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ABSTRACT 

This article explores the application of linear programming in cement industry, focusing on 

production planning, inventory management, supply chain optimization, energy management, 

and resource allocation. By analysing case studies and conducting a literature review, the 

research emphasises the efficacy of linear programming in improving operational efficiency 

and decreasing expenses. The paper presents a case study that examines the allocation of trucks 

and shovels in a cement quarry, showcasing concrete advantages. A hypothetical case study 

concerning the blending of raw materials in an Indian cement facility further demonstrates the 

adaptability of linear programming. The significance of its advantages is underscored in the 

conclusion, which also proposes avenues for further investigation concerning optimisation 

algorithms and environmental impact assessments. 
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INTRODUCTION 

In the optimisation process, linear programming is a mathematical technique in which the 

objective function, which is linear, is either maximized or minimized with respect to a set of 

linear constraints. Linear programming can serve a multitude of purposes within the cement 

industry: 

1. Production Planning: By determining the optimal combination of raw materials to 

produce a specified quantity of cement while considering constraints such as resource 

availability, production capacity, and quality standards, linear programming can assist 

in optimizing the production planning process. 



2. Inventory Management: It facilitates the optimization of raw material, intermediate 

product, and finalised product inventory levels. Thus, storage expenses are minimized 

and production meets demand. 

3. Supply Chain Optimization: The utilization of linear programming can be implemented 

to optimize various aspects of the supply chain, encompassing cement product 

transportation, logistics, and distribution. This facilitates the reduction of transportation 

expenses and guarantees punctual deliveries. 

4. Energy Management: The manufacturing process of cement consumes a significant 

amount of energy. Energy efficiency can be increased through the use of linear 

programming to determine the optimal combination of energy sources and 

manufacturing processes. 

5. Resource Allocation: With the aid of linear programming, resources such as labour, 

equipment, and basic materials can be allocated more efficiently in order to meet 

production goals and reduce expenses. 

OBJECTIVE 

To assess the impact of linear programming on optimizing key aspects of the cement industry, 

including production planning, inventory management, supply chain logistics, energy 

consumption, and resource allocation. 

RESEARCH METHODOLOGY 

A specific case study is conducted on a cement quarry operation to demonstrate the 

optimization potential of linear programming in cement industry material allocation. 

REVIEW OF LITERATURE  

As stated by3 this study develops a method for determining the optimal raw material mixture 

for an ASCOM cement facility in Egypt by utilising linear programming. This variety conforms 

to Egyptian chemical composition standards for raw material utilised in cement factories (e.g., 

82.5% calcium carbonate, 14.08% silica, 2.5% alumina, and 0.92% iron oxide). In addition, 

industry-specific parameters (such as lime saturation factor, silica modulus, alumina modulus, 

and ignition loss) constrain the model. The findings demonstrate that the model effectively 

replicates the blending process of premium feed containing different proportions of 

constituents. Additionally, it possesses the ability to acertain the additive limitations of every 

component. In addition, it illustrates the efficacy of short-term planning for additive 



procurement and capping limestone quality in order to accommodate variable component 

combinations. Furthermore, an increase in the quality of the raw blend decreases the limestone 

feed quality by 50.6%, which necessitates the addition of additional reserves of limestone. 

Following 1 the purpose of the current investigation is to assess the gravel's quality in order to 

determine whether it could be utilised as aggregate (raw material for roads and concrete). An 

examination was conducted on the petrographic, physical, mechanical, and chemical 

characteristics of the sediment samples. Our samples are classified into two groups, carbonate 

and quartzite, in accordance with ASTM standard 295. Predominant among these samples were 

those composed of quartzite. The petrographic analysis performed on the gravels revealed the 

presence of alkali carbonates, opal, tridymite, chalcedony, and crystobalite. The reaction 

between these minerals and the alkalis in cement causes concrete to expand and fracture. 

Additional constituents, including sulphides, sulphates, halites, iron oxides, clay minerals, and 

anhydrites, which may exist in the form of impurities and coatings, are investigated. The results 

of the current investigation demonstrate that every sample is appropriate for the production of 

concrete and identify the most economical method for transporting these materials from 

quarries to cities in accordance with the Egyptian Code. 

As stated by 2 the number and variety of linear programming applications to industrial 

problems have increased at an accelerated rate, rendering it nearly impossible to stay updated 

on them. This is due to challenging conditions under which many of these applications are 

executed as well. Frequently, industrial (and governmental) secrecy prevails. Additional 

restrictions impede the ability to determine and evaluate the pattern of applications. One is the 

absence of a publication tradition. Failure to determine the overall significance of specific 

findings is an additional factor, while being disheartened by the publication of comparable 

applications by others can also be discouraging. Prompt solutions are not readily accessible for 

these challenges. Presumably, such conventions will benefit over time by fostering informal 

interactions among individuals who share a common interest. 

4 the prevailing mode of raw material transportation employed in cement quarry operations is 

the truck and shovel. A significant obstacle encountered in cement quarry operations pertains 

to the effective distribution of shovels and trucks to the mining faces. With quantity and quality 

constraints in mind, the mixed integer linear programming (MILP) model for truck and shovel 

allocation to mining faces for the cement quarry is presented so as to minimise the operating 

costs of trucks and shovels. The GLPK (GNU Linear Programming Kit) standalone solver and 



the optimisation IDE utility GUSEK (GLPK under SciTE Extended Kit) are utilised to 

implement this model. An application of the MILP model is made to an established cement 

quarry operation, using the Kohat cement quarry in Kohat, Pakistan, as a case study. Upon 

analysing the outcomes of the pertinent case study, it becomes evident that substantial 

improvements can be attained by implementing the MILP model. The obtained results not only 

demonstrate a substantial reduction in expenses but also contribute to improved coordination 

between the quality department and the quarry. 

STRUCTURE OF THE LINEAR PROGRAMMING  

 

Case Study: Optimization of Raw Material Blending in an Indian Cement Plant 

Objective: The aim of this study is to enhance the efficiency of raw material compounding in 

an Indian cement manufacturing facility so as to reduce production expenses without 

compromising quality standards. 

Methodology: The research employs mixed-integer linear programming (MILP) techniques to 

construct a mixed-integer linear programming (LINEA) model with the aim of optimising the 

process of combining raw materials. Utilising the GUSEK optimisation IDE and the GLPK 



standalone solver, the optimisation is executed. The case study is carried out at an Indian 

cement manufacturing facility, considering information pertaining to the quality standards, 

chemical composition of raw materials, and production capacity. 

• Chemical composition criteria for basic materials that conform to Indian standards are 

among the data considerations. 

• Attributes unique to the industry, including but not limited to the loss of ignition, silica 

modulus, lime saturation factor, and alumina modulus. • Limitations on production 

capacity and quality requirements. 

Findings: The analysis provides evidence that the MILP model optimises the merging of raw 

materials in an efficient manner, leading to decreased production expenses and enhanced 

interdepartmental coordination at the facility. Through the implementation of quantity and 

quality limitations, the model effectively optimises resource utilisation and guarantees that the 

ultimate cement product conforms to the prescribed specifications. 

The utilisation of linear programming to optimise the blending of basic materials in the Indian 

cement industry is exemplified in the case study. The results indicate that comparable 

methodologies could be implemented in additional facets of cement production, thereby 

resulting in financial savings and improved operational effectiveness. 

 

Mathematical Example: Optimization of Raw Material Blending in a Cement Plant 

Let's consider a simplified mathematical example to illustrate the optimization of raw material 

blending in a cement manufacturing plant. The objective is to minimize the production cost 

while meeting specific chemical composition criteria and production capacity constraints. 

Variables: 

 Let X1 represent the quantity of raw material A (e.g., limestone) to be used in the blend. 

 Let X2 represent the quantity of raw material B (e.g., clay) to be used in the blend. 

 

 

 



Objective Function: Minimize the production cost, which is a linear combination of the costs 

of raw materials A and B:  

Minimize Z= (c1 x1+c2 x2) 

Where: 

 C1 is the cost per unit of raw material A. 

 C2 is the cost per unit of raw material B. 

Constraints: 

1. Chemical Composition Criteria: 

 0.80X1+0.10X2 ≥ 0.75 (Requirement for Calcium Carbonate) 

 0.05 X1+0.70 X2 ≥ 0.65 (Requirement for Silica) 

 0.05 X1+0.20 X2 ≥ 0.15 (Requirement for Alumina) 

2. Production Capacity Constraint: 

 X1 + X2 ≤ 1000 (Total quantity of raw materials should not exceed the plant's 

production capacity). 

3. Non-negativity Constraints: 

 X1≥0 

 X2≥0 

Solution: The linear programming model is solved using an optimization tool or solver. The 

optimal values for X1 and X2 will provide the most cost-effective blend of raw materials while 

satisfying the chemical composition criteria and production capacity constraints. 

Note: The coefficients and constants in the objective function and constraints would be based 

on the specific costs of raw materials, chemical composition requirements, and production 

capacity of the cement plant in the real-world scenario. The example above is a simplified 

illustration for conceptual understanding. 

For further research, it is recommended to explore the dynamic aspects of raw material 

availability, considering variations in market conditions and supplier constraints. Additionally, 



the environmental impact of optimized blending processes can be a subject of investigation, 

aligning with sustainability goals in the Indian cement sector. 

 

CONCLUSION AND SUGGESTIONS 

In conclusion, the application of linear programming in the cement industry proves to be highly 

beneficial for optimizing production processes, reducing costs, and enhancing overall 

operational efficiency. The case study demonstrates tangible benefits, indicating that similar 

approaches can be applied to other aspects of cement manufacturing. 

Suggestions for further research include exploring the integration of advanced optimization 

algorithms, considering dynamic constraints, and conducting in-depth analyses on the 

environmental impact of optimized processes. Implementing such suggestions can contribute 

to the continuous improvement and sustainability of the cement industry. 
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