k, f(01, 0,, 04, O, 05.........0(n‘),

Rye Rys Ryy Ry, Ry Ry, Ry,

%,....-..-.n.....n........(ﬂ_b)
E1, Ez, (3, [‘, ‘5' seessses E (H-C)

Where D(nn)' “(n-b) and E(n-c) Sre tho limiting paremeters
Gorresponding to th o largeet practiomble 1imitec syst om,

8nd o on uwith all precticable permutations and comd ins t Loney
and fimally the total aystoms

§, = (01, 0,0 Oy °v°5"""""'°n'
R1O r&' %. R‘O %' .50 &’O
R!..........................Hn

E,, €y tl’ E‘, (5. E’......t’h

The design standard for vertiocal sheft cemont kiln oan be
formulatod in such a way that it tice up with any of the above systems,
Even in selecting a gystem seversl difficult quosticne present themselves;
what weightago should be given to the various paramet ore? How to get
ot oxect cowrelstions or quantitative values? and eo on, It ¢
ocbviously not possible to generelisc these paramgt ere or systemg
behaviour but with the aid and principles of systeme science the best
pcesible solutions have tc be found,

A




-12-

Thus ths status of the :antents of a design standrd un the besis
of the system to which it belongs, cen be representated by 51, 52. 53....

cocoo.coooocoa,‘n-k)ocococooosn on tho I=axis in Figure 1.

A totally methomatical approach is rethps eomplex in indentifying or
Assessing the appropriatenesa of technology; such an approach could, howev=
sver, be demonstreted in certein specific cesess The above amlysis
has been given merely to throw light on the trus dimensicng which have
to be teksn into account in ascessing the appropriateness of technology

in any given situetion and to direct analysis of issues on this rationele,

1.3 Choicg of Technology

Many current concepts of appropriate technology centre on the
study of existing equipment and their potential for trangfer and adaptation
to fevour conditions in developing countries, particularly on the promotion
of low=cost and small =gcsle village technologies, Reldted concepts
commend the advantages of exist ing and proven equipment since, according
to the argument, euwsh squipment could bs most practically adapted
to cuvaloping wuntries' needs anc would not require a very high investment,
While not regarding this approach as a universally accepted adventage, it
shculd be possible in mny circumstances to include for eonsideretion :
equipment and methods for developing countries that do not necess~ rily
represent the latest or most sophisticated technolugy. On thg other hand,
the preweiling concept that the introduction of advanced industrisl equip=~
ment and processes necessarily imply the adoption of mpital-intensive
and labour saving systems may now be questioned, Thers ars mny current
oxperiencas that dispel this generel assumption and domonstrate instead
that tha introduction of labour=intensive and mpitale-saving production
systems oan incorporate in many crses meanagemant methods and control

cevices that the most advanced teschnolugio®l developmants have producsd.

Appropriats technology has to be considered in rcspect of both

hardusre and softwere (interpreted in thair broedost sense),
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The seloction and implementat ion of technologies which are
8ppropriate should relate to three distinct possibilit igss

8/ Choosing a tochnology from among the aveilable alternatives
for direct transfer into the design of equipment and

production processes;

b/ Adapting an available technology to suit a given condition
and trensfering it into the design of equipment and
product ion processes;

o/ Generating or developing 2 ney technulogy appropriate
to a given condit ion and trensferring it into the design

of equipment and product ion processes,

2 GENERAL OUTLOOK ON CEMENT AND ALLIED INDUSTRIES IN DEVELOPING
COUNTRIES WITH PARTICULAR REFERENCE TO IND W

2.1 Doy Matepials

T™he inorganic minere l=baged cemegnts are prcduced primeeily from
naturel rocks of suitable compositions., Sometimes a feuw sslected
industrial uwastes and byproducts find a rols to play in the manufacture
of cement, In addition to those, a 1imited number of stendard chegmical
products and re8gonts are used in extremely small proportions ®s special
additives, The natuml reu materials constitute the backbone of cement
industry, and the industrial wastos and byproducts, except for granulated
blast furnaece slags and fly ashes, have found limited application in

cemont manufacture at tho present moment,

Theoret ically for one tonne of clinker the quant ity of rey
mix prepared from natuml materisls comes to about 15 tonnes on dry
basis, Limostons constitutes the prime raw materirl, besides clay, coal
and gypeum, in cement manufecture, the actual consumpt ion of different
forms of reu mterials varying over a wide renge, A long term provision
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of good quality rew materials will not only reduce the cost of production
but will 311lso add to the ecormomic wlability of plants,

There is strong pressure to optimize the economice of
industriml projects and commercial advantages weigh heavily aga ingt
possible shortcomings of raw moterials and plant location. Morecver,
ideal mw matetials are bacoming steadily moro scarce. These factors
have forced cemant froducers to consider limestones of inferiof quality
as my mterials for cement manufacturing., Blending and other quality
control/impravement/devalopments have cenged such an outlook. Tho Cement
Researoh Institute of India (CRI) has done considereble work on issues
relating to thg utilizaticn of relatively lower grades of limestonee in

cemgnt ma rufacture.

The employment of analogueo computers to simulate the effacts

of using raw mixes of different compositions conatituted & new 8pproach
to reay mix chemistry and has helpsd to overcomeg some of the traditionel,

resirictive tendencies in tho industry.

The introduction and refinemert of a pre-homogenization
process hss made it possible to pri-blend rew materials of inferics
quality with the necessery corrective additives, before grinding them,

Proper pmepsecting, explore tion and reserve estimation of
limostone deposits are essential pre-requisites in decision making for
setting up cement planmts, It is not uncommon to find both in this country
and elsevhere in the world that cement plants have come to grief after
their establishment due to inadequate attontion paid to prospecting,
explurea tion and reserve cstimation, There are also instances wherse
substantial unnecessary reosources have besn expended just toc make sure
that the reservc estimation is reliable in quality, quantity and
minabil ity; yet .these are further instances where substential rescurces

were investéd only to abandon the site ultimetely,
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Thess complex snd apprently contredictory issues were discussed
st a $eminer orgenized in Jenuary 1974 at Bangalore jointly by CRI, ths
Geologiocel Socisty of India, the Inetitutionof Engineers ( India) and the
Indian Standirds Instituticn. The Seminar entrusted CRI with the task
of drewing up the'Norms' fo. proepecting, exploretion, reserve estimation
and technologiocal assesdment of cement=grade limestone deposits based on
the outcome of the Seminar discussione and theavailable kno wledge and
experience in this fiegld, Accordingly, CRI prepared the first draft
Norms end circulated it to all the organizetions and fndividuecl expoerts
sesociated with the limestone prosp ect ing and el icited their comments,
ODeliberations at further Seminars resulted in what ig toddy known as
®"Guide Norma for Prospecting, Exploretion, Reserve Estimation and Technolog~
icel Assessment of Cement=Grade Limestono Deposits™. The experiunce of
use of these norms and the fead back data were further reviewed at yet
anothgr Seminar in 1978 ag a result of which a roviewed and updataed
varsion of these norms are now in an advanced stage of finalizetion,

2,11, Limestone and Clay Horizon in India

In India the availability positionof all the princaipal rew mix
components is, on the whole, encouraging, thers is a total reserve of
more then 59,600 millioh tonnes of cement gredes limeetone, aithgugh
only a very small quantity (about 7,900 million tonnee) has so far been
brought under the proved cetegory of reserve, the rest reme ining in the
cotegories of inferred/indicated. The limestone occurrences snd distiibyted
throughout the length and breadth of the cuuntry. Whilet Table 1, given
below, outlines the statewise reserves of cement gre de limgetons in Indiae,
Figure 4 shows locations of limastone horizons and cement plants in India,
Also, limestone is evailable at certain places along the coastling of
India in the formof corels, seashelle, etc. However, the workablg
Ceposits are known to occur roughly in four zones,.

1 Northem (the sub.Himslayen regicn
2 Contrel (Vvindhyen region)

3 South Centrel (OCuddaph region)

4 South (Msdree region)
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T.LE o
BTATE WISE RESERVES OF CEMENT=-GRADE LIMESTONE IN INDIR

State Reserves in Million Tonnes
Proved Int/Ind Total
1 Andeman & Nicobar Islands - 1.0 1.0
2 Andhre Pradesh 3871.8 11663,3 15535, 1
3 Aseam, Mgghalaya, Menipur

Nagalend & Tripure 194, 3 4087,.6 4204,9

4 Bihar 61.4 848,.8 910.2

] Gu jerat 215,.0 1070.4 1285,4

6 Herysna 40,0 18,5 58.5

7 Himachal Pradeeh 537.0 217,.8 754.8

8 Jmmmu & Keshmir 81.4 124,9 206,3

9 Kernstake 157.2 18326,2 18483,4

10 Kersla 2,0 - 25.0
11 Madhya Predesh 1853,4 572.5 2125,9
12 PFahareghtre 87.9 1984,0 2075.9
13  Orissa 16245 265.0 431.5
14 Mjasthan 693,58 1156343 12356,8
15 Temil Nadu 104, 2 179.2 283.4
16 Utter PR desh 3.0 696.0 789,0
17  uest BSengal 1.0 1.5 2.5
TOTAL 7878.6 51728.0 59606,6

N
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The northern zone deposits are not usually exploited due to
their occurrence at high attitudea. The remaining three zones are
important from the point of view of cement nanufacture. The Vindhyan
limestones are specially suitable for cemaent product ion both frgm the
point uf view of their average composition and mode of occurrence, A
massive and continuous exposure of 1limestone is known for Ahrnt 160 km

from Dehri=on=sone via fohtas to Reuwa.

Although there hae not been any systematic delineation of clay
hcrizons in India for cement manufacture, it is generelly known that the
avz ilabil ity of suitable clay does not pose any problam, However, in
tune with the recent trends of rew material technology it is desirable
to have well=delineated clay horizons with the afppropriats granulometry

and composition,.

~

2.1.2, Availabil ity cf Gypsum in India_

Gypsum ig edded to the extent of 4 to 5 X to cement clinker
during grinding tu cuntrol the setting properties of the finished cement,
At the present level of production of cement, the Indian cement industry

consumege about 1 million tonnes of gypsum,

The total reserves of naturel gvosum in Indie are placed
at about 1216 million tonnes. The Mate of He jasthan accounts for more
than 90 per cont ufthe total reservess The locations of the sources
of gypsum -in M jasthan are distributed in Jodhpur, Bikaner, Nagpur and
Jaisalmer districts mainly, In Tamil Nadu, the mines of naturel gypsum
are located in Tiruchirapalli and Coimbatore districts. Dode and
Barumukla are the districts of Jammu & Kashmir where natural gypsum is
available., Some of the small depoaits are kncwn 2t Jamnagar, Junegarh
and Kutch districts of Gujarat, at Nellore district of Andhra Pradesh,
Tehri Garwal in UP and Sirmur district of Himachal Pradesh. The present
totel production of naturel gypsum in the country is estimated to bg of

the order cf 141 million tonne per yeare Ths quality of gypsum variaes
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from S0 - 93% of S0, , theo averegepurity being 70-85% of 504+ The
higher grades of gypsum (503 78%) are only suitable for making cement,
plester moulds and ammonium fertilizer.

The tctal aveilability of the byproduct gypsum in the
country is of thsordur of 1,5 m tonnes por yer. Phosphogypsum,
a byproduct from the phosphoric acid industry account for more
tten 90X of the totel production (1.35 m tonnes). Of tho rema ining,
Nnédrly O.1 m tonne comes from the marine salt industry and the rest

from titanis, boric acid, citric acid and hydrofluoric acid industrige.

2.1.3, Availability of Industrial and Agricultuml ustos

Some of the industrial uwstes, which might bg -Ff interest
to thy cement industry, their sources and the estimated annual product fon
Are given in Teble 2, It is scen from this table that industris}]
westes, such as blast furnace slag from the iron and stesl industry,
fly ash from the thermal ncwer stations, cartonate sludge from the
fertilizer industry and 1ime sluage from the sugdr and paper industries
aro alreedy aveilable in emnough quantities t¢ merit serious
considerotion in regard to their use. Wpstes such as chemical gypsum,
red mud, and kiln dust, though avcilable in relatively small
quantities, ars worthy of consideretion in terms of their mineral or
economic valus. The demand of cemont is likely to be in excess of
the targets of fixed for production, and the utilization of industrial
wsstes will get a8 further impetus in a bid to bridge the gap betwsen
demand and productions

TABLE 2

AVAILABILITY OF INDUSTRIL ANO AGRICULTURRL WASTES

81 No Industriol W ste Source Ava {lability
(millicn tonnes)

) blest turnace §lag Iron & §teecl 6
industry

2 Fly ash Therm]l Pouer 8
Stations

Cont'd...
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Tabla 2 (Caontd)...

3 (Rlcium ocarbonate sludge Fertilizer industry 1.2

4 Lime sludge Paper and su@r 2.8
industries

5 Byproduct fortilizer, phosphoric 1.5
acia, hydrofluvric gcid
indust ries

6 Red mud Aluminium industry 0e6

7 Kiln dust Cement industry 0.6

8 Ricc husk Agriculture 15

2,2 Status of Cement Production in Indis

2.21 Origin and Early Growth of Indion Cerunt Industry

Cemont was first senufacturcd in India (near Medres) in
1904 but it was not until 1914 that tho foundetion of a steble Indian
cer .-t industry were rmlly laide In Octobor 1914, thc first bag of
coment ws packcd at Porbandr by the Indian Concent Co Ltde The First
Worl d War gave a fillip tc the infont industry and by 1918, there

wecra 3 factoriss producing some 85,000 tonnous of cemont per year.

by 1924, six moro new factories wero installod and the capacities of the

3 ulder plants were incroesed, bringing the combinod installed caprcity
to 553, 80C tonnops. Actuzl procuction honwever, wds loscs than half ths
instalicd capacity mainly beocausu of sovere compotition, from forueign
countries, By 1936 tho arnual insta llod capacity of nine coment
factorius stoud @t about @ million tonnes producing 968,000 tonngs and
by 1938 the number of concnt factories ruse to 13 with an installed
capacity of 1.57 milliun tonnos and productionof 1.16 million tonnes.
The rapid increese in the product ion capacity resulted in a situation
in which productio outstrippod effective demands DOuring the war
yosrs, therc w88 no expansion in the oapacity.

R
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2,242 Post=-Indopendencg Progress

Prior to Independence, thgre were 23 cement fectoriss in
undivided lndia, and during the partition of the country in 1947, five
factories wont over to Pakigtan bringing down the number of cemont
factories in India toc 18 with an installed capacity cf 2.15 million
tonnuys and production 5f 1,47 million tonngss The new Department of
Plaming which was formed by the Govermnment of India after the attain-

ment of Independence cave the cement industry 2 fresh impetus,

2.2.3 Ppogress under the Succeossive National Plans

During the First Five Yeer Plan th: targots of wpacity
and pruduction wore quite close.tu the plannud targets of 5,3 and
4,8 million tonnous respectively, resulting in an overall increlse

of over 50 per cont in capacity and giving a yrowth rate cf 2bout 9 per

cent, Wwhilst the rate of growth incrodascd to over 13 per cent per anhum
during the sccond plan, the mpacity and product ion targets set at

16 and 13 million tonnes respoctively were not achieveds Similerly, the !
ngw capacity added and incrcase in producticn curing the Third Plan were

also well below the o@pacity and production targets estimated at 15

and 13 million tonnos respectively at a growth rete of over 5 per cent,

The progress of the incustry during the thr.c ysars of Plan Holiday was

slightly better with an addition of 2496 millicn torines to tho capacity

in thg three yoars, represonting a growth mte of about 7.6 per cent

per apnum, Uuring tho Fourth Plan theg targets of both the capacity and

product ion were not -achieved, growth rete, however, wecs 5.7 par cent.

The progress rugistered by the Indian Cement Industry upto
the Fifth Five Yoar Plan is evident from Tablu 3.
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TABLE 3

GROWTH IN COENT QUPACITY

Plan Target Achievement Shortfajl Annual 1
Capacity 1n million Tonnes growth
tonnes rate
1 FirstPlen 5.31 5.02 (=) o0.29 8.9%
(195 1=-1956)
2 Second Plan 16,00 9.30 (") 6,70 13, 1’
(1956-1961)
3 Third Plan 15,00 12,00 (=) 3,00 £.2%
(1961-1966)
4 Annual Plans - 14496 - 7.6%
(1966-1969)
5 fourth Plan e pcity 19.74 cepecity target 5.7%
(1969«1974) targst not not fixed
fixed
6 Fifth Plane 24,50 22.48% (=) 1,08 2. 6%
(1974-1979)

Notet= ®Thg Fifth Plan has boen tormineted by 1977«78, |
@ Anticipeted

2.2.4 Present Status and Size of Ind'u_ln Coment Indu!tu

On tho basis uf the quantity of cement produced in 1976,
India occupies the eleventh place in the world, the first ten, ag
shown in Table 4, being USSR, Japan, USK, Italy, west Germeny,
Chins, Frence, Spain, Poland and Brazil,

}
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TABLE 4
N T 7
: i
|
COUNTRY PRODUCT ION
(million tonngs)
—
1 USSR 124,0
2 Japan 68,2
3 UsA 61.7 .
4 Ita Ly ™ 36,6 |
5 Wsst Gormany 33,8
6 thina 31 (Eot imated)
7 frence 30.6
8 Spain 26
9 Poland 19.8
10 Brezil 19.1
1 India 18.6
WORL D 7274

The prosent installed ospacity of the cement industry in India
18 21.87 million tornes, This will bacemg 22,01 million tonnes by theg
beginning of 1978=79, Excluding the provision for export, the intecrnel
demend for cement by 1980=81 has bgen estimated at 26.13 million tonngs
on the basis ©F the an amual groc wth rate of 8% and together with the

present gap in Jdcrmand and supply of 2 million tohnos, the tota] demand
for purposes of projoction may bo taken at 28,13 million tonnes corres-
ponding tc a capacity of 33,10 million tunnes on the besis of 85%
utilizetion,




2.,2,5 Cement Production in Somg Developing Countrigs

Teble S gives the production o f cement in gome developing

count riess
TABLE 5
i "
Country Procuction
(million tonnes)
Bangladash 0.28 (1977)
Bulgaria 4,67 (1977)
Burma 0,27 (1977)
India 19.19 (1977)
Argent ina 5,83 (1977)
Taiuwan 8.73 (1976)
Thailand 444 (1976)
Koree, Rep of 11.87 (1976)
Turk ey 12,39 (1976) !
2.2, 6 Future Prospects of Indisn Cement Indystry

The presont installed capacity of the industry (1977=78) ig
21.87 millicn tonnos, This cepacity is oxpected to be incremsed to
23,09 million tonngs at the end of 1978=79 by the completion of somg
schemes 2as given in Table 63

TABLE §
HEM A Y =79

Namo cf Unite Additiona) cepacity

(in million tonnes)
Cherrepunji Expansion 0.20
Rendhar Expensior 0.18
Ra jban 0.20
Ariyalur -1 0,25
Hems gundam 0.25
To tal 1,08




Ouring the three yer period from 1978=79 to 1980=81
tho owpected yocruise materialization of the ompacity would

be as undert

TABLE 7

A 1

§l Yoar

Public sector Cepa-
city

Privatg Sector

(apa- Total
city

1 1978=79 1

2 1979=80
3 1980=81
GMND YOTAL

therapunji(€) 0.20

Mandher (E) 0.18
Re Jba n(N) 0.20
ariyalur-I(N) 0.2

0.83

1 Ariyalur-II(N) 0.25
2 Nagemuch(N) 0.40
3 Akaltare(N) 0.4
4 Yerraguntla(N) 0.40
& Chune r~I(N) 0.20
6 Kh:ow(N) 0.20
7 Purul ia(N) 0e25
3,58
1 Rourkela 2,00
2 Bokaro
3 8hilayi -
2,00
~Radl

1 Memegundam(E) 0,25

Maihar=I{N)
wdi-1(E)
Ve ipur(E)
Nimbohara (E)

- sulurspet(N)

Yodiki (N)
me ihar=II({N)

Marak (N)

Nareinghar(N)
w Ji(E)

satna (E)
Machorla(€)

0.25 1,08

0.40
0.20
0.20
0.42
0.08

R ——

1,27 4,88

0.40
0.40
C.40
0.40
0.30
0.40
0.10

2,40 4.40

Sad2 10233




The above oapacity build up includes ths setting

up of a ospacity of about 2 million tonnes by thg steel plants
in & period of 36 monthe, uwhile the Rourkaola Steel Plant is
understood to have completed & project report and gone ahetd
with the project, it is reported that Bokaro and Bhilai Stesl
Plants are in the “rocess of preporation of feasibility reports
for thc alag cement projocts. Subject tu all thg above

ospacity mterializing as expectsd, the ocapacity by the end of
1980=-61 will be of the order of 32.34 million tonnes or only
marginally lower by De76 million tonnes than the ocrpacity of
33.10 million tonnes required to meat the demend of 268.13 millicn

tonnes menticned earlier,

If the gep in demand and availabil ity {s not to
incromee furthor, it woild be Necesedry to materialigeo additional
empacity of about 3'million tonnes wvery yocer to mget the
annual increcse of 8% in the demand. Thg c®pacity expected to
me togialiec during the 1981=82 {8 as unders

TABLE 8

-

Yoar Public Scctor apa- Priwte Scctor pe- Total
city city

1981~82 Pelghat 0.42 Jaffrabad Tl 1.12
Gagal 0.4
Tandur 0.9

ALLEE I I

GHAND TOTAL 0.42 2.0 2,42




The sotting up of 2 oapacity of 3 million tonngs

por annum would mean 7 to 8 plants of standard ocapacity of
De.4 million tonnes per annum and an investment of about Rs 200
crores on the basis of an inyostmont of Re 6560/- per annual
tonno, This would involve corresponding investment in other

sllied scctors like coel, power and il transgport,

2,3 Gament Congumptfon and future Dgmande in Indda

Tho consumption of cement is veery closcly related to
the production of cement and its demand. Several agencies
hava employed different methodolgies Tor ostimsting the future
demand for cement. The mothodologioes wmployed included
projoct ing actual growh in production, projecting consumption
f igures, projections based on rogression am lysis,

projoctions based on input=putput balamec mothcd cte.

Tho wide variations in the wricus demind estimates
appe@r due to lack of adequate and reliable data, 1In any
sstimte of demnd, the production and despatches for the

last fauw yorrs have to be taken intc tccount. These are as

followss
TABLE 9
FROOUCT ION ANO DESPATCHES OF CEMENT
Yeoar Production Dospat ches % increass
(in million tonnes)
1973=74 14,60 14447 1.5
1974=1 14,73 16,69 16,8

197876 17,21 17,16 8.9




The fact that emerges is thet whatevzr is being

produced is practimlly consumed and there is no accummulation
of stocks. The natural conclusion is that if more hac bgen
produced it would have alsoc been consumed and that there is

a considelable unsatisfied demand which ws estimated in

1961 by the Tariff Commission at about 1,2 million tonngs.
Recent ly, in addition to stopping of exports of cemant
Government has also poermitted import of about 1 million tonnce
of cement tc mest the demand, It would, thereforc, be not
unread sonable tc ostimd te the present unsatisfied demand at
about 3,0 million tonnes. The avemge per cepita consumption
of cement in India increasod from 22 k3 in 1967 to 27 kg

in 1972 registering an increasc ¢f about 4 per annum. Thg
per capita consumption fell during the year 1973 end 1974

and increcsed again in 1975 registering an increese of

about 5.4% over that of 1974, The per capita consumption of
cement in the country is nowhere nedr tho. por copita
consumption in developed countries anc is luow sven as compared
to sume of the ncighbou rimg countries., As observed by the
Estimotes Conmittee of the Farliament, tho per capite
consumption is dépendent on the pcoromic affluounce and the
wasy avcilability of coment in regard to both of which the
average Indian consumer is still at cuns idemeble disadvantage
ag cuompared to his counterparts clsewhers in the world. Keeoping
in view the yet largely untapped ruml sector, the present
accent aon rurel doveclupment and devclopment of backward arecs,
the potentizl domand for cement is much greater than is
apparent, Whilo various steps are becing takon to curb unethical
practices arising out uf shurtages, the only conclusive answer
to mget the sitwation is increased productin. It would,
therefore, be prudent to plan on the basis cf a slightly
higher ratu of demand. Considerod from thesz points of view, an
annual growth rete of 8% hes beun 3doptud for project ing future

demand.



The noxt question that would arisc is the basc figure

on which the atuvve growth rate might be projectods As stated
earlior, the Study Group appointed by the Flaming Commigsion
estimeted th; dumestic demend for cement in 1976=79 in the
range of 19,33 to 22,40 millicn tonnes, It isg proposcd for
ressons discussed abuve that the highor figure of 22,40 million
tonnes may as woll bu adopted for projectizn purpcses, The
yearuise demand un this basis and the capacily rcquired at 85%
utilizaticn and actually expected to maturialize in the near

future would bg as given in Tablo 10.

TRBLE 10

DEMAND PROJECTION S

Year Prgigctgd demand acity Expectcd  Shortfall(=)y
®Internal Expcrt Total requirod (pacity  Excess (4)
at §5%
1578=79 22,40 1.5 23.90 28,12 23,09  (v) 5.03
1979=80 24,19 1,5 24,69 29,05 27494 (=) 1.1
1980=81 264,13 1.5 27,63 32,52 32,34  {-) 0.18
1981=82 28,22 1.5 29,72 34,96 34,76 (=) 0.20

(Note s+ ®Estimted at 8% growth rete)

CRI had done an indipondent exercise of estimating the
demand for cement in India during Fifth and Sixth Fiye Year i'lans.
CRI had expressed that notwithstanding the justificetions given
or the degree uf acceptaibility of the projectiong of demand made
by various agencies, the fincl targets are to be fixed taking intg
account the total picture not only as related to the ccment industry
but also as related to the entire industrial development forming
part of the national developmental programmes CRI had gstimated
through a deteiled exerciso of Input-Output Balocnce, thc
requirement of cemznt for fulfilling the Fifth Five Year Plan,

According to theso calculations the demand of cemuent for the.
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yvar 1978.79 worked out to 32 million tonnes, including
the requirement for non-plan constructional activity.

The anticipatcd demand of cuement for 1978-79,
bssed on diffarent approaches, made by somo aguncies, is
a® given below in Table 11.

TABLE 19

DEMAND PROJECTIONS BY DIFFERENT APPROACHES

Approach/Ayaency Domand
1976-79
(million tonnos)

1 Projecting Growth in 28,9
Capacity *

2 Projecting consumption 0.0
figures *

3 Eetimation by CRI (Basaed 32,0
on Input-Dutput Balance) ¢

4 Estimation by National 28.0
Buildings Organization *

- Eetimation by Task Force
on Cement of Govsrrmsnt 28,0
of India

6 Eetimation by Coment 33,6

[ ]

Cozpn of India

|



2.4 Intexmtional Trecg in Cement & Lument Machinary

20401 Lemgnt

The most striking feature of world cement trade
during the past ten years is the predominant position takun
by the develuping countries in supplying each octhor's import

requirements,

Export of cement to other countries is being done
by several countriss which can be grouped into thrac cate-
gories, The developing countries appear in the sccond and
the third category, the first one comprising of mainly the

developed countries,

The second category ircludes the countriss which
export a substantial proportion of their production : the
Bahamas, Kenya, Norway, iraq, Malaysia, Lebanon, Egypt, Belgium,
Romania, Pakistan, the Democratic People's Republic of Kurea,
Greece ( in declining crder of ewports as a porcontago of

production),

In the case of the Bghumas, the cement plant was
built with a view to expurting to thu sast couast of the

United Status of imorica and to the West Indiss,

Ths Kenyan cument industry is curiented towards
export business and supplies a vast aroa in the Indian Ocean

region by meen3 of vessecls and cement termminalas which it owns,

The location of the Norwegian coement plants near
hagrbour facilities, the sxistcrce of vury favourable frsight
ratus and the use of spucial bulk carriers for cemaont and
clinkegr have enccuraged that country's cament oxports, The
Norweigian cument industry has acquired a large captive markact

in Ghana by participating in the State-owned company which

operates clinker-grinding plants, Furtharmcre, a Nurwegian cumpany

has constxucted large silos in New York harbour, from which it

suppliee the surrounding area with imported cament,



Iraqg and Lobanon have a long tradition as cement

sxporters, The sxpaneion of production capacity in these
countries during the past ten years was mainly intended for
the export merket., Iraq's largest customers ars Kuwait and
the emirates of the \rabian Peninsula, Lebanon has recent-
ly found a large market in Algeria, in additicn to its west
Atfrican outlets. Egypt is strongly oriented towerds the
axport of cement, which is an important source of foreign
exchange,

The third catsgory consists of ths remeining
countries in the list : Canada, Republic of Koreas, Colombia,
Hungary and Venezuela. No generalization can bs made

concerning their exporte of cemsnt,

In addition to several developing countries, some

devaloped countries in Europe and North ‘‘marica ars also
importing large quantities of cement. This is probably a
temporery phenomencn, It may be expected that thay are
taking {(or will take) steps to remedy the situation, This
has already bsen the case wi:h Spain, whoae cement imports
amounted to 2,5 million tonnes in 1965, A large increase
in production capacity anabled Spain to reduce its imports

to 406,000 tonnes by 1969,

Some developing countrice, such as Algeria, Argaentina,
Brazil, Ghana, Indonesia, Kuwsit and Saudi Arabia, arc in a
position rather similar to Spain's; they have accesa to finan
cial and technical resources which will enable thsm to become
self-sufficient in the not too distant future. Othars. such
o8 Colombia, India, Mesico and Venezuola ars already in a posi-

tion to satisfy their own cement requiramsnts,

Ths following trsnde sesm likaely to be followad in

the developing countriss :

The devsloping countries - especially thoss tlmt aro
fer from sslf-sufficient - will incresse their production facilitige,



Many of these countries will instal larger capacities than are

actually needed domestically in order to benefit from the
sconomias of scale, The resulting surplus will be amvailable

to other countries, thus offering possibilities of inter-
regional cooperation, A8 a coneequence of these trende, the
share of the developing countries in world cement trade should

continue to grow.

Table 12 gives the international trede of developing

countries in cement

TABLE 12
INTERNA TIDNL TRADE IN CEMENT (1975)

Country Impozt Exnort
Quantity Value Quantity Value
{ tonnes) {000 US §) (tonnes) (000 US §)

Hong Kong 115300 TN - -
India® - - 338055 12957
Trinidod & 3138 296 69282 2219
Tobago

Sri Lanka - - - 558
Nigoria 1738000 115498 - -
Thailand - - 129182 25087
Korea, Rep of 1817 138 2439000 68922
New Zealand 6468 1016 5400 224
lambia 2159 134 2058 102
Ghana 854157 23078 59 88 1
tgypt 104154 5537 86196 3015
Veneazusla 181357 1470 35759 10013
Pakistan - - - 18595
Sudan TT107 4679 - -

*Now importing
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2.4,2 kemgnt Machinery

At present, in India there ars 8 units engaged
in ths production of cement machinery viz the Assoc iated
Cement Coe Ltd, CC-Vickers - Babcock Ltd, Indian Sugar &
General Enginsering Corporation, The K C P Ltd, Lareen &
Toubro Ltd, McNally Bharat Engg Co Ltd, Utkal Machinery Ltd,
Walchandnagar Industries Ltd and the total licensed/regis-
tered capacity is 14 complete plants of capacity equivalent
to 600 tpd or 7 to 8 plants of 1200 tpd. The units have
composite workshops wherein they manufacture cther itans
of industrial machinery such as those required for sugar
industry, etc. The manufscturere have so far eupplied
37 complete plants of warious capacities, the majority being
of 600 tpd capacity, adding about B million tonnee capacity.
Capability for manufacture of 1200 tpd plant has also baen
developed. The cement machinery ma king capacity is consi-
dored to be adequate to meet the anticipated capacity build-
up. These manufacturers are furt-er reported tu be gzared un to

manufact:'ve plants upto 3000 tpd with precalcinators stc.

The Heavy Enginecring Corporation at Rarchi (a public
sector undertaking) is already supplying huge castinge ete

to the cement industry,

A8 regards the international trade of India in
cement machinery, one of the cement manufacturers succ ceded
in securing orders for export of cement machinery; one
clinker grinding and packing plant and one 700 tpd wet pro-
cess plant have been supplied to Kuwait and Kufa ( Iraq) res-

pectively.
2,5 Modarn Ugvelgpments in_Cement Teghnology

2.5.1 Ugvelopments in Cryshing and Grinding

In reecent years there have bHcaen very significant

developments in the design uf diffeorent types of crushing equipment
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like jaw, gyratory, impact and :10ll crushere toc crush raw
materials which are usually considered suitabls to cemont
industry., Single-stage crushing of medium hard limestone
with large throughputs have already made their appearance
in cement industry in Eurupe, The cost of crushing in case
of single-stage crusher wae couneiderably less than in two
or three-stage crushing plant, Single-stage crusher can
reduce large blocks maasuring even more than 1 m to mirus
25 mm size at one stroke. Noteworthy development in this
field is 'Hezemag Compound Crusher' with capacitics greater

than 1000 tonnes/hour.

The adoption of closed-circuit grinding in raw
materials processaing, however, has paid dividends not only
by way of reduction in oower consumpticn, but also in im-

proved pasrformance of rotaty kilns and nuality of cement.

Amothar important develcpment irn size reduction
operstion ie autopenous grinding, that is 'Rack grind itsel ©!
though this has not becn very much usad in cement industry,
“hese nills generally consurna more pown>, bul thic i3 offset by the
saving on expensive grinding medis end elimination of metal-

lic contemimatior,

Roller Mills operating in conjunction with large
preahemter kilns are also of interest to cement industry,
In fact roller mills are hailed as the mills of the future
in dry process cemant plants., With high efficisney and ygood
capacity, thay alco combine drying, grinding and classifi-
cation., Their potential powsr saving is 20 co 30%. They
can cope with incroased moisture conditions and are extremely
suitable for automacic oporation, They have added advantage
of lower noise level, Roller miile for kilns upto 3000 TPD

are elready in opsretion, t ie felt that theeec mills may not

be readily suitablo for limestones which are generally hard snd
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have high silica content; these may cause high mts of wear
to the grinding elements, Tho capacitv of VR mill is parti-
cularly sensitive to the wear of grinding rollers. Accord-
ing to one manufacturer of roller mill, tho limit for its
use is the content of B to 10% free silica sand in rew materisle
as only free silica sand is decisive with respect to wear of
grinding mill elements and hardness of the maturial alsoc does
not play essential part there. In India, M/s Bharat Heavy
Electricals Ltd are making efforts to develop VR mills for
limestone; they have already supplied such mills for coal
grinding. However, the use of such roller mills with the
consaquent possibility of frequently having to change the
mill linings and leading thereby to incrsased downtime, has
to be resorted to with proper caroc specially in many situa-

tions in India,

To decrease power consumption and incrsase effi-
ciency of grinding one of the latest methods in grinding to
fine stages is by introducing grinding aids duriﬁg grinding
peration, The grinding aic¢ ore mainly surface agtive
chemicals which reduce the agglomcration of fine cement
particles, sticking of particlos to the mill lining and grinde

ing media and thus increase the overall grinding efficiency.

Any development aimed towards reducing the
consumption of power in 2 cement plant will be of coneidere
able interest to the developing countries. In this fiald
alec ueeful work is boing cdne in evaluating indigenous
grinding aids for imprcved clinker grinding and evaluation
of mineralizers, additivos and corroctiva materials used in

the manufacture of cement,

2.5,¢ n Prgh Ki

The procaess of ceament manufacture by dry procase

has the twin advantage of economy and reduced volume of exit
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gases to be cleaned for dust control, Today amongst all the
dry proc ess, the most prevalent kiln is the short dry process
kiln with a four-stage cyclone suspension prehester(SP). The
four cyclone stages increase raw moal feed tomperature fram
about 70°C to 750°C and bring about an apparent calcinetion of

about 40% when faed entors the kiln,

nlthough the different esusp ension prehemters of
four-stage cyclonee shaft typz, such as of Humboldt, Poly-
sius, Krupps FLS, FCB Wedag, etc have got little variet ions
in the designs for which they claim different advantagaes,
basic primciple of operation of suspension preheaters supplied

by all remains almost the sema,

2.5,3 Dgvelopments in Pracalgimation

Calcimation reaction in cement clinker burning
procsss is & highly endothermic reaction and the amounrt of
heat requirsd for normal raw materials and mixing propore
tions is about 500-520 kcal/kg of clinker. If the calcin-
ing could be accomplished before the materiale enter the
kiln, the rotary kiln size could be reduced for the same
capacity, because then the kiln could be usod mostly for

sintering process,

The precalcination system offers a number of

adventages e.g.

i/ \ precelcimtion system incresases the kiln
production 2 to 2.5 times without enlerging

tha kiln size,

ii/ The recducad size of kiln and reduction in
heat loads, resulting from the introduction
of precalcinators, improves the life of
refractory brick and reduces downtime and

operatiocnal costs.

-
[




Several attemnts to achieve precalcinetion have
been made in recent years; thcse include Mitsubishi Fluidized
Bad Calcinator (MFC) syetem, Suspension Prehesater with Flaeh
Furnaca (SF) and Reinforced Suepeneion Preheater (RSP) syetem,
F L Smidth precalcining syetem and precalc ining procese of
Polysiue (PREPOL) and a number of others. Precalcinator
eystom suitable for coal, small size and partial precalci-
nation to suit the Indian conditione ie being implemented

by CRI in collaboration with an Indian cement producer,

There have been some other develupments alss in
such systums but these are only at experimental etage. Fuller
have been developing Pyzell fluid-bed type kiln but have
not yet got much commercial success, The Thermo Electron
Corporetion (TECO) have develcped a trough ehaped station-
ary kiln in which burngrs are fired while eubmerged in raw
mix in the calcining zone, Clinkering is done by a shurt
conventional rotary kiln which consumes 20 percient of the
total process fucl input, And in the new Harrop Osciplate
Calciner (HOC), the moterial bed moves over 2 cascade of
stationary, owverlapping hearihs. The HOC can take fead in
the slurry, pgwder or gramular form, The stationary furnace
can be fired directly cr indirectly with gaseous, liquid

and solid fuels and can alsc be heated electrically,

2.5.4 Dev magnts in inker

Wellknown among the coolers are grate conlers,
plenstary coolers, rotery coolers and shaft ccolsrs, Recently,
a tubuler cooler, in which dust removal of exhaust sir is
8lso not nocessary, has boen constructed in Austria with a
capacity of 2000 tpd; clinker cxit temperature of 160°C have
besn reported for this cooler, The Walker-Beratherm sha ft
clinker cooler with few moving parts and good overall tharmal
recovery is also worthy of notice; an additional o dvantago
with this coolur is that no excess cocling air is required to

be ventsd,
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2,5,5 Dgvglopmente in Dust Collectors

The dust cuolectors commonly used in cement plancs
include electro-static precipitators, multicyclones, bags, etc.
Electrostatic precipitator (ESP) requires least ecnergy of
all the high ¢fficiency collectors; its maintenarce cost is
low bacause it is constructed of stcel and operates dry, above
the dew point, Its major disadvantages, however, are the
high installation cost, impredictable collection efficiency
on certain high resistivity dusts and the expensive nature
of supporting instruments, However the installation of such
expensive systems involving heavy capital ocutlay without
communsurete enhancement of production is a situation which

daveloping countries can illafford,

2.5.6 D mgn in lnstrumen ion

Instrumentation and control systans in large size
cement plants arg@ now well doveluped to recerd and control
the operating cunditiocns., On line X-ray analyscrs for quick
‘nalysis of caw materials are used in the cemcnt industry,
Systama for automatic centralized proc ess control comprising
control panel equipment, analogue controllere, television,
computars and mini computers are alec bzing employed incre-

asingly in modern cement works,

In the Indian context, perhaps offeline X-ray
analyzer may bo more appropriate 1s this would be adequats
for keuping tmck of the raw material composition without
boing as exponsive os the ocneline arrangomant whilse at the
same time psrmitting 7 good part of the work to bs dons man-

Uallyo

2.5.7 Qiher Developmants

Tharo have been various octher developments in the

oversll pracess _f cemant manufactura such 38 cold process of
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canant manufacturs, laying the rsfmectory lining without
stopping the kiln, gearless drive for comant mills, manua
facture of cement and sulphuric acid togethar, fluidized
bed sintering based on total snergy concapt., Howaver,
thers is an imperativs need for evolving mora ingenesous
mathods of packing cument where one totally disposes with
the packing machinos an bagged supply of cement. Homoe
genizing techniques for raw meal suitabls to Indian mate-
rials and situations such as continuous humogenization arse

almo a mubject under in-depth study,

3 TECHND-SOCI0-ECONOMIC BASE IN DEVELOF ING
COUNTRIES 1S RELEVINT TO CEMENT MO
ALLTED INDUSTRIES

3 Ihe GNE ang Cament Congupptign

Regression amlysis confims that the relationship
betwesn cement consumption ( in kilograms par capita) and
the GNP (in dollars per capita) in 1965 was non=linesr; the
iNP alasticity of cement concumption decreases with an
increasing GNP, It was unity when at a GNP of approximately
§ 390 por capits and cement consumption 148 kg per capita,
Below this, cament consumption incroased faster, and above

this, slower than the GNP,

When cement consumption is compared with expendi-
ture on constructicn, onc or two countriss show pronounced
dopartures from thu gencral trend, that might be explained
by a significant change in the naoture of construction output,
as for ample a large increase in the proportion of civil
engineering worke, Now building constructions carried out in
®me developing countries in ths year 1976 are as per Table 113

given below :
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TABLE 13
NEW BUILDING CONSTRUCTIONS IN SOME DEVELOPING COUNTRIES (1976) :

Sl Country Dwollings Residen- Noneresi- .
No (1000 nos) tia) dential
( 1000 m?)

1 Brazil 200,4 22800 8700

2 Chile 11,5 868 T4

k| Guatemala - 142 -

4 Hong Kong - 1306 -

H] Iran - 14436 1680

6 Israel 54,9 208 1656

T Kanya - 96 156

8 Korea, Rep of - 9492 8496

9 New Zealand X 3189 2628
10 Sanugal - T4 9.6
19 South \frica 1.0 162228 55812
12 Syria 29,.8 1296 A58
13 Trinidad & - 366 13

Tobago
3.2 AvaileRidigy_of Manpgweg

Wsll equipped building contractors and a qualifisd
labour force are nosmally available in developed countries,
although some of them ( fur example, Switzerland) depend on a
large quota of foreign workcrs in order to koep their counee
truction indistry going, Without these rasources, cemant
cannot be used effectively; thoir absonce may cause in a deve-

loping country,

In tho first case, ths problem may be cwolved by
making it attractive to lochl or foreign firms (by maans of
credit facilities, loans, reduiced import duties on equipment)

to engage in the contracting business; the cstablishmaent of
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State-owned building companiss is snother messurs which csn
help to develop the industry,

In the second case, the problem must be sclvsd
through training of labour, A8 the cement manufacturers and
building contractors reap the advantages, such training
should be their responsibility,

Cament is a manufacturing industry and in so far
as developing countries are concerned, mostly they have to
utilize labour intensive technology for cament, So availe
ability of manpowar i,e. giving omployment to puople in
developing countriss, ie of utmost intersst, The following
table gives the progress that some of the developing coune
tries have made in giving employment to puople, in manue
facturing industries :

TABLE 14

IMDEX NUMBERS OF EMPLOYMENT IN MANUFACTURING INDUSTRIES (1976)
Base 1970 = 100

L} Country | Index
No

{ India 113.4
2 Iszasl 17.8
3 Koreo, Rep of 233,5
4 Malawi 17,5
L] Mauritius 338,2
6 New Zsaland 108,19
1 { Spain 115,80
8 Venssuela 133,9
9 Bulgaria 11,2
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3.3 JTeghnologiga) Baga for Indjep Cement Industxy
Whilst a greot deal of rasearch of different

kinde is already going on in the field of cement and concrete
technology and valuable work is being done by the warious
laboratories sprcad all over the country cavering manufactuzr-
ers and users, priwte entrepraneurs and the governments at
the centre and the states alike, the need for considerably
strongthening the A& effort in this fisld becomes pbvious

when the potential of the industries involved is considerad.

Whilst undoubtedly, rescarch in various other
fields is as cssential for human progress as ruosearch in
cement and concrete the diversified effort has resulted in
a8 positive and conspicuous absence of an intensive, well i
coordinated and planned effort at the national lavel on an
institutional basis towards reaching the desired goals in the |

technological fialds of cement and allied industrics,

It is exactly to fill this gap that the Coament
Ressarch Institute of India has baen establishad, Th:
prircipal objective of CRI is to give increasinoly bitter
technology suppart to the cememt and relatod building matce
riale, cement machinery, construction, and allied irdustrice
for which pumpouse it provides the base nocessary for a
planned and intensive RAD effort as wall as proper coorfim-
tion and utilizotion of competencius whaerever they mzy b
available in the country and in whataver form fur achiecving

the eset cbjectives,

The R&D activities of this Institute covar the
entire epectrum, starting from tha chemical sloments 2vaile
sble in nature and their exploitation towards making cemont
through the manufacturing processcs, enginccering design and
development of cument plant and machinery - tc cemant teche
nology and concrete technology-ending in concrete etructures
where cement finds ite fimal place of rest, Thus CRI's RAD
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is sssentially a multi-disciplinary endsavour, the Bervice and
assistance of which, as a national asset, are alsoc available to

industries desling with other related building materials,

Realising the importance of such intensive and €00 -
dinated research, and in keeping with the broa dest conception
of public service, similar efforte have been put in many other
countries of the world and the cement industries in almgst all
the advanced countriecs of the world have established research
institutes which are some of the finest of their kind. Work
done in these institutes hoe bean responeible for many notabls
advancee in cement and concrote technology which have taken
place in recent ysars; but for the programme o f caontinuing
scisntific ressarch in these inatitutes, as well ase in ths field,
many applications of cement and concrete which are considered
today a8 common would have been totally unknown or prohibitive
in cost. In today's context, inter-disciplinmary approach is
an inescapable necossity if any real prograse and break-through

have to be obtained,

4 ALTERNATIVE TECHNOLOGIES AVAILABLE

4.1 £xgcges _of Manufagtyrg

The process of manu facturing portland cement coneiaste
in the incorporation cf the raw materials, one of which is
compused mainly of calcium carbonote (as limestone) and the
other of aluminium silicute (as clay ur shalo), to form a homoe
gensous mixture; the burning of the mix in a kiln to foumm
clinker; and the grinding o f the clinker with the additicn of a
small proportion cof gypsum to a fine powder., Two proc esses,
known as the wet and dry proc @ss according as to whethur the mw
materials are ground and mixed in 2 wet or dry condition, are

usad, In a variant of these processcs, the semi~dry processas,
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the raw materials are ground dry and then mixed with 10-14 per

cent watar and formed intoc nodules.

Tho wet process was origimally ueed for very .

frisble materials suwch 28 chalk and clay and later extended to

the harder limestones and shales, For many yesrs the wet pro-

caes was preferred because of the more accurete control of raw

mix which was possible with it., With improved control, there

has bean a swing back to the dry procees, for less fuel ie

required for burning than in the wet process. Modern develop=

ments in the dry mixing of powdered materials have, moreover,

now removecd the disadvantage of the dry process.

In the dry process the raw materials aru crushed, ;
dried in rotary driers, proportioned, and then ground in tube

mills consisting of motating stesl cylinders containing a

charge of steol balls or other grinding media. The mills are
continuous in opsration, being fed at one anc and discharging
the ground maturial at the othor. Two mixce, one high and onc
low in lime, are often prapered and blended in the rcquired

proportions in a silo with vigorous air cireulation. The dry

powder is fed to the kiln,

In the manufacture by the wet process the method
differs somewhat with the nature of the raw materials, When
chalke and marls are used the raw materiaols are broken up and
incorporated in wash mills. The chalk and clay are fad in the
required proportions to the waeh mill together with sufficiem
water to fomm a liquid of crcamy consistenciee. The finished
slurry does not usually contain morc than a few par cent of
material ramaining on a 170 mesh, and its water contont wvarice
from 35 to 45 per cent with different raw materials, The

slurry is pumped to elurry tanks or basins.

The rotary kiln in which the cement is burnt at
$300-1500°C is @ long cylinder rotating on its axis and inclincd
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0 that the materinls fed in at the upper end travel slowly tc
the lower end, Here the fuel, pulverized coal, oil or matuml
gas, is olown in by an air blast and ignited. In the upper
part of the kilns :-hains are fixed to assist in the transfer
of hemt from the kiln gases to the raw materials, The slurry
is dried in the upper part of the kiln and the water driven off
as steam, and then as it descends the kiln, the dried slurry
undergoes a series of reactions, forming what is krown ae

clinker,

4,2 Sige of Plants

In countries whers thers is little or no prodiuction
of cement, an annual capacity of 1,00,000 tonnes by the rotery
kiln procees ie considered to be the economic size wheruas the
corresponding figure for countries where the cement induetry
has developed is 4,00,000 tonnes or more, The cement industry
in India, heving besn established on a fimm footing with an
inetalled capacity of 21,87 miilion tonnes, falls under the
latter category. The capital required at today's prics level is
of the order of A 650 to B 7-0 per tonne of c oment produced

snnually, |

Considering the adwntagas of the influence of scale
of operation on totsl investmenmt cost and production cost - the
world trend today is to go in for larger and lcrger singls unit
cement plantes., Now-n-days a number of 3000 to 4000 tpd rotery
kilns are already in operation in many parts of the world, such
as those in USh, USSR, Germany and Japan., .\ euspension prehenter
kiln of 4800 tonnes per dey capacity at Karita Cement Flant and
an 'SF' kiln (based on newly devaloped 'SF' process) aof 7200
tonnes per day capacity at Kumagaya work of Chichibu Cement Co
Ltd in Jepan need spacial mention in this context,

The Indion cement induetry is a mixturc of small and
lerge cspacity plants mnging from 20 tpd (CRI Tamilnady) at one
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extreme to 3000 tpd (Jaipur Udyog Swsimadhopur) = though based
on multiple kilns,

The economic' unit capacity for cement plante in India
was standirdized at 600 tpd, in the beginning of 1960, However,
the prement chy trend is towards going in for larger size unite
in view of their ecoromics, both on the fixed investment and
the cost of production. In view of tha.above savings and taking
into consideration the increases in labour wages, railway
freight, and price of coal and electricity, it appears necessary
for the cement industry to go in for larger sizes of the order
of 2000 tpd single unit plant or even 3000 tpde A curve depict=
ing influence of size of plant on capital investment cost is

given in Figure 5,

In India, there are seven coment plants having capa=
cities more than 2000 tpd (ACC - Cheibasa, Saurashtro Cement -
Ramavav, Shree Digvijay, ACC - Jamul, ACC - Kymore, Jaipur Udyog -
Sewa imadhopur, and India Cements, Talaiyuthu) - thou oh based on
multiple kilns rather than single-unit plants,

Mini cement plants are essentially ttose in which
cement is produced in quantities much less than in the conven-
tional procesa. However, .what precisely demdrcates a mini
ceament plant from a conventional plant, is the techno-socic-
eco nomic approach and content. Accordingly, the question is naot
ane of mere scaling down or scaling up, but one of determining
the appropriate technology under a given socio-eccnomic situation

to make it techno-economically viable within the given situation.

The mini coment plants can alternatively be based on

the following proccsses :

a) Vertical Shaft Kiln

b) Small Rotary Kiln

c) Sinter Bed - Stmight (1like Lurgi) or
invarted (like Reba)

d) Belt kiln or Maechanioal Grill
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Of the four systume mentioned abuve, the commercial exploitation
of the laet two proceesee is rather limited. The experience of
the one einter bed plant established in India hae not besn very
encouraging, That is why it may be appropriate for the timo being
to consider establishing mini cement plants based on ths firet

two proceseee, the brief descriptions of which are given below :

_Vertical Shaft Kiln - The use of vertical smft kiln
process for cement manufacture d tus back tb the ysar 1824, when
portland cament was invented. However, becauese of its labour
inteneive opurations, this process was found unsconomical, apart
from the fact that it produced nun-unifomm quality clinker,

consequently restricting its growth,

It wag only after the development of a pan-type ncdu-
lizer, that a eignificant advance could be achieved and the shaft
kiln perfomance improved considerably this permitting automation

and production of a uniform quality of clinker,

Based on the recent developments, a verticol shmft
kiln process is a semi-dry process and gssentially comprises the

following :

i/ Cruehing of limestone and additives ( if necessary)

in a crusher to minue 15-20 mm size.

ii/ Proportioning of raw matericls and fuel (coke
breeze) besed on raw mix design, grinding to
desired finoness and blending of finally
ground raw mix to obtain raw meal of desired

homogeneity.

iii/ Preparmstion of nodules by addition of water to

rawmeal in o pan-type nodulizer.

iv/ Feeding nodules to VSK where drying, ealcining,
sintering and cooling take placs as the nodules
travel down the VSK and ultimatsly get convert-
8d imc clinker.
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v/ Grinding of clinksr and gypsun (4=5%) in a mill
to obtain ordinary portland cement. .

The VSK process can adapt itsul f for full automation
or part automation, The necessary simple instruments help in

controlling the kiln operation,

2mall Rotary Kiln - The use of rotary kilns for
cement manufacture is well established., The conventicnal plants
are essentially based on rotary kiln technology, However, a
8mall rotary kiln can be adopted to produce cument on z amall
scale in a mini plant., A small rota ry kiln procase could either
be dry, semi-dry or wet, The rotary kiln process wessentially

comprises the following :

i/ Crushing of limeetone and additives (if necessary)

in 3 crusher

ii/ Proportioning of row materials, grinding (dry or
wet) to deesired charaocteristics and blanding of
finally ground row mix/slurry to obtain homog an-

ized raw menl

i4i/ Coal cruehing, grinding, 8torogo, and faeed ccntrol

Aarrangement to the kiln for firing

iv/ Passing the homogenized mw meal through a she ft/
cyclone preheater (if required as per procoss
selectced) and feeding to kiln

v/ Cooling of clinker in cooler

vi/ Grinding of clinker and gypsum in a mill tu obtain
portland coement,

The process is quite simple to opurates and resulte in

unifoon quality clinker,

Small scalo cement plants begin tc be built in China ir
1958, At this time, in other parts of the wecrld, largs rotary
kilns with internal heat recoupernting deviccs and extermal sua-

pension prehelters were being installed.

China has not chosen to take the same steps in increasing

its cement producing capacity as the rast of the wirld, In Chino

SO
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there have besn additions of large rotery kilns near large citias
where transportation is bettur developed, but a major capacity
increase also has taken place from amall !'agg-shaped! and shaft
kilns, The 'egg-shaped' kilns are built below ground lsvel and

ire lined with brick, They are very small in size. They must bo
charged, and the material removed manually and are what is krown

in chanical processing as "batch" type opuration, The shaft kiln is
an gld technology that has been used to hemt many types of minernls

aind is a type o' kiln used in the manufacture of the first portland

cement,

4.3 Mappower in Indian Cemegnt Plante

The cement industry employs about 80,000 peopls, i.s.
about one worker per tonne of diily production, It has consider-
able capacity for genemting indircet employment in the form of
construction labour, quarry labour, transport, etc. The additionnl

direct smployment likely to be generated would be a3 follows ¢
TABLE 18

nDDITIONAL EMPLOYMENT IN CEMENT  INDUSTRY

Yoar Cement Production Direect Labour
(in miljon tonnes)
1977-78 19,00 80,000
1982-83 32.00 1,35,000
Additional
smployment 55,000

The trend in respect of number of plante and sizes of
plants in relation to employment potential 18 reguisted from the

following table :

TABLE V6
MANPOWER EMPLOYMENT IN INDIAN CEMENT INDUSTRY
Siza of rlanta Ne of Plants Menpowsr par tonc
(tpd) efivonmi
Mini 3 4 =« 5,5
(upto 100)
Small 5 1 - 4,5
{ 101-300)
Medium
(30t - 1090) 16 0.29 - 2,32
L’Srqe 32 0.18 - 2026

{(above 1000)
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As should be expsctsd, the manpower consumption per
tonns of cement is highest for smell size cement planto.
Intersstingly, all the three mini plants are based on thres
different processes, namely, vertical ehaft kiln, sinter grate
end dry rotary kiln, [t may be noted that the range of manpower
consumption shown in the table is not of the average figures but
indicates the lowsst and highest figures for cement plants in
India.

§ RELATIVE ADVANTAGES AND DISADVANTAGES OF THE ALTERNATIVES
COVERED UNDER SECTION 4

5.1 Met and Drv Procogss Plants

Till recently cement was being manufactured throughout
the world moetly by wet process in spite of fuel consumption being
greater than that for the dry procees which was being adopted whers-
ever nature of raw materials permitted and consumption of fuel was
a critical parameter. Today the trend is towards dry process

all over the world,

Amongst all the factors to be considersd whilc selecting
the menufacturing process, the most impo-tant decisive factors araz
.tv fuel and power consumption which, together, account for about
40 per cenxt of the cost of production. Fuel consunption depencs
on the process used and, the power mainly depsnds upon whether

the rew material is soft or hard.

Though deévelopment of long wet process kilns with interncl
heat sxchanger system brought down the fuel consumption to as low
a value ae 1300 k cal per kg of clinker, the more rucent developments
in dry process kiln on the other hand have reduced the fuel consumption
to as low values as about 700 kcal per kg of clinker and tuads
sppegrs to have tilted the balance in favour of dry provwuss. The powe:
requirement in terms of kwh/tcnne of cement is around 110-126 fox
wet process and sbout 130-140 for the dry process. Water requira-

ments dapend mainly on the process used, A dry proccss plsn* ucus up
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tc approximatcly B10 litres of water and an average wet process
plant raquires approximately 1620 litres of water psr tonne

of finished cement.

The lower consumption of fuel in the dry process
than in the wet process makes the former preferable if the
material components are not too wet or sticky. As a fundamantal
rule, the dry process is to be recommended for reasons of heat
economy, particularly in cascs where the raw materials contain
less than 15 to 18 per cent of water. The carlier view that
in the dry procesa of preparation, the raw mix is more likely
to vary in composition than it is in the wet process, no longer
holds true with regard to modern mixing plant. In the dry
process, there is usually sufficient heat in the kiln sxit

gases to dry the raw material,

The wet process is prefersble for dealing with moist
raw materials, such es chalk or plastic.clay, as the dry
preparation of such materials pressnts difficulties, This
procees will always have to be employed in cases where the
raw material contain deleterious edmixtures which have to be

removed by washing.,

Adoption of dry process can save as much as s 8,80
per tonne of clinker on account of fuel, aasuming that dry
procese requires 0,18 tonnes of coal (of 5000 k cal/kg coal)
per tonnec of clinker as against 0,29 tonnes for the wet process;

the coat of coal taken as f& 80/- per tonne.

Although power consumption in dry process is more by
about 20 units per tonnre of cement costing approximately R 2,00
per tonne, the latter can possibly be balanced by utilizing
axit gases in drying rew maturiels whilec grinding. In esddition
to this, adoption of dry prociss saves about 810 litres of
watar per tonne of cement produced. In other words, there is

a strong case for adoption of dry process wherever possible and whan

raw materials Quality is not a problem.
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5.2 Saall Ve Lazge Lamenk Plants
Mini cement plants will, because of their following .
advantages, have a role to play in the developmental programme
in the country and will come to be established wheraver
ths circumstances are such that these advantages can be secured :
i/ Cement industry is brought within the financial
access of smaller entrepreneurs
ii/ A sense of ownership is invasted in men
with relatively smaller means
i1i/ Creation of increased employment opportunities
in rural arcas on a well dispersed basis
iv/ Contribution to uplifting the local
eéconamy and development i
v/ Reelization of quicker ruturns on capital
invested because of low gestation period
vi/ Exploitation of small depoeits of limestone
scattered all over the country
vii/ Development of cement industry in terrains
where movement ~f machinery and cement are
difficult
viii/ Reduction of strain on country's transportation
infrastructure
ix/ Avoidance of wasteful movemcnt of materials
and thus bringing down the average unit
cost of transportation of cement in the country
x/ Elimination of packing charges where ths
utilization point is locelized
[
- »
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xi/ Reduction in multi-handling and

intermediaries betwesn the manufacturing

Point and the consuming point

Table 17 projects the capital investment and investment
per tonne of installed capacity for a 1200 tpd and a 50 tpd

plant.

TABLE 17

ANVESTMENT FOR 1200 AND 500 TPD PLANTS

Typs of investment aize
1200 ¢pd 50 tpd

{ Capitel investment

(B in lakhs)

o/ Fixed capital 2040, 00 94,90 ‘

b/ Working capital 125,00 6.61

¢/ Total capital 2965, 00 104,81
¢ Investment per tonne

of inatalled capacity

(n)

o Fixed capital 740,00 558.40

b/ Working capital 31,25 3a.09

e/ Total capital 741,28 5971.29




®
F.,A.

D333

- 54 =

6 CASE STUBIES IN CEMENT PRODUCTION

6.1 Hini Lament Flants

6.1,1 Background for Developmsntal Work on Mini

Lamsot Flant

In general, in industrisl practice, the sizes in which

industrial processes and operations are being carried out ars

being continuelly increcased in most industries with a view to

reaping the bencfits of scaling up. The scaling up approach has,
howsver, led to certein drawbecks which very from industry to
industry and country to country. In the casc of the cement industry,

in India the problems faced with large plants are :

i/ the capital cost of a viable w ze of
cement plant is very high (of the order of
& 250 million for 1200 tpd plant and
f 500 million for 2500 ¢pd plant) and is
Quite beyond thc means of an avorage

entroeprencurs

ii/ the movement of population from their naturasl
locations to big industrial centres causes

social problems;

ii4/ large plants requirs relatively longar
time (of the order of 3 to 5 years) for
machinery fubrication and plant cstablishment

iv/ difficulties in trsnsportation end other
infrastructural facilities for transporting
lsrge size machinery is a situation obtaining
in many developing countries ;

v/ limited infrastructural servicea such as
power and water in certain arsas; intsrruptions
in the required inputs causce interruptions
in the operation of thu plant with consequent

large losseca ;

e
—— - —
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vi/ limitations in the svailebility of raw
materials in sufficient quentity. In
fact, meny small deposits of limsstone
spraad all over the country have remainsd
unutilized because they are not large
enough to establish a viable large size

or even medium size plant,

If eappropriate technologies are developed to make
them techno-economically feasible, small sizé plants would
not only overcome the above limititions and drawbacks of large
plants but would in addition offer the advantages outlines
in section 5.2,

6.1.2  Prgogeas of Wezk_on fhe Deyedogmenial Prpjge - The
imperative nesed for developing and structuring a viable indigenous
technology for mini cement plants with vertical shcft kiln (VSK)
or small rotary kiln and the intensive and coordinatsd cfforts
carried out in CRI culminated into the development of basic designs
of mini cement plante based on VSK technology sometime in lats
1973; this wee essentially based on laboratory invagt.,ations of
raw materials and fuel involv~d along with the analysis of process
design data collected from numerous sources. In the meantime a none
working vertical shaft kiln mini cement plant (unable to

produce quality cement on account of its faulty deaign), situsted
st Muduvathur (Temil Nadu in South India) was gifted to CRI by

the Government of Tamil Nadu in June 1974 for RLD purposss. CR]
than took up the task of super-imposing the already available basic
design on the VSK plant at Muduvathur. Consequently, the
redesigning and restructuring work on VSK plant started in

MAugust 1974. As VSK technology requires specialized man powor, CR}
aleo took this opportunity to train ths operating personnal
simultaneoualy.
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The redesigned and restructured vertical shaft kilm had
a capacity of 20 tpd, First trisl runs and proving runs of CRI
designed VSK plant at Muduvathur were carried out from 1 Junc 1975
to 5 June 1975 armd 28 February 1976 to 15 March 1976 respectivoly,
establishing that the satisfactory Quality clinker can be produced
on a sustained basis under Indian conditions. A typical cross
section of the designed vertical shaft kiln is shown in
Fig 6. Encouraged by the above findings, the &unmittee of
Direction for Cement Research (CDCR), set up by the Ministry
of Industry Government of India, sponsored a project to CRI
in March 1976 with an objective of running thc mini cemant
plant for six months for periods varying from 2 daye to 15 days
on continuous basis and %o collect the data relating to ocutput
performance, consumption factors, proccss parametcers, clinker

and cement Quality and the related economics,

The commercial opuration of 20 tpd mini ccment plant
under the above approved project started on 19 July 1976,
During 1976-T7, the plant has operated for a total of 178 days
on 1 shift, 2 shifts and 3 shifts basis; producing cement
conforming to Indian Standards Specifications, the longest continuous

run on J shift basis being for 45 days.

Af toer ascertaining the possibility of obtaining good
Quality clinkcer and cement, as confirmed frcm tho results of
tho commercialized runs of VSK plant during 1976-77, CDCR approved
another project during 1977-78 for running of mini cement plant
at CRI Tamil Nadu Centrs. During 1977-78, the mini cement plant

has run continucusly for 171 days on 3 shift basis in two stagcs,
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The plant is again in continuous operation from 9 April
1978,

6.1.3 JIeghng=£conomic Siudics

Projection of the economic viability of 50 tpd mini
cement plants of CRI-type named "VISVAKARMA"™ in three differcnt
situations A, B and C has been chosen frum out of the actual field
projects CRI is prusently handling., Situction A represcnts a
f svourable location comparable tc those of the existing
conventinonal working plants and situation C represents conditicns
which are extreme in certain respucts; Situation B represents
a midway situation between the two. It is possible that in
reality there could be situations more favourable than situation A
and worse than Situatiun C; these have to bs carefully studied

with roference to individual cases,

Table 18 projects the capital invustment requiremunt
for & mini cement plant in the three situations referred to above,
the production cost and the respective profitability. In working
out the profitability, revision in the retention price from
R 161.12 to R 296.00 and continuance of the existing 25% rebste [
on excise duty applicable to nuw cement units, have been assumed,
Impact of additional incentives or concessions aru also brought

out in the statements in this table,

The fcllowing Annexures to thu table relate to the mini
plants in Situation B :

Annexure | - Estimatss of Capital Cost

Annexurs Il - Estimates of Working Capital
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Annexure 11l - Ectimates of Annuz. Cost of production

Annaxure IV - Break-even Analysis

Annexure V - Estimetes of production cost and pro=-

fitability for the first ten yecars of
cperation

Annexure VI .+« Cash Flow Statement for the first
ten ycars of opcration

Annexure VI1 - Expected Bencfits/Costs of the projects
bascd on the 4th year of operation.

6.2 lndigsoous Precalcinatora
6.2.1 Ralation to Plant Size and CRl Precalcinater

In any discussion on precalcination technology, it is
impor tant to remember that this technology was the answer
conceived essentially for very large size cement plants sinca
even with the preheater, the kiln tended to be rather big for
larger cepacities with high thermal loading., Thus, even
after four years of ite advent, the precalcinator remains
an expedient purely for very large capacity plants, upwards
of 2000 tpd., The largest kiln yet in the country being
of 1200 tpd capacity (3 more under planning) it is open to
Question whether the precalcinator technology can benefit the
axisting plants,

CRI has taken on hand an R&D project for commissioning
a precalcinator in an Indian cement plant (300 tpd capacity kiln);

some of the important characteristics envisaged are :

i/ at least 30K increase over the rated capacity
of the kiln in clinker production
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it/ the precalcinator suits Indien coals oa
aveilabie to cament induatry

iii/ 20% increass in the life of refractory lining
in the burning zong of kiln

iv/ heat saving, to the tune of 30 3 5 kcal/kg
of clinkers compared with the existing preheater
kiln

The pro ject covers design of process parameters and

sconomic evaluation in terms of investment, operatitnal costs etc.

The development of CRI precalcinator is in advance
atsge of devolopment having completed the necessary cxperimcne
tetion, design followed by capacity evalustion for the ancillary
squipment, instrumentation details and assembly drawings. Presently
febrication is in progress., The Indian precalcinator is expected
to be commissioned by Dec 197¢,

6.2.2, Relation $o Menufecturing Progase
6.2.2,1  Uet Prgcgep

With 103 kilns based on wet procass for cemant manu=
fecturs, tha firat astap towards incorporetiocn of a precalcina-
tion system would be to change the plant, equipment and machinery
to dry proceas with suspension preheater, In order to adopt
to ths new precalcination process in wet process plants, to cope
with ths anticipated capacity increase which could be three=
fold, the capacity of various unit operations will have to be
sccordingly increased in addition to the incorporation of the

follouwing process changes $

i/ wet raw mgal grinding to dry raw
meel grinding

ii/ wet slurry mixing to dry raw mcal
homogenizing

iii/ wet matarial handling to dry materisl
hendling
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These varicus chanyes and modificotions will mean
altogether new installation and scrapping of most of the
sxisting unit operations, The total downtime necessary for
such conversion may range from 6 « B months, Considering the
totality of such project involving modifications, the sconc-

mics may or may not work out to be favourable,

6.20202 Dr -1 1]

n twe=fold increase in the copacity of 3 dry pro-

cess plant is poussible either by :

i/ Installing a parallel stream of a compleastely
new kiln unit with all unit operation facilie
ties of its awn in an existing plant, which

evidently takes no recourse to a precalc inator, or

ii/ 1Installing a precalcination system and doubling

the capacity of the octher unit operations.

Yet another appruach, which may not be quite conven-
dent could be installing a parallel stream of 5P in combina-
tion with the existing one., Hnwever, this would requirae,
complete restructuring of the preheater .ower, etc and involve
cuonsiderable d . wrn-imc, a!;i ¢ which could cost as much as an

SP of twice the capacity.

There are only 18 dry process kilns having suspen-
sion prehes ter, it will not be possible in all of them to
incorporate a pracalcimation system since hardiy 4 « 5 cement
plants may command reserve to sustain a two-fold increase,
«nother limiting factor could be plant lay-out whicn may ot
hsve the necessary floxibility. Therefore, within the next
three years the capacity can be expanded unly upto 0.8 miliicn
tonnes per anénum, on the assumptions that the capacity cf these

plants (4 to 5 in no) is doubled,

e« e
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Where the circumstances may not favour two-fold
increase in capacity, a 20 to 30 percent increase coulid be
achieved by installing a precalcination systw. assuming that
all ather unit operations have extra inbuilt capacity to cupe
with the increase in capacity.- In this case, all that is
required may be the mudification in fan capacities, kiln
drive, preheater ducting, and addition of suomc material handle
ing equipment as well as installation uf secondary air ducte-

ing from cooler.

Facilitias

C e

©

6.3 Bapid Yuality fontrol Systems with Simpl
In relation to manufacturing process an important
considerntion is that the quality of the product produced
should not be lower than that aimed tu meet the specificd
requirements; the quality should also be as uniform as pmeti-
cable consistent with the pruduct if the potential o f A
product is to be fully utilized, In order, thecrefure, to
achieve these, considerable attention is requirecd towards
Quality control in the manufacturing pracess, In advanccd
ceventries high deqgree of instrumentation, controls and auto-
mation have come intu pliy, one of the geverning parameters
of which is quality control., Expensive uneline instrumentation [
have come in many modern manu facturing processes; A developing
country finds it tco hard to have such expensive on-line
instrumentation controls but neverthelcss they noccd to have
sume altermative systcem of quality contrul, In this arua,
therefure, appropriate technolcgy aims at having rapid methuds
of testing and control as that on the one hand thcre is 3
timuly feed-back fur the process control “nd on the other it
makes it poesible to nave data relating to a relatively larye
numbar of samples which is pre-ruquisite for rcliable assump=
tions on saveral aspects in modern manufacturing processes,
Appropriats technolugies therefcre cannut ignore the quality

control aspaects., Coemcnt Rusocarch Inatitte of India has baen
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giving attentioun to this subject for the last ssveral years
and has worked on repid methuods uf testing.- both chemical
methods as well as simple instrumental methods, .. ccmpamtive
study cf the variocus instrumentzl analytical studies in CRI

is given in Table 19 which is self explamatory. ~yainst this
background, a summary of savinys in direct custs for the

rapid methods (i) with counventional analytical chemistry
labora tery facilities, (ii) with colorimetric instrumentation
facility which is included in Table 13 ond (iii) with EDTa

is reproduced in ancther Table 20,

7 CASE STUDIES IN PACKING CEMENT
7.1 Impreved Packing for Cement
T.1.1 ackground for Developmen

On a conservative basis, India prescntly needs (ver
350 millicn bags per year (new and uscd beth inclusive) and this
figure may gu up tc as much as 600 millicn bags per year by 1980,
In addi ticn bags are als. requircd fur expcrt, Many develioping

ccuntries face similar problems thcugh their magnitudes differ,

Quite cften ~ttenticn has been drawn tc the loss of cement
due t- stepage from the plain jute bags generally used in India.
This seepage not only causes a loss of cement but alsc causes nui-
sance of dust. It was estimated that by aveiding this loss there may
be @ gain of as much as R 100 million ecvery year to the naticn as
a whole. These prcblems were werrying equally to the manufacturers
«f cement, the consumecrs of cement and the GLovernment. CRI was
therefore osked jointly by the interests represcnting manufacturers,
the consumers and the Government to study those prcbiems indepth and
arrive at a sclution which would be sppropriate to the country. The

R&D prc ject was thus taken up by CRI in carly 1571,

In the jnint excrcise of all those intcrested, the basic
requircments fcr packging of ciment were first formulated as follows:
i/ The bag should be suf ficiently proofed against ingress
of water cr dampness on the cne hand and luakene cr
set:page of cemcnt on the ather,

ii/ The bag should be strcng encugh to withstand the
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stressce and streins of hndling under the prevalent
conditions in the country, Either provisicn should
exist for hooking or it should be possible to
eliminate hooking in industrial practicc with no

adverse effects on productivity.

iii/ The bag should not present difficulties in filling,
either qualitatively or quantitatively espcocially
with the existing expensive pecking machines,

iv/ The material of the bag shoculd be such as to with-
stand the high temperature of coment - which could
be of the order of 90°C - 100°C at the time of
packing,

v/ The total cost of the bag should prove sufficiently

economical taking into account reusages, if any.

vi/ The material uged and the processes adopted for the
manufacture Of the bags should be such as to ensure

continuity in the supply of bags, and

vii/ The material used should have gocd frirtional charac-

teristics to avoid slippage on the conveyors,

7.1.3 Progmes of werk o the Developmental Project

After reviewing the work done earlier, the investigations
started with a study of the relative properties, availsbility and
techno-economics of the three packaging materials widely in uege ip
different parts of the world, that is, jute, paper and plastics.

An snalysis of the available information and date indicated that

ag a first step towerds evolving a suitable tag for cement packaging,
bags from each of these as well as composite constructions shnould be
studied further, As a rcsult it was uverhclmingly clear <that ony
large scale usage in Indie would require it to be jute begad and
therefore the technology has to be jute based; this was in vact an
important component in detemxmining the appropriateness of technclogy.
Indepth technicnl studies were then started, As a result ov these
studies certain gygoms and designs including specisl air valvees were

evolved and some of them patentsd.




After the laboratory tests were complet®d successfully,
CRI scientists were scnt to threc cement works to test the bags
under the conditions obtaining in the plants. After thece tests
were satisfactorily completed CRI made cut a plan of testing the
bags by thecement works themselves; a bundle of 41 bags was sent
to each cemcnt manufacturer in the country, covering some 58 comoni
plants, with detailed guidelines and instructions far testing.
On the basis of the results thus received, and a study of the boaga
tested and returned to CRI, the technical feasibility of the
improved bags and their meeting the required performance criteris

were proved,

The above research work and industrial 4rials led to th:
development of such g composite material for packing cement waich

could be designed end modified to rater to specific ngeds.

T.1.4 Techno-cgonpomic Studieg

Whilst a few of the bags w:re manufacturcd in the .atora.
tory itgelf by hand most of the bags were manufactured in the
premiscs ¢f 2 laminatorecum-bag manufacturcr whnse cc-cpzratio:
waps enlistcd in the early stages of the project itself, Once the
foasibility having been proved beyond dubt, date and parameter~
were collected to enable a techno-economic assessment of the
improved performance vis-a-vis the additional cost involved in iho
packeging. This was studied in the context of overall savinags
that would accrue with references to conventional hervy cee jute
bags as well as with reference to kraft ;uper bags uscd in many
other countries, A typical summary is given in ig 7 and Tablz 29
as an example and a comparative statument of menpower content in

illustrated in Table 2z,

— ——



COMPARATIVE MMAR
CRI Bagg Vis-g-Vig Conventigl Hegvy Cee Jute Bags )

1 Improvement in strength 55% More
2 Seepage loss 94% Less
3 Loss due to ingress of moisture 83% Less
4 Possible number of reusages 33% More
L] Initial cost of bag 28% More
6 Equivalent cost of bag 47% Less
JABLE 22
m i Table M Lontent
Ttem Kraft Feper Heavy Cec C‘!I.?ype j
bags Conventional Dags
bags
Manhour per .
1000 bags v ‘2 16
$
Manhour cost
per 1000 bags 2 30 40

(Rs)

Having thus established the techno-economic aapects of the
project and the appropriateness of the technology developed, the
firet pre-commercializsaticn stage discussions were held with the
industy, the industry was mnvinced thct the proposition was worth
induetrial trials and as a pert of thie about 35,000 bags were aupplied
to five cement companies for regular commercial use. In this indus-
trial uaage, data was collected from both the cement piants where the

bage were ueed as well as from the consumers who received the bays.

Industrial ussge ia now picking up and increasing day by day,
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(] CA%E STUDIES IN UTILIZATION OF CEMENT
8.1 CR1 Type_ Reagdy-mix Congrgts mithgut using

Aoitatorg or Trugk Mixgrg

Resdy-mixed concrate as a technology hes bsen well
known eincs a long tims end is widely sdopted in most of the
devaloped countries, so-much so, that nesrly two thirde or more
of tha concrete produced in most of the duveloped countrice is
ready-mixed. Wwhile the sdvantages of reedy-mixed concrete are
well known, its sdoption in devﬂoping countring has not baen to
such @ lerge extant. Appropriate technology of ready.-mixed
concrete for devaloping countries with pesrticuler rsfsrancs to

India was thue taken up for study.

Concrete and construction iNduetry is quits well
@ateblished in India. Nearly 120 million tonnes of concrate made
annyally in India and the necessary inftestructure to innovate or
devalop new tachdologiss in thie field is aveilsble within tha
country. If, soma or sll of the recent developments in construc-
tion technology, ae practised in devcloped countiies, have not yet
bsen adopted in Indie it.is beceuse of th: techno-socic-economic
considerations which hes led to tha edcption of sppropriste
technoloyy in zach cam., Ready-mixed concrste is a cese in point.

The two modes of transporting reedy-mixsd concre te
enviseqgad in Indian Stsnderd 1S5 : 4926 - 1968 involve eithar truek
mix@ze or agitators. Traneporting concrete in truck mixers without
sgitation is somstimes praectised for gmeller distsnces of heul and
nsed not bo a technology in iteslf, This is baing pointed out in
order to contrest this mode of transporteation with the one introduced
letear in this esction,

Ready-mixed concrote, although heaving besn talked about
for quite sometime in the paet, has not yet made any ground in
India, The nacessery knowledge snd expertige in the succeseful
opsration of a resdy-mixed concrete plant and its fruitful use in




T.

-T6a

the gonetrustion sites exe eveileble within the country.

Centrel betching and mixing plente of sufficiently largs sizes
incorporeting considerasble sophieticeticn sre menufactured in
the country snd widely used in large construction projects,
There sre menufacturers of egitetore/truck-mixers in the

country whose praducte ere finding merket in the nsighbouring
countries. UWhy then, regdy-mixed concrete ii not yet seteblished
o8 on industry in Indie? Tha asnevere to the guest ion ere

meidly two-fold gnd perhaps common to most of the developing

countriees.

The firet reeson is the fact that reedy-mixsd concrete
ie capitel-inteneive snd a major portion of the capitel outley
ie for the trensportation flest. A rscent etudy conducted by
CRI ehows thet nearly 62 to TO% of the fixed cepital cost for e
128 %0 250 cubic mstru per day capacity AMC plant goss towsrde the
coet of truck-mixsrs/egitetors.

The sscbnd rsason hes been the gbesnce of matehing
infrestructure for proper handling, placing and compaction at
the eite of plecement. As it is well known, ready-mixed concre te
becomes compite tive with gite-mixsd concrets only when the demend
of sconcre® to be poured per day sxceeds a csrtein lsvel; in the
sontext of European cruntries, this is perheps of the ozder of
800 cu m psr week, The study in CRI shows that optimum size of o
reedy-mixed plent in India should be, more or lase, of the same
ordes. Howsver, in India end in most of ths other developing
sountriee, the plecsment of concrete ie mogly done asnually,
Placers or pumpe ore used in large conetruction projscte only who
may aleo efford to have 2 central batching and mixing plant neesg
the eite of conetruction iteelf. For an everage construction job
in moet of the developing countriee handling 3 cu m of concrete
per trip of the truck-mineg/egitetor may indesd poss some
peoblems,
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Fzom the abovs, the estratsgy to meke ready-mixsd
concrete an attractivs proposition in developing countrise,

points to two coneiderations @

a/ that concrets be transported in ordinary,
non-agitating vehicles, without lose of
quality and any other dagirable advantages
of ready-mixed concrste; and

b/ the size of ths ready-mixed plant and the
transport fleet bes chosen kssping the cone-

traints of placement at the receiving snd,

8.1.1 Ihe Acozpaziats Jughhology

With the above considerstions in view, an sppropriate
technology for ready-mixsd concrete to be adoptsd in daveloping
countriss like India bas been evolved by CRI whces mein featurs
is that it enables concrste from the centrel betching/mixing
plent to bs traneportsd without agitetion, Thie®ehnology
compriess a central betching/mixing plant, & traneportation flest

of non-agitating vehicles liks trucke etc of appropriate eizes
and @ concrets mixer at ths sits for re-mixing, Ae it is well
known, a high slump (50-100 mm) concrete from ths cantral batching/
mixing plant, if delivered without agitetion, will poss problame
of sexrious loss of workability and even 'stiffsning' of concrets
dutng transportation which will call for re-temparing st the site,
Dspending upon the climatic condition and trensport bottlaneckae,
ths distance of haul in such cases will be seversly restricted,

If, on the othar hand, only dry concrete materials after batching
were to be transported in cpen trucks stc, most of ths cement and
other fine porticles will bs blewn away. Bstwosn thess two extremss,
the choice will obvicusly lie in transporting concrete in a 'gemi-
dry' stats from the batching/mixing plent, with only sufficient
woter asdded initially, to mender the concrets intc e cohseive
mese, and the belance of weter edded in ths sscond etage befors
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finsl plecing. Although the solution may sound to bs simpls, it
reelly calle for a thorough study of ell sepects of the choice of
matsrials, perticularly the grading of aggrecgetes end ths psicsne
tsge of fines, proper mix dssigns, study of tsndency to eegregats
during transport, loss of wetsr due to evaporation during trene-
port, the state of hydration of cement during transport and its
effect on the resultant workability of concreste. CRI has carried
out extensive rasearch end trails on these aspacte and have come
out with a technology which has enablsd concrete to be transported
in non-agitating vahicles over { to Y2 hours and heve indeed
successfully adopted this technology in some of its own construee-
tions, Extended application of this technology in eoms largs
projectg involving construction of concrate dems, canal lininge

and barrages ere being arrenged,

8.1.2 Jeghno-sconomice

In sc far ss the aconomices of this tschnology is concemnad
the detsils are being worksd out but at this stage itself it has
bscome clsar that ths transport flest shouldconsiet of a lergesr
numbsr of ordinary, non-agiteting vshicles of smsllsy capecity
(0.5 to 1 cu m) ratherthen 1sss numbaxr of larger capacity vshicles,
Genorally, overall trensport cost will be lower with incresss in the
unit sixs of the pay-losd. It must be kept in mind that the ultimste
sdvantege of xeady-mixed concrste is to be derived in emsuring
tquality' concrots for both big and small joba aliks, While in
largs constructiun projects adesquate infrastructures to produce
quality concrste may be provided economially, it is in the small
Construction projscts that 1esdy-mixod éoncrsts has to sexve its
purposs where even minimum facilities for teeting concrete materiasle,
mix designs and proper batching andmixing to produce 'guality'
concrete entails uneconomicel overheed costs and where 'nominel’
concrote mixes art widely used rather then 'contrclled' concrets,
Keaping such emall juba in view, smallexr size of transportation
vehicles may ensum full utilization of ite transport capacity, and
from en ovarell ci nsiderstion may indeed be more sccnomicel,
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The size of ths central batching/miring plent has
alsc to match the capacity of the transportation flsst., There
is e nesd, therefors, of going for smaller size batching plants
(may be 10 to 30 cu m per hour). Such batching plants nead
not have tha finsst levels of sophistication end complete auto-
metion; indeed many or most of the ccntrols may be done manuslly,

8.1.3 Advantages

At this point of time, s fsw advantages become apps-
rent whch sxe common to most of the developing countries. Thees
are

i/ Such s tschnology will enable the use of contrclled
concrete for small or medium construction jobs also,
In moet of ths developing countriss, for small or
‘medium siza conetruction jobs, the cost of necessary
infrestructure for prcducing controllsd concrste has
bsen known to bs disproportionately and unsconomically
high, Yst, on & national level, when hgovailabls
sxesseivs useof scare cuncreting meterial liks cament
which results from the use of 'numinal' mixas is
considered, ths adventags of using 'contrcllsd'’
concrets which snsures rational .uee of materials end
prcpsr performance and durability of the structure
st the seme tims, cannoct bs denied,

ii/ This technology will enable the uss of industrial
westes like flyashin construction industry, in s
larger scels.

1ii/ In a conventional reedy-mixed concrets plant truck-
mixsrs/ogitators always return empty. Comparsd to
this, non-egitoting, ordinsry vehicles liks trucks
cen be goinfully utilizad in many develuping countrise
for carrying materials atc, in rstum trips ant

nesd not return smpty,
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iv/ Employment-gsneration is en important considera-
tion in moet of ths developing countries and s
tsohnology which is fully mechanised may not
slways mest the sccial obligations and nesds.

Ths proposed technology strikes & harmonious
balsnce betwoon utilization of manpowsr and
mechonisation is an appropriete dose in the rels.

vant areas,

0.2 GP1 Degign_cf Copcgeis Polgs for Ryrgl Elegtzifigagion

0.2.1 Baskaround fox Development

Presently, tha dsmend for lins supports requirsd for
rural elsctrification in India is setimated at over 4 million
polss per annum, A lai¢ge portion of this demand mey be met by
prestresssd concretc poles, and thsrefors cconomicel designs which
ore consistent with functional resquirsments, may result in consi-
dszabls savings. Though ths absclute value of cost reduction per
pole mey sssm inccnsiderasbls, the sevings, when expressd us a
fraoction of the cost of pole, will be substantial and therefore,
additionel sffcrts to errive at thu economical degigns bscume
warthwhils,

0.2.2 Scope of Mork

With the sbovs background CRI under took an RAD project
tcwards svolving economical dosigh of .roctangular prestrosssd
concrats tronsmigsion line poles for use in rurel areas. The
functional requirements of these polee nre strength and durability,
In'ths design, both mild steel and high strength deformed bor
reinforcoments were conniderad.' Working loods taken were 140 kg
and 200 kg and foctcre of aafsty of 2.0 end 2.5, The RAD work elso
included, inter alia, detemination of the influuncs of transveres

esinforcements and influence of goometrical parametsrs on the
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bshsviocur of @ visrendesl pole; slestic stroes problem in
vViersndesl poles was studisd by phctoslastic methods.

6.2.3 Deyslcomental Wozk at CRI

Full scele specimsns of pregtressed concreste poles
of rectenguler ond viersndeel types were cast snd tsstsd to
investigete the different sspects of the beshaviour of poles,

The spscimens ware cast in a long tims pretension-
ing bed, Ths concrets was made from granits aggregatse, pits
end cement, Ths trensfer of prastress was effacted by s slow
detensioning of the wires, The polss wers testad as per Indian
Stendasd Specification 1S : 1678 - 1960.

After studying the results of the preliminary tests
for assessing the performence of poles, eightesn spscimens in
ons seriss were cost end tested to acssess ths performance of eix
typss of prestresscd councrete poles recommended for use. The
six typss of poles nmade from concreste of grode M-420 wers of
rectenguler cross-scction having o fector of sefety of 2.3
egeinet ultimate faiduze., Thues poles alscohowsd sufficisnt
gaei ntance to crocking and ultimate failure,

$.2.4 Jechng-Cconomics

Two sets of design peremeters, one corresponding to the
design prectice edopted now snd ths othsr corresponding to the
specifications from a few codss wers listad out and thechengs in
cost, when the design pasramsters weres modifisd, was worked out.
To cumpere the coet cfthe altornatives; the "reletive cnst” of o
pole wes ussd as an indicet-r rather than mbsclute cost, osthe

latter may very with time ond from ploes to plece.
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The relative copt wes definucd es follows !

c - Qe * KQ',

i

reletive cost of pole
uc « volume of concrste, n3
Q « waight of prestrassing stesl

« o kost of one tonne of preatiessing sisel

Cost of ons n3 of concrets

For ths materiels used K wes found tc be epproximatsly
11. Teble 23 indicstes ths percentage sevings in costs of eix CAI
designed poles (Group C) sgeinst thoss in use by o Stete Electri-
city Boerd (Group A) and thoes ss per Indian Stenderd Specifice-
tions (Group B); perameters ars same for ell the three groups.

IAME 22
Cost Sevings in CRI Designed Poles
31 Nelative Cost Cost Seving in C
Neo 2
A B c jILn 100 -ﬁz‘- x 100
) 0.216 0.237 0.106 21.% 13,9
e 0,278 0.299 0,249 11.2 16.7
3 0,233 0.201 0.203 21.) T.43
4 0.3013 0.321 0.270 14.08 21.10
s - 0.3“ U.zss 2!., -
] - 0.384 0.314 10.28% -

0.2.8 lmalsssntation of CRI Deoisn

The Indien Standerd on proetressed concrets trenemission
1ine polag 185 1 1670 -~ 1960 hes now bosn xeviesd on ths besis of

ths sugoeetions mage through CRI; the revised stendazd will to be
relessed soon,
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Also, the Rural Elactrification Corporstion ere going
to bring out s menual for production of transmiseion line polss
incorporating CRI'e design and development work,

8.3 LRIl Degign of Low Cost_Materinke for Low Cost Houess

Ths demand for building materials requirsd for the cons-
truction of dwelling unite anc greinries is enoxmous espscially in
rural India whers thegs advanced matsrisls ere not available hence
the tronesportetion of thess meteriale to the consumers centre
involve high coets and with the present problem rslated toc ths
fwi shortags every affort should be mada to minimise coet on this
sccount by exploiting locsl material for construction purposes,

Kesping in view the aveilebility cf locsl metegisls snd
paying capscity of economically weaker ssctions, CRI devsloped a
design for s rural house snd emsll capocity atorags bin wherein
ths usc of costly conventional construction metsxials wae sliming-
ted., The deaign smphesizas certing of only emall quentity of
sdvanced matsrial to the rugslerses for moteriale 1iks netural
scils. It further awploits othsr locally evailable materials, such
as rice husk, sscondezy spices of timbcr and sand stonc slasba.

The soil etabilization technique is the mlution to most
of thc prcbloms faced in rurel aorsas. The eoil is aveilabls
everywhere., It requires cnly s semall quantity cf cement, which is
ueed as & stnbilising agent. Since the quantity to be transported
is very rmall the cost of construction is not advaresly affactad,
The proc:ss of blockmaking is vezy simpls and the survices of
skilled lebourcrs are not required. This is not only cuts down
the cost by minimising the uss of ekilled labour but encourages the
es)lf help concept also.

For the roof of the house, sandetone tilss ars ueed which
ore locally avoilable, Broken tiles are made use of for floor for
the housw; which gives a very good irrsgulor pattern, For window
end door prnele the locally aveilable variety cf wood is used, In
foundaticns the lime and suskhi are made uee of, Thus most of the
materiale ueed in the construction are availasble locelly and only a
small quantity of cement noed bs transported.
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1f required inside of walls can be plastered with 15 mm
thick layer of clay bhusso putty. The ratioc of the mix is normally
12 : 1.

The externsl joints of block mascnry are pointed with
camsnt sand mortar (1:4) to protect the morvar from weathering
awsy. A plon of the house is given in Figure 8 and pesrspectivs

visw in Figura 9,

8.3.1  Anolysisof Cost

Inputs for a building consist of two major items normanlly
materiels and labour cost of which differ widely in different
regions of the country, Mence the cost of the house of the sama
degicn built to similar specificetions will tend to very from

rsgion to region,

Ths material cost of tha houee constructed within the
campus during current financial year works out to be fs 1700,00,
In additiocn to that totel cost of skilled and unskilled labour is
sbout & 1000/~ which may bu taken as self help of the cccupsnt
cr it msy be added to tha couat of the unit if the construction is
through organized sgency. These cost estimates ars based upon the
CP WD schedulc cf ratas for the year 1974 + 15 percent, Whenever
the ratsa ars not avpilabla in the schedulc, itam rate analysis

has besn duna, Total ccst quotod of the unit does not includs

chergss for any kind of service like electricity, woter supply and

sewags disposal,

Due to the concept of self help and uss of local material

rurai housing scheme will act es & countermagnet to migration of
rural populaticn to urban aress which are already under much
housing preseures, lacking housing accommodotion snd pravent smsry-
ging of slume & squatters. Anotharimportant fsctor of housing is
that it would provide tha necessary incentive snd inculcate tha
desirc in rural pour to save for the hope of having a roof of his

own over his hsad,

The house is well within resach cf rursl poor, The self

help construction can be dcne snd the cost of materials alone coms

to & 70/sq m, With limitatior of the funds allocated for housing,
this low cost will help in advancing towards achieving the ratio of

numbsr of dwellings 1000 inhabitants of about B achisvsd by ths

developed countries of tha world.
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’ IMPACT OF NATIONAL POLICIES AND CLANNING OF STRMTEGY
FOR DEVELOPMENT
9.1 Egliriog Rolefina te Ligestans Quarivigages

The sanction of prospecting licencos snd mining
lstses 88 also acquisition of land fell within the purview of
ths Stats Governments. To encourage new industries in ite
own State, promisos are made for immediate allotmunt of land and
sarc tion or prospacting licencae and mining loases. 1t has,
howsves, besn pointed cout that tho actual sanction/exesuy tion
of aining lamnes and land scquisition procendings taks quite
® long time and this requires improvement,

9.2 Nozwe for Exppegting and Lxploration of Ljmpatong

Proepecting end exploretion of limcetons depoesits
can yiald fruitful deta required for entrepremsl use and
sesistance if proper norme such as CRI's "Guide Norms for
Proepeeting, Exploration, Reserve Estimntion and Technological
Assessmont of Camont Grede L imestons Dapos its" ars followed.

9.3 Eoligigo Relating $o Ljmgsgons "vailpbjlity $o Mini

Lepont Plontg

Geologicnl prospecting, axplomtion stc requised
for & mini cemant plant axe such that ths small sntzeprensurs
way find it difficult to get thess done by yeologicsl conwml-
tants 29 tho cost of such investigation mey be proportionstaly
larga. Therefore for mini coment plent entroprensurs, the
Stats Goverrments might coneider possibility of making aveile
sbls the requirud explomtion date as a sorvics.

9.4 Leddgdse Relating Jo_Genl Moyegent end Quajity

Coal hos buon in short supply to soment industzy for
Quite somo time; the situstion improved in the year 1976 when
the loes of production cwing to shortage of ecal was only
5000 tonnas. Rocuntly the situation has egeain deteriomted in
some Quartors for werious recsonas,
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The Government of India constity tad & Standing Linkage
Committes for conl movemsnt in Januory 1973, As s rusult of the
disoussions botweon the Committas and cemont manufacturers, the
cement planta have beon linked up with specific sourcss of coal
supply, the linkage committea allozates the quota of coal for
sach cement plant, the fixasd Quote ia sufficient, by and lerges,
for sach cemant plant, Howsvar, sctual -upplies usually fall
short of tha allocations., The linkags Committee alao decidad
to maintain coal stocks at cemamt fsctorise to the axtent of
21 dsye' conmumption, As regards ths actual movemsnt of coal,
Indian Rsilways are rssporeible for providing adaquate wagons,

Transportation in areae involves multipls handl ing and
transhipmsnt; a unifisd policy for handling and transhipmont
will help smoother supply of coal to scma of tho camomt plants,

9.5 Ecdigise Relating 1o Surely 97 Cake Bxeezq and Lgé Volg-

dile fyale for Mini Cament Plarts

For Vortical Shaft Kiln, tho fucl usod is cokse bresza,
which is availsble mainly from etazsl plants and othar coke oven
battsr es or low wvolatils coole sveilabls only in cortain parte,
Thow ;n the prosent production of coke is noarly 21 million
teries, the aveilability of coks brecze has becoms lass bocause
of recycling of coks brseze within the atcsl plent mainly fir
sintering procoss., In soms plsnts, thure ie surpluaof coke
breezs and in soma others it balancce., Though the initial mini
plante can be well sustained by the coko brueze that will bs
availsble, a claar~cut policy hae to be arrived at to ensura that
mini cemant plamts do gat assured supply of cokc brosze or
alternstive low volatils fuels,

9.6 Eodigivn Relating tq Utiligetign of Industzisl Wegtep

Blast furnaco alag and fly ssh aro two importont
industrisl weetuc which ars utilized in tho monufacturs of
cemsrt with advantage,
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The Govarnment of India had ducidod to raimburss ths
cost of trensport of slsg provided it was moved from sources
Spprovad by the Cement Controller and was in the logicsl for-
werd direction as fur cement and to thu extont of savings
accruing tc Cement Rogulation Account of the Govermmsnt of India,
This howaver did not result in any incrsased utilization of
slag, ss the condition for rasimbursemont proved rather restrice
tive. This pusition hae since coneidorably improved with ths
announcemsmt of incentives for utilization of industrial wastss,

Since the freight cost is also 8 cost to the scoromy,
the relsvant considorstion should be tc minimisa the total cost
including the production cost and ““a fraight cost, Ths need
for increesad use of slag with the reimburasment of ths transe
port cost hes, thersfore; to ba balanced against the cost tc the
scoromy,

Substantial slag cement production could be schisved
with lest cost to the sconomy if cement plants using slay sre
sstablishad et or near the steel plants subjat to availebility
of rew materiols also closa to the stssl plants.

Fly ash is a waste product of tho thormsl plants using
coal, The basic problems in the way of greater uss of flyssh
ars the imsdaequatou availability of dry fly esh and lack of conm
sistency in its quality. These problams could bs sstisfactorily
overcoms if, as in ths ccas of stwsl plants, a directive is
given to ths thormal plants to ostablish the necosssry arrangsmsntse
at each plant for cartifying the quolity of ths fly ash according
to proscribad spec ifications and making it aveilable to the
industry in & prop:r fremework. Tha additional expsnditure ine
volved cn théso arrangements could be mot out of the sale procesds
of tho fly ash,

Othur industrial waetss like calcium bearing sludges from
paper and suger industries, by~product gypsum frow fortilizes
industries src similorly to bo sncoumged,
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9.7 Eoldigipe Aeloting $q Split Locstjon
Tha normal setting up of a cement producing plant, psrti-

culsrly aftar the freight pooling system came into existence in 1956,
is to hava its werious components such ae the limestone quarxies, ths
clinker plant and the cement grinding and packing planmt situoted in
the vicinity of each other. Somstimes, howsvor, thesre is departure
from this conventional set up and what is known as eplit loco tion is
resorted to, Whan this is dons, the clinker capacity is established
nedr tha eource of he raw matorisl, namely, limestone quarriags
while tha cemont grinding and packing plants ars established at a
different eite, usually near somo centre whero cumant is consumed in

wfficiently largs gquantitieas,

50 long ae limastone was being utilieed as the prireipal
raw material the idw of split location was confined within the
sbove narrow scopa. Howaver, ths situstion hae bean c hanging gver
ths yers dua to tws facturs., Thore hae beon substantial incresse
in the producti.n of steel in the country and as a result, largs
Quantities of blast furnace slag (BFS), which can be utilisod as a
supplanentary component material for the production of coment, exe
becoming aweilable, Secondly, a number of tharmal plants have been
and are being set up in the country and ae a result, fly ash which
€an 2also be used as supplomentazy component material for the produce
tion of Portland Pozmlana Cement is bocoming available in larger
Quantitiss,

AS a rosult of the sbove developmsnts, the ides of split
location has to be oxamingd from verious angles, particulorly from
the point of view of the increased uso of BFS snd fly ash as supple-
mentary component materiols for ths production of coment, The
virious factors which havs to be examined ire the econumics of the
Proposition depending upon the locality, demand for comsnt, ovaile
ability of clinker, BFS and pozzolanie materiale like fly ash, faci-
lity for putting up a grinding unit, blanding or intor-grinding of
ths warious materiols etc.

It could as well be a frasmework of policy thet all neyw
cament plants now in the planning and design etage should bs sxaminsd
for poesibilitius of split location system,




9.8 Eoligagn Releting to Bylk Suypply of Loment

Bulk supply of cement is becoming morv and mure popular.
In some of the sdvinced countries over 70% of the total qusntity
of csment produced ie supplied in bulk whilst in India thers ere
only two bulk distribution centras - one in Dglhi and the othar
in Bombay. In view of certain cleer advantages and disedvantages
in the bulk supply of cement in compariecn with bagged supply, ths
question as tu under what set of parametars bulk supply should
repleace the bagged supply requirs a deteiled cunsideretion.,
Supply of cement in resturnable drums/containez® also merite seriocus
consideretion particularly in view of ths circumstsncas cbtaining

in some of the dsveloping countriss,

9.9 Baligige Aelating %o Packeging

As at present, pscking cost is inebuilt in the towl
pricing structure of cement; it being a controlled commodity in

India, Pncking cost is roviewed and anncunced by ths Cement
Controllarn Government of Indie quarterly deponding upon ths weria-
tion in price of juto which is tho materisl of packaging cement
for dumeetic morkot; packaging meterial for export is kr:ft pap ax
(presently expuort of cement has been stouped with a view to
mosting ite shortage in domestic markct). Price of jute is
ennounced by the Jute Commiseioner, Govermment of India, Whilse
ennourcing the cost of packing elenent, the (Coment Controllor aleo
takes intc account the use of old gunny bags, The ratio of old

to now bags to be used for packing cement by the plante is
controllcd at aobout 40:60, The Cement Controller alec sllowse
adjuetment in this ratio even up to the oxtont of 70130 to snsurs
that the tctal price is not excesdod.

There is a tremendous need to conesrve a ecarce commo-
dity like comcnt, The wastags of cement due to suepegs and alwo
detorior tion due to ingress of moisture has basn attributed to
tho permaable chamctor of the packing in looeo-textured juts bage,
Improved muthods of packing cement as developed by CRI and dise
cusead esirlicr couli be a eolution on which policies have to bs
formmulated,
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9.1 Folicies Relating to Stansrdization of Plant
£0d fachinery

Wrietiss of cdssigns snd eizes becauass of different
colleboretiong havs effesct on dslivery psriod, replacements end
costs. Unificetion of design through nacesea ry dimensitmel
stends rdization of plent end mechinsry for conventional plnntes and
stende rdize tion of mini plents will go a long way in ths fester
end mors orderly development of tha induetry. As a beginning
e Natiomml Standerd, i.e. Indian Standird Spscification
entitled "Dimengions and Msteriels of Cement Rotery Kilns,
Components and Auxiliapies (Dry Frocesec with syspengioh puhntur)'
I8s 8125 ~ 1976 hae slready bsen brought out snd CRI hag stendsrde
ized design of mini oement plsnt. Govsrnment, as e policy,
could csuese implementat ion of those standarde through mandetory
directives, Soms,howsveryhold tha visw that such mndatory
directives will bu & rstrogreds stesp in so fsr ae advancement of
technology i conosrnsd.

L0 tolicies Meleting _to Fricing of Cement

The cement induetry in India hce bsen sudject to
price snd distribution control except for s brief perioo during
1968-67 vhan it wne subject to informl self -control by the
industry itself under the ovarell guidence of ths Government.

Ths Teriff Gommission which snquired into the prics
structure of the cement industry in ite report sybmittsd to thae
Government of Indin in 1974, hsd suggested the concept of the
stenderd coet for the industry as ® whols besed on @ system of
vweighted averegos - a8 waighted sversge price for the industry es
¢ whole, specis] sdditioml prics for high cost units and e fund
into vhich the difference betusen ths woightsd 8virage retention
price snd the soctusl retentini priocs would be paid for mget ing the
8ddition1l price given to high coet units. The etope of thg
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fund was aleo cnlarged to reimburee the difference in actusl
raeilwy freight incurred and the provision in the F 0 R price,
Thus while the weighted sverege retention price secured a
reasoneble price to the manufacturer, the F 0 R price ascured
cement to the consumer ot & uniform reascnable price through

the country.

Another re2scn generally adveanaed for the slow
growth of the industry is the strict price control and the
inadequete and meagre return provided which is insufficisnt
to pay & reasoneabl o dividend to the sharcholdars, This hss
been overcome with the recent decisions of the Government
to give an additionnl price to high cost units set up in hilly
and romote erees and fixing the price of iew units/expansicns
on the beais of a net post tax return of 12% on the net
worth limited to an amoguni of Rs 230/= out of & fixsd invsstment
of Ra 650/~ psr torne, It will be noted thet this decision
does not cover the axisting units and both the decigions ers
8t present applicebla only upto 31.3.1979 when the present
price period expires,

A saction of the industry has buan of the vigw that
the region.) imbalance in the setting up of ocapocity is dus
to thg operetion of froeight pool, tht it is not in vogue anyvhere
slse in the world and that but for it additional ocepacity could
hsve come up in the treditionally deficit crees. In s vast
country like Indin, cemunt has to move ovor long distances to
the vardioue consum tion points and freight is an important
sspect in the ultimate consumsr price. Freight pocling system
hos assured the aveilability of cament in all parts of the
country at the same price. The Tariff Combission examined this
arrangencnt 2na @me to the conclusion that in the intercst of
overell eccnumy ancu of the consumer, the freight pocoling system
should by continust to ensure equel availability and inform

price of cenent 211 over ths country.




A Wigh Level Committees haa noy Lcan appointed by the
Govarnment of Indiz with s view to undert2king a comprehensive
revisw of the Indian cement industry covering the product {on,
distribution and pricing espects and the Committoe ig

prosently pursuing this task.
9.12 Relicios Relating to Appropriste Tochnology

8ince in most ocssos the socia) costs end ths social
@specta of & technology are lost sight of in the midst of the
norm]l prectice of conaiduring techno~sconomic visbility or
projects, Government would heve to teks spccisl steps to bring
home the sdwentagss of sppropriate technology. Whilst the
technologiste should as & genorel rule srrive at gych solut {one
which sre visble without incentives or corCeasslons, until the
verious adwentagss of appropriste technology ere resliged snd
spprociatod by the concernaed populstion, Governments could
provide incentives and concessions to make projects basad on
eppropriate technoloyy sttroctive. The loass of revenusg to
or ths expenditure incurrsd by the Government in doing so could
be compenested by sproiding these on the entire industry} for
sxample, if 25% of the totel cement production in s country i
the contribution Prom mini cemont plents, the coats or sxpend~
iture on sccount of concessions and incantivea to mini cement
plents could ba recoversd by spreading them over the remining
78% of ths production by the industry. These could be
reviewed from tims to time sas socio~scommic developments take
clocs and belanced,



10 CONCLUSION

From the foregoing, it is evident that no single
tachnology can bc stated as Appropriate Technolegy for ell
countries, under all circumstancee and at all timea. Thet
technology which is "eppropriate™ in the given techno-socio-
economic frameWwork ie the one that should be edopted, It is
seen thet even in the Indian scene quite clearly the techno.
logies of large cemant plants, the technologiee of medium
csment plants and the technologies of mini cement plents ere
all relevant and havae all their own place and their own role
to play. In spite of the diversitiee thet we see in the
Indian scene and in epite of the fact thet there is place for
a8 variety of tachnalecgyies in the menufacture of cement, there
can at the seme time be seen a continuoue thread of unity in
this diversity., Thie in fect is likely tp be the position
with reference to the other developing countries wherein in
spite of ell th: diversities smongst them there would be
certein unifying factors which play an impartant role in the

dscision meking relating to technolugies for the development

of the cement induetry end in their ultimete rcle in industris-

lization and eccic-ecdnomic development of thease countries, A
continucus and ihtensive cooperation amongst the developing
countries on the basie of complementarigy will be the most

importent base febric on which development can be specded up,
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MAP SHOWING LOCATIONS WHERE LIMESTONE DEPOSIYTS '
ARE EITHER ABDSENT OR ARE OVERLAIN
BY YOUNGER BARREN ROCKS

SASINS,; AREAS WITH MAXIMUM CONCENTAATION
OF CEMENT GRADE LIMESTONE

NN AREAS WHICH HAVE NOT BEEN PROSPECTRD
' ADEGUATELY AND WHICH HAVE 600D POTENTIAL

OECCAN TRAPS, IGNEOUS INTRUSIVES, INDO —
GANGETIC ALLUVIUM AND GONDAWANA FORMAT'ONS

AREAS WHICH CONTAIN SPARSELY DISTRIDUTED
CRYSTALLINE OR SEDIMENTARY LIMESTONE DEPOSITS

CEMENT PLANTS

NEW UNITS UNDER CONSTRUCTION
OR PLANNED
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PERSPECTIVE VIEW OF CRI LOW COST HOUSE
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Annexuze 1
ESTIMATES OF CAPITAL CDSTS

of a 50 tpd Mini CemermtPlant (CRI-Type) - Situation B

S1 No Item Cost
(Rs/L akhs)
A Land 0.9C
B Civil Workg
B. Civil Engineering Infrastructure 0.97
B.,2 Buildinqe and structures 16.61
B.3 Contingencies 0,88
SUB TOTAL (B) 18,46
C  Maghiregv & Equipment -
Cost of Equipment as erected 55,74
C.2 Contingsncieas 1.67
SUB TOTAL (C) 1.4

b Exeiscting Coata
D4 Prsliminary expenses 1.50

D.2  Engipegring gf Pgoject

i/ Detailed project report 0.75
ii/ Detmiled engineering $.00
iii/ Supervision during construction, 1.%0
erection, start-up and commiseioning
D,3 Trsining expenses 0.25
D.4 Start-up expenses 1.00
D.5 Genersl construction charges 2,25
D,6 Intgteut on capi?al hsld up 1.66
during construction period ¢
SUB TOTAL (D) 18,91
£ Fixed capital coat ('A' to 'D') 92.68
Initisl spares 2.22
6 Capitel cost ('E' + 'F') 94,90
EQUITY CAPITAL 5% = 33,22 Lakhs
LONG TERM LOAN 65% = 61,68 Lakhs

(Carrying intersst
at 9.5% per annum)
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WORKING CAPITAL REQUIREMENT

Annexuze 11

for @ 50 tpd Mini Cement Plant (CRI-Type) - Situation B

Sl Inventory . Unit Amount

No Ttem pe riod Quant ity Rate {Rs/L akhs)

\ Raw Materiols
1.1 Limestone 3-months 4692 (t) 20,45 0.96
1.2 CQlay {.5-months 497 (¢) 6,25 0.03
1.3 Coke breeze 4-months 984 (t) 203.179 2.01
1.4 Gypsum 2-months 125 (t) 109.18 0,14

2 Utilities |
2.1 Powsr {-month 159333  (KwH) 0,24 0.38
2.2 Water - - -

J Stores & Consumables 1-manth 0,10

4 Salaries & Wages t-manth 0.7

S Raspeirs & 2-months 0.24

Maintenence |

Ovs rheads t-month g.10
'nasurence Charges Jamonthe 0.10

8 Stogk of Invantogy
8.1 Goods in prceess

upto clinker 1S~-days 615 (¢) 125,04 0,84
8.2 Finished goods T-days Ja¢  (¢) 182,19 0,59
upto naked cement
9 Packing Materiasl {-month 25500 (Bags) 1.5% 0.41
6.61

MARGIN MONEY (EQUITY)
SHORT.TEAM LOAN

40%
60%

RATE OF INTEMEST

- % 2,04 Lakhs
- & 2,97 Lakhs

15%
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Annexuze IV .

BRC AK-EVE N ANAL'YSIS

for & 50 tpd Mini Cement Plant (CRI-Type) Situation B

S1 Item Amount i
No !
1 Sales quantity (tonne/year) 15296.00
2 Net eales realimation per tonne of cement 314,75
k| Annugl Cogt of Production :
A Fixed cloments : (f/lakhs) ;
i/ Puwer 4,59 l
ii/ Salaries & Wages 8. 46
iii/ Stores & Consumables (25%) 0.30
iv/ Repairs & Meintenance (75%) 1.08 »
v/ Overhead Expenses 1.22 |
vi/ Deprecistion 5.22 5
vii/ Insurance 0.39
viii/ Amortization of Projscting Coste 1.37
ix/ Finsngial Exgangep
a/ Interest on long-term loan 2.93
b/ Interest on short-temm losn 0.60
TOTAL 26,16
P  VYagiable Elements : (R/lakhs)
i/ Row Materialse 10.53
ii/ Stores & Consumables (75%) 0.92
iii/ Repairs & Maintenance(25%) 0.3¢
iv/ 5elling Expehgss 0.46
TOT AL 12,67
Totel of verisble components of production 82,83

cost/tonne

Tetal of fixed compcnents

100

Bresk-sven point = [Net sales realisation/tonne *

« total varisble cost/tonne)

- ~oRai6.000 -1 .
314.75-82.83 > 15,296

L 73. 7‘

Normal
capacity .

i
S
O
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ESTIMATES OF COST OF PRODU!

FOR A 50 TPD MINI CEMENT P

v

YEARS OF OPERATION | 1 11
PRODUCTION (QUANTITY IN TONNES) 111 ECCER EIAEE N BT
TTEMS Rs/Lanns |Re/Larns |Rs/Lanns |Rs/Larre
1 | RAW MATERIALS:- L
Q DOMESTIC 256 4-32 4 86 4
b IMPORTED - — — —
2 | FUEL AND POWER 818 | 9 &5 |1c o7 |10 ¢
3| STORES AND CONSUMABLES | 1 14 122 t L2 -2
4| WAGES AND SALARIES 790 | 8 46 BoAE | € 4
5| REPAIRS AND MAINTENANCE | 134 | 1.44 | 144 |1 4¢
6| CTHER INPUTS()PacriuaCranass — - — _
(F AnY) (b)OtHER Womws Expenstsl @ 57 C€N & C €
T } RENT TAXES AND INSURANCE ETC.| £ 26 %9 o '59“—~L.’“—:—‘}
8 | INTEREST ON (Q)WorkinaCapita] ©: 60 6 60 o £ =
(BhovaTermioan [ 5-86 | 551 [ 4-73 4 10
9| DEPRECIATION 12-40 | 1¢:15 34 ;a
10| AvorTizATION OF Prosecring Cost| 1 37 137 1 "57‘_7} ~3 !
11 | Otwer ADMINISTRATIVE ExPENSES 057 C' 61 C ¢ »1" ..; K 1
12| SeLLing ExPenges G- 43 0-4¢é c 46 Y
A ToTaL MANUFACTURING ExPenses 44.28 | 44 99 | @3 ¢«4 4t1-_o-
SaLes (QuanTITY AND VALUE) mi '13043. ct;)r; (13; .843 1) | Clts‘/'f{f; );fjsjib;{
OTHER INCOME - - - o
B ToTAL INCOME 34.65 | 4244 | 4770 | 45
OPERATING ProrIT(B-A) -9.3% | ~2r5% Liel? 7~1
LESS TAXATION ' - - - -
» INVESTMENT ALLOWANCE RESERVE - - - 2.4,
NETPQOFrr ‘ - -933 |-265 | 413 4‘2@
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S OF COST OF PRODUCTION AND FROFITABILITY

ANNEXURE Y

FOR A 50 TPD MINI CEMENTPLANT ( CRI-TYPE ) SITUATION 8
8 11 v Vv VI 28 VIIl IX X
Ao CEAT 206 | IRIZ0A IR 06e | T LA LR e e | ThLLLE | 1T -
J/Larrs |Rsg/Lanns [Ra/LAaxws [Rs/L axwus [Rs/Laxns [Rs/Laxns [Rs/LaxHs [Ra/Laxwus [Rs/LaxHs
SR S SR
32 4 B6& 4 < 4. ¢4 41 4 1 g N 4 1 4 -
’ru’; 10 7,7 1O 61 10«1 1O 61 1021 1061 1061 17 €1
4L j e - 2.2 20 | 122 27 2 127 17
Y HoAE | Bat 4 | A oac r 46 | R4g a-4c¢ | % 45
a4 j 44 |1 A4 | 144 | 1-44 44 | 144 | 144 | 144
€1 c O 6 o 61 C EN RN 0 61 D €1 A S
L 2.9 0 329 ¢ %9 0 3% c- 2,4 c 29 Ry @DV 29
L €0 RN - - - - - -~ -
51 | 4-73 4.10 | 352 | 2.9} 2 24 .76 17 e
15 © 24 £ £ 4 | 5 £ 5.3 4.19 3.42 3-3¢ | 2-6C
- JRNRENENI S IS S
37 137 137 1- 37 137 - 1-27 1. 37 O |
éA C €1 o é c €1 2R C. £ Ay e e ~ kT
4¢& c 46 ¢ 4¢ 0-4c¢ O 46 O d ¢ Q46 T 4 .46
199 | 43 &4 L41-09 39 28 | 3R ol |36 €1 |38 35 (3444 |34 59
831y (15182 ) [¢TRI061)1(153561)[('52068) 715264 ¢; | (1536E¢() 152964)[¥5249614)
+ 244 | 4779 |40 14 | 48 14 483 14 | 4814 | 4814 | 49 14 | 45 14
- - 003 | 0 22 <17 020 2 61 1.0 4 1106
b 244 | 4770 | 45 1T | 4R 37 |49 31 [ 4P .34 [ 4972 14047 | 40.20
- 05 VA 718 9-c6 |1mn 27 1173 1242 |14 F4 |15 &%
- — - —— — -’. /r»-
- - 2-44 | B9 | 2-72 -
265 | 413 | 421 [ 100 | g 55 7.93




CASH FLOW

STATEMED

FOR A S0 TPD MINI CEMENTPLANT (CRI-TYPE. STw

S.Ng 11T & m cgr:f;:u YEAR | YEAR | ves
Periop| [ 1t "
—--—J>——
SOURCES OF FUNDSD
4 Nat Profl bepere teves with intarest odded ter depriciati nd invesimen! - - - )
-m‘:e'. for » 1 ] afttr pree ation o L] n B 1IA7 | 3 56 q f
2 1nerease in Ghare Ceopital W eavity Sm. pe -
e ()  pregerence e - et
3 Depracieatian - 12 . 46| 101%5 | ® 2
- tnvest ment alowence - R _:. o
-4 -
s Increase wm \eong term ln.n/ Jdebentures 6"6‘1 B N
'3 Increase in deferred paymert facilities - ; — — T
- i
y Incremse in  uUnsecured Lleens and depesits - | —- - -
I
+ t —
[ locreese in  beak berrewings fer working Cepital , 387 F — —_— -
— R UG P b e .} -
Y soles o (\xed essets/ investments ] - *‘ - — L—_’..
1 other litem - Amortigalion of preyeciing Cost. —_ 1-37 | 137 12
. .
TOTAL A’ 101:51:10°90 |15-08 | 19.1
DISPOSITION OF FUNDS
1 Progjecting Cost 19 646 - — -
"y \ncrease n  Copital expenditure 8124 - - -
| increase in  current osseis/ inventeries/ otherg i1k o740 73 -
4 Decreeass in leng term loan / Osbentures - 3270|924 |68
] Decreate Unsecures leon/ Deposits - - - -
‘ Decrease wn  deferred paymed  facilities - _ i} _
4 O¢ereate n  beak berrowing fer Working Copital -— -— — SR
8 incresse in  investments _ - . -
9 interest - 645 | €11 |53
[ ] tex ation _ :' _ .
] Dividend on Eauvtly ( omoun! aend rale) - - - 28‘{
: . _ L 7
Q &ther Expenses
. ) ,,I
TOTAL B 10004 1090|1508 (18
© | orenime sacance S ISP Do) P
@ NET sumpLus (A ~-8) 1 47 - ) - a-)
U W [N SO SR
@ CLOSING BALANCE. 1. 47 11,47 {147 | 3.5
e —
1




_ANNEAF" Vi
‘ CASE FLOW STATEMENT
FOR A 50 TPD MINI CEMENTPLANT (CRI-TYPE) SITUATION 8
- CONsTRu; YEAR | YEAR | YEAR | YRAR | YEAR | YEAR| YEAR| VEAR| VEAR| vEAR
-4 -cvTiON
Pemicol ! 1 (3] 144 v | w i 194 b 4
" added aittr deprciation and mvelment | _ -1-51 396 | 9461733 | 239 3.04[1407 1519 (1410|1614
ei;wr - el 2. X - - - - - e C = - -
Preference . ... Tz - .= bt = = b g i
T (124011015 | 834 | 6.54 |68 | 503 | AT9| 348 |3.39 | 2.00
- - - = | 392 (1022 | 4 06| '~ = | 154 -
vtures £1.68 - - - — — — -~ -— — -
tneil.tieg . a—— — — — —-— - a— — w—
ind .;f;;l;.l — — e - - —— -— - —. -
o working Copital YT N e P
ents - =1 = =1 -1 -Josa| 1 = [om| -—
preyecting Ceut. = | 127 37 | 37 [ 137 [ 137 | 437 137 | 37 | 1.3y | 5.33
ToTAL A’ 10151 110'50 [15-98 |19.17 |19 4& [19-86 |20-54(15.63 [20-0%|21.0¢6 g0 49
1‘ "6 - — - - L o —— - e o
2124 ~ - - - - |3 2| - -~ 438 -
venterias/ others 5.'« g o-'[a, ;-_ - - .y T - - -~
*bentures — (370|824 |687 €17 | &1 €17 | 617 | €17 {813 | €ivg
Depositg - - — - —-— - -— I — - -
R M L |
facilities — — . - — - | - — L ad LTS -,
l;r N;::-n’ Comital -— — — Q7 - -~ — [ = AT BV ‘“’ )
- - = 1- S e B D e el S
— |6a8] 611 533|410 (332 298 [23¢ | 273 | 1017 |y
- =T =T - == =T =] S [eetnsl
ond ra - - - f—ﬁ 2li 237 3"9 ﬂ O | G . X
‘e - 187 [ (aay | (@%)|creqal iy |
. ToTAL '8’ 10006 | 10:9p [ 15:08 | 1874 [13:14 [12.56 | 16.41[12- 81 |12.58| 23 gy| 20\,
= [ 147147 1147|190 8.22|1833(19.45|24.27| ¥8.3¢|30 48
- R 147 - - |0-42632 |70 (4143 [£.82 | 7.00+|~2.91]|- 044
o }
) 147 (147 [ 147 | 190 '8:22 | 1512|1945 (24.27| 33.24| 16 455 %0. 61
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ANNEXURE VIII

THIS DOCUMENT HAS BEEN PREPARED BY THE STAFF OF
CEMENT RESEARCH INSTITUTE OF INDIA UNDER THE GUIDANCE OF

(TS DIRECTOR GENERAL AND VETTED BY AN EXPERT WORKING GROUP

COMPRISING :

Or H C VISVESVARAYA

Directer General
Cemeant Research institute of indla

Sh BY RAJV

Chairman and Managing Dirgctor
Cement Corporation of india Ltd.

Sh L SWAROOP
Vice President (Operations)
Oaimia Cement ( Bharat) Litg.

Sh K P BANERJEE

Oy General Manager (RA D)
Larsen & Toubro Ltd.

Dr 8 G BHATTACHARYA

industrial Advisor
Bureau of Industrial Costs & Prises

Sh RVYA THAMPURAN
Chiet Enginesr ( Designs)
The X CP Lte.

Sh J N RATHI

Seneral Manager
Century Cement

Sh 8 8 RANGNEKAR

Contrelier (RA D)
Asseclated Cement Companies Lid.

Dr G M PANDYA

Sesretary
Cement Manutacturers Asseciatien

Chairman

Member

Member

Member

Member

Member

Member

Member

Member
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