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ABSTRACT 

Increasing transport oost3 and modest cement consumption have emphasized 

the demand for small cement plants in some developing countries including the 

least developed countries and regions.     In the past small cement plants have 

been represented both by rotary kiln and Bhaft kiln plants,  but the comont from 

the latter was seldom of uniform quality. 

The development of dry process technology,  however,  has resulted in an 

improved homogenization technique from which also shaft kiln plants can benefit. 

In the meantime also the shaft kiln technology has been significantly improved 

compared to the situation 20 years ago.    The result  is that  small cement plants 

can be  established with both the rotary kiln and the shaft kiln technology with 

the only difference that small rotary kiln plants may cost more to establish 

and operate than small Bhaft kiln plantB,    The only problem with the shaft kiln 

is that  the technology can not be used unless  the raw materials are suited for 

it. 

Before this study was organized the situation was less clear and the shaft 

kiln technology had many opponents.    This is why the United Nations Industrial 

Development Organization ducided to evaluate the existing technologies,  so 

clear advice could be available for the  least developed countries and regions. 

Accordingly, a cement expert went on mission to various countries from 

27 May to 7 August 1976 to examine and report on the situation. 

The aims of the project werei 

1. To organise and undertake an sxploratory mission to producers of 

equipment for shaft kilns and cement manufacturers experimenting or working 

with shaft kiln installations. 

2. To make observations and recommendations on the requirements for the 

establishment of shaft kiln pilot plant  installations. 

3. To assist in elaborating a plan of action for a mission to selected 

least developed countries for evaluation of the possibilities for the establishment 

of small-scale pilot cement plants and the tender spécifications for such plants. 
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During hit million, the expert visited four shaft kiln pianti and one 

oement plant with a tut kiln for an oil-fired ihaft kiln.    Various consulting 

ooapanies were alio visited and information reoeived concerning layout, design, 

pyrotechnique,  maohine manufacturing,  raw material handling, type of fuel, etc. 

The expert makea recommendation! in thiB report concerning shaft Iti.In 

operations.    However, these should be considered indicative as it ii impossible 

to make general recommendations to oover the entire world. 

x. 
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IMTRODUCTIOM 

Recently increasing transport oosts have created a demand for decentrali- 

sation of oement plante in various developing countries,   particularly th>; least • 

developed countries and regions. 

In order to produce Ion-coat cement it is necessary to build up big unita 

as close as possible to the raw materials and either close to the market or to 

means of inexpensive transport, e.g. ohip, train or long distanco belt convoyor. 

Good public services are not widely available in the above-mentioned countries 

and therefore the United Mations Industrial Development Organization (UMIDO) 

decided to take a preliminary investigation of alternative solutions for a new 

technology for cement production by means of smaller units. —-v, 

A cement expert went on mission for the  project  "Development of appropriate 

technology for small-scale production of Portland cement»' (HP/IMT/T6/D21),  from 

27 May 1976 to 7 August  1976,  to examine the  latest developments in shaft kiln 

installations (annex i).    Various companies  (annex II)  were visited in the 

following countries!    Australia, Austria, Denmark, Federal Republic of (Jermany, 

India, Kenya, Mepal, Papua Mew Guinea, Switzerland and the United States of 

Amerioa. 

A new approach is emerging in this field and it is important to develop 

cement mini-plants in such a way that capital  investment can be reduced as 

much as possible to keep down the fixed coBt.    The number of heavy casted parts 

should be reduced and a high degree of standardization enforced.    Complex and 

sophisticated equipment should be avoided. 

High investment costs for large-ecale rotary kilns have resulted in the 

development of improved technology of intoro^t for amall- and mcdium-ucalo 

cement plants-,  including shaft kiln plants. 

China has about  3,000 shaft kiln plants in operation in the ranges of 

3,000-7,000 t/a   and 10,000-50,000 t/a.    Of a total production of 35 million 

tons of cement in 1975, approximately 20 million were produced by shaft kilns. 

The performance of the shaft kilns, together with the cumulative costs, 

at the Bamburi Portland Cement Company Limited is shown in annexes III and IV. 

In spite of limited time, the expert visited as many countries, manufacturers, 

promotora and small-scale cement plants as possible in order to compare different « 

systems and methods. 
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I.      3UIMARY OP FINDINGS AND RECOWCENDATIOHS 

As the investment cost  in the cement  industry is normally very high,   it 

1B important to determine the most economical and suitable size for small-scale 

faotories in order to make savings through standardization.    This seems to be 

in the range of a production of 80,000-120,000 t/a from two conventional shaft 

kilns or alternatively one kiln working on the newly developed REBA process 

if it proves technically feasible.    This process may permit  the use of any kind 

of fuel and the unit is split up into a vertical kiln and a vertical cooler. 

Although it has not yet  been [¡roved on an  industrial scale,  the technology 

appears promising and its further development nhould be of interest. 

For the conventional shaft kiln,   low volatile fossil  fuel will have to be 

used«     If not available the problem may be solved by charring high volatile 

fuel;    the volatile gases  emitted could bo used for drying raw materials.     3uch 

a system has worked successfully since 1954 at the Oippsland Cement Plant  in 

Australia which was designed by Steven Oottlieb.    The plant  is using charred 

brown coal briquettes as fuel for the 3haft  kilns. 

For both of the above-mentioned kiln systems,   it is necessary to produce 

pellets or nodules, which are 3mall, one-half inch (12 mm) diameter ballB,  of 

uniform quality and high strength, consisting of ground raw materials plus 

12-14$ water and, for some technologies,  fuel.    If production of high-strength 

nodule» in not possible,  a  rotary kiln prooess io preferable. 

A small-scale cement plant producing 120,000 t/a would be the ideal size. 

The ooet of machinery for the kiln and cooler would amount to approximately 

4—6jt of the total investment cost, whereas that of a rotary kiln plant would 

be approximately 8-10JI.    The advantages of a shaft kiln installation would bet 

(a) Substantial savings in space; 

(b) Simple construction with no heavy castings; 

(o)    Fewer problems with starting and stopping; 

(d) High degree of reliability due to the durability of refractory 

bricks ; 

(e) The kiln and cooler are an integrated unit; 

(f) Low-alkali clinker could be produced; 

(g) A high degree of do-it-yourself construction could be developed 
which is important in order to bring down the total investment cost. 
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There are various prooeeses of feeding the fuel to the shaft kiln.   The 

moat limpie, and perhaps the moat common is to feed the fuel (anthracite or 

petrol ooke, ooke bréese, blast-furnaoe coke or similar), separately in sizes 

of I.5-2.5 "wi| directly to the pan pelletizer together with tha raw mix.   Other 

processes such as black meal,  shell (black moa]   .vith white meal coating), and 

ooke «lurry should be considered depending on the type of fuel, especially if 

high oontent of ash oooura. 

It is important, with shaft kiln operation, to have a good distribution of 

air in order to keep a "full moon" in the burning zone.    The design of the 

outlet grate is also important and it has been proved that the so-called rocker 

grate, which is hydraulioally operated, works satisfactorily with low »»in- 

tanano« oosts. 

Highly-developed equipment for the preparation of raw material makes it 

possible  to produce good quality low alkali (semi-dry process) clinker in a 

shaft kiln,    Pre-blonding of the limestone is highlv roeommond.d.    Shaft kiln 

clinker should not be stored for too long owing to itB high porosity. 

Small-scale oement plants may meet with opposition from large-*oale oement 

producers aa a network of shaft kilns in some areas oould oréate competition 

for their markets. 
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II.      CAPITAL IWVK3TW5NT POR KW CHE*? PLANTS 

Investment requirements are extremely important for all factories because 

it amy be difficult to find the necessary financial support.    Onoe this is 

found, the fixed costs required for amortisation will influence the price of 

, the final product.     In annex VI,  the ourveB Bhowing upper and lower investment 

costs of "mini-planta" are hypothetical but such values could be realized by 

*e¿ne of an extensive standardisation and on-the-spot manufacturing which the 

latest welding tec^jiiques make possible. 

Manufacturers of rotary kiln plants with preheaters and oalciners prefer 

not to use kilns of a capacity below 500 tons per day (t/d).    The reasons aret 

(a) Cyclones become small,  therefore  jamming occurs more often resulting 
in low efficiency of the plant} 

(b) The fuel  consumption is too high because of numerous stops and atartsj 

(o) Bypass installations are necessary in order to produoe low alkali 
\ cement and this ia too expensive  for small-soale unitBf 

(d) Bricklayers are reluctant to make  repairs in the preheater and oal- 
oiner because there  is very little working space. 
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ni.    ROTARY KÏLM WITH FRBBATRR AMD GALCIKBR 

The present trend of building up large-soale cement plants will certainly 

continue where raw materials are suitable and they, and a market, are readily 

available* 

The reliability of a rotary kiln mainly dependB on its diameter and with 

a diameter of up to 5 m» the amount of refractory bricks that must be used is 

still at an acceptable level of 0,5-0,8 kg/ton clinker. 

Operations and maintenance experience have shown that conventional Ligh- 

eoonomy dry^rooess kilna with a four-stage suspension preheater are highly 

reliable  in the size  range of 1,250-2,000 t/d, corresponding to a kiln diameter 

of 4.15-4.75 m. 

The latest development in precalciners has made it  possible to produce 

4,000 t/d with a kiln diameter of only 4»T) m.    Such an appreciable development 

willreinforoe the trend to build up large-scale cercant  plants. 

A newly-developed pellet-bei precalciner, similar to the shaft kiln, has 

been designed and promoted by Steven Qottlieb, Australia.    The process is semi- 

dry consisting of a shaft precalciner equipped with a special oil or gas burner. 

The pellet-bed precalciner will be fed with pellets and after preoalcination 

the pellets will pass through a conventional rotary kiln.    The features of this 

calciner aret 

(a) Simple construction; 

(b) Low-alkali clinker can be produoed without kiln by-pass; 

(c) Fewer problems with stopping and starting. 

The pellet-+ed precalciner can be designed with a capacity of up to óO t/h 

corresponding to about 1,500 t/d. 

•"s. 
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IV.    SHAFT KILM CBBHT MIII-PUJfTS 

A great many developing countries, especially those considered a« least 

developed countries,  suffer badly from a lack of cement plants.      In many casos, 

they cannot obtain enough financial support to build a medium- or large-Bcale 

cement plant owing to the high investment coßt and insufficient local demand. 

In addition,  rocketing transportation costs make  it necessary to decentralize 

cement plants in order to maintain an acceptable consumer price. 

For these reasons, efforts have been made to establish mini-plants suitable 

for such countries. The shaft kiln has been reviewed together with appropriate 

technology based on the latest development in cement plant layouts and machinery 

designs. 

Conventional shaft kilns 

The shaft kiln has been used for nearly a century.    In the early 1960s the 

layout and design of a shaft kiln plant reached a fairly high level but at the 

same time, the introduction of the dry-process four-stage  suspension preheater 

kiln made it possible to avoid drastically increasing cement prices by the use 

of big ani economical production units.    The shaft kiln then Btarted to  lose 

popularity, particularly as transport coBts were still relatively low. 

Clinker produced by a shaft kiln today can be as good as ^linker produced 

by a rotary kiln provided th« same care is taken in the preparation of the raw 

material.    In order to produce shaft kiln clinker the following conditions will 

have to be fulfilled! 

(a) Plasticity of the raw materials in order to make pellets of high 
strength.    Without this, it is impossible to draw the necessary combustion air 
through the shaft and the shaft kiln is useless; 

(b) Low-volatile fuel (max.  12)1) of low reactivity.    (Coke produced 
from low-ash coking coals and anthracite is the preferred fuel.) 

A kiln diameter exceeding 3 m is inadvisable.    Air distribution becomes 

difficult resulting in an unstable operation. 

A common and effective kiln size is 180-200 t/d.   Suoh * ' iln would have 

an inside effective diameter of 2.4 m and a total height of approximately 8 m. 

Smaller kilns work e/en better because of improved air circulation. 
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The vertical shaft kiln is very simple.    The upper part of the shaft 

(approximately 15-20$ of the total height) ia conioal to correct  for shrinkage 

of the nodules through drying,  calcining and sintering.    The rest of the 

•haft is cylindrical and this part serves as a cooler and heat exchanger as the 

heat  from the clinker preheats the combustion air moving in counterflow. 

The raw mix and fuel fed to the kiln .ire agglomerated in a noduliaer where 

12-14^ of water is added,    fy means of a "anow-ball   »etion" nodules of one 

half-inch diameter (12 mm) are produced.    These nodules are fed to the   top of 

the kiln and distributed equally over the material surface bj me.*nB of an air- 

looked rotating chute. 

•       The feeding to the kiln is regulated according to the flue gas temperature, 

which should be kept at 8O-9O    C, and the material moves downward with a velocity 

of approximately I.5 m/h.    At the bottom, the kiln is equipped with a grate 

whioh can be either the rotative or rocker type.    Clinkers are sluiced out 

through hydraulioally-operated air-look discharge gates. 

Combustion ai • is drawn in in oounterflow to the materials and the pressure 

needed is about 1,200 mm W0| for safety, a Roots blower, with a maximum pressure 

of 2,000 mm WG,  is normally provided. 

Current air pollution regulations call for an electrostatic precipitator 

for the dedusting of the flue gas.    Dust production of a shaft kiln is very 

low, about  2*J of the olinker production, but it looks worse due to evaporated 

water.    The low temperature of flue gas makes it necessary to preheat the gas 

bsfore the filter about 90°-120° C, whioh ia the most suitable temperature 

for an electrostatic precipitator. 

Oil-fired shaft kiln. 

One of the reasons why shaft kilns have not been installed in too many 

plaoes is that it  is next to impossible to make them oil-fired,    nevertheless, 

a Qerman oement plant has carried out tests on a newly-developed prooess which 

is similar to the shaft kiln.    The expert visited the plant and inspected the 

test unit during its erection. 

The prooess in the kiln is more or less the same as in the famous Lepol 

kiln, which is still used successfully all over the world.    The new process ia 

oalled RBBa after the group and the designer, Headymix and Bade. 
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The difference between the  two processes  is that  the travelling grate has 

been replaced by two inclined fixed grates, one for calcining and one for 

sintering.    As far as the material flow is concerned,  nodulea of a maximum of 

10 mm are fed by air-lock to the  upper part of the kiln which is a vertical 

shaft used only for drying the  nodules.    After drying, the nodules pass through 

the first inclined grate down to the upper push oar situated in the second 

(calcining)  chamber of the kiln. 

The partition wall between the two chambers is one of the secrets of the 

process.    The wall  separates the  chambers in  such a way that  the thickness of 

the  layer of nodules will be permeable  to flue  gases  passing through the  second 

inclined grate in the sintering zone Bituated in the  firing chamber. 

The oil or gas burner i3 situated in the firing chamber at tho front of 

the inclined grate. 

After the second inclined grate the clinker proceed by means of the  lower 

push car falling by gravity in a vertical cooler from where they are discharged 

by air-look to a clinker conveyor. 

Seoondary air for the burner passes through the cooler and after combustion 

flue gases,  excess air and added fresh air pass through the kiln in counterflow 

by means of Hoots blowers and fans. 

The following significant features are notedt 

(a) Investment coBt  for a total HEBA plant, 120,000 t/a clinker,  is in 
the range of $130-140 per t/a; 

(b) Energy consumption is  730 kcal plu»  14 'ctíh per ton of clinker for the 
kiln alone | 

(o) Heat-up time is a maximum of four hours; 

(d) Multiple application for cement and lime or similar materials. 

The test kiln has a capacity of 75 t/d and is connected to a 500 t/d 

vertical nooler.    Specially designed compact cement mini-plantB oould be installed 

to provide an output of 100-500 t/dj  they oould then be expanded,  in modular form, 

to any Bise without  riBk.    It is thus possible to adapt to market requirements 

at any time without   increasing the variable costs.   The short heat-up time 

also contribute to this as the plant can be switched off as often as required 

depending on the marketing situation or other faotors. 

If this innovation is successful it will  open up possibilities of develop- 

ment of mini-Tplants in a large number of developing countries. 
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V. FÍEMEOS AND RECOMMENDATIONS 

Findings and recommendations should be considered as indicative as it is 

impossible to make general recommendations to oover the entire world. However, 

it is hoped that they will be useful to governments trying to promote oement 

produotion in remote areas, especially in the least developed countries. 

How to reduce capital investment 

The total investment oost is divided among the following itemsi 

Fraction of total 
investment costs 

(*) 

Mechanical equipment 25-30 

Electrical equipment 6-8 

Civil works 30-40 

Transport (cif - fob) 10-25 

Erection 15-20 

Miscellaneous 6-10 

The above-mentioned figures show where savings can be made. Civil works 

aooount for the largest percentage of the cost. Considerable savings oan be 

made here, for instance by reducing storage capacities. However, such savings 

depend to a large extent upon local conditions, and advice should be sought 

fron an experienced consultant« 

The following recommendations are made for the erection of mechanical and 

electrical equipments 

1. A perfect layout will be necessary, 

2. Intensive PERT (programme, evaluation and review technique) planning« 

3. Intensive standardisation should be made« 

4. The site should be provided with a well-equipped workshop especially 

for steel-plate work and welding. 

5. Maohinery manufacture and erection should be combined. 

6. All steel-plate work up to, say, a 25-mm thickness should be done at 

the site. 

7. The latest welding techniques should be applied. 

8. Considerable time oan be saved by co-ordinating the oivil work and 

the erection of mechanical and eleotrioal equipment. 

x 
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In annex V is shown a graph with an upper and lower curve for cement mini- 

plants.    The figures for the curves baaed on existent plants supplied by 

•uropean manufacturers.    The Indian total investment coats in general may be 

about 35jt lower than those shown here. 

Implementation time 

In a plant,  for example,  of 120,000 t/a capacity, the civil works may 

involve about 5,000-6,000 nr of concrete and about 1,800 tons of meohanical 

and electrical equipment.    The erection of oivil works and the mechanical and 

electrical equipment would amount to approximately 120,000 and 140,000 man- 

hours respectively.    Bven on extremely difficult sites it should not take irore 

than a year to erect a cement plant. 

Boonomio siae of plant 

As shown in annex V, a plant producing 100,000-120,000 t/a would be the 

most economic size.    However,  this may not be the case as a high degree of 

standardisation and on-site manufacturing could bring down oostB considerably. 

For instance, according to investigations made by the Cement Research Institute 

of India (CRI), Hew Delhi, the most economic shaft kiln would have a production 

of 25,000-33,000 t/a. 

The CRI has also oarried out extsnuiv« invectivions regarding shaft 

kiln operations.    Indian experts have designed, fabricated and successfully 

operated,  for more than two months, a 2 t/d shaft kiln producing quality olinker 

(annex Vl).    It is interesting to note that solar energy is used for drying 

nodules. 

•odullser (pan pellettieri 

The production of high-strength nodules is indispensable for a shaft kiln 

or any kiln working on semi-dry prooess.    The noduliser for production of nodulei 

was introduced in May 1950 by 3teven Gottlieb at Qippsland Cement Plant (visited 

by the expert) in Australia.    Millions of tons of nodules have been produced 

by means of the noduliser (also known as the pan pelletiaer), especially after 

introduction of the semi-dry Lepol kiln.    It is thanks to the development of 

the noduliser that the shaft kiln oan produce olinker of high quality. 
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Irrespective of whether the fueling proecBD is normali blaok meal, shell 

or ooal slurry, the final nodules should oonsist of raw meal ground to a fineneBO 

of 6-6JÉ retained on 4,900 meshes/cm and Q.5J& on 900 meuhes/om in order to keep 

a free lime content of 2.5-1.5jt or below. Their size should be kept at 10-16 mm 

diameter for a shaft kiln with a diameter of 2.4 • and down to 8-10 «m diameter 

for »mailer kilns. 

The water oontent depends on the raw materials (plastioity) and should 

be in the range of 12—l8jt. 

Fueling orooess 

Fueling processes for conventional shaft kilns are as follows I 

Conventional 

Blaok meal 

Shell 

Coal slurry 

In the conventional process, whioh is the simplest, the fuel, for instano«, 

petrol coke ground to sise 1.5-2.5 mm, is fed direotly to the noduliser together 

with the raw meal. The sise of the fuel is important, anali sises decrease end 

large sises increase the height of the burning zone and thus the cooling ione 

will be respectively inoreased and decreased. A short burning sone results 

in a good thermal efficiency. 

Blaok meal, shell and ooal slurry processes require more equipment than 

the conventional prooess. These processes should only be considered if the fuel 

has a high-«sh oontent or reactivity ooours in order to ensure uniform and good 

quality of the o linker. However, determination of a fueling system is complex 

and should be done oase by case« 

In all prooesses, the proper mixture of raw meal and fuel has to be con- 

trolled by instruments with alarm systems. 

Discharge grate 

Ctood air distribution is very important in a shaft kiln and a discharge 

grate is required whioh can oope with irregular clinker formation. 

The expert visited a faetory in the Federal Republic of Germany (Use, 

annex II) which consisted of five shaft kilns and one rotary kiln. During the 

visit, only the rotary kiln was working owing to the low demand for cement. 

Mormally, four of the shaft kilns were working. 
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All four shaft kilns «re equipped with a discharge crusher grid and have 

worked satisfactorily for more than 12 years ensuring a continuous output of 

owMnt of 200 t/d from each kiln.    The following features were notedi 

Simple and robust construction 

Hydraulic drive 

Low-oost maintenance 

The discharge orusher grid, also called the rooker grate, consists of six 

water-cooled heavy shafts on which oast ed, toothed seotions, similar to toothed 

roll crushers.    The rooker grate is turned every two years to distribute the 
wear evenly.    The distanco between the shaft oentres allows for the passage of 

clinker between the toothed Motions. 

The shafts rook, not rotate, whioh has a useful crushing effect and achieves 

good air circulation even when o linker lumps occur.    The rooking movements are 

performed hydraulioally and are activated from both sides. 

I 





- 19 - 

Anneri 

JOB DESCRIPTION 

Post titlet 

Duration! 

Date requiredl 

Duty station! 

Duties! 

Language! 

Qualifications! 

Background 
information! 

Cement expert 

Two months and three weeks 

As soon as possible 

Vienna,  with international travel 

The expert will be attached to the Industrial Operations 
Division and will,  in co-operation with the  Least Developed 
Countries Section of the Division of Policy Co-ordination, 
assist in evaluating the technology available for the 
establishment and operation of shaft kiln plants  for 
production of Portland clinker and cement. 

Specifically,  he will be expectedi 

1. To organize and undertake an exploratory mission to 
producers of equipment  for shaft kilns and cement 
manufacturers experimenting or working with shaft 
kiln installations. 

2. To make observations and recommendations on the 
requirements for the establishment of a shaft kiln 
pilot plant installation. 

3. To assist  in elaborating a plan of action for a mission 
to selected least developed countries to evaluate 
the possibilities for the establishment of small- 
scale pilot cement plants and to tender specifications 
for such plants. 

English 

Industrial engineer with experience of the establishment 
and operation of cement plants 

The development pattern of least developed countries is 
characterized by very low consumption figures for cement 
and other commodities,  making it practically impossible 
to establish economically viable industries.    Supplier 
companies have concentrated on serving the big industrial 
units.    The specialization of making big units has left 
the small units without improvements for the last fifteen 
years and the priority of big units on deliveries has made 
the cost of the establishment of small units prohibitive* 

The above observations are based on the traditional rotary 
kiln technique which was only introduced at the turn of 
the century as a replacement  for the original shaft kiln 
process.    Before that,  shaft kilns had been in use for 
25 years and they continued to play an important  role 
together with the rotary kiln for at least another 20 
years,  from 1900 to 1920. 



- 20 - 

The high investment oosts for large-scale rotary kilns 
have led to a revival of shaft kiln techniques in an 
improved form for small- and aediuw-soale oenent production« 

Ixtensive development has already taken place and before 
further work is done and/or the possibility for estab- 
lishing a smàll-soale cement industry is offered to the 
developing countries, UMIDO ought to evaluate the existing 
technologies so that the least developed countries can 
be advised of the teohnical and eoonomio feasibility of 
the new shaft kiln technique with regard to the specific 
environment in different regions. 
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OOMPAIIBS VISITED 

Amt ral i* Or. Steven Gottlieb 
Managing Director 
Oorresen'a Pty Ltd 
Consulting Engineers 
63 Kingsway, South Melbourne 

Telext 34732 Melbourne 
Cablest        Qorreaen Melbourne 

Mr. A. J. Anderson 
Chairman 
Tower Research and Development 
Corporation    Limited ~x, 
32-36 Atohison Street St. Leonards M.3.W. 
Sydney 

Tel.t 43-2338 
43-6149 

èMiSÀÊ. *r. M. C. Verghe se 
Head, Chemioal Industries Seotion 
UMIDO 
P.O. Box 707 
A-1011 Vienna 

Telexi 75612 
Cables i        UMIDO 
Tel.i 43 50 0 

Nr. Peux Sobek 
Consulting Engineer 
Bleohturmgasse 12 
A-1040 Vienna 

Mr. Henrik Carleen 
Head Turnkey Project Seotion 
P. L. Smidht and Co. A/8 
Vigerslev Alle 77 
nC-2500 Copenhagen Valby 

Telexi 27040 flsoo dk 
Cablest        folasmidth 
Tel.i +45 1 30 11 66 

Mr. Harald C. Boeok 
Cement Consultant 
Byskellet 9 
DK-2960 Rungsted Kyst 

Tel.i +45 2 86 65 65 
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Federai Republic 
of Germany Dr. I. Bade Dr. Wittgenstein 

Managing Director Chief Legal Adviser 
Readymix Cement Engineering OmbH 
TV-4030 Ratinjcen 

Tel.i (0 21 02) 401-376 

Mr. Irioh Bomke 
Consulting Engineer 
Sonnenstrasse 18 
D-472 Beokum 

Tel.t (02521)4848 

Mr. Hanns-Peter Dttrkes 
?ioe-Director 
Firma Josef Schonlau 
Maschinenfabrik und lisengiesserei 
Postfach 25 
Oeseke/fyestf. 

Mr. Leupold 
Teohnical Manager 
ZMI - Zementwerk "Ilse" OmbH and Co. 
Poetfach 1820 
D-479 Paderborn 

Telex» O93685I 
Tel.i (0 52 51)     237 73 

Mr. B. 0. Loesche 
Managing Director 
Loesohe KO 
Postfaoh 5226 
D-4 Düsseldorf 1 

Telex!   O858 2656 loma d 
Cables»   loesohemuehlen duesseldorf 
Tel.»    (02 11) 8 01 51 

Mr. Felix Sobek 
Consulting Engineer 
Friedriohstrasse 37 
D-4 Dttsseldorf 

Tal.1    37 93 93 

India Dr. M. 3. Iyengar 
Managing Director 
M. S. Iyengar and Associates (P) Limited 
I3/I5 Multistoried Building Quarters 
Dr. K. 3. Krishnan Road 
lew Delhi IIOO6O 

Cables»   IYOON 
Tel.»    58 40 18 

I 
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India (oont.) Dr. J. C. Miahra 
Chief Plant Design and Development 
Cement Research Inatitute of India 
M 10 South Extension Part II 
lew Delhi 110049 

Tel.i 62 17 70 
8 82 60 

Mr. 3. K. Niara 
Development Manager 
Dalmia Cement (Bharat) Limited 
4. Soindia House 
lew Delhi 110001 

Tel.i 4 01 21 

Mr. Lakshman Swaroop 
Cenerai Manager (Operations) 
Dalmia Cement (Bharat) Limited 
9A Atma Ram House 1 Tolstoy Marg 
lew Delhi 110001 

Telext 3694 
Cablesi        DALKIACMMT IBM DELHI 
Tel.i 38 38 16 

Dr. H. C. Visvesvaraya 
Director 
Cement Research Institute of India 
M 10 South Extension Part II 
lew Delhi 110049 

Dr. Felix Mandi 
Chairman 

Mr. I. L. Roberta 
Managing Director 

Mr. 0. Sohauderna 
Teohnioal Director 

Mr. J. Kimanthi 
Works Manager 

Mr. 0. Casson 
Assistant to Works Manager 

Mr. L. Reid 
Assistant to Work* Manager, Materials 

Mr. Rashid Mohamad 
Teohnioal Assistant 
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Kenya (oont«) Nr. J. HJoroge 
Deputy Chemist 

Mr. 0. Pritsinger 
Senior Engineer 

Mr. Wendt 
Maintenance Sngineer 

Mr. Meuert 
Ixport Manager 

Bamburi Portland Cement Company Limited 
P. 0. Box 90202 
Mombasa 

Telext 21263 
Gablest        BAMBÙ 
Tel.1 71451/21 Bamburi 211/221/248 

Menai Mr. L. P. Mepal 
Managing Direotor 

Mr. C. D. Rajbhandari 
Produotion Manager 

Mr. Q fort er Kenntje 
Adviser to Managing Direotor (d) 

Mr. K. J. Thapa 
Business Manager 

Rimai Cement Co. (Pvt) Ltd 
Chovar 
Kathmandu 

Gablest        HIMCMMMMT 
Tel.t 1 49 58 

liititrliirt Dr# w*lix Namdl 
Managing Direotor 

Mr. Anton Kooh 
Bmeritus Direotor, Dipl. Ing. 

Mr. Hans Rudolf Suter 
Meohanioal Engineer 

Cementia Holding AC 
IQsohelerstrasse 45 
OH-8OOI ZOrioh 

Telext   5 48 63 
Gablest   CMRtfTIA 
Tel.t    25 25 33/27 39 54 
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It ed Stmt«! of Mr. »tor i on f. Burk« 
General Counsel 
Qorresens Ino. 
Suite 2400 
ISO Morth Hacker Drive 
Chicago, Illinois 60606 

Cablali        OORRB03 CHI CA00 
Tel.1 (312)  263-5151 

Mr. Harry R. Edelman 
President 

Mr. J. A. Votary 
Vice President 
Prooess Division 

Heyl and Patterson Ino. 
Seven Parkway Center 
Pittsburgh, Pa. 15220 

Tel.1 (412) 922-3300 

I 
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Annex IV 

OUHJLATIVB 003T3 AT THE BANBURI PORTLAND CBOENT 
COMPANY LIMITE), KENYA 

(U3 centa/ton clinker a/) 

Çhaft kilns fi£ii!X.lU.n-l 
1973 32.8 240.9 

1974 48.4 333.4 

1975 52.5 254.7 

1976 up to April                        3.1 365.1 

Refractory prloei approximately |US 325/ton 

B.    Fuel costs 
(K3h/ton clinker a/) 

Shaft kilns 
Çoal 

Rotary kiln I 
Fuel oil 

1973 21.69 11.27 

1974 29.84 39.33 

1975 37.50 48.11 

a/   The monetary unit in Kenya ia the shilling   (KBh).    In June 1976, 
at the time of the expert** viait, the value of the shilling in relation to 
the United States dollar MM |U8 1 - KSh 8.35* 
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