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Abstract  

This study introduces the development of a model and its optimal application in the utilization of machine 

capacity in cement production planning process, and the goal is to develop a model for machine capacity 

determination in cement production process in order to meet optimum production. The developed model will be 

particularly of great assistance to new comers who are not familiar with the field and will facilitate them in 

gaining a better understanding of the types of machines and the required capacity for production process, and in 

making decisions about any necessary actions. The developed model is versatile in the sense that it quickly 

generates results which hasten decision making process, and the capacity of the machines are also projected 

accurately, bearing in mind the type of cement to produce at any giving period. 
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INTRODUCTION 

The use of cementing materials is very old. The 

ancient Egyptians used calcined impure gypsum. The 

Romans made use of volcanic ash and burnt marble 

and later learned to add lime and water, sand and 

crushed stones to produce cement for their roads, 

bridges and buildings. The active silica and alumina 

in the ash combined with the lime to produce 

“pozzolanic cement”, extorted from the name of the 

village of ‘pozzuoli’, near vesuvius, where the 

volcanic ash was first found. The name pozzolanic 

cement is used till this day to describe cements 

obtained simply by grinding of natural materials at 

normal temperature (Degarmo, 2001). 

 

The Middle Ages brought a general decline in the 

quality and use of cement, and it is only in the 18th 

century that an advance in the knowledge of cement 

came to limelight. John Smeaton, commissioned in 

1756 to rebuild the Eddystone light- house, off the 

Cornish coast, found that the best mortal was 

produced when pozzolana was mixed with limestone 

containing a high proportion of clayey matter. By 

recognizing the role of the clay, hitherto considered 

undesirable, Smeaton was the first to understand the 

chemical properties of hydraulic lime. 

 

There followed a development of other hydraulic 

cement, a material that hardens under water. This 

property and the related property of not undergoing 

chemical change by water in later life are most 

important and have contributed to the widespread use 

of cement as a building material. Expert system has 

been a topic of growing interest in Artificial 

Intelligence Research during the past decade. An 

expert system is a software programme that encodes 

the knowledge of experts, and uses techniques other 

than conventional computer language to represent 

that knowledge (Adelman, 2003). 

 

COMPOSITION OF CEMENT 
Cement consists of four major compounds as listed 

below together with their abbreviated symbols. This 

shortened notations, used by cement chemist, 

describes each oxide by one letter, CaO = C; SiO2 = 

S; AL2O3 = A: and Fe2O3 = F. likewise, H2O in 

hydrated cement is denoted by H. 

 

Table 1: Main Compounds in Cement 
Name of compound Oxide composition Abbreviation 

Tricalcium silicate 3CaO.SiO2 C3S 

Dicalcium silicate 2CaO.SiO2 C2S 

Tricalcium aluminate 3 CaO.Al2O3 C3A 

Tetracalcium 

aluminoferrite 

4 CaO.AL2O3.Fe2O3 C4AF 

Source: (Neville, 1997) 

 

Cement in the general sense of the word, can be 

described as a material with adhesive and cohesive 

properties, which make it capable of bonding mineral 

fragment into a compact whole (Detwiler and Tennis, 

1999). Seren (1988) patented the Portland cement and 

defined it as cement obtained by intimately heating a 

mixture of calcareous and argillaceous, or other 

silica-, iron oxide bearing materials together. 

Amstead (1999) made a prototype of modern cement 

by burning a mixture of clay and chalk until 

clinkering, so that the reactions necessary for the 

formation of strongly cementitious compound occur. 

 

In recent years, concurrent engineering has emerged 

as a key practice in enhancing the competitiveness of 

a product. Most people agree that the cost and quality 

of a product are “locked” into the layout design. 

Many companies are actively pursuing means to 
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integrate the life-cycle values of the product early in 

its development.  

 

Process planning involves determining within a 

manufacturing facility and establishes which 

processes and parameters are to be used (as well as 

those machines capable of performing these 

processes) to convert a part from its initial form to a 

final form predetermined (usually by a design 

engineer)  to manufacture a part, given its description 

and the specification of the resources in the workshop 

(Wong, and Siu, 2002). This of course should take 

into account both technological and economic 

considerations, some of which are hard constraints 

and preferences. This knowledge often represents 

both the experience and know-how of 

engineers/specialists, which differ from one company 

to another. The process of finding a plan involves 

examining and evaluating the manufacturability of 

different machining plans (Joseph and Davies, 2001). 

It is complicated by the fact that the search space is 

huge and the plan evaluation criteria are not obvious 

at the beginning and can only be gleaned through 

interaction with the user. Trade-offs among 

optimization objectives typically reflect user 

preferences and the presence of additional domain 

constraints not captured in the planning and 

scheduling model (Weill et al, 2005).  

 

Moreover, the user may change the optimality criteria 

for the process planning during the process of finding 

an optimal solution. Since the optimality metric is not 

completely known, we would like to take the human 

expert/user to be the final arbiter on the quality of the 

plan produced. Accordingly, if the expert is not 

satisfied, the planner should be able to resume its 

search for an improved process plan. To support this, 

an iterative and interactive approach to process 

planning is proposed. Though product engineering is 

credited with the most influence on cost, process 

planners are the source of how that cost is incurred 

(manufacturability).   Process planning is therefore 

not only concerned with preparing the manufacturing 

instructions, but also the coordination of the 

“knowledge” of the product development community, 

that is, product functionality, facility capability or 

process preferences, and production equipment 

suppliers. By function then, process planning is the 

integrating activity for product and process cost 

estimating, plant and tool engineering (geometry 

simulation), methods and ergonomics (human-

machine interface/ergonomics simulation) and proof  

of production capability (throughput simulation) 

(Steudel, 2008). 

 

Process planning, more than any other aspect of the 

manufacturing process, has been the subject of 

research in applied artificial intelligence. The nature 

of the problem is such that it can either be 

decomposed into goals and sub-goals which can be 

met using a planning type of approach or it can be 

solved by making use of a knowledge base consisting 

of IF-THEN rules (Chang and Wysk, 2000). In a 

knowledge based Computer Aided Planning Process 

(CAPP) system, the planning knowledge is usually 

recorded in a knowledge base and is thus separated 

from the system inference logic. Hence, the addition 

of a new piece of planning knowledge or the 

modification of an existing one simply requires the 

manipulation of data in the knowledge base. The 

system inference logic always remains unaltered 

(Davies and Darbyshire, 2005). 

 

Manufacturing process planning and scheduling are 

usually considered as two separate activities in 

manufacturing. Manufacturing process planning 

determines how a product will be manufactured while 

manufacturing process scheduling is the process of 

selecting and sequencing manufacturing processes 

and parameters so that they achieve one or more 

goals (For example, lower cost, shorter processing 

time, etc.) and satisfy a set of domain constraints 

(Nau and Chang, 2002). 

 

The manufacturing scene today is undergoing a 

revolution. Infact the technology that had the greatest 

impact on the production system over the last decades 

is computer modeling. Modeling have important role 

to play in job shop and batch production 

manufacturing plants, which constitute an important 

portion of the total manufacturing activity. It may be 

remembered that traditional batch manufacturing 

suffers from drawbacks like low equipment 

utilization, long lead times, inflexibility to market 

needs, increased indirect cost and high manufacture 

cost. It is estimated that in conventional batch 

production methods, only 5 to 10% time is utilized on 

machines and the rest is spent on moving and 

waiting.  Out of the total time on machine, only 30% 

is on machining, rest being on positioning, loading, 

gauging and idling. 

 

Consequently, a need exists for adequate modeling 

cement production process in the manufacturing 

sector using feedback control, process control, 

planning and decision making to support 

manufacturing activities (Jain, 2001). Market 

demands have changed towards higher quality, 

shorter delivery times and lower product cost.  To be 

competitive, it is necessary to reduce or completely 

eliminate material wastage  in order to keep the 

manufacture cost as low as possible, hence the need 

to model the production process of cement. 

 

OBJECTIVES OF THE RESEARCH 
The objectives of this research are to; 

(i) ascertain the relevant parameters related to 

the planning of cement production process. 



 

Journal of Emerging Trends in Engineering and Applied Sciences (JETEAS) 5(5):368-371 (ISSN: 2141-7016)  

370 

 

(ii) develop a mathematical model for Optimal 

Utilization of Machine Capacity in Cement 

Production Planning Process 

   (iii)    evaluate the performance of the developed 

model, using a case study industry.  

 

Major Machines for Cement Production 

The list of machines and their capacity are shown in 

the table below.  

 

Table 1:   List of Machines and their Capacity 

                           

 

 

 

 

 

Source: (WAPCO, 2008) 

 

Table 2    Machine Running Hour per Day 
Machines Running Hour (Hrs/day) 

Limestone Crusher 18 

Raw mill 18 

Kiln 19 

Cement mills 16 

Cement packers 14 

Source: (WAPCO, 2008) 

 

Table 3: Data on Raw Machine Capacities for 

Cement Production 
Machine Types Machine Capacity (Tons per day) 

Crushing machine 2500 

Raw mill machine 3000 

kiln 3500 

Cement mill machine 2700 

Packaging machine 3333 

Source: (WAPCO, 2008) 

 

Modeling Cement Production Processes 
The identified critical elements of cement production 

includes the proportion of materials used for cement 

production; proportion of energy used for the 

production; capacity of the machines used for cement 

production and manpower required for the 

operations. However, for the purpose of this study, 

effort will be concentrated on the machine capacity 

development using a model. 

 

Capacity Determination per Tonne of Processed 

Cement  

Based on the process parameters’ ratio given in Table 

3, the expected capacity (in tonnes) of material 

required for cement production is obtained. For 

crusher capacity of  2500 tonnes per day (Table ). 

CL- crushed limestone from limestone crusher of 

capacity, CL 2500tons per day and the crushed 

limestone and cement output ratio expressed as 

  (1) 

The maximum (expected) tonnage of cement to 

produce from the input material from the crusher CL  

is 
CL

eC per day 

               (2) 

          

Similarly for raw mill of actual capacity of 3000 

tonnes will produce, 
RM

eC per day 

   (3) 

 

Kiln hosts the cake/clinker with capacity (in tonnes) 

per day of 3500 will also produce output cement  of 
KC

eC  tonnes per day. That is, 

 (4) 

 

From the expected capacity results presented before, 

it is noticeable that the expected output per day from 

the machines except kiln cannot satisfy the actual 

cement mill capacity. Therefore, compensation will 

be required to attain maximum daily actual capacity 

of cement mill of 2700 tonnes per day. Hence, there 

will be a limit to the output capacity depending on the 

expected capacity of the processing machines. 

However from the former capacity analyses, the 

minimum (expected) possible output of cement that 

will prevent wastage is estimated as 1703.57402432 

tonnes per day. The useful time (hr) per day of 

operation of the whole plant based on the minimum 

possible output with zero waste tolerance for the 

cement production machines need to be adjusted to 

meet the expected output called economic output. 

This can be obtained by using proportionality concept 

which is based on the ratio of expected machine 

capacity and the actual machine capacity as expressed 

in the aforestated mathematical model. The result is 

shown in Table 4 

 

Table 4 Savings Results on Machine Capacity Per Tonne of Processed Cement 

Machines Capacity (Tons/day) 

Limestone crusher 2500 

Raw mill 3000 

Kiln 3500 

Cement mills 2700 

Cement packers 3333 

Machines Capacity 

(actual) 
tonnes 

Actual time 

(hr/day) tonnes 

Capacity 

(expected)  
tonnes 

Expected time 

(hr/day) tonnes 

Savings in 

mill tonnes 

6hrs 

miller/da
y 

Savings 

Linestone 

Crusher 

2500 18 1704 12.2688 5.73 2 1 

Raw Mill 3000 18 1704 10.224 7.78 2 1 

Kiln 3500 19 1704 9.2502857151 9.75 2 1 

Cement Mill 2700 16 1704 10.097777778 5.90 2 1 

Packaging 

Machine 

3333 14 1704 7.1575157514 6.84 2 1 
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From Table 4 it can be seen that the cement 

production value per worker is 2/1704 tonnes, 

which is 852 tonnes per worker (operator). Invariably 

it is noticeable that only two operators will produce 

the stated amount. That is 

eratorNumberOfOp = 

Operatortonnes

ratorValueOfOpeproduction

/852
       (5) 

Similarly, 

eratorNumberOfOp = 

OperatorilableManhourAva

rationnhourOfOpeExpectedMa

/
 (6) 

 

The savings in machines’ capacities is also stated in 

Table 3.10 using mathematical Equations earlier 

stated. It can be seen that not less than 33.3% man-

hour was saved per tonne of the processed cement on 

the basis of 6 hour per day per operator analysis.  

 

CONCLUSIONS 

The developed model for determining the machine 

capacity has shown to be generally successful and 

have performed well in meeting the purpose and 

objectives of the study. The developed model is 

effective and accurate as it was able to determine the 

accurate capacity of machine  

 

REFERENCES 

Adejuyigbe, S.B. (2002): CAD/CAM for 

Manufacturing. Topfun Publication, Nigeria 

 

Amstead, B.H. (1999):  Manufacturing Processes, 

John Wiley and Sons, Canada. Pp. 705-710. 

 

 

Bielawski, J. and Lewand, C. (1997): An Expert 

System for Computer Fault Diagnosis. First 

International Joint Conference on Artificial 

Intelligence. Pp. 843-845. 

 

Davis, K. T. and Lenat, S. P. (2001): A knowledge 

based system for Factory Scheduling Expert Systems. 

Pp. 25-39.  

 

Fox, J. M. and Smith, P. K. (1984):  Software and its 

Development. Prentice Hall International Inc. New 

Jersey. Pp. 115-120. 

 

Groover, M.P. and Zimmers, E.W. (1987):  

Automation, Production System and Computer 

Integrated Manufacturing. Prentice Hall international 

Inc. Englewood cliff, New Jersey. 

 

Seren, K. (1988): An Expert System for choosing the 

type of Ready Mix Concrete, The Nordic Concrete 

Federation, Finland. Pp. 45-49. 

 

WAPCO (2008): Environmental Audit Report of the 

West African Portland Cement PLC Ewekoro and 

Shagamu Quarries. Submitted to the Federal Ministry 

of Environment, Abuja by the West African Portland 

Cement PLC, Elephant House, Alausa Ikeja, Lagos, 

Nigeria, pp. 1–15. 


