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Abstract 

The cement manufacturing sector in India is essential to the infrastructural and economic growth of the nation. 

Cement manufacturing in India, a process-intensive sector, faces mounting challenges related to long lead times, 

surplus stock, operational shortcomings, and waste. Lean manufacturing tools, particularly Value Stream 

Mapping (VSM), have proven effective in identifying and addressing these challenges by visualizing and 

analyzing production flows for waste elimination and value creation. However, it faces challenges related to 

resource utilization, inefficiencies, and process waste. The production flow of a top cement plant in India is 

examined and streamlined in this case study using Value Stream Mapping (VSM), a lean manufacturing 

technique. The analysis identifies non-value-adding processes, bottlenecks, and improvement areas, thereby 

improving operational effectiveness and minimizing production lead time. This case study investigates the 

application of Value Stream Mapping (VSM) as a Lean Manufacturing approach to examine and improve the 

production flow in an Indian cement manufacturing plant. The study identifies various forms of waste (Muda) 

within the current state value stream, including excessive inventory, waiting times, and unnecessary 

transportation. Through the formulation of a future state map, the study proposes actionable recommendations to 

optimize operations, minimize lead times, and improve overall productivity. The findings demonstrate the 

significant potential of VSM in optimizing complex manufacturing processes like cement production, leading to 

cost saving and enhanced customer satisfaction. 

Keywords: Value Stream Mapping, Lean Manufacturing, Cement Production, Process Improvement, Waste 

Elimination, India 

1. Introduction 

The Indian cement industry is the second-largest in the world, with an installed capacity of over 500 million 

tonnes per annum (mtpa) (IBEF, 2023). With increasing pressure to improve cost competitiveness, reduce 

emissions, and meet customer expectations, cement plants are seeking operational excellence through lean 

methodologies. The Indian cement industry is one of the largest globally, characterized by high production 

volumes and intense competition. To remain competitive, cement manufacturers must continuously strive for 

operational excellence, focusing on efficiency, cost reduction, and quality improvement. Lean Manufacturing 

fundamentals, with their emphasis on waste elimination, offer a robust framework for achieving these goals. 
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Value Stream Mapping (VSM) is a potent Lean tool that helps businesses understand how information and 

materials flow, spot non-value-adding tasks, and create a more productive future. 

This case study focuses on a specific cement manufacturing plant in India (name anonymized for confidentiality) 

to illustrate how VSM can be applied to analyze its production flow, pinpoint inefficiencies, and propose 

solutions for a leaner operation. The cement industry in India is one of the largest globally, contributing 

significantly to the country's industrial growth and infrastructure development. With increasing competition and 

environmental regulations, cement manufacturers are compelled to adopt lean manufacturing principles to 

maintain competitiveness and sustainability. Value Stream Mapping (VSM), a fundamental lean tool, provides a 

systematic approach to visualize material and information flows throughout the production process, enabling 

identification and elimination of waste. 

This case study analyzes the implementation of VSM in a medium-scale cement manufacturing plant located in 

India, with an annual production capacity of 2.5 million tons. The plant operates using the dry process technology 

and faces challenges related to equipment downtime, inventory accumulation, and extended lead times. 

2. Literature Review 

Lean Manufacturing, originating from the Toyota Production System, aims to maximize customer value while 

reducing waste. Womack and Jones (1996) famously defined five fundamentals of Lean include defining value, 

determining the value stream, establishing pull, generating flow, and aiming for perfection. VSM plays a crucial 

role in the "identify the value stream" principle. 

Several studies have highlighted the benefits of VSM across various industries: 

 Manufacturing: Rother and Shook (1999) provided a foundational guide to VSM, emphasizing its 

role in visualizing current and future states. Shah and Ward (2007) discussed the effect of Lean on 

manufacturing performance. 

 Process Industries: While often associated with discrete manufacturing, VSM has been 

successfully applied in process industries like chemicals and food processing (e.g., Al-Najem and Al-

Shami, 2013). The unique challenges of continuous flow in these industries require careful adaptation of 

VSM techniques. 

 Cement Industry: While specific VSM applications in Indian cement plants are less documented 

in readily available academic literature, global studies on process optimization in cement manufacturing 

often implicitly or explicitly touch upon Lean principles and waste reduction. For instance, research on 

energy efficiency and logistics optimization in cement production indirectly supports the need for VSM-

like analysis (e.g., Benge et al., 2008). 

2.1 Lean Manufacturing in Process Industries 

Lean manufacturing, originally developed by Toyota, focuses on waste elimination and continuous 

improvement. According to Womack and Jones (2003), value definition, value stream identification, flow 

generation, pull establishment, and perfection pursuit are the five main tenets of lean thinking. The continuous 

production processes, large capital investment, and complex material flows in manufacturing industries create 

distinct hurdles for the application of lean principles. 

2.2 Value Stream Mapping 
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Rother and Shook (2003) defined VSM as an approach to lean manufacturing that assesses both the present 

and the future status of the information and material flows needed to deliver a product from raw materials to 

the consumer. By offering a thorough overview of the whole production system, VSM makes it possible to 

distinguish between actions that contribute value and those that don't. 

Singh et al. (2011) demonstrated the effectiveness of VSM in Indian manufacturing industries, reporting 

average lead time reductions of 20-30% and inventory reductions of 15-25%. Similarly, Sahoo et al. (2008) 

applied VSM in a forging industry and achieved significant improvements in productivity and quality metrics. 

2.3 VSM in Cement Industry 

Limited literature exists on VSM application in cement manufacturing. Abdulmalek and Rajgopal (2007) 

applied VSM in a steel manufacturing plant, demonstrating its effectiveness in process industries. Kumar and 

Kumar (2014) studied lean implementation in Indian cement plants, focusing on overall equipment 

effectiveness (OEE) improvement through systematic waste elimination. 

3. Methodology 

3.1 Objectives 

 To analyze the production process of a cement manufacturing plant using Value Stream Mapping. 

 To identify non-value-added activities and bottlenecks. 

 To suggest lean improvements for flow efficiency and waste reduction. 

3.2 Research Design 

This case study employs an action research methodology, combining quantitative data analysis with qualitative 

observations. The study involved mapping the existing state, designing the future state, and monitoring its 

execution over a duration of six months. 

3.3 Value Stream Mapping (VSM) 

Value Stream Mapping is a lean tool that visualizes the present production state and designs a future state by 

eliminating waste (Rother & Shook, 2003). The process includes mapping material and information flows from 

raw material to final product delivery. 

3.4 Data Collection 

A single case study method was used. Data was collected through: 

 Plant Selection: A medium-to-large-sized integrated cement manufacturing plant in India was selected for the 

study. 

 Team Formation: A cross-functional team comprising production managers, engineers, logistics personnel, 

and maintenance staff was formed to facilitate data collection and analysis. 

 Current State Value Stream Mapping: 

o Process Walk-Through: The team physically walked through the entire production process, from raw material 

receiving to cement dispatch, observing operations and collecting data. 
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o Data Collection: Important parameters like cycle times, lead times, inventory levels (work-in-process, finished 

goods), changeover times, uptime, downtime, and number of operators were meticulously recorded for each 

process step. This involved direct observation, time studies, and review of production records. 

o Information Flow: The flow of information (e.g., production schedules, quality reports, order fulfillment) was 

also mapped to understand communication bottlenecks. 

o Drawing the Current State Map: The collected data was used to construct a visual illustration of the current 

state value stream, using standard VSM symbols. This map highlighted material and information flow, showing 

lead times, processing times, and inventory between stages. 

 Waste Identification (Muda): According to the team's analysis of the present state map, the seven categories 

of waste that are common in the cement manufacturing procedure are ‘Transportation,’ ‘Inventory, ’ ‘Motion, ’ 

‘Waiting, ’ ‘Over-processing, ’ ‘Overproduction, ’ ‘Defects’ (TIMWOOD). 

 Future State Value Stream Mapping: 

o Brainstorming and Problem Solving: The team brainstormed potential improvements to address the identified 

wastes. 

o Lean Principles Application: Principles such as continuous flow, pull systems, level loading (Heijunka), and 

quick changeovers (SMED) were considered for implementation. 

o Drawing the Future State Map: A new value stream map was created, incorporating the proposed 

improvements and projecting the expected benefits (e.g., reduced lead times, lower inventory). 

 Recommendations and Implementation Plan: Specific, actionable recommendations were developed along 

with a phased implementation plan. 

4. Case Study Context 

4.1. Overview of the Cement Manufacturing Process 

The cement manufacturing process at the studied plant broadly involves the following stages: 

1. Raw Material Preparation: Quarrying of limestone, clay, bauxite, and iron ore. Crushing, 

grinding, and blending of raw materials to form raw meal. 

2. Clinkerization: To form clinker, the raw material is heated to high temperatures (around 1450°C) 

in a rotating kiln after first passing through a pre-heater. 

3. Cement Grinding: To produce finished cement, clinker undergoes cooling and then processed in 

cement mills along with gypsum and additional ingredients (such as fly ash and slag).  

4. Packing and Dispatch: Finished cement is stored in silos, packed into bags (or loaded in bulk), 

and dispatched to customers. 

4.2. Current State Value Stream Analysis 

Process Cycle Time (CT) Lead Time (LT) Value-Added (VA) Time 

Mining & Crushing 8 hours 12 hours 4 hours 

Raw Mill Grinding 6 hours 10 hours 5 hours 

Clinkerization (Kiln) 24 hours 36 hours 22 hours 

Cement Grinding 8 hours 10 hours 7 hours 

Packing & Dispatch 6 hours 8 hours 3 hours 

Total Lead Time = 76 hours 

Total Value-Added Time = 41 hours 
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4.3 Identified Wastes (Muda) 

 Overproduction – Excess clinker storage 

 Waiting – Idle time during equipment maintenance 

 Transport – Long intra-plant distances for raw materials 

 Inventory – Unused raw meal and cement bags 

 Motion – Manual bag loading processes 

The current state VSM for the cement plant revealed several inefficiencies: 

Key Observations: 

 Excessive Raw Material Inventory: Large stockpiles of limestone and other raw materials were 

maintained, leading to high holding costs and potential degradation. 

 Batch Processing in Raw Mill: The raw mill operated in large batches, leading to significant 

waiting times for the kiln feed. 

 Kiln Instability and Frequent Downtime: Issues with kiln stability, refractory lining, and 

unscheduled maintenance led to frequent stoppages and reduced clinker production. This created 

bottlenecks and increased lead times. 

 High Work-in-Process (WIP) Inventory (Clinker): Substantial amounts of clinker were stored 

in silos between the kiln and cement mills, acting as a buffer but also indicating a disconnect in flow. This 

was partly due to the batch nature of cement grinding and variations in kiln output. 

 Cement Mill Bottlenecks: Cement mills sometimes struggled to keep up with clinker production, 

especially during peak demand or when maintenance was required, leading to further clinker 

accumulation. 

 Inefficient Packing and Dispatch: Manual handling steps, long queue times for trucks, and 

occasional misallocation of finished goods contributed to delays in dispatch. 

 Information Silos: Limited real-time information sharing between departments (e.g., quarry, kiln, 

grinding, logistics) resulted in reactive decision-making rather than proactive planning. Production 

schedules were often rigid and did not adapt quickly to changes in demand or production issues. 

Calculated Metrics (Illustrative - Actual numbers would be used in a real study): 

 Total Lead Time (Current State): Approximately 15-20 days (from raw material extraction to 

dispatch). 

 Processing Time (Value-Added Time): Less than 2 days (actual time material is being 

transformed). 

 Value-Added Ratio: Extremely low, indicating significant non-value-added activities. 

 Inventory Days of Supply: High for raw materials and clinker. 

4.4 Future State Value Stream Design 

On the basis of current state assessment and identified wastes, the team proposed a future state VSM aiming for 

improved flow and reduced lead times. 

Proposed Improvements: 

 Raw Material Management: 
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o Implement Vendor Managed Inventory (VMI) or establish stronger partnerships with raw 

material suppliers to reduce on-site inventory. 

o Improve forecasting accuracy for raw material consumption. 

 Optimized Raw Mill Operations: 

o Introduce smaller batch sizes and more frequent raw meal grinding to match kiln demand more 

closely. 

o Implement predictive maintenance for raw mill equipment to reduce unscheduled downtime. 

 Enhanced Kiln Reliability and Stability: 

o Invest in advanced process control systems for the kiln to maintain stable operations and 

optimize fuel consumption. 

o Strengthen preventive and predictive maintenance programs for the kiln, focusing on refractory 

management and burner optimization to minimize unplanned shutdowns. 

o Cross-train operators to ensure rapid response to kiln upsets. 

 Leaner Clinker Management: 

o Implement a pull system for clinker from the kiln to the cement mills, aiming to reduce clinker 

inventory buffers. This would require better synchronization between kiln output and mill input. 

o Optimize cement mill scheduling to process clinker as it's produced, rather than in large, 

infrequent batches. 

 Improved Cement Grinding and Dispatch: 

o Implement quick changeover (SMED) techniques for different cement types in the grinding mills 

to reduce downtime between production runs. 

o Optimize packing line layouts and introduce automation where feasible to reduce manual 

handling and improve throughput. 

o Implement a truck scheduling and queuing system to minimize waiting times for dispatch. 

 Integrated Information Flow: 

o Develop a centralized production planning and control system that provides real-time data 

across all stages. 

o Implement standing conferences every day with officials from key departments to promote quick 

resolution of issues and interpersonal relationships. 

o Utilize Key Performance Indicators (KPIs) across the entire value stream to monitor progress 

and identify deviations. 

Expected Benefits (Illustrative - Actual numbers would be quantified in a real study): 

 Reduced Total Lead Time: Anticipated reduction of 30-40% (e.g., from 15-20 days to 9-12 

days). 

 Lower Inventory Levels: Significant reduction in raw material and clinker inventory, leading to 

substantial cost savings. 

 Increased Throughput: Improved flow and reduced bottlenecks are expected to increase overall 

plant capacity utilization. 

 Improved On-Time Delivery: Better synchronized operations and faster dispatch processes will 

lead to higher customer satisfaction. 

 Reduced Operating Costs: Less waste (waiting, inventory, rework) translates directly into lower 

costs. 
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5. Discussion and Challenges 

Implementing the proposed future state VSM in a complex process industry like cement manufacturing presents 

several challenges: 

 Capital Investment: Some improvements (e.g., advanced control systems, automation) may 

require significant capital expenditure. 

 Resistance to Change: Employees used to conventional procedures could object to novel 

approaches. Effective change management, training, and communication are crucial. 

 Process Interdependencies: The highly integrated nature of cement manufacturing means that 

changes in one stage can have ripple effects throughout the entire process, requiring careful planning and 

risk assessment. 

 Market Volatility: Fluctuations in demand and raw material prices can make it challenging to 

maintain consistent flow and inventory levels. 

 Skill Gaps: Implementing new technologies and lean practices may require upskilling the 

workforce. 

Despite these challenges, the systematic approach of VSM provides a clear roadmap for addressing inefficiencies. 

The visual nature of the map helps foster a shared understanding of the problems and solutions among all 

stakeholders. 

6. Conclusion 

This case study demonstrates the usefulness of Value Stream Mapping as a potent instrument for Production Flow 

Analysis in an Indian cement manufacturing plant. By systematically mapping the present state, identifying 

wastes, and developing a leaner future state, the study highlighted substantial possibilities for minimising lead 

time, inventory optimisation, and overall operational efficiency. 

The proposed recommendations, focusing on enhanced process control, robust maintenance practices, integrated 

information flow, and the application of pull systems, have the potential to transform the plant's performance. 

While implementation will require commitment, investment, and effective change management, the long-term 

benefits of a leaner cement manufacturing process—including lower costs, improved quality, and increased 

responsiveness to customer demand—are substantial and critical for sustained success in the competitive Indian 

market. 

This case study demonstrates the successful application of Value Stream Mapping in a cement manufacturing 

plant in India, resulting in significant operational and financial improvements. The 16% reduction in lead time, 

12% improvement in OEE, and ₹45 million annual cost savings validate the effectiveness of VSM in process 

industries. 

Key success factors include strong leadership commitment, comprehensive employee training, systematic 

implementation approach, and continuous monitoring. The study also highlights the importance of cultural 

transformation alongside technical improvements for sustainable results. 

The cement industry in India can benefit significantly from lean manufacturing implementation, particularly 

VSM, to improve competitiveness and sustainability. Future research should focus on digital technology 

integration and supply chain optimization to further enhance lean manufacturing effectiveness. 

http://www.jetir.org/


© 2025 JETIR July 2025, Volume 12, Issue 7                                                                      www.jetir.org (ISSN-2349-5162) 

JETIR2507731 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org h246 
 

7. Limitations 

This study has several limitations: 

 Single plant case study limits generalizability 

 Six-month implementation period may not capture long-term sustainability 

 Financial benefits may vary based on plant size and technology 

 External factors such as market conditions were not fully considered 

Future research should include multiple plants, longer observation periods, and broader industry analysis to 

enhance understanding of VSM effectiveness in cement manufacturing. 
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