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INTRuDUCTIÜN 

ational  progress,   in  today's  context,   is  possible only 

with  indu  trial  progress.     The   quality   and   quantity of industrial 

progress  achieved  is   influenced,   in  a  large measure,   by the   quality 

and   quantity  of  technolugical   support   the  industries   ars  able to 

progress. 

Construction   is not only  an   integral   part  uf  human  civializa- 

tion  but   also   an   important   constituent   in national  progress.     Analysis 

of  expenditure  in   India under the  successive  national  plans  clearly 

brings  out that  the  expenditure on  construction   has   been of the order 

of  50 per cent  of the  total   investments,    un   an overall  basis,   abotJt 

66 pt>r   cent  of  this   expenditure  on  construction   is   accounted   by   the 

cost  of  mater.als of  construction.     In   fact,   expenditure on   materials 

of  construction   in   the   Fifth   Five  Year  Plan  of   India  was   estimated  to 

be over Rs 180,000 million -   a   figure which far   exceeded  even  the 

total  outlay  of   India  in   the  Third   Five  Year  Plen.        In  this   back- 

ground,   the vital   role cement   end  cement  based  construction  materials 

play needs no   elaboration.     The cement   industry,   cement  based 

industries such  as those  engaged   in concrete  construction,   manufac- 

ture of  precast   concrete products,   and   manufacture of asbestos 

cement   products,   and  the  allied  industries  such  as  thOBB  engaged 

in  the manufacture of plant   and machinery thus   have   a direct   and 

determining  impact on  the  economic  development  o * a  country. 

A study of the developments in  the  Indian   cement  industry 

sinco   its  inception   about   64   years  ago   and those of the allied 

industries will   at once bring out  that  these  industries  have 

enduavoured to   use the tools of  science  and technology  as  best 

aa  possible  in   tune with the  prevalent   sociu-economic  considera- 

tions over a period.     Whilst   a  great  deal of   research and 

development  and other  related  technical   activities  are apace, 

considerable  strengthening of  the technological  base  in this 
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field   had become   imperative.     luwever,  with  the   rapid  pace with 

which  science  and   technolugy   are progressing the  world   today   and 

with the growing  realization of  the   increasing need  far   harness- 

ing the  fruits of   science   and  technology  for  industrial   progress, 

a national  strategy   for  strengthening the  technological   support 

to  these industries   has  become   inevitable. 

The   basic   constituents   for   successful  and  meaningful 

strategy  for   technological  support   tu   the  industry   are (a)   Strategy; 

( b)   Resources Mobilisations   and  (c)   Direction. 

A  correlated study of   thest   constituents   leads   to  the 

following basic characters  in   the  framework of an   appropriate 

developmental  plan   for technology   supporti 

i/     Updating of. the  av/ailable technological talents  to   the 

industries  through programmes   covering continuing 

education  refresher courses and  training 

ii/     Generation of new   technological  talents not  only   to 

meet   the present   shortages of  technulogical   talents 

to  the  industries   but   also to   cover  nauer   and 

emerging technologies  through   regular  industry- 

oriented long-term   educational   programmes. 

ili/     Utilization of available.  tochnological  talents  and 

infrastructure in   various  forms  in  the country - 

in  research   institutes,   in universities,   and  in 

industries -   towards solving  either  parts of or 

the uhule o f an   identifiud problem of the  industry." 

this  requires  a centrally monitored   system   which 

should   be capable  of identifying competence,  of 

•valuation  work,   of integrating   findings,   and 

finally of translating these into  a   form which 

would   have  a satisfactory interface with the 

industry. 
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1.1 

iv/      Strengthening of evailable infrastructure to oarryout 

orge nie ad,   coordinated and intontivo ñ ft 0 in an 

increaeed measure* 

v/      Croat ion of óyeteme, maano and msehenisae for aff activa 

tranaforof  tachnology not only with  rafaranca to the 

teehnologlee g an aratod within tho country but alao 

tochnologiea yhich might bo generated elaewhore which 

aro eonaidarad appropriato for abwrption or adoptât ion 

and for tran of or to tha indu at rito in tha country. 

«SICFMnEVORK 

mSJBmSSmmm^ 

Tharo it no doubt that in a world whara about tOf] of tha 

population gata about 60J. of the total world product whilst about 

of tha population live on the remaining about 20* of tho world product, 

o cionco and tachnology hove to play a dominant rola in correcting thia 

aituation.    But it ha o by now beco mo dear that mora copying of what 

thia 20J( of the population do will not  be e   ao lut ion to tha 60**| adopt- 

ing the earne processee, doeigna and equipment aa the 20% adopt ia alee 

not the eolutlon aven if one udrà   te  adopt tha same by reducing the 

acale*    In   the name of low,  medium or high technology, to adopt a 

technology which una onco prevalent and which has now become abeolete 

a mengest tho 20JC cf the population dpee not appear to provide tha 

aolution either« 

The Limn Declaration and Plan of Action on  Industrial 

Development and (^operation adoptad by the Second General  Conference 

oT UN 100,  propoaad that the ohare of developing countriee in total 

world indu at rial production should be incroaeed so far ai possible to 

at  laset 25 per cent  by the year 2000»     Implied in thio statement io a 

requirement for detailed understanding and intense etudy of appropriate 

technologies in all mejor indu et rial fiel da to support thia unprecedented 

growth objective and to correapond to the needa and goal a of developing 

count riee« 
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1.2 lm-temË&iii^±BË£2Ëii*imiLj°LJMâi2um 

If the various asp«et» of any design of induttrial equipment 

or manufacturing process ars ««minad in depth with a   view to finding out 

a« to how thaaa dlff ar from thoae in another design  for almilar purpoae 

the following thra« abstract attribute« present themaalvea prominently» 

A The technolggioil   contanta in  ths daalgn and their 

orientation,  which,  for convenience,   wa may oall 

TECHNOLOGY  ORIENTATION. 

I The natura of interface envisaged by  ths taohnologioal 

contants for tranafer of technology  which wa My oall 

TMN1FCR INTENTA CC, and 

C Ths aocio-techro-eoonomic system to  which the deaign 

belongs which, again for convenience, we may call 

SYSTEM STATUS. 

Thaaa sttributes may now ba examined with • viaw to understanding 

«hair meaning in identifying the various aspects of design end their 

significance in the    processes of svolving what my be celled a design 

standard   based on appropriate taohnology. 

1 • 2« 1 !*.Ühnt-IoBy Oriapt>tio" 

The technologies deemed to be appropriate arel 

a/        Thoae producing the kind, quality and    uniformity 

appro print e to the needei 

b/        Those producing goods or services at ths lowsst  pò ss ibi s 

capital investment and skill  require»enta for a  viable 

enterprises 
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Thoae producing goo di or aervicea with optimi« degrea of 

••Bioyinent alto ooneietent y it h a via bla o para tieni and 

Thoae producing goo dt and aarvlcaa with the highaat 

utilization of aultabla an tarlala available locally. 

A technology at a given point of time aultabla for India,  for 

attempi a, amy ba quita different from the technology which la aultabla «t 

the asm« point of time for another oountry aay Japan or UIA.    The doaign 

of induatrial  equipment and lanufaoturing procaeeaa in thaaa eituatione 

for the aama purpoae oould, therafora,  turn out to ba totally different 

beajeuea of the variation in emphaeie in the orientation nf technology* 

Tha orientation of technology oan be claaalfied aal 

Materiale-aaving taohnology 

labour-aaving taohnology 

• time-eaving taohnology 

- quality-improving teahnology 

• labour-lnteneive taohnology 

and ao on 

Thaaa main olaaaifloationa oan ba further aub»divlded and 

thalr permuta tie ne and oomblnotione, depanding on the degree of emphaeie 

in tha orientation,  may ba rapraeentated by pointa T.,  T., T.,  T#, T.  ..... 

.....T_ on tha K-axie of the thraa d imánalo nal apaoa llluatiatad in Fleura 

1  for appropriata technology* 

'•*•*    Hfjflii Intesasi 

Taohnology tranafer oan ba aohlaved by ona or a combination of 

varloue way a,  audi a a diaaemlnation of information through pubi lane d 

lit earn tu re, conference«, lecturoe, varloue communication madia,  movement 

af paopla, dlaeuaalona, vialta, through lieanaing know-now, patenta 
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and trade «erke, through  etanoarda, through  teohnioil cooperative 

programmes and ea on.    One au oh po war ful and aff activa maans la tha Input 

of ma* in try and equipment. 

It  it wall known that for an aff active transfer of technology, 

the tran ef aree ahould he va developed the raquialts compétence and be 

equipped enough to receive, eeeimilatd and    utilità the neu technology, by 

adapting it to tha tranafaree'a own conditional  the transferer ahould alto 

be willing and cooperative in thie procese.       In any auch system of 

tranafer of tecnnology, actual mechanics  can   conaidexebly vary  from 

aituation to  eltuetion but  it ia now wall   eatabliahed that the moat 

Important single foot or uh loh would contribute to  the success of transfer 

la tha creation of proper interfacce in tha system. 

In eny given circumetencea,  every centre of technology has four 

el nar interfacea - two in the vert ice 1 direction and two in the) horiiontal 

direction   e e Uluatrated in Figure 2 of which,  from the point of view of 

daaign and operation of indu etrial equipment and proceaaaa, the vertical 

lower interface need only be co ne id «red. 

eh il at this concept of interfacing  lea be eie one and tha 

philoaophy of interfacing ie an eeeentiai prerequisite in any aff activa 

ayatem for tranafer technology, it ie not always neceasery  that  tha 

daaign centre which transfers technology be a  separate inetitution, 

organiiation or ntityi  it ia possible to bring about such a transfer 

avën within the fíame work of e eingle unit ae long as the transfer 

«echa nica le rea Used ae a  cloaed orbitai loop in which every link ha a 

an interface with the prceeding one and the   following one. 

These int erf a cos may bo identified and represented by points 

I , L, I,, 14, I&........ ..In on the Y-*xie of the three- 

dimensional  standardization epece Uluatrated in figure 1. 
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1.2.3. AÍSiSÜ-SSiÜS 

Appropriate Technology at  once implies  recognition of  existence 

in a  total  system  but  it   is  not  uncommon to  find c technology  and hone« 

the  design  standard  being linked only  with aspects   union are  its neighbours 

on  either side - re y  be sometimes a  little farther -  but   without an 

attempt  to   study the system a s a   whole,     whilst   it   i3 accapted that 

equipment  design  and  manufacturing processes and therefore the  relevant 

design   standards  should be   related to  social,   technological end economic 

aspects of  a  nation,   there   is  presently practically   no  oro/jnizec, or 

systematic  effort  to   link  them  with the  socio-t ech no-eco no mie syst s.* 
to   which  they  really   belong. 

Those   in   the field of   systems science are  well aware that 

the basis of  systems approach   is to aBk  "what are  the parts of  »-he 

forest7»    rather than  »What  do   these trees and shrubs constitute?". 

Though  ultimately answors to  both  these questions ere  found and  net chad, 

the analysis of the total  problem  must  occur before  the  cynthesis of  its 

cjmponantd  is attempted.     Simil   rly,   the socioeconomic    and techno- 

economic  systems are the basic  system to which   design standards belong 

and  therefore the processes of   industrialization  should provide far a 

systematic effort  towards  improving the efficiency of the total   system 

aven  if the  individual units of  industry feel  that   decisions on techno- 

logical  inputs in  their domain  responsibility are  being compro  isad, 

A   system  can be defined after establishing parameters of 

Objectives (O),--parameters of   Inter-Rslationsh ip   (R) and paiametèra of 

Effectiveness of Mea sûrement (E).     Any system  "S"   may,   thus,  be representad 

by a tima variable,   linear,   diacreta and/or statistical function. 

S -  f (0,   R,   E) 

The paia mat ara will  differ from context to contaxt. 

•j 
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Moreover,   to  correlata a   «ingle da&ign   standard to a total 

•yatom with  very many  complex paremsters  is not an   easy  taskj  these 

considerations will  load  to   the concept  of  limited  systems where  each 

limited  system  could be  related to   its limitod objectives taking   into 

account limited  parameters.     The status of   such  a   chosen  system  could 

thus vary   from a   vory elementary and simple   System  S1   to  the most 

complicated and compiute   system SR,   going through   the  intormediato systems 

^2»   ^3»   ^4    ®(n-|<)»    S/     .il     The beet   uf   these  would naturally  bo 

that   design  standard which belongs to   system  S    since all  the parameters 

of   the  total   system  have been  simultaneously   taken  into account;   but, 

in order to  formulato and implement  suoh a   design  standard,   tho  offort 

night   bo collosal   and  may   be out of  proportion   with   the resources available 

toan  industry.     One right therefore be satisfied  with an  intermediate 

systom S/n-t»  a» the must optimum considering  the restraints or 

limitations;   in  this case formulating a   desion standard relating to any 

system below  8/     . v could moon that tho design «tandard  is not optimized 

with  the largest  practicable system S/  _k% and  formulating a  dsaign 

sondará  relating to any  system above  the level   S/     . »  would moan that 
tn-k; 

disproportionately  large resources are being expended. 

To  illustrate this principle and cuncopt of limited system 

in the system approdai an  example may be  taken of  formulating a  design 

standard for vertical  shaft kiln  for a  mini  cement plant. 

In this  oaee of one set of possible parameters for etch of 

the three  systems functions would bel 

f* WW p EBj_0F_ QBJCCTiy^^ 

Reducing capital outlay  in  cement  industry 

as a whole by reducing  unit  co st of plant 

Utilizing small deposits, 

v» 
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Reducing «train on transport  ay at am, 

Reducing time of delivery, 

Eneuring production of quality cement at minimum cost, 

Assuring unhindered expansion of cement industry 

Making it poasible to massproduce componente 

and ao on  to 0 

ËJJ>MTRBI, OF   INTERrJJMIMiHI?. 

"2 

«3 

% 

S 

% 

«9 

fi 
10 

11 

Ml 

13 

'14 

"15 

Spécifications for st aal ehest 

Specifications for welding 

Specifications for rotary grate 

Specifications for grate drive 

Specifications for king shaft 

Specifications of nodule feeder 

Specifications for blower 

Specifications for chimney 

Spécifications for refractories 

Requirements of  wart ios 1  shaft  kiln  for 
other  mineral  induatries 

Transportation  restraints 

Deposit assessment 

Exploitation of deposit 

Overburden stripping 

Winning 
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clinkar produced 

IM ao on to £ 
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On thi« boni« •   w.rtioBl  etiaft kiln for a  «ini cement plant 
my belong to any ono of tha following ayatema I ,   s » 
 I 1      * "    l"-k) 

n 

*1        " f(01»   °2»   °3'   V   «J   •   Y   «3-   «4.   V 
^22'   "23'   Y»    E1»   Y   ^ 

«2     - r(ov  o2,  ov o5,  «,,   R2,  Rj,  «4,  ^, 

Y Y    «22-   «23-   «24»   R25'   Y   *2,      «3»   «•> 

•(n-kT f(V   °2'   °V   Y   °5 "(„„). 
Y "2»    'S'   ñ*>    Y    Y   Y 
^ <n-to) 

Y Y   Y   Y   h    E (n-c) 

*•" °(n-a)'   H<n-b) and E(n-c) "" tho """i". l»»«ata» 
oorraaponding to  Ih e largeet practicabl« limitée  ayate«. 

and m on  with all  practicabl. permutation« and OQ«olnatlort«| 
and finally tha total  ayets*t 

^ - f (o,. o2, o3. O^Oj on, 

V "2»   Y   Y   Y   Y   V 
V »n 
Y Y    S*    Y    Y   Z€ S\ 

The  dealgn   standard for  vertical «haft   oawont kiln  oan be 

formulatod  in  auch a   u*y  that  it tin« up with any of th« abo va  ayate««. 

Ivan  in eelecting a   syatem  eeveral  difficult quoaticne preaent  the«eelve«| 

what  weightago ahauld be  given  to  thevariou« paraferei    How to   gat 

at   exact  »»relation« or quantitative vaiueat and  ao on.     It     la 

obviouely not poaaible to gsneraliaa thMe parameteta or ayata«« 

behaviout but  with the aid and principila of ayatama aeianea th. beet 
poaaible eoi ut ion« haue te  bo found. 
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Thua the atatua of  the -intenta of a  design  atandard on  the bo aia 

of  tha  ay a tarn to  which it  belongs,   can be represpntated by   S ,   s ,   S-,... 

\n-k)' S    on  tho  Z-sxia in  Figure   1. 

A  totally  mathomatical approach  is  Mthp* «omplax in  indentifying or 

laaeaaing the appropriateness of technology;   such an approach  could,   howev- 

sver,   be  domonatrated  in   certain   specific  cases.     The above analysis 

has   been given merely  to  throw light  on the  true  dimensions which have 

to   be taken into account  in assessing   the appropriateness of technology 

in any  given  eituation and to   direct  analyaia of  issues on this  rationale. 

1.3 .gjQlÇf-gf  Technpj.pgy 

Wany  current   concepts of appropriate technology  contre on the 

atudy of  existing equipment and  their potential  for tranafer and adaptation 

to   favour œnditione in   developing  countriee,   particularly on the promotion 

of low-ooat and amali-acale village technologiea.     Related  concepta 

commend  the advantagaa of   exist ing and proven  equipment  since,  according 

to  the argument,  aua>h  equipment  could be moat practically adapted 

to   enveloping  ¡Duntriea'  needa and would not   require a  very high inveatmant. 

While not  regarding   this approach   as a  univeraally accepted advantage,   it 

ahould  be poaaible in  many  circumetan cea to   include  for «onsiderat ion 

equipment and methods  for  developing  countries  that  do  not neceas' rily 

repreaent the lateat or most  aophiaticated technology.    On  the othBr hand, 

the prevailing concept that   the introduction of advanced  induatrial  equip- 

ment and processes neceasarily   imply   the adoption  of   Spital-intensive 

and  labour aaving  systems may  now be questioned.    There ere many  current 

experiencea that  diapal  this general aasumption and domonatrate  inatead 

that   the introduction of labour-intenaive and  onpital-aaving  production 

ayatama oan  incorporate  in many   cases  management  méthode and control 

davicea that  the moat advanced technological   developments have produced. 

Appropriate technology has to  be conaidered  in   reap act of both 

hardt*re and eoftware (interpreted in their broadest  sense). 
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The  BBloction and implementation of technologie*  which are 

appropriate should relate to  three  distinct  poRsibilitiesi 

a/       Choosing a  tochnology  from among the available alternativst 

for direct   transfer  into  the design of  equipment and 

production processes; 

b/      Adapting an available   technology to   suit  a   given  condition 

and  transfering   it   into   the design uf  equipment and 

production processes; 

c/      Generating or  developing a  new  technology appropriate 

to a   given  condition and transferring   it  into  the design 

of equipment and  production processes. 

2 GENERAL  OUTLOOK  ON   CEDENT AND ALLIED   INDUSTRIES   IN  DEVELOPING 
COUNTRIES  WITH   PARTÍCULA«   REFERENCE  TO   IND » 

2.1 äMüüaiüa 

The inorganic mineral-based  cements are produced pri»»*iiy fro« 

natural   rocks of  suitable  compositions.     Sometimes a  f«u  selected 

industrial   wastes and byproducts find a   role to play  in  the manufacture 

of  cement.     In addition to those,  a  limited number of  standard  chemical 

products and reagents are  used  in  extremely  small  proportions %a  special 

additives.     The natural   rau materials  constitute the backbone of  cement 

industry,  and the  industrial  wastes and byproducts,   except  for granulated 

blast   furnace  slaga and fly ashes,   have  found limited application  in 

camont   manufacture at  tho present  moment. 

Theoretically  for one tonne of  clinker the qusntity of  raw 

mix prepared from natuiel  materials comes to about  1.5  tonnas on  dry 

basis.     Limestone  constitutes the prime  raw material,   besides  clay,   coal 

and gypsum,   in   Jsment manufactura,   the actual  consumption of different 

forms of  rau naterials varying ovar a   wide  tangs,    A  long term provision 
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of  good quality   raw materials  will  not only   reduce  the cost of production 

but will  ilso  add to the  economic viability  of planta. 

There   is  strong presaure to  optimizo the économies of 

industrial  projects and commercial advantages  weigh   heavily against 

possible  shortcomings of fay materials and plant location.     Moreover, 

ideal   IB u materials are becoming steadily more scarce.     These factors 

have forced cem"e"Tft—pro ducere to  consider limestones of inferior     quality 

as   iou materials  for cement  manufacturing.     Blending and other quality 

control/impravement/developments have  changed  such  an outlook,     Tho  Cement 

Ressarah   Institute of   India  (CRI)  has  done considerable work on  issues 

relating to the utilization of relatively louer grades of limestones  in 

cement  manufacture« 

The  employment of analogue computers to   simulate  the effects 

of using  raw mixes of different  compositions constituted a   neu approach 

to  raw mix chemistry and has helped to overcome some of the traditional, 

restrictive tendencies  in  the industry. 

The  introduction and  refinement of a  pre-homogenization 

process has  made it possible to p re-blend raw materials of  inferios 

quality  with   the necessary  corrective additives,   before grinding them» 

Proper prospecting,   exploie tion and  reserve estimation of 

limestone deposits are  essential p re-requisites in  decision making for 

setting up cement  plants.    -It  is not uncommon to   find both  in this country 

and elsewhere  in  the  world that  cement  plants have  come to  grief after 

their establishment   due to  inadequate attontion paid to  prospecting, 

exploration and reserve  estimation.     There aro also  instances where 

substantial unnecessary   resources have been   expended  just   to make sure 

that   the reservu   estimation   is reliable in  quality,   quantity and 

m i nab il it y |   yut-ttuàta  are further instances  where  substantial  resources 

were  invested only to abandon the sita ultimately. 



-  15  - 

These  cofftplex and apprantly   contradictory  i a au sa  were discussed 

ata  laminer organized in  ¿January  1974 at Bangalore  jointly  by  CRI,   the 

Geological   Society  of  India,   the Inet itution of  Engineer (India) and the 

Indian  Standsrda  Institution.    The  Seminar entrusted  CRI  with the  task 

of  drawing up  the'Norms*   fov prospecting,  exploration,   reserve estimation 

and techno logical assessment of cement-grade limestone deposits based on 

the outcome of  the  Seminar  discussione and the available knowledge and 

experience in  this field.    Accordingly,   CHI prepared the first draft 

Norms and circulated  it  to all   the organizations and individuel expoerts 

associated  with  the limeatone prospecting and elicited their comments. 

Deliberations at  further Seminara   resulted in what   is today  known as 

"Guide Norms for Prospecting,  Exploration,   Reserve  Estimation and Technolog- 

ical Assessment of   Cement-Grade Limestone Deposits".      The  experience of 

usa of thaaa norms and the feed back   data  were further  reviewed at yet 

another Seminar in   1978 as a  result of which a   reviewed and updated 

version of these norms are now in an advsnced stage of  f inalization, 

2.1.1.        L Iwasjto ng_and^Cla Y.aHorlaon   Xnlnd ia_ 

In   India the availability  position of all   the principal  raw mix 

components is,   on   thn whole,   encouraging,  there  is a   total   reserve of 

mora  than 5 9,600  mil lio h tonnes of  cement gre des limeatone,  although 

only a  very amali  quantity  (about  7,900 million tonnes)  has  so far been 

brought under the proved category  of   reserve,  the  rest   remaining in the 

categorise of  inferred/indicated.     The limestone occurrencaa and distributed 

throughout the length and breadth of the country,     whilst  Table 1,   given 

below,  outlines  the  statewise  reserves of cement grade limeatone in  India, 

Figure 4 shows locations of limestone horizons and cement  plants in  India. 

Also,  limestone is available at  certain places along the coa at lino of 

India   in the form of  corals,   seaahella,  etc.    However,   the workable 

deposits ara known to occur roughly   in four zones. 

1 Northern  (the subJUmalayan  region 

2 Central  (Vindhyan region) 

3 South  Cantr«l   (Cuddsph  region) 

4 South (Wadraa region) 
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T..BLE       1 

STATE WISE  RESERVES OF   CETIENT-GflAOE Lin ESTONE   IN   INDIA 

Statt Reservas in Million  Tonnas 

Proved Inf/Ind Total 

- 1.0 1.0 

3871.8 11663.3 15535.1 

194.3 4087.6 4281.9 

61.4 848.8 910.2 

215.0 1070.4 1285.4 

40.0 16.5 58.5 

S37.0 217.8 754.8 

81.4 124.9 206.3 

117.2 18326.2 184S3.4 

2S.0 - 25.0 

1553, A 572.5 2125.9 

87,9 198(1.0 2075.9 

162.5 269.0 431.5 

693.5 11363.3 12356.8 

104.2 179.2 283.4 

93.0 696.0 789.0 

1.0 1.5 2.5 

1 Andaman & Nico bar Islanda 

2 Andhra  Pradesh 

3 Maaam, flaghalaya, flenipur 
Nagaland A Tripuia 

4 Bihar 

5 Gujarat 

6 Haryana 

7 HlmoHal Pi« da ah 

8 Jamnu A Kashmir 

9 Karnataka 

10 Karala 

11 fladhya Pradesh 

12 «anata antra 

13 Oriaaa 

14 «ijBsthan 

15 Tamil Nadu 

16 Uttar Piedsah 

17 Wait ••ngal 

TflTAL 7878.6 51728.0 59606.6 
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The northern zone deposits are not uaually exploited due to 

their occurrence at high attitudes. The remaining three zones are 

important from the point of view of cement manufacture. The Vindhyan 

limestones are specially suitable for cement production bott? from the 

point of view of their average composition and mode of occurrence. A 

massive and continuous exposure of limestone is known for »"-»nut 160 km 

from Dehri-on-sone   via   Rohtas to   Reue. 

Although  there has not been any  systematic delineation of  clay 

horizons  in  India   for  cement  manufacturo,   it  is generally known  that  the 

availability of   suitable clay   does   not pose any problem.     However,   in 

tune with   the recent trends of raw material  technology  it  is desirable 

to have well-del in eat ed clay horizons with the appropriate granulometry 

a nd composition* 

2.1.2. A va i^a b il it y o f _G y_P_gu m_ in_ India 

Gypsum is edded to the  extent of  4 to 5 JC to cement clinker 

during grinding  to   cuntrol the setting properties of the finished cement. 

At   the present level of production of  cement,  the  Indian cement   industry 

Consumes about  1   million tonnes of  gypsum. 

The total   reserves of natural  gypsum in India are placed 

at  about 1216 million tonnes.    The itate of  Hajasthan accounts  for mote 

than  90 per  cent of»6 total   reserves.     The locations of the sources 

of  gypsum -in--*-jasthon are distributed in Jodhpur,  Bikaner,  Nagpur and 

Jaiaalmer districts  mainly.     In Tamil Nadu,   the mines of natural   gypsum 

are located in  Tiruchirapalli and   Doimbatore  districts.     Doda  and 

Ba rumukla are  the districts of Ja mmu  4 Kashmir  wher6  natural   gypsum is 

available.     Some of   the small  deposits are known at Jamnagar,  Junegarh 

and Kutch  districts of Gujarat, at  Nellore district  of Andhra  Pradeih, 

Tehri Garwal  in UP and Sirmur district of Himachal Pradesh.     The present 

total  production of  natural gypsum  in the country  is estimated to be of 

the order cf 1.1  million tonns per year«     The quality of gypsum varies 
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from 50 -  93% of S03  ,   tho average purity   being 7Q-65JÍ of  SO-.     The 

higher grades of  gypsum  (S03  ?8J6)  aro only suitable  for making   cement, 

plaster  moulds  and ammonium  fertilizer. 

The total availability of  the byproduct  gypsum  in   tho 

country is of  the orüur of  1.5   m tonnes  por  y m r.     Phosphogypsum, 

a   byproduct   from the phosphoric acid industry account  for more 

than   90JÍ of  the  total  production   (1.35   m tonrie3).     Of   tho remaining, 

ngBrly   0.1  m tonne  comes   from  the  marine salt   industry and the  rest 

from  titania,   boric acid,   citric acid and hydrofluoric     acid   industrias. 

2.1.3. Availability of   Industrial and Agricultural   yaatos 

Some of the industrial   wastes,   which might be of   interest 

to thu  cement  industry,   their sources ani  the  estimated annual   production 

are   given   in   Table  2.     It   is  soen  from this table that  industrial 

uestes,    such as  blast   furnace slag  from   the iron and   steel   industry, 

fly  ash  from the thermal nouer   stations,   carbonate  sludge  from   the 

fertilizer   industry and lime  slujge from  the   sugar and paper  industries 

aro already ouailabls  in   enough   quantities tc  merit  serious 

consideration in regard  to  their use.      wastes   such as  chemical   gypsum, 

red mud,  and kiln dust,   though available in   relatively  small 

quantities,  are  worthy of   consideration  in  terms of  their mineral or 

economic  value.     The demand of  cement  is likely  to  be  in  excess  of 

the targets of fixed for production,   and the utilization of   industrial 

uestes  u/ill   get a   further impetus in a  bid to   bridge the gap  between 

demand and production! 

TABLE  2 

AVAILABILITY OF   INDUSTRBL ANO AGRICULTURAL  WASTES 

U  No Industrial  haste Source Availability 
(million tonnes) 

blest  fumaco  Slay Iron & Steel 
industry 

Ply Mh Thermal Power 
Stations 

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

3 Calcium carbonate  sludge        Fértilizor industry 1,2 

4 Lima sludge Papar and sugar 2.S 
indufltrioB 

5 Byproduct Fortilizer,   phosphoric 1*5 
acid,  hydrofluoric   «cid 
in du E* ries 

Aluminium  industry 0*6 

Cement  industry 0*6 

Agriculture 15 

6 Red mud 

7 Kiln  dust 

8 Rice husk 

2.2 Statu s_of_Çgm-^_Product ion_in_Indte 

2,2.1 2£¿iin an¿ Pril.S£°!¡¡íh..°l_ÍLl¿i2.I3-.£SlLüi3Í-I"lHJl£)í 

Ceitiont was  first •atiufactu red  in  India  (neu r Piedras)  in 

1904 but it  u*8 not  until   1914 that the foundation of a  stable Indian 

ccr^-t industry  ucre  rosily  laid.     In Octobor  1914,   the first bag of 

cenitsnt  ucs  packed at  Pürbandar  by   th-_   Indian  Cement   Co  Ltd.    Tho First 

World War  gave a  fillip   tc  the   infont industry and by  1918,   there 

wera   3  factories producing  some 85,000  tonnus of   cedent  per year, 

by   1924,   six  moro neu factories   wero   insta Hod and tho capacities of th 

3  uldcr pianta mero  increased,   bringing the combinod  installod capacity 

to  559,   Q0C  tonnes.     Actual   production hnu/Gucr,   was  loss   than half  the 

installûd capacity  mainly  becBüsa of   sovLre  cumpot it ion, from foreign 

countries.     By  1936  the arnual  installed   capacity uf nine cement 

factories   stood at about a  pilliun tonnes  producing  968,000 tonnoa and 

by   1938  the number of  cogent  factories   rose  to 13  with an   installed 

capacity   of  1,57 mill iun tonn os  and product ion o f  1.16 million tonnes. 

The  rapid increase  in the production  capacity   rosultod  in a  situation 

in   which  productio    outstripped  effective  demand.     During  the war 

y oar s,   there  ufis no  expansion in  the capacity. 

J 
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2.2.2 Poft-Indggondgnçg^Pr2£resj 

Prior to  Independence,   there  were  23   cement   factorisa   in 

undivided   India,   and during   the partition of the  country   in   1947,   five 

factories went over to  Pakistan bringing down tho number of cemont 

factories  in   India   to   18 with an   installed  capacity of  2.15   million 

tonnjs and production  of 1.47 million tonnos.     The new  Department  of 

Planning   which  was  formed  by   the Government of   India  after  the attain- 

ment of   Indépendance  gave th 6 coment industry a   fresh   impetus. 

2.2.3 P.£°_3E8Sg,üE¿ii£-£D. ¿-Successive National  Plans 

During the  First   Five Yecr  Plan tha targets of   capacity 

and production  wcjro  quite   ciò se to   tho planned  targets of 5,3 and 

4.6  million  tonnus  respectively,   resultiny in  an ou&r«ll   inóreos« 

of over 50 per   cent  in   capacity and  giving a   growth   rate cf about   9 per 

cent.     Whilst   the rate of growth   incroa sod to over  13   per  cent por annum 

during  thr   second plan,   the   capacity and production targets  set  at 

16 and 13  million tonnes respoctivuly   were not  achieved.    Similarly,   tho 

nau  capacity adJoJ and inercasü  in   production  during the   Third Plan  were 

also   well   bolow  tho  capacity and production targets estimated at   15 

and 13  million tonnos   reap octivoly  at a   growth   rate of  over 5  per   cent. 

The progress uf   the industry  during   the   thr^c  years of  Plan Holiday  was 

slightly   better  with an addition  of  2.96  million tonnes to  the capacity 

in the throe  yoors,   ropresontino a   growth   ieto of obcut 7.6 per  cent 

per annum.     During   tho Fourth Plan   tho  targets of both   the capacity and 

production  were  not'achieved,   growth   rate,   however,  was  5.7 por  cent. 

The progress  registered  by the  Indian   Cement   Industry upto 

tho Fifth   Five  Y oar Plan  is  evident from Tabi o 3. 
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TABLE   3 

GROWTH   IN   CEMENT   QtPHClTY 

Plan 

1 First Plan 
(1951-1956) 

2 Second Plan 
(1956-1961) 

3 Third Plan 
(1961-1966) 

4 Annual  Plans 
(1966-1969) 

5 fourth  Plan 
(1969-1974) 

6    Fifth Plan* 
(1974-1979) 

Target Achievement 
Capacity in million 

tonnée 

Shortfall 
Tonnes 

5.31 5.02 (-)       0.29 

16.00 9.30 (-)        6.70 

15.00 12.00 (-)       3.00 

14.96 

Ospcity 19.74 capacity target 
targ3t not not  fixod 
fixed 

24.50 22.45*      (-)       1,05 

No tei- »Tho Fifth Plan ha« been tormineted bv 1977-78. 

« Anticipated 

2.2.4 P£ggg[l^Sta^fmand_Sije_of_Ind^ 

Annual 
growth 
rate 

8.9$ 

13.1$ 

5. 2$ 

7.6$ 

5.7$ 

2.6$ 

On the basis uf  the quantity of cement produced in   1976. 

India  occupies the el ou ont h place  in  the  world,  the first ten, as 

shown   in Table 4,  being USSR,  Japan,   USA,   Italy,   west Germany, 

China,   France,   Spain,  Pola nd and Brazil. 
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TABLE  4 

COUNTRY PRODUCTION 
(million tonn sa) 

1 USSH 124.0 

2 Japan 66.2 

3 UW 61.7 

4 Ita l'y— 36,6 

S Watt   Germany 33.B 

6 China 31  (Eatimated) 

? fi« nee 30.6 

S Spain 26 

9 Poland 19.6 

to Brazil 19.1 

11 India 16.6 

WORLD 727.4 

The present inatalled capacity af   the cement induatry  in  Indi», 

ia 21.87 million tonnes.     Thia  will  bocome 22.01  million   tonnea by  the 

beginning   of   1978-79.    Excluding the provision  for   export,   the internal 

demand  for cemeit  by  1980-81 haa  bQen  estimated at  26.13   million tonnea 

on the basia"öT  the an amuai gro wth   rate cf   B% and together uith  the 

present gap   in   friand and   supply of 2 million   tonnes,  the  total  demand 

for purposes of projection  may bo taken at  28.13 million   tonnes  corres- 

ponding to a   capacity of  33.10 million  tcnne8  on  the be sia of 85* 

utili^tion. 

J 
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£22A!3Í;-£££,ai£Lí£Jií-iQ-SS,2¡£-.2£"S¿£E¿2S-£S.li2i£ÍlS 

Taole S  gives  the production of  cement  in  tome developing 

TABLE  5 

CEF. PIT PRODUCTION    IN   SOPIE   DEVELOPING   COUNTRIES 

Country Production 
(million tonnes) 

Bangladesh 

Bulgaria 

Burma 

India 

ft rg'ont ina 

Taiwan 

Thailand 

Korea,   Rep of 

Turk ay 

0.28 [1977) 

4.6?            1 1f77) 

0.27            | J977) 

19.19           I 1977> 

5.63           < 1977) 

6.73           I [1976) 

4.4 [1976) 

11.8? (1976) 

12.39           | [1976) 

2.2.6 LüÍ'i¿íS-£¿£SEJ£^¿-2Í-íS¿¿£2-£S2JSi-Í2¿Mli£X 

The present  installed  capacity of the industry  (1977-78)  is 

21.67  million  tonnes.    This capacity  is expected to  be increased to 

23.09  million tonnes at   the   end of  1978-79  by  the completion of  some 

schemes as  given in Table 6| 

TABLE 6 

Name cf Units 

Cherrapunji Expansion 

Aandhar  Exponslor 

rtajben 

«riyalur - I 

Ha ma gun do m 

Total 

Additional capacity 
(in million tonnes) 

0.20 

0.18 

0.20 

0.25 

0.25 

1.08 

J 
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During  the   throe  ye»r  period from  1978-79 to   1980-11 

the OMpacted  yoerwiae materialization of  the  capacity  would 

be •• undert 

TABLE  7 

^HEfES PROVIDING *DDITIPN*L   P^ CITY  §Y   19J0-81 

11 
No 

Year Public secto r 

1978-79   1   Cherapunji(E) 

2 NonJher (E) 

3 Rojban(N) 

4 Ariyalu r-l(N) 

Opa- Privato   Sector     Capa- Tota] 
city city 

0.20 1   »magundam(E)    0.25 

0.18 

0.20 

0.25 

0.83 

1i79-e0   1  A,riyaiur-II(N) 0.25 

2 Noomuch(N) 0.40 

•3 Akaltara(N) 0.40 

4 Yorraguntla(N) 0.40 

5 Chuna r-l(N) 0.20 

6 Khiew(N) 0.20 

7 Purulia(N) 0.25 

1980-81   1   Rourkela 

2 flokaro 

3 Bhilai 

3.5 8 

2.00 

2.00 

0.25 1.08 

1 nalhar-l(N) 0.40 

2 Wdi-I(e) 0.20 

.3 Uçla.ipur(E) 0.20 

•i Nimbahora(E) 0.42 

5 Sulurapst(N) 0.05 

1.27    4.8S 

1 Yadiki   (N) 0.40 

2 ñaihar-Il(N) 0.40 

3 Wqrak   (N) 0.40 

4 Nnrainghar(N) 0.40 

5 tfidi(E) 0.30 

6 Sntna   (E) 0.40 

7 ¡naohorla(E) 0.10 

2.40    4.40 

GWNO TOTAC 3.32  10.13 
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The above  capacity build up  include» th» satting 

up  of a   capacity   of about   2 million  tonnée  by the »tasi   planta 

in a   period of  36 mcntha.     While  the  Rourkola   Steal   Plant  ia 

underatood to  have  completed a  project   report  and  gone ahead 

with   the project,   it  ia reported that Bakaro   and  Bhilai  Steel 

Planta are   in  the  • rocesa of prapo ration of  feaaibility  reporta 

for   the   alag   cement   projocta.     Subject   tu all   the above 

oapacity  mnt erializinq as  expected,   the  capacity by   the  end of 

1980-81  will   be  of   the order of  32.34 million tonnea or only 

marginally lower   by  0,76 million tonnea than the  capacity of 

33.10  million  tonnea   requirod to meet  the  demand of   28,13  million 

tonnea  mentioned  earlier* 

If  the gap   in  domand and  availability  ia  not to 

increase furthor,   it  woild be neceaaory  to  materialità additional 

capacity  of about  3  million tonnea   every  yoar  to meet  th« 

annual   increese of  B% in  the  demand*     Th o  capacity   expected to 

nataáialiae  during  the 1981-82 ia a»  underl 

TABLE 8 

ftOPITIOWL   »P*CITY EXPECTED   IN   19B1-ta 

Year Public  Sector        Gap«-      Private   Sector Opa-      Total 
city city 

Í9S1-82    Peignat 

GH*N0 TOTAL 

0.42       Äffrabad 

Ga gal 

Tandur 

0.42 

Û.7 

0.4 

0.9 

1.3 

2.0 

1.12 

2.42 
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The totting  up  of a   capacity  of  3  million  tonnet 

por annum would moan 7 to 8 plants of  standard  capacity  of 

0*4 million   tonnea per annum and an investment  of about   Rs 200 

eroras on the  basis of an  investment  of   Rs   650/- per annual 

tonno.     This  would  involve  corresponding   investment   in  other 

allied  soctor8 like  coel,   power and rail   transport. 

2.3 £9¡¡¡ent_^njump^^n_and-Fu^£e_g|man¿e_in_India 

Tho  conaumption cf  cement is   very   closely   related to 

the  production of  coment  and  ita   demand.     Several agencies 

have employed  different  methodolgies   Tor   estimating  the  futuro 

deaand for  cement.     The methodologies   umployed   included 

projecting actual   growth   in production,   projecting  conaumption 

figurea,   projections basad on  regression analysis, 

projections  based on input-output  balance mothod etc. 

Tho  wide  variations in   the  verious  demand  estimates 

• ppatr  due to   lack of adequate and  reliable  data.     In anf 

a atina te  of  denand,   the production and   despatches  for the 

latt   few  years have to  be taken   into     ccount.     Those are as 

follaw«t 

TABIC  9 

PROOUCTI0N AMO D€ SPAT CHES   OF   CCWfNT 

Year Production Ooapatchcs 
(in million tonnea) 

% increase 

UT 5-74 14.60 

1*74-« 14.73 

19TS-7« 17.21 

14.47 

14.69 

17.14 

1.5 

16.8 

S.9 
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The  fact   that   emerges   is  that   whatever  is  being 

producaci  is  practically   consumed and  th are   is no accummula tion 

of   stocks.     The natural   conclusion is  that  if  more had   been 

produced  it   would haue also been   consumad and  that   there  is 

a   considerable unsatisfied  demand which   was   estimated   in 

1961   by   th(    Tariff   Commission a t about   1.2   million   tonnes. 

Recently,   in   addition  to   stopping of   exports  of  cement, 

Government has also   permitted   import   j f about   1  million tonne» 

of   cement  to   meet   the demand.      It   would,   therefore,   be not 

unreasonable   to   ostino te   the  present  unsatisfied  demand  at 

about   3,0  million tonnes.     The   average  per  capita   consumption 

of  cement   in   India   increasod   from  22   kg   in   196?  to   27   kg 

in  1972  registering an  increase of  about 4;i por annum.     The 

per   capita   consumption   fell   during the   year   1973 «nd   1974 

and  increased again   in   1 975 .registering an   increase of 

about  5.4# over   that  of   1974.      The per  capita   consumption of 

cemünt   in  the   country   is nowhere ncfr   th,. por  cepita 

consumption   in   developed   countries  and  is lu w  even  as   compared 

to   some of   the  neighbouring  countries.     AG observed   by   the 

Estimates   Con,mitt ee  of  t ht-  Pa rliamant,   the per   capita 

consumption   is   dependent   on   thb   economi c a ffluence  and  the 

easy  availability  of   cement   in   regard  to  both  of   which the 

average   Indian   consumer   is still  at   cens id»rsbl e  disa avantage 

as compared   tu   his counterparts   elsewhere  in  the world.     Keeping 

in  view  the  yet   largely   untapped   ruiel   sector,   the present 

iccent   on   rurel   development and  development  of  backward arena, 

th e potentiel   demand  for  cement   is much   greater  than   is 

apparent.     While  various  steps are being  takon  to   curb   unethical 

practices arising out  uf   shortages,   the only   conclusive answar 

to  meet  the   situation  is  increased production.     It   would, 

therefore,   bo  prudent to  plan on the basis of a  slightly 

higher  rato  of  demand.      Considered   from   thoss points  of  view,  an 

annual   growth   rate o f 8% has  been adopted   for projecting  future 

demand. 
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The  next  quubtion that  would ariso  is the  base figure 

on   which   the above  growth  rato might  bo projected.     As   stated 

earlier,   the   Study   Group  appointed   by   the Planning   Commission 

estimatod  th:,  dumestic   demand  for   cement  in   197b-79   in   the 

range  of   19.33  to  22,40   million   tonnes.     It   is proposed   for 

reasons   discussed abuvo   that   the higher figure  of   22.40   million 

tonnes  may  as   uoll   bu adoptod   for  projtjcti^n purposes.     The 

yearwise  demand  jn   this  basis and   the  capacity   required  at  Q5% 

utilization and  actually   expected   to   materialize   in   tht   npnr 

future   would  boas  givon   in  Table   10. 

TABLE   10 

DENAND PROJECTIONS 

Yaor       Pro.'act ed  demand     Capacity     Expected       Sh;.rtfcll (-)? 
•Internal     Expert   Total     requirod     Capacity       Excess   (+) 

at  ÜS% 

197Ú-79 22.40 

1979-60 24.19 

19Ü0-Ö1 26.13 

1961-82 20.22 

1.5 23.90 2 8. 12 23.09 (r) 5.03 

1.5 24.69 2 9.0 5 27.94 (-) 1.11 

1.5 27.63 32.52 32.34 <-) 0.18 

1.5 2 9.72 34.96 34.76 (-) 0.20 

(Note t        «Estimated at   à% growth   rete) 

CRI had   done an  indtpondent   exercise of   estimating the 

damand for   cemtnt  in   India   during  Fifth and  Sixth   Five  Year i-'lans. 

CRI had   expressed  that   notwithstanding  tho justifications giv/en 

or  the degree of a cceptaibilit y of  tho  projections of  demand made 

by  various agencies,   the  final  targets are  to   be  fixed  taking   into 

account  the total   picture  not only as   related  to  the   cement   industry 

but also as   related to the  entire  industrial   development   forming 

part  of the notional  developmental  programmo.     CRI had   astimated 

through  a   detailed   exercise of   Input-Output Balance,   tho 

requirement of   cemant   for   fulfilling the Fifth  Five  Year Plan. 

According to  theso calculations tho demand of   cefnunt  for tne. 
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y »Mir  1978.79 worked out to  32 million tonnst,   including 

tne requirsmsnt fox  non-plan constructional activity. 

The anticipated danand of cament  for 1978-79, 

baaed on  diffarent  approaches,   made by  som o aguncias,   is 

as givan below  in Table  11. 

TABLE     11 

DEMAND  PROJECTIONS BY DIFFERENT APPROACHES 

Approach/Agency Domand 
197B-79 

(million tonnas) 

Projecting Growth  in 
Capacity 28.9 

Projecting consumption 
figuras 30.0 

Estimation by CRI  (Basad 
on  Input-Output Balance) 32.0 

Estimation fay National 
Buildings Organization 28.0 

Estimation by Task  Force 
on Cement of Government 
of  India 

28.0 

Estimation by Cornant 
Corpn of India 33.6 
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2.4 JniB&qit¿ona¿ JM^J ¿".CfraanJ L Cement Machinery 

2.4.1 £sjBaE¿ 

The moat striking   feature of world canent trade 

during the  past  tan years is the predominant position taken 

by  the developing countries   in supplying  each other's  import 

requirem onta. 

Export of cement  to other countries  is being done 

by  several countries which can be grouped into  threu cate- 

gories.      The  developing countries appear  in the second and 

the third category,   the  first one comprising of mainly the 

developed countries. 

The  second category  includes   the countries which 

export a   substantial   proportion of their production   :   the 

Bahamas,   Kenya,   Norway,   Iraq,   Malaysia,   Lebanon,   Egypt,   Belgium, 

Romania,   Pakistan,  the Democratic  People'a  Republic   of Korea, 

Greece ( in  declining order  of  exports as a  percentage of 

production). 

In  the case  of the  Bahamas,   the cement plant was 

built with a   view to   exporting to  thu  east coast of the 

United Status of   \marica and  to the West   Indies. 

The   Kenyan cument   industry ia  oriented towards 

export business and supplies a  vast   area   in  the  Indian Ocean 

rsgion by mean3 of vassoio and cement   terminals which it owns. 

The  location of the Norwegian cemunt plants near 

harbour   facilities,   the  existence  of  v^ry   favourable   freight 

rates and thts use of   special   bulk carriers  for cenopt  and 

clinker   have   encouraged  that  country's  carrent   axports.     The 

Narweigian cumant  industry   has acquired a   large captive market 

in Ghana   by participating  in   the  State-owned company  which 

operates clinker-grinding planta.     Furthermore,   a  Nurwuyian company 

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

supplies   the surrounding area  with imported cement. 
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Iraq and Labanon have a   long tradition aa cement 

exportera.    The expansion of production capacity in thaso 

countries   during  the past   ten  years was mainly  intended  for 

the   export market.     Iraq's  largest customers  are Kuwait  and 

the   emirates of  the ,\ rabian Peninsula.     Lebanon has  recent- 

ly  found a large market in Algeria,   in  addition to  its west 

African outlets.     Egypt  is  strongly oriented towards the 

export of cement,   which is an important  source of foreign 

exchange. 

The third category consists of the remaining 

countries  in the list   t  Canada,   Republic of Korea,  Colombia, 

Hungary and Venezuela.     No   generalization can be made 

concerning their exports of cement. 

In addition to  several   developing countries,   soma 

developed countries in Europe and North   »marica are also 

importing large quantities of cernant.     This is probably s 

temporary phenomenon.     It may be  expected that  they are 

taking (or will   take)   steps  to remedy the situation.     Thie 

has already been  the case wj :h Spain,   whose cement importa 

amounted to 2.5 million tonnes in  1965.     A  large increase 

in production capacity  enabled Spain  to   reduce   its irr ports 

to   406,000  tonnes by   t969» 

Some  developing countries,   suchas Algeria,  Argentina, 

Brazil,   Ghana,   Indonesia,   Kuwait  and Saudi Arabia,  aro in a 

position  rather  similar to  Spain's;   they  have access   to  finan- 

cial and technical  resources which will   enable  than   to   become 

self-sufficient  in the not  too   distant  future.     Others,   such 

as Colombia,   India,  Mexico  and Venezuela  ars already  in a   posi- 

tion to   satisfy  their own cement requirements» 

The  following trends seem likely to be followed  in 

the  developing countries  : 

The developing countries - espscially those that aro 

far  from   self-sufficient - will  ine rosse their production  facilitisi. 
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Many of  these countries will   instai larger capacities  then are 

actually   needed  domestically  in order to  benefit  from   the 

economies  of  scale.      The  resulting   surplus  will   be available 

to   other countries,   thus offering  possibilities   of inter- 

regional   cooperation.     As a  consequence of  these  trends,   the 

share of   the developing    countries   in world cement     trade   should 

continue   to  grow. 

Table 12  gives  the   international   trade of   developing 

countries  in cernant  t 

TABLE      12 

INTERNATIONAL  TRADE   IN CEMENT  (1975) 

Country IwDort E xoort 
Quantity 
( tonnes) 

Value 
(000 US S) 

Quantity 
( tonnes) 

Value 
(000   US  1) 

Hong  Kong 11 5 300 39771 - - 

India* - - 338055 12957 

Trinidad I 
Tobago 

3138 296 69282 2219 

Sri Lanka - - - 55 8 

Nigeria 1738000 115498 - - 

Thailand - - 729182 25087 

Korea,   Rap  of 1817 138 2439000 68922 

New   Zealand 646B 1016 5400 22 4 

Zambia 2159 134 2058 102 

Ghana 854157 2 3078 59 08 177 

Egypt 10415s 55 37 86196 3015 

Venezuela 18357 1470 35759 1003 

Pakistan - - - 18595 

Sudan TT 107 4679 . - 

•Now  importing 
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2.4.2 Cernant Machinery 

At   present,    in   India  there aro   B  unit«   engaged 

in   the  production of cement  machinery  viz  the Associated 

Cement   Cos Ltd,    iCC-Vickers  -  Babcock Ltd,   Indian  Sugar  & 

General   Engineering  Corporation,   The   KCP  Ltd,   Larson  & 

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   tp d.     The  units   have 

composite workshops wherein  they manufacture  other  itane 

of   industrial  machinery   such   as  those  required   for  sugar 

industry,   etc.      The manufacturers   have  so   far   supplied 

37 complete   plants of   various capacities,   the majority  being 

of  600   tpd capacity,   adding  about   B  million  tonnes capacity. 

Capability  for  manufacture  of   1200  tpd plant     has  also   boon 

developed.     The cement machinery making capacity  is  consi- 

dered to   be  adequate  to meet   the anticipated capacity  build- 

up.     These manufacturers aro   further   reported   to   be   gsared  up  to 

manufacture  plants upto   3000   tpd with p recale ina tors   etc. 

The   Heavy  Engineering  Corporation  at   Ranchi  (a  public 

• actor undertaking)   is  already   supplying   huge  castings   etc 

to   the cement   industry. 

As  regards the   international   trade  of   India   in 

cement machinery,   one of  the cement manufacturers   succeeded 

in   aecuring 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 Ku fa  (Iraq)   res- 

pectively. 

2.5 

2.5.1 

Mod o£ n_ De ve lu pj en ts i n_ C eme nt J a¿ hnql og^y 

ûavalcmmenta   in  Crushinu and  Grinding 

In   recant  years  there   have  been  very   ¡significant 

developments   in   the design   of   different  types  of cruahing   equipment 

.. ^ 
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like jaw,   gyratory,   impact and xoll   crushers   ta crush  raw 

materials  which are  usually considered  suitable  to   c em ont 

indi st ry.     Single-stage crushing of medium   hard limestone 

with large throughputs   have already made their appearance 

in cement  industry in   Europe.     The cost  of  crushing   in case 

of   single-stage crusher   was considerably  loss   than   in two 

or three-stage crushing  plant.     Single-stage crushar can 

reduce  large  blocks man au ring   oven mure  than   1   m  to  minus 

25 mm   size at  one  stroke.     Noteworthy   development   in this 

field   is   'Hazemag  Compound  Cruehar1   with capacities  greater 

than 1000   tonnes/hour. 

The  adoption  of closBd-circu it  grinding   in raw 

materials processing,    however,   haß paid  dividends   not only 

by way   of  reduction in power consumption,   but also   in im- 

proved performance of   rotary  kilns and    uuality of cernant. 

Anothor   important   develcpment in   size  reduction 

operation  is  autogenous   grinding,   that   is   'Dock   grind itbolr' 

though  this   has  not been  vury much usad in  etnent   indistry. 
Thess lilis generally    consun more pow"~.   but   this   Í3 offset  by   th« 

saving on  expensive  grinding medis  and  élimination   of metal- 

lic contamination. 

Holler Mills   operating  in conjunction  with  large 

preheat or   kilns  are also  of   internst   to  cement   industry. 

In  fact   roller mills   are   hailed  as  the mills   of the   future 

in  dry process  cornant   plants.     With   high   officiano y  and  good 

capacity,   thej»  aleo combine   crying,   grinding   and classifi- 

cation.     Their  potential   puwar   saving   ic  2D   *o   30%.     Thty 

can cope with  incroased moisture conditions and axe  extremely 

suitable  for automatic   operation.     They  have  added advantage 

of lower noise level.      Roller mills  for kilns upto   3000 TPD 

ars already  in op arc t ion.     It  is  f el t that   these mills may  not 

ba  raadily suitabla  for limestones which aro  generally hard and 
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have  high silica  contenti   these may cause  high  rate  of wear 

to   the grinding   elements.     The capacity of MR mill   is parti- 

cularly   sensitiva 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   Bilica   sand  in   raw  materiali 

as  only  free  silica   sand   is  decisive   with   respect  to   wear   of 

grinding  mill   elements  and  hardness   of   the maturial   also   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 

consequent  possibility of  frequently   having  to change  tho 

mill   linings and  leading  thereby  to   increased  downtime,   has 

to   ba   resorted  to   with  proper care  specially   in many   situa- 

tions  in   India, 

To  decrease power consumption and  increase  effi- 

ciency of grinding one of the latest   methods   in grinding to 

fins stages  is by introducing  grinding  aids  during  grinding 

iparation.     The   grinding  aid    are mainly   surface active 

chemicals  which  reduce   the  agglomeration  of  fine cement 

particles,   sticking of particles to  the mill lining  and  grind- 

ing media   and   thus   increase the overall   grinding  efficiency. 

Any  development  aimed towards   reducing  the 

consumption  of power  in a   cement  plant   w5.ll   be of consider- 

able   interest  to   the  developing countries.      In  this   fial d 

also   useful  work   is being   cb ne   in   evaluating   indigenous 

grinding  aids  for  imprcved clinker   grinding  and  evaluation 

of  mineralizare,   additives  and correctiva materials used   in 

the manufacture  of  cement. 

2.5.¿ ^scansion Prehester Ki^n,«, 

The proceas of cement manufacture  by  dry process 

he«   the twin advantage of economy and   reduced volume of   exit 
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gate« to  be cleaned  for   duet  control.     Today  amongst  ell   the 

dry procese,   the most  prevalent  kiln  is the short  dry process 

kiln  with a  four-stage cyclone  suspension proheator (5P).     The 

four cyclone  stages   increase  raw meal   feed  temperature   from 

about   70"C  to   750°C  and bring  about   an  apparent calcination of 

about  40* when   faed   enters the  kiln. 

Although  the  different asusp ension  preheaters  of 

four-stage cyclones   shaft   typs,   such  as  of  Humboldt,   Poly- 

sius,   Krupps  FLS,   FCB  Wedag,   etc   have  got   little variations 

in  the designs   for  which  they claim   different advantages, 

basic   principle  of operation  of  suspension  preheaters   supplied 

by  all   remains  almost   the same. 

2.5.3        Developments  in Pracalcination 

Calcination  reaction  in cement  clinker  burning 

process   is a   highly  endothermic   reaction and the amount of 

heat  required for normal   raw materials and mixing propor- 

tions  is about  500-520  kcal/kg of clinker.     If the calcin- 

ing could be accomplished before the materials  enter the 

kiln,   the rotary  kiln  3ize could be   reduced for the same 

capacity,   because then the  kiln could be used mostly  fox 

sintering procesa. 

The proca lei nation  systsm  offers a   number  of 

advantages e.g. 

i/ A pracalcination system incraasos the kiln 

production 2 to 2.5 times without enlarging 

the kiln  size. 

ii/    The   reduced size of  kiln and reduction in 

heat loads,   resulting from  the  introduction 

of precalcinatora,   improves the lifo of 

refractory brick  and reduces  downtime snd 

operational costs. 
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Several  attaints  to  achieve precalc ination   have 

been made   in   recent years}   these  include   Mitsubishi   Fluidizod 

Bad  Calcinator (MFC)   system,   Suspension   Praheater  with  Flash 

Furnace  ( SF)   and  Reinforced Suspension  Frehaater  ( RSP )   systam, 

F L   Smidth   precalcining  system  and   precalc ining  process of 

Polysiua  (PREPOL)   and a   number  of  others.     Precalcinator 

systam   suitable   for coal,   small   size  and  partial   precalci- 

nation  to   suit the   Indian conditions  is   being   implemented 

by  CRI   in  collaboration with an   Indian cement producer. 

There  have  been   some other  developments also   in 

such   systans  but   these are only at   experimental   stage.      Fuller 

have   bean   developing Py2l3ll   fluid-bed  typd  kiln  but have 

not   yet   got   much commercial   success.     The  Thermo   Electron 

Corporation   (TECO)   have  developed a   trough   shaped  station- 

ary   kiln  in  which  burners are  fired while   submerged  in  raw 

mix  in  the calcining   zone.     Clinkering  is   done  by a   short 

conventional   rotary   kiln which consumes   20   perçant  of  the 

total   process   fuel   input.     And  in   the  new   Hnrrop  Osciplate 

Calciner   (HOC),   the material   bed moves  over a  cascade of 

Stationary,   overlapping   hearihs.     The   HOC   can  take   feed  in 

the   slurry,   pgwder  or  granular   form.     The   stationary  furnace 

can be   fired  directly  or indirectly  with   gaseous,   liquid 

and  solid   fuels and can also   be   heated  electrically. 

2'5-4 UevaXopmentB   in Clinker  r.nnlarf 

Wellknown among  the coolers  are   grate  coolsrs, 

planetary coolers,   rotary coolers and shaft coolers.     Racsntly, 

a   tubular  cooler,   in  which   dust  removal   of    uxhaust    air   is 

also   not nucessary,   has  been constructed   in Austria with a 

capacity of   2000  tpd»  clinker   exit   temperature of 1608C   havs 

been  reported  for this cooler.     The  Walker-B era therm  shaft 

clinker cooler  with   fow moving parta and  good ovorall   thsrmal 

recovery ia also worthy of notice?   an additional advantage 

with  this coolür  is  that  no   excess cooling  air is requirod to 

be vontsd. 
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2.5.5 Developments  in Duat  Collectors 

The  dust cuoloctore  commonly used  in cemont planta 

include  alectru-sta tic   precipito tors,   multicyclones,   baga,   ate. 

Elactrostatic  precipitator ( ESH )   requires least   unergy  of 

all   the high efficiency collectors;   its maintenance coat   is 

low because  it   is constructed of  steel   and operates   dry,   above 

the  daw point.     Its major   disadvantages,   however,   are  the 

high   inatallation cost,   impredic table collectif n   üfficieney 

on certain  high   resistivity   dusts and  the   expensive»   nature 

of   supporting   instruments.     However   the  installation of   such 

expensive  systems   involving   heavy capita 1  outlay  without 

commensurate   enhancement  of production  is  a   situation which 

developing countries can   illafford. 

2.5.6 Developments   in  Instrumentetion 

Instrumentation and control systsms in lnrge size 

camsnt plants aro now well developed to record and control 

the operating conditions.     On  line  X-ráy analysers   for  quick 

na lysis of raw maturials are used in the cement   industry. 

Systems for automatic  centralized process control  comprising 

control panel  equipment,   analogue controllers,   television, 

computers and mini computers are also   being  employed  incre- 

asingly  in modern cement  works. 

In the  Indian context,   perhaps off-line  X-ray 

analyzer    may bo more  appropriate   is  this  would  be  adequata 

for  keeping  track  of  the  raw material composition  without 

being as  expensive as the on-line arrangement while at   the 

same time permitting n   good part of the work to  be   done man- 

ually. 

2.5.7 Qjhtf PfVlaBiffifPtt 

There havo been  various other  developments  in tha 

overall  proras« „f cement manufactura  auch as cold procesa of 
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ornant manufscturs,   laying th.  rsfiectory lining without 

•topping  the kiln,   gearless   driva for cernant mills,   manu- 

facture of can ant  and sulphuric acid together,   fluidiied 

bed  »intering baaed on  total   energy concapt.     However, 

there is an   imperativa  nsad for  evolving mora inganaoue 

méthode  of  packing cament  where  one  totally   diepoeaa  with 

the  packing machinas  on.i  bagged  supply  of cement.     Homo- 

genizing   techniques   for  raw meal   suitable  to   Indian  mats^ 

rials and  situations such   as continuous   humugenijation are 

also   a   subject  under  in-dopth   study. 

TECHND-SOCI0-EC0N0MIC   BASE  IN DEVELOPING 
COUNTRIES AS   RELEVANT  TO  CEMENT  \W 
ALLIED   INDUSTRIES 

3,1 ¿hj J¡N£ a HÍÍ £eS.ej]t_CÄnjuflp^i>ojj 

Rsgression analysis confirms  that   the relationship 

between cement consumption (in  kilograms per capita)   and 

the GNP (in dollars per capita)   in 1965  was non-linsor}   the 

iNP   elasticity of cement  consumption  decreases  with an 

increasing   GNP.     It  was unity when at  a   GNP  of approximately 

•   390  par  capita   and cement   consumption   148  kg per  capita. 

ielow this,   cement  consumption  ine roa ned  faster,   and above 

this,   slower   than the  GNP. 

When cement consumption  is compared with expendi- 

ture  on construction,  onu  or two  countries show pronounced 

departures   from   wiu general   trend,   that  might be  explained 

by a   significant change  in  the  noturs of construction output, 

as  for ample a   largo   increase in the proportion of civil 

•nginsering works.     Ngw building constructions carried out  in 

«ma  developing countries  in the  yaar 1976 are  aa per  Table  13 
given below   : 



-  40 . 

TA ILE 13 

NEW iUlLDING CONSTRUCTIONS  IN SOME DEVELOPING OOUNTRIES {1976) 

SI 
No 

Country Dwellings 
(1000     nos) 

Residen- 
tial 
(    1000 

Non-resi- 
dential 

m2) 

1 Brazil 200.4 22 800 8700 
2 Chile 11.5 868 374 

3 (¡uà tama la - 142 - 

4 Hong   Kong - 1306 - 

S Iran - 144 36 1680 

6 Israel 54.9 5208 1656 

T Kenya - 96 156 

1 Korea,   Rap of - 9 492 8496 

9 New   Zealand 30 3389 2628 

10 Senegal - T4 9.6 
11 South A frica 11.1 162228 55812 

12 Syria 29.1 3296 458 

13 Trinidad i 
Tobago 

• 368 73 

3,2 ù.*AiÀakiàiây-,°i uajPâHn 

Wall   equipped building contractors and a   qualified 

labour force ate nomali y available in  developed countries, 

although   some of them  (for   example,   Switierland)   dopend on a 

large quotai  of  foreign workors  in order to   koep  their cons- 

truction  industry  gaing.     Without these resources,   cement 

cannot be used  effactively¡   thoir absonce may cause in a   deve- 

loping country. 

In  tho   first case,   the problan  may bu   evolved by 

waking   it  attractive  to lodi  or foreign  firms (by means of 

credit  facilities,   loans,   reduced import   duties on  equipment) 

to  engage  in the contracting business »   the  establishment of 

v> 
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Stete-owned building compania» ia anothar mea sura which can 

h alp   to  develop  the  indu »try. 

In the  second case,   tha problem muat  ba  solved 

through training of labour.    As the camunt manufacturara and 

building contractors  raap  tha advantages,   auch training 

should bo their rasponaibility, 

Cament is a  manufacturing   industry and in  so   far 

ae  developing countries are cuncarned,   mostly they  have to 

utiliie labour  intanaiva technology   for camant.     So  avail- 

ability of manpower  i.e.  giving  employment to puople in 

developing countries,   is of utmost   interest.    The  following 

table  gives the progresa that   soma of  the developing coun- 

tries  have made  in giving employment  to people,   in manu- 

facturing industries  : 

TABLE      14 

IWCX  HJMtERSOF  EMPLOYMENT   IN MA Ml ft CTURING  IflUSTfUES (1976) 

Basa    19T0 - 100 

SI 
No 

Country 

1 India 

2 I erasi 

3 Korea,   Rep  of 

4 Malawi 

5 Mauritius 

6 Naw Zealand 

T Spain 

• V ens cu eia 

9 Bulgaria 

Index 

113.4 

117.S 

233.5 

1T1.5 

331.2 

106.1 

115.a 

133.9 

111.2 

•V J 
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3» 3 J « tÎD°.l0_gi.£û.A Ja_6 «LtS r_ ll^^jl .£ Vi W\. Is^ü *ì*ìl 

Whilrt  a   great  deal  of   research of  différant 

kinds  is already  going on  in  the  field of cement and concrete 

technology   and valuable  work   is being  done  by the   various 

laboratories  spread all   over   the  country covering manufactur- 

ers and users,   private  entrepreneurs and the governments at 

the centre  and thu  states alike,   the need  for considerably 

strengthening  the  rt&D   effort   in  this  field  becomes  obvious 

whan the potential  of  the   industries  involved  is considered. 

Whilst undoubtedly,   research   in  various other 

fields   is  as  essential   fur  human  progress  as  rossarch   in 

cemont and concrete   the  diversified  effort   has  resulted  in 

a  positive and conspicuous absence  of an  intensive,   well 

coordinated and planned  effort  at   the  national   level  on an 

institutional  basis   towards   reaching  the  desired  goals   in  the 

technological   fields  of cement and  allied  industries. 

It  is   exactly  to   fill   this  gnp   that   the   C3ment 

Research  Institute of  India   has boen  est3blishod.     Th-j 

principal objective of CHI  in  to   give  increasingly better 

technology   support  to   the coment   and rolatod building  mate- 

riale,  cement machinery,  construction,  and allied industries 

for which pulposo it provides the baee necessary   for a 

planned and intensive R&D  effort as wall as proper coordina- 

tion and utilization of competencies wherever they m;y  bu 

available  in the country and  in whatever  form  fur achieving 

the  sot objectives. 

The RID activities of this Instituto covnr the 

entire spectrum, starting from the chemical elemente avail- 

able in nature and their e>f)loitation towards making camünt 

through the manufacturing processes, engineering design and 

development of cement plant and machinery - to cement tech- 

nology and concrete technology-ending in concratü structures 

where cement  finds  its final place of raet.    Thus CRI'a RID 

J 
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is  ssssntially a multi-disciplinary  sndsavour,   the  service and 

assistance) of which,   aa a   national  aaset,   ara  also  available to 

industries   dueling with other  related building materials. 

Realising the   importance of   such  intonsive  and  coor- 

dinated reoearch,   and in  keeping with the  broadest   conception 

of public   service,   similar   efforts  have been put   in many other 

countries of the world and the cement  industries  in almost  all 

the advanced countries of  the world have  established research 

institutes which are some  of   the finest of  their   kind.     Work 

done   in  these  institutes has  been responsible   for many  notable 

advances  in cement and concrete  technology  which   have  taken 

place   in recent yearsi   but   for the programme of continuing 

scientific   research  in these  institutes,   as well   as  in  the  fisld, 

many  applications of coment  and concrete  which  are considsrsd 

today  as common would have  been totally unknown or prohibitive 

in cost.     In today's context,   inter-disciplinary approach is 

sn  inescapable necessity if any reel progress  and break-through 
have  to  be obtained. 

4.1 

ALTERATIVE TECHNOLOGIES AVAILABLE 

¿XfiCjsj _of Ma<nu£a>£tu,r,B> 

Ths process of manufacturing portland cement consists 

in the  incorporation cf the  raw materials,   one of which is 

composed mainly of calcium   carbonate (as limestone)   and ths 

other  of aluminium  silicato   (as clay or aholo),   to   form a   homo- 

geneous  mixture?   the burning  of  the mix in a   kiln  to   farm 

clinker;   and ths grinding of  the clinker with  the addition of a 

small   proportion of gypsum  to   a   fine powder.     Two  processes, 

known as  the  wet and  dry process  according as  tu   whether  the   raw 

•stsrials ars ground and mixed  in a  wet or  dry  condition,   are 

ussd.      In s   variant of these processus,   the ssmi-dry procossas, 

J 
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the  raw materials are ground  dry and than mixad with  10-14 per 

cent  water and formad into  nodules. 

The  wet  process     was originally   used  for  very 

friable materials   such  as  chalk and clay  and later   extended  to 

the  harder   limestones and  shales.      For many  years  the wet  pro- 

cess   was  preferred  because of  the mora accurete  control   of   raw 

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

has  been a   swing  back   to   the   dry  process,   for less   fuel  is 

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

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

now   removed   the disadvantage of  the   dry process. 

In the   dry  process   the  raw materials  are crushed, 

dried in   rotary   driers,   proportioned,   and   then     ground  in  tube 

mill» consisting of rotating  steel cylinders containing  a 

charge of   steel  balls or other   grindin-j media.     The mills are 

continuous   in operation,   being  fed at one  and and discharging 

the  ground material  at   the   other.     Two mixes,   one   high  and one 

low   in lime,   are oftan prepared and  blended in   the   required 

proportions  in a   silo   with  vigorous air circulation.     The   dry 

powdar   is  fed to   the kiln. 

In the manufacture  by  the wet process  the method 

differs  somewhat  with the naturB of  the raw materials.     When 

chalks and marls  are used the raw materials are  broken up  and 

incorporated  in wash mills.     The c halk and clay are  fad in the 

required proportions to   the  wash mill   together with   sufficient 

water   to   form  a   liquid of craamy consistencies.     The   finished 

slurry   does  not usually contain more  thin a   few per cent of 

material   remaining on a   170 mesh,   and its water content   varies 

from   35  to   45 per cent with  different raw materials.     The 

•lurry is  pumped to   slurry tanks or basins. 

The rotary  kiln in which  the cement  is burnt at 

laOO-ISOO^C  i" a  long cylindar rotating on its axis and  inclined 
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M  that   the mataríais fad in at   the  upper and  travel   slowly tc 

the lower   and.     Here  the fuel,   pulverized coal,   oil or  natu ml 

gas,   is blown in by an air  blast  and ignited.      In the upper 

part of the  kilns    chains are   fixed to   a seist   in the transfer 

of heat   from  the  kiln gases to  the raw materials.     The slurry 

ia   dried in the upper part of the kiln and the water   driven off 

• I  a team,   and then a s  it  descends  the kiln,   the  dried  slurry 

undergoes a   series of   reactions,   forming  what   ie known aa 

clinker. 

4.2 ¿ijESJ3! ¿¿¿Til 

In countries where  there ia little or  no production 

of cement,   en annual capacity    of 1,00,000  tonnes by  the rotary 

kiln process   is considerad to   be the  economic   size whereas  the 

corresponding figura for countries where  the cernant induatry 

has  developed is 4,00,000 tonnas or more.    The cement   industry 

in  India,   having  been established on e   firm  footing with an 

installed capacity of 21,87 million   tonnes,   falls under the 

latter eetsgory.    The cepital   required et  today's price levai   is 

of  the order of fa 650 to Rs 7-0 par tonne of cornant produced 

annually. 

Considering the advantages of the influence of  scale 

of operation on  total inveetment  cost  and production coat -  the 

world trend today  is to  go  in  for larger and lerger  single unit 

cement planta.     Now-a-daye  a   number of   3000  to  4000  tp d rotery 

kilns are already  in operation  in many parts of the world,   such 

as thoae  in USA,  U55R,   Germany and Japan.    ,\   suspension pre h an tor 

kiln of 4B00  tonnaa per   day  capacity at  Karita   Cement Plant  and 

an «SF*   kiln (based on  newly   developed  'SF1   procees)   of 7200 

tonn ss psr  day capacity at  Kumagaya  work  of  Chichibu  Cement  Co 

Ltd in Japan need spsciai mention  in   this context. 

The Indian cement   industry is a mixturo of smnll  and 

large capacity plants ranging  from 20 tpd (CRI  Ta mil na du)   at  one 
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extraits to   3000 tpd (Jaipur Udyog  Swaimadhopur)   - though based 

on multipla  kilns. 

The  economic  unit capacity   for cement   plants   in  India 

was  standardized at  600  tpd,   in  the  beginning  of  1960.     However, 

the present   day  trend  is towards  going   in   for  larger   size units 

in  view of their  economics,   both on  the  fixed  investment and 

the cost   of production.     In  view   of ths  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   tpd.     A   curve  depict- 

ing   influence of  size  of plant on capital  investmont cost  is 
given in Figure   5. 

In India,   there are seven cement plants  having capa- 

cities more than 2000  tpd (ACC - Cheibasa,   Sauroshtra   Cement - 

RaeBvav,   5hree Digvijay,  ACC - Jamul,  ACC -   Kymore,   Jaipur Udyog • 

SatMimadhopur,   and India  Cements,   Talaiyuthu)   -   though based on 

multiple kilns rather   than single-unit plants. 

Mini cement   plants are  epsentially those   in  which 

cement   is produced  in quantities much  less  thnn   in  ths conven- 

tional process.     However, .what precisely   demarcates a   mini 

cement plant  from a  conventional plant,   is the   techno-eocio- 

economic  approach and content.    Accordingly,   the   question is  not 

one of mere  scaling   down or  scaling  up,   but one  of   determining 

the  appropriate  technology  under a   given  socio-economic   situation 

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

The mini coment  plants can alternatively   be   based on 
the following processes  : 

a) Vertical  Shaft Kiln 
b) Small  Rotary Kiln 
c) Sinter Bed -  Straight (like Lurgi)   or 

inverted (like Reba) 
d) Bait kiln or Mechanical   Grill 
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Of  the  four  syst an s mentioned above,   the commercial   exploita tion 

of  the    last  two   processes  is   rathar   limited.     The   experience of 

the one  sinter  bed plant   established  in   India   has  not  bean  very 

encouraging.     That   is   why  it  may be  appropriate   for   the   timu  being 

to   consider  establishing mini  cement   plants  based on   the  first 

two   processes,   the brief  descriptions  of  which are   given below  ! 

_VBrti£0l   Shjft  Kiln     -  The use of  vertical   shaft   kiln 

process   for cement  manufacture   di tus  back   to   the year   1824,   when 

Portland cement   was   invented.      However,   because of  its labour 

intensive opurations,   this process  was   found uneconomical,   apart 

from   the   fact   th.Tt   it produced   non-uniform  quality clinker, 

consequently  restricting  its   growth. 

It  was only after   the  development of a   pan-type   ncdu- 

lizer,   that a   significant advance could be achieved and  the   »haft 

kiln perfomance   improved considerably  this  permitting automation 

and production of a  uniform quality of clinker. 

Based on  the  recent   developments,   a   vertical  shift 

kiln process   ie a   semi-dry process and essentially comprises   the 

following  : 

i/    Crushing of limestone and additives ( if necessary) 

in a   crusher   to   minus   15-20 mm   size. 

ii/    Proportioning of  row matériels  and fuel (coke 

breeie)   based on raw mix  design,   grinding to 

desired fineness   and  blending of finally 

ground raw mix to obtain  raw meal of   desired 

homogeneity, 

iii/    Preparation of  nodules by addition of  water to 

raw meal in a  pan-type nodulizer. 

iv/ Feeding nodules to V5K where drying, calcining, 

sintering and cooling take place as the nodules 

travel down the V5K and ultimately get convert- 

ed  into clinker • 

í^- 
i 

. i 
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v/    Grinding of clinker and  gyp «MU (4-5$)   in a mill 

to  obtain ordinary portland cam ant. 

The V5K procese  can  adapt   itself for  full  automation 

or  port  automation.     The necessary   simple   instruments   help   in 

controlling  the kiln operation. 

Amali üo.£a.£y_Kiln  -     The use   of  rotary  kilns   for 

cement  manufacture   is well   established.     The conventional   plants 

are   essentially based on  rotary  kiln   technology.     However,   a 

Small   rotary  kiln can  be adopted to   produce cement  on  a   small 

scale   in a   mini plant.     A   small   rotary   kiln  process  could   either 

be   dry,   semi-dry or  wet.     The rotary   kiln process   essentially 

comprises   the  following   : 

i/    Crushing  of    limestone  and additives   (if  necessary) 

in 3  crusher 

ii/    Proportioning of raw materials,   grinding (dry or 

wet)   to   desired characteristics and   blanding  of 

finally  ground  raw mix/slurry  to obtain  homogen- 

ized   raw meal 

ili/    Coal  crushing,    grinding,   Storage,   and   feed control 

arrangement   to  the kiln for firing 

iv/    Passing   the homogenized  raw masi  through a   shaft/ 

cyclone prehsater (if  required as per procesa 

sal acted)   and  feeding  to  kiln 

v/    Cooling of clinker in  cooler 

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

Portland    cement. 

The process   is quite  simple  to operate and  result« in 

unifowi   qua lity clinker. 

Small  scalo cement  plants  began   to  be built  in China  in 

1958.    At this time,   in other  partb of  tho  wcrld,   large  rotary 

kilns with  internal   heat  recoupera ting     devices and  external   sus- 

pension preheaters were being   installed. 

China  has  not chosen  to  take the sana steps   in  increasing 

its cement  producing capacity as the  rast of  the  wjrl d.     In  China 
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there  have bean additions of    large  rotary kilns nto r  large cities 

where  transportation   is  better  developed,   but a   major capacity 

increase  also   has  taken pisco  from   amali   ' egg-shaped'   and  shaft 

kilns.     The   'egg-shaped'   kilns  aro   built   below  groLnd  level  and 

nu  lined  with   brick.     They   art)   vury   email   in   size.     They must   be 

charged,    and   the  material   removed manually and  are   what   ie  known 

in  chemical  processing   as "batch"    type  opuration,     The  she ft   kiln   is 

an   old  technology   that   has been used   to   host  nsny   types  of minerals 

a nd   is a   type of    kiln used in  the manufacture  of  the   first  portland 

cement. 

4.3 jJajppjDwer_in .India n_ÇBmgn£ jPlant«_ 

The cement   industry  employs  about   80,000  people,   i.e. 

about  one  worker   per   tonne  of   daily production.      It  has consider- 

able capacity   for   generating   indirect   employment  in   the form   of 

construction labour,   quarry labour,   transport,   etc.     The additional 

direct   employment  likely  to be  generated  would   be  na   fo.Uown   : 

TABLE     15 

UDDITIONML   EMPLOYMENT   IN     CEMENT      INDUSTRY 

Yoar                         Cement Production                                  Direct Labour 
 Un million    tonnes)  

1977-78 19.00 80,000 

1982-83 32.00 1,35,000 

Additional 
employment ' 

The   trend in  respect of number of plantB and size's of 

plants  in  relation to  employment potential  is  reguieted  from   the 

following   tablü   : 

TABLE     16 

MANPOWER   EMPLOYMENT   IN   INDIAN CEMENT   INDUSTRY 

S ira of  fiants Nr  of Plants Manpower pit  to int. 
 t*Pd) of canmt 

Mini 3 4-5.5 
(up to   100) 

Small 5 1   -   A.5 
( 101-300) 

Medium 
( 301   -  1090) 16 0.29  - 2.32 

Largo 32 0.16 - 2.26 
(above   1000) 

J 
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As   should  be  sxpsctsd,   the   manpower  consumption  per 

tonnt of  csmsnt is highest for  small   size  cement  plants. 

Interestingly,   all  the three mini   pianta  are   based on three 

different  processes,   namely,   vertical   shaft  kiln,   sinter   grate 

and dry  rotary  kiln.     It  may be  noted   that  the  range of   manpower 

consumption   shown in  the  table is  not of  the   average figures  but 

indicates   the  lowest  and   highest  figures for cement  plants  in 

India. 

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

5.1 Mtt ind pry proceat pianti 

Till  recently cement was   being  manufactured  throughout 

the world mostly  by wet  process  in  spite of   fuel  consumption   being 

greater  than   that for the  dry   process which was  being adopted  where- 

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  considered whila  selecting 

the manufacturing  process,   the  most important decisive factors  ara 

.fa fuel  and  power consumption which,   together,   account  for   about 

40    par  cenx  of  the   cost  of   production.     Fuel  consumption   depends 

on  the  process used   and,   the  power  mainly dependa  upon whether 

the raw  material is  soft or hard. 

Though development of  long  wet  process  kilns with internal 

heat exchanger  system  brought down   thB fuel  consumption  to   an   low 

a value  as   1300 k  cai  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   tn.fs 

appears  to   have tilted  the  balance   in  favour  of  dry  pro'.tsna.      The  powe^ 

requirement  in  terms of kwh/tonne  of  cement  is   around  i1Q-12G foi 

wst process   and   about 130-140 for   the  dry  process.   Water  require- 

ments depend   mainly on the  process used.     A dry  procrei  plan4:  ucua up 
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te   approximately   810 litres of water  and   an  average wet proceaa 

plant   requires  approximately  1620 litrea of water  per tonne 

of  finished  cement. 

The  lower  consumption of  fuel  in   the  dry  procesa 

than  in   the  wet   process  makes   the   former   preferable  if   the 

material  components   are  not   too   wet or   sticky.      As  a fundamental 

rule,   the  dry   process is  tu   be  recommended  for   reasons of   heat 

economy,   particularly in  casus  where  the   raw   materials  contain 

leBS   than  15   to   18   per cent of  water.      The   earlier  view  that 

in  the  dry  process   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 

procesa,   there   is   usually   sufficient   heat  in   the   kiln  exit 

gases   to   dry   the   raw   material. 

The wet   process is  preferabla for dealing with moist 

raw  materials,   auch  as chalk or plastic clay,   as   the dry 

preparation of   such  materials  presents difficultias.     This 

process will   always   have  to   be   employed   in   cases  where  the 

raw  material  contain deleterious  admixtures which  havu to  be 

removed   by washing. 

Adoption  of  dry process  can save   as much   as fo 8.BO 

per  tonne of   clinker on account of  fuel,   assuming  that dry 

process  requires   0.18  tonnes of  coal   (of   5000 k   cal/kg coal) 

per  tonne of  clinker  as  against   0.29   tonnes for  the wet process; 

the  cost of   coal   taken   as Rs 60/-   per   tonne. 

Although   power consumption  in  dry  process  is mors  by 

about  20 units   per   tonne   of  cement  costing  approximately Ri 2.00 

per  tonne,   the  latter can  possibly  be  balanced   by utilizing 

exit  gases in  drying  raw materials whilo   grinding.     In  addition 

to   this,   adoption   of   dry   process   saves   about   810  litres  of 

water   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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b'2 S»mll   Vs   Lara.   C.«.Mnt   Pl.nf 

Mini   cement  plants will,   becausu of   their following 

advantages,   have   a role  to  play in   the  developmental  programme 

in   the  country   and will  come   to   be   established  wherever 

the   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   invested   in   men 

with  relatively   smaller  means 

iii/     Creation  of  increased   employment  opportunities 

in   rural   areas  on   a  well   dispersed   basis 

iv/     Contribution  to   uplifting   the   local 

economy  and development 

v/     Realization  of  quicker   returns  on   capital 

invested   because  of   low   gestation   period 

vi/     Exploitation  of   small   deposits  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  movement of   materials 

and  thus  bringing down   the   average  unit 

cost of  transportation  of   cement in  the country 

x/    t-limination of  packing  charges where  ths 

utilization  point is  localizad 
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xi/     «eduction in multi-handling and 

intermediaries between  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 

INVESTMENT FOB 1200 AM  500 TPD  PLAMT| 

Typ« of  investment 

Capital investment 
(fc in lakhs) 

a/    Fixed capital 

fa/    Working capital 

c/    Total capital 

Investment per tonna 
of  inatalJed capacity 

(%> 

«/    Fixed capital 

e/    Working capital 

c/    Total capital 

Mii. 
1200 tpd 

710.00 

31.25 

741.25 

50 tpd 

204 0.00 94.90 

125.00 6.61 

2965.00 101.51 

551.40 

31.89 

517.29 

v> 
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6 CASE  STUDIES IN   CEMENT  PRODUCTION 

*•1        Mkni Ciiaiint Pianti 

6.1.1       Background for Developmental Work on   Mini 
ttinint Pitflt  

In   general,   in  industrial   practice,   the   sizes  in  which 

industrial   processes and  operations are  being  carried out   ars 

being continually increased  in most industries  with a view   to 

reaping  the  benefits of   scaling up.     The  scaling up approach  has, 

however,   led  to   certain  drawbacks which vary  from industry  to 

industry  and  country to   country.     In  thus case  of   the cement industry, 

in  India  the  problems faced with  large   pianta   are   : 

i/     the  capital  cost of  a viable  size  of 

cement plant  is very  high   (of   the  order of 

% 250 million  for  1200 tpd  plant   and 

Hi 500 million  for  2500 tpd  plant)   and is 

quito  beyond   the means.of   an  average 

entrepreneur! 

il/     the  movement  of   population from  their natural 

locations  to   big industrial  centras causes 

social  problems; 

iii/    large planta  require  relatively  longar 

tin«   (of  the order of   3  to  5  years)  for 

machinery fabrication  and  plant   establishment 

iv/     difficulties  in  transportation   end other 

infrestructurai   facilities for  transporting 

large   size  machinery  is  a  situation obtaining 

in many developing countries  j 

v/     limited Infrastructural  services   such  as 

power  and watnr in certain   areas;   intsrruptions 

in  the  required  inputs cause  interruptions 

in  the operation of  the  plant with  consequent 

larga losses  ; 
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vi/    limitation« in  the  availability of raw 

material« in  sufficient quantity.     In 

fact,   many  amali deposit« of  limestone 

•praed  all over  the country  have  remained 

unutilized   because  they   aro  not large 

anough  to   establish a viable large  size 

or even  medium size  plant. 

If   appropriate   technologie«  ore developed  to  make 

thani tachno-economically feasible,   «mall  size  plants would 

not only ovsrcome the   above  limitation«  and   drawbacks of   large 

plants  but would in   addition offer the   advantages outlines 

in  saction 5.2. 

é.1.2      £raai"lí_Pl iPi.k_.ofl, ¿hj. û.a^ajyDD.me.nl.al £roj£C¿ -   The 

imperative need for developing   and  etructuring  a viable  indigenou» 

technology for  mini  coment  plant« with  vertical  stuft  kiln   (V5K) 

or ««all  rotary  kiln  and   the intensive  and  coordinated   üfforts 

carried ogt in   CHI   culminated  into  the development of   basic designs 

of  Rani cement   planta  based on  VSK  technology  sometime  in  late 

1fT3;   this was  essentially  based on  laboratory invaginations of 

raw  Materials   and  fuel  involved  along with   the   analyaia  of  process 

d««ign data collected from numsrou«  «ource».     In  the  meantime  a non- 

working vertical ahaft  kiln mini cement plant  (unable  to 

produca quality cement on  account of it« faulty deaign),   situated 

at fcjduvathur   (Tamil Nadu  in  South India) was  gifted  to   CRI   by 

th«  Government of  Tamil  Nadu  in  June  1974  for R4D  purposes.     CRI 

then  took up the  task  of   super-imposing  the  already  available   basic 

design on  the VSK  plant   at  Muduvathur.     Consequently,   ths 

redesigning and  restructuring work on  VSK  plant atarted  in 

August  1974.     As VSK  technology requires  specialized  manpower,  CRI 

also  took thl« opportunity to  train th« operating personnel 

•imultaneoualy. 
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The  redesigned and   restructured vertical  shaft  kiln  had 

a capacity of   20 tpd.     First  trial runs  and   proving  runs of   CRI 

designed  VSK  plant   at  Muduvathur  were  carried  out  from  1   June  1975 

to   5   June   1975   and   28 February   1976   to   15   March   1976  respectively, 

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 4;j:,imittee of 

Direction  for  Cement  Research   (CDCR),   set  up  by   ths   Ministry 

of   Industry     Government  of   India,   sponsored   a  project  to   CRI 

in  March   1976  with  an objective  of  running   the  mini  cement 

plant for  six months for periods  varying from 2 days to  15   days 

on continuous  basis  and to collect  the  data relating   to  output 

performance,   consumption  factors,   process   parameters,   clinker 

and  cement  quality   and  the   related   economics. 

The  commercial operation of  20 tpd mini  cement plant 

under  the  above  approved  project started on  19   July  1976. 

During   1976-77,   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 3  shift basis  being  for 45 days. 

After  ascertaining   the  possibility of obtaining good 

quality clinker   and  cement,   as  confirmed  frcm  thu  results  of 

the commerci alized  runs of   VSK  plant during   1976-77,   CDCR  approved 

another project during  1977-78 for running of   mini  cement   plant 

at CRI   Tamil Nadu   Centre.     During   1977-78,   the  mini  cement  plant 

has run continuously for 171   days on  3  shift  basis in  two   stages. 
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The  plant ia  again  in  continuous operation from 9  April 

1978. 

6.1.3       Techno-Econnmic  Studia« 

Projection  of   the   economic   viability  of   50 tpd   mini 

coment   plants  of   CRI-type   named   "VISVAKARMA"  in   three  différant 

situations   A,   B  and   C   has   been  chosen from out of   the  actual  field 

projticts   CRI   is   presently  handling.     Situation  A   represents   a 

favourable   location  comparable   to   those   of   the   existing 

conventional  working   plants   and   situation   C  represents  condition» 

which  are   extreme in  certain   respects;   Situation   B represents 

a   midway   situation  between  the   twu.     It   is   possible   that in 

reality   there  could   be   situations   more   favourable  than  situation   A 

and  worse   than   Situation  C;   these   have   to   bu  carefully   studied 

with  reference   to   individual   cases. 

Table   18   projects   the  capital  investment  requirement 

for a mini   cement   plant  in   the   three  situations   referred   to   aöovB, 

the   production  cost  and  the  respective   profitability.     In working 

out  the   profitability,   revision   in  the  retention   price  from 

% 161.12   to Rs 296.00  and  continuance of    thB existing  25% rebate 

on  Bxcise  duty  applicable   to   new  cement  units,   have  been  assumed. 

Impact of   additional  incentives or concessions   are  also  brought 

out in   the   statements   in   this   table. 

The following  Annuxures  to   the  table   relate   to  thb mini 

plants in  Situation   B  ; 

Annexure       I     -     Estimates of  Capital  Cost 

Annexure    II     -    Estimates of Working Capital 
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Annexure  HI     -     Ectimetes of  Annusa  Cost of  production 

Anno xu re     IV 

Annexure       V 

Break-even  Analysis 

-     Estimates of  production  cost  and  pro- 
fitability for the  first  ten years of 
opt rat:. ' n 

Annexure     VI 

Annexure  VII 

Cash Flow  Statement  for  the  first 
ten years of   operation 

Expected   Benefits/Costs  of   the   projects 
basud on  the 4th year of  operation. 

6.2 Indiasnous  Prec.lcinatnr. 

6.2.1       ftslfltjgn to   Plant  Size and CRI   Prec^cin^r 

In any discussion on precalcination  technology,   it ia 

important to   remember  that   this  technology was   the   answer 

conceived essentially for very large  size  cement  plants  since 

even with the preheater,   the kiln tended  to   bo  rather big fur 

larger capacities with  high  thermal loading.     Thus,   even 

after four years of  its  advent,   the  precalcinator  remains 

•n 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  benafit  the 

existing plants. 

CRI  has taken on hand an RID project for commissioning 

a precalcinator in   an  Indian cement  plant   (300 tpd  capacity kiln )| 

•one of the important characteristics envisaged   are   : 

i/    at least  30)6 increase over the  rated  capacity 

of  the  kiln in clinker production 
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11/      tha precalcinator  suits Indian coals  aa 
avallab a to camant industry 

ill/      20JÍ incraase in the life  of refractory  lining 
In tha burning zone  of kiln 

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

The project  covers design of process parameters and 

economic evaluation in terms of investment,  operational coate stc. 

The  development  of CRI  precalcinator is in advance 

stage of development  having completed the  necessary  expérimen- 

tation,  design   followed by  capacity   evaluation for  the  ancillary 

equipment,  instrumentation details and assembly  drawings      Presently 

fabrication is in progress.    The Indian precalcinator  is expected 

to be commi asi one d by Dec 197f. 

6.2.2. Relation to Manufacturing Process 

S.2.2.1        jft! E*J«*«â 

With  103 kilns based on wet process for  cement  manu- 

factura, tha  first  atap towards incorporation 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 tha new precalcinati on process in wet process plants,  to cope 

with the anticipated capacity  increase which could be three- 

fold, the capacity  of various unit  operations will have  to be 

accordingly  increased in addition to  the incorporation of the 

following proceas changes t 

1/      wet  raw meal grinding to dry raw 
meal grinding 

ii/      wet  slurry mixing to dry  raw meal 
homogenizing 

ill/      wet material handling to dry material 
handling 
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These various chanyaa and modifications will   mean 

altogether   new  installation and  scrapping of moct of  the 

existing  unit  opérations.     The  total   downtime  necessary   for 

such conversion may   range  from   6  -   B  months.    Considering the 

totality of   sucii  project  involving  m j dif ic;: tionB,   the   econo- 

mic s may o r ma y   not  work out   to   be   fa vou roble, 

6.2.2.2      Dry process 

t   twc-fold  increase   in   the capacity of a     dry  pro- 

cess plant     is possible  either  by   : 

i/     Installing a   parallel   stream uf a completely 

new  kiln unit with all   unit operation   facili- 

ties of  its own   in an   existing plant,   which 

evidently  takes   no   recourse to a p recale i na tor,     or 

i i/     Installing a  precalc ination  system  and   doubling 

the capacity of the other unit operations. 

Yet  another  approach,   which  may  not be quite conven- 

ient could  be  installing a   parallel  stream of  SP   in combina- 

tion with  the  existing one.     However,   this would require, 

complete  restructuring of the preheater   ^uwer,   etc   and  involve 

cunsidarablo   d.-wp-.inu-.,   a'-i    cc which   could cost  as much  as an 

SP   of   twice   the capacity. 

There  are only 18   dry process     kilns  having   suspen- 

sion preheater,   it  will  not  be possible  in all   of thorn   to 

incorporate a  pracalcination  system   since hardly 4-5  cement 

plants may command reserve to   sustain  a   two-fold increase, 

«nother limiting   factor could  be plant  lay-out whicn may   not 

have the necessary  flexibility.     Tharefore,  within the  next 

three  years  the capacity can be   expanded only upto  0.8   million 

tonnes per  annum,   on  the assumptions   that  the capacity  of these 

plants ( 4 to  5   in  no)   is doubled. 
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Where  the circumstances may  not   favour   two-fold 

increate  in capacity,   a  20  to   30  percent increase could  be 

achieved by  installing a  pracalcination syBtc;   assuming   that 

all   other  unit  operations  have   extra   inbuilt  capacity  to  cope 

with   the   increase   in capacity.-    In this case,   nil   that   is 

required may  be   the modification   in  fan  capacities,   kiln 

drive,   preheater   ducting,   and  addition of some material   handl- 

ing   equipment  as  well   as   installation  uf sacundary  air   duct- 

ing  from cooler. 

6.3 jjajjid Quality, ^ontrul jjyjtemj J£ith_5_im£ljä   Façilitias 

In   relation  to manu fac tu ring  process   an   important 

consideration   is   that   tho  quality  of   the product   pruduccd 

Should  not bu lower   than   that   aimud to  meet  thd   specified 

requirements;   the  quality   should also   be  as uniform as  practi- 

cable consistent   with   the  product   if  tht. potential   ... f a 

product  is   to  be   fully utilized.      In  order,   therefore,    to 

achieve these,   considerably  attention  is  required  towards 

quality  control   in   the manufacturing process.      In  advanced 

countries   high   degree  of  instrumentation,  controls  and auto- 

mation h3ve como  into  pL'iy,   une  uf  the  governing  parameters 

of which   is  quality  control.      Expansive on-line   instrumenta tion 

have come  in many  modern manu foc turing processes;   a   developing 

country  finds it   CLO   hard to   h3ve   such   expunsivo  on-line 

instrumentation controls but   nevertheless  they   need to   hove 

•urne  alternative   systom  of quality  control.      In   this  arda, 

therefore,   appropriate  technology   aims at  having   rapid methods 

of  testing  and control as  that   on   the one  hand  there  is  a 

timely feed-back   fur  the process  control  ^nd on   the  other  it 

makes  it possible  to  nave  data   relating tu a   relatively  large 

number of  samples  which is pre-requisite  for  reliable  assump- 

tions on  several   aspects   in modern manufacturing  processes, 

appropriate  technologies therefore cannot  ignore   the  quality 

control  aspects.     Cement Rusoarch   Institute of   India   has   been 
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giving  attention to   this  suoject  for  the last   Sdvoral   years 

and  has worked on  rapid methods uf   testing.-  both chemical 

methods  as well   as  simple  instrumental methods.     ..   comparative 

study  cf  the  various  instrumental   analytical   studies   in  CRI 

is   given in Table   19   which   is   self   Bxplanatory.     Ayninst   this 

background,   a   summary of   savings  in   direct  costs   for  the 

rapid methods  ( i)   with convent ion.il   analytical chemistry 

laboratory   facilities,   ( ii)   with  colorimetrie   instrumentation 

facility   which  is  included  in  Tabid   13   end ( iii)   with  EDTA 

is  reproduced   in another Table   20. 

7 CASE   STUDIE5   IN  "ACKING   CEMENT 

7.1 im£r£v£d_P¿jck_ing_f o_r_Cemen¿ 

7.1.1 Background fur Envelopment 

On   a  conservative  bnsis,    India  presently   needs c ver 

350  million  bags  pur year   fnow   and   used  both  inclusive)   and  this 

figure   may  go  up  tc    ns much   as   600  million  bags  per year  by   1960. 

In   addition  bags   are   also   required   for expert.      Many   developing 

countries   face   similar  problems   though   their  magnitudes  differ. 

Quité   often   attention   has   been   drawn   tc   the   IOFS   of   cement 

due  to   seepage   from the  plain   jute   bags generally   used  in   India. 

Thia   Beepoge   not only  causes   e   loss cf  cement  but  also   causes   nui- 

sance   of   du»t. It  was estimated   that   by   avoiding   this  loss   there  may 

be  a   gain of   as much  as Rs  100   million  every  year   to   the   nati: n   as 

a   whole.   These   problems   were   worrying equally   to   the   manufacturers 

of  cement,   the   consumers of  cement  and the   Government.   CRI   was 

therefore   asked  jointly  by   the   interests  representing  manufacturers, 

the   consumers   and   the   Government   to   study   those   problems   indepth   and 

arrive   at   a  solution  which   would be   appropriate   to   the  country.   The 

R&D project   was  thus   token   up   by   CRI   in early   1971. 

7.1.2 Identifying Basic  Requirements   for Packaging   Cement 

In  the   joint exercise:   of all   those   interested,   the   basic 

requirements   for  packging of   cemtnt  were   first  formulatod  as   follows: 

i/   The  bog  Bhould  be   sufficiently  proofed   against   ingress 

of  water or dampness  on  the one  hand  end  leakptje  or 

seepage of   cement  on   the  other, 

ii/   The  bog  should  bt   streng  enough   to   withstand  the 
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»tresses   and   strain« of  handling  under  the   prevalent 

conditions  in  the   country.   Eithur  provision   should 

exist   for hooking  or  it  should   be   possible   to 

eliminate   hooking   in  industrial  practica   with   no 

adverse   effects  on   productivity. 

iii/   The  bag   should   not  present   difficulties   in  filling, 

either   qualitatively  or  quantitatively   especially 

with   the  existing   expensive pecking  machines. 

iv/   The  material  of   the   bag   should  be   such as  to  with- 

stand  the  high   temperature  of  cement   - which  cnuld 

be  of   the  order of  90°C  -   100°C   at   the time of 

packing. 

v/   The   total  coat of  the bag   should prove   sufficiently 

economical   taking   into   account   reusages,   if  any. 

vi/   The  material   used   and   the   processes   adopted   for  the 

manufacturo of the   bags  should  be   such   as   bo  ensure 

continuity  in   the   supply  of  bags,   and 

vii/   The   material   used   should  have  good   frintional   charac- 

teristics  to   avoid   slippage  on   the   conveyors. 

M-3 Proo« »s of Wrrk pp,   the   Developmental  Project 

After  reviewing  the   work  done   earlier,    the  investigations 

started   with  a   study of  the   relative   properties,   availability   and 

techno-economics  of   the   three   packaging  materials   widely   in use   in 

different parts of  the   world,    that  is,   jute,   paper  and plastics. 

An   analysis of   the   available  information   and  data   indicated   that 

as   a  first   step   towerds  evolving   a   suitable  bag   for cement  packaging, 

baqs   from  each   of   these   as  well   as  composite   constructions  should   be 

studied  further.      As  a   rtsult   it  was  overholmingly   clear   th.it   ?ny 

large   scale   usage   in   India   would  require  it   to   bo   jute   beead   and 

therefore   the  technology has   to   be   jute   based;   this  war  in   fact   an 

important component   in   determining   the   appropriateness of  technology. 

Indepth   technical   studies  were   then   started.      As   a   result or   these 

studies  certain  ayetom*  ane*   designs  including   special   cur  valve F   werr. 

evolved  and some of  them patented. 
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After  the  laboratory   teste   were   ccrrplefd   succe scfully, 

CRI   scientista  were   sent  to  three   cement works   to   test   the  bags 

under  the   conditions   obtaining  in   the plants.      After   these   t03ts 

were   satisfactorily   completed   CRI   made  out   a plan   of   testing   the 

bags  by   the cement   works   themselves;   a  bundle   of   41   bags      -as sf.-nt 

to   each   cement  manufacturer in   the   country,   covering   some   56   coment 

plants,   with  detailed   guidelines   and  instructions  for   testing. 

On   the   basis  of   the   results thus   received,   and   a   study of   J¿h¿   fc^r,.; 

tested   and   returned   to   CRI,   the   technical   feasibility  of   the 

improved  bags   and   their meeting   the   required  performance   criteria 

were  proved. 

The   above   research  work   and   industrial   trials  led   to   the 

development  of such • composite   material   for packing  cement   w.iich 

could   be   designed   end modified  to   cater  to   specific   needs. 

7.1.4 Techno-ücpnpmic   Studies 

Whilst   a   few of   the  bags   w-'re   manufactured  in   the   .labora- 

tory   itself   by   hand  most  of thtî   bags   were   manufactured  in   the 

promises  cf   a   laminato r-cum-bag   manuf acturu r  whose   cc-cparetin n 

was  enlisted   in   the   early  stages  of  the project  itself.     One?   th<- 

feasibility  having   been proved   beyond  dubt,   data  and parametPro 

were   collected   to   enable   a   techno-économie   assessment  of  th-i 

improved  performance   vis-a-vis   the  additional  cost   involved   in   th^ 

packaging.      This  was   studied  in   the  context  of overall   savings 

that   would   accrue   with  references   to   conventional   her,vy   cee   jute 

bags   as  well   as   with  reference   to  kraft  ; iiper  bags   usud  in  man;/ 

other  countries.      A   typical   summary   is  given   in   ¡"iq   7   and   i'nb.Vo   21 

as  an  example   and   a  comparative   statement  of  mpnpcw^r content   in 

illustrated  in   Table   22. 
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1 

2 

3 

4 

5 

6 

MM Il 

A   COMPARATIVE   SUMMARy 

CRI  Bagi Vis-a-Vis  Convential  Heavy  Cee  Ju^e   BOTg 

Improvement  in   strength 

Seepage  loss 

Loss  due  to  ingress   of  moisture 

Possible number  of  reusages 

Initial coat of  bag 

Equivalent cost of  bag 

55% Mora 

94% Less 

83% Less 

33% More 

28% More 

47% Less 

Ufikl 2¿ 

nn 

Manhour per 
1000   bags 

Manhour  cost 
per  1000 bags 

(Ri)     . 

Comparative  Table of Manpower Content 

Kraft Faper 
bags 

y?. 

Heavy   Cee 
Conventional 

bags 

12 

30 

C*!I   Typs 
bags 

16 

40 

Having thus established   the   techno-economie  aspects of   t'•it- 

project  and the  appropriateness of     the   technology  developed,  tho 

firet  prs-commercializaticn stage  discussions were held with   the 

industry,   the industry   was convinced   thet   the proposition  was worth 

industrial  trials  and  aa  a pnrt of   this   about 35,000   bags were supplied 

to   five   cement  companies   for  regular commercial   use.      In  this  indus- 

trial   usage,  data  was  collected from both   the  cement plants where  tho 

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

Industrial usage  ie now picking up   and  increasing   day  by  doy. 

J 
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I CASE   STUDIES IN UTILIZATION OF  CENCNT 

B.1 ci» Iy£«_*£«iy;*i.xj:an£*i.t.£ Mii^aui üs¿nj 
¿fl¿t£tfi.ri £r_TiUik_M¿xi.rj. 

Ready-mixed concrete as  a  technology has been wall 

known  ainca  a long   time and i a widely  adoptad in moat of tha 

developed countriea,   so much so,   that nearly two thirde or more 

of  the concrete  produced in moet of  the  dt-veloped countrioe  is 

ready-mixed,     etiile   the advantages of ready-mixed  concrete   are 

wall  known,  ite adoption in developing countries haa not baan to 

auch a large extent.     Appropriate  technology    of ready-mixed 

concreta for developing  countriea  with particular reference to 

India wae thua  taken up for atudy. 

Conciate   and construction indue try i a quite  well 

aatablishad in India.    Nearly  120   million tonnée of concrete made 

annyally in India and the necessary infésatructure  to innovate or 

develop new technologies  in %hie  field ia available within the 

country.     If,   some or ell of the   recent  developments in construc- 

tion   technology,   aa  p recti sad in developed countries,  have   not yet 

been   adopted in Indie it'.ie because of  th.»  tochno-socio-economic 

eonsideretiona  which  has lad  to   tha   edition of appropriate 

technology in s-jch cmm.    Reedy-mixed concrete  is a case in point. 

The two modes of treneporting ready-mixed concreta 

envisaged in Indian  Standard  IS  :   4926 -   1966 involve either truck 

">ixe»a or agitatore.     Transporting concrete in truck  mixer« without 

agitation ia some tima s practised for amellar distancée of haul and 

need not bo e technology in itaalf.     This ia being pointad out in 

order to contract thia mod« of tranaportation with the one  introduced 
latar in thia east ion. 

Ready-mixed concrete,   although having been talked about 

for  quite sometime  in  the past,  haa  not yet made  any ground  in 

India.   The neeeasary  knowledge   snd expertise  in  the  successful 

operation of a ready-mixed concrete plant and its fruitful use in 
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the construction aita» aro aveileble within the country. 

Cantra! batching  and mixing    pianta of aufficiantly la»«« aita« 

incorporating conaidarabla  aophiatication ara manufacturad in 

the  country and  widely uaad in larga  conetruetion projaeta. 

Thar a ara marni facturara of agitato re/truck-mixara  in tha 

country who M producta ara  finding merket in tha neighbouring 

count riaa.    Why than,   reedy-mixed cone rata ii not  yat oetebliahesJ 

a« an industry  in India?    Tha answers to  tha question are 

a aiti y two-fold and per nape common to MO at of the developing 

oountriee. 

The firet raaaon ie tha  fact that raady.mixed concrete 

ie eapital-inteneive  end e mejor portion of tha cepitel outlay 

ie fox the traneportetion fleet.    A recent study conducted by 

Cil   ehowe that nearly 62 to 70* of the fixed cepitel coot for a 

IIS  to 290 cubic metra per day capacity HMC plant goaa towards the 

coat of truck-mixers/egitetore. 

The aecbnd raaaon has been tha  ebsence of matching 

iflfraetructura for proper handling,  placing and compaction at 

•»»•  cite of placement.     Ae it ie well known, ready-mixed concrete 

becomes compile tivs with site-mixed concreta only  whan the démens) 

ef concrete to be poured per day exceeds  a certain levels   in tha 

context of Européen countriee,   this i a perhaps of the order of 

100  eu m per week.    The etudy in CHI   ehowe that optimum sits of e 

reedy-mixed plent in Indie should be,  more or less, of the asme 

order.    However,  in India end in moot of tho other developing 

eountriee, the piece ment of concrete is mostly    dons manually. 

Piacere or pumpe  are used in large conetruetion projacta only who 

may   aleo efford to have a central batching end mixing plant neer 

the   cite of conetruetion iteelf.    For an everngo construction job 

in aoet of the developing countries handling 3 eu m of concreta 

per trip of the  truek-aiser/eçitetor may indeed pose some 

problème. 

. i 
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From the  abo vi,  the atretegy to make ready-mixed 

concrete an attractive proposition in  developing countriea, 

pointa to two conaidarationa  s 

a/ that concreta  be  transported in ordinary, 

non-agitating vehicles,   without loaa of 

quality  and any other de ai rati e  advantages 

of ready-mixed concrete;   and 

b/  the aite of the   ready-mixed plant and  the 

tranaport fleet be chosen keeping the  cons- 

traints  of placement at   the receiving and, 

•-1-1        Thi teamariitt IlchhalBfly 

With the above coneiderationa in view,   an appropriata 

technology for reedy-mixed concrete  to  be  adopted in developing 

count ria e like Indie bes been evolved  by CRI  whcee main feature 

ia that it enables concrete fro» the  central batching/nixing 

plant  to be trenaportad without agitation.     Thiatjethnoiogy 

compriaes a central batching/mixing plant,   a tranaportation flaat 

of non-agitating vehicles    like truck e ate of appropriata  aitea 

and a  concrete mixer at the   aite for  re-mixing.     Aa it ia  well 

known,   a high slump  (50-100 mm)   concrete from the  central  batching/ 

mixing plant,  if delivered  without agitation,  will posa problema 

of serious loss of workability and even  'stiffening*  of concreta 

durng  transportation which will call   for re-tempering et  the  e i te. 

Depending upon  the climatic condition   and tranaport bottlenecka, 

the  diatance of haul in such cases  will be  eeverely restricted. 

If,  on  the other hand,  only  dry concreta   materiale  after batching 

ware  to bo traneported in open trucks  etc,  moat of the cement and 

other  fine particles will  be blewn away.    Between  these  two extreme«, 

the choice will obviously lie  in tranaporting concrete in  a  'semi- 

dry'   stete  from the  batching/mixing plant,   with only sufficient 

water added initially, tu  rendar the  concrete into  a coheaive 

maae,   and the balance of water added in tha eecond stage before 
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final placing.     Although  tha aolution may aound to ba  aiuola,  it 

raally calla   for a thorough study of  all   aapects of tha  choica of 

«atarials,  particularly  tha grading of  aggregetea  and  tha parean, 

tage of fines,  proper mix designs,  atudy of tendency to  aagregate 

during  tranaport,  loas of  water due  to  evaporation  during trene» 

port,   the  state  of hydration of cement   during tranaport and ita 

affect on the  resultant workability of concrete.     CRI  has carried 

out extensive   reaearch  and   traila on  these   aspects  and have coma 

out with  a technology which haa enabled concrete to be  transportad 

in  non.agitating vehiclea over 1  to Y2  houra  and have  indeed 

aucceeefully   adopted thia   technology in soma of ita own construc- 

tion e#    Extended  application of  thia  technology in some larga 

projects involving construction of concrete dams,  canal   lininga 

and barrage a  ara being arranged. 

• .1.2 Tachno-economica 

In «o   far as the  economica of thia technology ia concerned 

tha dataila are being worked out but at  thia a tage it aal f it hat 

become clear  that tha tranaport fleet ahouldconeiat of a largar 

number of ordinary,  non-agitating vehiclea of smaller capacity 

(0.5  to  1  eu m)   rather than leae number of largar capacity vehicles, 

Generally,  overall tranaport coat will  ba lower with increase  in tha 

unit aita of  the  pay-lo ad.     It must be  kept  in mind that tha ultimata 

advantage of  ready-mixed  concrete is to  be  derived in enauring 

'quality*  concreta  for both big  and small  joba alike.     While in 

larga  construction projecta adequate infraatructurea  to produca 

quality concrete may be provided economially,  it ia  in  the  amali 

construction projects that  ready-mixod donerete hea    to serva  ita 

purpoaa where  even minimum facilities  for   tasting   concreta material!, 

mix  designa  and proper batching  end mixing   to produce   'quality' 

concrete entails uneconomical overhead costa  and where   'nominal' 

concrete mixe a   are  widely  used rather thmn   'controlled'   concrete. 

Keeping such  amali  jüba in  view,  smaller  eize of tranaportation 

vehicles may enauxa  full utiliietion of ita transport capacity,  and 

from an overall  a nsideration may indeed  be more sec nomi eel. 
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The  lit a of the central batching/mixing plant ha» 

else   to match tha  capacity of tha trnnaportation flaat.     There 

it a naad,   therefore,  of going  for amellar  aita   batching planta 

(nay  be     10  to  30  eu m per hour).     Such batching plante need 

not have  the  fineet lévela of sophiatieatio n  and complete  auto- 

mation)   indeed many or moat of the centróle may be  done manually. 

8.1.3 Advntaoa» 

At thie point of time,   a few adventage» become appa- 

rent wftch  ara common to moat of  the developing countriaa.   Tha a» 

at«  t 

1/  Such a technology  will  eneble  tha  UM of controlled 

cenerate  for »mall or medium conatruction joba aleo. 

In moet of the developing countriaa,  for email or 

medium eise conatruction joba,   the coet of naceaaary 

infrastructure for producing controlled concrete hoe 

been  known to be disproportionately end uneconomically 

high.    Yet,  on a national level,   when the available 

excessive uaaof  acare concreting material  like cernant 

which re »ulti fro«  the uee of   * nominal'  mixe e ia 

coneidered,  the advantage of ueing 'controlled' 

concrete which eneuree rational -uae of materiale and 

prcper performance and durability of tha a true tura 

at the »ame time, cannot be denied. 

ii/ Thie technology will enable the uae of induetrial 

we»ta» like  flyaahin conatruction industry,  in a 

largar acale. 

iii/ In a conventional   ready-mixed concreta plant  truck- 

mix ere/ og i tato r» alway» return empty.    Compared to 

thie,  non-agitoting,  ordinary vehicle» like  truck» 

can be gainfully utilized in many developing countriaa 

for carrying material» etc. in return trips and 

need not return empty. 
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iv/ Employment-generation i« an important considera- 

tion in TíO at of  the developing eountriee  and e 

technology which is fully mechanised may not 

always meet the  social  obligations  and needs. 

The proposed technology  strikes a  harmonious 

balance  between utilization o.f manpower and 

mechanisation is an appropriate doae  in the rele- 

vant areas. 

1.2 ¿RJ. SPMì-BP-FI ¡POPPI* J>2.íE9mfítJ*at&J^L*Sí*&ííí*iiQJl 

••2-i       itihawynti f» Ptvttpjimnt 

Presently,   the demand for lina supporta required for 

rural electrification in Indie is ee timet ed at over 4 million 

polas par annua).    A large portion of Ini e demand may be met by 

pre at re seed concreto   polas,  and therefore oconnmical designs which 

are consistant with functional requirements, may  reault in consi- 

derable savings.     Though the absolute value of coat reduction per 

pole  may seem inconsiderable,   the savings,  when expressed us  a 

fraction of  the cost of pole,   will  be substantial  and therefore, 

additional effcrta to arrive at the economical designs bscume 

worthwhile. 

1.2.2 SCODO of mnrfc 

With the  above background CRI  under took an RID project 

tcwards evolving ocjnomicol design of .rectangular prestrasaad 

concrete tronemiesion lino poles for use in rural  areas.    The 

functional  requirements of these polas nre  strength and durability. 

In the  design,  both mild steel  and high strength do formed bar 

reinforcements were  considerad.    Working laods taken were 140 kg 

and 200 kg and  foe tere of safety of 2.0  end 2.5.     The  R&D work eleo 

included, inter olia,  determination of the influence of transversa 

reinforcements  and influence of geometrical paras«ters on the 
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behaviour of a viertmdael pola; elastic atrasa probla»  in 

vie rande«1 pola« was studied by phctoaioatic    méthode. 

6.2.2 Bsveloamentml  werk  .t CHI 

full acale epeeimana of p sa atre «se d concreta polea 

of rectangular and vierandael types Mere caat and tostad to 

investigate  the different aapacta of  the behaviour of polea. 

The  ape ci me ne  ware cast in  a long  time pretaneion- 

ing bad.     The concreta  wee made from granite egg regata) a, pita 

and cement.     The trenafar of praatreaa wae effected by a slow 

deteneioning of the wires.     The polee  wire teeted aa pa* Indian 

Standard Specification  IS :   167B . 1960. 

After studying the reaulte of the preliminary tasta 

for aaae seing the performance of polea,   eighteen  specimen s in 

one sariea were cost and  tasted to oesees the performance of six 

typaa of pre stressed concrete polea recommended fer usa.    The 

six typaa of poles node  from concrete of grada M-420 ware of 

rectangular  cross-section having o fector of safety  of 2.S 

againat ultimata faiaura.     Thusa polaa   also shewsd euffieient 

reai«tance   to  crocking  and ultimate  failure. 

1.2.4 Tfffihng-iEBrWlall 

Two aeta of design parame tare,  one corresponding to the 

daaign practice adopted now and the other corresponding te the 

specificatane from e few codes ware  listed out and the change in 

coat,  when  the design parameters warm modified,   wae worked out. 

To compare the cost of'tia alternativ« a« -the "relativa en st" of a 

pola waa usad as nn indicator rather than absolute coat, osine 

latter may vary with tina and from piece  to pleca. 
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7he relative co»t waa definuei •• followe i 

«a • «.• 

re C        •    relative  cost of pole 

U -    volume of conciata,  m c 
Q •    weight of pre atreaeing  ataal 

Coat  of ona tonne  of DraaUaaaina a 
3 Ceat  of ona m    of conerà ta 

For the «atariala uaod K waa found to a* apprcxiwataly 

11.     Tibia  23  indfcatea tha parcentaga aavinga in ecata of aix CM 

deaigned pola a   (Group C)   againat thoaa  in uaa by  a Stata Electri- 

city Board  {Group  A)   and thoaa  aa per Indian Standard Spécifiée- 

tiona (Group B) •  paraaatera are aane for all tita  three  groupa. 

Coat  Savinga in CHI  Deeignad Polea 

il     ' 
Ne 

Relative Coat Coat   Saving in C 

A I C -*|É-x 100 -Aj£- „ 100 

1         0.211 0.237 O.lli 2t.S 13.9 

2        0.27t 0.299 0.241 11.2 1Í.7 

3        0.235 0.2é1 0.203 21.3 7,43 

4        0.303 0.321 0.2TO 14.N 21.10 

S 0.31« 0.255 25.9 - 

f 0.381 0.314 18.21 - 

i.î.5       iMlfmn tritio af Cil Dacia« 

Tha Indian Standard on pre etraeeed concreta tranaaiiaaion 

line polaa  IS t   1676 - 1960 haa now vean raviaad on tha baeia of 

tha auggaationa «tea* through CHI|  tha raviaad étendard will  to fee 
ralaaaad aeon. 

J 
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Ain, the Rural Electrification Corporation ax« going 

to bring out a manual for production of tranamisaion lina polca 

incorporating CRI'a  daaign  and development work. 

6.3 £&i Deliflnja£ ¿aw, Cojt_>Ma.t£r¿í4,e_fp.rj.o.w^Co.ei Housss, 

The  demand  for building materiale required  for  the cone- 

truction of dwelling unite  anc  greinrie» ie enormous eepecially in 

rural  India where  theee  advanced materiale  ara not available  hence 

the tronaportetion of theee  materials to  the  cono urne re centre 

involve  high coate  and with   the present  problem related  to   the 

fiai shortage every effort  ahould be made   to minimise coat on thia 

account by exploiting local   mo te ri al  for construction purpoeee. 

Keeping  in view  the  availability cf  local materiale  and 

paying capacity of  economically weaker sections,   CRI  developed e 

design for  e rural  house  and email capacity  storage bin wherein 

the uao of costly conventional conetruction mete ri els waa elimina- 

ted.     The  design emphaeizae  carting of only  email quantity of 

advanced material  to  the rural areae for mote ri al e like natural 

•oils.  It  further exploite  other locally  available materiale,   such 

as rice husk,   secondary  spices of timber  and sand  stono  alaba. 

The soil  stabilisation technique  is  the saluti on  to moat 

of  the problème  faced in rural  oreos.     The  soil is  available 

everywhere.   It requires only  e email quantity cf cement,   which ia 

used na  e  etnbilising agent.   Since  thu  quantity to be  transported 

ie very fonali the coat of conetruction ia  not adversely  affected. 

The process  of blockmaking ia vary  aimpla   and the survices of 

ekilled  lcboururs are  not required.     Thia is not only cuta  down 

the  cost  by minimising  the  use  of skilled labour but encoureges  the 

self help  concept  alao. 

Fax the roof of   the house,   sandstone  tiles  are  uaed which 

ors   locally  avouable.     Broken tilee  ore made  uee of for floor fcr 

the houew;   which gives  a very good  irregulor pattern.  For window 

•nd door prnuls  the  locally   available variety cf wood ia uaed.     In 

foundations the lime  end surkhi  are made  use of.   Thus moat of the 

materiale  uaed in the  construction are  available  locally  and only  a 

amali quantity of cement need be transportad. 
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If required ineide of walla can  be plastered  with 15 nm 

thick layar of clay bhuao putty.   The ratio of    the mix  ia  normally 

12   t   1. 

The  external joints of block masonry arc pointed  with 

cernant sand mortar   (1:4)   to  protect  the  ncrvar  from weathering 

away.     A pi on  of   the house   is given  in  Figure   6   and perspective 

view in  Figure  9. 

6.3.1 Aneáis of Cprt 

Inputa  for a building conaist of  two  major item«  normally 

materials   and labour cost of which  differ widely in  different 

regions of  the  country.   Hence  the  cost of     the  house   of   the   same 

design built  to   similar  specifications  will  tend to vary  from 

region to  region. 

The  material  cost of  the house   constructed   within  the 

campus during current financial year works   out  to bs fe  1700.00. 

In   addition to  that total  cost of skilled   and unskilled  labour ia 

about m 1000/-  which may  be   taken as self help of the occupant 

cr  it may  be added to  the  cost of  the unit  if the construction ia 

through organized  agency.   These coet aatimotes  ars based  upon the 

CPafD schedule of  ratea  for the year  1974  + 15 percent.   Whenever 

the  ratea   are  not avoilable  in the  schedule,   item rate   analysis 

has  been   dene.     Total   ccst quoted of the unit  does not  include 

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

sewage diepoeol. 

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

rural housing échame  will  act as  a countering net to migration of 

rural population to urban areas which are  already under much 

housing pressures,  lacking housing accommodation  and prevent emer- 

ging of s luffe &  squatters.   Anotherimportant factor of housing is 

that it wc-.uld provide  the necessary incentive  end inculcata  the 

deaire  in  rural poor  ta   save  for  the  hope  of having   a roof of his 

own  over  his  hand. 

The house  is  well   within  roach  c f rural  poor.   The  self 

help construction can be done  and   the coat of materials   alone come 

to h 70/aq m.       With limitatici   of  the  funds allocated  for housing, 

this low coat will hslp  in  advancing towards  achieving  the  ratio of 

number of  dwellings 1000  inhabitants of  about B achieved by  the 

developed countries of  the world. 
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IMPACT OF  NATIONAL POLICIES AND .'LANNIN6 OF STRATES* 
FOR DEVELOPMENT 

E&1JF¿<>1 J«?e.a.*iIM-*A k^U^njl ^«J^-k^J«! 

The sanction of prospecting liceneos snd mining 

lsasss ss alao acquisition of land fall within the purview of 

tha Stats Governments.    To  one ou roga   nsw induatriee in its 

own Stata,  premisos ars made  for immediata allotment of land and 

sanation or prospecting licences and mining  loases.     It has, 

however, bean pointed out that tho actual eanction/exeoution 

ef Mining leases and land acquisition proceedings take quite 

a lang tina and this rsquiraa improvement» 

9.2 ÜPJ"J Im 1 Wfjynj jnjj ^«^flrntjojj jf.LjMjsJoju| 

Prospecting end explorât ion of lim estone deposita 

can yield fruitful  data required for  entreprend uaa .ind 

assistance if proper norms such as CRI's "Guide Norma for 

Prospecting,   Exploration,   Reearve Eetimntion and Technological 

Asssasment of Ceraont Grade Limastons Deposits" are  followed. 

9. 3 2fil fciaVLIslâtjnj Jo_Li«jaJoJio_A voil^U** ï<L.*i*Â 

Geologicil pro apee ting,  axplovtion ate  required 

for a Mini cement plant ara auch that  the small entrepreneurs 

May find it difficult to  gat the «a done by  geological consul- 

tants as tho oast of such inveetigation may bo proportionately 

larga.    Therefore for mini coment plant entrepreneur«, the 

State Governments might consider possibility of making avail«. 

abls tha required exploration  data as a  servies. 

9.4 ¿.tfJs^c(^3e_Hula^nj Jo_Cjn¿ £°^9jentj^d_%u(a¿4|y 

Coal hos fajan  in short supply to  oomant  industry  for 

quits soma time»  tho situi t ion  improved in the y oar 1976 whan 

the loae of production owing to shortage of coal was only 

5000  tonnas.    Roc unti y tha situation has again datar iosa tad in 

some quarters for various reasons« 



Sí 

Ths Government   of India constituted a  Standing Linkage 

Committee  for coal movement  in January 1973«    As a  result of th> 

discussions botwoon the  Commit to» and cam ont manufacturara,   the 

cement planta have  boon linked up  with  apecific   sourcil of coal 

supply,   the   linkage committao  allocates the quota of coal  for 

each cement plant,   the fixed quote   ie aufficient,  by and larga» 

for each cement  plant.     However,   actual  -uppliss usually  fall 

short of the allocatione.     The linkage Committee also   decided 

to maintain coal  atocka at cement  factorisa to the extant of 

21   daye*  consumption.    A a regarda the ectual movement of coal, 

Indian Railways ere responsible for providing adequate wagons. 

Transportation in ateas involves multiple handling end 

transhipment} a unified policy  for handling and trenshipmont 

Mill   help  smoother  supply of coal to   »orna of tho cement    plants. 

9.S £°lfc iff-taratili J<l»%IRftJiJf if_ÇflkJi J'WJa-«J2ciJ-Jl<ÌLXfil1i- 
¿ij•_FJtí •_'**. Mini £es,•nt_PJaj*j 

For Vortical Shaft Kiln,   tho fusi uaod ia coks brasse, 

which  ia available  mainly  from stasi planta and other coke ovan 

batter .es or low volatils coals svailablo only in certain parts. 

ThoL' jtt the proaent  production of cok o is noarly 21  million 

tenoee,   ths availability of coke breóte has become lese  bacouae 

of rscycling of coke breszs within the stoal plant mainly  for 

sintering process.     In soms planta,   thtrro  ia surplus of coks 

brease and  in soms others  it balancea.    Though the initial mini 

plants can be wall   sustained by  the coko brueze that will  be 

available,  a clear-cut policy ha a to  be arrived at  to  aneure  that 

mini cement piente  do  gat assured supply of coke  brosce or 

alt amative low volatila  fuele. 

9.6 t<Üfc4iS."Jil£yitf ¿q_UJUyBJ*an.°í JtiMltjfelt.fefJu 

Blast fu mac a slag and  fly ash aro two  importo nt 

industrial wastes which ars utilitod in tho manufacture of 

cement with advantage. 
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The Government of   India  had ducidod to   roimburss the 

oo et  of transport of slag provided  it we a moved  from   aourooa 

approved by the Cement  Controller and WOB  in the logical  for- 

ward direction a a  fur cement  and to   thu extont of savings 

accruing  to  Cam ont   Regulation Account of the Government of India. 

Thia   however did   not reault  in any   increaead utilization of 

•lag,  ai the condition  for raimburaemont proved rather  reetric« 

tiva.     Thia position has since considerably improved with the 

announcement of  incentivas for utilisation of industrial waates. 

Sines the freight cost  is also a coat   to  the  scoro my, 

the  ralsvant conaidoration  ahouldbe to minimies  the  total coat 

including   ths pro auction coat  and     -*>e freight cost«     Ths noad 

for  increaaad use of Blag with  the reimburssmsnt  of the trena* 

port cost   has,   t her sfora»  to  ba balanced against   ths coat to the 

economy. 

Substantial alag camant production oould ba aehieved 

with lai at cost to ths economy if eemsnt plants using alag ara 

established at or nssr the et aal plants subjaet to availability 

of raw matériels also close to the   atesl plants. 

Fly ash  is a  waste  product of  ths  thermal planta uaing 

coal.    Tho  basic  problems in  the way of greater uas of  flya-eh 

ara ths inedsquato availability of    dry  fly ash and lack of con- 

sistency in its quality.    Thaaa probi am a could be sstisfactorily 

ovsreoms  if,  as in the cess of  steel plants, a  directive is 

given to the thorma 1 plants to osteblish the nscossary arrangements 

at each plant for cartifying the quality of tha  fly a eh according 

to proscribed specifications and making  it a va ila bis to  tho 

industry in a proper framework.    The additional   conditura  in- 

volved on these arrangements could be mat out of ths aals proceed« 

of tho fly ash. 

Othur industrial we at ss liko, calcium bearing eludgea from 

paper and  euger  industries,   by-product gypsum from  fort ili «er 

industries -bru similarly to ba aneouagsd. 
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9.7 £oüfi4it1f\2tiifl Jq_$fii¿tAsq£tt°Ji 
The  normal Batting up of a  cernont producing plant,  parti- 

cularly after tha freight pooling ayetan came into sxistencs in 1956, 

ia to  nava ita various componenti auch aa the limestone quarries,   tha 

clinker plant and the cement  grinding and packing plant   aituated in 

tha vicinity of each other.     Som et im e e,   however,  there ie  departure 

from   thie conventional  set up and what   ia known at split location ia 

raaortad to.    When thie ia  done,   tha clinker capacity is  aatabliahed 

near  the source of    he row material,   namely,  limestone quarries 

while the cerno nt grinding and packing plants ara established at e 

different  site,   usually near soma cantre whero coment   is consumed in 

sufficiently largo quantities. 

5o long se lineatone was boing utilised as the principel 

raw material the    idea of  split location was confined within the 

sbovo  narrow scopa.    However,   the situation ha e been changing over 

tha years due to  two  factors.    Thore  has boon  substantial  ine rea ee 

in tha productif of ateel  in the country and aa a reault,  larga 

quantities of blast  furnace slag (BFS), which can be utilised aa a 

supplonsntary component matorial  tor the production of coment, ere 

becoming available.    Secondly,   a numb or gf thermal planta have been 

and are being  aet up  in th« country and aa a  reault,   fly a sh which 

can also ba uaed as supplomentary component material   for the produc- 

tion of Portland Hoiaalana  Cement ie becoming available in largar 
quantities* 

A« a ruault of ths  above developmente,   tha idaa of aplit 

location ha e to be examined from various angla«,  parttoularly fro» 

the point of view of the incrsaeed us o of  BF5 and fly aah a«  supple- 

mentary componsnt materials for the production of coment.    Tha 

various fectore which hove to be examined ire the economics of the 

proposition  do?ending upon the locality,   demand for cement,   avail- 

ability of clinkiff,   BFS and  pozrolanic matoriale like fly ash,   faci- 

lity for putting up a  grinding unit,   blonding or int^r-grinding of 
ths various materials etc. 

It could as well  boa  framawork of policy that all   ne* 

cernant plants now  in the planning and design ataga should ba examinad 

for poasibilitias of »plit location ayataw. 

à 
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9.6 ¿.ojlßjjf e_Rolgting Jo_Bjlk _§4fiRiJí_qf Cornant 

Bulk  supply of cernant is  becoming moru  and mure  popular. 

In  •one of the advanced countries over  70V& of    the total   quantity 

of cement  produced is supplied in bulk whilst   in  India  there are 

only two   bulk  dietribution centres -  one  in Daini and the other 

in Bombay.     In view of certain clear  edvantagas and disadvantages 

in the  bulk  supply of cement  in comparison with  bagged supply,   the 

question as to  under what   set  of parameters bulk  supply  should 

replace  the bagged supply require a   deteilod considsrstion. 

Supply of cement   in returnable  drums/contain«*« also merits esrious 

consideration particularly in vis*  of the circumsteneee obtaining 

in  some  of the  developing countries. 

9.9 ¿«lateifi.R.pijt.inji Jfc°_P.a.q!saj¡ijig_ 

As at present,   packing cost   is  in-built  in the  total 

pricing  structure of cementi   it being a  controlled commodity in 

Indio.     Packing cost  is reviewed and announced by the Csmsnt 

Controlla^    Government of Indio quarterly deponding upon  the varia- 

tion     in price of juto  which   ie tho material  of packaging cement 

for dumestic imrketj   pnckaging material   for expart   ia krr.ft papar 

(presently  export    of cement  has been  stooped with a   viow   to 

mosting  its    shortage in domestic mnrkot).     Price of jute  ie 

announced by tho Jute   Commissioner,   Government of Indie,     While 

announcing  the cost  of packing elan ant,   the    Cement Controller also 

takes  into   account  the use of old gunny bags.     Ths ratio of old 

to   now   bags to be uaad  for packing cement  by the plants  is 

controllod at about 40s60.     The Cement Controller also allows 

adjustment     in this ratio  evon up   to   the extant of 70» 30  to  ensurs 

that   the   tctal price  ie  not   exceeded. 

There is a tremendous need  to conserve a   ecarco commo- 

dity like  cement.     The wastage of cement   due to   sespage and also 

deteriori tion   due to   ingress  of moisture   hns boon attributsd to 

tho pcrmwblo ch.-.rsctor of  the packing   in looeo-taxtured juts  bags. 

Improvsd muthoda of packing cement as   developed by CRI   and dis- 

cussed sjrlior could be o solution on which policies have to ba 

formulo ted. 
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1.10 dolici M elating to Stands rdijat Jon of Plnnt 
•fld Wtchinwy mmmm ___ 

Varieties of ¿eeigne and sizes bacauss of différant 

collaborations have effect on delivery period, replecemente and 

coat a.    Unification of daaign through naceaaary dimene ion« 1 

atandardiiatlon of plant and machinery for conventional plnnta and 

etano» rdlzation of mini piente will go a long way in the feater 

and note orderly development of tho induetry.    As o beginning 

• Motional   Stondsrd,  i.e.  Indian Standard Specification 

entitled »Oimenaione and materiale of  Cement notary Kilne, 

Components and AuxiliaMea (Dry Procese with suspension prahestar)' 

III  8125 - 1976 has already been brought out end CHI ha. standird- 

izad daaign of mini cement plant.     Government, aa a policy, 

oould oauae Implementation of thoee etandarde through «endetory 

directiva«.     to•,however, hold the view that su oh mandatory 

directivee will bua  retrograda atap in ao far as advancement of 
technology  is concerned. 

The cernant industry in India he e been subject to 

prlea and diatribution control  except for e brief perioa during 

11M-67 when it waa subject  to informal  ealf-oontrol by the 

induetry it eel f under the overall guidance of the Government. 

The Tariff Commission which enquired into the prioe 

etrueture of the cement induetry in ite report submitted to the 

Government of India in 1974, had euggaated the concept of the 

étendard coat for the induetry M a whole beeed on a system of 

weighted averagos - a weighted eve rage price for the induetry aa 

•  whole, apecial additional prioe for high coat units and a fund 

into which   the differirne« between the woighted average retention 

prie« and the actual ret ont io i price would be paid for meeting the 

additional price given to high ooet unite.    The soops of the 
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fund was alto  enlarged to reimburse the difference in actual 

railway  freight  incurred and the provision  in  the FOR prie«. 

Thus while  the weighted average   retention price  secured a 

reaeonablg price  to  the manufacturer,   the FOR price secured 

cement to   the  consumer Qt e  uniform  reeaonnble  price through 

the  country. 

Another  reason generally  advanced  for the slow 

growth  of  the industry is the strict  price  control end ths 

inadequate and maagre  return provided  which  is  insufficient 

to pay a   reasonablo dividend to the shsrohol d9r s.     Thia has 

been overcome with  the recent decisions of tho Government 

to give en additional price to high cost units  set up  in hilly 

snd remote areas and fixing the price of new units/expansicna 

on  the basis of a  net post tax  return of   12J5 on the net 

worth limited to an amount' of  Ra  230/- out of a  fixed inveetmsnt 

of As 650/- per tonne.    It will be notad that  this decision 

dues not  co vor  the  existing units and both  the  decisione ars 

at  prosont applicable only upto  31.3.1979 when the pressnt 

price period expires* 

A   eoction of the industry hat boon of the  view that 

the. regio nui   imbalance in the setting up of   capo city  is due 

to  the operation of   freight pool,   that it  is not  in  vogue anywhere 

else  in the world and that  but  for  it additional   capacity could 

heve come up  in  the  traditionally  deficit  croas.     In a  vnat 

country like  Indin,   cem-jnt haa to   move over long  diatances to 

the v3rioua  conaum   tion points and freight  is an   important 

aspect  in  tho ultimate  consumer price.    Freight pooling system 

has assured thr ovciinbility of   cemmt   in all  parts of  the 

country at  the snmo price.       The,  Tariff  Ooméissicn  examined this 

arrangsnent ana  csme to the  conclusion that  in tthe  interest of 

overall   econumy anL of the  consumer,  the  freight  pooling system 

should bo continuad  to ensure equal availability and   inform 

prico of  cencnt all  over the country. 
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M High Levol Commutaci ha« nou Leon appointed by tha 

Government of  India  with •  view to undertaking •  comprehensiva 

review of the Indian cement induatry covering the production, 

distribution and pricing aspect« and the Committoe ia 
proaently pursuing this taak. 

9.12 
£2.U£iSÍ_S5ÜÜ2E-lS-ÍEE£aei¿iÍ£.l££ÍlG£io41 

Since in moat oasoa the social coata and the socisi 

• •pacts of s technology are lost  sight of in tha midst of the 

noreal practice of considering techno-sconomic viability of 

projects,  Govitnmnt would have to take special  «tap, to bring 

home the advantages of sppropriate technology,     bhilet the 

technologists should as a general  rule arrive at euch solutions 

whioh are viable without incentivos or concessions,  until the 

various advantages of appropriate technology tre re«li«ed snd 

apprécia tod by the  concerned population,  Governments could 

provide incentives and concessions to make projects bssad on 

• ppropriats technology sttroctivs.    The loss of   revenue to 

or the expenditure incurred by the Government in doing ao could 

bs compensated by spreading the.e on tho entire induatryj for 

•«•«pia,  if 25* of the total cement production  in a  country i* 

the   contribution from mini eemont planta,   tha coats or expend- 

iture on account of ooreeeeions snd incsntives to mini csmsnt 

plsnts oould ba recoverod by spreading them over  the ren*Unin9 

n% of the production by the induetry.    These could bs 

raviawsd fro* time to tlms ss socio-economic developments tsk« 
place «nd oslanced. 
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10 CONCLUSION 

from  the   foregoing,   it  is evident  that  no  tingle 

technology can  be   stated  as  Appropriate  Technology  for ell 

countries,   undur all  circumstances   and  at all  times.     That 

technology  which  is   "appropriate"  in  the given   techno-socio- 

economic  framework  is  the one  that should be   adopted.     It is 

seen   that even  in  tpc Indian scene quite clearly   the techno- 

logies  of large   cement plants,   the  technologies  of  medium 

cement plants   and   the  technologies of    mini  coment  plants   are 

ell   relevant   and  have all   their own place  and  their own role 

to  pley.     In   spite of  the  diversities   that we   see   in  the 

Indian   scene   and in  spite of  the   fact  that  there  is place for 

e variety of   technologies  in  the  manufacture of coment,   there 

can   at  the  same  time  be seen   a continuous  thread of unity in 

this  diversity.     This in  fact is liksly  tp be  the  position 

with reference  to  the other developing  countries  wherein in 

spite  of  all   the   diversities  emongst them there   would be 

certain  unifying  factors  which play  an  important role  in the 

decision making relating to   technologies  for  the  development 

of   the   cement  industry  and  in their ultimate   rde   in in,dustria- 

liiation  and  socic-ecdnomic  development of  these   countries.   A 

continuous and  ihtens¿ve  cooperation  amongst  the  developing 

countries    on   the  basis of  complementarity will- be   the most 

important base   fabric on which  development  can be   speeded up. 
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FIG. 4 

MAP SHOWING  LOCATIONS WHINE «.IMI STONI DEPOSITS 

ANE EITHER ANSEHT ON ANE OVERLAIN 

•Y YOUNGER SANNEN ROCKS 

r?yT^   RASINS, ARIAS WITH MAXIMUM CONCENTRATION 
OP CEMENT ORADE  LIMI STO»« 

|fo\51   AREAS WHICH HAVE NOT MIN PROSPECTED 
AOtOUATtlV ANO WHICH HAVE 0000 POTENTIAL 

DEC CAN TRAPS, IONEOUS INTRUSIVAS, INDO — 
OANOETIC ALLUVIUM  AND OONDAWANA FORMATIONS 

f**"""!   AREAS WHICH CONTAIN SPARSELY   OISTRISUTSB 
"——'   CRYSTALLINE  OR SEDIMENTARY LIMESTONE DEPOSITS 

CEMENT   PLANTS 

NEW UNITS UNDER CONSTRUCTION 
OR PLANNED 
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ESTIMATES OF  CAPITAL   COSTS 

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

SI   No I tern Co st 
(Rs/Lakhs) 

A Land 

B        Civil tferka 
B.1       Civil Engineering  Infrastructure 

B.2       Buildinqa  and   structures 

fl.3        Contingencies 

SUB  TOTAL   (B) 

C Machinery  L Equipment 

C.1       Cost  of Equipment   as erected 

C.2       Contingencies 

SUB  TOTAL  (C) 

0.90 

55.74 

1.67 

TrTïï 

D 

D.I 

6.2 

D.3 

D.4 

D.5 

0.6 

E 

F 

G 

PwifftUni ÇQIU 
Preliminary expenses 

¿n^iúeir^nji fl/_Pi°i"fiÌ 

i/  Detailed project  report 

ii/  Detailed  engineering 

iii/ Supervision during  construction, 
erection,   start-up  and commissioning 

Training   expenses 

Start-up  expenses 

General  construction charges 

Interest  on capital held up 
during construction psriod 

SUB  TOTAL   (D) 

Fixed capital  cost   ('A'   to   'D') 

Initial  apares 

Capital  cost   ('E'   •   <F') 

EQUITY CAPITAL 35* 

LONG   TERM  LOAN 65* 
(Carrying interest 
at  9.5tf> par annum) 

1.50 

0.75 

9.00 

1.50 

92.68 

2.22 

94.90 

33.22   Lakhs 

61.68  Lakhs 



- 105 - 

Anne »UM     II 

WORKING   CAPITAL  REQUIREMENT 

for e 50  tpd  Mini   Cement Plant  (CRI-Typs)   -   Situation B 

SI 
No Item Inventory 

pe ri od Quantity Unit 
Rate 

Amount 
(Rs/Lakhs) 

1 ññMJa tí rial, i 

1. 1   Limestone 3-months 4692 (t) 20.45 0.96 

1.2   Clay 1.5-monthe 497 (t) 6.25 0.03 
1.3   Coke breeze 4-months 9B4 (t) 203.79 2.01 
1.4   Gypsum 2-sionthe 125 (t) 109.11 0.14 

2 

2.1   Power 1-month 159333 (KWH) 0.24 0.31 
2. 2  Water _ 

3 Stores *> Consumables  1-month 

4 Sal eric s 1 Wages 1-month 

5 Repaire i 2-monthe 
Mai ntenence 

6 Overheads 1-month 

7 insurance Charges 3-month» 

8 Stock  of  Invents^ 

1.1 Goods in process 
upto clinker 15-dayn 

1.2 finished goods 7-daye 
upto  naked cement 

675     (t)     125.04 

324     (t)     182.11 

9    Packing Material 1-month 25500  (Bags)     1.59 

0.10 

0.71 

0.24 

0.10 

0.10 

0.14 

0.59 

0.41 

ITiT 

MARGIN   MONEY   (EQUITY) 40* 

SHORT-TERM LOAN SO« 

% 2.64 Lakhs 

«i 3.97 Lakhs 

RATE Of INTEREST IS« 
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BREAK.EVcN  ANALYSIS 

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

I tem 

Sales   quantity   (tonne/year) 

Nut   Bales   reelisntion per tonne of cornant 

Annuel   Cost of Production  : 

Fixed  claman^   :    (fo/lakhs) 

i/ Power 

ii/   Salaries  &  Woge s 

iii/  Stores L Consumables (25%) 

iv/ Repairs 1 Maintenance   {75%) 

v/ Overhead Expenses 

vi/ Depreciation 

vii/  Insurance 

viii/  Amortization of Projecting Costa 

ix/  Financial  Expan.aa 

a/  Interest on  long-term loen 

b/  Interest on  short-term loan 

TOTAL 

Variable  Element«   :   (fc/lakhs) 

i/  Row Materials 

ii/  Stores 1 Consumables  (75%) 

iii/  Repairs L Maintenance! 25'A) 

iv/  Selling Expenses 

TOTAL 

Amount 

15296.00 

314.75 

Total of variable  components of production 
cost/tonne 

Trtal of fixed  components 

Break-.van point -    ;»! •Witten iBlt          
(Nat sales  realisation/tonne 
-   total variable  cost/tonne) 

ZéaléiQBB 

a.59 

8.46 

0.30 

1.0B 

1.22 

5.22 

0.39 

1.37 

2.93 

0.60 

26 .16 

10 53 

0 92 

0 ,3t 

0 46 

12. 67 

62.83 

100 

Normal 
capacity 

314.75-82.83 15,296 

73.7* 
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ESTIMATES OF COST OF PRODU( 
FOR A 50 TPD MINI CEMENT Pi 

i 

SKc 

1 

YEARS OF OPERATION I II III IV 

PRODUCTION (QUANTITY IN TONNES) 11V     '. IV J? 3 « r ]>-> o '. '  ,' 0 < 

ITEMS Rft/LAHHS RS/LAKH« RS/LAKM» RS/LAKW 

RAW MATERIALS> 

a   DOMESTIC 3  56 4-32 4   86 A -<-,1 

b   IMPORTED — — — — 

2 

3 

FUEL AND POWER 8   18 0 ?;5 16   rj 7 IC   C-: 

STORES AND CONSUMABLES 1   14 1   Z2 " • 1. ". 

4 WAGES   AND SALARIES 1   90 

I- 44 

>9  4 ¿ 

1   A 4 

£•    4  ' 

5 REPAIRS AND MAINTENANCE 1- IA f    A   à 

6 OTHER INPUTS(a)pACK.K>«CM**<M* 

(IP ANY)     ,  N 
( b) OTHE R WOWKS ExPCNtt« 

— - — — 

0  57 O «61 C   (• f O   ( \ 

7 > RENT TAXES ANO INSURANCE ETC. C' 16 C-?,9 o-ie (     >><) 

8 INTEREST ON(Q)WoKKtNoCAPrTAt Q-60 C SO 0' f '% 

CbXoNaTtRM LOAN «5-86 5 -51 4-73 4   U 

9 DEPRECIATION 12<40 1£ 1 5 & 3.^ 6   r £ 

10 AMO«TIXAT»OKI OF PROJECTING COST 1  37 137 i- 37 i • y 

11 OTHER ADMINISTRATIVE £*«>KMSES 057 Ö'61 <wi ¿ -¿i 

\Z SELLING EXPENSES. 0-43 0-4é c   46 6 • 4 (- 

A TOTAL MANuFACTuRiNaExpe*»*m 4-428 44 99 45 £<< 4 1-0 

SALES CQUANT (Tv ANO VALUE) * 34^5 42   44 
Ct6 i&a •; 
47. 79 4_fi_ 1 

OTHER   INCOME - - ö  r : 

B  TOTAL,  »INCOME 34-35 42-44 47.79 4*   1 

OPERATING PROFIT (B-A) - 9-3 3 -p.r,ç 4- 11 7   1* 

LES» TAXATION — - — — 

•    INVEST MINT ALLOWANCE RESERVE - - — 2- «** 

4- ? < NET PROFIT - 9 33 -2*5 413 



S OF COST OF PRODUCTION AND   FROFITABILITY 
FOR A 50TPD MINI CEMENT PLANT (CRI-TYPE)    SITUATION   e 

ANNEXURE   T 

I! III IV V VI VII VIII IX X 
. Jí-1 1 ' r i H •;> • >.JOh IÇ.'?* ? r>.: vé ' ~. i. '-'.'•. 1 <"   .:   V " ";--Sr " ~, •  /'- 

v'L*KH» R»/LAKM* RJ/LAKW» R «/LAKHS RS/LAKHS RS/LAKH> RS/LAKHS RB/LAKHS R*/LA,KM3 

A • S 7 • 3 2 4   8¿ 4   91 4  •;• 1 4    -  1 •     1 <• 4   'J1 4   ', ; 

¿4 

— — — — —   _ — 

16   rJ f<?  61 1C 'A fO-61 \C • C 1 1C-61 ir-6i K- -6 1 

1 • 1 1 1 • 2 /. ' 1   2.1 ' •  2 / '•22. 1 22 /   2;.. 

1  4 4 

Ê • 4 c. fi-4!' A    '* (: .'.   4 ¿ 8 4 6 ? -4 C i*   4 *; 

7    4 4 1   4 4 )• A A ¡•44 1-44 1 • 44 1 • 4- 4. 

— — — — — — — 

•Í1 C  ' ! <2  61 £>   ¿1 £• 61 T" ¿1 0  61 ¿Wf ^    VT Ì 

'.9 0   15 C "*9 C? • *i <•> O'   ^9 f • '¿0 #• :>0 £•.£<•; O • 3£> 

:    £0 0 • f ' ' 
  

— — ~ «- — 
— • — 

*>1 

i     1 ^ 

.    4é 

4-73 410 3-52 i- 9J 3   M 1.76 '(•17 ^. I-T9 

e i* 6   P 4 Ç   69 •> • ¿ 3 4.19 3   4p 3   3^ 2 > 9 fc 

1' 57 1 • 27 1- 37 1' 37 !   57 1-37 V 57 ••'f 
¿M 0 "¿1 e-61 ¿W 1 £ • ¿ 1 c • e 1 ¿7   Al •^   c; t' 

£  4¿ ¿   4é 0-4C o<4 6 Ô'A 6 É? • 4 <s O 4¿ *• - 4 6 

•  4 09 45 £¿ 410 2 59 2g 3fi-£><f '**• ¿1 3»v *;• '6M  ¿4 3 6 *7 
^83 O 

• 2  4_4 
Chifla •; 
47. 79 48  14- 48' 14 40-14 

^15 2 0^ t; 
4Ä-14 4.«'14- 4 S   i4 

- - ODS ¿-1* i"1  7 7 ^•2£> ¿   ¿1 1-^4 f • 06 

• 2- A 4 47. 79 48-17 4Fì  3 7 49- M • 4?-34 4^- 7r   ; 4 SM?' 4Ç.-^ 

• >'rS 4- \1 7  M 9- *9 ir>2j •11- /3 Í3-4 l 14-^4   ' 1 *5 •**! 

— — — — — — — Ä. T4 7. ?*)* 

- — 2-94 ^•rg 1- 12 — ~ 1- 1 4 - 

2*5 413 4- 2t Vöö 6-tt M • 7 3 13-43 ér.íí< 19Z 

tx 
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>  

CASH 
FOR A 

FLOW       STATENE^ 
50 TPO MINI   CEMENT PLANT   (CRl-TVPE:    smv 

S«* I    t       t     M 
C0NSTV.U 
-C TION 

F»«« IOD 

YEAR 

I 

YCAR 

U 

ve/» 

UT 

G> SOURCE   OF FUNDS 
Nat   f»rofU   bafare   taxa*    w)1h  intaraat    adJmJ   »fttr     dap-tciatlsn 
«itlaWanca. 

on J mVf?4m#nt' 

"*<*•*,{, 

114C 

3   56 

10-1 5 

4.4 

1Mr«|«     in       Shar*       Capital                     Ù>       e«ulty 
O'D     PVafaranea 

Da?pr« cl «ti an — 8 3 

tnv*(lm«nt     «Ue«a"<« 

été» 

- - 

Incrini      m     tin^ firm Loan/ «'«••ntura« - -- 

Incioll       in       oVferraa'     ».aymarí     focili*"«! - — — - 

InerKit        in       Unl#rur»«f     l»«nj     anV     olapalt*« ' _   !   _ 
i 

i 

— 

— 

i0«rMi#        in       bank   barraioin««     far    wortr'ma    Capi*«! - 

• e<«*       of       fi«»«     unii/ inviitminti - 

i* Ottiar        l*am     -      Amarti gallan      of     l>i"«ja<!lln#    Caat. 
I 

-        1-J7 »•37 !•->' 

TOTAL   'A' 10.1 51 1090 15 «8 »91 

<s> DISPOSITION    OF  FgNDS 
••r-ajaeHna      Cett 13 46 - — - 

j intraaf«      in       Capital      »•cpana'itura; #1 24 — — — 

increata       in       Curran*      off«»»/   invinf.rlii/ othir« 5'1V ö'7*r 0/3 ... 

Olcrlalt      in        lana,   f«rm    lo an / D«b a nt vrvaa — i7ô 9'ZA «5 

Otara« f«       m         UntICvrté      la an/   Dtaatlr« - — — 

feacrtatc      in         dar#rr«d      ••ymiií       fati Uria» — — - - 

r>#arae.a.«       in       bamlf      barrow'"-,^   f*r- MorK'.nj Copi fol — — — *' ** 

lncr«a«a      in       inv«ftm«n1a - — -- - 

in ter* «f — é Ai « 11 5-3 
m Ta « «tlan - — — 

N Divietane)      On     iajuTty   (   omo uni     and    raie) il-9 

0 »ther    ( Xpert f •« 

TOTAL B too «4 10>M 15Û8 i* ; 

1-4-7 '© 0*IMINa        lALANCC — 1-47 t'4 

(fi) WtT      SUftPLU.       (*-») i-47 — — fl   al 

4) CLOSIKIO       tALANCt 1-47 f--*7 1.47 t'î 

' 
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CASH        FLOW S T A T E M EN T 
•-- 

MMUir«.  VI 
• 

FOR A  50 TPD MINI CEMENTPLANT   (CRI-TVPE)   SITUAT«*  B 

-" 
CONSTAI 
-C T ION 

PI«lOC 

;   YtAR 

>       I 

YEAR 

U 

YEAR 

It! 

YEAR 

T7 

YtAR 

y 

YEAR 

SI 

VEAU YEAR 

•ypi 

VEAU 

II 

(     YfAR 

z 

i      adJm4     «ff«r       <J*p»rt Ciati on     and   ir,V»An«nr - -a.M 356 •Mí. 1- 31» 2   39 9.24 14 C7 i>v>9 14--19 7 £'24 
e«uitr 

Cr «£*r-«nc«            **-M - -"- •- 

— 12 40 10T5 8 34 *S>4 

3 91 

tfé» ÎT'OÎ 4'f* 3 4* 3 It g.?* 

— 
| 

ii>.«2 4-5A .- - 1.Ç4 

-t urm» 
61 et — — ~ - — — — — .~i. 

•ncrl.t>«| - — —" - - — - - — — 
• •<*    otr^ctir* — — « — -, — _ — — 
or       Wsrkmf       Capital 

3^7:_ 
| 

— __ - — - — — — • - 
-.«», - — - - Ö-9M - — fi»'*f 

.    . . .. 

Ê>'»jcc1lr>»    Cait. — M7 137 f-37 V37 1 *7 1 Ì7 I.37 Î57 1Î7 •» 3J 
TOTAL   'A' 1 loi -5-1 1090 tS tt 14-17 fl4i 1**4 2e 54 1.9-AI a^at I-1.¿# »*4f 

13 «6 - _ -- -   . .,.-• - — - V» 

• 1 24 — - — — — 3 ra — — 4-35 — 
*"»nt»«-l«»/  oth#r« S'I* <>74; 0/» -. — - -, -~ ..... 

/ï*. • 

»h«fi*wr-<j — i7ô »'24 «•57 «17 «•t* «•17 Í-17 <-T7 4*17 
  — 

Dfpotiff - — — - — —- — ._ -- *fc 

façlllfl»! _ — — .— — .    - - «... «a 
•    «!-'... 

few   Workinj  Co^l^al — — — <-97 - — — >*-. -...: *»* i ' '**•¥   . 

- — — — — ._ — >-. -* • "V-" 

— *'<*« «11 5'3Î 4-ie 3*2 19* !•*<< t- 7 j 1*1? 
••„     fr.».! 

- — — - — — — "" — «A *2ï «wvt 
u^    rat«) 

" 
4-Ï7 a-IV. 

es a) 
2 S7 4>M 

«#«> t#*Ta<j jyt 
TOTAL   V IOA'04 1Û*> i5û§ Ut-7* 13*14 12Ç* K-41 ttftr 134»« #*#? ^ffl 

1-90 — 1-47 r-47 vi? »12 f5iî 1*4ï 2¿27 n« î»'4l 

1-47 - -' »•45 *--»2 7*tO 4.4B £•92 7.A4-, *2 9f -fi"43< 

1 
" "u 

 ,— 
• 

1-47 F47 1.47 t-9ö 822 15 32 *?4§ l»-27 13-3* »¿•M îte *t 
1 

——r— • f»«B 
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